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INTRODUCTION 

 Shortly after this Court granted the Motion of Defendants-Appellants for 

Interlocutory Appeal (Dkt.1), this appeal was expedited on January 7, 2019 based 

on the urgency of the claims as presented by Plaintiffs-Appellees in their Motion to 

Expedite. Dkt. 3-1; Dkt. 10.1 Promptly thereafter, on February 7, 2019, Plaintiffs 

filed an Urgent Motion for a Preliminary Injunction seeking relief by March 19, 

2019. Dkt. 21-1. On February 22, 2019, this Court ordered that the case be set for 

oral argument on the next available calendar. Dkt. 35. On March 8, 2019, this Court 

ordered that Plaintiffs’ Urgent Motion “will be decided following oral argument in 

this appeal.” Dkt. 94 at 2. The appeal was argued and submitted on June 4, 2019. 

Dkt. 137. Another six months have passed without decision on Plaintiffs’ Urgent 

Motion or the Interlocutory Appeal, while Defendants continue to act in ways that 

further endanger Plaintiffs’ lives, liberties, and property, as supported by additional, 

new evidence. Thus, in order to inform the Court’s pending decisions, and the dire 

import of them, Plaintiffs respectfully request and hereby move that this Court take 

judicial notice of the supplemental documents introduced by Plaintiffs in the 

																																																								
1 Plaintiffs’ Motion to Expedite explained, “in this case of public importance, the 
constitutional harms experienced by Plaintiffs from the conduct of Defendants are 
ongoing, significant, and worsening every day. As a result, Plaintiffs will continue 
to suffer irreparable harm if this appeal is not expedited.” Dkt. 3-1 at 8.  
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Declaration of Philip L. Gregory in Support of Plaintiffs’ Supplemental Motion 

Seeking Judicial Notice of Documents in Support of Plaintiffs’ Urgent Motion 

Under Circuit Rule 27-3(b) for Preliminary Injunction (“Gregory Supp. Decl.”) and 

identified in Exhibits 13–252 to the Gregory Supp. Decl. See Cir. R. 27-1 and 

Advisory Committee’s Notes thereto. These documents are publicly available 

government documents and sources hosted on official government websites, most of 

which are published by Defendants in this case, and thus rely on sources of 

information the accuracy of which cannot reasonably be questioned by the agencies 

that produced and/or published them. Gregory Supp. Decl. ¶ 2. As explained in more 

detail below, these documents are relevant to Plaintiffs’ Urgent Motion under Circuit 

Rule 27-3(b) for Preliminary Injunction (“Urgent Motion”), Dkt. 21-1, pending 

before this Court, including the Declaration of Peter A. Erickson submitted in 

support thereof. Dkt. 21-10. On December 19, 2019, counsel for Plaintiffs contacted 

counsel for Defendants regarding this motion and counsel for Defendants replied 

that Defendants “intend to file a response.” Gregory Supp. Decl. ¶ 3. 

  

																																																								
2 Plaintiffs’ numbering continues from the 12 exhibits attached to Plaintiffs’ first 
Motion Seeking Judicial Notice of Federal Government Documents. Dkt. 134-1. 
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ARGUMENT 

Under Federal Rule of Evidence 201, this Court may take judicial notice of 

the documents attached as Exhibits 13–25 to the Gregory Supp. Decl. “at any stage 

of the proceeding,” including for the first time on appeal. Fed. R. Evid. 201(d); see 

Bryant v. Carleson, 444 F.2d 353, 357 (9th Cir. 1971). Paragraph (b)(2) of Rule 201 

states in relevant part: “The court may judicially notice a fact that is not subject to 

reasonable dispute because it . . . can be accurately and readily determined from 

sources whose accuracy cannot reasonably be questioned.” Judicial notice is proper 

when the matter is “beyond reasonable controversy.” Rivera v. Philip Morris, Inc., 

395 F.3d 1142, 1151 (9th Cir. 2005) (quoting Advisory Committee’s Note to Fed. 

R. Evid. 201).  

Government documents that are public records are appropriate subjects for 

judicial notice. See, e.g., Cachil Dehe Band of Wintun Indians of the Colusa Indian 

Comm’y v. California, 547 F.3d 962, 968 n.4 (9th Cir. 2008) (government 

documents on government website); Greeson v. Imperial Irr. Dist., 59 F.2d 529, 531 

(9th Cir. 1932) (“[T]he court is bound to take notice of public facts . . . [and] public 

documents . . . .”). Similarly, statistics and data from official government reports are 

generally subject to judicial notice. See, e.g., Trundle v. Astrue, No. 09-CV-02058-

JLT, 2010 WL 5421418, at *11 n.10 (E.D. Cal. Dec. 20, 2010) (“[T]he Internet 

website for the United States Department of Labor, and facts included therein, are 
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subject to judicial notice.”); Seely v. Cumberland Packing Corp., No. 10-CV-02019-

LHK, 2010 WL 5300923, at *7 n.5 (N.D. Cal. Dec. 20, 2010). Exhibits 13–25 were 

all published or endorsed by federal government agencies and were retrieved from 

official federal government websites and are, therefore, appropriate for judicial 

notice. 

Plaintiffs seek judicial notice of the documents attached as Exhibits 13–25 to 

the Gregory Supp. Decl. because these documents are publicly available government 

documents and scientific sources hosted on official government websites and their 

accuracy cannot be reasonably questioned and is beyond reasonable controversy. 

Consistent with that principle, this Court has stated it will take judicial notice of 

circumstances arising after an appeal was filed, where those circumstances “may 

affect” the court’s consideration of the issues presented. Bryant, 444 F.2d at 357.  

Plaintiffs filed their Urgent Motion on February 7, 2019 and their reply in 

support thereof on February 26, 2019. Dkt. 21-1; 41. Plaintiffs filed their initial 

Motion Seeking Judicial Notice of Federal Government Documents on May 22, 

2019. Dkt. 134-1. Exhibits 13–25 to the Gregory Supp. Decl. were all published after 

these filings, necessitating this Supplemental Motion to bring the Court’s attention 

to additional, new facts relevant to the Urgent Motion. These documents are relevant 

to Plaintiffs’ Urgent Motion as they provide additional evidence of Defendants’ 

systemic practices that serve to intensify and lock in Plaintiffs’ irreparable harms at 
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issue in this case. Dkt. 21-1 at 17–25 (describing why Plaintiffs are likely to suffer 

irreparable harm absent an injunction). These documents also confirm the severity 

of Plaintiffs’ irreparable injuries by presenting additional evidence that the U.S. 

fossil fuel-based energy system continues to expand. Id. at 7, 12, 24, 33–34. Further, 

the activities reported in many of these documents would be encompassed by the 

requested injunction. See Dkt. 21-1 at 4 (requesting this Court enjoin new fossil fuel 

leases, permits, or other federal approvals during pendency of interlocutory appeal). 

Additionally, these documents are relevant to the Declaration of Peter A. Erickson 

filed in support of Plaintiffs’ Urgent Motion, which includes information about the 

federal government’s leasing of federal lands for fossil fuel exploration, 

development, and extraction. Dkt. 21-10 at 6–13; see Exhs. 13–16 to the Gregory 

Supp. Decl. These documents provide additional updated information on the number 

of oil and gas leases, oil and gas production from federal lands, and new coal 

extraction authorized on federal lands, information that is directly relevant to facts 

included in the Declaration of Peter A. Erickson. 

CONCLUSION 

For the aforementioned reasons, Plaintiffs respectfully request this Court take 

judicial notice of the documents in Exhibits 13–25 to the Gregory Supp. Decl. filed 

concurrently with this Supplemental Motion in order to resolve Plaintiffs’ Urgent 

Motion or the Interlocutory Appeal in this matter. 
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DATED this 20th day of December, 2019. 
       Respectfully submitted,  
 
            s/ Philip L. Gregory   
       PHILIP L. GREGORY 

Attorney for Plaintiffs-Appellees 
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CERTIFICATE OF COMPLIANCE 

I certify that this Supplemental Motion Seeking Judicial Notice of Documents 

in Support of Plaintiffs’ Urgent Motion under Circuit Rule 27-3(b) for Preliminary 

Injunction contains 1,222 words, excluding the portions exempted by Federal Rules 

of Appellate Procedure 27(a)(2) and 32(f), which is under the limit of 5,200 words 

established by Circuit Rules 27-1(1)(d) and 32-3(2). The Supplemental Motion’s 

type size and type face comply with Federal Rule of Appellate Procedure 32(a)(5) 

and (6). 

 
            s/ Philip L. Gregory   
       PHILIP L. GREGORY 

Attorney for Plaintiffs-Appellees 
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I, Philip L. Gregory, hereby declare and if called upon would testify as follows: 
 

1. I am an attorney of record on behalf of Plaintiffs-Appellees in the above-

entitled action. I make this Declaration in support of Plaintiffs’ Supplemental 

Motion Seeking Judicial Notice of Documents in Support of Plaintiffs’ Urgent 

Motion Under Circuit Rule 27-3(b) for Preliminary Injunction (“Supp. Motion 

Seeking Judicial Notice”). I have personal knowledge of the facts stated 

herein, except as to those stated upon information and belief and, if called to 

testify, I would and could testify competently thereto. 

2. Exhibits 13–21 and 23-251 are publicly available, federal government 

documents that are accessible on federal government websites. Exhibit 22 is 

a scientific report published on an official government website. On December 

19, 2019, I accessed each of these documents from the federal government 

websites referenced below. As such, I believe them to be reliable sources of 

information, the accuracy of which cannot reasonably be questioned by the 

agencies who have produced or endorsed them. 

3. On December 19, 2019, I contacted counsel for Defendants-Appellants to 

ascertain their position on this Supp. Motion Seeking Judicial Notice. In 

response, on December 20, 2019, counsel for Defendants stated by email that 

                                                
1 Plaintiffs’ numbering continues from the 12 exhibits attached to Plaintiffs’ first 
Motion Seeking Judicial Notice of Federal Government Documents. Dkt. 134-1.  
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Defendants would not be able to take a formal position by the time of this 

filing and asked that Plaintiffs inform the Court that Defendants “intend to file 

a response.” 

4. Since the filing of Plaintiffs’ Urgent Motion Under Circuit Rule 27-3(b) for 

Preliminary Injunction (the “Urgent Motion”) (Dkt. 21-1), Plaintiffs have 

acquired additional, new evidence that further expansion of the U.S. fossil 

fuel-based energy system is happening under Defendants’ administration. In 

this Declaration, I set forth examples of Defendants’ ongoing actions that have 

occurred since conclusion of briefing on the Urgent Motion and are 

contributing to and worsening Plaintiffs’ irreparable injuries. As discussed in 

Plaintiffs’ Urgent Motion, these systemic policies and practices by 

Defendants, in addition to the actions described in the Urgent Motion itself, 

serve to intensify and lock in Plaintiffs’ irreparable harms at issue in this case. 

Dkt. 21-1 at 17–25 (describing why Plaintiffs are likely to suffer irreparable 

harm absent an injunction). 

5. In addition, since oral argument on the Urgent Motion, Defendants released 

and indicated their awareness of information illustrating the effects of their 

policies and practices that perpetuate a fossil fuel-based energy system. This 

information similarly confirms the severity of Plaintiffs’ irreparable injuries 

and is relevant to Plaintiffs’ Urgent Motion.  
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Recently Released Government Publications Regarding Defendants’ 
Authorization of Expanding Fossil Fuel Activities  

6. On August 21, 2019, the Bureau of Ocean Energy Management (“BOEM”)

held Lease Sale 253 “for 151 tracts covering 835,006 acres in federal waters

of the Gulf of Mexico.”2 Lease Sale 253 included 14,585 unleased blocks,

located from three to 231 miles offshore, in the Gulf’s Western, Central, and

Eastern Planning Areas in water depths ranging from nine to more than 11,115

feet (three to 3,400 meters).3 Lease Sale 253 “was the fifth offshore sale held

under the 2017-2022 National Outer Continental Shelf Oil and Gas Leasing

Program.”4 Under this program, ten region-wide lease sales are scheduled for

the Gulf, with two Gulf lease sales to “be held each year and include all

available blocks in the combined Western, Central, and Eastern Gulf of

Mexico Planning Areas.”5

7. On September 25, 2019, the U.S. Bureau of Land Management-Eastern States

held a competitive coal lease sale for seven federal tracts in Perry and Morgan

2 U.S. Department of the Interior (“U.S. DOI”), Gulf of Mexico Lease Sale Yields 
More Than $159 Million in High Bids, Continues Upward Trend Under Trump 
Administration (Aug. 21, 2019), https://www.doi.gov/pressreleases/gulf-mexico-
lease-sale-yields-more-159-million-high-bids-continues-upward-trend-under 
(Exhibit 13 hereto). 
3 Id.; The sale notice for Lease Sale 253 was Exhibit 11 to the May 22, 2019 Gregory 
Declaration. Dkt. 134-2. 
4 See Exhibit 13.  
5 Id. 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 4 of 396



 5	

counties, Ohio, in response to a lease application by CCU Coal and 

Construction.6 “The tracts are within the Wayne National Forest and 

encompass nearly 433 acres and contain an estimated 1.4 million tons of sub-

surface mineable federal coal.”7  

8. On October 7, 2019, the DOI’s Acting Assistant Secretary for Land and 

Minerals Management Casey Hammond and the BOEM Acting Director Dr. 

Walter Cruickshank announced that the BOEM proposed to offer 

approximately 78 million acres for a region-wide lease sale scheduled for 

March 2020.8 “The sale would include all available unleased areas in federal 

waters of the Gulf of Mexico that are not subject to Congressional 

moratorium.”9 Lease Sale 254 “will be the sixth offshore sale under the 2017-

2022 Outer Continental Shelf Oil and Gas Leasing Program.”10 

9. In an August 20, 2019 publication, the U.S. Energy Information 

Administration (EIA), the statistical and analytical agency within Defendant 

                                                
6 U.S. Bureau of Land Management (“U.S. BLM”), BLM Schedules Coal Lease Sale 
for Perry and Morgan Counties, Ohio (Aug. 19, 2019), https://www.blm.gov/press-
release/blm-schedules-coal-lease-sale-perry-and-morgan-counties-ohio. (Exhibit 
14 hereto). The sale notice for this Lease Sale was Exhibit 9 to the May 22, 2019 
Gregory Declaration. Dkt. 134-2. 
7 Id. 
8 U.S. DOI, Interior Proposes Region-Wide Oil and Gas Lease Sale for Gulf of 
Mexico (Oct. 7, 2019), https://www.doi.gov/pressreleases/interior-proposes-region-
wide-oil-and-gas-lease-sale-gulf-mexico-0 (Exhibit 15 hereto). 
9 Id. 
10 Id.  
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Department of Energy, reported that, in 2018, United States petroleum and 

natural gas production increased by 16% and by 12%, respectively.11 The EIA 

further reported these “totals combined established a new production record.12 

The United States surpassed Russia in 2011 to become the world’s largest 

producer of natural gas and surpassed Saudi Arabia in 2018 to become the 

world’s largest producer of petroleum.13 Last year’s increase in the United 

States was one of the largest absolute petroleum and natural gas production 

increases from a single country in history.”14

15 

                                                
11 U.S. Energy Information Administration (EIA), The U.S. Leads Global Petroleum 
and Natural Gas Production With Record Growth in 2018 (Aug. 20, 2019), 
https://www.eia.gov/todayinenergy/detail.php?id=40973 (Exhibit 16 hereto). 
12 Id. 
13 Id. 
14 Id. 
15 Id.  
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10. In an October 16, 2019 publication, the EIA reported that, in 2018, U.S. crude 

oil production in the U.S. Federal Gulf of Mexico (GOM) averaged 1.8 

million barrels per day (b/d), setting a new annual record.16 The EIA “expects 

oil production in the GOM to set new production records in 2019 and in 2020, 

even after accounting for shut-ins related to Hurricane Barry in July 2019 and 

including forecasted adjustments for hurricane-related shut-ins for the 

remainder of 2019 and for 2020.”17 Additionally, “[p]roducers expect eight 

new projects to come online in 2019 and four more in 2020. EIA expects these 

projects to contribute about 44,000 b/d in 2019 and about 190,000 b/d in 2020 

as projects ramp up production.”18 

11. Since Plaintiffs filed their Urgent Motion on February 7, 2019, Dkt. 21-1, the 

U.S. DOE Office of Fossil Energy has issued over 100 authorizations/orders 

related to importing and/or exporting natural gas.19 

12. According to data released on October 16, 2019 by the U.S. DOE’s Office of 

Fossil Energy, from March 5, 2019 to October 16, 2019, the DOE’s authorized 

                                                
16 U.S. EIA, U.S. Federal Gulf of Mexico Crude Oil Production to Continue to Set 
Records Through 2020 (Oct. 16, 2019), 
https://www.eia.gov/todayinenergy/detail.php?id=41693 (Exhibit 17 hereto). 
17 Id. 
18 Id. 
19 See Listing of DOE/FE Authorizations/Orders Issued in 2019, U.S. DOE, Office 
of Fossil Energy, https://www.energy.gov/fe/listing-doefe-authorizationsorders-
issued-2019 (last visited Dec. 18, 2019) (orders 4340 to 4469 issued since filing of 
Plaintiffs’ Urgent Motion) (Exhibit 18 hereto). 
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exports to non-Free Trade Agreement nations increased from 30 

authorizations totaling 24.74 (billion cubic feet per day) Bcf/d to 38 

authorizations totaling 38.06 Bcf/d.20 

13.  In an October 29, 2019 publication, the EIA reported that “[f]rom January 

through June of 2019, U.S. net natural gas exports averaged 4.1 billion cubic 

feet per day (Bcf/d), more than double the average net exports in 2018 (2.0 

Bcf/d).”21 

Recently Released Publications Documenting Severity of Plaintiffs’ Injuries 
 
14. In addition to the expansion of the U.S. national fossil fuel energy system by 

Defendants, the scientific evidence published since February 2019 shows that 

the climate dangers to which the Youth Plaintiffs are exposed are worsening 

                                                
20 Compare U.S. DOE, Office of Fossil Energy, Opinion and Order Granting Long-
Term Authorization to Export Liquefied Natural Gas to Non-Free Trade Agreement 
Nations, DOE/FE Order No. 4346 (Mar. 5, 2019), 
https://www.energy.gov/sites/prod/files/2019/03/f60/ord4346.pdf (“With the 
issuance of this Order, there are currently 30 final non-FTA authorizations in a 
cumulative volume of exports totaling 24.74 Bcf/d of natural gas, or approximately 
9.03 Tcf per year . . .”) (Exhibit 19 hereto) with U.S. DOE, Office of Fossil Energy, 
Opinion and Order Granting Long-Term Authorization to Export Liquefied Natural 
Gas to Non-Free Trade Agreement Nations, DOE/FE Order No. 4446, (October 16, 
2019), https://www.energy.gov/sites/prod/files/2019/10/f67/ord4446.pdf (“With the 
issuance of this Order, there are currently 38 final non-FTA authorizations in a 
cumulative volume of exports totaling 38.06 Bcf/d of natural gas, or approximately 
13.9 trillion cubic feet per year . . . .”) (Exhibit 20 hereto). 
21 U.S. EIA, U.S. Net Natural Gas Exports in First-Half 2019 Doubles Year-Ago 
Levels for Second Year (Oct. 29, 2019), 
https://www.eia.gov/todayinenergy/detail.php?id=41713 (Exhibit 21 hereto). 
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every day. For example, the 2019 Report of the Lancet Countdown on Health 

and Climate Change, accessible on the National Institute of Health’s U.S. 

National Library of Medicine’s official website,22 stated: “A child born today 

will experience a world that is more than four degrees warmer than the pre-

industrial average, with climate change impacting human health from infancy 

and adolescence to adulthood and old age. Across the world, children are 

among the worst affected by climate change.”  

15. On November 28, 2019, in a Comment in the journal Nature, scientists stated 

“the evidence from tipping points alone suggests that we are in a state of 

planetary emergency: both the risk and urgency of the situation are acute[.]”23 

16. Federal government documents similarly illustrate the danger to which some 

of these Youth Plaintiffs are being exposed. NOAA’s recent Arctic Report 

                                                
22 “The Lancet Countdown is an international, multidisciplinary collaboration, 
dedicated to monitoring the evolving health profile of climate change, and providing 
an independent assessment of the delivery of commitments made by governments 
worldwide under the Paris Agreement.” The Lancet, 
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)32596-
6/fulltext; Nick Watts et al., The 2019 Report of The Lancet Countdown on Health 
and Climate Change: Ensuring that the Health of a Child Born Today is Not Defined 
by a Changing Climate, 394 The Lancet 1836 (2019), 
https://www.ncbi.nlm.nih.gov/pubmed/31733928 (Exhibit 22 hereto). This report is 
published on the National Institute of Health’s U.S. National Library of Medicine 
website. 
23 Timothy M. Lenton, Climate Tipping Points – Too Risky to Bet Against, 575 
Nature 592, 595 (Nov. 28, 2019), https://www.nature.com/magazine-assets/d41586-
019-03595-0/d41586-019-03595-0.pdf. Plaintiffs do not seek judicial notice of this 
document.  
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Card 2019 stated: “Arctic ecosystems and communities are increasingly at 

risk due to continued warming and declining sea ice.”24 “The Greenland Ice 

Sheet is losing nearly 267 billion metric tons of ice per year and currently 

contributing to global average sea-level rise at a rate of about 0.7 mm yr-1.”25 

“Thawing permafrost throughout the Arctic could be releasing an estimated 

300-600 million tons of net carbon per year to the atmosphere.”26 

17. NOAA’s National Centers for Environmental Information, “the Nation’s 

Scorekeeper in terms of addressing severe weather and climate events in their 

historical perspective,” recently updated its annual Billion-Dollar Weather 

and Climate Disasters: Overview.27 This report found that “[i]n 2019 (as of 

October 8), there have been 10 weather and climate disaster events with losses 

exceeding $1 billion each across the United States. These events included 3 

flooding events, 5 severe storm events, and 2 tropical cyclone events. Overall, 

these events resulted in the deaths of 39 people and had significant economic 

effects on the areas impacted. The 1980-2018 annual average is 6.3 events 

                                                
24 NOAA, Arctic Report Card 2019 (2019), 
https://arctic.noaa.gov/Portals/7/ArcticReportCard/Documents/ArcticReportCard_f
ull_report2019.pdf (Exhibit 23 hereto). 
25 Id.  
26 Id.  
27 NOAA, Nat’l Ctrs. for Envtl. Info., Billion-Dollar Weather and Climate 
Disasters: Overview (2019), https://www.ncdc.noaa.gov/billions/overview (Exhibit 
24 hereto). 
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(CPI-adjusted); the annual average for the most recent 5 years (2014-2018) is 

12.6 events (CPI-adjusted).”28 According to this government agency, “2019 

is the fifth consecutive year (2015-2019) in which 10 or more billion-dollar 

weather and climate disaster events have impacted the United States. Over the 

last 40 years (1980-2019), the years with 10 or more separate billion-dollar 

disaster events include 1998, 2008, 2011-2012, and 2015-2019.”29 

18. In June 2019, NOAA issued its 2018 State of U.S. High Tide Flooding With a 

2019 Outlook.30 This report found that “[t]ide gauges of the U.S. National 

Oceanic and Atmospheric Administration (NOAA) are measuring rapid 

increases in coastal flood risk along U.S. coastlines due to relative sea level 

(RSL) rise. The most noticeable impact of RSL rise is the increasing 

frequency of high tide flooding (HTF) that in 2018 was 1) disrupting vehicular 

traffic along the U.S. East Coast due to flooded roadways, 2) inhibit parking 

and thus slowing commerce at stores in downtown Annapolis, Maryland, 3) 

raising groundwater elevations and degrading septic system functionalities in 

South Florida, and 4) salting farmlands within coastal Delaware and 

                                                
28 Id. 
29 Id.  
30 NOAA, 2018 State of U.S. High Tide Flooding With a 2019 Outlook (2019),  
https://tidesandcurrents.noaa.gov/publications/Techrpt_090_2018_State_of_US_Hi
ghTideFlooding_with_a_2019_Outlook_Final.pdf (Exhibit 25 hereto). 
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Maryland.”31 “There are now over 40 [U.S. tide gauge] locations whose HTF 

decadal trends reveal significant acceleration (nonlinear increase) and 25 

locations whose HTF trends are linearly increasing, implying that impacts will 

soon become chronic without adaptation.”32 “Annual flood records are 

expected to be broken again next year and for years and decades to come from 

RSL rise.”33 

 

I declare under penalty of perjury under the laws of the United States of 

America that the foregoing is true and correct. Executed on December 20, 2019. 

s/ Philip L. Gregory   
PHILIP L. GREGORY  

 

                                                
31 Id. at v.  
32 Id.  
33 Id.  
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Gulf of Mexico Lease Sale Yields More Than $159 Million in High Bids, Continues Upward Trend Under Trump Administration | U.S. Department of the Interior

https://www.doi.gov/pressreleases/gulf-mexico-lease-sale-yields-more-159-million-high-bids-continues-upward-trend-under[10/29/19, 12:07:25 PM]

8/21/2019
Last edited 8/21/2019

Gulf of Mexico Lease Sale Yields
More Than $159 Million in High Bids,
Continues Upward Trend Under Trump
Administration

Date: August 21, 2019
Contact: Interior_Press@ios.doi.gov

WASHINGTON – In support of President Donald J. Trump's America-First Offshore Energy Strategy,
Interior’s Deputy Assistant Secretary for Land and Minerals Management Andrea Travnicek today
announced that region-wide Gulf of Mexico Lease Sale 253 generated $159,386,761 in high bids for 151
tracts covering 835,006 acres in federal waters of the Gulf of Mexico. A total of 27 companies participated
in the lease sale, submitting $174,922,200 in all bids.

“We are excited about the results from today’s lease sale, which show a continued upward trend for the
year. The total from today’s lease sale and the March sale is the highest since 2015 for high bids,” said
Deputy Assistant Secretary Travnicek. “The Gulf of Mexico continues to be a critical part of our nation’s
energy infrastructure strengthening our country through increased national security, job creation, and
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revenues for the American people.

Lease Sale 253 included 14,585 unleased blocks, located from three to 231 miles offshore, in the Gulf’s
Western, Central and Eastern Planning Areas in water depths ranging from nine to more than 11,115 feet
(three to 3,400 meters). The following were excluded from the lease sale:

(1) blocks subject to the congressional moratorium established by the Gulf of Mexico Energy Security Act
of 2006, (2) blocks adjacent to or beyond the U.S. Exclusive Economic Zone in the area known as the
northern portion of the Eastern Gap, and (3) whole blocks and partial blocks within the boundaries of the
Flower Garden Banks National Marine Sanctuary.

“The Gulf of Mexico is the crown jewel of our nation’s energy portfolio,” said Mike Celata, director of
BOEM’s New Orleans Office. “As one of the most productive basins in the world, the development of its
resources are essential to the nation’s energy security.”

Revenues received from Outer Continental Shelf (OCS) leases (including high bids, rental payments and
royalty payments) are directed to the U.S. Treasury, certain Gulf Coast states (Texas, Louisiana,
Mississippi, and Alabama), the Land and Water Conservation Fund, and the Historic Preservation Fund.

Leases resulting from this sale will include stipulations to protect biologically sensitive resources, mitigate
potential adverse effects on protected species, and avoid potential conflicts associated with oil and gas
development in the region.

In addition, BOEM has included appropriate fiscal terms that take into account market conditions and
ensure taxpayers receive a fair return for use of the OCS. In recognition of current hydrocarbon price
conditions and the marginal nature of remaining Gulf of Mexico shallow water resources, these terms
include a 12.5 percent royalty rate for leases in less than 200 meters of water depth, and a royalty rate of
18.75 percent for all other leases issued under the sale.

Lease Sale 253, livestreamed from New Orleans, was the fifth offshore sale held under the 2017-2022
National Outer Continental Shelf Oil and Gas Leasing Program. Under this program, ten region-wide lease
sales are scheduled for the Gulf, where resource potential and industry interest are high, and oil and gas
infrastructure is well established. Two Gulf lease sales will be held each year and include all available
blocks in the combined Western, Central, and Eastern Gulf of Mexico Planning Areas.

All terms and conditions for Gulf of Mexico Region-wide Sale 253 are detailed in the Final Notice of Sale
information package, which is available at https://www.boem.gov/Sale-253/.
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(/)

U.S. DEPARTMENT OF THE INTERIOR
BUREAU OF LAND
MANAGEMENT (/)

BLM SCHEDULES COAL LEASE SALE FOR
PERRY AND MORGAN COUNTIES, OHIO

WASHINGTON – The Bureau of Land Management-Eastern States (BLM-ES)
has scheduled a competitive coal lease sale to take place September 25, 2019 for
seven federal tracts in Perry and Morgan counties, Ohio. The tracts are within
the Wayne National Forest and encompass nearly 433 acres and contain an
estimated 1.4 million tons of sub-surface mineable federal coal.

BLM-ES is offering these federal coal resources in response to CCU Coal and
Construction, LLC’s coal lease by application (LBA). CCU Coal and Construction
(formerly Westmoreland Coal Company) operates an adjacent privately owned
underground coal mine called the Burr Oak No. 6 (formerly known as the
Buckingham No. 6), covering three units within more than 8,500 acres of
permitted coal reserves producing 1.2 million tons per year. The mine provided
approximately 155 direct jobs and 400 indirect jobs in 2018. 

On April 3, 2019, BLM-ES State Director Karen Mouritsen signed the Decision
Record authorizing this sale.  “BLM Eastern States is committed to being
environmentally responsible as we develop this coal resource, providing a
valuable source of energy while sustaining jobs for local communities,” said
Mouritsen.

The BLM will hold the lease sale at 1:00 p.m. EDT, September 25, 2019.  Sealed
bids must be received before 10:00 a.m. EDT, September 25, 2019. They may be
addressed or hand-delivered to: Sabry Hanna, BLM Eastern States, 20 M Street
SE, Suite 950, Washington, D.C. 20003. 

The BLM will lease tracts to the qualified bidder of the highest cash amount,
provided that the bid meets or exceeds the BLM’s estimate of fair market value
of the tract and the successful bidder complies with all lease issuance
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requirements. The minimum bid established by regulation is $100 per acre or a
fraction thereof.  The authorized officer will determine if the bid met fair market
value after the sale. 

Consistent with Executive Order 13783, Promoting Energy Independence and
Economic Growth and Secretary’s Order 3349, American Energy
Independence, the BLM plays an important role in responsible development of
oil and gas, coal, critical minerals, and renewable sources – all of which can
occur on public lands. Energy produced in the United States is beneficial to
national security, national and local economies, and job creation.

The BLM manages more than 245 million acres of public land located primarily in
12 Western states, including Alaska. The BLM also administers 700 million acres
of sub-surface mineral estate throughout the nation. In fiscal year 2018, the
diverse activities authorized on BLM-managed lands generated $105 billion in
economic output across the country. This economic activity supported 471,000
jobs and contributed substantial revenue to the U.S. Treasury and state
governments, mostly through royalties on minerals. 

MORE PRESS RELEASES

RELEASE DATE

Monday, August 19, 2019

ORGANIZATION

Bureau of Land Management

CONTACTS

Name: Francis Piccoli
Phone: 202-912-7717
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10/7/2019
Last edited 10/7/2019

Interior Proposes Region-Wide Oil and
Gas Lease Sale for Gulf of Mexico
Proposed Notice of Sale Outlines All Available Areas in Federal Waters

Date: October 7, 2019
Contact: John Filostrat 504-731-7815

john.filostrat@boem.gov

 

WASHINGTON - In support of the Administration’s America-First Offshore Energy Strategy, Department of
the Interior’s Acting Assistant Secretary for Land and Minerals Management Casey Hammond and the
Bureau of Ocean Energy Management (BOEM) Acting Director Dr. Walter Cruickshank today announced
that BOEM proposes to offer approximately 78 million acres for a region-wide lease sale scheduled for
March 2020. The sale would include all available unleased areas in federal waters of the Gulf of Mexico that
are not subject to Congressional moratorium.

“Offshore energy development is about furthering America’s energy security, ensuring fair market value to
the taxpayers, and producing domestic energy in an environmentally responsible manner,” said Acting
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Assistant Secretary Casey Hammond. “We all benefit from a strong offshore energy program, which
provides thousands of well-paying jobs, as well as affordable and reliable energy Americans need to heat
homes, fuel our cars, and power our economy."

The Gulf of Mexico Outer Continental Shelf (OCS), covering about 160 million acres, is estimated to contain
about 48 billion barrels of undiscovered technically recoverable oil and 141 trillion cubic feet of
undiscovered technically recoverable natural gas.

Lease Sale 254, scheduled to be livestreamed from New Orleans, will be the sixth offshore sale under the
2017-2022 Outer Continental Shelf Oil and Gas Leasing Program. Under this program, ten region-wide
lease sales are scheduled for the Gulf, where resource potential and industry interest are high, and oil and
gas infrastructure is well established. Two Gulf lease sales will be held each year and include all available
blocks in the combined Western, Central, and Eastern Gulf of Mexico Planning Areas.

Lease Sale 254 will include approximately 14,585 unleased blocks, located from three to 231 miles
offshore, in the Gulf’s Western, Central and Eastern planning areas in water depths ranging from nine to
more than 11,115 feet (three to 3,400 meters). Excluded from the lease sale are: blocks subject to the
congressional moratorium established by the Gulf of Mexico Energy Security Act of 2006; blocks adjacent
to or beyond the U.S. Exclusive Economic Zone in the area known as the northern portion of the Eastern
Gap; and whole blocks and partial blocks within the current boundaries of the Flower Garden Banks
National Marine Sanctuary.

Fiscal terms proposed for Lease Sale 254 include a 12.5% royalty rate for leases in less than 200 meters of
water depth, and a royalty rate of 18.75% for all other leases issued pursuant to the sale.

"BOEM’s mission is to oversee leasing of OCS energy and mineral resources in an environmentally and
economically responsible way," said Cruickshank. “Leases resulting from this proposed sale will include
stipulations to protect biologically sensitive resources, mitigate potential adverse effects on protected
species, and avoid potential conflicts associated with oil and gas development in the region.”

Revenues received from OCS leases (including high bids, rental payments and royalty payments) are
directed to the U.S. Treasury, certain Gulf Coast states (Texas, Louisiana, Mississippi, Alabama), the Land
and Water Conservation Fund, and the Historic Preservation Fund.

All terms and conditions for Gulf of Mexico Region-wide Sale 254 are detailed in the Proposed Notice of
Sale (PNOS) information package. Copies of the PNOS maps can be requested from the Gulf of Mexico
Region’s Public Information Unit at 1201 Elmwood Park Boulevard, New Orleans, LA 70123, or at 800-200-
GULF (4853).
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The Notice of Availability of the PNOS will be available for inspection in the Federal Register on Oct. 7,
2019 and will publish in the Federal Register on Oct. 8, 2019. 
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Today in Energy
August 20, 2019

The U.S. leads global petroleum and natural gas production with record growth in
2018
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U.S. petroleum and natural gas production increased by 16% and by 12%, respectively, in 2018, and these totals combined established a
new production record. The United States surpassed Russia in 2011 to become the world's largest producer of natural gas and surpassed
Saudi Arabia in 2018 to become the world's largest producer of petroleum. Last year’s increase in the United States was one of the
largest absolute petroleum and natural gas production increases from a single country in history.

For the United States and Russia, petroleum and natural gas production is almost evenly split; Saudi Arabia's production heavily favors
petroleum. Petroleum production is composed of several types of liquid fuels, including crude oil and lease condensate, natural gas plant
liquids (NGPLs), and bitumen. The United States produced 28.7 quadrillion British thermal units (quads) of petroleum in 2018, which was
composed of 80% crude oil and condensate and 20% NGPLs.
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Source: U.S. Energy Information Administration, based on International Energy Statistics 
Note: Petroleum includes crude oil, condensate, and natural gas plant liquids.
U.S. crude oil production increased by 17% in 2018, setting a new record of nearly 11.0 million barrels per day (b/d), equivalent to 22.8
quadrillion British thermal units (Btu) in energy terms. Production in the Permian region of western Texas and eastern New Mexico
contributed to most of the growth in U.S. crude oil production. The United States also produced 4.3 million b/d of NGPLs in 2018,
equivalent to 5.8 quadrillion Btu. U.S. NGPL production has more than doubled since 2008, when the market for NGPLs began to expand.

U.S. dry natural gas production increased by 12% in 2018 to 28.5 billion cubic feet per day (Bcf/d), or 31.5 quadrillion Btu, reaching a new
record high for the second year in a row. Ongoing growth in liquefied natural gas export capacity and the expanded ability to reach new
markets have supported increases in U.S. natural gas production.

Russia’s crude oil and natural gas production also reached record levels in 2018, encouraged by increasing global demand. Russia
exports most of the crude oil that it produces to European countries and to China. Since 2016, nearly 60% of Russia’s crude oil exports
have gone to European member countries in the Organization for Economic Cooperation and Development (OECD). Russia’s crude oil is
also an important source of supply to China and neighboring countries.

Russia’s natural gas production increased by 7% in 2018, which exceeded the growth in exports. The Yamal liquefied natural gas (LNG)
export facility, which loaded its first cargo in December 2017, can liquefy more than 16 million tons of natural gas annually and accounts
for almost all of the recent growth in Russia’s LNG exports. Since 2000, more than 80% of Russia’s natural gas exports have been sent to
Europe.

Saudi Arabia’s annual average crude oil production increased slightly in 2018, but it remained lower than in 2016, when Saudi Arabia’s
crude oil output reached a record high. Saudi Arabia’s crude oil production reached an all-time monthly high in November 2018 before the
December 2018 agreement by the Organization of the Petroleum Exporting Countries (OPEC) to extend production cuts.

In addition to exporting and refining crude oil, Saudi Arabia consumes crude oil directly for electricity generation, which makes Saudi
Arabian crude oil consumption highest in the summer when electricity demand for space cooling is relatively high. Since 2016, Saudi
Arabia’s direct crude oil burn for electric power generation has decreased for a number of reasons, including demand reductions from a
partial withdraw of power subsidies, greater use of residual fuel oil, and increased availability of domestic natural gas.

Crude oil exports account for about 60% of Saudi Arabia’s total economic output. China, along with Japan, South Korea, Taiwan, and the
United States remain critical markets for Saudi Arabia’s petroleum exports.

Principal contributors: Bill Brown, Ari Kahan
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Today in Energy
October 16, 2019

U.S. Federal Gulf of Mexico crude oil production to continue to set records through
2020
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U.S. crude oil production in the U.S. Federal Gulf of Mexico (GOM) averaged 1.8 million barrels per day (b/d) in 2018, setting a new
annual record. The U.S. Energy Information Administration (EIA) expects oil production in the GOM to set new production records in 2019
and in 2020, even after accounting for shut-ins related to Hurricane Barry in July 2019 and including forecasted adjustments for hurricane-
related shut-ins for the remainder of 2019 and for 2020.

Based on EIA’s latest Short-Term Energy Outlook’s (STEO) expected production levels at new and existing fields, annual crude oil
production in the GOM will increase to an average of 1.9 million b/d in 2019 and 2.0 million b/d in 2020. However, even with this level of
growth, projected GOM crude oil production will account for a smaller share of the U.S. total. EIA expects the GOM to account for 15% of
total U.S. crude oil production in 2019 and in 2020, compared with 23% of total U.S. crude oil production in 2011, as onshore production
growth continues to outpace offshore production growth.

In 2019, crude oil production in the GOM fell from 1.9 million b/d in June to 1.6 million b/d in July because some production platforms
were evacuated in anticipation of Hurricane Barry. This disruption was resolved relatively quickly, and no disruptions caused by Hurricane
Barry remain. Although final data are not yet available, EIA estimates GOM crude oil production reached 2.0 million b/d in August 2019.

Producers expect eight new projects to come online in 2019 and four more in 2020. EIA expects these projects to contribute about 44,000
b/d in 2019 and about 190,000 b/d in 2020 as projects ramp up production. Uncertainties in oil markets affect long-term planning and
operations in the GOM, and the timelines of future projects may change accordingly.
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Source: Rystad Energy
Because of the amount of time needed to discover and develop large offshore projects, oil production in the GOM is less sensitive to
short-term oil price movements than onshore production in the Lower 48 states. In 2015 and early 2016, decreasing profit margins and
reduced expectations for a quick oil price recovery prompted many GOM operators to reconsider future exploration spending and to
restructure or delay drilling rig contracts, causing average monthly rig counts to decline through 2018.
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Crude oil price increases in 2017 and 2018 relative to lows in 2015 and 2016 have not yet had a significant effect on operations in the
GOM, but they have the potential to contribute to increasing rig counts and field discoveries in the coming years. Unlike onshore
operations, falling rig counts do not affect current production levels, but instead they affect the discovery of future fields and the start-up of
new projects.

Principal contributor: Corrina Ricker
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Office of
FOSSIL ENERGY

Listing of DOE/FE Authorizations/Orders
Issued in 2019

Office of Fossil Energy

Home » Listing of DOE/FE Authorizations/Orders Issued in 2019

ORDER NO. DOCKET  NO. 
       

DATE
ISSUED

AUTHORIZATION
HOLDER

DESCRIPTION OF
ACTION           

4328 18-186-NG 01/04/2019 Alpha Gas &
Electric, LLC

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4329 18-190-LNG 01/04/2019 DGSC GP Inc.

Order Granting
Blanket Authority
to Export LNG to
Canada by Truck

4330 18-191-NG 01/04/2019 Dynegy Marketing
and Trade, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico

4331 18-193-NG 01/04/2019 Sequent Energy
Canada Corp.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4332 19-03-NG 01/23/2019 Total Gas & Power
North America, Inc,

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico,
and to Import LNG
from Various
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International
Sources by Vessel

4317 18-144-LNG 01/25/2019 Energía Costa Azul,
S. de R.L. de C.V. 

Order Granting
Long-Term, Multi-
Contract
Authorization to
Export Natural Gas
to Mexico and to
Other FTANs (ECA
MID-SCALE
PROJECT)

4318 18-145-LNG 01/25/2019 Energía Costa Azul,
S. de R.L. de C.V. 

Order Granting
Long-Term Multi-
Contract
Authorization to
Export Natural Gas
to Mexico and to
Other FTANs (ECA
LARGE-SCALE
PROJECT)

4333 18-189-LNG; 16-
199-LNG 01/26/2019

Naturgy
Aprovisionamientos
S.A.

Order Granting
Blanket Authority
to Import LNG from
Various Sources by
Vessel, and
Vacating Prior
Blanket
Authorization

4334; 4220-
A and 
4109-A

18-192-NG; 18-
71-NG; 17-130-
NG
 

01/26/2019 Enbridge Gas Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada,
and Vacating Prior
Authorizations 

4335 19-02-NG 01/26/2019
Enhanced Energy
Services of America,
LLC

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4336 19-01-NG 01/26/2019

The Consumers
Marketplace
International
Trading Co. LLC

Order Granting
Blanket Authority
to Export Natural
Gas to
Canada/Mexico

4337 19-05-LNG 01/26/2019 Constellation LNG,
LLC

Order Granting
Long Term
Authority to Import
LNG from Trinidad
and Tobago, and
Various
International
Sources by Vessel

4338 19-04-LNG 01/26/2019 Cryopeak LNG
Solutions Corp.

Order Granting
Blanket Authority
to Import/Export
LNG from/to
Canada/Mexico by
Truck, and to
Import LNG from
Various
International
Sources by Vessel

3809-A
3829-A

15-168-LNG 02/05/2019 Flint Hills
Resources, LP

Order 3809-A and
Order 3829-A;
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 Granting Request
to Vacate Long-
Term, Multi-
Contract
Authorizations to
Export LNG in ISO
Containers or in
Bulk Loaded at the
Stabililis LNG Eagle
Ford Facility in
George West, Texas,
and Exported by
Vessel to FTANs and
to NFTANs

4339 19-06-NG 02/05/2019 Centra Gas
Manitoba Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4275-A 18-132-NG 02/05/2019 TAQA North Ltd.

Order Vacating
Authority to Import
Natural Gas from
Canada

4340;
4215-A

19-10-NG; 18-
80-NG 02/13/2019 Vitol, Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico,
and Vacating Prior
Authority in Order
4215

4341 19-11-NG 02/13/2019 Gazprom Marketing
& Trading USA Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico

4342 19-09-LNG 02/13/2019 Gulf LNG Energy,
L.L.C.

Order Granting
Blanket Authority
to Import LNG from
Various
International
Sources by Vessel

4343;
4193-A

19-07-NG;
18-60-NG 02/13/2019 CNOOC Marketing

U.S.A. Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico,
and Vacating Prior
Authority

4344;
4226-A

19-08-NG; 18-
92-NG 02/13/2019 Edgemarc Energy

Ohio, LLC

Order Granting
Blanket Authority
to Export Natural
Gas to Canada, and
Vacating Prior
Blanket Authority
in 4226

4345 19-12-NG 02/13/2019 CFE International
LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Mexico
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4346 13-69-LNG; 14-
88-LNG; 15-25-
LNG
(Consolidated)
 

03/05/2019 Venture Global
Calcasieu Pass, LLC

Opinion and Order
Granting LongTerm
Authority to Export
LNG to NFTANs,
Includes Record of
Decision (ROD)

4347 19-13-NG 03/11/2019 Dersa Oil & Gas
Corporation

Order Granting
Blanket Authority
to Export Natural
Gas to Mexico

4348 19-14-NG 03/11/2019 Citigroup Energy
Canada, ULC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4349 18-182-NG 03/11/2019 Royal Bank of
Canada

Order Granting
Blanket Authority
to Import/Export
Natural from/to
Canada

4350 19-22-NG 03/11/2019 Societe Generale
Energy LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico

4351 19-15-NG 03/11/2019 Pilot Power Group,
Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico

4352 19-18-NG 03/11/2019 PacifiCorp

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4353 19-19-NG 03/11/2019 St. Lawrence Gas
Company, Inc.

Order Granting
Blanket Authority
to Export Natural
Gas to Canada

4354 19-20-NG 03/11/2019 Koch Energy
Services, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4355 19-21-LNG 03/11/2019 21YE Energy, LLC

Order Granting
Blanket Authority
to Import LNG from
Various
International
Sources by Vessel

4356 19-16-NG 03/11/2019 Alliance Canada
Marketing LP

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4357 19-24-NG 03/11/2019 Freepoint
Commodities LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 35 of 396



12/18/2019 Listing of DOE/FE Authorizations/Orders Issued in 2019 | Department of Energy

https://www.energy.gov/fe/listing-doefe-authorizationsorders-issued-2019 5/17

4358 19-25-NG 03/11/2019 Tidewater
Midstream and
Infrastructure Ltd.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4030-A 17-54-NG 03/11/2019
Hermiston
Generating
Company, L.P.

Order Vacating
Authority to Import
Natural Gas from
Canada

3765-C 15-165-NG 03/11/2019

Irving Oil
Commercial GP and
Irving Oil Terminals
Operations LLC

Order Granting
Request to Amend
Authorization to to
Import/Export
Natural Gas from/to
Canada
 

4359 and
4310-A

19-29-
NG                   
18-176-NG
 

03/18/2019 Nextra Energy
Marketing, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada, to
Export Natural Gas
to Mexico, and
Vacating Prior
Authority Granted
in Order 4310

3245-A and
3406_A

12-183-LNG
13-131-LNG 03/21/2019 Magnolia LNG LLC

Order Amending
Long-Term, Multi-
Contract
Authorizations to
Export LNG by
Vessel from the
Proposed Magnolia
LNG Terminal to
FTANs

4360 19-30-NG 03/27/2019
CitiGroup
Commodities
Canada ULC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4361 19-31-LNG 03/27/2019
Logistic Energy and
Petroleum Services
Inc.

Order Granting
Blanket Authority
to Import LNG from
Various
International
Sources by Vessel

4262 19-32-NG 03/27/2019 Mieco Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4363 19-17-NG 03/27/2019
Pembina
Midstream (U.S.A.)
Inc.

Order Granting
Blanket Authority
to Import Natural
gas from Canada

4364 18-144-LNG 03/29/2019 Energía Costa Azul,
S. de R.L. de C.V. 

Order Granting
Long-term
Authorization to
Export NG to
Mexicxo and to Re-
Export LNG from
Mexico to FTA/nFTA
Nations (Mid-scale)

4365 18-145-LNG 03/29/2019 Energía Costa Azul, Order Granting
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S. de R.L. de C.V. Long-term
Authorization to
Export NG to
Mexicxo and to Re-
Export LNG from
Mexico to
FTA/NFTANs (Large-
scale)

4366 19-33-NG 03/27/2019 RBC Energy Services
LP

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4367 19-26-NG 03/27/2019
Northland Power
Energy Marketing
(US) Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4368 19-36-NG 04/09/2019 Comanche Trail
Pipeline, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Mexico

PO 16-144-LNG 04/10/2019 Driftwood LNG LLC

Procedural Order
Dismissing
Industrial Energy
Consumers of
America's Motion to
Intervene and
Protest and
Accepting Late-
Filed Comments

4369 19-37-LNG 04/16/2019 Blue Roads Solutions,
LLC

Order Granting
Blanket Authority
to Import/Export
LNG from/to
Canada/Mexico by
Truck

4370 19-38-NG 04/16/2019
Maritimes &
Northeast Pipeline,
L.L.C.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4371 19-39-NG 04/16/2019
Excelerate Energy
Gas Marketing,
Limited Partnership

Order Granting
Blanket Authority
to Import LNG from
Various
International
Sources by Vessel

4372 15-96-LNG 05/02/2019 Port Arthur LNG, LLC

Opinion and Order
 Granting Long-
Term Authority to
Export LNG to
NFTANs

4373 16-144-LNG 05/02/2019 Driftwood LNG LLC

Opinion and
Order Granting
Long-Term
Authority to Export
LNG to NFTANs

4375 19-40-NG 04/17/2019 El Paso Marketing
Company, L.L.C.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
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from/to
Canada/Mexico

4376 19-48-NG 04/22/2019 Omimex Canada,
Ltd

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4377 19-41-LNG 04/28/2019 Ferus Natural Gas
Fuels Inc.

Order Granting
Blanket Authority
to Import/Export
LNG from/to
Canada by Truck

4378 19-42-LNG 04/28/2019 Solensa S.A. de C.V.

Order Granting
Blanket Authority
to Export LNG to
Mexico by Truck

4379 19-49-NG 04/28/2019 Dominion Energy
Fuel Services, Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4380/4031-
A

19-35-LNG/   
 17-53-LNG 05/14/2019 Enviro Express, Inc.

Order Granting
Blanket Authority
to Import LNG from
Canada by Truck,
and Vacating Prior
Authorization
(4031-A 17-53-NG)

4381 19-50-NG 05/14/2019 Trans-Pecos
Pipeline, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Mexico

4382 19-47-NG 05/14/2019 Encana Marketing
(USA) Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico

4383 19-51-NG 05/14/2019

Trailstone Energy
Marketing de
Mexico, S. de R.L. de
C.V.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Mexico

4384 19-52-NG 05/14/2019 Trailstone NA
Logistics, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico, to
Import LNG from
Canada/Mexico by
Truck, to Export
LNG to
Canada/Mexico by
Vessel, and to
Import LNG from
Various
International
Sources by Vessel

4385 19-45-NG 05/14/2019 Ecogas Mexico, S.
de R.L. de C.V.

Order Granting
Blanket Authority
to Import Natural
Gas from
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Canada/Export
Natural Gas to
Mexico

4386 19-46-NG 05/29/2019 World Fuel Services,
Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Mexico

4387 19-53-NG 05/29/2019 Idaho Power
Company

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4388 19-54-NG 05/29/2019 Chevron U.S.A. Inc,

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4389 19-58-NG 05/29/2019 CP Energy
Marketing (US) Inc.

Order Granting
Blanket Authority to
Import/Export
Natural Gas from/to
Canada

4390 19-59-NG 05/29/2019
Element Markets
Renewable Energy
LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico

4391 19-60-NG 05/29/2019 Ozark Gas LLC

Order Granting
Blanket Authority
to Export Natural
Gas to Mexico

4392 19-44-NG 05/30/2019

PetroChina
International
(CANADA) Trading
Ltd.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4393 19-55-NG 05/30/2019 New England NG
Supply Limited

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4394 19-56-LNG 05/30/2019 Potelco, Inc.

Order Granting
Blanket Authority
to              Import
LNG  from Canada
by Truck

4395 19-57-NG 05/30/2019 Cascade Natural
Gas Corporation

Order Granting
Blanket Authority
to             Import
Natural Gas from
Canada

4396 19-28-LNG 06/11/2019 Chevron U.S.A. Inc.

Order Granting
Blanket Authority
to Export Previously
Imported LNG by
Vessel to FTA and
NFTANs

4397 19-43-NG 06/11/2019 Repsol Energy North
America
Corporation

Order Granting
Blanket Authority
to Import/Export
Natural Gas
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from/to Mexico by
Pipeline, to
Import/Export LNG
from/to Mexico by
Truck/Vessel, and
to Export Natural
Gas to
Canada/Mexico

4398 19-63-NG 06/11/2019 Emera Energy
Services

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4399 19-66-NG 06/11/2019 Hudson Energy
Services, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4400 19-67-NG 06/11/2019 City of Pasadena

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4401 19-73-NG 06/18/2019 Big Sky Gas LLC

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4402 19-68-NG 07/03/2019 ConocoPhillips
Company

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico

4403 19-69-NG 07/03/2019 Southern California
Gas Company

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Mexico

4404 19-72-NG 07/03/2019 Tuscarowa Trading,
LLC

Order Granting
Blanket Authority
to Export Natural
Gas to Mexico

4405 19-65-NG 07/03/2019 Sempra LNG
International, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Mexico

4406
4384-A
4053-A

19-64-NG
19-52-NG
17-50-NG

07/03/2019 Trailstone Energy
Marketing, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico, to
Import LNG from
Canada/Mexico by
Truck, to Export
LNG by Vessel, to
Import LNG from
Various
International
Sources by Vessel,
and Vacating Prior
Authorization

4407 19-75-LNG 07/03/2019 Gaz Metro GNL, Order Granting
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S.E.C. Blanket
Authorization to
Import LNG from
Canada by Truck

4408 19-76-NG 07/03/2019 Oxy Energy Canada,
Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

3394-A 13-140-LNG 07/11/2019
Annova LNG
Common
Infrastructure, LLC

Order 3394-A
Amending Long-
term, Multi-
contract
Authorization to
Export Liquefied
Natural Gas to Free
Trade Agreement
Nations 

4409; 4169-
A

19-78-NG
18-34-NG 07/25/2019 Sequent Energy

Management, L.P,

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada,
and Vacating Prior
Authorization

4410 12-101-LNG 07/31/2019
Gulf LNG
Liquefaction
Company, LLC

Opinion and Order
4410 Granting
Long-Term
Authority to Export
LNG to NFTANs

4411 19-79-NG 07/25/2019 Pacific Summit
Energy

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico,
and to Import LNG
from Various
International
Sources by Vessel

4412 19-84-LNG 07/25/2019 Citigroup Energy
Inc.

Order Granting
Blanket Authority
to Import LNG from
Various
International
Sources by Vessel

4413 19-81-NG 07/25/2019
Castleton
Commodities
Canada LP

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4414 19-74-NG 07/25/2019 Avista Corporation

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4415 19-77-CNG 07/26/2019 Certarus Ltd.

Order Granting
Blanket Authority
to Import/Export
Compressed
Natural Gas
from/to Canada by
Truck

4416 19-85-NG 07/26/2019 Public Utility Order Granting
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District No. 1 of
Clark County

Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4417 19-89-NG 07/26/2019 Just Energy Ontario
L.P.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4418 19-91-NG 07/26/2019 Portland General
Electric Company

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4419 19-92-NG 07/26/2019 Wisconsin Public
Service Corporation

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4420 19-90-NG 08/01/2019 Cannat Energy Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4348-A 19-14-NG 07/25/2019 Citigroup Energy
Canada, ULC

Order Vacating
Authority to
Import/Export
Natural Gas
from/to Canada

4344-A 19-08-NG 07/25/2019 Edgemarc Energy
Ohio, LLC

Order Vacating
Authority to Export
Natural Gas
Granted in Order
4344

4225-A 18-91-NG 07/25/2019 Edgemarc Energy
Pennsylvania LLC

Order Vacating
Authority to Export
Natural Gas to
Canada in Order
4225

4221-A 18-88-NG 08/16/2019 Certarus (USA) Ltd.

Order Vacating
Authority to Import
Natural Gas from
Canada, and to
Export Natural Gas
to Canada/Mexico
in Order 4221

4421 19-95-NG 08/16/2019 Seven Generations
Energy (US) Corp.

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4422 19-71-NG 08/16/2019 New World Global,
LLC

Order Granting
Blanket Authority
to Import Natural
Gas from Canada,
and to Export
Natural Gas to
Mexico

4424 19-61-LNG 08/21/2019 Freeport LNG
Development, L.P.

Order Granting
Blanket Authority
to Export Previously
Imported LNG by
Vessel to FTA and
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NFTANs. (CX
Attached)

4423 19-93-LNG 09/03/2019 Gabza International
Gas Inc.

Order Granting
Blanket Authority
to Export LNG to
Mexico by Truck

4425 19-62-LNG 08/21/2019 Cameron LNG, LLC

Order Granting
Blanket Authority
to Export Previously
Imported LNG by
Vessel to FTA and
NFTANs, (CX
Attached)

4426 19-88-NG 09/03/2019
Tidal Energy
Marketing (U.S.)
L.L.C.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4427 19-82-NG 09/03/2019 TransAlta Energy
Marketing (U.S.) Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4428 19-97-CNG 09/03/2019 Pentagon Energy,
LLC

Order Granting
Blanket Authority
to Export
Compressed
Natural Gas to
Mexico by
Vessel/Truck

4429 19-94-NG 09/03/2019 Cenovus Energy
Marketing Limited

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4430 19-98-NG 09/03/2019 San Diego Gas &
Electric Company

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Mexico

4431 19-96-NG 09/03/2019 Just Energy New
York Corp.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4432 19-70-NG 09/03/2019 Valence Natural Gas
Solutions LLC

Order Granting
Blanket Authority
to Import/Export
Compressed
Natural Gas
from/to Canada,
and Vacating Prior
Order 4196-A

4433 19-100-NG 09/03/2019 EDF Trading North
America, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico, to
Import/Export LNG
from/to
Canada/Mexico by
Truck, to Export
LNG to
Canada/Mexico by
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Vessel, and to
Import LNG from
Various
International
Sources by Vessel

4434 19-102-NG 09/03/2019 Border Energy
Management LLC

Order Granting
Blanket Authority
to Export Natural
Gas to Mexico

4435 19-106-NG 09/06/2019
Minnesota Energy
Resources
Corporation

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4436 19-103-NG 09/09/2019 Pacific Gas and
Electric Company

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4437 19-83-NG 09/09/2019 Altagas Ltd

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4438 19-87-NG 09/10/2019 Pioneer LNG, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico

4439 19-108-NG 09/30/2019
United Energy
Trading Canada,
ULC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4440 19-111-NG 09/30/2019 Wisconsin Gas LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4441 19-110-NG 09/30/2019 Wisconsin Electric
Power Company

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4442 19-109-NG 09/30/2019 Tenaska Marketing
Ventures

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico

4443 19-101-NG 09/30/2019 City of Portal,
Incorporated

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4444 19-107-NG 09/30/2019 DTE Energy Trading,
Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4350-A 19-22-NG 09/30/2019 Societe Generale
Energy LLC

Order Vacating
Blanket Authority
to Import/Export
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Natural Gas
from/to
Canada/Mexico

4317-
A/4364-A 18-144-LNG 10/07/2019

ECA Liquefaction, S.
de R.L. de C.V.
(formerly Energis
Costa Azul, S. de R.L.
de C.V.)

Order Gratning
Request to Transfer
Authorizations 

4445 16-15-LNG 10/3/2019 Eagle LNG Partners
Jacksonville LLC

Opinion and Order
Granting Long-term
Authorization to
Export Liquefied
Natural Gas to Non-
free Trade
Agreement Nations 

4446 16-28-LNG 10/16/2019
Venture Global
Plaquemines LNG,
LLC

Opinion and Order
Granting Long-term
Authorization to
Export Liquefied
Natural Gas to Non-
free Trade
Agreement Nations 

4429-A 19-94-NG 10/18/2019 Cenovus Energy
Marketing Ltd.

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4447 19-114-NG 10/21/2019 Canada Imperial Oil
Limited

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada 

4448 19-116-NG 10/18/2019 XTO Energy Inc.

Order Granting
Blanket Authority
to Export Natural
Gas to
Canada/Mexico

4449 19-117-NG 10/18/2019 Direct Energy
Marketing Inc

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4450 19-118-NG 10/18/2019 Irving Oil Terminals
Operations LLC

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4451 19-112-NG 10/18/2019 Direct Energy
Marketing Limited

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4452 19-113-NG 10/18/2019 Altagas Marketing
(U.S.) Inc.

Order Granting
Blanket Authority
to Export Natural
Gas to Canada

4453 19-115-NG 10/18/2019 Pemex
Transformacion
Industrial

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to
Canada/Mexico,
and to Import LNG
grom Various
International
Sources by Vessel
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4454 19-119-NG 10/18/2019
Gas Natural
Caxitlan, S. de R.L.
de C.V.

Order Granting
Blanket Authority
to Export Natural
Gas to Mexico

4455 19-120-NG 10/18/2019 Suncor Energy
Marketing Inc.

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4456 19-121-NG 11/12/2019 Spotlight Energy,
LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4457 19-122-NG 11/12/2019 EQT Energy, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4458 19-126-NG 11/12/2019 Southern California
Gas Company

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4459 19-137-NG 11/12/2019 Valley Crossing
Pipeline, LLC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Mexico

4460 19-99-LNG 10/31/2019 Blue Water Fuels,
LLC

Order Granting
Long-term
Authorization for
Small-scale
Exports of
Liquefied Natural
Gas

4202-A 18-27-LNG 10/31/2019 Blue Water Fuels,
LLC

Order Amending
Long-term
Authorization to
Export Liquefied
Natural Gas to Free
Trade Agreement
Nations

4461 19-104-LNG 11/08/2019 SpotX Energy, LLC

Order Granting
Long-term
Authorization to
Export Liquefied
Natural Gas to Free
Trade Agreement
Nations, and Long-
term Authorization
for Small-scale
Exports of
Liquefied Natural
Gas

4462 19-105-LNG 11/08/2019 SpotX Energy, LLC Order Granting Short-
term Authorization to
Export Liquefied
Natural Gas to Free
Trade Agreement
Nations, and Short-
term Authorization
for Small-scale
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Exports of Liquefied
Natural Gas

4463 19-123-NG 11/12/2019 Saranac Power
Partners L.P.

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4464 19-127-NG 11/12/2019
Mercuria
Commodities
Canada Corporation

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4465 19-128-NG 11/12/2019 Vermont Gas
Systems, Inc.

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4466 &
4324-A

19-132-NG &
18-184-NG 11/12/2019 Sprague Operating

Resources, LLC

Order Granting
Blanket Authority
to Import Natural
Gas from Canada;
and Vacating Prior
Authorization

4343-A 19-07-NG 11/21/2019 CNOOC Marketing
U.S.A. Inc. 

Order Vacating
Authorization to
Import/Export
Natural Gas
from/to
Canada/Mexico 

4467 19-129-NG 11/21/2019 Aux Sable Canada
LP

Order Granting
Blanket Authority
to Import Natural
Gas from Canada

4468 19-130-NG 11/20/2019 Rochester Gas and
Electric Corporaiton

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada

4469 19-136-NG 11/21/2019
ConocoPhillips
Canada Marketing
& Trading ULC

Order Granting
Blanket Authority
to Import/Export
Natural Gas
from/to Canada
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I. INTRODUCTION 

Venture Global Calcasieu Pass, LLC (Calcasieu Pass) filed separate applications in 2013, 

2014, and 2015 (collectively, Applications) with the Department of Energy’s Office of Fossil 

Energy (DOE/FE) in FE Docket Nos. 13-69-LNG, 14-88-LNG, and 15-25-LNG, respectively.1  

At Calcasieu Pass’s request, these three Applications and their respective dockets have been 

consolidated for purposes of this Order.  Each of the Applications requests long-term 

authorization under section 3 of the Natural Gas Act (NGA)2 to export domestically produced 

liquefied natural gas (LNG) to:  (i) any country with which the United States has entered into a 

free trade agreement (FTA) requiring national treatment for trade in natural gas (FTA countries), 

pursuant to NGA section 3(c);3 and (ii) any other country with which trade is not prohibited by 

U.S. law or policy (non-FTA countries), pursuant to NGA section 3(a).4   

Calcasieu Pass requests authority in the Applications to export LNG in a total combined 

volume equivalent to 620 billion cubic feet per year (Bcf/yr), or 1.7 Bcf per day (Bcf/d), which 

Calcasieu Pass states is equivalent to 12 million metric tons per annum (mtpa) of LNG, as 

follows:  

 2013 Application, FE Docket No. 13-69-LNG:  Requests authority to export 

LNG in a volume equivalent to 243.6 Bcf/yr of natural gas (0.67 Bcf/d) for a term of 25 years, to 

                                                 
1 Calcasieu Pass was known as Venture Global LNG, LLC at the time it filed the applications in FE Docket Nos. 13-

69-LNG and 14-88-LNG, but Calcasieu Pass is now the applicant and authorization holder in all three dockets.  
2 The authority to regulate the imports and exports of natural gas, including liquefied natural gas, under section 3 of 

the NGA (15 U.S.C. § 717b) has been delegated to the Assistant Secretary for FE in Redelegation Order No. 00-

006.02, issued on November 17, 2014. 
3 15 U.S.C. § 717b(c).  The United States currently has FTAs requiring national treatment for trade in natural gas 

with Australia, Bahrain, Canada, Chile, Colombia, Dominican Republic, El Salvador, Guatemala, Honduras, Jordan, 

Mexico, Morocco, Nicaragua, Oman, Panama, Peru, Republic of Korea, and Singapore.  FTAs with Israel and Costa 

Rica do not require national treatment for trade in natural gas. 
4 Id. § 717b(a).   
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commence on the earlier of the date of first export or eight years from the date of the requested 

authorization;5 

 2014 Application, FE Docket No. 14-88-LNG:  Requests authority to export 

LNG in a volume equivalent to 243.6 Bcf/yr of natural gas (0.67 Bcf/d) for a term of 25 years, to 

commence on the earlier of the date of first export or seven years from the date of the requested 

authorization;6 and 

 2015 Application, FE Docket No. 15-25-LNG:  Requests authority to export 

LNG in a volume equivalent to 132.8 Bcf/yr of natural gas (0.36 Bcf/d) for a term of 25 years, to 

commence on the earlier of the date of first export or seven years from the date of the requested 

authorization.7 

In each Application, Calcasieu Pass requests the authorization on its own behalf and as 

agent for other entities that hold title to the LNG at the time it is exported.8  Calcasieu Pass 

submitted updates to the Applications at various times, including most recently on February 25, 

2019.9   

                                                 
5 Venture Global Calcasieu Pass, LLC, Application for Long-Term Authorization to Export Liquefied Natural Gas 

to Free Trade and Non-Free Trade Agreement Countries, FE Docket No. 13-69-LNG (May 13, 2013) [hereinafter 

2013 App.]. 
6 Venture Global Calcasieu Pass, LLC, Application for Long-Term, Multi-Contract Authorization to Export 

Liquefied Natural Gas to Free Trade and Non-Free Trade Agreement Countries for Phase 2 of the Venture Global 

Project, FE Docket No. 14-88-LNG (May 13, 2014) [hereinafter 2014 App.].  In the cover letter for the 2014 

Application, Calcasieu Pass references eight years from the date of the requested authorization for the 

commencement of its operations.  The 2014 Application itself, however, references seven years.  See id. at 2, 7.  For 

this reason, DOE/FE issued the FTA order for the 2014 Application with a seven-year term for the commencement 

of operations.  Likewise, DOE/FE is construing the 2014 Application to request a seven-year term for the 

commencement of operations for the requested non-FTA authorization. 
7 Venture Global Calcasieu Pass, LLC, Application for Long-Term, Multi-Contract Authorization to Export 

Liquefied Natural Gas to Free Trade and Non-Free Trade Agreement Countries, FE Docket No. 15-25-LNG (Feb. 9, 

2015) [hereinafter 2015 App.]. 
8 See id. at 2.  For purposes of brevity, we reference herein only the statements and arguments presented in Calcasieu 

Pass’s 2015 Application, unless otherwise noted. 
9 Venture Global Calcasieu Pass, LLC, Update in Support of Pending Non-Free Trade Agreement Authorization, FE 

Docket Nos. 13-69-LNG, et al. (Feb. 25, 2019) [hereinafter 2019 Update]. 
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Calcasieu Pass seeks to export LNG by vessel from the proposed Venture Global 

Calcasieu Pass Project (Project), a natural gas liquefaction and LNG export terminal to be 

located in Cameron Parish, Louisiana.  On February 21, 2019, the Federal Energy Regulatory 

Commission (FERC) issued an order authorizing:  (i) Calcasieu Pass to site, construct, and 

operate the Project with a maximum liquefaction capacity of 12 mtpa (equivalent to 620 Bcf/yr 

of natural gas), and (ii) TransCameron Pipeline, LLC (TransCameron) to construct and operate a 

lateral pipeline to transport natural gas to the Project.10 

DOE/FE has previously granted the portion of each Application requesting authority to 

export LNG to FTA countries under NGA section 3(c).  These authorizations were issued in 

DOE/FE Order Nos. 3345,11 3520,12 and 3662,13 in a total combined volume of 620 Bcf/yr of 

natural gas.   

DOE/FE published a notice of the non-FTA portion of each Application in the Federal 

Register (Notice of Application).14  Each Notice of Application provided a 60-day comment 

period for interested persons to submit protests, motions to intervene, and comments.  In 

                                                 
10 Venture Global Calcasieu Pass, LLC, et al., Order Granting Authorizations Under Sections 3 and 7 of the Natural 

Gas Act, 166 FERC ¶ 61,144 (Feb. 21, 2019) [hereinafter FERC Order].  See infra § VI.C. 
11 Venture Global Calcasieu Pass, LLC, DOE/FE Order No. 3345, FE Docket No. 13-69-LNG, Order Granting 

Long-Term Authorization to Export Liquefied Natural Gas by Vessel from the Proposed Venture Global LNG 

Project in Cameron Parish, Louisiana, to Free Trade Agreement Nations (Sept. 27, 2013). 
12 Venture Global Calcasieu Pass, LLC, DOE/FE Order No. 3520, FE Docket No. 14-88-LNG, Order Granting 

Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Proposed Venture 

Global LNG Project in Cameron Parish, Louisiana, to Free Trade Agreement Nations (Oct. 10, 2014). 
13 Venture Global Calcasieu Pass, LLC, DOE/FE Order No. 3662, FE Docket No. 15-25-LNG, Order Granting 

Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Proposed Venture 

Global Calcasieu Pass LNG Project in Cameron Parish, Louisiana, to Free Trade Agreement Nations (June 17, 

2015). 
14 See Venture Global LNG, LLC, Application for Long-Term Authorization to Export Liquefied Natural Gas 

Produced from Domestic Natural Gas Resources to Non-Free Trade Agreement Countries for a 25-Year Period, 79 

Fed. Reg. 30,109 (May 27, 2014); Venture Global LNG, LLC, Application for Long-Term Authorization to Export 

Liquefied Natural Gas Produced from Domestic Natural Gas Resources to Non-Free Trade Agreement Countries for 

a 25-Year Period, 79 Fed. Reg. 66,707 (Nov. 10, 2014); Venture Global Calcasieu Pass, LLC, Application for Long-

Term Authorization to Export Liquefied Natural Gas to Non-Free Trade Agreement Nations for a 25-Year Period, 

80 Fed. Reg. 36,977 (June 29, 2015). 
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response to the Notice of the 2013 and 2014 Applications, DOE/FE received several protests, 

motions to intervene, and/or comments.15  The 2015 Application was uncontested, with only one 

motion to intervene taking no position on that Application.16 

DOE/FE has reviewed the non-FTA portion of the Applications, as well as the filings 

supporting and opposing the Applications, DOE’s economic and environmental studies, FERC’s 

final EIS and Order, and the most recent projections of the U.S. Energy Information 

Administration (EIA), among other evidence discussed below.  On the basis of this substantial 

administrative record, DOE/FE has determined that it has not been shown that Calcasieu Pass’s 

proposed exports will be inconsistent with the public interest, as would be required to deny any 

of the Applications under NGA section 3(a).  DOE/FE therefore grants the non-FTA portion of 

each Application in the full volume requested—243.6 Bcf/yr for the 2013 Application, 243.6 

Bcf/yr for the 2014 Application, and 132.8 Bcf/yr for the 2015 Application—for a total 

combined volume of 620 Bcf/yr of natural gas (1.7 Bcf/d).17  Because the source of LNG for 

Calcasieu Pass’s FTA orders and this Order is the same Project with a maximum liquefaction 

capacity equivalent to 620 Bcf/yr of natural gas, the FTA and non-FTA volumes are not additive.   

Additionally, as discussed below, DOE/FE participated as a cooperating agency in 

FERC’s environmental review of the Project under the National Environmental Policy Act of 

1969 (NEPA), 42 U.S.C. § 4321 et seq.  FERC issued a final environmental impact statement 

                                                 
15 In response to the 2013 Application, DOE/FE received the following:  Comments from Ms. Denise Krepp and Mr. 

Bryar Douglas; a motion to intervene submitted by the American Petroleum Institute (API) taking no position on the 

Application; a motion for leave to intervene and protest submitted by the American Public Gas Association 

(APGA); and a motion to intervene, comments, and protest submitted by Sierra Club.   

In response to the Notice of the 2014 Application, DOE/FE received:  A motion to intervene submitted by API 

taking no position on the Application; a motion to intervene, motion to suspend, and protest submitted by APGA; a 

motion to intervene, comments, and protest submitted by Sierra Club; and a motion to intervene, motion to suspend, 

and protest submitted by the Industrial Energy Consumers of America (IECA).  See infra § VII. 
16 API moved to intervene in the 2015 Application proceeding.  See id. 
17 See infra §§ VIII-XI. 
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(EIS) for the Project on October 22, 2018.18  After an independent review, DOE/FE adopted the 

final EIS on November 1, 2018 (DOE/EIS-0510),19 and U.S. Environmental Protection Agency 

(EPA) published a notice of the adoption on November 9, 2018.20  As an Appendix to this Order, 

DOE/FE is issuing the Record of Decision (ROD) under NEPA for the proposed Project.  This 

Order requires Calcasieu Pass’s compliance with the 111 environmental conditions 

recommended in the final EIS and adopted in the FERC Order.21 

The volume approved in this Order—equivalent to 1.7 Bcf/d of natural gas—brings 

DOE/FE’s cumulative total of approved non-FTA exports of LNG and compressed natural gas to 

24.74 Bcf/d of natural gas.22  

II. BACKGROUND  

A.  DOE’s LNG Export Studies  

 2012 EIA and NERA Studies  

In 2011, DOE/FE engaged EIA and NERA Economic Consulting (NERA) to conduct a 

two-part study of the economic impacts of U.S. LNG exports, which together was called the 

“2012 LNG Export Study.”  The first part, performed by EIA and published in January 2012, 

assessed how specified scenarios of increased natural gas exports could affect domestic energy 

markets.  Specifically, EIA examined how prescribed levels of natural gas exports (at 6 Bcf/d 

and 12 Bcf/d) above baseline cases could affect domestic energy markets.   

The second part, performed by NERA under contract to DOE, evaluated the 

macroeconomic impact of LNG exports on the U.S. economy.  NERA used a general equilibrium 

                                                 
18 Federal Energy Regulatory Comm’n, Calcasieu Pass Project Final Environmental Impact Statement, Docket Nos. 

CP15-550-000, CP15-551-000, and CP15-551-001 (Oct. 22, 2018) [hereinafter final EIS].   
19 Letter from Amy Sweeney, DOE/FE, to Julie Roemele, U.S. EPA (Nov. 1, 2018) (adoption of final EIS). 
20 U.S. Envtl. Protection Agency, Environmental Impact Statements; Notice of Availability, 83 Fed. Reg. 56,078 

(Nov. 9, 2018). 
21 See infra § XI (Ordering Para. H); see also infra § VI. 
22 See infra § VIII.E. 
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macroeconomic model of the U.S. economy with an emphasis on the energy sector and natural 

gas in particular.  The 2012 NERA Study projected that, across all scenarios studied—assuming 

either 6 Bcf/d or 12 Bcf/d of LNG export volumes—the United States would experience net 

economic benefits from allowing LNG exports.   

In December 2012, DOE/FE published a notice of availability of the 2012 LNG Export 

Study in the Federal Register for public comment.23  DOE/FE subsequently responded to the 

public comments in connection with the LNG export proceedings identified in that notice.24 

 2014 and 2015 LNG Export Studies 

By May 2014, in light of the volume of LNG exports to non-FTA countries then-

authorized by DOE/FE and the number of non-FTA export applications still pending, DOE/FE 

determined that an updated study was warranted to consider the economic impacts of exporting 

LNG from the lower-48 states to non-FTA countries.25  DOE announced plans to undertake new 

economic studies to gain a better understanding of how higher levels of U.S. LNG exports—at 

levels between 12 and 20 Bcf/d of natural gas—would affect the public interest.26   

DOE/FE commissioned two new macroeconomic studies.  The first, Effect of Increased 

Levels of Liquefied Natural Gas Exports on U.S. Energy Markets, was performed by EIA and 

                                                 
23 See 2012 LNG Export Study, 77 Fed. Reg. 73,627 (Dec. 11, 2012), available at: 

http://energy.gov/sites/prod/files/2013/04/f0/fr_notice_two_part_study.pdf (Notice of Availability of the LNG 

Export Study). 
24 See, e.g., Freeport LNG Expansion L.P., et al., DOE/FE Order No. 3282, FE Docket No. 10-161-LNG, Order 

Conditionally Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from 

the Freeport LNG Terminal on Quintana Island, Texas to Non-Free Trade Agreement Nations, at 56-109 (May 17, 

2013). 
25 Because there is no natural gas pipeline interconnection between Alaska and the lower 48 states, DOE/FE 

generally views those LNG export markets as distinct.  Accordingly, DOE/FE focuses on LNG exports from the 

lower-48 states for purposes of determining macroeconomic impacts. 
26 See U.S. Dep’t of Energy, Office of Fossil Energy, Request for an Update of EIA’s January 2012 Study of 

Liquefied Natural Gas Export Scenarios, available at: http://energy.gov/fe/downloads/request-update-eia-s-january-

2012-study-liquefied-natural-gas-export-scenarios (May 29, 2014) (memorandum from FE to EIA). 
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published in October 2014 (2014 EIA LNG Export Study or 2014 Study).27  The 2014 Study 

assessed how specified scenarios of increased natural gas exports could affect domestic energy 

markets.  At DOE’s request, this 2014 Study served as an update of EIA’s January 2012 study of 

LNG export scenarios and used baseline cases from EIA’s Annual Energy Outlook 2014 (AEO 

2014).28 

The second study, The Macroeconomic Impact of Increasing U.S. LNG Exports, was 

performed jointly by the Center for Energy Studies at Rice University’s Baker Institute and 

Oxford Economics under contract to DOE/FE (together, Rice-Oxford) and published in October 

2015 (2015 LNG Export Study or 2015 Study).29  The 2015 Study was a scenario-based 

assessment of the macroeconomic impact of levels of U.S. LNG exports, sourced from the 

lower-48 states, under different assumptions including U.S. resource endowment, U.S. natural 

gas demand, international LNG market dynamics, and other factors.  The 2015 Study considered 

export volumes ranging from 12 to 20 Bcf/d of natural gas, as well as a high resource recovery 

case examining export volumes up to 28 Bcf/d of natural gas.  The analysis covered the 2015 to 

2040 time period.   

In December 2015, DOE/FE published a Notice of Availability of the 2014 and 2015 

LNG Export Studies in the Federal Register, and invited public comment on those Studies.30  

                                                 
27 U.S. Energy Info. Admin., Effect of Increased Levels of Liquefied Natural Gas Exports on U.S. Energy Markets 

(Oct. 2014), available at: https://www.eia.gov/analysis/requests/fe/pdf/lng.pdf. 
28 Each Annual Energy Outlook (AEO) presents EIA’s long-term projections of energy supply, demand, and prices.  

It is based on results from EIA’s National Energy Modeling System (NEMS) model.   
29 Center for Energy Studies at Rice University Baker Institute and Oxford Economics, The Macroeconomic Impact 

of Increasing U.S. LNG Exports (Oct. 29, 2015), available at:  

http://energy.gov/sites/prod/files/2015/12/f27/20151113_macro_impact_of_lng_exports_0.pdf. 
30 U.S. Dep’t of Energy, Macroeconomic Impacts of LNG Exports Studies; Notice of Availability and Request for 

Comments, 80 Fed. Reg. 81,300, 81,302 (Dec. 29, 2015). 
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DOE/FE subsequently responded to the public comments in connection with the LNG export 

proceedings identified in that notice.31     

 2018 LNG Export Study 

a. Overview 

At the time DOE commissioned the 2018 LNG Export Study in 2017, 25                          

non-FTA applications were pending before DOE/FE.32  In light of both the volume of LNG 

requested for export in those pending applications and the cumulative volume of non-FTA 

exports then-authorized (equivalent to 21.35 Bcf/d of natural gas), DOE/FE determined that a 

new macroeconomic study was warranted.33  Accordingly, DOE/FE, through its support 

contractor KeyLogic Systems, Inc., commissioned NERA to conduct the 2018 LNG Export 

Study.  DOE published the 2018 LNG Export Study on its website on June 7, 2018,34 and 

concurrently provided notice of the availability of the Study, as discussed below.35 

Like the four prior economic studies, the 2018 Study examines the impacts of varying 

levels of LNG exports on domestic energy markets.  However, the 2018 Study differs from 

DOE/FE’s earlier studies in the following ways: 

                                                 
31 See, e.g., Sabine Pass Liquefaction, LLC, DOE/FE Order No. 3792, FE Docket No. 15-63-LNG, Final Opinion 

and Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel From the 

Sabine Pass LNG Terminal Located in Cameron Parish, Louisiana, to Non-Free Trade Agreement Nations, at 66-

121 (Mar. 11, 2016).  
32 See U.S. Dep’t of Energy, Study on Macroeconomic Outcomes of LNG Exports; Notice of Availability of the 

2018 LNG Export Study and Request for Comments, 83 Fed. Reg. 27,314 (June 12, 2018) (identifying 25 docket 

proceedings) [hereinafter 2018 Study Notice]. 
33 Additionally, as of the date of the 2018 Study, DOE/FE had authorized a cumulative total of LNG exports to FTA 

countries under section 3(c) of the NGA in a volume of 59.33 Bcf/d of natural gas.  These FTA volumes are not 

additive to the authorized non-FTA volumes. 
34 See NERA Economic Consulting, Macroeconomic Outcomes of Market Determined Levels of U.S. LNG Exports 

(June 7, 2018), available at:  

https://www.energy.gov/sites/prod/files/2018/06/f52/Macroeconomic%20LNG%20Export%20Study%202018.pdf 

[hereinafter 2018 LNG Export Study or 2018 Study]. 
35 See 2018 Study Notice.  

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 61 of 396



 

9 

(i) Includes a larger number of scenarios (54 scenarios) to capture a wider range of 

uncertainty in four natural gas market conditions than examined in the previous 

studies; 

(ii) Includes LNG exports in all 54 scenarios that are market-determined levels, including 

the three alternative baseline scenarios that are based on the projections in EIA’s 

Annual Energy Outlook 2017 (AEO 2017);36 

(iii) Examines unconstrained LNG export volumes beyond the levels examined in the 

previous studies; 

(iv) Examines the likelihood of those market-determined LNG export volumes; and 

(v) Provides macroeconomic projections associated with several of the scenarios lying 

within the more likely range of exports.37 

 

b. Methodology and Scenarios 

In its Response to Comments published in the Federal Register in December 2018, 

DOE/FE provided a detailed discussion of the methodology and scenarios used in the 2018 

Study, including NERA’s Global Natural Gas Model (GNGM) and NewERA models.38  The 2018 

Study develops 54 scenarios by identifying various assumptions for domestic and international 

supply and demand conditions to capture a wide range of uncertainty in natural gas markets.  The 

scenarios include three baseline cases based on EIA’s AEO 2017 projections (the most recent 

EIA projections available at the time), with varying assumptions about U.S. natural gas supply.39  

The three cases for U.S. natural gas supply derived from AEO 2017 are: 

i. AEO 2017’s Reference case, which provides a central estimate of U.S. 

natural gas production; 

                                                 
36 U.S. Energy Info. Admin., Annual Energy Outlook 2017 (with projections to 2050) (Jan. 5, 2017), available at: 

https://www.eia.gov/outlooks/aeo/pdf/0383(2017).pdf. 
37 See 2018 Study Notice, 83 Fed. Reg. at 27,316. 
38 See U.S. Dep’t of Energy, Study on Macroeconomic Outcomes of LNG Exports; Response to Comments 

Received on Study, 83 Fed. Reg. 67,251 (Dec. 28, 2018) [hereinafter 2018 Study Response to Comments].   
39 2018 Study Response to Comments, 83 Fed. Reg. at 67,256 (stating that the differences in the natural gas 

production levels across these cases arise from varying assumptions around unproven offshore resources, onshore 

shale gas resources, tight gas resources, and conventional and tight oil associated gas resources, as well as the costs 

of producing these resources). 
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ii. High Oil and Gas Resource and Technology (HOGR) case, which 

provides more optimistic resource development estimates than the 

Reference case; and  

iii. Low Oil and Gas Resource and Technology (LOGR) case, which provides 

less optimistic resource development estimates than the Reference case.40  

Alternative scenarios add other assumptions about future U.S. and international demand 

for natural gas.  The three cases for U.S. natural gas demand are: 

i. AEO 2017’s Reference case, which provides a central estimate of U.S. 

natural gas demand; 

ii. A Robust Economic Growth case, which provides a high estimate for U.S. 

natural gas demand driven by higher levels of gross domestic product 

growth; and 

iii. A Renewables Mandate case, which provides a low estimate for U.S. 

natural gas demand driven by the imposition of a stringent renewables 

mandate.41 

International assumptions are based on EIA’s International Energy Outlook 2017 (IEO 2017) 

and the International Energy Agency’s (IEA) World Energy Outlook 2016 (WEO 2016).   

As noted above, the 2018 Study also examines the likelihood of conditions leading to 

various export scenarios.  This unique feature provides not only quantification of the effects to 

the U.S. natural gas market and its overall economy under each of the scenarios outlined, but 

also an assessment of the probability of each of these scenarios, and thus the probability of the 

natural gas and macroeconomic outcomes associated with each scenario.42   

In developing this aspect of the Study, NERA first developed estimates of the 

probabilities for the level of U.S. supply and demand, as well as supply and demand in the rest of 

the world.43  DOE/FE and KeyLogic, Inc. contacted a set of independent experts recommended 

                                                 
40 See id. 
41 See id. 
42 See id. 
43 See id.  

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 63 of 396



 

11 

by DOE (referred to as the peer reviewers) to obtain their probability assignments for these same 

four metrics.  After receiving feedback from the peer reviewers, NERA reevaluated the original 

probability assignments to arrive at the final probabilities.  These peer-reviewed probabilities of 

uncertainties surrounding developments in the international and domestic natural gas markets 

were, in turn, combined to develop the 54 export scenarios and their associated macroeconomic 

impacts. 

c. Study Results  

The 54 scenarios in the 2018 Study provide a wide range of results.  NERA chose to 

focus on a subset of more likely outcomes, given DOE’s assumptions about the probabilities 

associated with U.S. natural gas production, demand, and supply, and demand for natural gas in 

the rest of the world.  NERA’s key results include the following: 

 The more likely range of LNG exports in the year 2040 was judged to range from 

8.7 to 30.7 Bcf/d of natural gas. 

 U.S. natural gas prices range from $5 to approximately $6.50 per million British 

thermal unit (MMBtu) in 2040 (in constant 2016 dollars) under Reference case supply 

assumptions.  These central cases have a combined probability of 47%. 

 Levels of gross domestic product (GDP) are most sensitive to assumptions about 

U.S. supply of natural gas, with high supply driving higher levels of GDP.  For each of the 

supply scenarios, higher levels of LNG exports in response to international demand consistently 

lead to higher levels of GDP.  GDP achieved with the highest level of LNG exports in each 

group exceeds GDP with the lowest level of LNG exports by $13 to $72 billion in 2040 (in 

constant 2016 dollars). 
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 About 80% of the increase in LNG exports is satisfied by increased U.S. 

production of natural gas, with positive effects on labor income, output, and profits in the natural 

gas production sector. 

 Chemical industry subsectors of the economy that rely heavily on natural gas for 

energy and as a feedstock continue to exhibit robust growth even at higher LNG export levels.  

This growth is only insignificantly slower than cases with lower LNG export levels. 

 Even the most extreme scenarios of high LNG exports outside the more likely 

probability range (exhibiting a combined probability of less than 3%) show higher overall 

economic performance in terms of GDP, household income, and consumer welfare than lower 

export levels associated with the same domestic supply scenarios.44 

d. DOE/FE Proceeding 

On June 12, 2018, DOE published a notice of availability of the 2018 LNG Export Study 

and a request for comments.45  The purpose of the notice of availability was “to enter the 2018 

LNG Export Study into the administrative record of the 25 pending non-FTA export proceedings 

[identified in the notice] and to invite comments on the Study for consideration in the pending 

and future non-FTA application proceedings.”46  DOE received 19 comments on the 2018 LNG 

Export Study from a variety of sources, including participants in the natural gas industry, 

environmental organizations, and individuals.47  Of those, nine comments supported the Study,48 

                                                 
44 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,255. 
45 See 2018 Study Notice. 
46 Id. at 27,315.  
47 The public comments are posted on the DOE/FE website at:  

https://fossil.energy.gov/app/docketindex/docket/index/10. 
48 Supporting comments were filed by the Marcellus Shale Coalition; the Center for Liquefied Natural Gas (CLNG); 

the Pennsylvania Chamber of Business and Industry; the American Petroleum Institute (API); Cheniere Energy, 

Inc.; Jordan Cove Energy Project L.P. (JCEP); LNG Allies; NextDecade Corp.; and Anonymous.  The Anonymous 

comment is comprised of five comments filed by the same anonymous author. 
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eight comments opposed the 2018 Study and/or exports of LNG,49 one comment took no 

position,50 and one comment was non-responsive.51   

DOE/FE has evaluated the comments to the 2018 Study.  DOE/FE summarized and 

responded to these comments in the Response to Comments document, published on December 

28, 2018.52  As explained in the Response to Comments, DOE/FE determined that none of the 

eight comments opposing the 2018 Study provided sufficient evidence to rebut or otherwise 

undermine the 2018 Study.53   

DOE/FE incorporates into the record of this proceeding the 2018 LNG Export Study, the 

2018 Study Notice, the public comments received on the 2018 Study, and the 2018 Study 

Response to Comments—which together constitute the full proceeding for the 2018 LNG Export 

Study.  

e. DOE/FE Conclusions 

Based upon the record in the 2018 Study proceeding, DOE/FE determined that the 2018 

Study provides substantial support for non-FTA applications within the export volumes 

considered by the 2018 Study—ranging from 0.1 to 52.8 Bcf/d of natural gas.54  The principal 

conclusion of the 2018 LNG Export Study is that the United States will experience net economic 

benefits from the export of domestically produced LNG.55  DOE highlighted the following key 

findings of the Study: 

                                                 
49 Opposing comments were filed by Patricia Weber; Oil Change International; Food & Water Watch; Industrial 

Energy Consumers of America (IECA); Oregon Wild; Sierra Club; Deb Evans and Ron Schaaf (the Evans Schaaf 

Family); and Jody McCaffree (individually and as executive director of Citizens for Renewables/Citizens Against 

LNG).  Oil Change International and Food & Water Watch filed identical comments.   
50 Comment of John Young. 
51 Comment of Vincent Burke. 
52 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,260-72. 
53 See id. at 67,272. 
54 See id.  
55 See id. 
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 “Increasing U.S. LNG exports under any given set of assumptions about U.S. natural 

gas resources and their production leads to only small increases in U.S. natural gas 

prices.”56 

 “Increased exports of natural gas will improve the U.S. balance of trade and result in 

a wealth transfer into the United States.”57 

 “Overall [U.S.] GDP improves as LNG exports increase for all scenarios with the 

same U.S. natural gas supply condition.58  

 “There is no support for the concern that LNG exports would come at the expense of 

domestic natural gas consumption.”59  

 “[A] large share of the increase in LNG exports is supported by an increase in 

domestic natural gas production.”60 

 “Natural gas intensive [industries] continue to grow robustly at higher levels of LNG 

exports, albeit at slightly lower rates of increase than they would at lower levels.”61 

DOE/FE also observed that EIA’s projections in Annual Energy Outlook 2018 (AEO 2018) 

showed market conditions that will accommodate increased exports of natural gas.62  DOE/FE 

concluded that, when compared to prior AEO Reference cases—including AEO 2017’s 

Reference case used in the 2018 Study—the AEO 2018 Reference case projected increases in 

domestic natural gas production in excess of what is required to meet projected increases in 

domestic consumption.63   

For all of these reasons, DOE/FE found that “the 2018 LNG Export Study is 

fundamentally sound and supports the proposition that exports of LNG from the lower-48 states, 

in volumes up to and including 52.8 Bcf/d of natural gas, will not be inconsistent with the public 

                                                 
56 Id. (quoting 2018 LNG Export Study at 55). 
57 2018 Study Response to Comments, 83 Fed. Reg. at 67,273 (quoting 2018 LNG Export Study at 64). 
58 Id. (quoting 2018 LNG Export Study at 67). 
59 Id. (quoting 2018 LNG Export Study at 77). 
60 Id.  
61 Id. (quoting 2018 LNG Export Study at 70). 
62 U.S. Energy Info. Admin., Annual Energy Outlook 2018 (with projections to 2050) (Feb. 6, 2018), available at:   

https://www.eia.gov/outlooks/aeo/pdf/AEO2018.pdf. 
63 2018 Study Response to Comments, 83 Fed. Reg. at 67,273. 
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interest.”64  DOE stated, however, that it will consider each application to export LNG as 

required under the NGA and NEPA based on the administrative record compiled in each 

individual proceeding.65 

B. DOE’s Environmental Studies 

On June 4, 2014, DOE/FE issued two notices in the Federal Register proposing to 

evaluate different environmental aspects of the LNG production and export chain.  First, 

DOE/FE announced that it had conducted a review of existing literature on potential 

environmental issues associated with unconventional natural gas production in the lower-48 

states.  The purpose of this review was to provide additional information to the public concerning 

the potential environmental impacts of unconventional natural gas exploration and production 

activities, including hydraulic fracturing.  DOE/FE published its draft report for public review 

and comment, entitled Draft Addendum to Environmental Review Documents Concerning 

Exports of Natural Gas from the United States (Draft Addendum).66  DOE/FE received public 

comments on the Draft Addendum, and on August 15, 2014, issued the final Addendum with its 

response to the public comments contained in Appendix B.67   

Second, DOE/FE commissioned the National Energy Technology Laboratory (NETL), a 

DOE applied research laboratory, to conduct an analysis calculating the life cycle greenhouse gas 

(GHG) emissions for LNG exported from the United States.  The purpose of this analysis was to 

determine: (i) how domestically-produced LNG exported from the United States compares with 

                                                 
64 Id. (citing 2018 LNG Export Study at 63 & Appx F). 
65 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,273. 
66 Dep’t of Energy, Draft Addendum to Environmental Review Documents Concerning Exports of Natural Gas 

From the United States, 79 Fed. Reg. 32,258 (June 4, 2014).  DOE/FE announced the availability of the Draft 

Addendum on its website on May 29, 2014. 
67 Dep’t of Energy, Addendum to Environmental Review Documents Concerning Exports of Natural Gas From the 

United States, 79 Fed. Reg. 48,132 (Aug. 15, 2014) [hereinafter Addendum]; see also 

http://energy.gov/fe/addendum-environmental-review-documents-concerning-exports-natural-gas-united-states. 
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regional coal (or other LNG sources) for electric power generation in Europe and Asia from a 

life cycle GHG perspective, and (ii) how those results compare with natural gas sourced from 

Russia and delivered to the same markets via pipeline.  DOE/FE published NETL’s report 

entitled, Life Cycle Greenhouse Gas Perspective on Exporting Liquefied Natural Gas from the 

United States (LCA GHG Report).68  DOE/FE also received public comments on the LCA GHG 

Report and responded to those comments in prior orders.69 

With respect to both the Addendum and the LCA GHG Report, DOE/FE takes all public 

comments into consideration in this decision and makes those comments, as well as the 

underlying studies, part of the record in this proceeding.   

C. Judicial Decisions Upholding DOE’s Non-FTA Authorizations 

In 2015 and 2016, Sierra Club petitioned the U.S. Court of Appeals for the District of 

Columbia Circuit (D.C. Circuit) for review of five long-term LNG export authorizations issued 

by DOE/FE under the standard of review discussed below.  Sierra Club challenged DOE/FE’s 

approval of LNG exports from projects proposed or operated by the following authorization 

holders:  Freeport LNG Expansion, L.P., et al.; Dominion Cove Point LNG, LP; Sabine Pass 

Liquefaction, LLC; and Cheniere Marketing, LLC, et al.  The D.C. Circuit subsequently denied 

four of the five petitions for review:  one in a published decision issued on August 15, 2017 

(Sierra Club I),70 and three in a consolidated, unpublished opinion issued on November 1, 2017 

                                                 
68 Dep’t of Energy, Life Cycle Greenhouse Gas Perspective on Exporting Liquefied Natural Gas From the United 

States, 79 Fed. Reg. 32,260 (June 4, 2014) [hereinafter LCA GHG Report].  DOE/FE announced the availability of 

the LCA GHG Report on its website on May 29, 2014. 
69 See, e.g., Magnolia LNG, LLC, DOE/FE Order No. 3909, FE Docket No. 13-132-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel From the Proposed 

Magnolia LNG Terminal to be Constructed in Lake Charles, Louisiana, to Non-Free Trade Agreement Nations, at 

95-121 (Nov. 30, 2016) (description of LCA GHG Report and response to comments). 
70 Sierra Club v. U.S. Dep’t of Energy, 867 F.3d 189 (Aug. 15, 2017) (denying petition for review of the LNG 

export authorization issued to Freeport LNG Expansion, L.P., et al.). 
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(Sierra Club II).71  Sierra Club did not seek further judicial review of either decision.  In January 

2018, Sierra Club voluntarily withdrew its fifth and remaining petition for review.72 

In Sierra Club I, the D.C. Circuit concluded that DOE/FE had complied with both section 

3(a) of the NGA and NEPA in issuing the challenged non-FTA authorization to Freeport LNG 

Expansion, L.P. and its related entities (collectively, Freeport).  DOE/FE had granted the 

Freeport application in 2014 in a volume equivalent to 0.4 Bcf/d of natural gas, finding that 

Freeport’s proposed exports were in the public interest under NGA section 3(a).  DOE/FE also 

considered and disclosed the potential environmental impacts of its decision under NEPA.  Sierra 

Club petitioned for review of the Freeport authorization, arguing that DOE fell short of its 

obligations under both the NGA and NEPA.  The D.C. Circuit rejected Sierra Club’s arguments 

in a unanimous decision, holding that, “Sierra Club has given us no reason to question the 

Department’s judgment that the [Freeport] application is not inconsistent with the public 

interest.”73   

First, the Court rejected Sierra Club’s principal NEPA argument concerning the alleged 

indirect effects of LNG exports, such as the effects related to the likely increase in natural gas 

production and usage that would result from the Freeport export authorization.74  The Court 

found that DOE “offered a reasonable explanation as to why it believed the indirect effects 

pertaining to increased [natural] gas production were not reasonably foreseeable.”75  The Court 

thus held that, “[u]nder our limited and deferential review, we cannot say that the Department 

                                                 
71 Sierra Club v. U.S. Dep’t of Energy, 703 Fed. Appx. 1 (D.C. Cir. Nov. 1, 2017) (denying petitions for review in 

Nos. 16-1186, 16-1252, and 16-1253 of the LNG export authorizations issued to Dominion Cove Point LNG, LP, 

Sabine Pass Liquefaction, LLC, and Cheniere Marketing, LLC, et al., respectively). 
72 See Sierra Club v. U.S. Dep’t of Energy, No. 16-1426, Per Curiam Order (D.C. Cir. Jan. 30, 2018) (granting Sierra 

Club’s unopposed motion for voluntary dismissal) 
73 Sierra Club I, 867 F.3d at 203. 
74 Id. at 192. 
75 Id. at 198. 
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failed to fulfill its obligation under NEPA by declining to make specific projections about 

environmental impacts stemming from specific levels of export-induced [natural] gas 

production.”76   

Second, the Court rejected Sierra Club’s challenge to DOE’s examination of the potential 

“downstream” GHG emissions resulting from the indirect effects of exports—i.e., those resulting 

from the transport and usage of U.S. LNG abroad.77  The Court pointed to DOE’s LCA GHG 

Report, finding there was “nothing arbitrary” about the scope of DOE’s analysis of GHG 

emissions in that Report.78 

Third, in reviewing Sierra Club’s claims under the NGA, the Court found that Sierra Club 

“repeats the same argument it made to support its NEPA claim—namely, that the Department 

arbitrarily failed to evaluate foreseeable indirect effects of exports.”79  Having “already rejected 

this argument” under NEPA, the Court determined that “Sierra Club offers no basis for 

reevaluating the scope of DOE’s evaluation for purposes of the Natural Gas Act.”80   

Subsequently, in the consolidated Sierra Club II opinion issued on November 1, 2017, 

the D.C. Circuit ruled that “[t]he court’s decision in [Sierra Club I] largely governs the 

resolution of the [three] instant cases.”81  Upon its review of the remaining “narrow issues” in 

those cases, the Court again rejected Sierra Club’s arguments under the NGA and NEPA, and 

upheld DOE/FE’s actions in issuing the non-FTA authorizations in those proceedings.82  The 

D.C. Circuit’s decisions in Sierra Club I and II guide our review in this proceeding.   

  

                                                 
76 Id. at 201. 
77 Id.  
78 Id. at 202. 
79 Sierra Club I, 867 F.3d at 203. 
80 Id.  
81 Sierra Club II, 703 Fed. Appx. 1, at *2. 
82 Id. 
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III. PUBLIC INTEREST STANDARD 

Section 3(a) of the NGA sets forth the standard for review of the Applications: 

[N]o person shall export any natural gas from the United States to a 

foreign country or import any natural gas from a foreign country 

without first having secured an order of the [Secretary of Energy83] 

authorizing it to do so.  The [Secretary] shall issue such order upon 

application, unless after opportunity for hearing, [he] finds that the 

proposed exportation or importation will not be consistent with the 

public interest.  The [Secretary] may by [the Secretary’s] order grant 

such application, in whole or part, with such modification and upon 

such terms and conditions as the [Secretary] may find necessary or 

appropriate.84 

 

DOE—as affirmed by the D.C. Circuit—has consistently interpreted NGA section 3(a) as 

creating a rebuttable presumption that a proposed export of natural gas is in the public interest.85  

Accordingly, DOE will conduct an informal adjudication and grant a non-FTA application unless 

DOE finds that the proposed exportation will not be consistent with the public interest.86  Before 

reaching a final decision, DOE must also comply with NEPA.   

Although NGA section 3(a) establishes a broad public interest standard and a 

presumption favoring export authorizations, the statute does not define “public interest” or 

identify criteria that must be considered in evaluating the public interest.  In prior decisions, 

DOE has identified a range of factors that it evaluates when reviewing an application for export 

authorization.  These factors include economic impacts, international impacts, security of natural 

                                                 
83 The Secretary’s authority was established by the Department of Energy Organization Act, 42 U.S.C. § 7172, 

which transferred jurisdiction over imports and export authorizations from the Federal Power Commission to the 

Secretary of Energy. 
84 15 U.S.C. § 717b(a).   
85 See Sierra Club, 867 F.3d at 203 (“We have construed [NGA section 3(a)] as containing a ‘general presumption 

favoring [export] authorization.’”) (quoting W. Va. Pub. Serv. Comm’n v. U.S. Dep’t of Energy, 681 F.2d 847, 856 

(D.C. Cir. 1982)). 
86 See id. (“there must be ‘an affirmative showing of inconsistency with the public interest’ to deny the application” 

under NGA section 3(a)) (quoting Panhandle Producers & Royalty Owners Ass’n v. Econ. Regulatory Admin., 822 

F.2d 1105, 1111 (D.C. Cir. 1987)). 
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gas supply, and environmental impacts, among others.  To conduct this review, DOE looks to 

record evidence developed in the application proceeding. 

DOE’s prior decisions have also looked to certain principles established in its 1984 

Policy Guidelines.87  The goals of the Policy Guidelines are to minimize federal control and 

involvement in energy markets and to promote a balanced and mixed energy resource system. 

The Guidelines provide that: 

The market, not government, should determine the price and other 

contract terms of imported [or exported] natural gas …. The federal 

government’s primary responsibility in authorizing imports [or 

exports] will be to evaluate the need for the gas and whether the 

import [or export] arrangement will provide the gas on a 

competitively priced basis for the duration of the contract while 

minimizing regulatory impediments to a freely operating market.88 

While the Policy Guidelines are nominally applicable to natural gas import cases, DOE 

subsequently held in Order No. 1473 that the same Policy Guidelines should be applied to 

natural gas export applications.89   

In Order No. 1473, DOE stated that it was guided by DOE Delegation Order No. 0204-

111.90  That delegation order directed the regulation of exports of natural gas “based on a 

consideration of the domestic need for the gas to be exported and such other matters as the 

Administrator [of the Economic Regulatory Administration] finds in the circumstances of a 

particular case to be appropriate.”91  

                                                 
87 New Policy Guidelines and Delegations Order Relating to Regulation of Imported Natural Gas, 49 Fed. Reg. 6684 

(Feb. 22, 1984) [hereinafter 1984 Policy Guidelines]. 
88 Id. at 6685. 
89 Phillips Alaska Natural Gas Corp., et al., DOE/FE Order No. 1473, FE Docket No. 96-99-LNG, Order Extending 

Authorization to Export Liquefied Natural Gas from Alaska (Apr. 2, 1999), at 14 (citing Yukon Pacific Corp., 

DOE/FE Order No. 350, Order Granting Authorization to Export Liquefied Natural Gas from Alaska, 1 FE ¶ 70,259, 

at 71,128 (1989)). 
90 See id. at 13 and n.45. 
91 DOE Delegation Order No. 0204-111 (Feb. 22, 1984), at 1 (¶ (b)); see also 1984 Policy Guidelines, 49 Fed. Reg. 

at 6690 (incorporating DOE Delegation Order No. 0204-111).  In February 1989, the Assistant Secretary for Fossil 
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Although DOE Delegation Order No. 0204-111 is no longer in effect, DOE’s review of 

export applications has continued to focus on:  (i) the domestic need for the natural gas proposed 

to be exported, (ii) whether the proposed exports pose a threat to the security of domestic natural 

gas supplies, (iii) whether the arrangement is consistent with DOE’s policy of promoting market 

competition, and (iv) any other factors bearing on the public interest, as determined by DOE. 

IV. DESCRIPTION OF REQUEST  

A. Description of Applicant 

Calcasieu Pass is a Delaware limited liability company with its principal place of 

business in Washington, D.C.  Calcasieu Pass is a wholly-owned subsidiary of Venture Global 

LNG, Inc., and was created for purposes of facilitating the financing and development of the 

Project.92 

B. The Venture Global Calcasieu Pass Project  

Calcasieu Pass states that its proposed Project will be composed of multiple LNG facility 

components located on an approximately 828.6-acre site (Site).93  As approved by FERC, these 

facilities will include: 

 One natural gas gate station;  

 Three pretreatment blocks to remove carbon dioxide and water from the natural gas 

received from the East Lateral pipeline;  

 Liquefaction facilities consisting of nine refrigerant blocks; 

                                                 
Energy assumed the delegated responsibilities of the Administrator of the Economic Regulatory Administration.  

See Applications for Authorization to Construct, Operate, or Modify Facilities Used for the Export or Import of 

Natural Gas, 62 Fed. Reg. 30,435, 30,437 n.15 (June 4, 1997) (citing DOE Delegation Order No. 0204-127, 54 Fed. 

Reg. 11,436 (Mar. 20, 1989)).   
92 See 2015 App. at 3-5. 
93 See FERC Order at ¶ 6; see also 2019 Update at 1 (stating that Calcasieu Pass has acquired legal rights for the 

Site’s total acreage); Venture Global Calcasieu Pass, LLC, FE Docket Nos. 13-69-LNG, et al., Supplement to 

Applications re:  Lease Option Agreements, at 2 (Nov. 2, 2015). 
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 LNG storage facilities consisting of two full-containment, above-ground LNG storage 

tanks, each with a capacity of approximately 200,000 cubic meters, four LNG storage 

tank send-out pumps, one LNG recirculation pump, and cryogenic piping; 

 Boil-off, flash, and gas relief systems;  

 Two LNG berthing docks, each designed to accommodate LNG carriers of 120,000 to 

210,000 cubic meters;  

 A 720-megawatt electric power generation facility;  

 Safety and security systems; and  

 Other appurtenant facilities.94 

Upon completion of construction, the Project will have a “peak achievable capacity of 12 MTPA 

under optimal operating conditions.”95 

Calcasieu Pass states that the Site will be located on the east side of the Calcasieu Ship 

Channel, approximately 1,000 feet north of the Gulf of Mexico in Cameron Parish, Louisiana.96  

The Site extends for approximately 3,700 feet along the Calcasieu Ship Channel and has a 

maximum width (west to east) of approximately 3,400 feet.97   

C. Project Pipelines 

According to Calcasieu Pass, the Site is located near several interstate and intrastate 

natural gas pipeline systems, including those of Transcontinental Gas Pipe Line Company LLC 

and ANR Pipeline Company.98  Calcasieu Pass states that its Project, as approved by FERC, will 

include TransCameron’s construction of a pipeline that will transport feed gas to the Project 

Terminal from interconnection points with existing interstate and intrastate pipelines.99  This 

                                                 
94 FERC Order at ¶ 6. 
95 Id. ¶ 5. 
96 2015 App. at 6-7. 
97 Id. at 7; see also Appendix C to the 2015 App. 
98 Id. at 8. 
99 2019 Update at 1; see also FERC Order at ¶ 2 (describing East Lateral). 
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pipeline, called the East Lateral, will extend approximately 23.4 miles to the east from the 

Project Terminal to the Grand Cheniere Station in Cameron Parish, where it will interconnect 

with existing interstate natural gas pipelines.100   

D. Source of Natural Gas 

Calcasieu Pass states that the natural gas to be exported as LNG will be sourced from a 

variety of supply points on the interstate natural gas pipeline grid.  The natural gas will be 

transported over the pipeline grid to the Project’s pipeline lateral, then to the Terminal.  

According to Calcasieu Pass, access to the pipeline grid will enable both Calcasieu Pass and its 

customers to purchase natural gas from numerous conventional and non-conventional U.S. 

production sources.101   

E. Business Model   

Calcasieu Pass requests authority to export LNG on its own behalf and as agent for other 

entities that will hold title to the LNG at the time of export.  Calcasieu Pass states that it will 

obtain feed gas either in the spot market or through long-term arrangements, and will file all 

executed long-term contracts to supply natural gas to the Project in accordance with DOE/FE 

policy.102   

According to Calcasieu Pass, it has secured binding 20-year sale and purchase 

agreements for a volume of LNG totaling 8.0 mtpa.  These agreements are with the following 

entities:  Shell NA LNG LLC; Edison S.p.A.; BP Gas Marketing Ltd.; Galp Energia E&P B.V.; 

Repsol LNG Holding, S.A.; POLSKIE GÓRNICTWO NAFTOWE I 

GAZOWNICTWOSPÓŁKA AKCYJNA; and Venture Global Commodities, LLC.103 

                                                 
100 Id. 
101 2015 App. at 8-9. 
102 Id. at 9, 13. 
103 2019 Update at 2 (chart summarizing sale and purchase agreements). 
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Calcasieu Pass states that it will comply with all DOE/FE requirements for exporters and 

agents, including registration requirements.  Calcasieu Pass further states that, when acting as 

agent, it will register with DOE/FE each LNG title-holder for which it seeks to export LNG as 

agent and will comply with other registration requirements, as set forth in prior DOE/FE 

orders.104 

V. APPLICANT’S PUBLIC INTEREST ANALYSIS  

A. Overview 

Calcasieu Pass asserts that its proposed non-FTA exports are consistent with the public 

interest under NGA section 3(a).  In support of this argument, Calcasieu Pass cites DOE/FE’s 

economic studies that were available at the time it filed its 2015 Application (specifically, the 

2012 LNG Export Study and the 2014 EIA LNG Export Study, discussed supra).  Calcasieu Pass 

further asserts that the favorable conclusions of the DOE/FE studies have been confirmed by 

other publicly-available studies that considered the impacts of exporting U.S. LNG.105   

In addition, Calcasieu Pass states that its requested authorization is in the public interest 

based on the following factors: (i) the domestic need for the LNG to be exported; (ii) domestic 

energy security and international impacts; (iii) impacts on prices of U.S. natural gas; and (iv) 

economic benefits. 

  

                                                 
104 2015 App. at 13. 
105 See 2015 App. at 16-22.  The third-party studies cited by Calcasieu Pass include:  Charles Ebinger, et al., “Liquid 

Markets: Assessing the Case for U.S. Exports of Liquefied Natural Gas,” Brookings Institution (May 2012) 

[Ebinger/Brookings Study]; Michael Levi, “A Strategy for U.S. Natural Gas Exports,” The Hamilton Project, 

Brookings Institution (June 2012) [Levi/Brookings Study]; Kenneth B. Medlock II, Ph.D., “U.S. Exports: Truth and 

Consequences,” Energy Forum at the James A. Baker Institute for Public Policy, Rice University (Aug. 2012) 

[Medlock/Baker Study]; Deloitte, “Exploring the American Renaissance: Global Impacts of LNG Exports from the 

United States” (October 2012) [Deloitte Study]; ICF Internat’l, “U.S. LNG Exports:  Impacts on Energy Markets 

and the Economy” (May 2013) [ICF Study].  Calcasieu Pass states that it incorporates by reference these studies into 

the record of this proceeding. 
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B. Domestic Need for the LNG to be Exported 

Calcasieu Pass maintains that domestic supplies of natural gas are abundant, affordable, 

and sufficient to meet both domestic consumption demand and any expected level of long-term 

LNG exports, including those proposed in the Applications.106  Calcasieu Pass points to other 

long-term non-FTA LNG export authorizations, in which DOE/FE has found that there are 

adequate natural gas resources to meet demand associated with LNG exports based on three 

measures of natural gas supply:  future production, proved reserves, and technically recoverable 

resources (TRR).107 

First, citing EIA’s projections in the Annual Energy Outlook 2014 (AEO 2014)—the EIA 

projections available at the time of the 2015 Application—Calcasieu Pass notes that EIA has 

forecast continued increases in natural gas production through 2040.  On the basis of these 

projections, Calcasieu Pass contends that, “[t]he growing surplus of gas production over 

consumption sets the stage for the U.S. to become a net export[er] of [natural] gas before 

2020.”108  We take administrative notice that the United States, in fact, became a net exporter of 

natural gas on an annual basis even earlier than anticipated, in 2017.109   

Second, as to proved reserves, Calcasieu Pass cites EIA data from 2014 in asserting that 

the increase in U.S. natural gas reserves in recent years has been “even more dramatic” than the 

growth in production.110   

Third, with regard to TRR, Calcasieu Pass refers specifically to a prior order in which 

DOE/FE found that TRR equates to nearly 90 years of natural gas supply at the 2013 domestic 

                                                 
106 See id. at 23. 
107 See id. 
108 See id. at 24 n.37 (citing AEO 2014 at MT-22 and Figure MT-24). 
109 U.S. Energy Info. Admin., U.S. Natural Gas Summary (Annual) (Jan. 31, 2019), available at:  

https://www.eia.gov/dnav/ng/ng_sum_lsum_dcu_nus_a.htm (2017 data). 
110 See 2015 App. at 25. 
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consumption level of 26.04 Tcf.  In that order, DOE/FE concluded that granting the requested 

authorization was unlikely to adversely affect the availability of natural gas supplies to domestic 

consumers such as would negate the net economic benefits to the United States.111  Calcasieu 

Pass maintains that the same conclusion applies to its proposal. 

In sum, Calcasieu Pass maintains that projected U.S. natural gas production is ample to 

supply both domestic needs and LNG exports.112 

Next, Calcasieu Pass asserts that an increased demand for the export of natural gas as 

LNG will stimulate additional natural gas production.  According to Calcasieu Pass, this is borne 

out by the finding in the 2014 LNG Export Study that increased natural gas production will 

satisfy 61% to 84% of the increase in natural gas demand from LNG exports.113  Citing the ICF 

Study, Calcasieu Pass states that this increased natural gas production will have the added benefit 

of increasing the production of natural gas liquids (NGLs).114  According to Calcasieu Pass, the 

increased natural gas and NGL production are important public benefits associated with U.S. 

LNG exports.  For all of these reasons, Calcasieu Pass submits that the proposed LNG exports 

are unlikely to affect the availability of natural gas to domestic consumers and, to the contrary, 

will provide a net economic benefit to the United States regardless of the amount of LNG that is 

exported.115   

C. Domestic Energy Security and International Impacts 

Calcasieu Pass points out that, in prior LNG export authorizations, DOE/FE has 

considered the international consequences of its LNG export decisions—including the ability of 

                                                 
111 Id. at 26 (citation omitted). 
112 See id. at 25-26. 
113 See id. 26-27. 
114 Id. (citing ICF Study). 
115 See id. at 27. 
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U.S. exports to assist in diversifying global LNG supplies and improving energy security.116  

Likewise, Calcasieu Pass asserts that increased access to U.S. natural gas would not only provide 

new supplies to U.S. allies around the world, but would also position the United States as an 

alternative to traditional suppliers such as Russia and countries in the Middle East.117  Calcasieu 

Pass maintains that exports of U.S. LNG may provide relief to European countries that are both 

dependent on Russian natural gas and face high natural gas prices.  Additionally, Calcasieu Pass 

states that the export of U.S. LNG to Caribbean nations could reduce reliance on more expensive 

carbon-intensive fuels, such as diesel and fuel oil.118   

Citing the Medlock/Baker Study (supra note 105), Calcasieu Pass asserts that increased 

natural gas production will help to improve U.S. national security and stability in numerous 

ways, including by lessening U.S. dependence on foreign energy sources and reducing the 

possibility of a “natural gas OPEC.”119 

Finally, as noted above, Calcasieu Pass states that LNG exports will support the use of 

more environmentally-friendly natural gas for the generation of electricity by some foreign 

countries.  Calcasieu Pass notes that U.S. LNG exports may substitute for diesel or heavy fuel 

oil, thereby allowing the United States to share the environmental benefits of natural gas with 

other nations.120 

D. Price Impacts 

Calcasieu Pass asserts that, once DOE/FE has determined that the proposed exports will 

not jeopardize domestic supply during the term of the authorization, the public interest analysis 

                                                 
116 See 2015 App. at 27. 
117 Id. at 27-28. 
118 See id. at 28. 
119 Id. at 28 n.55 and 29. 
120 See id. at 30-31. 
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under NGA section 3(a) is satisfied.  Nonetheless, Calcasieu Pass states that, even if DOE/FE 

were to consider the potential impacts of the proposed exports on domestic natural gas prices, the 

record evidence in other DOE/FE proceedings demonstrates that LNG exports are consistent 

with the public interest.121  In support of this argument, Calcasieu Pass cites the findings of 

DOE/FE’s 2012 and 2014 LNG Export Studies, as well as a study by the Deloitte Center for 

Energy Solutions and Deloitte Market Point, LLC.122  According to Calcasieu Pass, these studies 

point to the conclusion that LNG exports are likely to have no more than a very modest effect on 

domestic natural gas prices.123  

E. Other Economic Benefits 

Calcasieu Pass asserts that its Project will benefit the economy by creating jobs, 

increasing tax revenues, and reducing the nation’s trade deficit.124  Calcasieu Pass states, for 

example, that its Project will employ up to 1,500 construction workers, approximately 100 full-

time staff, and hundreds of off-site workers.125  Calcasieu Pass further argues that, even though 

domestic natural gas prices may increase marginally due to LNG exports, the value of those 

exports will also rise so that there is a net gain for the U.S. economy.  Calcasieu Pass points to 

DOE/FE’s economic studies, as well as to studies by the Brookings Institute and ICF (supra note 

105), in asserting that both U.S. gross domestic product (GDP) and job growth will increase with 

increased exports of U.S. LNG.126   

                                                 
121 See id. at 31. 
122 See id. at 32 n.69 (citing Deloitte Center for Energy Solutions and Deloitte Market Point LLC, “Made in 

America—The Economic Impact of LNG Exports from the United States” (2011)). 
123 2015 App. at 32-33. 
124 See id. at 33. 
125 Id. 
126 See id. at 33-34. 
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Calcasieu Pass also states that the increased jobs associated with its proposed LNG 

exports are supportive of the National Export Initiative, which seeks to increase exports and 

remove trade barriers abroad.127  Additionally, Calcasieu Pass contends that its exports will help 

to realign the U.S. balance of trade by reducing the U.S. trade deficit.128 

VI. FERC PROCEEDING 

A. FERC’s Pre-Filing Procedures 

Authorizations issued by FERC permitting the siting, construction, and operation of LNG 

export terminals are reviewed under NGA section 3(a) and (e), 15 U.S.C. § 717b(a), (e).  FERC’s 

approval process for such an application consists of a mandatory pre-filing process during which 

the environmental review required by NEPA commences,129 and a formal application process 

that starts no sooner than 180 days after issuance of a notice that the pre-filing process has 

commenced.130 

On October 7, 2014, FERC began its pre-filing review of Calcasieu Pass’s Project and 

Pipeline Expansion Project.131  FERC established pre-filing Docket No. PF15-2-000 to place 

information related to the Project into the public record.132  On January 20, 2015, FERC issued a 

Notice of Intent to Prepare an Environmental Impact Statement for the proposed project.133  DOE 

agreed to participate as a cooperating agency in FERC’s environmental review.134   

  

                                                 
127 See id. at 34-35 (citing National Export Initiative, 75 Fed. Reg. 12,433 (Mar. 16, 2010)). 
128 See 2015 App. at 35. 
129 18 C.F.R. § 157.21.   
130 Id. § 157.21(a)(2)(i-ii). 
131 Final EIS at 1-9. 
132 See id. 
133 See id. at 2. 
134 See id. at 1, 1-1.  
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B. FERC’s Environmental Review 

On September 4, 2015, Calcasieu Pass and TransCameron Pipeline, LLC 

(TransCameron) jointly filed an application with FERC under sections 3 and 7 of the NGA to 

site, construct, and operate the Calcasieu Pass Project and the associated pipeline system.135  

FERC assigned Docket No. CP15-550-000 to Calcasieu Pass’s proposal to site, construct, and 

operate the Project’s export terminal and facilities.  FERC assigned Docket No. CP15-551-000 to 

TransCameron’s proposal to site, construct, and operate a new interstate natural gas pipeline 

system consisting of two segments (the East and West Laterals), capable of supplying natural gas 

to support the Project’s proposed liquefaction and export operations.136  Subsequently, in 2016, 

TransCameron filed an amendment to its application, removing the West Lateral from the Project 

and modifying the capacity of the East Lateral.137 

In compliance with NEPA, FERC staff issued a Notice of Availability of a Draft 

Environmental Impact Statement on June 22, 2018, and placed the draft EIS into the public 

record.138  On October 22, 2018, FERC staff issued the final EIS for the Project.139  The final EIS 

responded to comments received on the draft EIS, and addressed numerous potential impacts of 

the Project, including (but not limited to) wetlands, geological conditions, water resources, air 

quality, and cumulative impacts. 140   

                                                 
135 Venture Global Calcasieu Pass, LLC and TransCameron Pipeline, LLC, Application for Authorizations Under 

Section 3 and Section 7 of the Natural Gas Act, FERC Docket Nos. CP15-550-000 and CP15-551-000 (Sept. 4, 

2015). 
136 See FERC Order at ¶¶ 1-2. 
137 Id. at ¶ 2. 
138 Id. at ¶ 75 (citation omitted); see also final EIS at 2 (describing public involvement). 
139 Id. at ¶ 76; see Federal Energy Regulatory Comm’n, Venture Global Calcasieu Pass, LLC; TransCameron 

Pipeline, LLC; Notice of Availability of the Final Environmental Impact Statement for the Proposed Calcasieu Pass 

Project; 83 Fed. Reg.54,586 (Oct. 30, 2018). 
140 See final EIS at ES-2 to ES-14; FERC Order at ¶¶ 76-119. 
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Based on its environmental analysis, FERC staff concluded in the final EIS that, “[i]f the 

proposed Project is constructed and operated in accordance with applicable laws and regulations, 

the mitigating measures discussed in this EIS, and our recommendations, all of the adverse 

environmental impacts would be reduced to less than significant levels.”141  FERC staff 

developed 111 site-specific environmental mitigation measures, which it recommended that 

FERC attach as conditions to any authorization of the Project.142 

C. FERC’s Order Granting Authorization 

On February 21, 2019, FERC issued its Order authorizing Calcasieu Pass to site, 

construct, and operate the Project (called the Terminal by FERC) with a liquefaction capacity of 

up to 12 mtpa of LNG.  FERC also authorized TransCameron to construct and operate the 

associated East Lateral pipeline.143 

In granting the authorization, FERC cited the final EIS in stating that “most of the direct 

environmental impacts from construction of the proposed facilities are expected to be temporary 

or short term.”144  FERC further concluded that “[a]ll impacts from construction and operation of 

the facilities will be reduced to less than significant levels if the projects are constructed and 

operated in accordance with applicable laws … and the environmental mitigation measures 

recommended in the final EIS and adopted by this order.”145  On this basis, FERC found that 

Calcasieu Pass’s proposal is not inconsistent with the public interest and that TransCameron’s 

East Lateral pipeline is in the public convenience and necessity, pursuant to NGA sections 3 and 

                                                 
141 Final EIS-5-1; see also FERC Order at ¶ 76. 
142 Final EIS 5-1, 5-35- to 5-52 (list of mitigation measures). 
143 FERC Order at ¶ 3. 
144 Id. at ¶ 16 (citing final EIS at 1-16). 
145 Id. (citing final EIS at 15).  
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7(c), respectively.146  FERC also adopted the 111 environmental mitigation measures 

recommended in the final EIS and included them as conditions in the appendix of the Order.147 

FERC reviewed and addressed the major environmental issues addressed in the final 

EIS.148  In addressing greenhouse gas emissions (GHG), for example, FERC pointed to the final 

EIS’s estimate that “operation of the Calcasieu Pass LNG terminal, including the terminal power 

plant facility, may result in emissions of up to 3,906,336 metric tons per year of carbon dioxide 

equivalent (CO2e).”149  FERC further stated that the “direct operational emissions of the LNG 

terminal could potentially increase CO2e emissions based on the 2016 levels by 0.07% at the 

national level.”150   

On the basis of these estimates, FERC acknowledged the finding in the final EIS that “the 

quantified greenhouse gas emissions from the construction and operation of the project will 

contribute incrementally to climate change.”151  However, FERC stated that it “has previously 

concluded it could not determine a project’s incremental physical impacts on the environment 

caused by GHG emissions,” and therefore “concluded it could not determine whether a project’s 

contribution to climate change would be significant.”152 

Additionally, FERC considered the cumulative impacts of the Project with other projects 

or actions in the same geographic and temporal scope.153  Citing the final EIS, FERC observed 

that “for resources where a level of impact could be ascertained, the project’s contribution to 

cumulative impacts on resources affected by the projects would not be significant, and … the 

                                                 
146 See id. at ¶ 118. 
147 See id. at ¶ 117 and Appx. 
148 See generally FERC Order at ¶¶ 75-119.  
149 Id. at ¶ 112 (citing final EIS at Tables 4.11.1.3-1 and 4.11.1.5-1). 
150 FERC Order at ¶ 112 (citing EPA, 2018, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2016). 
151 Id. at ¶ 113 (citing final EIS at 4-299). 
152 Id. (citations omitted). 
153 Id. at ¶ 115 (citing final EIS at 14 and 4-270). 
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potential cumulative impacts of the projects and the other projects considered would be minor or 

insignificant.”154 

In sum, FERC agreed with “the conclusions presented in the final EIS” and found that 

“the [Calcasieu Pass and TransCameron] projects, if constructed and operated as described in the 

final EIS, are environmentally acceptable actions.”155 

VII. CURRENT PROCEEDING BEFORE DOE/FE 

A. Overview 

In response to the Notice of the 2013 Application, DOE/FE received the following 

filings: 

 Comments from Denise Krepp, conditionally supporting the Application; 

 Comments from Bryar Douglas opposing the Application;  

 API’s motion to intervene, taking no position on the Application; 

 APGA’s motion to intervene and protest, including a request to suspend the 

proceeding; and  

 Sierra Club’s motion to intervene, comments, and protest.  

On July 10, 2014, Calcasieu Pass filed an answer in response to the Sierra Club and APGA 

pleadings.  On July 25, 2014, Sierra Club filed a renewed motion to reply and reply in response 

to Calcasieu Pass’s answer. 

In response to the Notice of the 2014 Application, DOE/FE received the following 

filings: 

 API’s motion to intervene, taking no position on the Application; 

 APGA’s motion to intervene, motion to suspend, and protest;  

 Sierra Club’s motion to intervene, comments, and protest; and 

                                                 
154 Id. (citing final EIS at 14, 5-33; see also 4-298 to 4-299).  
155 Id. at ¶ 118. 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 86 of 396



 

34 

 IECA’s motion to intervene, motion to suspend, and protest. 

On January 26, 2015, Calcasieu Pass filed an answer in response to the pleadings filed by 

APGA, Sierra Club, and IECA. 

In response to the Notice of the 2015 Application, DOE/FE received only one motion to 

intervene submitted by API.  As with the 2013 and 2014 Applications, API took no position on 

the 2015 Application.  Therefore, the 2015 Application is uncontested. 

B. 2013 Application, FE Docket No. 13-69-LNG 

 Non-Intervenor Comments 

Denise Krepp filed comments conditionally supporting the 2013 Application.156  Ms. 

Krepp, who identifies herself as former Chief Counsel of the U.S. Maritime Administration, 

states that the 2013 Application should be granted, provided that the authorization is linked to the 

use of U.S. vessels and U.S. crews to export the LNG.157 

Bryar Douglas submitted comments opposing the 2013 Application.  Mr. Douglas argues 

that the requested 25-year term of the “contract” (i.e., export authorization) is “too long … 

regarding something as uncertain as gas.”158  Mr. Douglas asks DOE/FE to limit the 

authorization to a three-to-five-year term.  Alternately, Mr. Douglas urges DOE/FE to hold the 

authorization holder “100% accountable for any accidents” related to the exports, so that 

taxpayers (especially the poor and middle-class) will not be forced to live with damage from 

accidents.  Mr. Douglas expresses concern generally with environmental damage due to fossil 

fuel accidents, particularly in Louisiana.159 

                                                 
156 Comments of Denise Krepp, FE Docket No. 13-69-LNG (May 27, 2014). 
157 See id. 
158 Comments of Bryar Douglas, FE Docket No. 13-69-LNG (June 26, 2014). 
159 See id. 
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 API’s Motion to Intervene 

API timely filed its motion to intervene on June 26, 2014.160  API states that it is a 

national trade association representing more than 600 member companies involved in all aspects 

of the oil and natural gas industry in the United States, including owners and operators of LNG 

import and export facilities in the United States and around the world, as well as owners and 

operators of LNG vessels, global LNG traders, and manufacturers of essential technology and 

equipment used all along the LNG value chain.  API further states that its members have 

extensive experience with the drilling and completion techniques used in producing domestic 

natural gas resources.  For these reasons, API states that it has a direct and immediate interest in 

these proceedings that cannot be adequately protected by any other party.161 

 APGA’s Motion to Intervene and Protest 

On June 26, 2014, APGA timely filed a motion for leave to intervene and protest.162  

APGA asserts that it is the national, non-profit association of publicly-owned natural gas 

distribution systems, with approximately 700 members in 36 states.  APGA states that its 

membership covers 950 not-for-profit retail distribution entities that are owned by, and 

accountable to, the citizens they serve, including municipal gas distribution systems, public 

utility districts, county districts, and other public agencies that have natural gas distribution 

facilities.  APGA maintains that its members are active participants in the domestic market for 

natural gas where they secure the supplies of natural gas to serve their end users.  APGA states 

                                                 
160 American Petroleum Inst., Motion to Intervene, FE Docket No. 13-69-LNG (June 26, 2014). 
161 See id. at 2. 
162 American Public Gas Ass’n, Motion to Intervene and Protest, FE Docket No. 13-69-LNG (June 26, 2014) 

[hereinafter APGA Mot.]. 
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that it has a direct and substantial interest in this proceeding that cannot be adequately 

represented by any other party.163 

In protesting the 2013 Application, APGA asserts that Calcasieu Pass’s request for 

authority to export domestic LNG to non-FTA nations is inconsistent with the public interest and 

should be denied.  APGA argues that the proposed exports will increase domestic natural gas 

prices, burdening households and jeopardizing potential growth in the U.S. manufacturing sector, 

as well as the nation’s transition away from more environmentally damaging fossil fuels.164  

APGA maintains that the 2012 EIA Study concluded that LNG exports will increase prices, with 

higher volumes causing more drastic increases.  APGA also maintains that the 2012 NERA 

Study found that exports would yield net economic benefits but would raise domestic natural gas 

prices.  According to APGA, this would burden the U.S. consumers who can least afford the 

increase and disadvantage domestic manufacturing.165  APGA argues that DOE/FE must go 

beyond the 2012 EIA and NERA studies to consider the tradeoffs entailed by exporting an 

increasingly valuable U.S. fuel, rather than supporting and enhancing the use of natural gas 

domestically.166 

APGA states that the current increased production of natural gas and resulting low prices 

of natural gas in the United States provides the nation with an unprecedented opportunity to 

pursue energy independence and sustained economic growth through a manufacturing 

renaissance grounded in plentiful, low cost natural gas.  APGA contends that price increases due 

to LNG exports will both:  (i) jeopardize the viability of natural gas as a “bridge fuel” in the 

transition away from carbon-intensive and otherwise environmentally problematic coal-fired 

                                                 
163 Id. at 3. 
164 Id.  
165 Id. 
166 Id. at 4. 
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electric generation, and (ii) inhibit efforts to foster natural gas as a major transportation fuel.  

AGPA claims that these steps are necessary to wean the United States from its historic, high-risk 

dependence on foreign oil.167 

At the same time, APGA contends that Calcasieu Pass’s plan to export natural gas will 

not prove economically viable.168  APGA believes that economically recoverable domestic 

natural gas may prove less robust than projected, especially given associated environmental costs 

and concerns regarding the long-term productivity of shale gas wells.  APGA further states that 

foreign alternatives will soon remove the price arbitrage opportunity that Calcasieu Pass seeks to 

take advantage of, as natural gas reserves from shale formations and export capacity expand 

around the world.169 

 Sierra Club’s Motion to Intervene, Protest, and Comments  

In support of its motion to intervene, Sierra Club states that its members live and work 

throughout the area that will be affected by the Calcasieu Pass Project, including in the regions 

of Louisiana that will be affected by the associated infrastructure.  Additionally, Sierra Club 

states that its members live in the domestic natural gas fields that will likely see increased 

production as a result of Calcasieu Pass’s exports, and that its members everywhere will be 

affected by increased natural gas prices resulting from the proposed exports.170  Sierra Club 

states that, as of April 2014, it had 2,954 members in Louisiana and 632,604 members overall.  

Sierra Club states that its members have vital economic, aesthetic, spiritual, personal, and 

professional interests in the proposed Calcasieu Pass Project.171 

                                                 
167 See id. at 4-5. 
168 See APGA Mot. at 5. 
169 See id. at 5-6. 
170 See Sierra Club Mot. at 2. 
171 Id. at 3. 
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In protesting the Application, Sierra Club contends that exports from the Calcasieu Pass 

Project are not in the public interest and are not supported by adequate environmental and 

economic analysis, as is required to satisfy the NGA and NEPA.  Sierra Club argues that:  (i) the 

construction and operation of the Project, the proposed pipeline lateral, and other infrastructure 

will directly impact the environment; (ii) exports from the Project will induce additional natural 

gas production—primarily the hydraulic fracturing of unconventional natural gas sources—with 

associated environmental harms; and (iii) exports from the Project will result in increased natural 

gas prices and an increase in coal-fired electricity generation, thereby increasing emissions of 

greenhouse gases, as well as emissions of conventional and toxic air pollutants.172  Below, we 

summarize Sierra Club’s principal arguments. 

a. Public Interest Analysis 

 

Sierra Club argues that the NGA and NEPA impose obligations upon DOE that must be 

considered before it can authorize the proposed exports.  In this regard, Sierra Club argues that 

DOE/FE must reject its position that domestic need is the only factor to be considered in the 

public interest analysis under NGA section 3(a).  Sierra Club also contends that DOE/FE may 

not rely on the 1984 Policy Guidelines in evaluating the public interest, as those Guidelines dealt 

with natural gas imports rather than exports.  

b. Alleged Need for Programmatic EIS  

 

Sierra Club maintains that DOE/FE’s analysis must not be confined only to the local, 

direct effects of the Application, but must also consider the indirect and cumulative effects from 

Calcasieu Pass’s proposal and all other LNG export proposals currently pending before DOE/FE 

and FERC.   

                                                 
172 See id. at 4. 
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Sierra Club further contends that a programmatic EIS is appropriate here.173  In support 

of this argument, Sierra Club states that LNG exports will induce additional natural gas 

production that potentially will emit millions of tons of methane pollution, emit thousands of 

tons of volatile organic compounds (VOCs) and hazardous pollutants, and require hundreds of 

millions of tons of fresh water each year.174  For these reasons, Sierra Club contends that there is 

a “substantial question” regarding the severity of the environmental impacts of the Calcasieu 

Pass Project.175  Sierra Club argues that DOE/FE can best conduct this analysis in the context of 

a programmatic EIS that considers the impacts of all pending non-FTA export proposals 

together.176   

c. Alleged Environmental Impacts of the Requested Authorization, 

Including Induced Natural Gas Production 

Sierra Club asserts that construction and operation of the Project will impose a range of 

significant local environmental impacts, including but not limited to air pollution, disruption of 

aquatic habitat, increased noise and light pollution, and impacts on fish and wildlife.177   

Addressing potential air pollution, Sierra Club contends that construction and operation 

of the Calcasieu Pass Project will emit harmful quantities of carbon monoxide, nitrogen oxides, 

VOCs, and GHGs, and also will likely emit harmful sulfur dioxides and particulate matter.  

Sierra Club asserts that each of these types of emissions will have injurious environmental and 

health impacts.178   

                                                 
173 Id. at 11-12, 14. 
174 Id. 
175 Id. 
176 Sierra Club Mot. at 14-18. 
177 Id. at 21. 
178 See id. at 21-24. 
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Next, Sierra Club argues that the Project will cause environmental impacts greater than 

the local impacts because the planned exports will induce additional natural gas production in the 

United States.179  Sierra Club asserts that the impacts of induced natural gas production are 

reasonably foreseeable, and that NEPA and the NGA require DOE/FE to consider the effects of 

this additional natural gas production.180  In the context of this proceeding, Sierra Club states that 

the requested authorization “will induce an additional 0.46 Bcf/d of production.”181  Sierra Club 

asserts that much of the induced production will come from shale gas and other unconventional 

sources.   

Sierra Club maintains that available tools enable DOE/FE and Calcasieu Pass to predict 

where this increased natural gas production will occur.  According to Sierra Club, the most likely 

sources of natural gas for the proposed exports are “from across the Gulf Shore region.”182  

Sierra Club cites EIA’s National Energy Modeling System (NEMS) (used in the 2012 EIA 

Study) in arguing that models can provide more sophisticated predictions as to where production 

supplying additional exports from the Project would occur. 

Sierra Club states that NEPA regulations, applicable case law, and recent EPA scoping 

comments call for DOE/FE to consider the environmental effects of induced natural gas 

production because “induced production is not only an effect of the project—it is “part of the 

justification offered for it” and “is therefore plainly a ‘reasonably foreseeable’ effect” that 

DOE/FE must analyze and consider.183   

                                                 
179 Id. at 25. 
180 Id. at 27-31. 
181 Id. at 26. 
182 Id. 
183 See Sierra Club Mot. at 28. 
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Moreover, Sierra Club contends that “[n]atural gas production—from both conventional 

and unconventional sources—is a significant air pollution source, can disrupt ecosystems and 

watersheds, leads to industrialization of entire landscapes, and presents challenging waste 

disposal issues.”184  Sierra Club asserts that the proposed Project will induce significant 

production-related air emissions.  Specifically, Sierra Club asserts that, assuming a 1.0 percent 

leak rate, the new natural gas demand caused by the requested authorization allegedly will be 

responsible for the incremental emission of 35,112 tons per year (tpy) of methane, 5,123 tpy of 

VOCs, and 372 tpy of hazardous air pollutants (HAPs).185   

Sierra Club argues that natural gas production also poses risks to ground and surface 

water.  Sierra Club notes that most of the increased production will involve hydraulic fracturing, 

a process of injecting various chemicals into gas-bearing formations at high pressures to fracture 

rock and release natural gas.  According to Sierra Club, each step of this process requires large 

quantities of water that could drastically impact aquatic ecosystems and human communities.  

Sierra Club also contends that hydraulic fracturing poses a serious risk of groundwater 

contamination from the chemicals added to the drilling mud and fracturing fluid and from 

naturally occurring chemicals in deeper formations mobilized during the hydraulic fracturing 

process.  Sierra Club asserts that hydraulic fracturing has resulted in groundwater contamination 

in numerous documented instances.   

Sierra Club states that natural gas production, particularly hydraulic fracturing, produces 

liquid and solid wastes, including drilling mud, drill cuttings, “flowback,” and produced water.  

Sierra Club states that these wastes are often stored on site in open pits that can have harmful air 

emissions and can leach into shallow groundwater.  Sierra Club also notes that flowback and 

                                                 
184 Id. at 31. 
185 Id. at 46.  
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produced water must be disposed offsite, with a common method being underground injection 

wells.  Sierra Club claims that underground injection of hydraulic fracturing wastewater appears 

to have induced earthquakes in several regions—a phenomenon known as induced seismicity.186 

In addition to the air and water pollution impacts of natural gas, Sierra Club argues that 

increased natural gas production will transform the landscape of regions overlying shale gas 

plays, bringing industrialization to previously rural landscapes and significantly affecting 

ecosystems, plants, and animals.   

Sierra Club further asserts that, in addition to the above-described production-related 

impacts, exports from the Project will increase air pollution by increasing the amount of coal 

used for domestic electricity production.  

Additionally, Sierra Club argues that LNG exports will increase GHG emissions both 

domestically and globally.  Sierra Club contends that a 2012 study by the International Energy 

Agency predicts that international trade in LNG will lead many countries to use natural gas in 

place of renewable energy (instead of displacing fossil fuels).187  Even assuming importing 

countries substitute natural gas for coal or fuel oil, Sierra Club claims that the liquefaction, 

transportation, and regasification process is energy intensive and increases the lifecycle GHG 

emissions of LNG compared to methods of consumption where the natural gas remains in a 

gaseous phase.  Sierra Club argues that, for these reasons, U.S. LNG has little, if any, advantage 

over coal, and thus it is unlikely that LNG exports will reduce global GHG emissions.188 

  

                                                 
186 See id. at 55-56. 
187 Id. at 60. 
188 See id. at 61-63. 
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d. Alleged Economic Impacts  

 

Turning to economic harms, Sierra Club broadly contends that the proposed exports will 

increase domestic natural gas prices, and that those price increases will harm the majority of the 

American public by decreasing real wages and reducing employment in energy-intensive 

industries.189   

Sierra Club observes that the 2012 EIA Study shows that, as natural gas exports increase, 

so do domestic gas prices.  According to Sierra Club, because the 2012 EIA and NERA Studies 

understate the volume of likely LNG exports, those Studies also understate the price increases 

that will arise due to the increased demand for natural gas.   

Sierra Club further contends that DOE/FE cannot look at price impacts in isolation, but 

must consider the effect of the price increases on the public.  In this regard, Sierra Club 

maintains that the 2012 NERA Study’s broad conclusion that the United States will experience 

net economic benefits from LNG exports is incorrect.  Even if environmental impacts are 

excluded, Sierra Club asserts that LNG exports will cause net economic harm.  When 

environmental impacts are included, Sierra Club states that the proposed exports are clearly 

contrary to the public interest.190 

The most immediate and dramatic economic effect of exports, according to Sierra Club, 

will be job losses in energy intensive industries, such as manufacturing.191  Sierra Club adds that 

even gas-producing regions likely will be worse off in the long term, despite short-term job 

growth as a result of increased natural gas production.  Sierra Club states that “resource curse” 

effects are well documented, showing that the jobs added in resource extraction industries are 

                                                 
189 Sierra Club Mot. at 63. 
190 Id. at 66-67. 
191 Id. at 67. 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 96 of 396



 

44 

typically short-term jobs whereas the manufacturing and energy-intensive industry jobs that 

exports will eliminate are typically stable and long-term.192  Sierra Club further faults the 2012 

NERA Study for failing to give adequate weight to the negative economic impacts of LNG 

exports on wage-earning households and for assuming (incorrectly, in Sierra Club’s view) that 

“consumers” in general will derive benefits from owning equity stakes in companies within the 

natural gas industry.193 

  Beyond the local and regional impacts of LNG exports, Sierra Club states that NERA’s 

conclusion of net positive economic impacts rests on a faulty forecast of net GDP growth.  Sierra 

Club asserts that the negative environmental impacts from LNG exports can be monetized and 

this “social cost” must be considered by DOE in its review of LNG export proposals.  If properly 

calculated and considered, Sierra Club maintains, these social costs will largely wipe out any 

economic benefits of LNG exports.194 

In sum, Sierra Club asserts that the Calcasieu Pass Project, alone or considered in tandem 

with other export approvals, will increase natural gas prices, lower wages, lower employment, 

and remove wealth from most of the economy, concentrating any gains within the narrow sector 

of the American economy that owns LNG and natural gas capital.   

 Calcasieu Pass’s Answer 

In responding to the filings of Sierra Club and APGA, Calcasieu Pass first asserts that 

DOE/FE should not grant them intervention because neither organization has demonstrated a 

particularized interest in this proceeding.195  Calcasieu Pass states that both Sierra Club and 

                                                 
192 Id. at 68. 
193 Id. at 69. 
194 Id. at 71-72. 
195 Venture Global Calcasieu Pass, LLC, Answer to Motions to Intervene and Protests, FE Docket No. 13-69-LNG 

(June 26, 2014), at 1, 12-13 [hereinafter Calcasieu Pass Answer]. 
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APGA base their opposition to the Applications on a general opposition to LNG exports and, in 

the case of Sierra Club, to that organization’s opposition to increased natural gas production, 

particularly unconventional gas production involving hydraulic fracturing.196  Calcasieu Pass 

argues that the general claims of interest asserted by Sierra Club and APGA do not allow 

Calcasieu Pass or DOE to determine the nature and basis of the claims.  Therefore, Calcasieu 

Pass contends that the motions to intervene should be denied.   

Turning to the arguments in opposition to the Application, Calcasieu Pass contends that 

neither Sierra Club nor APGA has rebutted the record evidence of economic benefits that will 

result from the Project.  Calcasieu Pass states that these benefits include job creation, increased 

tax revenues, and a reduced national trade deficit.  Calcasieu Pass maintains that these benefits 

are confirmed in the 2012 LNG Export Study; the update to the 2012 NERA Study; and other 

studies that Calcasieu Pass incorporated in the record in these proceedings in the 2015 

Application.197   

Calcasieu Pass disputes the protestors’ arguments that the 2012 LNG Export Study 

underestimated the price impacts of LNG exports.  Calcasieu Pass maintains that any price 

impacts will be modest.198  Additionally, Calcasieu Pass states that other independent analyses 

have likewise found only modest price impacts due to LNG exports.199   

Calcasieu Pass argues that the protestors largely ignore increasing natural gas supply 

availability.  According to Calcasieu Pass, “[m]odest price increases from current low price 

                                                 
196 Id. at 12-13. 
197 Id. at 14-16.  These studies are also identified and incorporated by reference in the record in these proceedings in 

Calcasieu’s 2015 App. in FE Docket No. 15-25-LNG.  See supra § V. 
198 Id. at 8-9, 20-21. 
199 See, e.g., Calcasieu Pass Answer at 21 n.39 (citing the Deloitte MarketPoint Study). 
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levels will still leave [natural] gas prices much lower than they were prior to the recent 

tremendous growth in production.”200    

Next, Calcasieu Pass contests APGA’s assertion that LNG exports in the long-run will 

prove uneconomical because prices in U.S. and international natural gas markets will converge.  

First, Calcasieu Pass states that the competitive viability of its Project is demonstrated by the 

high level of interest expressed by prospective international purchasers of LNG from the 

Calcasieu Pass Project.  Second, Calcasieu Pass states that the successful completion of 

environmental review prior to issuance of the requested export authorizations will help to ensure 

that the Project is viable.  Third, while the 2012 NERA Study indicates that LNG exports from 

the United States will exert downward pressure on the price of LNG in foreign markets, 

Calcasieu Pass maintains that the Study also shows that the price of natural gas within the United 

States will always be lower than international prices.201    

Calcasieu Pass also contests Sierra Club’s argument that the scope of NEPA review 

should include the environmental impacts of unconventional natural gas exploration and 

production activities, particularly hydraulic fracturing.  Calcasieu Pass states that the law 

requires a review of only those environmental impacts that are both caused by and reasonably 

foreseeable effects of a contemplated action.  According to Calcasieu Pass, the environmental 

impacts of upstream production activities have neither been shown to be caused by nor a 

reasonably foreseeable effect of the proposed exports.202   

Finally, Calcasieu Pass rejects Sierra Club’s call for DOE/FE to produce a programmatic 

EIS that covers all proposed LNG projects in a single document.  Calcasieu Pass maintains that 

                                                 
200 Id. at 23. 
201 Id. at 24-26. 
202 Id. at 27-30. 
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DOE/FE’s decisions on unrelated LNG projects do not constitute a discrete programmatic action 

requiring a programmatic EIS.203 

 Sierra Club’s Renewed Motion to Reply and Reply 

Sierra Club filed a Renewed Motion to Reply and Reply (Reply) on July 25, 2014.204  

Sierra Club notes that it had requested leave to reply to Calcasieu Pass’ Answer in its motion to 

intervene in FE Docket No. 13-69-LNG, and Calcasieu Pass did not oppose that request.205  In its 

Reply, Sierra Club presents arguments including the following:   

 DOE/FE has an obligation to conduct a “searching inquiry” to determine whether 

Calcasieu Pass’s export proposal is consistent with the public interest.  Therefore, an 

environmental review under NEPA must be included in DOE/FE’s public interest analysis.206  

 Additional natural gas production is induced by LNG exports, and Calcasieu Pass 

does not dispute this fact.207  Sierra Club maintains that environmental risks will rise with 

increases in natural gas production activities.208   

 Because export authorizations induce natural gas production, DOE/FE has the 

authority and duty to consider environmental impacts of induced natural gas production in its 

decision-making.209   

 The 2012 LNG Export Study underestimates the price impacts of LNG exports by 

understating the total volume of exports and the rate at which exports will be brought online.  

                                                 
203 Id. at 31. 
204 Sierra Club’s Renewed Motion to Reply and Reply, FE Docket No. 13-69-LNG (July 25, 2014) [hereinafter 

Sierra Club Renewed Mot.]. 
205 Id. at 1.  
206 Id. 
207 Id. at 5. 
208 Id. at 6. 
209 Id. at 7. 
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 The EIA and NERA Studies also have underestimated the negative economic 

impacts of LNG exports by not considering the cost of adverse environmental impacts.210  

C. 2014 Application, FE Docket No. 14-88-LNG 

 API’s Motion to Intervene 

In its motion to intervene filed on January 9, 2015, API restates the basis for its 

intervention offered in its motion to intervene in response to the 2013 Application.211 

 APGA’s Motion to Intervene, Motion to Suspend, and Protest 

In its January 9, 2015 filing, APGA makes the same arguments in substance as those 

submitted in its filing on the 2013 Application.212  APGA adds a “Motion to Suspend 

Consideration of the Application.”  Specifically, APGA asks that DOE reconsider its current 

practice and set comment dates for LNG export applications only after each project has 

completed or substantially completed the required NEPA review process.213  APGA argues that 

this change would be both more efficient and consistent with DOE’s revised procedures for LNG 

export applications, issued in August 2014.214 

 Sierra Club’s Motion to Intervene, Protest, and Comments  

In its January 9, 2015 filing, Sierra Club makes the same arguments as those submitted in 

its filing on the 2013 Application.215 

                                                 
210 Sierra Club Renewed Mot. at 8. 
211 American Petroleum Instit., Motion to Intervene, FE Docket No. 14-88-LNG (Jan. 9, 2015). 
212 American Public Gas Ass’n, Motion to Intervene, Motion to Suspend, and Protest, FE Docket No. 14-88-LNG 

(Jan. 9, 2015). 
213 Id. at 3-5. 
214 Id. at 5. 
215 Sierra Club, Motion to Intervene, Protest, and Comments, FE Docket No. 14-88-LNG (Jan. 9, 2015). 
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 IECA’s Motion to Intervene, Motion to Suspend, and Protest 

IECA filed its motions and protest on January 9, 2015.216  In support of its Motion to 

Intervene, IECA states that it is a nonpartisan association of leading manufacturing companies 

with $1.0 trillion in annual sales, over 2,900 facilities nationwide, and more than 1.4 million 

employees worldwide.  IECA’s stated purpose is to promote the interests of manufacturing 

companies.  IECA submits that it has a substantial interest in U.S. domestic supplies and prices 

of natural gas, and that the 2014 Application could affect those interests.  IECA states that no 

other party to these proceedings can adequately represent its interests and those of its member 

companies.217 

In support of its Motion to Suspend Consideration of the Application, IECA makes the 

same arguments as APGA above. 

In protesting the Application, IECA asserts that NGA section 3(a) contains four elements 

that DOE is required to follow in its review of non-FTA export applications.  These include: (i) a 

workable definition of “public interest,” (ii) policy guidance designed for exports; (iii) analytical 

methods free of bias; and (iv) a commitment to an ongoing process of monitoring and adjustment 

of LNG export authorizations.218 

First, with respect to defining the public interest in NGA section 3(a), IECA maintains 

that DOE is improperly using the 2012 NERA Study as a “proxy” for a definition of public 

interest.  IECA argues that the public interest should be defined on the basis of “objective 

standards” with the aim of yielding “that which produces the most good for the most people.”219 

                                                 
216 Industrial Energy Consumers of America, Motion for Leave to Intervene, Motion to Suspend, and Protest, FE 

Docket No. 14-88-LNG (Jan. 9, 2015) [hereinafter IECA Mot.]. 
217 Id. at 3. 
218 Id. at 6. 
219 Id. at 8. 
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IECA urges DOE/FE to consider factors including: (i) the value added to the U.S. economy by 

exporting a commodity (LNG) versus the value added by exporting a finished manufactured 

good that uses natural gas and (ii) the impact on net permanent U.S. jobs by producing and 

exporting natural gas (and importing manufactured goods).220 

Second, IECA contends that DOE/FE should not rely upon the 1984 Policy Guidelines in 

reviewing LNG export applications.  IECA argues that the Guidelines were drafted to address 

natural gas imports, and that impacts on supply and prices are reversed in export scenarios—

particularly for energy intensive and trade exposed (EITE) industries that cannot use any fuel 

other than natural gas.  IECA therefore argues that DOE should undertake a rulemaking to 

identify policy considerations relevant to export scenarios.221     

Third, IECA contends that DOE/FE should not rely on “biased” EIA forecasts—

specifically, “data that are not more recent than 2010,” when the U.S. manufacturing industry 

was experiencing a slowdown.222  

Fourth, IECA argues that DOE/FE should monitor cumulative impacts of LNG exports 

and, if necessary, issue supplemental orders to adjust the approved levels.  IECA criticizes 

DOE/FE for stating that “once it issues an Order regarding LNG exports, it will not alter them.”  

IECA disputes EIA’s projections of U.S. supply of natural gas and argues that, because “these 

forecasts … will all be wrong,” it would be inconsistent with the NGA for DOE/FE to insist that 

it will “never revisit or revise” a long-term LNG export authorization.223 

                                                 
220 Id. at 8-9. 
221 Id. at 9-11. 
222 IECA Mot. at 11-12. 
223 Id. at 13-15. 
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 Calcasieu Pass’s Answer 

As in the 2013 proceeding, Calcasieu Pass asserts that DOE/FE should not grant 

intervention to Sierra Club or APGA because neither organization has demonstrated a 

particularized interest in this proceeding.224   

Calcasieu Pass’s responses to the Sierra Club and APGA protests are substantially similar 

to its responses in the 2013 proceeding.  However, Calcasieu Pass also responds to IECA’s 

protest.225  First, as to IECA’s argument that DOE should more clearly define the public interest 

under NGA section 3(a) based on new criteria, Calcasieu Pass states that DOE/FE has set forth 

the range of factors relevant to the public interest and weighed those factors in its determinations.  

This is a “perfectly reasonable” approach, according to Calcasieu Pass.  Second, Calcasieu Pass 

observes that DOE/FE has previously rejected IECA’s argument that the 1984 Policy 

Guidelines—originally applied to natural gas import applications—should not be applied to LNG 

export proposals.  Calcasieu Pass maintains that the 1984 Policy Guidelines are as equally 

applicable to exports as imports.  Third, Calcasieu Pass contends that IECA’s claim of bias in 

EIA’s studies of the impacts of LNG exports has been addressed in prior DOE/FE decisions.  

Fourth, Calcasieu Pass opposes IECA’s proposal that DOE/FE should modify or rescind prior 

authorizations if production forecasts turn out to be wrong.  Instead, Calcasieu Pass supports the 

position that DOE/FE will issue supplemental orders modifying or rescinding its prior approvals 

of LNG export applications only in extraordinary circumstances.     

D. 2015 Application, FE Docket No. 15-25-LNG 

In its motion to intervene, API restates the basis for its intervention described above.226 

                                                 
224 Calcasieu Pass at 12-13. 
225 Calcasieu Pass at 8-9. 
226 American Petroleum Instit., Motion to Intervene, FE Docket No. 15-25-LNG (Aug. 28, 2015). 
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VIII. DISCUSSION AND CONCLUSIONS 

In reviewing Calcasieu Pass’s Applications, DOE/FE has considered both its obligations 

under NGA section 3(a) and NEPA.  To accomplish these purposes, DOE/FE has examined a 

wide range of information addressing environmental and non-environmental factors, including 

but not limited to: 

 Calcasieu Pass’s three Applications, and the filings made in response thereto; 

 FERC’s final EIS and February 21, 2019 Order, including the 111 conditions 

adopted in that Order;  

 The Draft Addendum, comments received in response to the Draft Addendum, 

and the final Addendum;  

 The LCA GHG Report (and the supporting NETL document), including 

comments submitted in response to those documents; and 

 The 2018 LNG Export Study, including comments received in response to that 

Study.  

A. Procedural Matters 

 Motions to Intervene  

First, we note that API’s motions to intervene in each of the current proceedings were 

granted by operation of law under 10 C.F.R. § 590.303(g), when Calcasieu Pass did not oppose 

or otherwise answer the motions.227 

Next, we find good cause to grant the motions to intervene submitted by APGA, Sierra 

Club, and IECA, as well as Sierra Club’s motion to reply to Calcasieu Pass’s Answer in the 2013 

proceeding.  We have considered the Answers filed by Calcasieu Pass in the 2013 and 2014 

proceedings.  But, based on the evidence of record, we find that the economic consequences of 

granting each of the Applications could be far-reaching and could affect the public interest 

                                                 
227 See infra § XI (Ordering Para. Q).   
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generally and, specifically, the interests of the proposed intervenors and their members.  These 

facts alone are good cause to grant their intervention, as well as Sierra Club’s motion to reply to 

Calcasieu Pass’s Answer in the 2013 proceeding.228   

 Motions to Suspend 

In the 2014 proceeding, APGA and IECA each filed a Motion to Suspend Consideration 

of the Application.  These motions were denied by operation of law pursuant to 10 C.F.R. 

§ 590.302(c), when DOE/FE did not act on the motions within 30 days.229 

B. Non-Environmental Issues 

 Public Interest Standard 

As a preliminary matter, IECA argues that DOE/FE is improperly using the 2012 LNG 

Export Study as a “proxy” for a definition of public interest and asserts that the public interest 

instead should be defined on the basis of “objective standards.”230  Sierra Club and IECA also 

contend that DOE/FE may not rely on the 1984 Policy Guidelines in evaluating the public 

interest, as those Guidelines were promulgated for natural gas imports rather than exports. 

As discussed above (supra § 3), NGA section 3(a) requires DOE to find that a proposed 

export of natural gas will be consistent with the public interest.231  A public interest standard in a 

statute is understood to be an “‘instrument for the exercise of discretion by the expert body 

which Congress has charged to carry out its legislative policy.’”232  Accordingly, in prior 

proceedings, DOE/FE has identified a range of factors that it considers in evaluating the public 

interest.  DOE’s review of applications to export U.S. LNG focuses on:  (i) the domestic need for 

                                                 
228 See infra § XI (Ordering Paras. Q, R).   
229 See infra (Ordering Para. S). 
230 IECA Mot. at 3-8. 
231 15 U.S.C. § 717b(a). 
232 See, e.g., Federal Comm. Comm’n v. WNCN Listeners Guild, et al., 450 U.S. 582, 593 (1981) (quoting Federal 

Comm. Comm’n v. Pottsville Broadcasting Co., 309 U.S. 134, 308 (1940)). 
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the natural gas proposed to be exported, (ii) whether the proposed exports pose a threat to the 

security of domestic natural gas supplies, (iii) whether the arrangement is consistent with DOE’s 

policy of promoting market competition, and (iv) any other factors bearing on the public interest, 

as determined by DOE.  DOE/FE previously determined that the goals of the 1984 Policy 

Guidelines—to minimize federal control and involvement in energy markets and to promote a 

balanced and mixed energy resource system—apply to exports of natural gas, as well as 

imports.233  In Sierra Club I and II, the D.C. Circuit upheld DOE/FE’s decision-making on the 

basis of this statutory and regulatory framework.234  

The 2018 LNG Export Study (like DOE’s prior economic studies) is an essential part of 

DOE/FE’s analysis, as are EIA’s projections on natural gas supply and demand on which the 

Study is based.  Relevant to IECA’s arguments, for example, the 2018 Study determined that 

chemical industry subsectors of the economy that rely heavily on natural gas for energy and as a 

feedstock will continue to exhibit robust growth even at higher LNG export levels, and that this 

growth is only insignificantly slower than cases with lower LNG export levels.235  These findings 

of the 2018 Study, as well as the others described herein, demonstrate that DOE/FE considers a 

wide range of issues and potential impacts to ensure that the proposed exports are consistent with 

the public interest.  Further, DOE considers each application based on the administrative record 

compiled in each individual proceeding.  Neither intervenor-protestor has shown that DOE/FE’s 

analysis of these factors in evaluating the public interest is unreasonable as applied to this 

proceeding.236 

                                                 
233 See Phillips Alaska Natural Gas Corp., et al., DOE/FE Order No. 1473, FE Docket No. 96-99-LNG, Order 

Extending Authorization to Export Liquefied Natural Gas from Alaska (Apr. 2, 1999), at 14. 
234 See, e.g., Sierra Club I, 867 F3d. at 193-94, 203. 
235 2018 Study Response to Comments, 83 Fed. Reg. at 67,259. 
236 We further find that IECA’s other arguments are moot (concerning 2010-era EIA projections) or lack a factual 

basis (in the case of its arguments that natural gas forecasts “will all be wrong,” thus requiring periodic remedial 

action by DOE/FE).  See IECA Mot. at 11-15. 
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 Significance of the 2018 LNG Export Study  

As discussed above, DOE/FE commissioned the 2018 LNG Export Study and invited 

public comments on the Study.  DOE/FE analyzed this material in its Response to Comments 

published in the Federal Register on December 28, 2018.  On the basis of the 2018 Study, 

DOE/FE concluded that the United States will experience net economic benefits from the 

issuance of authorizations to export domestically produced LNG.237  The 2018 Study further 

supports the proposition that exports of LNG from the lower-48 states, in volumes up to and 

including 52.8 Bcf/d of natural gas, will not be inconsistent with the public interest.238   

We take administrative notice of EIA’s recent authoritative projections for natural gas 

supply, demand, and prices, set forth in the Annual Energy Outlook 2019 (AEO 2019), issued on 

January 24, 2019.239  DOE/FE has assessed AEO 2019 to evaluate any differences from AEO 

2017, which formed the basis for the 2018 LNG Export Study.  The Reference case for AEO 

2017 includes the effects of the Clean Power Plan (CPP) final rule, which was intended to reduce 

GHG emissions from the power sector.240  AEO 2017 also included a Reference case without 

implementation of the CPP.  Both AEO 2017 Reference cases show natural gas production levels 

that favor exports, but that also have lower net LNG exports in 2050 (12.0 Bcf/d for the 

Reference case with the CPP and 12.5 Bcf/d for the Reference case without the CPP), compared 

                                                 
237 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,272; see also supra § II.A.3. 
238 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,273. 
239 U.S. Energy Info. Admin., Annual Energy Outlook 2019 (Jan. 24, 2019), available at: 

https://www.eia.gov/outlooks/aeo/pdf/aeo2019.pdf.   
240 U.S. Envtl. Prot. Agency, Carbon Pollution Emission Guidelines for Existing Stationary Sources: Electric Utility 

Generating Units; Final Rule, 80 Fed. Reg. 64,662 (Oct. 23, 2015).  On February 9, 2016, the U.S. Supreme Court 

issued a stay of the effectiveness of the CPP final rule pending review by the D.C. Circuit in consolidated cases 

challenging the rule.  See Chamber of Commerce, et al. v. EPA, et al., No. 15A787, Order in Pending Case (U.S. 

Feb. 9, 2016).  The litigation over the CPP final rule pending in the D.C. Circuit has been held in abeyance as the 

U.S. Environmental Protection Agency (EPA) reviews the CPP and considers an alternative regulatory approach.  

See West Virginia, et al. v. EPA, et al., Case Nos. 15-1363 et al., EPA Status Report, at 2-3 (D.C. Cir. Feb. 8, 2019) 

(describing the proposed “Affordable Clean Energy Rule”).  That rulemaking is on-going, and EPA has asked for 

the consolidated cases to remain in abeyance pending the conclusion of the rulemaking.  See EPA Status Report at 3. 
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with AEO 2019 that shows net LNG exports of 13.8 Bcf/d in 2050.  As discussed below, AEO 

2019—which does not include the CPP in its Reference case—is even more supportive of 

exports than both Reference cases for AEO 2017. 

EIA’s projections in AEO 2019 continue to show market conditions that will 

accommodate increased exports of natural gas.  When compared to the AEO 2017 Reference 

cases, both with and without the CPP, the AEO 2019 Reference case projects increases in 

domestic natural gas production—well in excess of what is required to meet projected increases 

in domestic consumption.   

For these reasons, we reaffirm that the 2018 LNG Export Study is fundamentally sound.  

The 2018 Study, as well as AEO 2019, support our finding that Calcasieu Pass’s proposed 

authorization will not be inconsistent with the public interest.   

 Calcasieu Pass’s Applications 

Upon review, DOE/FE finds that several factors identified in the Applications, as well as 

in the 2018 LNG Export Study, support a grant of Calcasieu Pass’s requested authorization under 

NGA section 3(a).   

First, due to the vintage of the Applications, Calcasieu Pass points to DOE’s 2012 and 

2014 LNG Export Studies, as well as older third-party studies, in asserting that the United States 

has significant natural gas resources available to meet both projected future domestic needs and 

demand for the proposed exports.  We agree, based on more recent projections and analyses.  

Specifically, we find that the 2018 LNG Export Study and AEO 2019 continue to project robust 

domestic supply conditions that are more than adequate to satisfy both domestic needs and 

exports of LNG, including those proposed in the Applications.241   

                                                 
241 See, e.g., 2018 Study Response to Comments, 83 Fed. Reg. at 67,262. 
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Second, the 2018 LNG Export Study indicates that exports of LNG will generate net 

economic benefits to the broader U.S. economy.242  Indeed, the 2018 Study consistently shows 

macroeconomic benefits to the U.S. economy in every scenario, as well as positive annual 

growth across the energy intensive sectors of the economy.243 

Third, as discussed below, over the 20-year term of the authorization, the proposed 

exports will improve the liquidity of international natural gas markets and will make a positive 

contribution to the United States’ trade balance.  For these reasons, we agree with Calcasieu Pass 

that its proposed exports are consistent with U.S. policy.244 

Sierra Club, APGA, and IECA argue that the requested authorization has not been shown 

to be consistent with the public interest.  They contend that the net economic benefits projected 

in the original 2012 NERA Study will be limited to a relatively small, affluent segment of the 

population.  They argue that, independent of the distributional economic impacts of LNG 

exports, the proposed exports likely will have a negative impact on the U.S. economy by 

increasing the price of natural gas and eliminating jobs in energy intensive industries.  Sierra 

Club further asserts that, although some regions may benefit from job growth because of 

additional natural gas production, the benefits will be temporary and will be overtaken by a 

“boom-bust” cycle characteristic of economies built on extractive industries.   

On review, DOE/FE finds that the record evidence showing that the proposed exports 

will be in the public interest outweighs the intervenor-protestors’ concerns.  DOE has considered 

and rejected each of the arguments raised by the intervenors in earlier proceedings based on the 

2012, 2014, and 2015 LNG Export Studies and, more recently, in the 2018 LNG Export Study 

                                                 
242 Id. 
243 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,268-69 (citing 2018 LNG Export Study at 67, 70). 
244 2015 App. at 34-35. 
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proceeding.  The 2018 Study showed, for example, that “[o]verall GDP improves as LNG 

exports increase for all scenarios with the same U.S. natural gas supply conditions.”245  The 2018 

Study also showed that energy intensive industries will continue to grow robustly even at higher 

levels of LNG exports, albeit at slightly lower rates of increase than they would at lower 

levels.246   

In response to Sierra Club’s claim that the proposed exports will physically exhaust 

existing resources (resulting in a “bust”), we refer to the findings of the 2018 Study and EIA’s 

projections in AEO 2019 indicating there will be substantial natural gas supply available into the 

foreseeable future.  To the extent Sierra Club alleges that “bust” cycles will be brought on by 

price declines that render existing natural gas resources uneconomical to produce, we do not see 

compelling evidence that the exports will exacerbate this risk.  If anything, we agree with 

Calcasieu Pass that it is more likely that Calcasieu Pass’s ability to export to non-FTA countries 

will deepen and diversify the market for U.S.-produced natural gas, diminishing the potential for 

a precipitous price-driven downturn in production activities.247   

Finally, we note that in the consolidated Sierra Club II case, the D.C. Circuit rejected 

Sierra Club’s argument that DOE “erred by failing to consider distributional impacts” when 

evaluating the public interest under NGA section 3(a).248  The Court upheld DOE/FE’s 

conclusion that “given that exports will benefit the economy as a whole and absent stronger 

record evidence on the distributional consequences, [DOE/FE] could not say that ... exports were 

                                                 
245 2018 Study Response to Comments, 83 Fed. Reg. at 67,259. 
246 Id. 
247 We also note that none of the intervenor-protestors offered specific evidence to rebut Calcasieu Pass’s evidence 

of the local and regional economic benefits associated with the Project.  
248 See Sierra Club v. U.S. Dep’t of Energy, Nos. 16-1186, 16-1252, 16-1253, 703 Fed. Appx. 1, at *3 (D.C. Cir. 

Nov. 1, 2017) (Sierra Club II), discussed supra § II.C. 
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inconsistent with the public interest on these grounds.”249  On this basis, the Court held that 

DOE/FE had “adequately addressed” Sierra Club’s concerns regarding distributional impacts.250 

Likewise, in these proceedings, none of the intervenor-protestors advancing this 

argument have provided a quantitative analysis of the distributional consequences of authorizing 

LNG exports at the household level.  Absent stronger record evidence on these alleged 

distributional consequences, we cannot say that increased LNG exports are inconsistent with the 

public interest on these grounds. 

Accordingly, based on the 2018 Study and the more recent data in AEO 2019, DOE/FE 

finds that the market will be capable of sustaining the level of exports requested in Calcasieu 

Pass’s three Applications over the authorization term without negative economic impacts, 

including domestic price impacts (discussed below). 

 Price Impacts 

APGA, IECA, and Sierra Club allege that higher volumes of LNG exports, including 

Calcasieu Pass’s proposed exports, will lead to large increases in domestic prices of natural gas.  

We disagree, based on both the data available at the time the intervenors raised these concerns 

and the most recent data available today.  As discussed above, the 2018 LNG Export Study 

projects the economic impacts of LNG exports in a range of scenarios, including scenarios that 

exceed the current amount of LNG exports authorized in the final non-FTA export authorizations 

to date (equivalent to a total of 24.74 Bcf/d of natural gas with the issuance of this Order).  The 

2018 Study found that, “[i]ncreasing U.S. LNG exports under any given set of assumptions about 

                                                 
249 Id. (internal quotations omitted and alteration in original). 
250 Id. 
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U.S. natural gas resources and their production leads to only small increases in U.S. natural gas 

prices.”251   

Additionally, DOE/FE has analyzed AEO 2019 to evaluate any differences from AEO 

2017, which formed the basis for the 2018 LNG Export Study.  Comparing key results from 

2050 (the end of the projection period in Reference case projections from AEO 2017) shows that 

the Reference case outlook in AEO 2019 projects lower-48 market conditions that would be even 

more supportive of LNG exports than in AEO 2017, including higher production and demand 

coupled with lower prices.  For example, for the year 2050, the AEO 2019 Reference case 

anticipates nearly 8% and 10% more natural gas production in the lower-48 than the AEO 2017 

Reference case with the CPP and without the CPP, respectively.  It also projects an average 

Henry Hub natural gas price that is lower than the AEO 2017 Reference cases by nearly 20% for 

the Reference case with the CPP and 17% for the Reference case without the CPP.  Table 1 

below shows these comparisons: 

  

                                                 
251 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,258 (citing 2018 LNG Export Study at 55). 
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Table 1:  Year 2050 Reference Case Comparisons in AEO 2017 and AEO 2019 

 AEO 2017 

Reference Case  

With Clean Power 

Plan 

AEO 2017 

Reference Case  

Without Clean 

Power Plan 

AEO 2019 

Reference Case  

Without Clean 

Power Plan  

Lower-48 Dry Natural 

Gas Production 

(Bcf/d) 

109.6 

 

107.9 

 

118.3 

 

Total Natural Gas 

Consumption (Bcf/d) 
94.8 92.4 95.8 

Electric Power Sector 

Consumption (Bcf/d) 
34.2 31.8 33.3 

Net Exports by 

Pipeline (Bcf/d) 
3.2 3.4 8.9 

Net LNG Exports 

(Bcf/d) 
12.0 12.5 13.8 

LNG Exports – Total 

(Bcf/d) 
12.2 12.7 14.1 

Henry Hub Spot Price 

($/MMBtu) (Note 1) 

$6.07 (2018$) 

 

$5.88 (2018$) $4.87 (2018$) 

Note 1:  Prices adjusted to 2018$ with the AEO 2017 projection of a Gross 

Domestic Product price index. 

 

For these reasons, and as explained in DOE/FE’s Response to Comments on the 2018 Study, we 

find that the intervenors’ arguments concerning domestic price increases are not supported by the 

record evidence.252 

                                                 
252 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,267-69 (§ VI.G) (DOE/FE’s response to comments 

on natural gas price impacts). 
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 Benefits of International Trade 

We have not limited our review to the 2018 LNG Export Study and data from AEO 2019, 

but have considered the international consequences of our decision.  As discussed above, we 

review applications to export LNG to non-FTA nations under section 3(a) of the NGA.  The 

United States’ commitment to free trade is one factor bearing on that review.   

Additionally, an efficient, transparent international market for natural gas with diverse 

sources of supply provides both economic and strategic benefits to the United States and our 

allies.  Indeed, increased production of domestic natural gas has significantly reduced the need 

for the United States to import LNG.  In global trade, LNG shipments that would have been 

destined to U.S. markets have been redirected to Europe and Asia, improving energy security for 

many of our key trading partners.  To the extent U.S. exports can diversify global LNG supplies 

and increase the volumes of LNG available globally, these exports will improve energy security 

for many U.S. allies and trading partners.  As such, we agree with Calcasieu Pass that 

authorizing its exports may advance the public interest for reasons that are distinct from and 

additional to the economic benefits identified in the 2018 LNG Export Study. 

C. Environmental Issues 

In reviewing the potential environmental impacts of Calcasieu Pass’s proposal to export 

LNG, DOE/FE has considered both its obligations under NEPA and its obligation under NGA 

section 3(a) to ensure that the proposal is not inconsistent with the public interest. 

 Adoption of FERC’s Final EIS 

DOE/FE participated in FERC’s environmental review of the proposed Project as a 

cooperating agency.  Because DOE was a cooperating agency, DOE/FE is permitted to adopt 

without recirculating the final EIS, provided that DOE/FE has conducted an independent review 
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of the EIS and determines that its comments and suggestions have been satisfied.253  For the 

reasons set forth below, DOE/FE has not found that the arguments raised in the FERC 

proceeding, the current proceeding, or the 2018 LNG Export Study proceeding detract from the 

reasoning and conclusions contained in the final EIS.  Accordingly, DOE has adopted the final 

EIS (DOE/EIS-0510) (see supra § I), and hereby incorporates the reasoning contained in the final 

EIS in this Order.  Additionally, in the Appendix to this Order, DOE/FE is issuing the Record of 

Decision (ROD) under NEPA for the proposed Project.   

 Scope of NEPA Review 

Sierra Club’s protest is based principally on its argument that, under NEPA, DOE/FE 

must consider the potential for increased domestic natural gas production and associated 

increased environmental impacts resulting from the proposed Project.  In particular, Sierra Club 

maintains that DOE/FE cannot grant the requested authorization without taking a “hard look” at 

the effects of induced natural gas production attributable to the Project.  Since the time that 

Sierra Club filed its protests on the 2013 and 2014 Applications, however, the D.C. Circuit has 

unanimously ruled in DOE’s favor in the Sierra Club I and II cases, denying Sierra Club’s 

petitions for review with respect to this argument.254  The Court held that DOE “offered a 

reasoned explanation as to why it believed the indirect effects pertaining to increased gas 

production were not reasonably foreseeable” under NEPA.255  We find that the Court’s 

conclusions and reasoning control Sierra Club’s similar arguments in this proceeding, and we 

therefore decline to address them further. 

                                                 
253 See 40 C.F.R. § 1506.3(c).   
254 See Sierra Club I, 867 F.3d at 198; see generally id. at 196-200; see also Sierra Club II, 703 Fed. Appx. 1, *2-3 

(“Given the speculative and nonspecific nature of the additional information about the location of incremental gas 

production, it was neither arbitrary nor capricious for the Department not to engage in a more localized analysis.”). 
255 See Sierra Club I, 867 F.3d at 198.   
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 Environmental Impacts Associated with Induced Production of Natural 

Gas 

The current rapid development of natural gas resources in the United States likely will 

continue, with or without the export of natural gas to non-FTA nations.256  Nevertheless, a 

decision by DOE/FE to authorize exports to non-FTA nations could accelerate that development 

by some increment.  As discussed above, the Addendum reviewed the academic and technical 

literature covering the most significant issues associated with unconventional gas production, 

including impacts to water resources, air quality, greenhouse gas emissions, induced seismicity, 

and land use.   

The Addendum shows that there are potential environmental issues associated with 

unconventional natural gas production that need to be carefully managed, especially with respect 

to emissions of volatile organic compounds (VOCs) and methane, and the potential for 

groundwater contamination.  These environmental concerns do not lead us to conclude, however, 

that exports of natural gas to non-FTA nations should be prohibited.  Rather, we believe the 

public interest is better served by addressing these environmental concerns directly—through 

federal, state, or local regulation, or through self-imposed industry guidelines where 

appropriate—rather than by prohibiting exports of natural gas.  Unlike DOE, environmental 

regulators have the legal authority to impose requirements on natural gas production that 

appropriately balance benefits and burdens, and to update these regulations from time to time as 

technological practices and scientific understanding evolve.   

By comparison, section 3(a) of the NGA is too blunt an instrument to address these 

environmental concerns efficiently.  A decision to prohibit exports of natural gas would cause 

the United States to forego entirely the economic and international benefits discussed herein, but 

                                                 
256 Addendum at 2. 
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would have little more than a modest, incremental impact on the environmental issues identified 

by intervenors.   

For these reasons, we conclude that the environmental concerns associated with natural 

gas production do not establish that exports of natural gas to non-FTA nations are inconsistent 

with the public interest.  We note that the D.C. Circuit in Sierra Club I rejected Sierra Club’s 

arguments on this basis, and we find that the Court’s conclusions and reasoning control in this 

proceeding.257 

 Greenhouse Gas Impacts Associated with U.S. LNG Exports 

Sierra Club and other commenters on the Life Cycle Greenhouse Gas (LCA GHG) 

Report, the Addendum, and the 2018 LNG Export Study (as well as DOE/FE’s earlier economic 

studies) expressed concern that exports of natural gas could have a negative effect on the GHG 

intensity and total amount of energy consumed in foreign nations.   

The LCA GHG Report estimated the life cycle GHG emissions of U.S. LNG exports to 

Europe and Asia, compared with certain other fuels used to produce electric power in those 

importing countries.258  The key findings for U.S. LNG exports to Europe and Asia are 

summarized in Figures 1 and 2 below: 

                                                 
257 See Sierra Club I, 867 F.3d at 203 (rejecting argument that DOE arbitrarily failed to evaluate foreseeable indirect 

effects of exports under NGA section 3(a)); see supra § II.C. 
258 See supra § II.B. 
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Figure 1:  Life Cycle GHG Emissions for Natural Gas and Coal Power in Europe259 

 

                                                 
259 LCA GHG Report at 9 (Figure 6-1). 
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Figure 2:  Life Cycle GHG Emissions for Natural Gas and Coal Power in Asia260 

While acknowledging substantial uncertainty, the LCA GHG Report shows that to the extent 

U.S. LNG exports are preferred over coal in LNG-importing nations, U.S. LNG exports are 

likely to reduce global GHG emissions.  Further, to the extent U.S. LNG exports are preferred 

over other forms of imported natural gas, they are likely to have only a small impact on global 

GHG emissions.261 

The LCA GHG Report does not answer the ultimate question whether authorizing exports 

of natural gas to non-FTA nations will increase or decrease global GHG emissions, because 

regional coal and imported natural gas are not the only fuels with which U.S.-exported LNG 

would compete.  U.S. LNG exports may also compete with renewable energy, nuclear energy, 

petroleum-based liquid fuels, coal imported from outside East Asia or Western Europe, 

indigenous natural gas, synthetic natural gas derived from coal, and other resources, as well as 

                                                 
260 LCA GHG Report at 10 (Figure 6-2). 
261 Id. at 9, 18. 
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efficiency and conservation measures.  To model the effect that U.S. LNG exports would have 

on net global GHG emissions would require projections of how each of these fuel sources would 

be affected in each LNG-importing nation.  Such an analysis would not only have to consider 

market dynamics in each of these countries over the coming decades, but also the interventions 

of numerous foreign governments in those markets. 

The uncertainty associated with estimating each of these factors would likely render such 

an analysis too speculative to inform the public interest determination in this or other non-FTA 

LNG export proceedings.  Accordingly, DOE/FE elected to focus on the discrete question of how 

U.S. LNG compares on a life cycle basis to regional coal and other sources of imported natural 

gas in key LNG-importing countries.  The conclusions of the LCA GHG Report, combined with 

the observation that many LNG-importing nations rely heavily on fossil fuels for electric 

generation, suggests that exports of U.S. LNG may decrease global GHG emissions, although 

there is substantial uncertainty on this point as indicated above.  Based on the record evidence, 

however, we see no reason to conclude that U.S. LNG exports will increase global GHG 

emissions in a material or predictable way. 

Finally, we note that, in Sierra Club I, the D.C. Circuit ruled in DOE’s favor on the 

argument that DOE/FE should have evaluated additional variables in the LCA GHG Report, such 

as the potential for LNG to compete with renewable energy sources in certain import markets.  

The D.C. Circuit rejected Sierra Club’s argument, saying it fell “under the category of 

flyspecking” and that the Court “[saw] nothing arbitrary about the Department’s decision.”262  

We find that the Court’s conclusions and reasoning control Sierra Club’s similar arguments in 

this proceeding, and we therefore decline to address them further. 

                                                 
262 Sierra Club I, 867 F.3d at 202 (internal quotations and citation omitted). 
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D. Other Considerations  

The conclusion of the 2018 LNG Export Study is that the United States will experience 

net economic benefits from the export of domestically produced LNG.  Nonetheless, our 

decision in this Order is not premised on an uncritical acceptance of that Study.  Certain public 

comments received on the 2018 Study identify significant uncertainties and even potential 

negative impacts from LNG exports.  The economic impacts of higher natural gas prices and 

potential increases in natural gas price volatility are two of the factors that we view most 

seriously.  Yet we also have taken into account factors that could mitigate these impacts, such as 

the current oversupply situation and data indicating that the natural gas industry would increase 

natural gas supply in response to increasing exports.  Further, we note that it is far from certain 

that all or even most of the proposed LNG export projects will ever be realized because of the 

time, difficulty, and expense of commercializing, financing, and constructing LNG export 

terminals, as well as the uncertainties inherent in the global market demand for LNG.   

More generally, DOE/FE continues to subscribe to the principle set forth in our 1984 

Policy Guidelines263 that, under most circumstances, the market is the most efficient means of 

allocating natural gas supplies.  However, agency intervention may be necessary to protect the 

public in the event there is insufficient domestic natural gas for domestic use.  There may be 

other circumstances as well that cannot be foreseen that would require agency action.264  Given 

                                                 
263 1984 Policy Guidelines, 49 Fed. Reg. 6684. 
264 Some commenters previously asked DOE to clarify the circumstances under which the agency would exercise its 

authority to revoke (in whole or in part) previously issued LNG export authorizations.  In past orders, DOE/FE 

stated that it could not precisely identify all the circumstances under which such action might be considered.  More 

recently, on June 15, 2018, DOE/FE issued a policy statement addressing this issue.  See U.S. Dep’t of Energy, 

Policy Statement Regarding Long-Term Authorizations to Export Natural Gas to Non-Free Trade Agreement 

Countries, 83 Fed. Reg. 28,841 (June 21, 2018).  DOE/FE noted that it has never rescinded a long-term non-FTA 

export authorization and stated that it “does not foresee a scenario where it would rescind one or more non-FTA 

authorizations.”  Id. at 28,843. 
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these possibilities, DOE/FE recognizes the need to monitor market developments closely as the 

impact of successive authorizations of LNG exports unfolds. 

E. Conclusion 

We have reviewed the evidence in the record and relevant precedent in earlier non-FTA 

export decisions and have not found an adequate basis to conclude that Calcasieu Pass’s 

proposed exports will be inconsistent with the public interest.  We further find that the 

intervenor-protestors in this proceeding—Sierra Club, APGA, and IECA—have failed to 

overcome the statutory presumption that the proposed export authorization is not consistent with 

the public interest.   

In deciding whether to grant a final non-FTA export authorization, we also consider the 

cumulative impacts of the total volume of all non-FTA export authorizations.  With the issuance 

of this Order, there are currently 30 final non-FTA authorizations in a cumulative volume of 

exports totaling 24.74 Bcf/d of natural gas, or approximately 9.03 Tcf per year, as follows:  

Sabine Pass Liquefaction, LLC (2.2 Bcf/d),265 Carib Energy (USA) LLC (0.04 Bcf/d),266 

Cameron LNG, LLC (1.7 Bcf/d),267 FLEX I (1.4 Bcf/d),268 FLEX II (0.4 Bcf/d),269 Dominion 

                                                 
265 Sabine Pass Liquefaction, LLC, DOE/FE Order No. 2961-A, FE Docket No. 10-111-LNG, Final Opinion and 

Order Granting Long-Term Authorization to Export Liquefied Natural Gas From Sabine Pass LNG Terminal to 

Non-Free Trade Agreement Nations (Aug. 7, 2012). 
266 Carib Energy (USA) LLC, DOE/FE Order No. 3487, FE Docket No. 11-141-LNG, Final Order Granting Long-

Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers by Vessel to Non-Free 

Trade Agreement Nations in Central America, South America, or the Caribbean (Sept. 10, 2014).   
267 Cameron LNG, LLC, DOE/FE Order No. 3391-A, FE Docket No. 11-162-LNG, Final Opinion and Order 

Granting Long-Term Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Cameron 

LNG Terminal in Cameron Parish, Louisiana, to Non-Free Trade Agreement Nations (Sept. 10, 2014). 
268 Freeport LNG Expansion, L.P., et al., DOE/FE Order No. 3282-C, FE Docket No. 10-161-LNG, Final Opinion 

and Order Granting Long-Term Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the 

Freeport LNG Terminal on Quintana Island, Texas, to Non-Free Trade Agreement Nations (Nov. 14, 2014) (FLEX I 

Final Order). 
269 Freeport LNG Expansion, L.P., et al., DOE/FE Order No. 3357-B, FE Docket No. 11-161-LNG, Final Opinion 

and Order Granting Long-Term Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the 

Freeport LNG Terminal on Quintana Island, Texas, to Non-Free Trade Agreement Nations (Nov. 14, 2014) (FLEX 

II Final Order). 
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Cove Point LNG, LP (0.77 Bcf/d),270 Cheniere Marketing, LLC and Corpus Christi Liquefaction, 

LLC (2.1 Bcf/d),271 Sabine Pass Liquefaction, LLC Expansion Project (1.38 Bcf/d),272 American 

Marketing LLC (0.008 Bcf/d),273 Emera CNG, LLC (0.008 Bcf/d),274 Floridian Natural Gas 

Storage Company, LLC,275 Air Flow North American Corp. (0.002 Bcf/d),276 Bear Head LNG 

Corporation and Bear Head LNG (USA), LLC (0.81 Bcf/d),277 Pieridae Energy (USA) Ltd.,278 

Sabine Pass Liquefaction, LLC Design Increase (0.56 Bcf/d),279 Cameron LNG, LLC Design 

                                                 
270 Dominion Cove Point LNG, LP, DOE/FE Order No. 3331-A, FE Docket No. 11-128-LNG, Final Opinion and 

Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas from the Cove Point 

LNG Terminal in Calvert County, Maryland, to Non-Free Trade Agreement Nations (May 7, 2015). 
271 Cheniere Marketing, LLC and Corpus Christi Liquefaction, LLC, DOE/FE Order No. 3638, FE Docket No. 12-

97-LNG, Final Order and Opinion Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural 

Gas by Vessel from the Proposed Corpus Christi Liquefaction Project to Be Located in Corpus Christi, Texas, to 

Non-Free Trade Agreement Nations (May 12, 2015).  
272 Sabine Pass Liquefaction, LLC, DOE/FE Order No. 3669, FE Docket Nos. 13-30-LNG, 13-42-LNG, & 13-121-

LNG, Final Opinion and Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas 

by Vessel from the Sabine Pass LNG Terminal Located in Cameron Parish, Louisiana, to Non-Free Trade 

Agreement Nations (June 26, 2015). 
273 American LNG Marketing LLC, DOE/FE Order No. 3690, FE Docket No. 14-209-LNG, Final Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers Loaded at 

the Proposed Hialeah Facility Near Medley, Florida, and Exported by Vessel to Non-Free Trade Agreement Nations 

(Aug. 7, 2015). 
274Emera CNG, LLC, DOE/FE Order No. 3727, FE Docket No. 13-157-CNG, Final Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export Compressed Natural Gas by Vessel From a Proposed CNG 

Compression and Loading Facility at the Port of Palm Beach, Florida, to Non-Free Trade Agreement Nations (Oct. 

19, 2015). 
275 Floridian Natural Gas Storage Co., LLC, DOE/FE Order No. 3744, FE Docket No. 15-38-LNG, Final Opinion 

and Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers 

Loaded at the Proposed Floridian Facility in Martin County, Florida, and Exported by Vessel to Non-Free Trade 

Agreement Nations (Nov. 25, 2015). 
276 Air Flow North American Corp., DOE/FE Order No. 3753, FE Docket No. 15-206-LNG, Final Opinion and 

Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers 

Loaded at the Clean Energy Fuels Corp. LNG Production Facility in Willis, Texas, and Exported by Vessel to Non-

Free Trade Agreement Nations in Central America, South America, the Caribbean, or Africa (Dec. 4, 2015). 
277 Bear Head LNG Corporation and Bear Head LNG (USA), DOE/FE Order No. 3770, FE Docket No. 15-33-LNG, 

Opinion and Order Granting Long-Term, Multi-Contract Authorization to Export U.S.-Sourced Natural Gas by 

Pipeline to Canada for Liquefaction and Re-Export in the Form of Liquefied Natural Gas to Non-Free Trade 

Agreement Countries (Feb. 5, 2016). 
278 Pieridae Energy (USA) Ltd., DOE/FE Order No. 3768, FE Docket No. 14-179-LNG, Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export U.S.-Sourced Natural Gas Natural Gas by Pipeline to Canada 

for Liquefaction and Re-Export in the Form of Liquefied Natural Gas to Non-Free Trade Agreement Countries  

(Feb. 5, 2016).   
279 Sabine Pass Liquefaction, LLC, DOE/FE Order No. 3792, FE Docket No. 15-63-LNG, Final Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel From the Sabine 

Pass LNG Terminal Located in Cameron Parish, Louisiana, to Non-Free Trade Agreement Nations (Mar. 11, 2016). 
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Increase (0.42 Bcf/d),280 Cameron LNG, LLC Expansion Project (1.41 Bcf/d),281 Lake Charles 

Exports, LLC (2.0 Bcf/d),282 Lake Charles LNG Export Company, LLC,283 Carib Energy (USA), 

LLC (0.004),284 Magnolia LNG, LLC (1.08 Bcf/d),285 Southern LNG Company, L.L.C. (0.36 

Bcf/d),286 the FLEX Design Increase (0.34 Bcf/d),287 Golden Pass Products LLC (2.21 Bcf/d),288 

Delfin LNG LLC,289 the Lake Charles LNG Export Company, LLC Design Increase (0.33 

                                                 
280 Cameron LNG, LLC, DOE/FE Order No. 3797, FE Docket No. 15-167-LNG, Final Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Cameron Terminal 

Located in Cameron and Calcasieu Parishes, Louisiana, to Non-Free Trade Agreement Nations (Mar. 18, 2016). 
281 Cameron LNG, LLC, DOE/FE Order No. 3846, FE Docket No. 15-90-LNG, Opinion and Order Granting Long-

Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from Trains 4 and 5 of the Cameron 

LNG Terminal Located in Cameron and Calcasieu Parishes, Louisiana, to Non-Free Trade Agreement Nations (July 

15, 2016). 
282 Lake Charles Exports, LLC, DOE/FE Order No. 3324-A, FE Docket No. 11-59-LNG, Final Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Lake 

Charles Terminal in Calcasieu Parish, Louisiana, to Non-Free Trade Agreement Nations (July 29, 2016). 
283 Lake Charles LNG Export Co., LLC, DOE/FE Order No. 3868, FE Docket No. 13-04-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Lake 

Charles Terminal in Calcasieu Parish, Louisiana to Non-Free Trade Agreement Nations (July 29, 2016). 
284 Carib Energy (USA) LLC, DOE/FE Order No. 3937, FE Docket No. 16-98-LNG, Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers Loaded at Designated 

Pivotal LNG, Inc. Facilities and Exported by Vessel to Non-Free Trade Agreement Nations in Central America, 

South America, or the Caribbean (Nov. 28, 2016). 
285 Magnolia LNG, LLC, DOE/FE Order No. 3909, FE Docket No. 13-132-LNG, Opinion and Order Granting Long-

Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel From the Proposed Magnolia LNG 

Terminal to be Constructed in Lake Charles, Louisiana, to Non-Free Trade Agreement Nations (Nov. 30, 2016).   
286 Southern LNG Company, L.L.C., DOE/FE Order No. 3956, FE Docket No. 12-100-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Elba Island 

Terminal in Chatham County, Georgia, to Non-Free Trade Agreement Nations (Dec. 16, 2016). 
287 Freeport LNG Expansion, L.P., et al., DOE/FE Order No. 3957, FE Docket No. 16-108-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Freeport 

LNG Terminal on Quintana Island, Texas, to Non-Free Trade Agreement Nations (Dec. 19, 2016). 
288 Golden Pass Products LLC, DOE/FE Order No. 3978, FE Docket No. 12-156-LNG, Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Golden Pass LNG 

Terminal Located in Jefferson County, Texas, to Non-Free Trade Agreement Nations (Apr. 25, 2017).  
289 Delfin LNG LLC, DOE/FE Order No. 4028, FE Docket No. 13-147-LNG, Opinion and Order Granting Long-

Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from a Proposed Floating 

Liquefaction Project and Deepwater Port 30 Miles Offshore of Louisiana to Non-Free Trade Agreement Nations 

(June 1, 2017). 
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Bcf/d),290 the Lake Charles Exports, LLC Design Increase,291 Eagle LNG Partners Jacksonville II 

LLC,292 Mexico Pacific Limited LLC,293 and this Order.   

On February 5, 2019, DOE/FE vacated a non-FTA authorization previously issued to 

Flint Hills Resources, LP, in a volume of 0.01 Bcf/d, at the company’s request.294  Additionally, 

we note that the volumes authorized for export in the Lake Charles Exports and Lake Charles 

LNG Export orders are both 2.0 Bcf/d and 0.33 Bcf/d, respectively, yet are not additive to one 

another because the source of LNG approved under all of those orders is the Lake Charles 

Terminal.  Likewise, the Carib and Floridian orders are both 14.6 Bcf/yr of natural gas (0.04 

Bcf/d), yet are not additive to one another because the source of LNG approved under both 

orders is from the Floridian Facility.295  Additionally, the volumes authorized for export in the 

Bear Head and Pieridae US orders are not additive; together, they are limited to a maximum of 

                                                 
290 Lake Charles LNG Export Co., LLC, DOE/FE Order No. 4010, FE Docket No. 16-109-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Lake 

Charles Terminal in Calcasieu Parish, Louisiana, to Non-Free Trade Agreement Nations (June 29, 2017).  
291 Lake Charles Exports, LLC, DOE/FE Order No. 4011, FE Docket No. 16-110-LNG, Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Lake Charles 

Terminal in Calcasieu Parish, Louisiana, to Non-Free Trade Agreement Nations (June 29, 2017). 
292 Eagle LNG Partners Jacksonville II LLC, DOE/FE Order No. 4078, FE Docket No. 17-79-LNG, Opinion and 

Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers 

Loaded at The Eagle Maxville Facility in Jacksonville, Florida, and Exported by Vessel to Free Trade Agreement 

and Non-Free Trade Agreement Nations (Sept. 15, 2017).  
293 See Mexico Pacific Limited LLC, DOE/FE Order No. 4312, FE Docket No. 18-70-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export U.S.-Sourced Natural Gas by Pipeline to Mexico for 

Liquefaction and Re-Export in the Form of Liquefied Natural Gas to Non-Free Trade Agreement Countries (Dec. 

14, 2018). 
294 Flint Hills Resources, LP, DOE/FE Order Nos. 3809-A and 3829-A, FE Docket No. 15-168-LNG, Order 

Granting Request to Vacate Long-Term, Multi-Contract Authorizations to Export LNG to Free Trade Agreement 

Nations and to Non-Free Trade Agreement Nations (Feb. 5, 2019) (vacating, in relevant part, DOE/FE Order No. 

3829 authorizing the export of 0.01 Bcf/d of natural gas to non-FTA countries). 
295 See Floridian Natural Gas Storage Co., LLC, DOE/FE Order No. 3744, at 22 (stating that the quantity of LNG 

authorized for export by Floridian in DOE/FE Order No. 3744 “will be reduced by the portion of the total approved 

volume of 14.6 Bcf/yr that is under firm contract directly or indirectly to Carib Energy (USA), LLC”); see also id. at 

21 (Floridian “may not treat the volumes authorized for export in the [Carib and Floridian] proceedings as additive 

to one another.”). 
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0.81 Bcf/d to reflect the current capacity of the Maritimes Northeast Pipeline at the U.S.-

Canadian border.296   

In sum, the total export volume granted to date is within the range of scenarios analyzed 

in the 2018 LNG Export Study.  The 2018 Study found that exports of LNG from the lower-48 

states, in volumes up to and including 52.8 Bcf/d of natural gas, will not be inconsistent with the 

public interest.297   

DOE/FE will continue taking a measured approach in reviewing the other pending 

applications to export natural gas.  Specifically, DOE/FE will continue to assess the cumulative 

impacts of each succeeding request for export authorization on the public interest with due 

regard to the effect on domestic natural gas supply and demand fundamentals.   

The reasons in support of proceeding cautiously are several:  (1) the 2018 LNG Export 

Study, like any study based on assumptions and economic projections, is inherently limited in its 

predictive accuracy; (2) applications to export significant quantities of domestically produced 

LNG are still a relatively new phenomena with uncertain impacts; and (3) the market for natural 

gas has experienced rapid reversals in the past and is again changing rapidly due to economic, 

technological, and regulatory developments.  The market of the future very likely will not 

resemble the market of today.  In recognition of these factors, DOE/FE intends to monitor 

developments that could tend to undermine the public interest in grants of successive 

applications for exports of domestically produced LNG and to attach terms and conditions to 

LNG export authorizations to protect the public interest. 

                                                 
296 See Bear Head LNG Corporation and Bear Head LNG (USA), DOE/FE Order No. 3770, at 178-79 (stating that 

the quantity of LNG authorized for export by Bear Head LNG and Pieridae US “are not additive; together, they are 

limited to a maximum of 0.81 Bcf/d to reflect the current capacity of the M&N US Pipeline.”). 
297 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,273 (citing 2018 LNG Export Study at 63 & Appx 

F). 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 127 of 396



 

75 

IX. FINDINGS 

On the basis of the findings and conclusions set forth above, DOE/FE grants Calcasieu 

Pass’s Applications in FE Dockets No. 13-69-LNG, 14-88-LNG, and 15-25-LNG, subject to the 

Terms and Conditions and Ordering Paragraphs set forth below.  

X. TERMS AND CONDITIONS 

To ensure that the authorization issued by this Order is not inconsistent with the public 

interest, DOE/FE has attached the following Terms and Conditions to the authorization.  

Calcasieu Pass must abide by each Term and Condition or face appropriate sanction. 

A. Term of the Authorization    

In each of the three Applications, Calcasieu Pass requests a 25-year term for the 

authorization.  However, consistent with the final non-FTA authorizations issued to date, we 

believe that caution recommends limiting this authorization to no longer than a 20-year term 

beginning from the date of first export.  In imposing this condition, we are mindful that LNG 

export facilities are capital intensive and that, to obtain financing for such projects, there must be 

a reasonable expectation that the authorization will continue for a term sufficient to support 

repayment.  We find that a 20-year term is likely sufficient to achieve this result.  Accordingly, 

the 20-year term will begin on the date when Calcasieu Pass commences commercial export of 

domestically sourced LNG from the Project, but not before. 

B. Commencement of Operations  

In the 2013 Application, Calcasieu Pass requests that this authorization commence on the 

earlier of the date of first export or eight years from the date of the issuance of this Order.  In the 

2014 and 2015 Applications, Calcasieu Pass requests that this authorization commence on the 

earlier of the date of first export or seven years from the date of the issuance of this Order.  

Consistent with our final non-FTA authorizations to date, DOE/FE will add as a condition of the 
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authorization that Calcasieu Pass must commence commercial LNG export operations from the 

Project no later than seven years from the date of issuance of this Order.  The purpose of this 

condition is to ensure that other entities that may seek similar authorizations are not frustrated in 

their efforts to obtain those authorizations by authorization holders that are not engaged in actual 

export operations.   

C. Commissioning Volumes 

Calcasieu Pass will be permitted to apply for short-term export authorizations to export 

Commissioning Volumes prior to the commencement of the first commercial exports of 

domestically sourced LNG from the Project.  “Commissioning Volumes” are defined as the 

volume of LNG produced and exported under a short-term authorization during the initial start-

up of each LNG train, before each LNG train has reached its full steady-state capacity and begun 

its commercial exports pursuant to Calcasieu Pass’s long-term contracts.298  The Commissioning 

Volumes will not be counted against the maximum level of volumes previously authorized in 

Calcasieu Pass’s FTA authorizations or in this Order. 

D. Make-Up Period 

Calcasieu Pass will be permitted to continue exporting for a total of three years following 

the end of the 20-year term established in this Order, solely to export any Make-Up Volume that 

it was unable to export during the original export period.  The three-year term during which the 

Make-Up Volume may be exported shall be known as the “Make-Up Period.”   

The Make-Up Period does not affect or modify the total volume of LNG previously 

authorized in Calcasieu Pass’s FTA authorizations or in this Order.  Insofar as Calcasieu Pass 

                                                 
298 For additional discussion of Commissioning Volumes and the Make-Up Period referenced below, see Freeport 

LNG Expansion, L.P., et al., DOE/FE Order Nos. 3282-B & 3357-A, FE Docket Nos. 10-161-LNG & 11-161-LNG, 

Order Amending DOE/FE Order Nos. 3282 and 3357, at 4-9 (June 6, 2014). 
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may seek to export additional volumes not previously authorized for export, it will be required to 

obtain appropriate authorization from DOE/FE.   

E. Transfer, Assignment, or Change in Control 

DOE/FE’s natural gas regulations prohibit authorization holders from transferring or 

assigning authorizations to import or export natural gas without specific authorization by the 

Assistant Secretary for Fossil Energy.299  DOE/FE has found that this requirement applies to any 

change of control of the authorization holder.  This condition was deemed necessary to ensure 

that DOE/FE will be given an adequate opportunity to assess the public interest impacts of such a 

transfer or change. 

DOE/FE construes a change in control to mean a change, directly or indirectly, of the 

power to direct the management or policies of an entity whether such power is exercised through 

one or more intermediary companies or pursuant to an agreement, written or oral, and whether 

such power is established through ownership or voting of securities, or common directors, 

officers, or stockholders, or voting trusts, holding trusts, or debt holdings, or contract, or any 

other direct or indirect means.300  A rebuttable presumption that control exists will arise from the 

ownership or the power to vote, directly or indirectly, 10% or more of the voting securities of 

such entity.301  

F. Agency Rights 

Calcasieu Pass requests authorization to export LNG on its own behalf and as agent for 

other entities that hold title to the LNG at the time of export, pursuant to long-term contracts.  

DOE/FE previously has determined that, in LNG export orders in which Agency Rights have 

                                                 
299 10 C.F.R. § 590.405. 
300 See U.S. Dep’t of Energy, Procedures for Changes in Control Affecting Applications and Authorizations to 

Import or Export Natural Gas, 79 Fed. Reg. 65,541, 65,542 (Nov. 5, 2014). 
301 See id. 
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been granted, DOE/FE shall require registration materials filed for, or by, an LNG title-holder 

(Registrant) to include the same company identification information and long-term contract 

information of the Registrant as if the Registrant had filed an application to export LNG on its 

own behalf.302 

To ensure that the public interest is served, this authorization shall be conditioned to 

require that where Calcasieu Pass proposes to export LNG from the Project as agent for other 

entities that hold title to the LNG (Registrants), it must register with DOE/FE those entities on 

whose behalf it will export LNG in accordance with the procedures and requirements described 

herein.   

G. Contract Provisions for the Sale or Transfer of LNG to be Exported 

DOE/FE will require that Calcasieu Pass file or cause to be filed with DOE/FE any 

relevant long-term commercial agreements, including liquefaction tolling agreements, pursuant 

to which Calcasieu Pass exports LNG as agent for a Registrant.  DOE/FE finds that the 

submission of all such agreements or contracts within 30 days of their execution using the 

procedures described below will be consistent with the “to the extent practicable” requirement of 

section 590.202(b).303   

In addition, DOE/FE finds that section 590.202(c) of DOE/FE’s regulations304 requires 

that Calcasieu Pass file, or cause to be filed, all long-term contracts associated with the long-term 

                                                 
302 See, e.g., Cameron LNG, LLC, DOE/FE Order No. 3846, FE Docket No. 15-90-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from Trains 4 and 5 

of the Cameron LNG Terminal to Non-Free Trade Agreement Nations, at 128-29 (July 15, 2016); Freeport LNG 

Expansion, L.P., et al., DOE/FE Order No. 2913, FE Docket No. 10-160-LNG, Order Granting Long-Term 

Authorization to Export Liquefied Natural Gas from the Freeport LNG Terminal to Free Trade Agreement Nations, 

at 7-8 (Feb. 10, 2011). 
303 10 C.F.R. § 590.202(b). 
304 Id. § 590.202(c). 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 131 of 396



 

79 

supply of natural gas to the Project, whether signed by Calcasieu Pass or the Registrant, within 

30 days of their execution. 

DOE/FE recognizes that some information in Calcasieu Pass’s or a Registrant’s long-

term commercial agreements associated with the export of LNG, and/or long-term contracts 

associated with the long-term supply of natural gas to the Project, may be commercially 

sensitive.  DOE/FE therefore will provide Calcasieu Pass the option to file or cause to be filed 

either unredacted contracts, or in the alternative (A) Calcasieu Pass may file, or cause to be filed, 

long-term contracts under seal, but it also will file either:  i) a copy of each long-term contract 

with commercially sensitive information redacted, or ii) a summary of all major provisions of the 

contract(s) including, but not limited to, the parties to each contract, contract term, quantity, any 

take or pay or equivalent provisions/conditions, destinations, re-sale provisions, and other 

relevant provisions; and (B) the filing must demonstrate why the redacted information should be 

exempted from public disclosure.305 

To ensure that DOE/FE destination and reporting requirements included in this Order are 

conveyed to subsequent title holders, DOE/FE will include as a condition of this authorization 

that future contracts for the sale or transfer of LNG exported pursuant to this Order shall include 

an acknowledgement of these requirements. 

H. Export Quantity  

This Order grants the non-FTA portion of Calcasieu Pass’s three Applications in the full 

volume requested (243.6 Bcf/yr, 243.6 Bcf/yr, and 132.8 Bcf/yr, respectively), for a combined 

total volume of 620 Bcf/yr of natural gas. 

  

                                                 
305 Id. § 590.202(e) (allowing confidential treatment of information in accordance with 10 C.F.R. § 1004.11). 
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I. Combined FTA and Non-FTA Export Authorization Volumes 

The volumes of LNG authorized for export in Calcasieu Pass’s FTA authorizations 

(DOE/FE Order No. 3345, 3520, and 3662) and this Order reflect the planned liquefaction 

capacity of the Project, as approved by FERC.  Accordingly, Calcasieu Pass may not treat the 

FTA and non-FTA export volumes as additive to one another. 

XI. ORDER 

Pursuant to section 3 of the Natural Gas Act, it is ordered that:  

A.  Venture Global Calcasieu Pass, LLC (Calcasieu Pass) is authorized to export 

domestically produced LNG by vessel from the proposed Venture Global Calcasieu Pass Project 

(Project) to be located in Cameron Parish, Louisiana, in a volume up to the equivalent of 620 

Bcf/yr of natural gas.  This authorization is for a term of 20 years to commence from the date of 

first commercial export, but not before.  Calcasieu Pass is authorized to export the LNG on its 

own behalf and as agent for other entities who hold title to the natural gas, pursuant to one or 

more long-term contracts (a contract greater than two years).   

B.  Calcasieu Pass may export Commissioning Volumes prior to the commencement of 

the terms of this Order, pursuant to a separate short-term export authorization.  The 

Commissioning Volumes will not be counted against the export volumes previously authorized 

in Calcasieu Pass’s FTA authorizations or in this Order. 

C.  Calcasieu Pass may continue exporting for a total of three years following the end of 

the 20-year export term, solely to export any Make-Up Volume that it was unable to export 

during the original export period.  The three-year Make-Up Period allowing the export of Make-

Up Volumes will not affect or modify the export volumes previously authorized in Calcasieu 

Pass’s FTA authorizations or in this Order.  Insofar as Calcasieu Pass may seek to export 

additional volumes not previously authorized, it will be required to obtain appropriate 
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authorization from DOE/FE. 

D.  Calcasieu Pass must commence export operations using the planned liquefaction 

facilities no later than seven years from the date of issuance of this Order.   

E.  The LNG export quantity authorized in this Order is equivalent to 620 Bcf/yr of 

natural gas. 

F.  This LNG may be exported to any country with which the United States does not have 

a FTA requiring national treatment for trade in natural gas, which currently has or in the future 

develops the capacity to import LNG, and with which trade is not prohibited by U.S. law or 

policy. 

G.  Calcasieu Pass shall ensure that all transactions authorized by this Order are permitted 

and lawful under U.S. laws and policies, including the rules, regulations, orders, policies, and 

other determinations of the Office of Foreign Assets Control of the U.S. Department of the 

Treasury and FERC.  Failure to comply with these requirements could result in rescission of this 

authorization and/or other civil or criminal penalties. 

H.  Calcasieu Pass shall ensure compliance with all terms and conditions established by 

FERC in the final EIS, including the 111 environmental conditions adopted in the FERC Order 

issued on February 21, 2019.  Additionally, this authorization is conditioned on Calcasieu Pass’s 

on-going compliance with any other preventative and mitigative measures at the Project imposed 

by federal or state agencies. 

I.  (i)  Calcasieu Pass shall file, or cause others to file, with the Office of Regulation, 

Analysis, and Engagement a non-redacted copy of all executed long-term contracts associated 

with the long-term export of LNG as agent for other entities from the Project.  The non-redacted 
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copies must be filed within 30 days of their execution and may be filed under seal, as described 

above.   

(ii)  Calcasieu Pass shall file, or cause others to file, with the Office of Regulation, 

Analysis, and Engagement a non-redacted copy of all executed long-term contracts associated 

with the long-term supply of natural gas to the Project.  The non-redacted copies must be filed 

within 30 days of their execution and may be filed under seal, as described above.     

J.  Calcasieu Pass is permitted to use its authorization to export LNG as agent for other 

LNG title-holders (Registrants), after registering those entities with DOE/FE.  Registration 

materials shall include an agreement by the Registrant to supply Calcasieu Pass with all 

information necessary to permit Calcasieu Pass to register that person or entity with DOE/FE, 

including:  (1) the Registrant’s agreement to comply with this Order and all applicable 

requirements of DOE/FE’s regulations at 10 C.F.R. Part 590, including but not limited to 

destination restrictions; (2) the exact legal name of the Registrant, state/location of 

incorporation/registration, primary place of doing business, and the Registrant’s ownership 

structure, including the ultimate parent entity if the Registrant is a subsidiary or affiliate of 

another entity; (3) the name, title, mailing address, e-mail address, and telephone number of a 

corporate officer or employee of the Registrant to whom inquiries may be directed; and (4) 

within 30 days of execution, a copy of any long-term contracts not previously filed with 

DOE/FE, described in Ordering Paragraph I of this Order. 

Any change in the registration materials—including changes in company name, contact 

information, length of the long-term contract, termination of the long-term contract, or other 

relevant modification—shall be filed with DOE/FE within 30 days of such change(s). 
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K.  Calcasieu Pass, or others for whom Calcasieu Pass acts as agent, shall include the 

following provision in any agreement or other contract for the sale or transfer of LNG pursuant 

to this Order: 

Customer or purchaser acknowledges and agrees that it will resell or transfer LNG, 

purchased hereunder for delivery only to countries identified in Ordering Paragraph 

F of DOE/FE Order No. 4346, issued March 5, 2019, in FE Docket Nos. 13-69-

LNG, 14-88-LNG, and 15-25-LNG, and/or to purchasers that have agreed in 

writing to limit their direct or indirect resale or transfer of such natural gas or LNG 

to such countries.  Customer or purchaser further commits to cause a report to be 

provided to Venture Global Calcasieu Pass, LLC that identifies the country (or 

countries) into which the LNG was actually delivered, and to include in any resale 

contract for such LNG the necessary conditions to ensure that Venture Global 

Calcasieu Pass, LLC is made aware of all such actual destination countries. 

L.  Within two weeks after the first export authorized in Ordering Paragraph A occurs, 

Calcasieu Pass shall provide written notification of the date that the first export occurred. 

M.  Calcasieu Pass shall file with the Office of Regulation, Analysis, and Engagement, on 

a semi-annual basis, written reports describing the status of the proposed Project.  The reports 

shall be filed on or by April 1 and October 1 of each year, and shall include information on the 

status of the Project, the date the Project is expected to commence first exports of LNG, and the 

status of any associated long-term supply and export contracts. 

N.  With respect to any change in control of the authorization holder, Calcasieu Pass must 

comply with DOE/FE’s Procedures for Change in Control Affecting Applications and 

Authorizations to Import or Export Natural Gas.306   

O.  Monthly Reports:  With respect to the exports authorized by this Order, Calcasieu 

Pass shall file with the Office of Regulation, Analysis, and Engagement, within 30 days 

following the last day of each calendar month, a report on Form FE-746R indicating whether 

exports of LNG have been made.  The first monthly report required by this Order is due not later 

                                                 
306 See 79 Fed. Reg. at 65,541-42. 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 136 of 396



 

84 

than the 30th day of the month following the month of first export.  In subsequent months, if 

exports have not occurred, a report of “no activity” for that month must be filed.  If exports of 

LNG have occurred, the report must give the following details of each LNG cargo:  (1) the 

name(s) of the authorized exporter registered with DOE/FE; (2) the name of the U.S. export 

terminal; (3) the name of the LNG tanker; (4) the date of departure from the U.S. export 

terminal; (5) the country (or countries) into which the LNG was actually delivered; (6) the name 

of the supplier/seller; (7) the volume in thousand cubic feet (Mcf); (8) the price at point of export 

per million British thermal units (MMBtu); (9) the duration of the supply agreement; and (10) 

the name(s) of the purchaser(s).   

(Approved by the Office of Management and Budget under OMB Control No. 1901-0294.)  

 P.  All monthly report filings on Form FE-746R shall be made to the U.S. Department of 

Energy (FE-34), Office of Fossil Energy, Office of Regulation, Analysis, and Engagement, 

according to the methods of submission listed on the Form FE-746R reporting instructions 

available at https://www.energy.gov/fe/services/natural-gas-regulation.   

 Q.  The motion to intervene submitted by API in each Application proceeding was 

granted by operation of law.307  The motions to intervene submitted by APGA and Sierra Club in 

FE Docket Nos. 13-69-LNG and 14-88-LNG are granted.  The motion to intervene submitted by 

IECA in FE Docket No. 14-88-LNG is also granted. 

 R.  Sierra Club’s motion to reply to Calcasieu Pass’s Answer in FE Docket No. 13-69-

LNG is granted. 

  

  

                                                 
307 10 C.F.R. § 590.303(g). 
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APPENDIX:  RECORD OF DECISION 

The Department of Energy’s Office of Fossil Energy (DOE/FE) prepared this Record of 

Decision (ROD) and Floodplain Statement of Findings pursuant to the National Environmental 

Policy Act of 1969 (NEPA),309 and in compliance with the Council on Environmental Quality 

(CEQ) implementing regulations for NEPA,310 DOE’s implementing procedures for NEPA,311 

and DOE’s “Compliance with Floodplain and Wetland Environmental Review Requirements.”312   

As discussed above, DOE/FE participated as a cooperating agency with FERC in 

preparing an environmental impact statement (EIS) analyzing the potential environmental 

impacts of the proposed Venture Global Calcasieu Pass Project (and associated pipeline) that 

would be used to support the export authorization sought from DOE/FE.313  In accordance with 

40 C.F.R. § 1506.3, DOE/FE adopted the final EIS on November 1, 2018 (DOE/EIS-0510),314 

and EPA published a notice of the adoption on November 9, 2018.315   

A. Alternatives  

The EIS assessed alternative methods that could be used to achieve Calcasieu Pass’s 

Project objectives.  The range of alternatives analyzed included the No-Action Alternative, 

system alternatives, alternative terminal facility sites, alternative terminal configurations, 

alternative dredge disposal locations, alternative pipeline routes, and process alternatives.316  

Alternatives were evaluated and compared to the Project to determine if the alternatives were 

                                                 
309 42 U.S.C. § 4321, et seq.  
310 Id. § 1500-08. 
311 10 C.F.R. § 1021. 
312 Id. § 1022. 
313 Federal Energy Regulatory Comm’n, Calcasieu Pass Project Final Environmental Impact Statement, Docket Nos. 

CP15-550-000, CP15-551-000, and CP15-551-001 (Oct. 22, 2018).  
314 Letter from Amy Sweeney, DOE/FE, to Julie Roemele, U.S. EPA (Nov. 1, 2018) (adoption of final EIS). 
315 U.S. Envtl. Protection Agency, Environmental Impact Statements; Notice of Availability, 83 Fed. Reg. 56,078 

(Nov. 9, 2018). 
316 Final EIS at 3-1 to 3-17.  
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environmentally preferable. 

In analyzing the No-Action Alternative, the EIS reviewed the effects and actions that 

could result if the Project was not constructed.  The EIS determined that, with or without the No-

Action Alternative, other LNG export projects could be developed in the Gulf Coast region or 

elsewhere in the United States that could result in both adverse and beneficial environmental 

impacts.317  Terminal and pipeline expansions of similar scope and magnitude to the Project 

would likely result in environmental impacts of comparable significance, especially those 

projects in a similar regional setting.  FERC staff concluded that the No-Action Alternative was 

not reasonable to meet the objectives of the Project.318 

The EIS evaluated system alternatives for the Project’s LNG export terminal by 

reviewing six existing LNG terminal sites with approved, proposed, and/or planned expansions 

to export to FTA countries (10 expansions total) and 13 new LNG terminals that have been 

approved, proposed, and/or planned on greenfield sites.  Based on this evaluation, the EIS 

concluded that each of the potential alternatives lacked significant environmental advantages 

over the Project.319  

The EIS also evaluated several terminal site alternatives.  The EIS analyzed the feasibility 

of constructing the terminal based on a number of criteria, including availability of land for 

purchase or lease, size of parcel, frontage on the Calcasieu River Ship Channel, and other 

factors.  The limited size of the alternative sites made them infeasible.  In addition, the EIS 

determined that all alternative sites that could meet the Project objectives likely would have a 

similar level of impact on environmental resources as the proposed site.  The EIS therefore 

                                                 
317 Id. at 3-2.  
318 Id.  
319 Id. at 3-5.  
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concluded that the proposed site is the preferred alternative.320 

For alternative terminal configurations, the EIS noted that facility design and 

configuration within the terminal site is subject to the siting requirements of 49 C.F.R. § 193 and 

other industry or engineering standards, and that the selected location of each of the components 

of the terminal was based on the relevant regulations, codes, and guidelines.321  FERC staff 

evaluated the proposed configuration and project specification changes in three supplemental and 

addendum filings relative to impacts on wetlands and other sensitive resources.  FERC staff did 

not identify any alternative configurations that could both meet the required regulations, codes, 

and guidelines and reduce environmental impacts.322 

Calcasieu Pass continues to discuss dredge disposal options with various agencies. 

Beneficial reuse of some dredged material is proposed, as well as mitigation measures to 

compensate for wetland impacts.323 

Additionally, the EIS evaluated the proposed pipeline lateral route and an alternative 

route that Calcasieu Pass had considered.  The location of the lateral pipeline would be 

constrained between two features, the Sabine National Wildlife Refuge and the Calcasieu River 

Ship Channel.  For this reason, no additional pipeline route alternatives were identified, and 

FERC staff determined that the evaluation of additional major route alternatives was not 

necessary.324  The EIS determined that the proposed route offers significant environmental 

advantages compared to the alternative route, particularly as it relates to collocation, additional 

setbacks from the shoreline, and reduced wetlands impacts.  The EIS thus concluded that the 

                                                 
320 Id. at 3-10.  
321 Id. 
322 Final EIS at 3-11.  
323 Id.  
324 Id. at 3-12. 
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proposed route was the preferred alternative.325 

Finally, Calcasieu Pass considered several different liquefaction process technologies 

currently available, and ultimately selected the GE Oil & Gas SMR Process as the design best 

suited to the Project.  FERC staff concluded that none of the alternative processes offered any 

significant environmental advantages over the proposed technology.326 

B. Environmentally Preferred Alternative 

When compared against the alternatives assessed in the EIS, the Project—as modified by 

the mitigation measures recommended in the EIS—is the environmentally preferred alternative 

that can best achieve the Project’s objectives.  Although the No-Action Alternative would avoid 

the environmental impacts identified in the final EIS, the adoption of this alternative would not 

meet the objectives of the Project.327 

C. Decision 

DOE/FE has decided to issue Order No. 4346 authorizing Calcasieu Pass to export 

domestically produced LNG by vessel from the proposed Calcasieu Pass Project to non-FTA 

countries in a volume equivalent to 620 Bcf/d of natural gas for a term of 20 years.  DOE/FE’s 

decision is based on:  (i) the analysis of potential environmental impacts presented in the final 

EIS; and (ii) DOE’s determination in the Order that the opponents of Calcasieu Pass’s 

Applications have failed to show that the proposed exports will be inconsistent with the public 

interest, as would be required to deny the Applications under NGA section 3(a).328  DOE also 

considered the Addendum, which summarizes available information on potential upstream 

impacts associated with unconventional natural gas activities, such as hydraulic fracturing.  

                                                 
325 Id. at 3-15.  
326 Id. at 3-17.  
327 Id. at 14-15; FERC Order at ¶ 116. 
328 15 U.S.C. § 717b(a). 
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D. Mitigation 

As a condition of its decision to issue Order No. 4346, DOE/FE is imposing requirements 

that will avoid or minimize the environmental impacts of the Project.  These conditions include 

the 111 environmental conditions recommended in the final EIS and adopted by FERC in its 

order authorizing the Project on February 21, 2019.329  Mitigation measures beyond those 

included in DOE/FE Order No. 4346 that are enforceable by other Federal and state agencies are 

additional conditions of DOE/FE Order No. 4346.  With these conditions, DOE/FE has 

determined that all practicable means to avoid or minimize environmental harm from the Project 

have been adopted.  

E. Floodplain Statement of Findings 

DOE/FE prepared this Floodplain Statement of Findings in accordance with DOE’s 

regulations, entitled “Compliance with Floodplain and Wetland Environmental Review 

Requirements.”330  The required floodplain assessment was conducted during development and 

preparation of the final EIS.331  The final EIS determined that portions of the Project, including 

the pipeline lateral, would be located in the 100-year and 500-year flood plain with base flood 

elevations.332  While the placement of these facilities within floodplains would be unavoidable, 

DOE/FE has determined that the current design for the Project minimizes floodplain impacts to 

the extent practicable. 

 

 

                                                 
329 Venture Global Calcasieu Pass, LLC, et al., Order Granting Authorizations Under Sections 3 and 7 of the 

Natural Gas Act, 166 FERC ¶ 61,144, at ¶¶ 117-18 & Appx. (Feb. 21, 2019). 
330 10 C.F.R. § 1022. 
331 Final EIS at 4-4; 4-189 to 4-216.  
332 Id. at 4-199.  
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I. INTRODUCTION 

On March 1, 2016, Venture Global Plaquemines LNG, LLC (Plaquemines LNG) filed an 

Application1 with the Office of Fossil Energy (FE) of the Department of Energy (DOE) under 

section 3 of the Natural Gas Act (NGA).2  Plaquemines LNG requests long-term, multi-contract 

authorization to export domestically produced liquefied natural gas (LNG) from the proposed 

Plaquemines LNG Project (the Project)—a planned natural gas liquefaction and LNG export 

terminal that Plaquemines LNG proposes to site, construct, and operate on the west bank of the 

Mississippi River, near river mile marker 55, in Plaquemines Parish, Louisiana.3  Plaquemines 

LNG seeks to export this LNG by vessel to:  (i) any country with which the United States 

currently has, or in the future will have, a free trade agreement (FTA) requiring national 

treatment for trade in natural gas (FTA countries);4 and (ii) any other country with which trade is 

not prohibited by U.S. law or policy (non-FTA countries).5 

Plaquemines LNG requests authority to export LNG to both FTA and non-FTA countries 

in a volume equivalent to 1,240 billion cubic feet (Bcf) per year (Bcf/yr) of natural gas, or 3.40 

Bcf per day (Bcf/d)—which it states is equivalent to 24 million metric tons per annum (mtpa) of 

                                                 
1 Venture Global Plaquemines LNG, LLC, Application of Venture Global Plaquemines LNG, LLC, for Long-Term, 

Multi-Contract Authorization to Export Liquefied Natural Gas to Free Trade Agreement and Non-Free Trade 

Agreement Countries, FE Docket No. 16-28-LNG (Mar. 1, 2016) [hereinafter App.]. 
2 15 U.S.C. § 717b.  The authority to regulate the imports and exports of natural gas, including liquefied natural gas, 

under section 3 of the NGA (15 U.S.C. § 717b) has been delegated to the Assistant Secretary for FE in Redelegation 

Order No. 00-002.04G issued on June 4, 2019. 
3 App. at 1. 
4 15 U.S.C. §717b(c).  The United States currently has FTAs requiring national treatment for trade in natural gas 

with Australia, Bahrain, Canada, Chile, Colombia, Dominican Republic, El Salvador, Guatemala, Honduras, Jordan, 

Mexico, Morocco, Nicaragua, Oman, Panama, Peru, Republic of Korea, and Singapore.  FTAs with Israel and Costa 

Rica do not require national treatment for trade in natural gas. 
5 15 U.S.C. §717b(a); see App. at 1-2. 
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LNG.6  On July 21, 2016, in Order No. 3866, DOE/FE granted the FTA portion of the 

Application in the requested volume of 1,240 Bcf/yr of natural gas.7 

Plaquemines LNG requests the non-FTA authorization for a term of 25 years, 

commencing on the earlier of the date of first export or seven years from the date the 

authorization is granted.  Additionally, Plaquemines LNG requests the authorization on its own 

behalf and as agent for other entities that hold title to the LNG at the time of export.8   

On June 8, 2016, DOE/FE published a notice of the non-FTA portion of the Application in 

the Federal Register (Notice of Application).9  The Notice of Application called on interested 

persons to submit protests, motions to intervene, notices of intervention, and comments by 

August 8, 2016.10  DOE/FE received a motion to intervene and comments in support of the 

Application, submitted by the American Petroleum Institute (API).11  No protests or motions to 

intervene in opposition to the Application were filed, and therefore the Application is 

uncontested.12 

On September 30, 2019, the Federal Energy Regulatory Commission (FERC) issued an 

order authorizing Plaquemines LNG to site, construct, and operate the Project in the requested 

                                                 
6 App. at 1. 
7 Venture Global Plaquemines LNG, LLC, DOE/FE Order No. 3866, FE Docket No. 16-28-LNG, Order Granting 

Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Proposed 

Plaquemines LNG Terminal in Plaquemines Parish, Louisiana, to Free Trade Agreement Nations (July 21, 2016).  

At Plaquemines LNG’s request, the FTA authorization is for a term of 25 years. 
8 App. at 2.  
9 Venture Global Plaquemines LNG, LLC; Application for Long-Term, Multi-Contract Authorization to Export 

Liquefied Natural Gas to Non-Free Trade Agreement Nations; Notice of Application, 81 Fed. Reg. 36,903 (June 8, 

2016) [hereinafter Notice of Application]. 
10 DOE finds that the requirement for public notice of applications in 10 C.F.R. Part 590 is applicable only to non-

FTA applications under NGA section 3(a). 
11 American Petroleum Inst., Motion to Intervene and Comments in Support, FE Docket No. 16-28-LNG (Aug. 8, 

2016) [hereinafter API Mot.]; see infra § VII. 
12 10 C.F.R. § 590.102(b). 
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production capacity of 24 mtpa.13  FERC also authorized Plaquemine LNG’s affiliate, Venture 

Global Gator Express, LLC (Gator Express), to construct and operate the proposed Gator 

Express Pipeline Project.  The Gator Express Pipeline Project will consist of two short pipeline 

laterals to transport natural gas from interconnections with existing interstate pipeline systems to 

the Project for liquefaction and export.14   

DOE/FE has reviewed the non-FTA portion of the Application, API’s comments 

supporting the Application, DOE’s economic and environmental studies, the final environmental 

impact statement (EIS) for the Project prepared by FERC staff, the FERC Order, and the most 

recent projections of the U.S. Energy Information Administration (EIA), among other evidence 

discussed below.  On the basis of this substantial administrative record, DOE/FE has determined 

that it has not been shown that Plaquemines LNG’s proposed exports will be inconsistent with 

the public interest, as would be required to deny the Application under NGA section 3(a).  

DOE/FE therefore grants the non-FTA portion of the Application in the volume requested—

1,240 Bcf/yr of natural gas.15  Because the export volumes authorized in Plaquemines LNG’s 

FTA order (DOE/FE Order No. 3866) and this Order each reflect the planned liquefaction 

capacity of the Project as approved by FERC, the FTA and non-FTA volumes are not additive.   

Additionally, as discussed below, DOE/FE participated as a cooperating agency in 

FERC’s environmental review of the Plaquemines LNG Project under the National 

Environmental Policy Act of 1969 (NEPA), 42 U.S.C. § 4321 et seq.  FERC issued the final EIS 

                                                 
13 Venture Global Plaquemines LNG, LLC & Venture Global Gator Express, LLC, Order Granting Authorizations 

Under Sections 3 and 7 of the Natural Gas Act, 168 FERC ¶ 61,204, at ¶¶ 1, 3, 5 (Sept. 30, 2019) [hereinafter FERC 

Order]; see also infra § VI. 
14 Id. at ¶¶ 2, 3, 5; see also infra §§ IV.C, VI. 
15 See infra §§ IX-XI. 
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for the Project on May 3, 2019.16  After an independent review, DOE/FE adopted the final EIS 

on May 17, 2019 (DOE/EIS-0539),17 and the U.S. Environmental Protection Agency (EPA) 

published a notice of the adoption on May 24, 2019.18  As an Appendix to this Order, DOE/FE is 

issuing the Record of Decision (ROD) under NEPA for the proposed Project.  This Order 

requires Plaquemines LNG’s compliance with the mitigation measures recommended in the final 

EIS, which FERC adopted as 128 environmental conditions.19 

The volume approved for export in this Order—3.40 Bcf/d of natural gas—brings 

DOE/FE’s cumulative total of approved non-FTA exports of LNG and compressed natural gas to 

38.06 Bcf/d of natural gas.20  

II. BACKGROUND  

A. DOE’s LNG Export Studies  

 2012 EIA and NERA Studies  

In 2011, DOE/FE engaged EIA and NERA Economic Consulting (NERA) to conduct a 

two-part study of the economic impacts of U.S. LNG exports, which together was called the 

“2012 LNG Export Study.”  The first part, performed by EIA and published in January 2012, 

assessed how specified scenarios of increased natural gas exports could affect domestic energy 

markets.  Specifically, EIA examined how prescribed levels of natural gas exports (at 6 Bcf/d 

and 12 Bcf/d) above baseline cases could affect domestic energy markets.   

                                                 
16 Federal Energy Regulatory Comm’n, Final Environmental Impact Statement for the Plaquemines LNG and Gator 

Express Pipeline Project, Docket Nos. CP 17-66-000 and CP17-67-000 (May 3, 2019), available at: 

https://www.ferc.gov/industries/gas/enviro/eis/2019/05-03-19-FEIS/05-03-19-FEIS.pdf [hereinafter final EIS]. 
17 Letter from Amy Sweeney, DOE/FE, to Julie Roemele, U.S. EPA (May 17, 2019) (adoption of final EIS). 
18 U.S. Envtl. Protection Agency, Environmental Impact Statements; Notice of Availability, 84 Fed. Reg. 24,134, 

24,135 (May 24, 2019). 
19 The final EIS recommended 125 mitigation measures, which FERC adopted in the form of 128 environmental 

conditions after minor modifications.  See FERC Order at ¶ 67 & n.86 (describing numbering changes); see also 

infra § XI (Ordering Para. H). 
20 See infra § VIII.D. 
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The second part, performed by NERA under contract to DOE, evaluated the 

macroeconomic impact of LNG exports on the U.S. economy.  NERA used a general equilibrium 

macroeconomic model of the U.S. economy with an emphasis on the energy sector and natural 

gas in particular.  The 2012 NERA Study projected that, across all scenarios studied—assuming 

either 6 Bcf/d or 12 Bcf/d of LNG export volumes—the United States would experience net 

economic benefits from allowing LNG exports.   

In December 2012, DOE/FE published a notice of availability of the 2012 LNG Export 

Study in the Federal Register for public comment.21  DOE/FE subsequently responded to the 

public comments in connection with the LNG export proceedings identified in that notice.22 

 2014 and 2015 LNG Export Studies 

By May 2014, in light of the volume of LNG exports to non-FTA countries then-

authorized by DOE/FE and the number of non-FTA export applications still pending, DOE/FE 

determined that an updated study was warranted to consider the economic impacts of exporting 

LNG from the lower-48 states to non-FTA countries.23  DOE announced plans to undertake new 

economic studies to gain a better understanding of how higher levels of U.S. LNG exports—at 

levels between 12 and 20 Bcf/d of natural gas—would affect the public interest.24   

                                                 
21 See 2012 LNG Export Study, 77 Fed. Reg. 73,627 (Dec. 11, 2012), available at: 

http://energy.gov/sites/prod/files/2013/04/f0/fr_notice_two_part_study.pdf (Notice of Availability of the LNG 

Export Study). 
22 See, e.g., Freeport LNG Expansion L.P., et al., DOE/FE Order No. 3282, FE Docket No. 10-161-LNG, Order 

Conditionally Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from 

the Freeport LNG Terminal on Quintana Island, Texas to Non-Free Trade Agreement Nations, at 56-109 (May 17, 

2013). 
23 Because there is no natural gas pipeline interconnection between Alaska and the lower 48 states, DOE/FE 

generally views those LNG export markets as distinct.  Accordingly, DOE/FE focuses on LNG exports from the 

lower-48 states for purposes of determining macroeconomic impacts. 
24 See U.S. Dep’t of Energy, Office of Fossil Energy, Request for an Update of EIA’s January 2012 Study of 

Liquefied Natural Gas Export Scenarios (memorandum from FE to EIA) (May 29, 2014), available at:  

http://energy.gov/fe/downloads/request-update-eia-s-january-2012-study-liquefied-natural-gas-export-scenarios. 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 153 of 396



 

6 

DOE/FE commissioned two new macroeconomic studies.  The first, Effect of Increased 

Levels of Liquefied Natural Gas Exports on U.S. Energy Markets, was performed by EIA and 

published in October 2014 (2014 EIA LNG Export Study or 2014 Study).25  The 2014 Study 

assessed how specified scenarios of increased natural gas exports could affect domestic energy 

markets.  At DOE’s request, this 2014 Study served as an update of EIA’s January 2012 study of 

LNG export scenarios and used baseline cases from EIA’s Annual Energy Outlook 2014 (AEO 

2014).26 

The second study, The Macroeconomic Impact of Increasing U.S. LNG Exports, was 

performed jointly by the Center for Energy Studies at Rice University’s Baker Institute and 

Oxford Economics under contract to DOE/FE (together, Rice-Oxford) and published in October 

2015 (2015 LNG Export Study or 2015 Study).27  The 2015 Study was a scenario-based 

assessment of the macroeconomic impact of levels of U.S. LNG exports, sourced from the 

lower-48 states, under different assumptions including U.S. resource endowment, U.S. natural 

gas demand, international LNG market dynamics, and other factors.  The 2015 Study considered 

export volumes ranging from 12 to 20 Bcf/d of natural gas, as well as a high resource recovery 

case examining export volumes up to 28 Bcf/d of natural gas.  The analysis covered the 2015 to 

2040 time period.   

                                                 
25 U.S. Energy Info. Admin., Effect of Increased Levels of Liquefied Natural Gas Exports on U.S. Energy Markets 

(Oct. 2014), available at: https://www.eia.gov/analysis/requests/fe/pdf/lng.pdf. 
26 Each Annual Energy Outlook (AEO) presents EIA’s long-term projections of energy supply, demand, and prices.  

It is based on results from EIA’s National Energy Modeling System (NEMS) model.   
27 Center for Energy Studies at Rice University Baker Institute and Oxford Economics, The Macroeconomic Impact 

of Increasing U.S. LNG Exports (Oct. 29, 2015), available at:  

http://energy.gov/sites/prod/files/2015/12/f27/20151113_macro_impact_of_lng_exports_0.pdf. 
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In December 2015, DOE/FE published a Notice of Availability of the 2014 and 2015 

Studies in the Federal Register, and invited public comment on those Studies.28  DOE/FE 

subsequently responded to the public comments in connection with the LNG export proceedings 

identified in that notice.29     

 2018 LNG Export Study 

a. Overview 

At the time DOE commissioned the 2018 LNG Export Study in 2017, 25                          

non-FTA applications were pending before DOE/FE.30  In light of both the volume of LNG 

requested for export in those pending applications and the cumulative volume of non-FTA 

exports then-authorized (equivalent to 21.35 Bcf/d of natural gas), DOE/FE determined that a 

new macroeconomic study was warranted.31  Accordingly, DOE/FE, through its support 

contractor KeyLogic Systems, Inc., commissioned NERA to conduct the 2018 LNG Export 

Study.  DOE published the 2018 LNG Export Study on its website on June 7, 2018,32 and 

concurrently provided notice of the availability of the Study, as discussed below.33 

                                                 
28 U.S. Dep’t of Energy, Macroeconomic Impacts of LNG Exports Studies; Notice of Availability and Request for 

Comments, 80 Fed. Reg. 81,300, 81,302 (Dec. 29, 2015). 
29 See, e.g., Sabine Pass Liquefaction, LLC, DOE/FE Order No. 3792, FE Docket No. 15-63-LNG, Final Opinion 

and Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel From the 

Sabine Pass LNG Terminal Located in Cameron Parish, Louisiana, to Non-Free Trade Agreement Nations, at 66-

121 (Mar. 11, 2016).  
30 See U.S. Dep’t of Energy, Study on Macroeconomic Outcomes of LNG Exports; Notice of Availability of the 

2018 LNG Export Study and Request for Comments, 83 Fed. Reg. 27,314 (June 12, 2018) (identifying 25 docket 

proceedings) [hereinafter 2018 Study Notice]. 
31 Additionally, as of the date of the 2018 Study, DOE/FE had authorized a cumulative total of LNG exports to FTA 

countries under section 3(c) of the NGA in a volume of 59.33 Bcf/d of natural gas.  These FTA volumes are not 

additive to the authorized non-FTA volumes. 
32 See NERA Economic Consulting, Macroeconomic Outcomes of Market Determined Levels of U.S. LNG Exports 

(June 7, 2018), available at:  

https://www.energy.gov/sites/prod/files/2018/06/f52/Macroeconomic%20LNG%20Export%20Study%202018.pdf 

[hereinafter 2018 LNG Export Study or 2018 Study]. 
33 See 2018 Study Notice.  
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Like the four prior economic studies, the 2018 Study examines the impacts of varying 

levels of LNG exports on domestic energy markets.  However, the 2018 Study differs from 

DOE/FE’s earlier studies in the following ways: 

(i) Includes a larger number of scenarios (54 scenarios) to capture a wider range of 

uncertainty in four natural gas market conditions than examined in the previous 

studies; 

(ii) Includes LNG exports in all 54 scenarios that are market-determined levels, including 

the three alternative baseline scenarios that are based on the projections in EIA’s 

Annual Energy Outlook 2017 (AEO 2017);34 

(iii) Examines unconstrained LNG export volumes beyond the levels examined in the 

previous studies; 

(iv) Examines the likelihood of those market-determined LNG export volumes; and 

(v) Provides macroeconomic projections associated with several of the scenarios lying 

within the more likely range of exports.35 

 

b. Methodology and Scenarios 

In its Response to Comments published in the Federal Register in December 2018, 

DOE/FE provided a detailed discussion of the methodology and scenarios used in the 2018 

Study, including NERA’s Global Natural Gas Model (GNGM) and NewERA models.36  The 2018 

Study develops 54 scenarios by identifying various assumptions for domestic and international 

supply and demand conditions to capture a wide range of uncertainty in natural gas markets.  The 

scenarios include three baseline cases based on EIA’s AEO 2017 projections (the most recent 

                                                 
34 U.S. Energy Info. Admin., Annual Energy Outlook 2017 (with projections to 2050) (Jan. 5, 2017), available at: 

https://www.eia.gov/outlooks/aeo/pdf/0383(2017).pdf. 
35 See 2018 Study Notice, 83 Fed. Reg. at 27,316. 
36 See U.S. Dep’t of Energy, Study on Macroeconomic Outcomes of LNG Exports; Response to Comments 

Received on Study, 83 Fed. Reg. 67,251 (Dec. 28, 2018) [hereinafter 2018 Study Response to Comments].   
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EIA projections available at the time), with varying assumptions about U.S. natural gas supply.37  

The three cases for U.S. natural gas supply derived from AEO 2017 are: 

i. AEO 2017’s Reference case, which provides a central estimate of U.S. 

natural gas production; 

ii. High Oil and Gas Resource and Technology (HOGR) case, which 

provides more optimistic resource development estimates than the 

Reference case; and  

iii. Low Oil and Gas Resource and Technology (LOGR) case, which provides 

less optimistic resource development estimates than the Reference case.38  

Alternative scenarios add other assumptions about future U.S. and international demand 

for natural gas.  The three cases for U.S. natural gas demand are: 

i. AEO 2017’s Reference case, which provides a central estimate of U.S. 

natural gas demand; 

ii. A Robust Economic Growth case, which provides a high estimate for U.S. 

natural gas demand driven by higher levels of gross domestic product 

growth; and 

iii. A Renewables Mandate case, which provides a low estimate for U.S. 

natural gas demand driven by the imposition of a stringent renewables 

mandate.39 

International assumptions are based on EIA’s International Energy Outlook 2017 (IEO 2017) 

and the International Energy Agency’s (IEA) World Energy Outlook 2016 (WEO 2016).   

As noted above, the 2018 Study also examines the likelihood of conditions leading to 

various export scenarios.  This unique feature provides not only quantification of the effects to 

the U.S. natural gas market and its overall economy under each of the scenarios outlined, but 

                                                 
37 2018 Study Response to Comments, 83 Fed. Reg. at 67,256 (stating that the differences in the natural gas 

production levels across these cases arise from varying assumptions around unproven offshore resources, onshore 

shale gas resources, tight gas resources, and conventional and tight oil associated gas resources, as well as the costs 

of producing these resources). 
38 See id. 
39 See id. 
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also an assessment of the probability of each of these scenarios, and thus the probability of the 

natural gas and macroeconomic outcomes associated with each scenario.40   

In developing this aspect of the Study, NERA first developed estimates of the 

probabilities for the level of U.S. supply and demand, as well as supply and demand in the rest of 

the world.41  DOE/FE and KeyLogic, Inc. contacted a set of independent experts recommended 

by DOE (referred to as the peer reviewers) to obtain their probability assignments for these same 

four metrics.  After receiving feedback from the peer reviewers, NERA reevaluated the original 

probability assignments to arrive at the final probabilities.  These peer-reviewed probabilities of 

uncertainties surrounding developments in the international and domestic natural gas markets 

were, in turn, combined to develop the 54 export scenarios and their associated macroeconomic 

impacts. 

c. Study Results  

The 54 scenarios in the 2018 Study provide a wide range of results.  NERA chose to 

focus on a subset of more likely outcomes, given DOE’s assumptions about the probabilities 

associated with U.S. natural gas production, demand, and supply, as well as demand for natural 

gas in the rest of the world.  NERA’s key results include the following: 

 The more likely range of LNG exports in the year 2040 was judged to range from 

8.7 to 30.7 Bcf/d of natural gas. 

 U.S. natural gas prices range from $5 to approximately $6.50 per million British 

thermal unit (MMBtu) in 2040 (in constant 2016 dollars) under Reference case supply 

assumptions.  These central cases have a combined probability of 47%. 

                                                 
40 See id. 
41 See id.  
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 Levels of gross domestic product (GDP) are most sensitive to assumptions about 

U.S. supply of natural gas, with high supply driving higher levels of GDP.  For each of the 

supply scenarios, higher levels of LNG exports in response to international demand consistently 

lead to higher levels of GDP.  GDP achieved with the highest level of LNG exports in each 

group exceeds GDP with the lowest level of LNG exports by $13 to $72 billion in 2040 (in 

constant 2016 dollars). 

 About 80% of the increase in LNG exports is satisfied by increased U.S. 

production of natural gas, with positive effects on labor income, output, and profits in the natural 

gas production sector. 

 Chemical industry subsectors of the economy that rely heavily on natural gas for 

energy and as a feedstock continue to exhibit robust growth even at higher LNG export levels.  

This growth is only insignificantly slower than cases with lower LNG export levels. 

 Even the most extreme scenarios of high LNG exports outside the more likely 

probability range (exhibiting a combined probability of less than 3%) show higher overall 

economic performance in terms of GDP, household income, and consumer welfare than lower 

export levels associated with the same domestic supply scenarios.42 

d. DOE/FE Proceeding 

On June 12, 2018, DOE published a notice of availability of the 2018 LNG Export Study 

and a request for comments.43  The purpose of the notice of availability was “to enter the 2018 

LNG Export Study into the administrative record of the 25 pending non-FTA export proceedings 

[identified in the notice] and to invite comments on the Study for consideration in the pending 

                                                 
42 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,255. 
43 See 2018 Study Notice. 
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and future non-FTA application proceedings.”44  DOE received 19 comments on the 2018 LNG 

Export Study from a variety of sources, including participants in the natural gas industry, 

environmental organizations, and individuals.45  Of those, nine comments supported the Study,46 

eight comments opposed the 2018 Study and exports of LNG,47 one comment took no position,48 

and one comment was non-responsive.49   

DOE/FE has evaluated the comments to the 2018 Study.  DOE/FE summarized and 

responded to these comments in the Response to Comments document, published on December 

28, 2018.50  As explained in the Response to Comments, DOE/FE determined that none of the 

eight comments opposing the 2018 Study provided sufficient evidence to rebut or otherwise 

undermine the 2018 Study.51   

DOE/FE incorporates into the record of this proceeding the 2018 LNG Export Study, the 

2018 Study Notice, the public comments received on the 2018 Study, and the 2018 Study 

Response to Comments—which together constitute the full proceeding for the 2018 LNG Export 

Study.  

  

                                                 
44 Id., 83 Fed. Reg. at 27,315.  
45 The public comments are posted on the DOE/FE website at:  

https://fossil.energy.gov/app/docketindex/docket/index/10. 
46 Supporting comments were filed by the Marcellus Shale Coalition; the Center for Liquefied Natural Gas (CLNG); 

the Pennsylvania Chamber of Business and Industry; the American Petroleum Institute (API); Cheniere Energy, 

Inc.; Jordan Cove Energy Project L.P. (JCEP); LNG Allies; NextDecade Corp.; and Anonymous.  The Anonymous 

comment is comprised of five comments filed by the same anonymous author. 
47 Opposing comments were filed by Patricia Weber; Oil Change International; Food & Water Watch; Industrial 

Energy Consumers of America (IECA); Oregon Wild; Sierra Club; Deb Evans and Ron Schaaf (the Evans Schaaf 

Family); and Jody McCaffree (individually and as executive director of Citizens for Renewables/Citizens Against 

LNG).  Oil Change International and Food & Water Watch filed identical comments.   
48 Comment of John Young. 
49 Comment of Vincent Burke. 
50 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,260-72. 
51 See id. at 67,272. 
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e. DOE/FE Conclusions 

Based upon the record in the 2018 Study proceeding, DOE/FE determined that the 2018 

Study provides substantial support for non-FTA applications within the export volumes 

considered by the 2018 Study—ranging from 0.1 to 52.8 Bcf/d of natural gas.52  The principal 

conclusion of the 2018 LNG Export Study is that the United States will experience net economic 

benefits from the export of domestically produced LNG.53  DOE highlighted the following key 

findings of the Study: 

 “Increasing U.S. LNG exports under any given set of assumptions about U.S. natural 

gas resources and their production leads to only small increases in U.S. natural gas 

prices.”54 

 “Increased exports of natural gas will improve the U.S. balance of trade and result in 

a wealth transfer into the United States.”55 

 “Overall [U.S.] GDP improves as LNG exports increase for all scenarios with the 

same U.S. natural gas supply condition.56  

 “There is no support for the concern that LNG exports would come at the expense of 

domestic natural gas consumption.”57  

 “[A] large share of the increase in LNG exports is supported by an increase in 

domestic natural gas production.”58 

 “Natural gas intensive [industries] continue to grow robustly at higher levels of LNG 

exports, albeit at slightly lower rates of increase than they would at lower levels.”59 

DOE/FE also observed that EIA’s projections in Annual Energy Outlook 2018 (AEO 2018) 

showed market conditions that will accommodate increased exports of natural gas.60  DOE/FE 

                                                 
52 See id.  
53 See id. 
54 Id. (quoting 2018 LNG Export Study at 55). 
55 2018 Study Response to Comments, 83 Fed. Reg. at 67,273 (quoting 2018 LNG Export Study at 64). 
56 Id. (quoting 2018 LNG Export Study at 67). 
57 Id. (quoting 2018 LNG Export Study at 77). 
58 Id.  
59 Id. (quoting 2018 LNG Export Study at 70). 
60 U.S. Energy Info. Admin., Annual Energy Outlook 2018 (with projections to 2050) (Feb. 6, 2018), available at:   

https://www.eia.gov/outlooks/aeo/pdf/AEO2018.pdf. 
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concluded that, when compared to prior AEO Reference cases—including AEO 2017’s 

Reference case used in the 2018 Study—the AEO 2018 Reference case projected increases in 

domestic natural gas production in excess of what is required to meet projected increases in 

domestic consumption.61   

For all of these reasons, DOE/FE found that “the 2018 LNG Export Study is 

fundamentally sound and supports the proposition that exports of LNG from the lower-48 states, 

in volumes up to and including 52.8 Bcf/d of natural gas, will not be inconsistent with the public 

interest.”62  DOE stated, however, that it will consider each application to export LNG as 

required under the NGA and NEPA based on the administrative record compiled in each 

individual proceeding.63 

B. DOE’s Environmental Studies 

On June 4, 2014, DOE/FE issued two notices in the Federal Register proposing to 

evaluate different environmental aspects of the LNG production and export chain.  First, 

DOE/FE announced that it had conducted a review of existing literature on potential 

environmental issues associated with unconventional natural gas production in the lower-48 

states.  The purpose of this review was to provide additional information to the public concerning 

the potential environmental impacts of unconventional natural gas exploration and production 

activities, including hydraulic fracturing.  DOE/FE published its draft report for public review 

and comment, entitled Draft Addendum to Environmental Review Documents Concerning 

Exports of Natural Gas from the United States (Draft Addendum).64  DOE/FE received public 

                                                 
61 2018 Study Response to Comments, 83 Fed. Reg. at 67,273. 
62 Id. (citing 2018 LNG Export Study at 63 & Appendix F). 
63 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,273. 
64 Dep’t of Energy, Draft Addendum to Environmental Review Documents Concerning Exports of Natural Gas 

From the United States, 79 Fed. Reg. 32,258 (June 4, 2014).  DOE/FE announced the availability of the Draft 

Addendum on its website on May 29, 2014. 
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comments on the Draft Addendum, and on August 15, 2014, issued the final Addendum with its 

response to the public comments contained in Appendix B.65   

Second, DOE/FE commissioned the National Energy Technology Laboratory (NETL), a 

DOE applied research laboratory, to conduct an analysis calculating the life cycle greenhouse gas 

(GHG) emissions for LNG exported from the United States.  The purpose of this analysis was to 

determine: (i) how domestically-produced LNG exported from the United States compares with 

regional coal (or other LNG sources) for electric power generation in Europe and Asia from a 

life cycle GHG perspective, and (ii) how those results compare with natural gas sourced from 

Russia and delivered to the same markets via pipeline.  DOE/FE published NETL’s report 

entitled, Life Cycle Greenhouse Gas Perspective on Exporting Liquefied Natural Gas from the 

United States (LCA GHG Report).66  DOE/FE also received public comments on the LCA GHG 

Report and responded to those comments in prior orders.67 

With respect to both the Addendum and the LCA GHG Report, DOE/FE takes all public 

comments into consideration in this decision and makes those comments, as well as the 

underlying studies, part of the record in this proceeding.68   

  

                                                 
65 Dep’t of Energy, Addendum to Environmental Review Documents Concerning Exports of Natural Gas From the 

United States, 79 Fed. Reg. 48,132 (Aug. 15, 2014) [hereinafter Addendum]; see also 

http://energy.gov/fe/addendum-environmental-review-documents-concerning-exports-natural-gas-united-states. 
66 Dep’t of Energy, Life Cycle Greenhouse Gas Perspective on Exporting Liquefied Natural Gas From the United 

States, 79 Fed. Reg. 32,260 (June 4, 2014) [hereinafter LCA GHG Report].  DOE/FE announced the availability of 

the LCA GHG Report on its website on May 29, 2014. 
67 See, e.g., Magnolia LNG, LLC, DOE/FE Order No. 3909, FE Docket No. 13-132-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel From the Proposed 

Magnolia LNG Terminal to be Constructed in Lake Charles, Louisiana, to Non-Free Trade Agreement Nations, at 

95-121 (Nov. 30, 2016) (description of LCA GHG Report and response to comments). 
68 We note that, on September 19, 2019, DOE/FE gave notice of an update to the LCA GHG Report, and that 

proceeding is on-going.  See U.S. Dep’t of Energy, Life Cycle Greenhouse Gas Perspective on Exporting Liquefied 

Natural Gas from the United States:  2019 Update, 84 Fed. Reg. 49,278 (Sept. 19, 2019).  
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C. Judicial Decisions Upholding DOE’s Non-FTA Authorizations 

In 2015 and 2016, Sierra Club petitioned the U.S. Court of Appeals for the District of 

Columbia Circuit (D.C. Circuit) for review of five long-term LNG export authorizations issued 

by DOE/FE under the standard of review discussed below.  Sierra Club challenged DOE/FE’s 

approval of LNG exports from projects proposed or operated by the following authorization 

holders:  Freeport LNG Expansion, L.P., et al.; Dominion Cove Point LNG, LP; Sabine Pass 

Liquefaction, LLC; and Cheniere Marketing, LLC, et al.  The D.C. Circuit subsequently denied 

four of the five petitions for review:  one in a published decision issued on August 15, 2017 

(Sierra Club I),69 and three in a consolidated, unpublished opinion issued on November 1, 2017 

(Sierra Club II).70  Sierra Club did not seek further judicial review of either decision.  In January 

2018, Sierra Club voluntarily withdrew its fifth and remaining petition for review.71 

In Sierra Club I, the D.C. Circuit concluded that DOE/FE had complied with both section 

3(a) of the NGA and NEPA in issuing the challenged non-FTA authorization to Freeport LNG 

Expansion, L.P. and its related entities (collectively, Freeport).  DOE/FE had granted the 

Freeport application in 2014 in a volume equivalent to 0.4 Bcf/d of natural gas, finding that 

Freeport’s proposed exports were in the public interest under NGA section 3(a).  DOE/FE also 

considered and disclosed the potential environmental impacts of its decision under NEPA.  Sierra 

Club petitioned for review of the Freeport authorization, arguing that DOE fell short of its 

obligations under both the NGA and NEPA.  The D.C. Circuit rejected Sierra Club’s arguments 

                                                 
69 Sierra Club v. U.S. Dep’t of Energy, 867 F.3d 189 (Aug. 15, 2017) (denying petition for review of the LNG 

export authorization issued to Freeport LNG Expansion, L.P., et al.). 
70 Sierra Club v. U.S. Dep’t of Energy, 703 Fed. Appx. 1 (D.C. Cir. Nov. 1, 2017) (denying petitions for review in 

Nos. 16-1186, 16-1252, and 16-1253 of the LNG export authorizations issued to Dominion Cove Point LNG, LP, 

Sabine Pass Liquefaction, LLC, and Cheniere Marketing, LLC, et al., respectively). 
71 See Sierra Club v. U.S. Dep’t of Energy, No. 16-1426, Per Curiam Order (D.C. Cir. Jan. 30, 2018) (granting Sierra 

Club’s unopposed motion for voluntary dismissal) 
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in a unanimous decision, holding that, “Sierra Club has given us no reason to question the 

Department’s judgment that the [Freeport] application is not inconsistent with the public 

interest.”72   

First, the Court rejected Sierra Club’s principal NEPA argument concerning the alleged 

indirect effects of LNG exports, such as the effects related to the likely increase in natural gas 

production and usage that would result from the Freeport export authorization.73  The Court 

found that DOE “offered a reasonable explanation as to why it believed the indirect effects 

pertaining to increased [natural] gas production were not reasonably foreseeable.”74  The Court 

thus held that, “[u]nder our limited and deferential review, we cannot say that the Department 

failed to fulfill its obligation under NEPA by declining to make specific projections about 

environmental impacts stemming from specific levels of export-induced [natural] gas 

production.”75   

Second, the Court rejected Sierra Club’s challenge to DOE’s examination of the potential 

“downstream” GHG emissions resulting from the indirect effects of exports—i.e., those resulting 

from the transport and usage of U.S. LNG abroad.76  The Court pointed to DOE’s LCA GHG 

Report, finding there was “nothing arbitrary” about the scope of DOE’s analysis of GHG 

emissions in that Report.77 

Third, in reviewing Sierra Club’s claims under the NGA, the Court found that Sierra Club 

“repeats the same argument it made to support its NEPA claim—namely, that the Department 

arbitrarily failed to evaluate foreseeable indirect effects of exports.”78  Having “already rejected 

                                                 
72 Sierra Club I, 867 F.3d at 203. 
73 Id. at 192. 
74 Id. at 198. 
75 Id. at 201. 
76 Id.  
77 Id. at 202. 
78 Sierra Club I, 867 F.3d at 203. 
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this argument” under NEPA, the Court determined that “Sierra Club offers no basis for 

reevaluating the scope of DOE’s evaluation for purposes of the Natural Gas Act.”79   

Subsequently, in the consolidated Sierra Club II opinion issued on November 1, 2017, 

the D.C. Circuit ruled that “[t]he court’s decision in [Sierra Club I] largely governs the 

resolution of the [three] instant cases.”80  Upon its review of the remaining “narrow issues” in 

those cases, the Court again rejected Sierra Club’s arguments under the NGA and NEPA, and 

upheld DOE/FE’s actions in issuing the non-FTA authorizations in those proceedings.81  The 

D.C. Circuit’s decisions in Sierra Club I and II guide our review in this proceeding.   

III. PUBLIC INTEREST STANDARD 

Section 3(a) of the NGA sets forth the standard for review of the Application: 

[N]o person shall export any natural gas from the United States to a 

foreign country or import any natural gas from a foreign country 

without first having secured an order of the [Secretary of Energy82] 

authorizing it to do so.  The [Secretary] shall issue such order upon 

application, unless after opportunity for hearing, [he] finds that the 

proposed exportation or importation will not be consistent with the 

public interest.  The [Secretary] may by [the Secretary’s] order grant 

such application, in whole or part, with such modification and upon 

such terms and conditions as the [Secretary] may find necessary or 

appropriate.83 

 

DOE—as affirmed by the D.C. Circuit—has consistently interpreted NGA section 3(a) as 

creating a rebuttable presumption that a proposed export of natural gas is in the public interest.84  

Accordingly, DOE will conduct an informal adjudication and grant a non-FTA application unless 

                                                 
79 Id.  
80 Sierra Club II, 703 Fed. Appx. 1, at *2. 
81 Id. 
82 The Secretary’s authority was established by the Department of Energy Organization Act, 42 U.S.C. § 7172, 

which transferred jurisdiction over imports and export authorizations from the Federal Power Commission to the 

Secretary of Energy. 
83 15 U.S.C. § 717b(a).   
84 See Sierra Club, 867 F.3d at 203 (“We have construed [NGA section 3(a)] as containing a ‘general presumption 

favoring [export] authorization.’”) (quoting W. Va. Pub. Serv. Comm’n v. U.S. Dep’t of Energy, 681 F.2d 847, 856 

(D.C. Cir. 1982)). 
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DOE finds that the proposed exportation will not be consistent with the public interest.85  Before 

reaching a final decision, DOE must also comply with NEPA.   

Although NGA section 3(a) establishes a broad public interest standard and a 

presumption favoring export authorizations, the statute does not define “public interest” or 

identify criteria that must be considered in evaluating the public interest.  In prior decisions, 

DOE has identified a range of factors that it evaluates when reviewing an application for export 

authorization.  These factors include economic impacts, international impacts, security of natural 

gas supply, and environmental impacts, among others.  To conduct this review, DOE looks to 

record evidence developed in the application proceeding. 

DOE’s prior decisions have also looked to certain principles established in its 1984 

Policy Guidelines.86  The goals of the Policy Guidelines are to minimize federal control and 

involvement in energy markets and to promote a balanced and mixed energy resource system. 

The Guidelines provide that: 

The market, not government, should determine the price and other 

contract terms of imported [or exported] natural gas …. The federal 

government’s primary responsibility in authorizing imports [or 

exports] will be to evaluate the need for the gas and whether the 

import [or export] arrangement will provide the gas on a 

competitively priced basis for the duration of the contract while 

minimizing regulatory impediments to a freely operating market.87 

                                                 
85 See id. (“there must be ‘an affirmative showing of inconsistency with the public interest’ to deny the application” 

under NGA section 3(a)) (quoting Panhandle Producers & Royalty Owners Ass’n v. Econ. Regulatory Admin., 822 

F.2d 1105, 1111 (D.C. Cir. 1987)). 
86 New Policy Guidelines and Delegations Order Relating to Regulation of Imported Natural Gas, 49 Fed. Reg. 6684 

(Feb. 22, 1984) [hereinafter 1984 Policy Guidelines]. 
87 Id. at 6685. 
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While the Policy Guidelines are nominally applicable to natural gas import cases, DOE 

subsequently held in Order No. 1473 that the same Policy Guidelines should be applied to 

natural gas export applications.88   

In Order No. 1473, DOE stated that it was guided by DOE Delegation Order No. 0204-

111.89  That delegation order directed the regulation of exports of natural gas “based on a 

consideration of the domestic need for the gas to be exported and such other matters as the 

Administrator [of the Economic Regulatory Administration] finds in the circumstances of a 

particular case to be appropriate.”90  

Although DOE Delegation Order No. 0204-111 is no longer in effect, DOE’s review of 

export applications has continued to focus on:  (i) the domestic need for the natural gas proposed 

to be exported, (ii) whether the proposed exports pose a threat to the security of domestic natural 

gas supplies, (iii) whether the arrangement is consistent with DOE’s policy of promoting market 

competition, and (iv) any other factors bearing on the public interest, as determined by DOE. 

IV. DESCRIPTION OF REQUEST  

A. Description of Applicant 

Plaquemines LNG is a Delaware limited liability company with its principal place of 

business in Washington, D.C.  Plaquemines LNG is a wholly-owned subsidiary of Venture 

Global LNG, Inc. (Venture Global LNG), which is a Delaware corporation with its principal 

                                                 
88 Phillips Alaska Natural Gas Corp., et al., DOE/FE Order No. 1473, FE Docket No. 96-99-LNG, Order Extending 

Authorization to Export Liquefied Natural Gas from Alaska (Apr. 2, 1999), at 14 (citing Yukon Pacific Corp., 

DOE/FE Order No. 350, Order Granting Authorization to Export Liquefied Natural Gas from Alaska, 1 FE ¶ 70,259, 

at 71,128 (1989)). 
89 See id. at 13 and n.45. 
90 DOE Delegation Order No. 0204-111 (Feb. 22, 1984), at 1 (¶ (b)); see also 1984 Policy Guidelines, 49 Fed. Reg. 

at 6690 (incorporating DOE Delegation Order No. 0204-111).  In February 1989, the Assistant Secretary for Fossil 

Energy assumed the delegated responsibilities of the Administrator of the Economic Regulatory Administration.  

See Applications for Authorization to Construct, Operate, or Modify Facilities Used for the Export or Import of 

Natural Gas, 62 Fed. Reg. 30,435, 30,437 n.15 (June 4, 1997) (citing DOE Delegation Order No. 0204-127, 54 Fed. 

Reg. 11,436 (Mar. 20, 1989)).   
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place of business in Washington, D.C.  Venture Global LNG is also the parent company of 

Venture Global Calcasieu Pass, LLC, which has received both FTA and non-FTA authorizations 

allowing it to export LNG from the proposed Venture Global Calcasieu Pass Project to be 

located in Cameron Parish, Louisiana.91 

Plaquemines LNG states that Venture Global Partners, LLC currently owns 

approximately 74.29% of the common stock of Venture Global LNG, while approximately 

25.71% of the common stock is owned by a group of institutional investors and related investors.  

Venture Global Partners, LLC is 50% owned and controlled by each of Robert B. Pender and 

Michael A. Sabel.92 

B.   Plaquemines LNG Project 

Plaquemines LNG states that the proposed Project will be located near river mile marker 

55 on the west bank of the Mississippi River in Plaquemines Parish, Louisiana, just south of the 

town of Myrtle Grove.  The Project will be located on an approximately 632-acre site, which is 

zoned for heavy industrial uses.93  Plaquemines LNG states that it has secured the project site 

pursuant to a lease option agreement with the owner of the site, the Plaquemines Port Harbor & 

Terminal District.  The lease option agreement grants Plaquemines LNG the exclusive option to 

lease the project site for up to 70 years.94   

As approved by FERC, the Project will have a peak achievable capacity of 24 mtpa of 

LNG under optimal operating conditions, which Plaquemines LNG states is equivalent to 1,240 

                                                 
91 App. at 3; see id. at 4 (describing the Venture Global Calcasieu Pass Project and associated DOE/FE 

proceedings); see also infra at 46 (Venture Global Calcasieu Pass non-FTA order). 
92 App. at 4. 
93 See id. at 6; see also FERC Order at ¶ 16.  The location maps and a site plan are attached to the Application as 

Appendix A. 
94 App. at 6; see also id. at Appendix B (lease option agreement); see also FERC Order at ¶ 5 & n.7. 
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Bcf/yr of natural gas.95  The Project will be constructed in two phases, each with a peak 

achievable capacity of 12 mtpa.  The Project will consist of liquefaction facilities, four LNG 

storage tanks, marine facilities, and associated infrastructure and support facilities.96  Three 

marine loading berths, to be located on the Mississippi River, will be capable of receiving ocean-

going LNG carriers.97 

C.   Project Pipelines 

As noted above, FERC has authorized Plaquemine LNG’s affiliate, Gator Express, to 

develop the proposed Gator Express Pipeline Project in conjunction with the Plaquemines LNG 

Project.98  The Gator Express Pipeline Project will consist of two new parallel pipelines (totaling 

15.1 miles) to transport natural gas for liquefaction and export.  The pipelines will extend from 

new interconnections with Tennessee Gas Pipeline Company, LLC and Texas Eastern 

Transmission, LP, respectively, to the Plaquemines LNG Project.99   

D.   Source of Natural Gas 

Plaquemines LNG states that the Project will have the capability to access the integrated 

national gas pipeline system through various interconnections.  Plaquemines LNG further states 

that natural gas may be sourced from “any of a multitude of production areas,” including 

conventional Gulf Coast production regions, as well as shale gas plays in the Haynesville, 

Barnett, and Bossier formations and in the Marcellus and Utica regions.100 

  

                                                 
95 FERC Order at ¶ 5; App. at 8. 
96 FERC Order at ¶ 6 (describing project features); see also App. at 7-8. 
97 App. at 7. 
98 FERC Order at ¶ 8. 
99 Id. at ¶¶ 2, 8-10; see also App. at 8-9. 
100 App. at 9. 
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E.   Business Model   

Plaquemines LNG requests authorization to export LNG on its own behalf and as agent 

for other entities who hold title to the LNG at the time of export.  Plaquemines LNG states that it 

will comply with all DOE/FE requirements for exporters and agents.  Plaquemines LNG further 

states that, when acting as agent, it will register with DOE/FE each LNG title holder for which it 

seeks to export LNG as agent, and will comply with other registration requirements as set forth 

in recent DOE/FE orders.101   

Plaquemines LNG states that it has not yet entered into any binding contracts with 

prospective customers, but it states that it will file all long-term agreements, once executed, as 

required by DOE/FE regulations.102 

V. APPLICANT’S PUBLIC INTEREST ANALYSIS  

A. Overview 

Plaquemines LNG asserts that its requested non-FTA authorization is consistent with and 

will advance the public interest under NGA section 3(a).103  In support of this position, 

Plaquemines LNG addresses the following factors:  (i) impacts on domestic natural gas supply 

and demand; (ii) the economic impacts of the proposed exports, including regional benefits; and 

(iii) international benefits. 

B. Impacts on Domestic Natural Gas Supply and Demand 

Plaquemines LNG maintains that, during the period of its requested authorization, 

domestic natural gas resources will be available to meet projected future domestic needs and any 

expected level of LNG exports, including its proposed exports.104  Citing projections by EIA, 

                                                 
101 Id. at 4, 10-11. 
102 Id. at 9-10. 
103 Id. at 15. 
104 Id. at 20; see also id. at 22-23. 
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DOE/FE’s 2012, 2014, and 2015 LNG Export Studies, and DOE/FE’s findings in prior orders, 

Plaquemines LNG asserts that its proposed exports are “unlikely to affect the availability of 

natural gas to domestic consumers.”105  Plaquemines LNG also points to EIA’s projection that 

growth in natural gas production will outpace growth in consumption, thereby “set[ting] the 

stage for the U.S. to become a net export[er] of gas beginning in 2017.”106   

Plaquemines LNG further argues that an increased demand for natural gas to be exported 

as LNG will stimulate additional natural gas production, as well as the production of natural gas 

liquids.  Plaquemines LNG states that this production is an important public benefit of U.S. LNG 

exports.107 

C. Economic Benefits 

Plaquemines LNG asserts that its Project will benefit the economy in numerous ways, 

including through macroeconomic benefits, increased employment, increased tax revenues, and 

reductions in the U.S. trade deficit.108   

First, Plaquemines LNG cites DOE’s 2012, 2014, and 2015 LNG Export Studies (as well 

as third-party studies) in asserting that LNG exports will not result in significant adverse price 

impacts to U.S. consumers.109  Plaquemines LNG points to these Studies in stating that LNG 

exports are projected to provide an economic benefit to the U.S. economy as a whole, including 

an increase in GDP, economic welfare, and higher levels of employment.110 

                                                 
105 Id. at 25; see also id. at 20-24 (citations omitted). 
106 App. at 22 (citation omitted).  We take administrative notice that the United States, in fact, became a net exporter 

of natural gas on an annual basis in 2017.  U.S. Energy Info. Admin., U.S. Natural Gas Summary (Annual) (Jan. 31, 

2019), available at:  https://www.eia.gov/dnav/ng/ng_sum_lsum_dcu_nus_a.htm (2017 data). 
107 App. at 25. 
108 Id. at 32; see also id. at 35. 
109 Id. at 30-33. 
110 Id.  
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Next, Plaquemines LNG states that its proposed Project will produce regional economic 

benefits.  Plaquemines LNG states that the Project will generate approximately 1,500 

construction jobs during each phase of the Project, as well as 500 additional construction jobs 

during peak construction of the pipelines.111  Plaquemines LNG further states that approximately 

300 full-time employees will be required to operate the Project.112   

Additionally, Plaquemines LNG contends that its proposed exports will help to “realign 

the U.S. balance of trade” by allowing the United States to export “some of its abundant and 

valuable natural gas.”113   

D. International Benefits 

Plaquemines LNG states that U.S. LNG exports, and specifically its proposed exports, 

will provide international and geopolitical benefits to the United States.  Citing prior statements 

by DOE/FE and members of Congress, Plaquemines LNG states that U.S. LNG exports have 

“the potential to fundamentally alter the world’s energy and economic map and benefit the 

nation’s allies around the globe.”114  Plaquemines LNG identifies several ways that its proposed 

exports may provide an alternative source of supply and alternative pricing in the global natural 

gas market.115  In particular, Plaquemines LNG states that increased access to U.S. natural gas 

will provide new supplies to U.S. allies, as an alternative to traditional suppliers in Russia and 

the Middle East.116 

                                                 
111 Id. at 32-33. 
112 Id. at 33. 
113 App. at 34-35. 
114 Id. at 26 (citations omitted). 
115 Id. at 26-28 (citations omitted), 35. 
116 Id. at 26. 
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Finally, Plaquemines LNG states that U.S. exports of LNG will provide international 

environmental benefits, namely by enabling Caribbean nations to reduce their reliance on more 

carbon-intensive fuel oil and diesel for electricity generation.117   

VI. FERC PROCEEDING 

A. FERC’s Pre-Filing Procedures 

Authorizations issued by FERC permitting the siting, construction, and operation of LNG 

export terminals are reviewed under NGA section 3(a) and (e), 15 U.S.C. § 717b(a), (e).  FERC’s 

approval process for such an application consists of a mandatory pre-filing process during which 

the environmental review required by NEPA commences,118 and a formal application process 

that starts no sooner than 180 days after issuance of a notice that the pre-filing process has 

commenced.119 

On July 2, 2015, FERC began its pre-filing review of the Project.120  FERC established 

pre-filing Docket No. PF15-27-000 to place information related to the Project into the public 

record.121  On October 5, 2015, FERC issued a Notice of Intent to Prepare an Environmental 

Impact Statement for the proposed Project.122  DOE agreed to participate as a cooperating agency 

in FERC’s environmental review.123     

  

                                                 
117 App. at 26, 29-30. 
118 18 C.F.R. § 157.21.   
119 Id. § 157.21(a)(2)(i-ii). 
120 See final EIS at ES-2; Venture Global Plaquemines LNG, LLC, Approval of Pre-Filing Request, FERC Docket 

No. PF15-27-000 (July 2, 2015). 
121 See final EIS at ES-2. 
122 See id.; see also Venture Global Plaquemines LNG, LLC, Notice of Intent to Prepare an Environmental Impact 

Statement for the Planned Plaquemines LNG Project, Request for Comments on Environmental Issues, and Notice 

of Public Scoping Sessions, FERC Docket No. PF15-27-000, 80 Fed. Reg. 61,804 (Oct. 14, 2015). 
123 See final EIS at ES-1. 
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B. FERC’s Environmental Review 

On February 28, 2017, Plaquemines LNG filed an application with FERC under NGA 

section 3 to site, construct, and operate the Plaquemines LNG Project.  In the same application, 

Gator Express requested a certificate of public convenience and necessity under NGA section 

7(c) to construct and operate the Gator Express Pipeline Project.124  FERC assigned Docket Nos. 

CP17-66-000 to the Project and CP17-67-000 to the Gator Express Pipeline Project.125 

In compliance with NEPA, FERC staff issued a Notice of Availability of a Draft 

Environmental Impact Statement on November 13, 2018, and placed the draft EIS into the public 

record. 126  On May 3, 2019, FERC staff issued the final EIS for the Project and the Gator 

Express Pipeline Project.127  The final EIS responded to comments received on the draft EIS, and 

addressed numerous potential impacts of the proposed Project, including (but not limited to) 

geology, water resources, wetlands, air quality, and cumulative impacts.128   

Based on its environmental analysis, FERC staff concluded in the final EIS that 

“construction and operation of the Project would result in adverse environmental impacts, but all 

of these impacts would be reduced to less-than-significant levels,” provided that certain 

mitigation measures are undertaken.129  Specifically, the final EIS contained 125 site-specific 

                                                 
124 See id.; see also Venture Global Plaquemines LNG, LLC & Venture Global Gator Express LLC, Application for 

Authorizations under the Natural Gas Act, FERC Docket Nos. CP17-66-000 and CP17-67-000 (Feb. 28, 2017). 
125 FERC Order at ¶¶ 1-2. 
126 Venture Global Plaquemines LNG, LLC and Venture Global Gator Express, LLC, Federal Energy Regulatory 

Comm’n, Notice of Availability of the Draft Environmental Impact Statement for the Proposed Plaquemines LNG 

and Gator Express Pipeline Project, Docket Nos. CP17-66-000 and CP17-67-000 (Nov. 13, 2018); see also final EIS 

at ES-2; FERC Order at ¶ 66. 
127 FERC Order at ¶ 67. 
128 See final EIS at ES-3; FERC Order at ¶ 67.  In the final EIS, FERC staff referred to the combined Plaquemines 

LNG and Gator Express Pipeline actions and facilities as “the Project.”  Final EIS at ES-1. 
129 Final EIS at ES-15. 
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environmental mitigation measures, which FERC staff recommended that FERC attach as 

conditions to any authorization of the Project.130 

C. FERC’s Order Granting Authorization 

On September 30, 2019, FERC issued its Order under NGA section 3 authorizing 

Plaquemines LNG to site, construct, and operate the Project with a liquefaction capacity of up to 

24 mtpa of LNG.131  FERC also authorized Gator Express to construct and operate the associated 

Gator Express Pipeline Project.132 

In granting these authorizations, FERC cited the final EIS in stating that “construction 

and operations of the projects will result in some adverse environmental impacts,”133 but that 

“most of the environmental impacts would be reduced to less than significant levels with the 

implementation of Plaquemines LNG’s proposed mitigation measures and additional measures 

recommended in the EIS and adopted in this order.”134  FERC further concluded that “with the 

conditions required in this order, the environmental impacts of the Plaquemines LNG Project 

will be appropriately and reasonably reduced.”135  On this basis, FERC approved Plaquemines 

LNG’s proposal for the Project and Gator Express’s proposal for the Pipeline Project under NGA 

sections 3 and 7, respectively.136  FERC also made minor modifications to the 125 mitigation 

measures recommended in the final EIS,137 resulting in FERC adopting 128 environmental 

conditions in an appendix of the Order.138 

                                                 
130 Final EIS at ES-15 to ES-16; see also id. at 5-27 to 5-48 (list of mitigation measures). 
131 FERC Order at ¶¶ 3, 5, 106, 108 (Ordering Para. (A)). 

132 Id. at ¶¶ 3, 106, 108 (Ordering Para. (C)).  
133 Id. at ¶ 67. 
134 Id. at ¶ 16; see also id. at ¶ 67. 
135 Id. at ¶ 16. 
136 Id. at ¶¶ 19, 26. 
137 FERC Order at ¶ 67 n.86 (explaining modifications). 
138 Id. at ¶¶ 16, 108, and Appendix (Environmental Conditions). 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 176 of 396



 

29 

FERC reviewed and addressed the major environmental issues addressed in the final 

EIS.139  In addressing GHG emissions, for example, FERC pointed to the estimate in the final 

EIS that “operation of the projects, including the LNG terminal and pipeline facilities, may result 

in direct and indirect emissions of up to 7,440,000 metric tons per year of carbon dioxide 

equivalent (CO2e).”140  FERC further stated that the “operational emissions of these facilities 

could potentially increase annual CO2e emissions based on the 2017 levels by 0.13 percent at the 

national level.”141   

On the basis of these estimates, FERC acknowledged the finding in the final EIS that “the 

quantified GHG emissions from the construction and operation of the project will contribute 

incrementally to climate change.”142  However, FERC stated that it “has previously concluded it 

could not determine a project’s incremental physical impacts on the environment caused by 

GHG emissions,” and that “it could not determine whether a project’s contribution to climate 

change would be significant.”143 

Additionally, FERC considered the cumulative impacts of the Project with other projects 

or actions in the same geographic and temporal scope.144  Citing the final EIS, FERC stated that 

“the project’s contribution to cumulative impacts on resources affected … would generally not 

be significant, with the exception of air quality cumulative impacts.”145  Nonetheless, according 

to FERC, the Project “would not contribute pollutants above significant levels and would not 

contribute to significant adverse combined effects with other existing and foreseeable actions.”146 

                                                 
139 See generally id. at ¶¶ 66-107.  
140 Id. at ¶ 96 (citing final EIS at 4-180, Table 4.11-4). 
141 Id. (citing EPA Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2017 (2019)). 
142 Id. at ¶ 97 (citing final EIS at 4-333). 
143 FERC Order at ¶ 97 (citation omitted). 
144 Id. at ¶ 103 (citing final EIS at 4-291 to 4-334). 
145 Id. (citing final EIS at 4-333 to 4-334). 
146 Id. (citing final EIS at 4-327). 
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In sum, FERC agreed with the conclusions presented in the final EIS and found that “the 

projects, if constructed and operated as described in the final EIS, [are] an environmentally 

acceptable action.”147 

VII. CURRENT PROCEEDING BEFORE DOE/FE 

A. Overview   

In response to the Notice of Application, DOE/FE received one filing:  the American 

Petroleum Institute’s (API) motion to intervene and comments in support of the Application.148   

Plaquemines LNG did not submit a response to API’s filing. 

B. Motion to Intervene and Comments of the American Petroleum Institute 

 In support of its motion to intervene, API states that it is a national trade association 

representing more than 650 member companies involved in all aspects of the oil and natural gas 

industry in the United States, including owners and operators of LNG import and export facilities 

in the United States and around the world, as well as owners and operators of LNG vessels, 

global LNG traders, and manufacturers of essential technology and equipment used in the LNG 

value chain.  API further states that its members have extensive experience with the drilling and 

completion techniques used in producing domestic natural gas resources.  For these reasons, API 

asserts that it has a direct and immediate interest in these proceedings that cannot be protected 

adequately by any other party.149 

API supports a grant of the Application.  API states that the United States, as the world’s 

leading producer of natural gas, has the opportunity to use the development of LNG exports to 

grow the domestic economy and create jobs, reduce global GHG emissions, and provide its allies 

                                                 
147 Id. at ¶ 106. 
148 American Petroleum Inst., Motion to Intervene and Comments in Support, FE Docket No. 16-28-LNG (Aug. 8, 

2016) [hereinafter API Mot.].  
149 Id. at 2.  
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and trading partners with a reliable source of energy.150  Citing DOE’s prior economic studies, 

API maintains that LNG exports will yield economic benefits for the U.S. economy.  API further 

states that increased LNG exports will create up to 452,300 domestic jobs and support more than 

$73 billion in domestic economic activity through 2035.151   

According to API, increased U.S. LNG exports will have geopolitical benefits for the 

United States.  API contends that adding natural gas supplies to the global gas market will 

benefit U.S. allies and trading partners by helping to stabilize energy prices and support 

economic development.152  API asserts that U.S. natural gas exports also will provide 

international consumers with greater choice by introducing an alternative, reliable source of 

energy to the global marketplace.153 

VIII. DISCUSSION AND CONCLUSIONS 

In reviewing the non-FTA portion of Plaquemines LNG’s Application, DOE/FE has 

considered its obligations under both NGA section 3(a) and NEPA.  To accomplish these 

purposes, DOE/FE has examined a wide range of information addressing environmental and 

non-environmental factors, including: 

 The uncontested Application and the supporting comments filed by API; 

 FERC’s final EIS and September 30, 2019 Order, including the 128 

environmental conditions adopted in that Order;  

 The Draft Addendum, comments received in response to the Draft Addendum, 

and the final Addendum;  

 The LCA GHG Report (and the supporting NETL document), including 

comments submitted in response to those documents; and 

                                                 
150 Id. at 2-3. 
151 Id. at 3 (citing ICF Internat’l, U.S. LNG Exports:  Impacts on Energy Markets and the Economy, at 2 (2013)). 
152 Id.  
153 Id. 
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 The 2018 LNG Export Study, including comments received in response to that 

Study. 

A. Non-Environmental Issues 

 Significance of the 2018 LNG Export Study  

As discussed above, DOE/FE commissioned the 2018 LNG Export Study and invited 

public comments on the Study.  DOE/FE analyzed this material in its Response to Comments 

published in the Federal Register on December 28, 2018.  On the basis of the 2018 Study, 

DOE/FE concluded that the United States will experience net economic benefits from the 

issuance of authorizations to export domestically produced LNG.154  The 2018 Study further 

supports the proposition that exports of LNG from the lower-48 states, in volumes up to and 

including 52.8 Bcf/d of natural gas, will not be inconsistent with the public interest.155   

We take administrative notice of EIA’s recent authoritative projections for natural gas 

supply, demand, and prices, set forth in the Annual Energy Outlook 2019 (AEO 2019), issued on 

January 24, 2019.156  DOE/FE has assessed AEO 2019 to evaluate any differences from AEO 

2017, which formed the basis for the 2018 LNG Export Study.157  The AEO 2017 Reference case 

shows lower net LNG exports of 12.5 Bcf/d of natural gas in 2050, compared with the AEO 

2019 Reference case that shows net LNG exports of 13.8 Bcf/d in 2050.  As discussed below, the 

                                                 
154 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,272; see also supra § II.A.3. 
155 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,273. 
156 U.S. Energy Info. Admin., Annual Energy Outlook 2019 (with projections to 2050) (Jan. 24, 2019), available at: 

https://www.eia.gov/outlooks/aeo/pdf/aeo2019.pdf.   
157 AEO 2017 included two versions of the Reference case—one with, and one without, the implementation of the 

Clean Power Plan (CPP).  In recent non-FTA orders, we discussed both versions of the AEO 2017 Reference case, 

noting that the U.S. Environmental Protection Agency (EPA) was reviewing the CPP and considering an alternative 

regulatory approach.  On June 19, 2019, EPA repealed the CPP and issued the final Affordable Clean Energy (ACE) 

rule.  See U.S. Envtl. Protection Agency, Repeal of the Clean Power Plan; Emission Guidelines for Greenhouse Gas 

Emissions From Existing Electric Utility Generating Units; Revisions to Emission Guidelines Implementing 

Regulations, 84 Fed. Reg. 32,520 (July 8, 2019).  Accordingly, in this Order, we refer only to the AEO 2017 

Reference case without the CPP.  The AEO 2019 Reference case does not include the CPP, so the comparisons 

between AEO 2017 and AEO 2019 are consistent in that regard. 
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AEO 2019 Reference case is even more supportive of exports than the AEO 2017 Reference 

case. 

EIA’s projections in AEO 2019 continue to show market conditions that will 

accommodate increased exports of natural gas.  When compared to the AEO 2017 Reference 

case, the AEO 2019 Reference case projects increases in domestic natural gas production—well 

in excess of what is required to meet projected increases in domestic consumption. 

For these reasons, we reaffirm that the 2018 LNG Export Study is fundamentally sound.  

The 2018 Study, as well as AEO 2019, support our finding that Plaquemines LNG’s proposed 

authorization will not be inconsistent with the public interest. 

 Plaquemines LNG’s Application  

Upon review, DOE/FE finds that several factors identified in the Application, as well as 

in the 2018 LNG Export Study, support a grant of Plaquemines LNG’s requested authorization 

under NGA section 3(a).   

First, Plaquemines LNG points to DOE’s 2012, 2014, and 2015 Studies in asserting that 

the United States has significant natural gas resources available to meet both projected future 

domestic needs and demand for the proposed exports.  We agree, based on more recent 

projections and analyses.  Specifically, we find that the 2018 LNG Export Study and AEO 2019 

continue to project robust domestic supply conditions that are more than adequate to satisfy both 

domestic needs and exports of LNG, including those proposed in the Application.158   

Second, the 2018 LNG Export Study indicates that exports of LNG will generate net 

macroeconomic benefits in the United States.159  Indeed, the 2018 Study consistently shows 

                                                 
158 See, e.g., 2018 Study Response to Comments, 83 Fed. Reg. at 67,262. 
159 Id. at 67,272. 
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macroeconomic benefits in every scenario, as well as positive annual growth across the energy 

intensive sectors of the U.S. economy.160   

Third, over the 20-year term of the authorization, the proposed exports will improve the 

Unites States’ ties with its trading partners and make a positive contribution to the United States’ 

trade balance.  Other benefits of this international trade are discussed below.  For these reasons, 

we agree with Plaquemines LNG and API that the proposed exports are consistent with U.S. 

policy.161 

Accordingly, based on the 2018 Study and the more recent data in AEO 2019, DOE/FE 

finds that the market will be capable of sustaining the level of exports requested in Plaquemines 

LNG’s Application over the authorization term without negative economic impacts, including 

domestic price impacts (discussed below). 

 Price Impacts 

As discussed above, the 2018 LNG Export Study projects the economic impacts of LNG 

exports in a range of scenarios, including scenarios that exceed the current amount of LNG 

exports authorized in the final non-FTA export authorizations to date (equivalent to a total of 

38.06 Bcf/d of natural gas with the issuance of this Order).  The 2018 Study found that, 

“[i]ncreasing U.S. LNG exports under any given set of assumptions about U.S. natural gas 

resources and their production leads to only small increases in U.S. natural gas prices.”162   

Additionally, DOE/FE has analyzed AEO 2019 to evaluate any differences from AEO 

2017, which formed the basis for the 2018 LNG Export Study.  Comparing key results from 

2050 (the end of the projection period in the AEO 2017 Reference case) shows that the 

                                                 
160 See id. at 67,268-69 (citing 2018 LNG Export Study at 67, 70). 
161 App. at 26-28, 34; API Mot. at 3. 
162 2018 Study Response to Comments, 83 Fed. Reg. at 67,258 (citing 2018 LNG Export Study at 55). 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 182 of 396



 

35 

Reference case outlook in AEO 2019 projects lower-48 market conditions that would be even 

more supportive of LNG exports than in AEO 2017, including higher production coupled with 

lower prices.  For example, for the year 2050, the AEO 2019 Reference case anticipates nearly 

10% more natural gas production in the lower-48 than the AEO 2017 Reference case.  It also 

projects an average Henry Hub natural gas price that is lower than the AEO 2017 Reference case 

by 17%.  Table 1 below shows these comparisons: 

Table 1:  Year 2050 Reference Case Comparisons in AEO 2017 and AEO 2019 

 AEO 2017                     

Reference Case 

AEO 2019                     

Reference Case 

Lower-48 Dry Natural 

Gas Production 

(Bcf/d) 

 

107.9 

 

118.3 

 

Total Natural Gas 

Consumption (Bcf/d) 
92.4 95.8 

Electric Power Sector 

Consumption (Bcf/d) 
31.8 33.3 

Net Exports by Pipeline 

(Bcf/d) 
3.4 8.9 

Net LNG Exports (Bcf/d) 12.5 13.8 

LNG Exports – Total 

(Bcf/d) 
12.7 14.1 

Henry Hub Spot Price 

($/MMBtu) (Note 1) 

$5.88 (2018$) $4.87 (2018$) 

Note 1:  Prices adjusted to 2018$ with the AEO 2017 projection of a Gross Domestic 

Product price index. 
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For these reasons, and as explained in DOE/FE’s Response to Comments on the 2018 

Study, we find that arguments concerning domestic price increases are not supported by the 

record evidence.163 

 Benefits of International Trade 

We have not limited our review to the 2018 LNG Export Study and data from AEO 2019, 

but have considered the international consequences of our decision.  As discussed above, we 

review applications to export LNG to non-FTA nations under section 3(a) of the NGA.  The 

United States’ commitment to free trade is one factor bearing on that review.   

Additionally, an efficient, transparent international market for natural gas with diverse 

sources of supply provides both economic and strategic benefits to the United States and our 

allies.  Indeed, increased production of domestic natural gas has significantly reduced the need 

for the United States to import LNG.  In global trade, LNG shipments that would have been 

destined to U.S. markets have been redirected to Europe and Asia, improving energy security for 

many of our key trading partners.  To the extent U.S. exports can diversify global LNG supplies 

and increase the volumes of LNG available globally, these exports will improve energy security 

for many U.S. allies and trading partners.  As such, we agree with Plaquemines LNG that 

authorizing its exports may advance the public interest for reasons that are distinct from and 

additional to the economic benefits identified in the 2018 LNG Export Study. 

B. Environmental Issues 

In reviewing the potential environmental impacts of Plaquemines LNG’s proposal to 

export LNG, DOE/FE has considered both its obligations under NEPA and its obligation under 

NGA section 3(a) to ensure that the proposal is not inconsistent with the public interest. 

                                                 
163 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,267-69 (§ VI.G) (DOE/FE’s response to comments 

on natural gas price impacts). 
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 Adoption of FERC’s Final EIS 

DOE/FE participated in FERC’s environmental review of the proposed Project as a 

cooperating agency.  Because DOE was a cooperating agency, DOE/FE is permitted to adopt 

without recirculating the final EIS, provided that DOE/FE has conducted an independent review 

of the final EIS and determines that its comments and suggestions have been satisfied.164  For the 

reasons set forth below, DOE/FE has not found that the arguments raised in the FERC 

proceeding, the current proceeding, or the 2018 LNG Export Study proceeding detract from the 

reasoning and conclusions contained in the final EIS.  Accordingly, DOE has adopted the final 

EIS (DOE/EIS-0539) (see supra § I), and hereby incorporates the reasoning contained in the final 

EIS in this Order.  Additionally, in the Appendix to this Order, DOE/FE is issuing the Record of 

Decision (ROD) under NEPA for the proposed Project.   

 Environmental Impacts Associated with Induced Production of Natural 

Gas 

The current rapid development of natural gas resources in the United States likely will 

continue, with or without the export of natural gas to non-FTA nations.165  Nevertheless, a 

decision by DOE/FE to authorize exports to non-FTA nations could accelerate that development 

by some increment.  As discussed above, the Addendum reviewed the academic and technical 

literature covering the most significant issues associated with unconventional gas production, 

including impacts to water resources, air quality, greenhouse gas emissions, induced seismicity, 

and land use.   

The Addendum shows that there are potential environmental issues associated with 

unconventional natural gas production that need to be carefully managed, especially with respect 

                                                 
164 See 40 C.F.R. § 1506.3(c).   
165 Addendum at 2. 
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to emissions of volatile organic compounds and methane, and the potential for groundwater 

contamination.  These environmental concerns do not lead us to conclude, however, that exports 

of natural gas to non-FTA nations should be prohibited.  Rather, we believe the public interest is 

better served by addressing these environmental concerns directly—through federal, state, or 

local regulation, or through self-imposed industry guidelines where appropriate—rather than by 

prohibiting exports of natural gas.  Unlike DOE, environmental regulators have the legal 

authority to impose requirements on natural gas production that appropriately balance benefits 

and burdens, and to update these regulations from time to time as technological practices and 

scientific understanding evolve.   

By comparison, section 3(a) of the NGA is too blunt an instrument to address these 

environmental concerns efficiently.  A decision to prohibit exports of natural gas would cause 

the United States to forego entirely the economic and international benefits discussed herein, but 

would have little more than a modest, incremental impact on the environmental issues.  For these 

reasons, we conclude that the environmental concerns associated with natural gas production do 

not establish that exports of natural gas to non-FTA nations are inconsistent with the public 

interest.  We note that the D.C. Circuit in Sierra Club I rejected Sierra Club’s arguments on this 

basis, and we find that the Court’s conclusions and reasoning control in this proceeding.166 

 Greenhouse Gas Impacts Associated with U.S. LNG Exports 

Sierra Club and other commenters on the Life Cycle Greenhouse Gas (LCA GHG) 

Report, the Addendum, and the 2018 LNG Export Study (as well as DOE/FE’s earlier economic 

studies) expressed concern that exports of natural gas could have a negative effect on the GHG 

intensity and the total amount of energy consumed in foreign nations.   

                                                 
166 See Sierra Club I, 867 F.3d at 203 (rejecting argument that DOE arbitrarily failed to evaluate foreseeable indirect 

effects of exports under NGA section 3(a)); see supra § II.C. 
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The LCA GHG Report estimated the life cycle GHG emissions of U.S. LNG exports to 

Europe and Asia, compared with certain other fuels used to produce electric power in those 

importing countries.167  The key findings for U.S. LNG exports to Europe and Asia are 

summarized in Figures 1 and 2 below: 

 

Figure 1:  Life Cycle GHG Emissions for Natural Gas and Coal Power in Europe168 

 

                                                 
167 See supra § II.B. 
168 LCA GHG Report at 9 (Figure 6-1). 
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Figure 2:  Life Cycle GHG Emissions for Natural Gas and Coal Power in Asia169 

While acknowledging substantial uncertainty, the LCA GHG Report shows that to the extent 

U.S. LNG exports are preferred over coal in LNG-importing nations, U.S. LNG exports are 

likely to reduce global GHG emissions.  Further, to the extent U.S. LNG exports are preferred 

over other forms of imported natural gas, they are likely to have only a small impact on global 

GHG emissions.170 

The LCA GHG Report does not answer the ultimate question whether authorizing exports 

of natural gas to non-FTA nations will increase or decrease global GHG emissions, because 

regional coal and imported natural gas are not the only fuels with which U.S.-exported LNG 

would compete.  U.S. LNG exports may also compete with renewable energy, nuclear energy, 

petroleum-based liquid fuels, coal imported from outside East Asia or Western Europe, 

indigenous natural gas, synthetic natural gas derived from coal, and other resources, as well as 

                                                 
169 LCA GHG Report at 10 (Figure 6-2). 
170 Id. at 9, 18. 
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efficiency and conservation measures.  To model the effect that U.S. LNG exports would have 

on net global GHG emissions would require projections of how each of these fuel sources would 

be affected in each LNG-importing nation.  Such an analysis would not only have to consider 

market dynamics in each of these countries over the coming decades, but also the interventions 

of numerous foreign governments in those markets. 

The uncertainty associated with estimating each of these factors would likely render such 

an analysis too speculative to inform the public interest determination in this or other non-FTA 

LNG export proceedings.  Accordingly, DOE/FE elected to focus on the discrete question of how 

U.S. LNG compares on a life cycle basis to regional coal and other sources of imported natural 

gas in key LNG-importing countries.  The conclusions of the LCA GHG Report, combined with 

the observation that many LNG-importing nations rely heavily on fossil fuels for electric 

generation, suggests that exports of U.S. LNG may decrease global GHG emissions, although 

there is substantial uncertainty on this point as indicated above.  Based on the record evidence, 

however, we see no reason to conclude that U.S. LNG exports will increase global GHG 

emissions in a material or predictable way. 

Finally, we note that, in Sierra Club I, the D.C. Circuit ruled in DOE’s favor on the 

argument that DOE/FE should have evaluated additional variables in the LCA GHG Report, such 

as the potential for LNG to compete with renewable energy sources in certain import markets.  

The D.C. Circuit rejected Sierra Club’s argument, saying it fell “under the category of 

flyspecking” and that the Court “[saw] nothing arbitrary about the Department’s decision.”171  

We find that the Court’s conclusions and reasoning control in this proceeding, and we therefore 

decline to address them further.   

                                                 
171 Sierra Club I, 867 F.3d at 202 (internal quotations and citation omitted). 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 189 of 396



 

42 

C. Other Considerations  

The conclusion of the 2018 LNG Export Study is that the United States will experience 

net economic benefits from the export of domestically produced LNG.  Nonetheless, our 

decision in this Order is not premised on an uncritical acceptance of that Study.  Certain public 

comments received on the 2018 Study identify significant uncertainties and even potential 

negative impacts from LNG exports.  The economic impacts of higher natural gas prices and 

potential increases in natural gas price volatility are two of the factors that we view most 

seriously.  Yet, we have also taken into account factors that could mitigate these impacts, such as 

the current oversupply and data indicating that the natural gas industry would increase natural 

gas supply in response to increasing exports.  Further, we note that it is far from certain that all 

or even most of the proposed LNG export projects will ever be realized because of the time, 

difficulty, and expense of commercializing, financing, and constructing LNG export terminals, 

as well as the uncertainties inherent in the global market demand for LNG.   

More generally, DOE/FE continues to subscribe to the principle set forth in our 1984 

Policy Guidelines172 that, under most circumstances, the market is the most efficient means of 

allocating natural gas supplies.  However, agency intervention may be necessary to protect the 

public in the event there is insufficient domestic natural gas for domestic use.  There may be 

other circumstances as well that cannot be foreseen that would require agency action.173  Given 

                                                 
172 1984 Policy Guidelines, 49 Fed. Reg. 6684. 
173 In previous orders, some commenters asked DOE to clarify the circumstances under which the agency would 

exercise its authority to revoke (in whole or in part) issued LNG export authorizations.  DOE/FE stated that it could 

not precisely identify all the circumstances under which such action might be considered.  More recently, on June 

15, 2018, DOE/FE issued a policy statement addressing this issue.  See U.S. Dep’t of Energy, Policy Statement 

Regarding Long-Term Authorizations to Export Natural Gas to Non-Free Trade Agreement Countries, 83 Fed. Reg. 

28,841 (June 21, 2018).  DOE/FE noted that it has never rescinded a long-term non-FTA export authorization and 

stated that it “does not foresee a scenario where it would rescind one or more non-FTA authorizations.”  Id. at 

28,843. 
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these possibilities, DOE/FE recognizes the need to monitor market developments closely as the 

impact of successive authorizations of LNG exports unfolds. 

D. Conclusion 

We have reviewed the evidence in the record and relevant precedent in earlier non-FTA 

export decisions and have not found an adequate basis to conclude that Plaquemines LNG’s 

proposed exports will be inconsistent with the public interest.     

In deciding whether to grant a final non-FTA export authorization, we also consider the 

cumulative impacts of the total volume of all non-FTA export authorizations.  With the issuance 

of this Order, there are currently 38 final non-FTA authorizations in a cumulative volume of 

exports totaling 38.06 Bcf/d of natural gas, or approximately 13.9 trillion cubic feet per year, as 

follows:  Sabine Pass Liquefaction, LLC (2.2 Bcf/d),174 Carib Energy (USA) LLC (0.04 

Bcf/d),175 Cameron LNG, LLC (1.7 Bcf/d),176 FLEX I (1.4 Bcf/d),177 FLEX II (0.4 Bcf/d),178 

Dominion Cove Point LNG, LP (0.77 Bcf/d),179 Cheniere Marketing, LLC and Corpus Christi 

                                                 
174 Sabine Pass Liquefaction, LLC, DOE/FE Order No. 2961-A, FE Docket No. 10-111-LNG, Final Opinion and 

Order Granting Long-Term Authorization to Export Liquefied Natural Gas From Sabine Pass LNG Terminal to 

Non-Free Trade Agreement Nations (Aug. 7, 2012). 
175 Carib Energy (USA) LLC, DOE/FE Order No. 3487, FE Docket No. 11-141-LNG, Final Order Granting Long-

Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers by Vessel to Non-Free 

Trade Agreement Nations in Central America, South America, or the Caribbean (Sept. 10, 2014).   
176 Cameron LNG, LLC, DOE/FE Order No. 3391-A, FE Docket No. 11-162-LNG, Final Opinion and Order 

Granting Long-Term Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Cameron 

LNG Terminal in Cameron Parish, Louisiana, to Non-Free Trade Agreement Nations (Sept. 10, 2014). 
177 Freeport LNG Expansion, L.P., et al., DOE/FE Order No. 3282-C, FE Docket No. 10-161-LNG, Final Opinion 

and Order Granting Long-Term Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the 

Freeport LNG Terminal on Quintana Island, Texas, to Non-Free Trade Agreement Nations (Nov. 14, 2014) (FLEX I 

Final Order). 
178 Freeport LNG Expansion, L.P., et al., DOE/FE Order No. 3357-B, FE Docket No. 11-161-LNG, Final Opinion 

and Order Granting Long-Term Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the 

Freeport LNG Terminal on Quintana Island, Texas, to Non-Free Trade Agreement Nations (Nov. 14, 2014) (FLEX 

II Final Order). 
179 Dominion Cove Point LNG, LP, DOE/FE Order No. 3331-A, FE Docket No. 11-128-LNG, Final Opinion and 

Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas from the Cove Point 

LNG Terminal in Calvert County, Maryland, to Non-Free Trade Agreement Nations (May 7, 2015). 
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Liquefaction, LLC (2.1 Bcf/d),180 Sabine Pass Liquefaction, LLC Expansion Project (1.38 

Bcf/d),181 American Marketing LLC (0.008 Bcf/d),182 Emera CNG, LLC (0.008 Bcf/d),183 

Floridian Natural Gas Storage Company, LLC,184 Air Flow North American Corp. (0.002 

Bcf/d),185 Bear Head LNG Corporation and Bear Head LNG (USA), LLC (0.81 Bcf/d),186 

Pieridae Energy (USA) Ltd.,187 Sabine Pass Liquefaction, LLC Design Increase (0.56 Bcf/d),188 

Cameron LNG, LLC Design Increase (0.42 Bcf/d),189 Cameron LNG, LLC Expansion Project 

                                                 
180 Cheniere Marketing, LLC and Corpus Christi Liquefaction, LLC, DOE/FE Order No. 3638, FE Docket No. 12-

97-LNG, Final Order and Opinion Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural 

Gas by Vessel from the Proposed Corpus Christi Liquefaction Project to Be Located in Corpus Christi, Texas, to 

Non-Free Trade Agreement Nations (May 12, 2015).  
181 Sabine Pass Liquefaction, LLC, DOE/FE Order No. 3669, FE Docket Nos. 13-30-LNG, 13-42-LNG, & 13-121-

LNG, Final Opinion and Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas 

by Vessel from the Sabine Pass LNG Terminal Located in Cameron Parish, Louisiana, to Non-Free Trade 

Agreement Nations (June 26, 2015). 
182 American LNG Marketing LLC, DOE/FE Order No. 3690, FE Docket No. 14-209-LNG, Final Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers Loaded at 

the Proposed Hialeah Facility Near Medley, Florida, and Exported by Vessel to Non-Free Trade Agreement Nations 

(Aug. 7, 2015). 
183Emera CNG, LLC, DOE/FE Order No. 3727, FE Docket No. 13-157-CNG, Final Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export Compressed Natural Gas by Vessel From a Proposed CNG 

Compression and Loading Facility at the Port of Palm Beach, Florida, to Non-Free Trade Agreement Nations (Oct. 

19, 2015). 
184 Floridian Natural Gas Storage Co., LLC, DOE/FE Order No. 3744, FE Docket No. 15-38-LNG, Final Opinion 

and Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers 

Loaded at the Proposed Floridian Facility in Martin County, Florida, and Exported by Vessel to Non-Free Trade 

Agreement Nations (Nov. 25, 2015). 
185 Air Flow North American Corp., DOE/FE Order No. 3753, FE Docket No. 15-206-LNG, Final Opinion and 

Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers 

Loaded at the Clean Energy Fuels Corp. LNG Production Facility in Willis, Texas, and Exported by Vessel to Non-

Free Trade Agreement Nations in Central America, South America, the Caribbean, or Africa (Dec. 4, 2015). 
186 Bear Head LNG Corp. and Bear Head LNG (USA), DOE/FE Order No. 3770, FE Docket No. 15-33-LNG, 

Opinion and Order Granting Long-Term, Multi-Contract Authorization to Export U.S.-Sourced Natural Gas by 

Pipeline to Canada for Liquefaction and Re-Export in the Form of Liquefied Natural Gas to Non-Free Trade 

Agreement Countries (Feb. 5, 2016). 
187 Pieridae Energy (USA) Ltd., DOE/FE Order No. 3768, FE Docket No. 14-179-LNG, Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export U.S.-Sourced Natural Gas Natural Gas by Pipeline to Canada 

for Liquefaction and Re-Export in the Form of Liquefied Natural Gas to Non-Free Trade Agreement Countries  

(Feb. 5, 2016).   
188 Sabine Pass Liquefaction, LLC, DOE/FE Order No. 3792, FE Docket No. 15-63-LNG, Final Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel From the Sabine 

Pass LNG Terminal Located in Cameron Parish, Louisiana, to Non-Free Trade Agreement Nations (Mar. 11, 2016). 
189 Cameron LNG, LLC, DOE/FE Order No. 3797, FE Docket No. 15-167-LNG, Final Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Cameron Terminal 

Located in Cameron and Calcasieu Parishes, Louisiana, to Non-Free Trade Agreement Nations (Mar. 18, 2016). 
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(1.41 Bcf/d),190 Lake Charles Exports, LLC (2.0 Bcf/d),191 Lake Charles LNG Export Company, 

LLC,192 Carib Energy (USA), LLC (0.004),193 Magnolia LNG, LLC (1.08 Bcf/d),194 Southern 

LNG Company, L.L.C. (0.36 Bcf/d),195 the FLEX Design Increase (0.34 Bcf/d),196 Golden Pass 

Products LLC (2.21 Bcf/d),197 Delfin LNG LLC (1.8 Bcf/d),198 the Lake Charles LNG Export 

Company, LLC Design Increase (0.33 Bcf/d),199 the Lake Charles Exports, LLC Design 

Increase,200 Eagle LNG Partners Jacksonville II LLC (0.01 Bcf/d),201 Mexico Pacific Limited 

                                                 
190 Cameron LNG, LLC, DOE/FE Order No. 3846, FE Docket No. 15-90-LNG, Opinion and Order Granting Long-

Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from Trains 4 and 5 of the Cameron 

LNG Terminal Located in Cameron and Calcasieu Parishes, Louisiana, to Non-Free Trade Agreement Nations (July 

15, 2016). 
191 Lake Charles Exports, LLC, DOE/FE Order No. 3324-A, FE Docket No. 11-59-LNG, Final Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Lake 

Charles Terminal in Calcasieu Parish, Louisiana, to Non-Free Trade Agreement Nations (July 29, 2016). 
192 Lake Charles LNG Export Co., LLC, DOE/FE Order No. 3868, FE Docket No. 13-04-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Lake 

Charles Terminal in Calcasieu Parish, Louisiana to Non-Free Trade Agreement Nations (July 29, 2016). 
193 Carib Energy (USA) LLC, DOE/FE Order No. 3937, FE Docket No. 16-98-LNG, Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers Loaded at Designated 

Pivotal LNG, Inc. Facilities and Exported by Vessel to Non-Free Trade Agreement Nations in Central America, 

South America, or the Caribbean (Nov. 28, 2016). 
194 Magnolia LNG, LLC, DOE/FE Order No. 3909, FE Docket No. 13-132-LNG, Opinion and Order Granting Long-

Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel From the Proposed Magnolia LNG 

Terminal to be Constructed in Lake Charles, Louisiana, to Non-Free Trade Agreement Nations (Nov. 30, 2016).   
195 Southern LNG Company, L.L.C., DOE/FE Order No. 3956, FE Docket No. 12-100-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Elba Island 

Terminal in Chatham County, Georgia, to Non-Free Trade Agreement Nations (Dec. 16, 2016). 
196 Freeport LNG Expansion, L.P., et al., DOE/FE Order No. 3957, FE Docket No. 16-108-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Freeport 

LNG Terminal on Quintana Island, Texas, to Non-Free Trade Agreement Nations (Dec. 19, 2016). 
197 Golden Pass Products LLC, DOE/FE Order No. 3978, FE Docket No. 12-156-LNG, Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Golden Pass LNG 

Terminal Located in Jefferson County, Texas, to Non-Free Trade Agreement Nations (Apr. 25, 2017).  
198 Delfin LNG LLC, DOE/FE Order No. 4028, FE Docket No. 13-147-LNG, Opinion and Order Granting Long-

Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from a Proposed Floating 

Liquefaction Project and Deepwater Port 30 Miles Offshore of Louisiana to Non-Free Trade Agreement Nations 

(June 1, 2017). 
199 Lake Charles LNG Export Co., LLC, DOE/FE Order No. 4010, FE Docket No. 16-109-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Lake 

Charles Terminal in Calcasieu Parish, Louisiana, to Non-Free Trade Agreement Nations (June 29, 2017).  
200 Lake Charles Exports, LLC, DOE/FE Order No. 4011, FE Docket No. 16-110-LNG, Opinion and Order Granting 

Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from the Lake Charles 

Terminal in Calcasieu Parish, Louisiana, to Non-Free Trade Agreement Nations (June 29, 2017). 
201 Eagle LNG Partners Jacksonville II LLC, DOE/FE Order No. 4078, FE Docket No. 17-79-LNG, Opinion and 

Order Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas in ISO Containers 
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LLC (1.7 Bcf/d),202 Venture Global Calcasieu Pass, LLC (1.7 Bcf/d),203 ECA Liquefaction, S. de 

R.L. de C.V. (Mid-Scale Project) (0.44 Bcf/d),204 Energía Costa Azul, S. de R.L. de C.V. (Large-

Scale Project) (1.3 Bcf/d),205 Port Arthur LNG, LLC (1.91 Bcf/d),206 Driftwood LNG LLC (3.88 

Bcf/d),207 FLEX4 (0.72 Bcf/d),208 Gulf LNG Liquefaction Company, LLC (1.5 Bcf/d),209 Eagle 

LNG Partners Jacksonville LLC (0.14 Bcf/d),210 and this Order. 

On February 5, 2019, DOE/FE vacated a non-FTA authorization previously issued to 

Flint Hills Resources, LP, in a volume of 0.01 Bcf/d, at the company’s request.211  Additionally, 

we note that the volumes authorized for export in the Lake Charles Exports and Lake Charles 

                                                 
Loaded at the Eagle Maxville Facility in Jacksonville, Florida, and Exported by Vessel to Free Trade Agreement and 

Non-Free Trade Agreement Nations (Sept. 15, 2017).  
202 See Mexico Pacific Limited LLC, DOE/FE Order No. 4312, FE Docket No. 18-70-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export U.S.-Sourced Natural Gas by Pipeline to Mexico for 

Liquefaction and Re-Export in the Form of Liquefied Natural Gas to Non-Free Trade Agreement Countries (Dec. 

14, 2018). 
203 Venture Global Calcasieu Pass, LLC, DOE/FE Order No. 4346, FE Docket Nos. 13-69-LNG, 14-88-LNG, 15-

25-LNG, Opinion and Order Granting Long-Term Authorization to Export Liquefied Natural Gas to Non-Free Trade 

Agreement Nations (Mar. 5, 2019). 
204 ECA Liquefaction, S. de R.L. de C.V., DOE/FE Order No. 4364, FE Docket No. 18-144-LNG, Opinion and Order 

Granting Long-Term Authorization to Re-Export U.S-Sourced Natural Gas in the Form of Liquefied Natural Gas 

from Mexico to Non-Free Trade Agreement Countries (ECA Mid-Scale Project) (Mar. 29, 2019), amended by 

DOE/FE Order No. 4364-A (Oct. 7, 2019). 
205 Energía Costa Azul, S. de R.L. de C.V., DOE/FE Order No. 4365, FE Docket No. 18-145-LNG, Opinion and 

Order Granting Long-Term Authorization to Re-Export U.S-Sourced Natural Gas in the Form of Liquefied Natural 

Gas from Mexico to Non-Free Trade Agreement Countries (ECA Large-Scale Project) (Mar. 29, 2019). 
206 Port Arthur LNG, LLC, DOE/FE Order No. 4372, FE Docket No. 15-96-LNG, Opinion and Order Granting 

Long-Term Authorization to Export Liquefied Natural Gas to Non-Free Trade Agreement Nations (May 2, 2019). 
207 Driftwood LNG LLC, DOE/FE Order No. 4373, FE Docket No. 16-144-LNG, Opinion and Order Granting Long- 

Term Authorization to Export Liquefied Natural Gas to Non-Free Trade Agreement Nations (May 2, 2019). 
208 Freeport LNG Expansion, L.P., et al., DOE/FE Order No. 4374, FE Docket No. 18-26-LNG, Opinion and Order 

Granting Long-Term Authorization to Export Liquefied Natural Gas to Non-Free Trade Agreement Nations (May 

28, 2019).  
209 Gulf LNG Liquefaction Co., LLC, DOE/FE Order No. 4410, FE Docket No. 12-101-LNG, Opinion and Order 

Granting Long-Term Authorization to Export Liquefied Natural Gas to Non-Free Trade Agreement Nations (July 

31, 2019). 
210 Eagle LNG Partners Jacksonville LLC, DOE/FE Order No. 4445, FE Docket No. 16-15-LNG, Opinion and 

Order Granting Long-Term Authorization to Export Liquefied Natural Gas to Non-Free Trade Agreement Nations 

(Oct. 3, 2019). 
211 Flint Hills Resources, LP, DOE/FE Order Nos. 3809-A and 3829-A, FE Docket No. 15-168-LNG, Order 

Granting Request to Vacate Long-Term, Multi-Contract Authorizations to Export LNG to Free Trade Agreement 

Nations and to Non-Free Trade Agreement Nations (Feb. 5, 2019) (vacating, in relevant part, DOE/FE Order No. 

3829 authorizing the export of 0.01 Bcf/d of natural gas to non-FTA countries). 
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LNG Export orders are both 2.0 Bcf/d and 0.33 Bcf/d, respectively, yet are not additive to one 

another because the source of LNG approved under all of those orders is the Lake Charles 

Terminal.  Likewise, the Carib and Floridian orders are both 14.6 Bcf/yr of natural gas (0.04 

Bcf/d), yet are not additive to one another because the source of LNG approved under both 

orders is from the Floridian Facility.212  Additionally, the volumes authorized for export in the 

Bear Head and Pieridae US orders are not additive; together, they are limited to a maximum of 

0.81 Bcf/d to reflect the current capacity of the Maritimes Northeast Pipeline at the U.S.-

Canadian border.213   

In sum, the total export volume granted to date is within the range of scenarios analyzed 

in the 2018 LNG Export Study.  The 2018 Study found that exports of LNG from the lower-48 

states, in volumes up to and including 52.8 Bcf/d of natural gas, will not be inconsistent with the 

public interest.214  DOE/FE further notes that, to date, the amount of U.S. LNG export capacity 

that is operating or under construction totals 15.54 Bcf/d of natural gas across eight large-scale 

export projects in the lower-48 states.215   

DOE/FE will continue taking a measured approach in reviewing the other pending 

applications to export natural gas.  Specifically, DOE/FE will continue to assess the cumulative 

                                                 
212 See Floridian Natural Gas Storage Co., LLC, DOE/FE Order No. 3744, at 22 (stating that the quantity of LNG 

authorized for export by Floridian in DOE/FE Order No. 3744 “will be reduced by the portion of the total approved 

volume of 14.6 Bcf/yr that is under firm contract directly or indirectly to Carib Energy (USA), LLC”); see also id. at 

21 (Floridian “may not treat the volumes authorized for export in the [Carib and Floridian] proceedings as additive 

to one another.”). 
213 See Bear Head LNG Corp. and Bear Head LNG (USA), DOE/FE Order No. 3770, at 178-79 (stating that the 

quantity of LNG authorized for export by Bear Head LNG and Pieridae US “are not additive; together, they are 

limited to a maximum of 0.81 Bcf/d to reflect the current capacity of the M&N US Pipeline.”). 
214 See 2018 Study Response to Comments, 83 Fed. Reg. at 67,273 (citing 2018 LNG Export Study at 63 & 

Appendix F). 
215 U.S. Energy Info. Admin., U.S. Liquefaction Capacity (Oct. 1, 2019), available at: 

https://www.eia.gov/naturalgas/U.S.liquefactioncapacity.xlsx (total of 15.54 Bcf/d calculated by adding Column N 

in “Existing & Under Construction” worksheet). 
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impacts of each succeeding request for export authorization on the public interest with due 

regard to the effect on domestic natural gas supply and demand fundamentals.   

The reasons in support of proceeding cautiously are several:  (1) the 2018 LNG Export 

Study, like any study based on assumptions and economic projections, is inherently limited in its 

predictive accuracy; (2) applications to export significant quantities of domestically produced 

LNG are still a relatively new phenomena with uncertain impacts; and (3) the market for natural 

gas has experienced rapid reversals in the past and is again changing rapidly due to economic, 

technological, and regulatory developments.  The market of the future very likely will not 

resemble the market of today.  In recognition of these factors, DOE/FE intends to monitor 

developments that could tend to undermine the public interest in grants of successive 

applications for exports of domestically produced LNG and to attach terms and conditions to 

LNG export authorizations to protect the public interest. 

IX. FINDINGS 

On the basis of the findings and conclusions set forth above, DOE/FE grants Plaquemines 

LNG’s Application, subject to the Terms and Conditions and Ordering Paragraphs set forth 

below.  

X. TERMS AND CONDITIONS 

To ensure that the authorization issued by this Order is not inconsistent with the public 

interest, DOE/FE has attached the following Terms and Conditions to the authorization.  

Plaquemines LNG must abide by each Term and Condition or face appropriate sanction. 
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A. Term of the Authorization    

Plaquemines LNG requests a 25-year term for the authorization.  However, consistent 

with the final non-FTA authorizations issued to date, we believe that caution recommends 

limiting this authorization to no longer than a 20-year term beginning from the date of first 

export.  The 20-year term will begin on the date when Plaquemines LNG commences 

commercial export of domestically sourced LNG from the Plaquemines LNG Project, but not 

before. 

B. Commencement of Operations  

As requested by Plaquemines LNG and consistent with our final non-FTA authorizations 

issued to date, DOE/FE will add as a condition of the authorization that Plaquemines LNG must 

commence commercial LNG export operations no later than seven years from the date of 

issuance of this Order.  The purpose of this condition is to ensure that other entities that may 

seek similar authorizations are not frustrated in their efforts to obtain those authorizations by 

authorization holders that are not engaged in actual export or re-export operations.    

C. Commissioning Volumes 

Plaquemines LNG will be permitted to apply for short-term export authorizations to 

export Commissioning Volumes prior to the commencement of the first commercial export of 

domestically sourced LNG from the Project.  “Commissioning Volumes” are defined as the 

volume of LNG produced and exported under a short-term authorization during the initial start-

up of each LNG train, before each LNG train has reached its full steady-state capacity and begun 

its commercial exports pursuant to Plaquemines LNG’s long-term contracts.216  The 

                                                 
216 For additional discussion of Commissioning Volumes and the Make-Up Period referenced below, see Freeport 

LNG Expansion, L.P., et al., DOE/FE Order Nos. 3282-B & 3357-A, FE Docket Nos. 10-161-LNG & 11-161-LNG, 

Order Amending DOE/FE Order Nos. 3282 and 3357, at 4-9 (June 6, 2014). 
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Commissioning Volumes will not be counted against the maximum level of volumes previously 

authorized in Plaquemines LNG’s FTA authorization (DOE/FE Order No. 3866) or in this Order. 

D. Make-Up Period 

Plaquemines LNG will be permitted to continue exporting for a total of three years 

following the end of the 20-year term established in this Order, solely to export any Make-Up 

Volume that it was unable to export during the original export period.  The three-year term 

during which the Make-Up Volume may be exported shall be known as the “Make-Up Period.”   

The Make-Up Period does not affect or modify the total volume of LNG previously 

authorized in Plaquemines LNG’s FTA authorization or in this Order.  Insofar as Plaquemines 

LNG may seek to export additional volumes not previously authorized for export, it will be 

required to obtain appropriate authorization from DOE/FE.   

E. Transfer, Assignment, or Change in Control 

DOE/FE’s natural gas regulations prohibit authorization holders from transferring or 

assigning authorizations to import or export natural gas without specific authorization by the 

Assistant Secretary for Fossil Energy.217  DOE/FE has found that this requirement applies to any 

change in control of the authorization holder.  This condition was deemed necessary to ensure 

that DOE/FE will be given an adequate opportunity to assess the public interest impacts of such a 

transfer or change. 

DOE/FE construes a change in control to mean a change, directly or indirectly, of the 

power to direct the management or policies of an entity whether such power is exercised through 

one or more intermediary companies or pursuant to an agreement, written or oral, and whether 

such power is established through ownership or voting of securities, or common directors, 

                                                 
217 10 C.F.R. § 590.405. 
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officers, or stockholders, or voting trusts, holding trusts, or debt holdings, or contract, or any 

other direct or indirect means.218  A rebuttable presumption that control exists will arise from the 

ownership or the power to vote, directly or indirectly, 10% or more of the voting securities of 

such entity.219  

F. Agency Rights 

Plaquemines LNG requests authorization to export LNG on its own behalf and as agent 

for other entities that hold title to the LNG at the time of export, pursuant to long-term contracts.  

DOE/FE previously has determined that, in LNG export orders in which Agency Rights have 

been granted, DOE/FE shall require registration materials filed for, or by, an LNG title-holder 

(Registrant) to include the same company identification information and long-term contract 

information of the Registrant as if the Registrant had filed an application to export LNG on its 

own behalf.220 

To ensure that the public interest is served, this authorization shall be conditioned to 

require that where Plaquemines LNG proposes to export LNG from the Project as agent for other 

entities that hold title to the LNG (Registrants), it must register with DOE/FE those entities on 

whose behalf it will export LNG in accordance with the procedures and requirements described 

herein.   

  

                                                 
218 See U.S. Dep’t of Energy, Procedures for Changes in Control Affecting Applications and Authorizations to 

Import or Export Natural Gas, 79 Fed. Reg. 65,541, 65,542 (Nov. 5, 2014). 
219 See id. 
220 See, e.g., Cameron LNG, LLC, DOE/FE Order No. 3846, FE Docket No. 15-90-LNG, Opinion and Order 

Granting Long-Term, Multi-Contract Authorization to Export Liquefied Natural Gas by Vessel from Trains 4 and 5 

of the Cameron LNG Terminal to Non-Free Trade Agreement Nations, at 128-29 (July 15, 2016); Freeport LNG 

Expansion, L.P., et al., DOE/FE Order No. 2913, FE Docket No. 10-160-LNG, Order Granting Long-Term 

Authorization to Export Liquefied Natural Gas from the Freeport LNG Terminal to Free Trade Agreement Nations, 

at 7-8 (Feb. 10, 2011). 
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G. Contract Provisions for the Sale or Transfer of LNG to be Exported 

DOE/FE will require that Plaquemines LNG file or cause to be filed with DOE/FE any 

relevant long-term commercial agreements, including liquefaction tolling agreements, pursuant 

to which Plaquemines LNG exports LNG as agent for a Registrant.  DOE/FE finds that the 

submission of all such agreements or contracts within 30 days of their execution using the 

procedures described below will be consistent with the “to the extent practicable” requirement of 

section 590.202(b).221   

In addition, DOE/FE finds that section 590.202(c) of DOE/FE’s regulations222 requires 

that Plaquemines LNG file, or cause to be filed, all long-term contracts associated with the long-

term supply of natural gas to the Project, whether signed by Plaquemines LNG or the Registrant, 

within 30 days of their execution. 

DOE/FE recognizes that some information in Plaquemines LNG’s or a Registrant’s long-

term commercial agreements associated with the export of LNG, and/or long-term contracts 

associated with the long-term supply of natural gas to the Project, may be commercially 

sensitive.  DOE/FE therefore will provide Plaquemines LNG the option to file or cause to be 

filed either unredacted contracts, or in the alternative (A) Plaquemines LNG may file, or cause to 

be filed, long-term contracts under seal, but it also will file either:  (i) a copy of each long-term 

contract with commercially sensitive information redacted, or (ii) a summary of all major 

provisions of the contract(s) including, but not limited to, the parties to each contract, contract 

term, quantity, any take or pay or equivalent provisions/conditions, destinations, re-sale 

                                                 
221 10 C.F.R. § 590.202(b). 
222 Id. § 590.202(c). 
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provisions, and other relevant provisions; and (B) the filing must demonstrate why the redacted 

information should be exempted from public disclosure.223 

To ensure that DOE/FE destination and reporting requirements included in this Order are 

conveyed to subsequent title holders, DOE/FE will include as a condition of this authorization 

that future contracts for the sale or transfer of LNG exported pursuant to this Order shall include 

an acknowledgement of these requirements. 

H. Export Quantity  

This Order grants the non-FTA portion of Plaquemines LNG’s Application in the volume 

of LNG requested, up to the equivalent of 1,240 Bcf/yr of natural gas. 

I. Combined FTA and Non-FTA Export Authorization Volumes 

The volumes of LNG authorized for export in Plaquemines LNG’s FTA authorization 

(DOE/FE Order No. 3866) and this Order reflect the planned liquefaction capacity of the Project, 

as approved by FERC.  Accordingly, Plaquemines LNG may not treat the FTA and non-FTA 

export volumes as additive to one another. 

XI. ORDER 

Pursuant to section 3 of the Natural Gas Act, it is ordered that:  

A.  Venture Global Plaquemines LNG, LLC (Plaquemines LNG) is authorized to export 

domestically produced LNG by vessel from the proposed Plaquemines LNG Project (the Project) 

to be located in Plaquemines Parish, Louisiana, in a volume up to the equivalent of 1,240 Bcf/yr 

of natural gas.  This authorization is for a term of 20 years to commence from the date of first 

commercial export, but not before.  Plaquemines LNG is authorized to export the LNG on its 

own behalf and as agent for other entities who hold title to the natural gas, pursuant to one or 

                                                 
223 Id. § 590.202(e) (allowing confidential treatment of information in accordance with 10 C.F.R. § 1004.11). 
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more long-term contracts (a contract greater than two years).   

B.  Plaquemines LNG may export Commissioning Volumes prior to the commencement 

of the terms of this Order, pursuant to a separate short-term export authorization.  The 

Commissioning Volumes will not be counted against the export volumes previously authorized 

in Plaquemines LNG’s FTA authorization (DOE/FE Order No. 3866) or in this Order. 

C.  Plaquemines LNG may continue exporting for a total of three years following the end 

of the 20-year export term, solely to export any Make-Up Volume that it was unable to export 

during the original export period.  The three-year Make-Up Period allowing the export of Make-

Up Volumes will not affect or modify the export volumes previously authorized in Plaquemines 

LNG’s FTA authorization or in this Order.  Insofar as Plaquemines LNG may seek to export 

additional volumes not previously authorized, it will be required to obtain appropriate 

authorization from DOE/FE. 

D.  Plaquemines LNG must commence export operations using the planned liquefaction 

Project no later than seven years from the date of issuance of this Order.   

E.  The LNG export quantity authorized in this Order is equivalent to 1,240 Bcf/yr of 

natural gas. 

F.  This LNG may be exported to any country with which the United States does not have 

a FTA requiring national treatment for trade in natural gas, which currently has or in the future 

develops the capacity to import LNG, and with which trade is not prohibited by U.S. law or 

policy. 

G.  Plaquemines LNG shall ensure that all transactions authorized by this Order are 

permitted and lawful under U.S. laws and policies, including the rules, regulations, orders, 

policies, and other determinations of the Office of Foreign Assets Control of the U.S. 
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Department of the Treasury and FERC.  Failure to comply with these requirements could result 

in rescission of this authorization and/or other civil or criminal penalties. 

H.  Plaquemines LNG shall ensure compliance with all terms and conditions established 

by FERC in the final EIS, including the 128 environmental conditions adopted in the FERC 

Order issued on September 30, 2019.  Additionally, this authorization is conditioned on 

Plaquemines LNG’s on-going compliance with any other preventative and mitigative measures 

at the Project imposed by federal or state agencies. 

I.  (i)  Plaquemines LNG shall file, or cause others to file, with the Office of Regulation, 

Analysis, and Engagement a non-redacted copy of all executed long-term contracts associated 

with the long-term export of LNG as agent for other entities from the Project.  The non-redacted 

copies must be filed within 30 days of their execution and may be filed under seal, as described 

above.   

(ii)  Plaquemines LNG shall file, or cause others to file, with the Office of Regulation, 

Analysis, and Engagement a non-redacted copy of all executed long-term contracts associated 

with the long-term supply of natural gas to the Project.  The non-redacted copies must be filed 

within 30 days of their execution and may be filed under seal, as described above.     

J.  Plaquemines LNG is permitted to use its authorization to export LNG as agent for 

other LNG title-holders (Registrants), after registering those entities with DOE/FE.  Registration 

materials shall include an agreement by the Registrant to supply Plaquemines LNG with all 

information necessary to permit Plaquemines LNG to register that person or entity with DOE/FE, 

including:  (1) the Registrant’s agreement to comply with this Order and all applicable 

requirements of DOE/FE’s regulations at 10 C.F.R. Part 590, including but not limited to 

destination restrictions; (2) the exact legal name of the Registrant, state/location of 
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incorporation/registration, primary place of doing business, and the Registrant’s ownership 

structure, including the ultimate parent entity if the Registrant is a subsidiary or affiliate of 

another entity; (3) the name, title, mailing address, e-mail address, and telephone number of a 

corporate officer or employee of the Registrant to whom inquiries may be directed; and (4) 

within 30 days of execution, a copy of any long-term contracts not previously filed with 

DOE/FE, described in Ordering Paragraph I of this Order. 

Any change in the registration materials—including changes in company name, contact 

information, length of the long-term contract, termination of the long-term contract, or other 

relevant modification—shall be filed with DOE/FE within 30 days of such change(s). 

K.  Plaquemines LNG, or others for whom Plaquemines LNG acts as agent, shall include 

the following provision in any agreement or other contract for the sale or transfer of LNG 

pursuant to this Order: 

Customer or purchaser acknowledges and agrees that it will resell or transfer LNG, 

purchased hereunder for delivery only to countries identified in Ordering Paragraph 

F of DOE/FE Order No. 4446, issued October 16, 2019, in FE Docket No. 16-28-

LNG, and/or to purchasers that have agreed in writing to limit their direct or indirect 

resale or transfer of such LNG to such countries.  Customer or purchaser further 

commits to cause a report to be provided to Venture Global Plaquemines LNG, 

LLC that identifies the country (or countries) into which the LNG was actually 

delivered, and to include in any resale contract for such LNG the necessary 

conditions to ensure that Venture Global Plaquemines LNG, LLC is made aware of 

all such actual destination countries. 

L.  Within two weeks after the first export authorized in Ordering Paragraph A occurs, 

Plaquemines LNG shall provide written notification of the date that the first export occurred. 

M.  Plaquemines LNG shall file with the Office of Regulation, Analysis, and 

Engagement, on a semi-annual basis, written reports describing the status of the proposed 

Project.  The reports shall be filed on or by April 1 and October 1 of each year, and shall include 
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information on the status of the Project, the date the Project is expected to commence first 

exports of LNG, and the status of any associated long-term supply and export contracts. 

N.  With respect to any change in control of the authorization holder, Plaquemines LNG 

must comply with DOE/FE’s Procedures for Change in Control Affecting Applications and 

Authorizations to Import or Export Natural Gas.224   

O.  Monthly Reports:  With respect to the exports authorized by this Order, Plaquemines 

LNG shall file with the Office of Regulation, Analysis, and Engagement, within 30 days 

following the last day of each calendar month, a report on Form FE-746R indicating whether 

exports of LNG have been made.  The first monthly report required by this Order is due not later 

than the 30th day of the month following the month of first export.  In subsequent months, if 

exports have not occurred, a report of “no activity” for that month must be filed.  If exports of 

LNG have occurred, the report must give the following details of each LNG cargo:  (1) the 

name(s) of the authorized exporter registered with DOE/FE; (2) the name of the U.S. export 

terminal; (3) the name of the LNG tanker; (4) the date of departure from the U.S. export 

terminal; (5) the country (or countries) into which the LNG was actually delivered; (6) the name 

of the supplier/seller; (7) the volume in thousand cubic feet (Mcf); (8) the price at point of export 

per million British thermal units (MMBtu); (9) the duration of the supply agreement; and (10) 

the name(s) of the purchaser(s).   

(Approved by the Office of Management and Budget under OMB Control No. 1901-0294.)  

 P.  All monthly report filings on Form FE-746R shall be made to the U.S. Department of 

Energy (FE-34), Office of Fossil Energy, Office of Regulation, Analysis, and Engagement, 

                                                 
224 See 79 Fed. Reg. at 65,541-42. 
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according to the methods of submission listed on the Form FE-746R repo1ting instructions 

available at https://www.energy.gov/fe/services/natural-gas-regulation. 

Q. The motion to intervene submitted by API was granted by operation of law.225 

Issued in Washington, D.C., on October 16, 2019. 

-~IJ4 Steven E. Winberg 
Assistant Secretary 
Office of Fossil Energy 

225 l O C.F. R. § 590.303(g). 
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APPENDIX:  RECORD OF DECISION 

The Department of Energy’s Office of Fossil Energy (DOE/FE) prepared this Record of 

Decision (ROD) and Floodplain Statement of Findings pursuant to the National Environmental 

Policy Act of 1969 (NEPA),226 and in compliance with the Council on Environmental Quality 

(CEQ) implementing regulations for NEPA,227 DOE’s implementing procedures for NEPA,228 

and DOE’s “Compliance with Floodplain and Wetland Environmental Review Requirements.”229   

As discussed above, DOE/FE participated as a cooperating agency with FERC in 

preparing an environmental impact statement (EIS).  The EIS analyzed the potential 

environmental impacts of:  (i) Venture Global Plaquemines LNG, LLC’s (Plaquemines LNG) 

proposed LNG terminal (the Project) that would be used to support the export authorization 

sought from DOE/FE;230 and (ii) Venture Global Gator Express, LLC’s proposed pipelines to 

transport feed gas to the Project.231  The Project is proposed to be located in Plaquemines Parish, 

Louisiana.  In accordance with 40 C.F.R. § 1506.3, DOE/FE adopted the EIS on May 17, 2019 

(DOE/EIS-0539),232 and the U.S. Environmental Protection Agency (EPA) published a notice of 

the adoption on May 24, 2019.233 

  

                                                 
226 42 U.S.C. § 4321 et seq.   
227 40 C.F.R. § 1500-08. 
228 10 C.F.R. § 1021. 
229 Id. § 1022. 
230 Federal Energy Regulatory Comm’n, Final Environmental Impact Statement for the Plaquemines LNG and 

Gator Express Pipeline Project, Docket Nos. CP17-66-000 and CP17-67-000 (May 3, 2019), available at: 

https://www.ferc.gov/industries/gas/enviro/eis/2019/05-03-19-FEIS/05-03-19-FEIS.pdf [hereinafter final EIS]. 
231 FERC Order at ¶ 67.  In the EIS, FERC staff referred to the combined Plaquemines LNG and Gator Express 

Pipeline actions and facilities as “the Project.”  Final EIS at ES-1. 
232 Letter from Amy Sweeney, DOE/FE, to Julie Roemele, U.S. EPA (May 17, 2019) (adoption of final EIS). 
233 U.S. Envtl. Protection Agency, Environmental Impact Statements; Notice of Availability, 84 Fed. Reg. 24,134, 

24,135 (May 24, 2019). 
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A. Alternatives  

The EIS assessed alternative methods that could be used to achieve the Project’s 

objectives.  The range of alternatives analyzed included the No Action Alternative, system 

alternatives, alternative terminal facility sites, alternative terminal configurations, alternative 

pipeline routes, and alternative aboveground facility sites.234  Alternatives were evaluated and 

compared to the Project to determine if the alternatives were environmentally preferable, as well 

as technically and economically feasible. 

In analyzing the No Action Alternative, the EIS reviewed the effects and actions that 

could result if the Project was not constructed.  The EIS determined that other LNG export 

projects could be developed in the region or elsewhere in the United States, and projects of 

similar scope and magnitude would likely produce environmental impacts of comparable 

significance.235  The EIS concluded that the development of other energy sources would not be a 

reasonable alternative to the proposed Project, as the purpose of the Project is to construct and 

operate a terminal for export to foreign markets.236 

The EIS reviewed system alternatives to assess the ability of other existing, modified, 

planned, or proposed facilities to meet the stated objectives of the Project, and to determine if a 

technically and economically feasible alternative exists that would have a significant 

environmental advantage over the Project.237  The EIS identified 23 approved, proposed, or 

planned LNG terminal sites along the Gulf Coast to export LNG to FTA and non-FTA 

countries.238  The EIS concluded that each of the potential system alternatives would likely result 

                                                 
234 Final EIS at 3-1 to 3-16; see also id. at ES-13 to ES-15. 
235 Id. at 3-2 to 3-3. 
236 Id.  
237 Id. at 3-3 to 3-7. 
238 Id. 
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in similar environmental impacts to the Project, and that none of the system alternatives would 

meet the purpose of the Project.239  

Next, the EIS considered alternative terminal facility sites for the Project.  The EIS 

compared six potential sites in the general area of the proposed Project site.240  Using eight 

selection criteria to compare the potential sites, the EIS concluded that only the proposed site on 

the Mississippi River represents an “acceptable site” for the Project.241  

The EIS also evaluated alternative terminal configurations for the Project’s infrastructure.  

Based on federal siting and safety requirements, the EIS was unable to identify any alternative 

configurations that met the regulations, codes, and guidelines while avoiding or reducing impacts 

when compared to those of the proposed terminal configuration.242  As a result, the EIS 

concluded that the proposed general configuration of the Project site is the preferred 

alternative.243 

Additionally, the EIS evaluated alternative pipeline routes for the Project.  The proposed 

pipeline route for the Gator Express Pipeline includes two parallel 42-inch diameter pipelines 

sharing one right-of-way corridor for the majority of the route.244  The EIS reviewed two major 

route alternatives, in addition to the proposed route, to evaluate the impact on surrounding open 

water and wetlands along the routes.245  The EIS concluded that the alternative routes did not 

offer any environmental advantages over the proposed route.246     

Finally, the EIS evaluated alternative aboveground facilities sites.  Based on the proposed 

                                                 
239 Id. at 3-5 to 3-7 (also finding “there is no reasonable system alternative to the [Gator Express] pipeline”). 
240 Final EIS at 3-7 to 3-11. 
241 Id. at 3-11. 
242 Id. at 3-12. 
243 Id. 
244 Id.  
245 Id.  
246 Final EIS at ES-14; see also id. at 3-12 to 3-16.    
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aboveground facilities for the Project, the EIS determined that the impact on environmentally 

sensitive areas would be minimal due to the size and scope of the facilities.247  As a result, the 

EIS did not identify any environmental concerns that required the need to identify and evaluate 

alternative sites for these minor aboveground facilities.  The EIS thus determined that the 

proposed aboveground facility sites are the preferred alternative.248 

B. Environmentally Preferred Alternative 

When compared against the alternatives assessed in the EIS, the proposed Project, as 

modified by the recommended mitigation measures, is the preferred alternative to meet the 

Project objectives.249 

C. Decision 

DOE/FE has decided to issue Order No. 4446 authorizing Plaquemines LNG to export 

domestically produced LNG by vessel from the proposed Project to non-FTA countries in a 

volume equivalent to 1,240 Bcf/yr of natural gas for a term of 20 years.  DOE/FE’s decision is 

based on:  (i) the analysis of potential environmental impacts presented in the EIS; and (ii) 

DOE’s determination in the Order that the proposed exports will not be inconsistent with the 

public interest, as would be required to deny the Application under NGA section 3(a).250  DOE 

also considered the Addendum, which summarizes available information on potential upstream 

impacts associated with unconventional natural gas activities, such as hydraulic fracturing.  

  

                                                 
247 Id. at 3-16. 
248 Id. at ES-14 to ES-15; see also id. at 3-16. 
249 Id. at 5-26 to 5-27. 
250 15 U.S.C. § 717b(a).  DOE/FE further notes that the Application is uncontested. 
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D. Mitigation 

As a condition of its decision to issue Order No. 4446, DOE/FE is imposing requirements 

that will avoid or minimize the environmental impacts of the Project.  These conditions include 

the 128 environmental conditions taken from the EIS and adopted by FERC in its Order 

authorizing the Project on September 30, 2019.251  Mitigation measures beyond those included in 

DOE/FE Order No. 4446 that are enforceable by other federal and state agencies are additional 

conditions of DOE/FE Order No. 4446.  With these conditions, DOE/FE has determined that all 

practicable means to avoid or minimize environmental harm from the Project have been adopted. 

E. Floodplain Statement of Findings 

DOE/FE prepared this Floodplain Statement of Findings in accordance with DOE’s 

regulations, entitled “Compliance with Floodplain and Wetland Environmental Review 

Requirements.”252  The required floodplain assessment was conducted during development and 

preparation of the EIS, which determined that portions of the Project would be located in the 

100-year and 500-year flood plain.  Plaquemines LNG has proposed to design the Project to 

withstand a 500-year flood event, in accordance with FERC recommendations.253  While 

placement of the Project within floodplains would be unavoidable, DOE/FE has determined that 

the proposed design for the Project minimizes floodplain impacts to the extent practicable. 

                                                 
251 Venture Global Plaquemines LNG, LLC and Venture Global Gator Express, LLC, Order Granting Authorizations 

Under Sections 3 and 7 of the Natural Gas Act, 168 FERC ¶ 61,204 (Sept. 30, 2019).  The final EIS recommended 

125 mitigation measures, which FERC adopted in the form of 128 environmental conditions after minor 

modifications.  See id. at ¶ 67 & n.86. 
252 10 C.F.R. § 1022. 
253 Final EIS at 4-4 to 4-5, 4-257 to 4-258. 
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Today in Energy
October 29, 2019

U.S. net natural gas exports in first-half 2019 doubles year-ago levels for second
year
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Source: U.S. Energy Information Administration, Natural Gas Monthly
Updated at 1:00 P.M. to correct figures.

From January through June of 2019, U.S. net natural gas exports averaged 4.1 billion cubic feet per day (Bcf/d), more than double the
average net exports in 2018 (2.0 Bcf/d), according to data in the U.S. Energy Information Administration’s (EIA) Natural Gas Monthly. The
United States became a net natural gas exporter (exported more than it imported) on an annual basis in 2017 for the first time in almost
60 years.

The United States exports natural gas by pipeline to neighboring Canada and Mexico and exports liquefied natural gas (LNG) to several
other countries. Much of the recent increase in total exports is a result of more LNG facilities coming online. Total U.S. exports of LNG
through the first half of 2019 were 37% higher compared with the same period in 2018. Total U.S. LNG export capacity as of June 2019
was 5.4 Bcf/d across four facilities and nine liquefaction trains.

Two new liquefaction units—referred to as trains—came online in the first half of 2019: Cameron LNG Train 1 in Louisiana and Corpus
Christi LNG Train 2 in Texas. Cameron LNG was the fourth U.S. LNG export facility placed into service since February 2016. Cameron
LNG, which will have a capacity of 1.7 Bcf/d when its three liquefaction trains are completed, shipped its first cargo in May 2019 (as part
of the initial commissioning process) and then another one in June before ramping up operations in July and August. Corpus Christi LNG
Train 2, with a capacity of 0.6 Bcf/d, shipped its first cargo in July and reached substantial completion in September.

More LNG facilities have come online in the second half of 2019: the first train at Freeport LNG in Texas, with a capacity of 0.7 Bcf/d, and
the first ten trains at Elba Island in Georgia, with a capacity of 0.03 Bcf/d. These two new LNG export facilities, along with the completion
of Cameron LNG, will increase U.S. LNG export capacity to 8.9 Bcf/d by the end of 2020 from 4.9 Bcf/d at the end of 2018.
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Source: U.S. Energy Information Administration, Natural Gas Monthly
Although U.S. LNG exports have grown substantially, most U.S. natural gas trade is transported via pipeline across shared borders with
Canada and Mexico. In the first half of 2019, net exports of natural gas by pipeline to Mexico grew by 5%, and net exports of natural gas
by pipeline to Canada remained relatively flat. In every month from April through August, U.S. natural gas exports by pipeline have
exceeded natural gas imports by pipeline, the longest consecutive stretch of exporting more natural gas by pipeline than importing by
pipeline on record.

U.S. pipeline export capacity to Canada grew in the last few months of 2018 when the second phase of both the Rover pipeline and the
new NEXUS pipeline entered service, transporting natural gas from the Marcellus and Utica plays in the Appalachian Basin to the St. Clair
point of exit northeast of Detroit, Michigan. Total U.S. natural gas exports to Canada reached 3.3 Bcf/d in February 2019, the highest level
this year as of August 2019.
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U.S. pipeline net exports of natural gas to Mexico in the first half of 2019 averaged 4.9 Bcf/d, 0.4 Bcf/d higher than the average for the first
half of 2018. Pipeline deliveries to Mexico grew in 2019 as new projects such as the Texas-Tuxpan pipeline transported natural gas from
the U.S. Permian Basin to demand centers in Mexico. U.S. natural gas exports by pipeline to Mexico reached all-time highs of 5.2 Bcf/d in
June 2019 and 5.3 Bcf/d in July 2019.
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Source: U.S. Energy Information Administration, Natural Gas Monthly
According to EIA’s Short-Term Energy Outlook, net natural gas exports are expected to continue rising through the end of 2019 as
additional LNG export capacity comes online and natural gas pipeline infrastructure in Mexico is placed into service. EIA expects the
United States to continue to export more than it imports with net natural gas exports averaging 4.6 Bcf/d in 2019 and 7.2 Bcf/d in 2020.

Principal contributor: Kristen Tsai
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Executive Summary
The Lancet Countdown is an international, multi
disciplinary collaboration, dedicated to monitoring the 
evolving health profile of climate change, and providing 
an inde pendent assessment of the delivery of com
mitments made by governments worldwide under the 
Paris Agreement.

The 2019 report presents an annual update of 
41 indicators across five key domains: climate change 
impacts, exposures, and vulnerability; adaptation, plan
ning, and resilience for health; mitigation actions and 
health cobenefits; economics and finance; and public 
and political engagement. The report represents the 
findings and consensus of 35 leading academic insti
tutions and UN agencies from every continent. Each 
year, the methods and data that underpin the Lancet 
Countdown’s indicators are further developed and 
improved, with updates described at each stage of this 
report. The collaboration draws on the worldclass 
expertise of climate scientists; ecologists; mathemati
cians; engineers; energy, food, and transport experts; 
economists; social and political scientists; public health 
professionals; and doctors, to generate the quality and 
diversity of data required.

The science of climate change describes a range of 
possible futures, which are largely dependent on the 
degree of action or inaction in the face of a warming 
world. The policies implemented will have farreaching 
effects in determining these eventualities, with the 
indicators tracked here monitoring both the presentday 
effects of climate change, as well as the worldwide 
response. Understanding these decisions as a choice 
between one of two pathways—one that continues with 
the business as usual response and one that redirects to a 
future that remains ‘‘well below 2°C’’—helps to bring the 
importance of recognising the effects of climate change 
and the necessary response to the forefront.

Evidence provided by the Intergovernmental Panel on 
Climate Change, the International Energy Agency, and 
the US National Aeronautics and Space Administration 
clarifies the degree and magnitude of climate change 
experienced today and contextualises these two pathways.

The impacts of climate change on human health
The world has observed a 1°C temperature rise above 
preindustrial levels, with feedback cycles and polar 
amplification resulting in a rise as high as 3°C in north 
western Canada.1,2 Eight of the ten hottest years on record 
have occurred in the past decade.3 Such rapid change 
is primarily driven by the combustion of fossil fuels, 
consumed at a rate of 171 000 kg of coal, 116 000 000 L of 
gas, and 186 000 L of oil per s.4–6 Progress in mitigating this 
threat is intermittent at best, with carbon dioxide 
emissions continuing to rise in 2018.7 Importantly, many 
of the indicators contained in this report suggest the world 
is following this “business as usual” pathway.

The carbon intensity of the energy system has remained 
unchanged since 1990 (indicator 3.1.1), and from 2016 to 
2018, total primary energy supply from coal increased 
by 1·7%, reversing a previously recorded downward trend 
(indicator 3.1.2). Correspondingly, the healthcare sector is 
responsible for about 4·6% of global emissions, a value 
which is steadily rising across most major eco nomies 
(indicator 3.6). Global fossil fuel consumption subsidies 
increased by 50% over the past 3 years, reaching a peak of 
almost US$430 billion in 2018 (indicator 4.4.1).

A child born today will experience a world that is more 
than four degrees warmer than the preindustrial average, 
with climate change impacting human health from 
infancy and adolescence to adulthood and old age. Across 
the world, children are among the worst affected by 
climate change. Downward trends in global yield poten
tial for all major crops tracked since 1960 threaten 
food production and food security, with infants often the 
worst affected by the potentially permanent effects of 
undernutrition (indicator 1.5.1). Children are among the 
most susceptible to diarrhoeal disease and experience the 
most severe effects of dengue fever. Trends in climate 
suitability for disease transmission are particularly 
concerning, with nine of the ten most suitable years for 
the transmission of dengue fever on record occurring 
since 2000 (indicator 1.4.1). Similarly, since an early 
1980s baseline, the number of days suitable for Vibrio 
(a pathogen responsible for part of the burden of 
diarrhoeal disease) has doubled, and global suitability 
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for coastal Vibrio cholerae has increased by 9·9% 
(indicator 1.4.1).

Through adolescence and beyond, air pollution—
principally driven by fossil fuels, and exacerbated by 
climate change—damages the heart, lungs, and every 
other vital organ. These effects accumulate over time, 
and into adulthood, with global deaths attributable to 
ambient fine particulate matter (PM2·5) remaining at 
2·9 million in 2016 (indicator 3.3.2) and total global air 
pollution deaths reaching 7 million.8

Later in life, families and livelihoods are put at risk 
from increases in the frequency and severity of extreme 
weather conditions, with women among the most 
vulnerable across a range of social and cultural contexts. 
Globally, 77% of countries experienced an increase in 
daily population exposure to wildfires from 2001–14 to 
2015–18 (indicator 1.2.1). India and China sustained the 
largest increases, with an increase of over 21 million 
exposures in India and 17 million exposures in China 
over this time period. In lowincome countries, almost 
all economic losses from extreme weather events 
are uninsured, placing a particularly high burden on 
individuals and households (indicator 4.1). Temperature 
rise and heatwaves are increasingly limiting the labour 
capacity of various populations. In 2018, 133·6 billion 
potential work hours were lost globally, 45 billion more 
than the 2000 baseline, and southern areas of the USA 
lost 15–20% of potential daylight work hours during the 
hottest month of 2018 (indicator 1.1.4).

Populations aged 65 years and older are particularly 
vulnerable to the health effects of climate change, and 
especially to extremes of heat. From 1990 to 2018, 
populations in every region have become more vul
nerable to heat and heatwaves, with Europe and the 
Eastern Mediterranean remaining the most vulnerable 
(indicator 1.1.1). In 2018, these vulnerable popu lations 
experienced 220 million heatwave exposures globally, 
breaking the previous record of 209 million set in 2015 
(indicator 1.1.3). Already faced with the challenge of an 
ageing population, Japan had 32 million heat wave 
exposures affecting people aged 65 years and older in 2018, 
the equivalent of almost every person in this age group 
experiencing a heatwave. Finally, although difficult to 
quantify, the downstream risks of climate change, such as 
migration, poverty exacerbation, violent conflict, and 
mental illness, affect people of all ages and all nationalities.

A business as usual trajectory will result in a funda
mentally altered world, with the indicators described 
providing a glimpse of the implications of this pathway. 
The life of every child born today will be profoundly 
affected by climate change. Without accelerated inter
vention, this new era will come to define the health of 
people at every stage of their lives.

Responding to climate change for health
The Paris Agreement has set a target of “holding the 
increase in the global average temperature to well below 

2°C above preindustrial levels and pursuing efforts to 
limit the temperature increase to 1·5°C.” In a world that 
matches this ambition, a child born today would see the 
phaseout of all coal in the UK and Canada by their sixth 
and 11th birthday; they would see France ban the sale of 
petrol and diesel cars by their 21st birthday; and they would 
be 31 years old by the time the world reaches netzero in 
2050, with the UK’s recent commitment to reach this goal 
one of many to come. The changes seen in this alternate 
pathway could result in cleaner air, safer cities, and more 
nutritious food, coupled with renewed investment in 
health systems and vital infrastructure. This second path—
which limits the global average temperature rise to “well 
below 2°C”—is possible, and would transform the health 
of a child born today for the better, right the way through 
their life.

Considering the evidence available in the 2019 indicators, 
such a transition could be beginning to unfold. Despite a 
small increase in coal use in 2018, in key countries such as 
China, it continued to decrease as a share of electricity 
generation (indicator 3.1.2). Correspondingly, renewables 
accounted for 45% of global growth in power generation 
capacity that year, and lowcarbon electricity reached a 
high of 32% of global electricity in 2016 (indicator 3.1.3). 
Global per capita use of electric vehicles increased by 
20·6% between 2015 and 2016, and now represents 
1·8% of China’s total transportation fuel use (indicator 3.4). 
Improvements in air pollution seen in Europe from 2015 
to 2016, could result in a reduction of Years of Life Lost  
(YLL) worth €5·2 billion annually, if this reduction 
remained constant across a lifetime (indicator 4.2). In 
several cases, the economic savings from a healthier and 
more productive workforce, with fewer healthcare 
expenses, will cover the initial investment costs of these 
interventions. Similarly, cities and health systems are 
becoming more resilient to the effects of climate change; 
about 50% of countries and 69% of cities surveyed reported 
efforts to conduct national health adaptation plans or 
climate change risk asses sments (indicators 2.1.1, 2.1.2, 
and 2.1.3). These plans are now being implemented, with 
the number of countries providing climate services to the 
health sector increasing from 55 in 2018 to 70 in 2019 
(indicator 2.2) and 109 countries reporting medium to 
high implementation of a national health emergency 
frame work (indicator 2.3.1). Growing demand is coupled 
with a steady increase in health adaptation spending, 
which represents 5% (£13 billion) of total adaptation 
funding in 2018 and has increased by 11·8% over the past 
12 months (indicator 2.4). This increase is in part funded 
by growing revenues from carbon pricing mechanisms, 
with a 30% increase to US$43 billion in funds raised 
between 2017 and 2018 (indicator 4.4.3).

However, current progress is inadequate, and despite the 
beginnings of the transition described, the indicators 
published in the Lancet Countdown’s 2019 report are 
suggestive of a world struggling to cope with warming that 
is occurring faster than governments are able, or willing to 
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respond. Opportunities are being missed, with the Green 
Climate Fund yet to receive projects specifically focused on 
improving climaterelated public health, despite the fact 
that in other forums, leaders of small island developing 
states are recognising the links between health and climate 
change (indicator 5.3). In response, the generation that 
will be most affected by climate change has led a wave of 
school strikes across the world.

Bold new approaches to policy making, research, and 
business are needed in order to change course. An 
unprecedented challenge demands an unprecedented 
response, and it will take the work of the 7·5 billion people 
currently alive to ensure that the health of a child born 
today is not defined by a changing climate.

Introduction
Human wellbeing, and the stability of local communities, 
health systems, and governments, all depend on how they 
interface with the changing global climate.9,10 Across 
the world, an average temperature increase of 1°C from a 
preindustrial baseline1,2 has already resulted in extreme 
climatic and environmental changes, with severe storms 
and floods, prolonged heatwaves and droughts, new 
and emerging infectious diseases,11–13 and compounding 
threats to food security. Left unabated, climate change will 
define the health profile of current and future generations, 
will challenge already overwhelmed health systems, and 
undermine progress towards the UN Sustainable 
Development Goals (SDGs) and universal health coverage 
(UHC).14,15

The Intergovernmental Panel on Climate Change 
(IPCC)’s 2018 Special Report on Global Warming of 1·5°C 
emphasises the scale of the response required: global 
annual emissions must halve by 2030 and reach netzero 
by 2050 to limit warming to 1·5°C, while recognising that 
no amount of climate change is considered safe.2 Placing 
health at the centre of this transition will yield enormous 
dividends for the public and the economy, with cleaner 
air, safer cities, and healthier diets. Analysis focused on 
one of these path ways—cleaner air through more 
sustainable transport and power generation systems—
suggests that the economic gains from the health benefits 
of meeting the Paris Agreement substantially outweigh 
the cost of any intervention by a ratio of 1·45 to 2·45, 
resulting in trillions of dollars of savings worldwide.16 
When the health benefits of any increase in physical 
activity that results from modal shift are taken into 
account, the economic gains increase significantly.17 
These analyses complement an assessment from outside 
the health sector, which estimates that a robust response 
to climate change could yield more than US$26 trillion 
and 65 million new lowcarbon jobs by 2030, compared 
with a business as usual scenario.18

Monitoring this transition from threat to opportunity 
and demonstrating the benefits of realising the Paris 
Agreement is precisely why the Lancet Countdown on 
health and climate change was formed. As an international, 

independent research collaboration, the partner ship 
brings together 35 academic institutions and UN agencies 
from every continent. The indicators and report presented 
here represent the work and consensus of climate 
scientists; geographers; engineers; energy, food and 
transport experts; economists; social and political 
scientists; public health professionals; and doctors.

The 41 indicators of the 2019 report span five domains: 
climate change impacts, exposures, and vulnerability; 
adaptation planning and resilience for health; mitigation 
actions and their health cobenefits; economics and 
finance; and public and political engagement (panel 1).

Strengthening a global monitoring system for health and 
climate change
This collaboration builds on three decades of work 
around the world, which has sought to understand and 
assess the scientific pathways that link climate change to 
public health.13 In 2016, The Lancet Countdown launched 
a global consultation process, actively seeking input from 
experts and policy makers on which aspects of these 
pathways could and should be tracked as part of a global 
monitoring process. A large number of indicators were 
initially considered, and then narrowed down into the 
five indicator domains and published, along with a 
request for further input.19 The final set of indicators 
were selected on the basis of the presence of credible 
scientific links to climate change and to public health; 
the presence of reliable and regularly updated data, 
available across temporal and geographic scales; and the 
importance of this information to policy makers.20

Overcoming the data and capacity limitations inherent 
in this field, and remaining adaptable to a rapidly evolving 
scientific landscape has required a commitment to an 
open and iterative approach. This has meant that the 
analysis provided in each subsequent annual report 
replaces analyses from previous years, with methods and 
datasets being continuously improved and updated. In 
every case, a full description of these changes is provided 
in the appendix, which is intended as an essential 
companion to the main report, rather than a more 
traditional addendum.

The 2019 report presents 12 months of work refining the 
metrics and analysis. In addition to updating each indicator 
with the information collated over the course of 1 year, 
three key developments have occurred.

Firstly, methodologies and datasets have been strength
ened for indicators that capture heat and heatwaves; 
labour capacity loss; the lethality of weatherrelated 
disasters; terrestrial food security and under nutrition; 
health adap tation planning and vulnerability asses sments; 
air pollution mortality in cities; household fuel use for 
cooking; and qualitative validation of engage ment from 
the media and national governments in health and climate 
change.

Secondly, the geographical and temporal coverage has 
been expanded for indicators that capture marine food 
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security; national adaptation planning for health; health 
vulnerability assessments; climate information services for 
health; the carbon intensity of the energy system; access to 
clean energy; and Chinese media engagement in health 
and climate change.

Finally, new indicators were constructed that capture 
exposure to wildfires; the transmission suitability for 
V cholerae; the benefits and harms of air conditioning; 
emissions from livestock and crop production; global 
healthcare system emissions; economic cost of air 
pollution; and individual online engagement in health 
and climate change.

Ongoing research aims to establish indicators for 
concepts that are inherently difficult to quantify, such 
as the mental health effects of climate change. Three 
indicators included in previous years—covering migra
tion, global health adaptation funding, and academic 

engagement in health and climate change—are not 
presented in the 2019 report, as further work is being done 
to improve their methods and to ensure that they are able 
to be sustainably reproduced in the future. These indicators 
will be reintroduced in subsequent years.

For the second consecutive year, these changes 
represent substantial updates to most of the indicators, 
and knowledge is increasing at a pace that will only 
accelerate as funding and capacity from the Wellcome 
Trust and the Lancet Countdown’s partners grows. Going 
forward, the collaboration will seek to further strengthen 
its scientific processes, continuously review its indicators, 
and produce internally coherent frameworks to guide the 
development of new indicators. To this end, The Lancet 
Countdown remains open to new input and participation 
from experts and academic institutions willing to build 
on the analysis published in this report.

Panel 1: The Lancet Countdown indicators

Climate change impacts, exposures, and vulnerability
• 1.1: health and heat

• 1.1.1: vulnerability to extremes of heat
• 1.1.2: health and exposure to warming
• 1.1.3: exposure of vulnerable populations to heatwaves
• 1.1.4: change in labour capacity

• 1.2: health and extreme weather events
• 1.2.1: wildfires
• 1.2.2: flood and drought
• 1.2.3: lethality of weather-related disasters

• 1.3: global health trends in climate-sensitive diseases
• 1.4: climate-sensitive infectious diseases

• 1.4.1: climate suitability for infectious disease transmission
• 1.4.2: vulnerability to mosquito-borne diseases

• 1.5: food security and undernutrition
• 1.5.1: terrestrial food security and undernutrition
• 1.5.2: marine food security and undernutrition

Adaptation, planning, and resilience for health
• 2.1: adaptation planning and assessment

• 2.1.1: national adaptation plans for health
• 2.1.2: national assessments of climate change impacts, 

vulnerability, and adaptation for health
• 2.1.3: city-level climate change risk assessments

• 2.2: climate information services for health
• 2.3: adaptation delivery and implementation

• 2.3.1: detection, preparedness, and response to health 
emergencies

• 2.3.2: air conditioning—benefits and harms
• 2.4: spending on adaptation for health and health-related 

activities

Mitigation actions and health co-benefits
• 3.1: energy system and health

• 3.1.1: carbon intensity of the energy system
• 3.1.2: coal phase-out
• 3.1.3: low-carbon emission electricity

• 3.2: access and use of clean energy
• 3.3: air pollution, energy, and transport

• 3.3.1: exposure to air pollution in cities
• 3.3.2: premature mortality from ambient air pollution 

by sector
• 3.4: sustainable and healthy transport
• 3.5: food, agriculture, and health
• 3.6: mitigation in the health-care sector

Economics and finance
• 4.1: economic losses due to climate-related extreme events
• 4.2: economic costs of air pollution
• 4.3: investing in a low-carbon economy

• 4.3.1: investment in new coal capacity
• 4.3.2: investments in low-carbon energy and energy 

efficiency
• 4.3.3: employment in low-carbon and high-carbon 

industries
• 4.3.4: funds divested from fossil fuels

• 4.4: pricing greenhouse-gas emissions from fossil fuels
• 4.4.1: fossil fuel subsidies
• 4.4.2: coverage and strength of carbon pricing
• 4.4.3: use of carbon pricing revenues

Public and political engagement
• 5.1: media coverage of health and climate change
• 5.2: individual engagement in health and climate change
• 5.3: engagement in health and climate change in the UN 

General Assembly
• 5.4: engagement in health and climate change in the 

corporate sector
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Health and climate change in 2018
The 2019 report discusses the worsening health effects of 
climate change. Over 220 million additional exposures to 
heatwaves (with each exposure defined as one person aged 
65 years or older exposed to one heatwave) occurred in 
2018, compared with a 1986–2005 climatological baseline, 
higher than ever previously tracked (indicator 1.1.3). This 
occurred at a time when demo graphic vulnerability to 
these extremes continued to increase across every region 
(indicator 1.1.1), and the warming experienced by 
human populations reached four times that of the global 
average temperature rise (indicator 1.1.2). Around the 
world, resultant losses in labour capacity were reported, 
with several southern states in the USA losing as much 
as 15–20% of daylight capacity (for workers in construc
tion and agriculture; indicator 1.1.4). The effects of this 
warming extended to other extremes, with 152 countries 
experiencing a marked increase in the daily popu
lation exposures to wildfires compared with baseline 
(indicator 1.2.1). Regarding infectious diseases, 2018 was 
ranked second on record as having the most suitable 
conditions for the transmission of diarrhoeal disease and 
wound infections from Vibrio bacteria, and 9 of the past 
10 most suitable years for the transmission of dengue fever 
have occurred since 2000 (indicator 1.4.1). The distribution 
of exposure and effect is not equal, with several indicators 
reporting greater changes in lowincome settings than in 
highincome settings—for example, in parts of Africa, 
SouthEast Asia, and the Western Pacific (indicator 4.1).

Despite these worsening effects, the carbon intensity of 
the global energy system has remained flat since 1990 
(indicator 3.1.1) and use of clean fuels for household 
services is stagnating (indicator 3.2). Perhaps of greatest 
concern is that total primary energy supply from coal 
increased by 1·7% from 2016 to 2018, reversing a previously 
observed downward trend (indicator 3.1.2), and carbon 
dioxide (CO2) emissions from the energy sector, far from 
falling, rose by 2·6% from 2016 to 2018 (indicator 3.1.1). 
Global fossil fuel subsidies rose to US$427 billion in 
2018—a 33% rise from 2017 (indicator 4.4.1)—and emis
sions associated with health care now represent 4·6% of 
global emissions, rising across most major economies 
(indicator 3.6). Fossil fuel use continues to contribute to 
ambient air pollution, which resulted in 2·9 million 
premature deaths globally in 2016 (indicator 3.3.2).

Although these emerging health impacts and the lack 
of a coordinated global response portray a bleak picture, 
they also mask important promising trends. Several 
encouraging trends continue, such as reductions in 
investment in new coal capacity and a fall in coal as a share 
of total electricity generation (indicators 4.3.1 and 3.1.2). 
Renewable energy accounted for 45% of total growth in 
2018 (indicator 3.1.3), and lowcarbon electricity repre
sented an impressive 32% share of total global electricity 
generation in 2016 (indicator 3.1.3). The reduction in air 
pollution recorded in Europe from 2015 to 2016, if 
maintained across a lifetime, could result in an annual 

reduction in YLL valued at €5·2 billion (indicator 4.2). 
These changes are reinforced by new commitments from 
the UK21 and France22 to reach net zero by 2050, with other 
countries soon expected to follow.

Notably, the world is beginning to adapt, with 50% of 
countries and 69% of cities surveyed reporting the 
completion or undertaking of a climate change risk 
assessment or adaptation plan (indicators 2.1.2 and 2.1.3). 
Increasingly, these plans are being implemented, with 
70 countries providing meteorological services targeted 
towards the health sector in 2019 and 109 countries 
achieving medium to high implementation of a national 
health emergency framework (indicators 2.2 and 2.3.1).

In the health sector, the UK’s Royal College of General 
Practitioners and Faculty of Public Health divested 
their fossil fuel investments in 2018, joining many uni
versities, nongovernmental organisations, and pension 
funds from across the world (indicator 4.3.4). Alongside 
this, new analysis suggests a growing and more 
sophisticated recognition of the health benefits of the 
response to climate change in the media (indicator 5.1).

Many of the trends identified in the 2019 Lancet 
Countdown report are deeply concerning. Greenhouse
gas emissions continue to rise. Nevertheless, the 
continued expansion of renewable energy, increased 
investment in health system adaptation, improvements in 
sustainable transport, and growth in public engage ment 
suggests ongoing reasons for cautious optimism. At a 
time when the UN Framework Convention on Climate 
Change is preparing to review commitments under the 
Paris Agreement in 2020, accelerated ambition and action 
is required in order to meet the world commitment to 
remaining “well below 2°C”.23

Section 1: climate change impacts, exposures, 
and vulnerabilities
Climate change and human health are interconnected in 
a myriad of complex ways.13 Building on the Lancet 
Countdown’s previous work, section 1 of the 2019 report 
continues to track quantitative metrics along pathways of 
population vulnerability, exposure, and health outcomes 
that are indicative of the cost to human health of climate 
change, and thus of the urgent need to reduce greenhouse
gas emissions. The impacts tracked here in turn motivate 
and guide climate change adaptation (section 2) and 
mitigation (section 3) interventions.

Changes in warming and weather events are not evenly 
distributed across the globe, and some populations, 
including children, the elderly, and outdoor workers, are 
more vulnerable than others. Efforts to track the unequal 
effects of climate change are reflected through indicators 
that focus on particularly vulnerable populations, and 
lowincome and middleincome countries expe riencing 
the worst of these effects.

Although it is certainly true that the effects of climate 
change vary by geographical location and that these effects 
will not always be negative, any socalled positive effects 
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are often shortterm in nature, and quickly outweighed by 
other exposures. One such example is seen in Australia, 
where any benefit that might have been gained from CO2 
fertilisation is both small and largely outweighed by 
greater climate variation, with crop yields now stalling as 
harvests are increasingly affected by more frequent 
drought.24 Even disregarding the negative effects of 
temperature change, any CO2 fertilisation benefits are 
likely to be shortterm, as rising CO2 concentrations will 
negatively affect grain quality.25–28

For 2019, a new metric tracking exposure to wildfires has 
been added (indicator 1.2.1), as has an expansion of climate 
suitability of infectious diseases (indicator 1.4.1), to now 
include V cholerae transmission risk. These indi cators 
portray a world which is rapidly warming, where environ
mental and social systems are already being exposed to the 
effects of climate change, which are subsequently affecting 
human health.

Indicator 1.1: health and heat
The most immediate and direct impact of a changing 
global climate on human health is seen in the steady 
increase in global average temperature, and the increased 
frequency, intensity, and duration of extremes of heat. 
The pathophysiological consequences of heat exposure 
in humans are well documented and under stood, and 
include heat stress and heat stroke, acute kidney injury, 
exacerbation of congestive heart failure,29 and increased 
risk of interpersonal,30 and collective violence.31 In par
ticular, during periods of extreme heat, young children 
have a greater risk of electrolyte imbalance, fever, 
respiratory disease, and kidney disease.32 Four indicators 
that are related to heat are discussed here, tracking the 
vulnerabilities, exposures, and labour implications of a 
warming world.

Indicator 1.1.1: vulnerability to extremes of heat—headline 
finding: vulnerability to extremes of heat continues to rise 
among older populations in every region of the world, with the 
Western Pacific, South-East Asia and African regions all seeing 
an increase in vulnerability of more than 10% since 1990
Certain populations are more vulnerable to the health 
effects of heat than others. Older populations are 
particularly vulnerable, especially those with preexisting 
medical conditions (such as diabetes and cardiovascular, 
respiratory, and renal disease).33 Outdoor workers, while 
younger and healthier overall, are also vulnerable due to 
heightened exposure to heat and sunlight. This indicator 
presents a heat vulnerability index which ranges from 
0 to 100 and includes the proportion of the population 
older than age 65 years, prevalence of chronic diseases, 
and proportion of the population living in urban areas, 
with the data and methods unchanged from previous 
years (appendix p 1).

Populations older than age 65 years, in all regions 
of the world, are becoming increasingly vulnerable. 
However, the highest increase in vulnerability from 

1990 to 2017 has been seen in the Western Pacific 
(33·1% to 36·6%) and African (28·4% to 31·2%) regions. 
Overall, Europe remains the most vulnerable region to 
heat exposure (followed closely by the Eastern Mediter
ranean region), due to its ageing population, high rates 
of urbanisation, and high prevalence of cardiovas cular 
and respiratory diseases, and diabetes.

Indicator 1.1.2: health and exposure to warming—headline 
finding: human populations are concentrated in the areas most 
exposed to warming, experiencing a mean summer temperature 
change that is four times higher than the global average
This indicator compares the populationweighted 
summer temperature change from a 1986–2005 baseline 
with the global average summer temperature change 
over the same period, using weather data from the 
European Centre for MediumRange Weather Forecasts,34 
ERAInterim project and population data from the NASA 
Socioeconomic Data and Applications Center (SEDAC) 
Gridded Population of the World (GPWv4).35 Full details, 
along with an explanation of improvements for the 
2019 report, which uses higher resolution climate and 
population data (0·5°C grid instead of 0·75°C grid) are 
provided (appendix p 3).

The populationweighted temperatures continue to 
grow at a substantially faster pace than the global average, 
increasing the human health risk. The global average 
populationweighted temperature has risen by 0·8°C 
from the 1986–2005 baseline to 2018, compared with a 
global average temperature rise of 0·2°C over the course 
of the same time period.

Indicator 1.1.3: exposure of vulnerable populations to 
heatwaves—headline finding: in 2018, an increase of 
220 million heatwave exposures affecting older populations 
was observed, breaking the previous record set in 2015. 
Japan alone experienced 32 million heatwave exposures, 
the equivalent of almost every person aged 65 years and older 
enduring effects of a heatwave in 2018
Heatwaves across the northern hemisphere made 
headlines in 2018, reaching new highs for a number of 
countries.36 The definition of a heatwave, the demographic 
data,35 and methods used here remain unchanged from 
previous reports (appendix pp 4).37 Each heatwave exposure 
event is defined as one heatwave experienced by one 
person older than age 65 years. This indicator was also 
improved with a higher resolution (0·5°C grid instead of 
0·75°C grid).

The change in heatwave exposure events relative to the 
1986–2005 average are presented (figure 1). The increase in 
heatwave exposure events (220 million, which is 11 million 
more than the 2015 record) was due to a series of heat
waves across India (45 million additional exposures); 
across central and northern Europe (31 million additional 
exposures in the EU); and across northeast Asia, where 
heatwaves affected Japan, the Korean peninsula, and 
Northern China. 32 million exposures affected people 
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older than age 65 years in Japan alone, the equivalent of 
almost every person in this age group experi encing effects 
of a heatwave in 2018.38

Indicator 1.1.4: change in labour capacity—headline finding: 
higher temperatures continue to affect people’s ability to work. 
In 2018, 45 billion additional potential work hours were lost 
due to rising temperatures, compared with in the year 2000
General work productivity and ability to work are affected 
by temperature and humidity, which are both captured in 
the Wet Bulb Globe Temperature (WBGT) measurement. 
Labour productivity loss estimates for every degree 
increase of WBGT beyond 24°C range from 0·8% to 5%.39 

Reduced labour productivity is often the first symptom of 
the health effects of heat, and, if not addressed, could 
lead to more severe health effects, such as heat exhaustion 
and heat stroke.

This indicator emphasises the important impact of 
climate change on labour capacity in vulnerable popu
lations.40 It assigns workfraction loss functions to different 
activity sectors (service, manufacturing, and agriculture), 
linking WBGT with the power (metabolic rate) typically 
expended by a worker within each of these three sectors. 
This is then coupled with the proportion of the population 
working within each of these three sectors to calculate 
potential work hours lost (WHL) by country. This indicator 
has been improved to include the effect of sunlight 
on the potential WHL by calculating the increase in 
WBGT using solar radiation data available from the ERA 
data base (appendix pp 5–6).35,41,42

The global atmospheric temperature and humidity in 
2018 were slightly more favourable for work than in 2017, 
but the upward trend of potential WHL since 2000 remains 
clear (figure 2). In 2018, 133·6 billion potential work hours 
were lost; 45 billion hours more than in 2000.

Additionally, a map is presented of the equivalent 
potential annual fulltime work lost in the sun and the 
shade (figure 3). Of note, for 300 Watts (W) work in the 
shade (typical for manufacturing), over 10% potential 
daily work hours were lost in densely populated regions 
such as south Asia. For 400 W work in the sun (typical 
for agriculture and construction), even workers in the 
southern parts of the USA (below a latitude of 34°N, with 
Alabama, Georgia, Florida, Louisiana, Mississippi, and 
Texas particularly affected), lost 15–20% of potential 
daylight work hours in the hottest month of 2018.

Indicator 1.2: health and extreme weather events
Indicator 1.2.1: wildfires—headline finding: 152 of 196 countries 
saw an increase in annual daily population exposure to wildfires 
in 2015–18, compared with in 2001–04, with India alone 
experiencing an increase of 21 million annual daily exposures. 
This increase not only poses a threat to public health, but also 
results in major economic and social burdens in both high-income 
and low-income countries
The health effects of wildfires range from direct thermal 
injuries and death, to the exacerbation of acute and chronic 
respiratory symptoms due to exposure to wildfire smoke.43 
Additionally, the global economic burden per person 
affected by wildfires is more than twice that of earthquakes 
and 48 times higher than that of floods, although the global 
number of events and number of people affected by floods 
are much higher than for wildfires.44 Furthermore, climatic 
changes, including increasing temperature and earlier 
snowmelt, contribute to hotter, drier conditions, which 
increase the risk of wildfires. Yet, wildfires remain an 
important component of many ecosystems, although they 
can be ecologically harmful through human ignition or 
when forest management practices do not fully account for 
periodic, natural burning.

Figure 1: Change in the number of heatwave exposure events in people aged 65 years and older, compared 
with the historical 1986–2005 average number of events
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Figure 2: Potential global work hours lost per sector due to heat, 2000–18
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This new indicator represents the change in the 
average annual number of days people were exposed to 
wildfire in each country. It was developed using the 
Collection 6 active fire product from the Moderate 
Resolution Imaging Spectroradiometer aboard the 
NASA Terra and Aqua satellites.45 Fire point locations 
were matched to a political border shapefile from the 
Global Burden of Disease (GBD), and consequently 
joined with population count per square kilometre, 
taken from NASA SEDAC GPWv4.35 The result is an 

annual sum of people experiencing a fire event per 
day. The mean number of persondays exposed to 
wildfire was recorded for years 2001–04 (the earliest 
years for which data with adequate coverage and 
resolution is available) and compared with the mean 
from 2015–18.

Overall, this indicator reports a mean increase of 
464 032 persondays exposed to wildfire per year over 
the period studied; however, the increase in person
days recorded in some countries is far greater than 
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Figure 3: Potential full-time annual work lost in the shade (A) or in the sun (B) based on the percentage of people working in agriculture (400 W), industry 
(300 W), and services (200 W)
W=Watts.
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the mean global increase (appendix pp 7–8). India, 
China, the Democratic Republic of Congo, Iraq, and 
Mexico sustained the largest increase in the number of 
persondays affected by wildfires, with a maximum 
increase of nearly 21 807 000 persondays in India 
followed by 17 003 000 persondays in China (figure 4). 
Countries including Spain, Russia, and Uzbekistan saw 
substantial reductions in the number of people affected.

Crucially, this indicator will evolve over time to cover 
the health risks of wildfire smoke,43 which can travel far 
distances and affect areas that are not directly exposed 
to fires.46

Indicator 1.2.2: flood and drought—headline finding: extremes 
of precipitation, resulting in flood and drought, have impacted 
human health and wellbeing, with South American and South-
East Asian populations experiencing long-term increases in 
both of these natural disasters
This indicator tracks exposure to extremes of precipi
tation, using weather and population data presented in 
previous reports (appendix pp 8–9).20,37 Analysis across 
time and space reveals regional trends for drought and 
extreme heavy rain that are more significant than global 
trends, reflecting the varying nature of climate change 
depending on the geographical region.

Floods are particularly problematic for health, 
resulting in direct injuries and death, the spread of 
vectorborne and waterborne diseases, and mental 
health sequelae.47 The average number of extreme 
rainfall events in the 2000–18 period reveals that South 
America and SouthEast Asia are experiencing the 
largest increases.

Prolonged drought remains one of the most dangerous 
environmental determinants of premature mortality, 
affecting hygiene and sanitation, as well as resulting in 
reduced crop yields, food insecurity, and malnutrition.47 
The change in the number of severe droughts in 2018 
demonstrates areas of significantly increased exposure 

in all six WHO regions, with areas of Brazil experiencing 
a full 12 months of drought throughout 2018.

Indicator 1.2.3: lethality of weather-related disasters—
headline finding: a statistically significant long-term upward 
trend has been observed in the number of flood-related and 
storm-related disasters in Africa, Asia, and the Americas, since 
1990. At the same time, Africa has experienced a statistically 
significant increase in the number of people affected by these 
types of disasters
This indicator tracks the number of occurrences of 
weatherrelated disasters, the number of people affected, 
and the lethality of these events. These are formulated as a 
function of the hazard (magnitude and frequency) and the 
vulnerability and exposure of populations at risk, using 
data from the Centre for Research on the Epidemiology 
of Disasters.48 For the 2019 report, disasters have been 
separated into two categories: floodrelated and storm
related disasters; and heatwave, extreme temperature, and 
droughtrelated disasters. Details of these methods and 
data are summarised (appendix pp 10–13).

For heatwaves, extreme temperature, and drought
related disasters, no statistically significant global trend 
was identified. One explanation for this could be the 
geographically local nature of such events. However, in the 
case of floods and storms, a statistically significant trend in 
occurrence was identified individually across Africa, Asia, 
and the Americas. A statistically significant increase in 
the number of people affected by floods and storms in 
Africa was also noted, although no statistically significant 
increase in the lethality of these events was identified.

The relative stability of the lethality and number of 
people affected by these disasters could possibly be linked 
to improved disaster preparedness (including improved 
early warning systems) as well as increased investments 
in healthcare services, and is discussed further in 
section 2.49–51 Importantly, work from the 2015 Lancet 
Commission shows that a business as usual trajectory is 

Figure 4: Map showing the average annual number of days people were exposed to wildfires in 2018
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expected to result in an additional 2 billion floodexposure 
events per year by 2090, which will likely overwhelm 
health systems and public infra structure.13

Indicator 1.3: global health trends in climate-sensitive 
diseases
Headline finding: although mortality due to diarrhoeal diseases, 
malnutrition, and malaria is improving, mortality due to dengue 
is rising in the regions most affected by these diseases
As described in the preceding indicators, climate change 
affects a wide range of disease processes. Corresponding 
health outcomes result from a complex interaction 
between the direct and indirect effects of climate change 
and social dynamics, such as population demographics, 
economic development, and access to health services.13 
This indicator provides a macro view of these interactions, 
using GBD data to track mortality from diseases that are 
sensitive to climate change.52 Mortality due to earthquake 
and volcano events has been removed from the GBD 
forces of nature category for estimates of weatherrelated 
events.

Global trends in climatesensitive disease mortality from 
1990 to 2017 are shown, with allcause mortality presented 
as a reference (figure 5). Death from diarrhoeal diseases 
and proteinenergy malnutrition has declined considerably 

over this period in regions most affected (Africa, South
East Asia, and Eastern Mediterranean). Similarly, a marked 
decrease in mortality from malaria since 2000 has been 
observed in Africa. Socioeconomic development, improved 
access to health care, and major global health initi atives in 
sanitation and hygiene, and vector control, have all 
contributed to these improve ments in health outcomes.13,53 
However, mortality from dengue fever continues to rise, 
particularly in SouthEast Asia.

Indicator 1.4: climate-sensitive infectious diseases
Indicator 1.4.1: climate suitability for infectious disease 
transmission—headline finding: suitability for disease 
transmission has increased for dengue, malaria, V cholerae and 
other pathogenic Vibrio species. The number of suitable days per 
year in the Baltic for pathogenic Vibrio transmission reached 
107 in 2018, the highest since records began, and two times 
higher than the early 1980s baseline
Climate change affects the distribution and risk of many 
infectious diseases.47 The 2019 Lancet Countdown report 
provides an updated analysis of the environmental 
suitability for transmission of dengue virus, malaria, and 
Vibrio, with the most recently available data, and presents 
an additional analysis of V cholerae environmental 
suitability in coastal areas.

Figure 5: Global trends in all-cause mortality and mortality from selected causes as estimated by the Global Burden of Disease 2017 study52 for the 1990–2017 
period, by WHO region
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Malaria and dengue fever are endemic in many parts of 
the world and, as described in the previous indicator, 
continue to contribute substantially to burden of disease, 
with young children particularly vulnerable. Suitability 
for transmission of mosquitoborne infectious diseases 
is affected by factors including temperature, humidity 
and precipitation. For dengue, vectorial capacity, which 
expresses the average daily rate of subsequent cases in a 
susceptible population resulting from one infected case, 
is calculated using a formula including the vector to 
human transmission probability per bite, the human 
infectious period, the average vector biting rate, the 
extrinsic incubation period, and the daily survival 
period.54 For malaria, the number of months suitable 
for transmission of Plasmodium falciparum and P vivax 
malaria parasites is calculated on the basis of tem
perature, precipitation, and humidity. Climate suitability 
for these mosquitoborne diseases is averaged for the 
most recent five years for which data is available and 
compared with a 1950s baseline.

Vibrio species cause a range of human infections, 
including gastroenteritis, wound infections, septicaemia, 
and cholera. These bacteria are found in brackish marine 
waters and cases of infections are influenced by sea 
surface salinity, sea surface temperature, and chlorophyll 
A concentrations.55–57 Climate suitability for Vibrio 
species was estimated on the basis of sea surface salinity 
and sea surface temperature globally and focally for 
two regions (the Baltic and US northeast coastlines) 
where Vibrio (excluding V cholerae) infections are 
most frequently observed. For pathogenic Vibrio species 
(excluding V cholerae), an average of the 5 most recent 
years for which data is available is compared with a 
1980s baseline, whereas the new V cholerae specific 
analysis compares data from the most recent 3 years 
with a 2003–05 baseline (based on data availability). Full 

details on methods used are presented (appendix 
pp 14–24).

Climate suitability for transmission is rising for each 
of the pathogens studied. The second highest vectorial 
capacity for both dengue vectors was recorded in 2017, 
with the 2012–17 average 7·2% and 9·8% above baseline 
for Aedes aegypti and Aedes albopictus, respectively 
(figure 6). This change emphasises the continued 
upward trend of climate suitability for transmission of 
dengue, with 9 of the 10 most suitable years occurring 
since the year 2000. Malaria suitability continues to 
increase in highland areas of Africa, with the 2012–17 
average 29·9% above baseline. The percentage of coastal 
area suitable for Vibrio infections from 2010 has 
increased at northern latitudes (40–70° N) by 3·8%, 
compared with the 1980s baseline, with 2018 the second 
most suitable year on record (5% above the baseline; 
figure 7). The area of coastline suitable for Vibrio has 
increased by 31% in the Baltic coastline and 29% in the 
northeastern coastline of the USA. Additionally, the 
number of days per year suitable for Vibrio in the Baltic 
reached 107 in 2018, which is double that of the early 
1980s baseline and the highest on record. Globally, 
environmental suitability for coastal V cholerae sensu lato 
has increased by 9·9%, driven by regional increases in 
Asia, Europe, the Middle East, North America, and 
northern and western Africa.

Indicator 1.4.2: vulnerability to mosquito-borne diseases—
headline finding: climate change induced risk of 
mosquito-borne diseases could be offset by improvements in 
public health systems. Investments in public health have 
resulted in a 31% fall in global vulnerability observed from 
2010–17. However, this success is not spread equally, 
with vulnerability to recurrent dengue outbreaks increasing in 
the Western Pacific and South-East Asia over the same period
While the previous indicator describes the influence of 
climate over the transmission of several infectious 
diseases, this indicator tracks vulnerability to one of 
these (dengue). Importantly, population vulnerability to 
dengue is modulated by human, social, financial, and 
physical factors, as well as the adaptive capacity of a 
community.53,58

Countrylevel data relating to surveillance, pre pared
ness, and response from WHO International Health 
Regulations’ (IHR) core capacities for the years 2010–17,59 
are used as a proxy for adaptive capacity. Aedes aegypti 
vulnerability is defined by abundance and vectorial 
capacity as described in indicator 1.4.1. This index 
estimates the populationlevel risk of exposure to 
Aedes mosquitoes, accounting for the public health 
core capacity to cope with the potential effects. A full 
description of the methods used is provided (appendix 
pp 24–25).

A contraction of the vulnerability to dengue is observed 
from 2010 to 2017 in tropical and subtropical areas of 
South America, Africa, and Asia. However, this decrease 

Figure 6: Changes in global vectorial capacity for the dengue virus vectors Aedes aegypti and Aedes albopictus 
since 1950
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in vulnerability has levelled off since 2014, with a reversing 
trend in the Western Pacific and SouthEast Asia regions.

Indicator 1.5: food security and undernutrition
Indicator 1.5.1: terrestrial food security and undernutrition—
headline finding: data from all major crops tracked—maize, 
wheat, rice, and soybean—showed that increases in temperature 
have reduced global crop yield potential
Currently, improvements in nutrient and water manage
ment, as well as expansion of agricultural areas in lower 
income countries, are resulting in increases in global 
food production.60,61 However, the number of under
nourished people worldwide appears to have been 
increasing since 2014, driven by challenges to access, 
availability, and affordability of food.62 Undernutrition 
overwhelmingly affects children younger than age 5 years, 
causing intrauterine growth restriction, stunting, severe 
wasting, micronutrient deficiencies, and poor breast
feeding.63 Evidence suggests that crop production is 
threatened in complex ways by changes in the incidence 
of pests and pathogens;64 increasing water scar city;65 and 
increases in frequency and strength of extreme weather 
conditions that can damage or even wipe out harvests.66

Change in crop growth duration is used as a proxy for 
yield potential for maize, wheat, rice and soybean, and is 
based on the time taken in a year to accumulate a reference 
period (1981–2010) accumulated thermal time. A reduction 
in crop growth duration means the crop matures too 
quickly with lower seed yield.67 This methodology is 
discussed alongside a full description of the Climatic 
Research Unit database used (appendix p 26).45

Globally, crop yield potential for maize, winter wheat, 
and soybean has reduced in concert with increases in 
temperature (figure 8), challenging efforts to achieve 
SDG 2 to end hunger by 2030.66 This data resonates with a 
metaanalysis of the literature by Zhao and colleagues,68 
which suggests that global yields of these four key crops 
are reduced respectively by 6%, 3·2%, 7·4%, and 3·1%, 
globally for each 1°C increase in global mean temperatures.

Indicator 1.5.2: marine food security and undernutrition—
headline finding: between 2003 and 2018, sea surface 
temperature rose in 34 of 64 investigated territorial waters, 
presenting risk to marine food security
Fish provide almost 20% of animal protein intake to 
3·2 billion people, with a greater reliance on fish sources 
of protein in lowincome and middleincome countries, 
particularly small island developing states.69 Climate 
change threat ens fisheries and aquaculture in a number 
of ways, including through sea surface temperature rise; 
change in intensity, frequency, and seasonality of extreme 
events; sea level rise; and ocean acidification.70 Acute dis
turbances such as thermal stress lead to impaired 
recovery of the coral reefs, which threatens marine 
fish populations and subsequently marine primary 
productivity—a key source of omega3 fatty acids for 
many populations.71

Figure 7: Change in suitability for pathogenic Vibrio outbreaks as a result of 
changing sea surface salinity and sea surface temperatures

Global region

6

15

12

9

Co
as

ta
l a

re
a 

su
ita

bl
e 

fo
r V

ib
rio

 o
ut

br
ea

ks
 (%

)

Baltic coastline

30

0

90

60

Su
ita

bi
lit

y 
fo

r V
ib

rio
 o

ut
br

ea
ks

 (%
)

Northeastern USA

1982 1986 1990 1994 1998 2002 2006 2010 2014 2018
Year

20

60

50

30

40

Co
as

ta
l a

re
a 

su
ita

bl
e 

fo
r V

ib
rio

 o
ut

br
ea

ks
 (%

)

Latitude
Northern
Tropics
Southern

Suitability metric
Days per year
Percent of coast

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 228 of 396



Review

1848 www.thelancet.com   Vol 394   November 16, 2019  

This indicator tracks sea surface temperature in 
territorial waters, selected for their geographical coverage 
and importance to marine food security, using data 

sourced from Food and Agriculture Organization of the 
UN (FAO), NASA, and National Oceanic and Atmospheric 
Administration.72–74 Following a period of development, 
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Figure 8: Change in global crop growth duration as a proxy for crop yield
Dashed line=the average change in crop duration of the 1981–2010 baseline. Grey line=annual global area-weighted change. Blue line=running mean over 11 years 
(5 years forward, 5 years backward).
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this indicator now includes 64 territorial waters (including 
countries for which data is available) located in 16 FAO 
fishing areas, and is complemented by monitoring of 
coral bleaching due to thermal stress (abiotic indicators), 
and percapita capturebased fish consumption (biotic 
indicator; appendix pp 27–47). Between 2003 and 2018, 
sea surface temperature has risen in 34 of the 64 territorial 
waters, with a maximum increase of 3·5°C observed in 
Finland.

Conclusion
The indicators presented in this section provide evidence 
of the exposures, vulnerabilities, and impacts of climate 
change on health. They show worsening exposures 
and vulnerabilities along a range of temperature and 
precipitation pathways, with reductions in crop yield 
potentials, and increases in vectorial capacity for a number 
of climatesensitive diseases. These effects are felt most 
acutely by lowincome and middleincome countries 
across the world.

Continued work on attribution remains an important 
consideration with regards to outcome. For example, 
migration was addressed in earlier reports, in which 
questions of attribution to climate change remained 
particularly challenging.20,37 Irrespective of how climate 
change migrants are counted,75 many factors contribute 
to health risks faced by migration. Resulting health 
impacts depend on both preexisting conditions (eg, 
mental health and nutritional status, desire to migrate, 
and existing health systems) along with interventions 
(eg, healthcare access, provision of food and shelter, and 
changing healthrelated resources).

Similarly, in 2018, the links between climate change 
and mental health were presented.37 Mental health might 
be negatively affected in various ways by heat waves, 
loss of property, and loss of livelihoods due to floods, 
or climateinduced migra tion. However, although many 
varied links have been identified between climate and 
mental health, they are highly socially and culturally 
mediated. Attempting to operationalise these linkages 
as a singlenumber indicator—linking climate change 
and mental health outcomes—remains elusive, yet 
quantifying these effects is of clear importance.76

Section 2: adaptation, planning, and resilience for 
health
As knowledge of the health consequences of climate 
change increases, so too does the urgent need to increase 
efforts to protect people from adverse effects, particularly 
given the slow progress of mitigation of these effects. 
Health systems will be placed under increasing and 
overwhelming pressure, and adaptation to climate change 
is essential, even with the most ambitious mitigation 
efforts.58 An adaptation gap is apparent, emphasised in 
some of the aforementioned impacts, and the rapid intro
duction of adaptation initiatives with better development 
strategies and funding across all sectors is necessary to 

close this divide. The health sector was selected as one of 
the top three priority areas for adap tation in an analysis 
of Intended Nationally Determined Contributions 
prepared for the Paris Agreement.77

By their very nature, adaptation and resilience measures 
are local and specific to regional hazards and underlying 
population health needs. Identifying readily available 
global metrics, with adequate data and proximity to cli
mate change and to health adaptation, is particularly 
challenging.78–80 Additionally, evaluating the success of any 
intervention is difficult, given that the goals of adaptation 
are inherently longterm, and no counterfactual is readily 
available. Rising to this challenge, the work in this section 
has expanded, from the initial three indicators proposed 
in 2016,19 to the eight presented here. The structure of 
these indicators, and this section, builds on the WHO 
Operational Framework for building climate resilient 
health systems,81 monitoring progress across the following 
selected domains: adaptation planning and assessment 
(indicators 2.1.1, 2.1.2, and 2.1.3), adaptive information 
systems (indicator 2.2), adaptation delivery and imple
mentation (indicators 2.3.1 and 2.3.2), and adaptation 
financing (indicator 2.4.1).

True to an iterative approach, many indicators have 
been further developed. For the indicators evaluating 
national health adaptation planning and vulnerability 
mapping (indicators 2.1.1 and 2.1.2), the number of 
country respondents has increased from 40 to 101. 
Additional information on implementation and govern
ment funding is included alongside qualitative analysis, 
which was undertaken as part of the validation of the self
reported data. A new indicator has been added, focusing 
on air conditioning use as an adaptive measure to heat 
mortality (indicator 2.3.2). This is the first of a new suite 
of indicators under development, which monitor adap
tation to a specific exposure pathway, complementing 
existing work on health adaptation efforts.

Several indicators in this section rely on selfreported 
data in surveys of national and subnational governments 
to track health adaptation, with clear strengths and 
limitations to this approach. Selfreported survey data is 
subject to response and nonresponse error, with local 
verification difficult;79 however, the datasets here—from 
the WHO and the Carbon Disclosure Project (CDP)—
provide the best available information on nationallevel 
and citylevel specific health adaptation measures, globally. 
Further information on the validation techniques of the 
national data is summarised (appendix pp 48–49).

Indicator 2.1: adaptation planning and assessment
Indicator 2.1.1: national adaptation plans for health—headline 
finding: recognition of the need for health adaptation to climate 
change is widespread, and development planning is underway. 
In 2018, almost half of the countries surveyed declared that a 
national health and climate change plan was in place
Over the past decade, a steady increase in countries 
scaling up health adaptation projects to build climate 
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resilience has been observed.82 This indicator, based on 
data from the 2018 WHO Health and Climate Change 
Country Survey,83 tracks the number of countries that 
have a national health and climate change plan or 
strategy, current levels of their implementation, and the 
commitment of national health funds for achieving the 
health adaptation and mitigation priorities outlined 
by governments in these documents. Importantly, 
the country response rate has more than doubled, 
with 101 of the 194 Member States reporting in the 
2018 survey compared with 40 reporting in the 
2015 survey presented in earlier Lancet Countdown 
reports.20

Global coverage of national adaptation plans for 
health is growing, with 51 of 101 countries now having a 
national health and climate change plan in place. Just 
over half of these countries report at least a moderate 
level of implementation of their plans; however, chal
lenges to full implementation remain, with less 
than 20% of countries reporting actions underway or 
plans in place to address most of their key priorities 
(figure 9). National funding for implementation of 
health and climate change plans was identified as a 
central con straint with fewer than 4 in 10 countries 
reporting at least partial funding for the implementation 
of their main health adaptation and mitigation 
priorities.

A further analysis of approximately 40 strategies or 
plans, collected as part of the survey, emphasises that 
the comprehensiveness and scope of the national 
health and climate strategies or plans varied widely, 
with only a small number of plans directly linked to the 
National Adaptation Plan (NAP) process as part of the 
UN Framework Convention on Climate Change 
(UNFCCC). About 30% of the national health and 
climate change plans were published more than 5 years 
ago. Oppor tunities exist in national health and climate 
planning to update and expand the comprehensiveness 
of plans and for these to be developed into health 
components of NAP,81 thereby anchoring health within 
national climate processes and potentially strength
ening access to inter national climate finance for health 
adaptation.

Indicator 2.1.2: national assessments of climate change impacts, 
vulnerability, and adaptation for health—headline finding: 
of 101 countries surveyed in 2018, 48 indicated that a national 
assessment of health vulnerability to climate change had been 
done. However, of these 48 countries, just over 40% reported that 
assessment findings had influenced the allocation of human and 
financial resources
An adequate health adaptation response requires an 
assessment of the vulnerability of populations to dif
ferent kinds of health effects, an assessment of local 
geographical and meteorological trends, and assessment 
of the corresponding capacity of health services. A health 
vulnerability and adaptation assessment serves as a 
baseline analysis, against which changes in disease 
risks and protective measures can be monitored, and 
strengthens the case for investment in health protection.84 
Data for this indicator is sourced from the 2018 WHO 
Health and Climate Change Country Survey.83 Additional 
information on the survey methods and data is presented 
(appendix pp 49).

An increasing number of countries are implementing 
national vulnerability and adaptation assessments, with 
most countries indicating that these assessments are 
having at least some influence over policy prioritisation. 
However, translating evidence into funding decisions 
remains an issue, with only 40% of countries reporting 
that resource allocation is guided by evidence generated 
from vulnerability and adaptation assessments for 
health.

Indicator 2.1.3: city-level climate change risk assessments—
headline finding: in 2018, 54% of global cities surveyed expected 
climate change to seriously compromise their public health 
infrastructure, with 69% of cities actively developing or having 
completed a comprehensive climate change risk or vulnerability 
assessment
The effects of climate change are experienced locally, 
with cities and local governments forming a crucial 
component of any health adaptation response. For this 
indicator, The Lancet Countdown works with the CDP to 
include data from their annual global survey of cities.85 
Two components of this data are analysed: the number 
of global cities that have undertaken a citywide climate 
change risk or vulnerability assessment; and their 
perceived vulnerability to climate change of critical 
health infrastructure. In 2018, 489 cities participated in 
the survey, with 297 (61%) from highincome countries.

Just over half (52%) of all responding cities have 
undertaken an assessment and about a quarter either 
have an assessment in progress (17%) or intend to 
undertake an assessment in the future (7%). These 
values represent a small, but steady increase from 2017.37 
The health impacts of climate change are of increasing 
concern for cities, with 54% of responding cities noting 
that critical assets or services related to public health 
would be affected by climate change, compared with 
51% in 2017.37

Figure 9: Number of countries with a national health and climate change plan or strategy
Data from 101 country respondents of the 2018 WHO Health and Climate Change Country Survey,83 by permission 
of the World Health Organization.
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Indicator 2.2: climate information services for health
Headline finding: progress has been observed in the number of 
countries providing climate services to the health sector, 
increasing from 55 in 2018 to 70 in 2019
Meteorological and hydrological services should work with 
health services to monitor and prepare for the climate
related risks to health tracked in section 1.81 This indicator 
tracks national climate information services for health, 
which help monitor and prepare for climaterelated 
health risks, using data reported by national meteorological 
and hydrological services to the World Meteorological 
Organization (WMO) Country Profile Database integrated 
questionnaire.

70 national meteorological and hydrological services of 
WMO Member States reported providing climate services 
to the health sector, 15 more than reported in the 
2018 Lancet Countdown report.37 Of these, 18 were from 
Africa, 5 from the Eastern Mediterranean, 22 from Europe, 
13 from the Americas, 4 from SouthEast Asia, and 8 from 
the Western Pacific. Additional detail was provided by 
47 respondents, with several services working with the 
health sector and creating products accessible to the health 
sector. However, although climate services can be used for 
health in a range of ways, including monitoring, provision 
of early warning systems, and forecasting of environmental 
risks, application of these services to policy making 
remains low, with only 4 of the 47 Member States reporting 
that climate services are guiding health sector policy 
decisions and invest ment plans.

Indicator 2.3: adaptation delivery and implementation
Indicator 2.3.1: detection, preparedness, and response to health 
emergencies—headline finding: 109 countries have medium to 
high implementation of a national health emergency framework 
in place, in preparation for all public health events and 
emergencies
The IHR are an international legal instrument aimed at 
helping the global community prevent and respond to 
acute public health risks.59 Countries are assessed 
through a set of core capacities, reported in an annual 
survey of State Parties. The survey was initially a yes 
or no questionnaire from 2010, and in 2018 was 
updated to a more detailed tool that assesses the degree 
of implementation of each of the core capacities 
(appendix pp 53–61). Capacity 8 (C8) of the IHR focuses 
on countries’ national health emergency framework, 
which applies to all public health events and 
emergencies, covering disease outbreaks, air pollution, 
extreme temperatures, droughts, floods, and storms, as 
well as societal hazards (such as conflict and financial 
crisis). The survey encompasses three components: 
planning for emergency preparedness and response 
mechanism; management of health emergency response 
operations; and emergency resource mobilisation.86

In 2018, 182 WHO Member States completed 
the survey relating to C8. Of these, 109 countries 
had medium to high implementation of the three 

components for this core capacity. However, the degree 
of implementation varied greatly by region, with 
Africa reporting having achieved 21·3% and Europe 
having achieved 75·5% medium to high implementation 
of the framework, corresponding to an average 
score of the three C8 components of 50–74% and 
75–100%.

Indicator 2.3.2: benefits and harms of air conditioning—
headline finding: use of air conditioning as an adaptation 
measure is a double-edged sword: on the one hand, global air 
conditioning use in 2016 was estimated to reduce 
heatwave-related mortality by 23% compared with the 
complete absence of air conditioning; on the other hand, 
it also confers harms, by contributing to climate change, 
worsening air pollution, substantially adding to peak 
electricity demand on hot days, and enhancing the urban 
heat island effect
Indoor cooling is an important adaptation to extreme 
heat, with air conditioning emerging as a primary 
mechanism. Access to household air conditioning is 
highly protective against heatwaverelated mortality;87 
however, it is also associated with substantial indirect 
harms. On hot days in locations with high air con
ditioning prevalence, this can account for more than 
half of peak electricity demand88 which, if sourced from 
fossil fuels, contributes to both CO2 and particulate 
matter (PM)2·5 emissions. Additionally, waste heat from 
air conditioning can paradoxically increase external 
night temperatures by more than 1°C.89 Hydrof
luorocarbon refrigerants used for air conditioning can 
escape into the atmosphere where they act as powerful 
greenhouse gases. In baseline scenarios, these hydro
fluorocarbon emissions will increase to 1–2 gigatons 
of CO2 equivalent (GtCO2e) per year by 2050.90,91 
Consequently, a nuanced approach to heat adaptation 
must be deployed, which protects vulnerable populations 

Figure 10: Global proportion of households with air conditioning (red line), prevented fraction of heatwave-
related mortality due to air conditioning (blue line), and CO2 emissions from air conditioning (green line) 
2000–16 
CO2=carbon dioxide.
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across the world from heatrelated morbidity and 
mortality, while minimising the healthassociated harms 
of air pollution, the urban heat island effect, and 
contribution to climate change.

This new indicator includes four components: the 
proportion of households using air conditioning; the 
prevented fraction of heatwaverelated mortality attri
butable to air conditioning use; CO2 emissions 
attributable to air conditioning use; and premature 
mortality from air conditioning attributable to PM2·5. 
Unpublished data for household air conditioning 
use, electricity consumption, and CO2 emissions was 
provided by the International Energy Agency (IEA). 

The prevented fraction,92 (the percent reduction in 
heatwaverelated deaths due to a given proportion of 
the population having household air con ditioning, 
compared with a complete absence of household air 
conditioning) was calculated using a relative risk for 
heatwaverelated mortality of 0·23 for having household 
air conditioning compared with not having household 
air conditioning,87 and the proportion of populations 
with household air conditioning. The relative risk 
estimate used for these calculations is based on studies 
focused on European and US populations, and further 
research is required to fully understand the effect 
modification across different contexts.87 The air 
pollution source attribution methods discussed in 
section 3 (indicator 3.3.2) were used to calculate deaths 
due to PM2·5 emissions from air conditioning.

Between 2000 and 2016, the world’s air conditioning 
stock (residential and commercial) more than doubled 
to 1·62 billion units and the proportion of households 
with air conditioning increased from 21% to about 30% 
(figure 10). In 2016, this proportion was 4% in India, 
14% in the EU, 58% in China, and more than 90% in 
the USA and Japan. Correspondingly, the global pre vented 
fraction of heatwaverelated mortality increased from 16% 
in 2000 to 23% in 2016, ranging from less than 10% in 
India, Indonesia, and South Africa to more than 66% in 
the USA, Japan, and Korea. 

These trends have also been associated with increased 
harms. In 2016, air conditioning accounted for 10% of 
global electricity consumption and 18·5% of electricity 
used in buildings.93 Under the IEA’s baseline scenario, 
these figures will increase in 2050 to 16% and 30%, 
respectively.93 Following the trend in the proportion of 
households with air conditioning, CO2 emissions from 
air conditioning use tripled from 0·35 gigatons in 
1990 to about 1·1 gigatons in 2016 (figure 10), and are 
projected to rise to 2 gigatons in 2050 in the IEA’s 
baseline scenario.93 In 2016, the number of premature 
deaths due to PM2·5 exposure attributable to air 
conditioning was 2480 in India, 2662 in China, 1088 in 
the EU, and 749 in the USA.

Fortunately, various paths forward provide for 
adaptation against heatrelated mortality for those who 
need it, without the associated harms of greenhouse 
gases and PM2·5 emissions, excessive electricity demand, 
and undue contribution to the urban heat island effect. 
Air conditioning use could be reduced by promoting 
energy efficient appliances and energy efficient building 
design through strong, enforced building codes.93 
Traditional building designs in tropical and subtropical 
regions reduce thermal stresses by providing shade, 
thermal mass, insulation, and ventilation.93 Harms 
associated with air conditioning can be greatly reduced 
by increasing its efficiency,93 by generating electricity 
from nonfossilfuel sources, and by implementing the 
Kigali Amendment to the Montreal Protocol to phase
down hydrofluorocarbons.94(Figure 11 continues on next page)
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Indicator 2.4: spending on adaptation for health and 
health-related activities
Headline finding: in 2018, global spending on health adaptation 
to climate change was estimated to be £13 billion (5%) of all 
adaptation spending, and health-related spending was estimated 
at £35 billion (13·5%). These estimates represent increases in 
absolute and relative terms over previous data
A higher demand for health adaptation measures 
requires increased adaptation funding. This indicator 
tracks adaptation spending, using 2015–16, 2016–17, and 
2017–18 data from the Adaptation and Resilience to 
Climate Change dataset produced by kMatrix,95 as 
described in the 2017 and 2018 reports.20,37 Health 
adaptation spending is defined as national adaptation 
spending specifically within the formal healthcare 
sector, whereas healthrelated adaptation follows adapta
tion spending for disaster preparedness and agri culture, 
in addition to health care. Data in this year’s indicator 
covers 191 countries and territories reported in the 
Adaptation and Resilience to Climate Change dataset. 
Percapita values are based on 183 countries with popu
lation estimates from the International Monetary Fund 
(IMF) World Economic Outlook.96

Spending on adaptation to climate change in health 
and health care increased by 11·2% in 2017–18, compared 
with 2016–17 data. This percentage increase is notably 
larger than the change in total adaptation spending 
generally (an increase of 6·5% from 2016–2017). At the 
country level, growth of health adaptation spending 
ranged from 17·5% (UK) to 10% (Latvia); however, 
smaller increases and less variation were recorded 
for healthrelated values, from 11·1% (UK) to 6·8% 
(Kazakhstan). Impor tantly, health still represented a 
small proportion of the total adaptation spend, having 
grown from 4·6% in 2015–16 to 5·0% in 2017–18.

Grouped by WHO Region, the highest percapita 
spending for 2017–18 is in the Americas (£4·2 for health, 
£11·2 for healthrelated spending; figure 11). By contrast, 
in the African, Eastern Mediterranean, and SouthEast 
Asian regions, percapita health adaptation spending is 
less than £1.

Conclusion
Although many of the indicators presented in section 2 
are moving in a positive direction, the pace of the 
adaptation response from the health community 
remains slow. The number of countries with national 
adaptation plans for health and the number of countries 
and cities that have assessed health risk and 
vulnerabilities has increased, along with the spending 
on health adaptation. Thorough consideration of the 
best adaptation options is required before imple
mentation. For example, the health benefits of 
adaptation measures such as air conditioning might be 
counteracted by harms caused through a contribution 
to heat generation, climate change, and air pollution 
(indicator 2.3.2).

These findings and those from the UN Environment 
Adaptation reports show that further work is required 
globally, both in terms of the planning and imple mentation 
of adaptation measures, to improve health.97,98

Section 3: mitigation actions and health 
co-benefits
As emphasised in section 1, climate change has already 
impacted human health and requires an urgent response, 
both in terms of health adaptation (section 2) and 
importantly, in mitigation, to minimise future effects 
from climate change.

Figure 11: Spending on adaptation for health and health-related activities in WHO-specified regions. 
Graphs show Adaptation to Resilience and Climate Change spending (A) and spending per capita (B).
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In keeping with the Paris Agreement’s commitment of 
limiting temperature increase to “well below 2°C”, and to 
pursue the 1·5°C target, global emissions must peak as 
soon as possible (some studies suggest as early as 2020) 
and then follow a steep decline to 2050.2 However, current 
mitigation actions and commitments are not consistent 
with this goal. Total global greenhousegas emissions for 
2017 were the highest ever recorded, at 53·5 GtCO2e.99 
The sum of all nations’ current commitments under 
the Paris Agreement is far from sufficient, with 2030 
emissions estimated to be lowered by only 6 GtCO2e—
which is only a half of the reduction required to achieve the 
2°C scenario, and a fifth of that necessary to achieve the 
1·5°C goal.97

Discussions of greenhousegas emission reductions 
must be directly interlinked with any associated potential 
positive economic and health benefits. Mitigation 
actions not only improve health in the long term, 
through minimising climate change, but can also have 
nearterm benefits through numerous pathways such as 
reductions in risk of respiratory and cardiovascular 
disease attributable to air pollution,8 reductions in the 
risk of diseases associated with physical inactivity and 
obesity (because of increased cycling and walking),100 and 
a variety of improvements that could result from 
healthier diets.101

This section of the Lancet Countdown 2019 report tracks 
mitigation and its health consequences in different 
sectors including: energy (indicators 3.1.1, 3.1.2, 3.2); air 
pollution (indicators 3.3.1, 3.3.2); transport (indicator 3.4); 
agriculture (indicator 3.5); and health care (indicator 3.6).

Crucially, two new indicators of great importance to 
health have been added to the section: emissions 
attributable to livestock and crops (allowing a more 
nuanced discussion about the health and climate benefits 
of reductions in ruminant meat consumption), and 
emissions from national healthcare systems. This 
section will continue to expand in future years by 
monitoring mitigation and health cobenefits in other 
important sectors, including industry, buildings, and 
land use.

Overall, CO2 emissions from fossil fuels have risen by 
2·6% from 2016 to 2018 (indicator 3.1.1). Concerningly, 
the previous downward trend in coal supply has reversed, 
with a 1·7% increase recorded in total primary energy 
supply from 2016 to 2018 (indicator 3.1.2). However, 
more encouragingly, growth in renewables continues 
apace and comprised 45% of total growth in electricity 
generation. At present, modern renewables represent 
5·5% of global electricity generation (indicator 3.1.3), but 
are predicted to reach 30% by 2023.102 The implications of 
maintenance of both of these trends are important for air 
pollution. A con tinued demand for fossil fuels and an 
increase in coal consumption have resulted in the 
number of deaths attributable to ambient air pollution 
remaining stagnant (2·9 million deaths in 2016; 
indicator 3.3.2).

The transport sector is an equally entrenched emitter 
of greenhouse gases, with emissions and fuel use main
taining a modest growth trajectory of 0·7% per capita 
CO2e in 2016. Although use of electric vehicles has 
increased, they continue to represent a small proportion 
of the global vehicles worldwide. Yet, countries such as 
China have positioned electric vehicles as the future of 
driving with electricity in transport, with 21·4% growth in 
per capita usage from 2015 to 2016, rising from 1·5% to 
1·8% of total fuel use (indicator 3.4).

Feeding the global population is a crucially important 
aspect of health and wellbeing along with ensuring 
economic stability and security. However, the agriculture 
and food sector are both energy and carbon intense and 
an important area for climate change mitigation. Global 
agricultural greenhousegas emissions (indicator 3.5) 
have increased between 2000 and 2016 by 14% for 
livestock and 10% for crops.

As outlined in sections 1 and 2, the health sector is on 
the frontline of climate change and plays a vital role in 
any response. This sector is also a major contributor of 
greenhousegas emissions (indicator 3·6), with global 
estimates as high as 4·6% of global emissions in 2016.

Indicator 3.1: emissions from the energy system
Indicator 3·1.1: carbon intensity of the energy system—
headline finding: in 2018, the carbon intensity of the energy 
system remained unchanged from 1990. However, 
greenhouse-gas emissions from fossil fuel combustion have 
returned to a growth trajectory, rising by 2·6% from 2016 to 
2018. Limiting warming to 1·5°C would require a 7·4% year-
on-year reduction from 2019 to 2050
In the 2019 Lancet Countdown report, this indicator 
includes data up to 2016, supplemented with additional 
statistics for global CO2 emissions from energy 
combustion for 2017103 and 2018.104 It tracks the carbon 
intensity of the energy system, monitoring the CO2 
emitted per terajoule of total primary energy supply 
(TPES). TPES reflects the total amount of primary energy 
used in a specific country, accounting for the flow of 
energy imports and exports. Key improvements in this 
analysis are seen in the disaggregation of fuel type, the 
extension of data from 1970, and the inclusion of new 
projections forward to 2050. A full description of data 
and methods is provided (appendix pp 68–69).

Global emissions of CO2 from fossil fuel combustion, 
having been flat between 2014–16, have increased to a new 
high of 33·1 GtCO2 in 2018 (figure 12).104 This 2·6% increase 
over the past two years has resulted from continued growth 
in energy demand—energy mostly from fossil fuels.

The carbon intensity of the energy system will need to 
reduce to near zero by 2050. Over the past 15 years, 
carbon intensity has largely plateaued, as the growth of 
lowcarbon energy has been insufficient to displace fossil 
fuels. How ever, IEA data suggest that carbon intensity 
could be starting to reduce, with gas slowly displacing 
coal (figure 12).104
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Indicator 3.1.2: coal phase-out—headline finding: TPES from 
coal increased by 1·7% from 2016 to 2018, driven by growth 
in China and other countries in Asia
Coal phaseout is essential, not only as a key measure to 
mitigate climate change, but also to reduce morbidity 
and mortality from air pollution.8 As of December, 2018, 
30 national governments, along with many subnational 
governments and businesses, have committed to coal 
phaseout for power generation through the Powering 
Past Coal Alliance.105 In this year’s Lancet Countdown 
report, this indicator tracks TPES from coal, plus 
projections for coal phaseout, using the scenarios that 
informed the IPCC Special Report on Global Warming 
of 1·5°C.2

Coal has returned to a growth trajectory from 2016 to 
2018 (figure 13); however, because of the overall growth in 
global energy demand, the share of coal in primary 
energy supply continues to fall (appendix pp 70–73). Coal 
continues to be the second largest contributor to global 
primary energy supply (after oil) and the largest source of 
electricity generation (at 38%, compared with gas, the next 
highest at 23%). Most of the growth in TPES of coal has 
been in Asia, notably China, India, and southeast Asia.

Rapidly decreasing coal use to zero is crucial to 
meeting the commitments of the Paris Agreement. For 
example, no less than an 80% reduction in coal use from 
2017 to 2050 (a 5·6% annual reduction rate) is consistent 
with a 1·5°C trajectory (appendix pp 70–73). However, 

given that the technology to support coal phaseout 
exists, a more rapid reduction rate is probably feasible.

Indicator 3.1.3: low-carbon emission electricity—headline 
finding: in 2018, renewable energy continues to account for a 
large share (45%) of growth in electricity generation, with 
27% of growth from wind and solar sources
With the power generation sector accounting for 38% of 
total energyrelated CO2 emissions, the displacement of 
fossil fuels with renewable energy sources is of crucial 
importance.This indicator tracks total low carbon electricity 
generation (which includes nuclear sources and all 
renewables, including hydro) and new renewable electricity 
generation (excluding hydro), using the World Extended 
Energy Balances dataset from the IEA.104 Renewable 
electricity generation was also projected using the 
scenarios that informed the IPCC Special Report on Global 
Warming of 1·5°C.2 A full description of the datasets, 
methods, and projections is presented (appendix pp 73–75).

In 2016, lowcarbon electricity globally accounted for 
32% of total global electricity generation (figure 14). 
Promisingly, renewable energy accounted for 45% of 
growth in electricity generation in 2018,106 and solar 
generation continues to grow at an unprecedented rate of 
around 30% per annum (but still only accounting for 
2% of total global generation).107

An assessment of scenarios compliant with the 1·5°C 
goal emphasises that generation from new renewable 

Figure 12: Carbon intensity of TPES for selected regions and countries, and global energy-related CO2 emissions
Carbon intensity is shown by lines (primary axis) and global emissions by stacked bars (secondary axis). CO2=carbon dioxide. tCO2/TJ=total CO2 per terajoule of energy. 
TPES=Total Primary Energy Supply.
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sources (solar, wind, geothermal, wave and tidal) need 
to increase by 9·7% per annum, so that generation in 
2050 is larger than total global electricity use today. 
Since 1990, the annual growth rate for these renewable 
sources was more than 14%, a very promising trend, 
but one that must be maintained for a further three 
decades.

Indicator 3.2: access and use of clean energy
Headline finding: almost 3 billion people live without access to 
clean fuels and technologies for cooking, and only 7·5% of 
households in low-income countries report using such fuels
Globally, 3·8 million deaths per year are estimated to be 
attributable to household air pollution,108 largely arising 
from use of solid fuels, such as coal, wood, charcoal, and 
biomass, for cooking. Efforts to provide clean cooking 
and heating technologies could result in substantial 
health cobenefits in addition to reducing greenhouse
gas emissions and shortlived climate pollutants.108–111 
Additionally, universal access to affordable, reliable, 
sustainable, and modern energy for all is a key deter
minant of economic and social development and is 
central to health and well being.112,113

This indicator combines both a topdown and bottom
up approach from IEA and WHO datasets, capturing total 
household energy use and household fuel use for cooking, 
respectively.114,115 The new data on household clean fuel use 
represents an impressive effort from WHO, combining 
the results of thousands of national household surveys 
done across three decades and in more than 140 countries. 

Details of the methods, definitions, and data for this 
indicator are presented (appendix pp 75–76).

Use of clean fuels and technologies for cooking for 
2015–17 remained low, at 7·5% in households in 
lowincome countries, and 40% in households in lower 
middleincome countries (figure 15). These data reflect a 
slow improvement in global access to clean cooking fuels 
and technologies, which has increased by just 1% since 
2010, with almost 3 billion people remaining in access
deficit.116

Concerningly, although access to electricity has risen 
from 83% in 2010 to 87% in 2016, residential clean energy 
usage—which, at point of demand, includes electricity of 
all sources, solar thermal and geothermal—remains low. 
In 2016, the global proportion of clean energy use in the 
residential sector was approximately 24%, an increase 
from 17% recorded in 2010.114 Solid biomass, which 
contributes to respiratory and cardiovascular diseases 
attributable to household air pollution,117 is currently 
estimated to account for 36% of total residential sector 
energy use.

Future forms of this indicator will work to link 
residential energy and fuel use to household air pollution 
morbidity and mortality across the world. One possible 
approach to achieving this linkage is presented, discussing 
slum housing in Viwandani in Nairobi, Kenya (panel 2).

Indicator 3.3: air pollution, transport, and energy
Exposure to ambient air pollution, most importantly 
fine particulate matter (PM2·5), constitutes the largest 

Figure 13: TPES coal in selected countries and regions, and global TPES coal
Regional primary energy supply of coal is shown by the trend lines (primary axis) and total global supply by the bars (secondary axis). EJ=exajoule. TPES=Total Primary 
Energy Supply.

1978
1980

1982
1984

1986
1988

1990
1992

1994
1996

1998
2000

2002
2004

2006
2008

2010
2012

2014
2016

2018

Year

0

10

20

30

40

60

80

100

50

70

90

0

20

40

60

80

100

140

180

120

160

Re
gi

on
al

 T
PE

S 
co

al
 (E

J)

Global TPES (EJ)

Global
Southeastern Asia
North and western Europe

China
USA

Southern Asia

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 237 of 396



Review

www.thelancet.com   Vol 394   November 16, 2019   1857

global environmental risk factor for premature 
mortality, and results in several million premature 
deaths from cardio vascular and respiratory diseases 
every year.8,123,124 More than 90% of children are exposed 
to PM2·5 con centrations that are above the WHO 
guidelines,125 which can affect their health throughout 
their life, with an increased risk of lung damage, 
impaired lung growth and pneumonia, and a 
subsequent risk of developing asthma and chronic 
obstructive pulmonary disease.126 Most of the exposure 
to PM2·5 results from anthropogenic activities, and 
much of this is associated with combustion of coal and 
other fossil fuels for electricity generation, industrial 
production, transport, and household heating and 
cooking; therefore, PM2·5 emissions share many of the 
same sources as greenhousegas emissions.127

Indicators 3.3.1 and 3.3.2 report on source contri
butions to ambient air pollution and its health effects, 
drawing from the GAINS model,128 which calculates 
emissions of all precursors of PM2·5 by use of a detailed 

Figure 14: Renewable and low-carbon emission electricity generation
(A) Electricity generated from low-carbon sources. (B) Share of electricity generated from low-carbon sources. (C) Electricity generated from renewable sources (excluding hydropower). (D) Share of 
electricity generated from renewable sources (excluding hydropower). TWh=terawatt hours.
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Figure 15: Graph showing proportion of households cooking with clean fuels 
in World Bank grouped low-income and middle-income countries

1995–99 2004–04 2005–09 2010–14 2015–17
Year

0

20

40

60

80

100

Pr
op

or
tio

n 
of

 h
ou

se
ho

ld
s c

oo
ki

ng
 w

ith
 cl

ea
n 

fu
el

s (
%

)

World Bank income groupings
Low
Lower-middle
Upper-middle 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 238 of 396



Review

1858 www.thelancet.com   Vol 394   November 16, 2019  

breakdown of economic sectors and fuels used. 
Underlying activity data are based on statistics reported 
by the IEA.129

Indicator 3.3.1: exposure to air pollution in cities—headline 
finding: urban citizens have continued exposure to high levels 
of air pollution, with 83% of cities exceeding the WHO’s 
recommended safe concentrations. Energy use, particularly 
residential combustion, is a major contributor to this 
pollution
The world is becoming increasingly urbanised, with 
almost 70% urbanisation of the global population ex pected 
by 2050.130 Because of the increased popu lation and higher 
concentrations of emissions, many cities have become hot 
spots of air pollution. Few cities world wide have achieved 
PM2·5 concentrations that are below the WHO guideline of 
an annual mean of 10 µg/m³, and many cities exceed this 
guideline amount several fold.131 The highest measured 
concentrations currently have been reported in south and 
east Asia, while data gaps exist in other world regions. The 
fact that these high PM2·5 concentrations have been further 
increasing or stagnant in many regions of the developing 
world is particularly concerning. A positive exception to 
this trend is China, where many highly polluted cities have 
improved air quality because of their ambitious emission 
control efforts. Cities in Europe and the USA have seen 
slowly decreasing PM2·5 concentrations with effective 
implementation of air pollution control legislation and 
regulation.

This analysis estimates source contributions to ambient 
PM2·5 concentrations in urban areas outside Europe 
(more than 3500 cities with more than 100 000 inhabi
tants), with results aggregated to the WHO world 
regions—83% of these cities do not meet the WHO 
guide line regarding ambient PM2·5 concentrations.

In most regions, residential combustion of solid fuels 
for cooking and heating was the dominant source of high 
PM2·5 concentrations in 2016. Although coal is prominent 
in some countries, most of the burden arises from the 
use of biomass in traditional stoves, which is often 
associated with net greenhousegas emissions due to 
unsustainable harvesting.

Indicator 3.3.2: premature mortality from ambient air 
pollution—headline finding: in 2016 there were 2·9 million 
premature deaths globally that were associated with 
ambient PM2·5 pollution, with minimal improvement in 
global mortality from 2015. On a decadal scale, 
improvements are seen in some regions because of efficient 
emission controls, particularly from industrial processes and 
power generation
Knowledge of the sources of ambient air pollution is 
essential for designing efficient mitigation measures that 
maximise benefits for human health and climate. This 
indicator estimates the source contributions to ambient 
PM2·5 and their global health impacts, quantifying contri
butions from individual economic sectors and assessing 
coal combustion across sectors.

Panel 2: Case study of household air pollution conditions in Nairobi, Kenya

This case study focuses on indoor exposure to fine particulate 
matter (PM)2·5, the mortality attributable to this exposure, 
and carbon dioxide equivalent (CO2e) emissions in slum 
housing in Viwandani, Nairobi, Kenya. In this setting, cooking 
is done with solid fuels (14·6%), kerosene (72·9%), or 
electricity (12·5%). Most dwellings do not have space heating 
(84·6%), with the rest using solid fuel heaters from June to 
August. Houses without electricity use kerosene-burning 
koroboi lamps for lighting for the whole year, and 8 h average 
ambient outdoor pollution levels are around 67 µg/m³.118

Indoor exposure and space heating estimates were estimated 
on the basis of 2016 levels using EnergyPlus,119 calibrated to 
monitored indoor levels in dwellings using different fuel types 
and ventilation behaviours.120 Two scenarios were modelled, 
involving the following changes in exposure and heating 
energy consumption.

The first scenario modelled electrification of all existing stoves, 
lamps, and heaters using the standard electrical network, which 
was assumed to reduce outdoor pollution by 40% on the basis 
of the estimated contribution of residential combustion to 
annual mean air pollution in Nairobi from the GAINS model.121

The second scenario modelled electrification as in the first 
scenario, but with low energy lighting, and heater installation 

extended to all dwellings. Additionally, upgrades to dwelling 
energy efficiency and airtightness inline with local sustainable 
design guidelines were modelled.122

Current mean 24-hour exposures in Viwandani are estimated 
to average 60 µg/m³ with the fuels producing an estimated 
425 kg of CO2e per household year. Electrification was 
estimated to result in halving of both greenhouse-gas 
emissions and PM2·5 air pollution (and hence premature 
deaths associated with PM2·5), with annual greenhouse-gas 
emissions reduced to 210 kg of CO2e per year and an annual 
average PM2.5 concentration of 31 µg/m3. For upgrades to the 
building envelope and increased electric heating and lighting 
coverage, the decrease in CO2e emissions was similar to that 
for electrification, but with a substantially greater reduction 
in PM2·5 concentrations down to an annual average of 
25 µg/m3, and hence a reduction in premature deaths 
associated with air pollution. However, these changes do not 
reduce indoor exposures to less than the WHO-recommended 
limit of 10 µg/m³. Therefore, reduction of indoor PM2·5 to 
adequate and safe concentrations would also necessitate 
further substantial reductions in outdoor ambient levels or 
the application of additional technologies such as air filtration 
systems.
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Results for 2016 are similar to the estimates for 2015, 
with an overall number of premature deaths attributable 
to ambient PM2·5 estimated at 2·9 million. The dominant 
contribution varies between and within world regions: in 
Africa, household cooking primarily contributes to high 
PM2·5 concentrations; whereas in other regions, industry, 
transport, electricity generation, and agriculture are the 
primary contributors (figure 16). Small decreases in 
the number of premature deaths have been observed in 
the European region and the Western Pacific region 
(mainly from closing of coal power plants). Sustained 
improve ments over the past 10 years have been recorded 
in these regions, presumably due to implementation of 
endofpipe emission controls on power plants (Western 
Pacific) and on other emission sectors in Europe. However, 
world wide, more than 440 000 premature deaths are still 
estimated to be associated with coal burning.

Indicator 3.4: sustainable and healthy transport
Headline finding: global road transport fuel use increased by 
0·7% from 2015 to 2016 on a per-capita basis. Fossil fuels 
continue to dominate as the primary transport fuel, but their 
growth is being tempered somewhat by rapid increases in 
biofuels and electricity
As with electricity generation, the transition to cleaner 
fuels for transport is important for climate change 
mitigation and will have the added benefit of reducing 
mortality from air pollution.100 Fuels used for transport 
currently produce more than half of the nitrogen oxides 
emitted globally and a substantial proportion of parti
culate matter, posing a large threat to human health, 
particularly in urban areas (indicator 3.3).132 Additionally, 
the health benefits of increasing uptake of active forms of 
travel (walking and cycling) have been shown through 
a large number of epidemiological and modelling 
analyses.17,49,100,133,134 Encouraging active travel (particularly 
cycling) has become increasingly central to transport 
planning, and growing evidence suggests that bikeway 

Figure 16: Premature deaths attributable to exposure to ambient fine particulate matter (PM₂·₅) in 2015 and 2016, by key sources of pollution in WHO-specified 
regions
PM₂·₅=atmospheric particulate matter with a diameter of less than 2·5 μm.
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Figure 17: Per-capita fuel use by type (TJ per capita) for road transport
(A) Global per-capita fuel consumption for road transport using all types of fuels. (B) Global per-capita fuel 
consumption for road transport using biofuels and electricity.
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infrastructure, if appropriately designed and imple 
mented, can increase cycling in various settings.135 A 
modal shift in transport could also result in reductions 
in air pollution from tyre, brake, and road surface 
wear, in addition to a reduction in exhaustrelated 
particulates.136

Global trends in fuel efficiency and the transition away 
from the most polluting and carbonintensive transport 
fuels are monitored using data from the IEA; specifically, it 
follows the metric of fuel use for road transportation on a 
percapita basis (TJ/person) by type of fuel.37,137 In response 
to feedback, this year’s indicator displays data in three 
categories of fuel: fossil fuels, biofuels, and electricity.

Globally, percapita fuel use increased by 0·7% from 
2015 to 2016 (figure 17). Although fossil fuels continue to 
contribute 95·8% of total fuel use for road transport, the 
use of clean fuels is growing at an increasing rate: fossil 
fuel use increased by 0·5%, compared with 3·3% growth 

in use of biofuels and 20·6% growth in use of electricity. 
In China, electricity now represents 1·8% of total 
transportation fuel use. This is more than any other 
country and an 80% higher share than observed in 
Norway (0·85%), who have committed to 100% of new 
vehicles sold being zeroemission by 2025.138 A growing 
number of countries and cities have announced plans to 
ban vehicles powered by fossil fuels and automaker 
Volkswagen has announced that they will stop developing 
engines fuelled by petrol or diesel after 2026.139

A number of cities have made considerable progress 
towards improving the amount of cycling. Notably, 
cycling mode share has increased from almost zero to 
about 15% in VitoriaGasteiz, Spain, in less than a 
decade.140 The city’s transport policy has strongly 
promoted cycling though the expansion of the cycle lane 
network, improved cycle parking facilities, and the 
introduction of safety courses and new cycling 
regulations, in addition to enhanced communication on 
the health benefits of cycling.141 The search for a more 
comprehensive metric of active transport remains elusive, 
principally limited by scarcity of data access in this field.

Indicator 3.5: emissions from livestock and crop 
production
Headline finding: total emissions from livestock have increased by 
14% and emissions from crop production have increased by 10%, 
from 2000 to 2016, with 93% of livestock emissions attributed 
to ruminants
Obesity and undernutrition present two great challenges 
to global public health, and both these forms of mal
nutrition share many common systemic drivers with 
climate change.142 Current dietary trends are contributing 
to both noncommunicable diseases and greenhousegas 
emissions, with further planetary impacts including 
biodiversity loss and changes in water and land use.101 
In particular, excess red meat consumption contributes to 
the risk of cardiovascular disease and type 2 diabetes as 
well as increased greenhousegas emissions.143 Although 
total emissions from crops and livestock will need to 
substantially decline in the future, particular attention 
should be given to capitalising on lowcarbon production 
processes, and reducing the consumption of ruminant 
meat and other animal source foods, particularly in 
highincome settings.20,37 Importantly, the nuance and 
complexity of any such indicator must be emphasised, and 
no onedietfitsall solution exists.101

For the 2019 Lancet Countdown report, this indicator 
focuses on emissions from livestock and crop production. 
The new analysis added here provides a novel method 
of understanding the emissions profile of agri cul
tural groups—for example, ruminant livestock. A full 
description of the methods and data is provided (appendix 
pp 81–84).

Overall emissions from livestock have increased by 14% 
since 2000 to over 3·2 GtCO2e in 2016 (figure 18). 
Ruminants contribute 93% of total livestock emissions 

Figure 18: Gigaton CO2e emissions from 2000 to 2016
(A) CO2e emissions from livestock. (B) CO2e emissions from crop production. CO2e=carbon dioxide equivalent.

A Emissions from livestock

B Emissions from crop production

0

0·5

1·0

1·5

2·0

2·5

3·0

3·5

Gi
ga

to
n 

CO
2e

2000
2001

2002
2003

2004
2005

2006
2007

2008
2009

2010
2011

2012
2013

2014
2015

2016

Year

0

0·5

1·0

1·5

2·0

2·5

3·0

3·5

Gi
ga

to
n 

CO
2e

Enteric fermentation 
(ruminant)
Manure management 
(ruminant)

Manure left on pasture 
(ruminant)
Fertiliser on grassland 
(ruminant)

Manure management 
(non-ruminant)
Manure left on pasture 
(non-ruminant)

Fertiliser Rice cultivation Cultivation of organic soils

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 241 of 396



Review

www.thelancet.com   Vol 394   November 16, 2019   1861

(3 GtCO2e per year), with 62–65% of this value attributed 
to nondairy cattle (used for meat; appendix pp 81–84). 
However, the largest increase in emissions from 2000 to 
2016 has come from poultry, with a recorded increase in 
emissions of 58% (an increase from 30·6 million tonnes 
CO2e in 2000 to 48·5 million in 2016), more than double 
the increase from nondairy cattle.

Total emissions from crop production have increased 
by 10% since 2000, to around 2 GtCO2e in 2016. Paddy rice 
cultivation, which releases methane, contributes around 
half of these emissions (47–50%), with cultivation of 
organic soils (such as peatlands) contributing 27–29%, and 
addition of nitrogen fertilisers (synthetic and manure) to 
soils contributing 21–25%.

Indicator 3.6: mitigation in the health-care sector
Headline finding: greenhouse-gas emissions from the global 
health-care sector were approximately 4·6% of the global total 
emissions
Section 2 emphasises the central role of the healthcare 
sector in managing the damages to health resulting from a 
changing climate; however, this sector is also a large 
contributor of greenhousegas emissions, both directly and 
indirectly through purchased goods and services. National
level studies for the USA,144 Canada,145 and Australia,146 
have used environmentallyextended inputoutput (EEIO) 
modelling to show that healthcare sector emissions 
contribute between 4% and 10% of total greenhousegas 
emis sions in these countries. EEIO models have been 
widely used since the 1970s,147 and underpin consumption
based accounting of emissions done at national and global 
scales.148 An important advantage of using EEIO modelling 
is that healthcare sector emissions are estimated on a life 
cycle basis, meaning that all emissions are accounted for, 
from the electricity use of healthcare facilities, to the 
energy to produce and transport medical equipment and 
pharmaceuticals.

Nationallevel studies cannot easily be compared because 
of differences in how emission inventories, monetary 
inputoutput tables, and health expenditure data are 
collected in each country. Additionally, a proportion of 
healthcare sector emissions in each country is imported 
from other countries as embodied carbon in traded 
commodities, thus requiring a global scope and the use of 
multiregion inputoutput (MRIO) models that cover more 
than one country. For this edition of The Lancet 
Countdown, a standardised, international measure of 
healthcare sector greenhousegas emissions was created 
using multiple MRIO models (EXIOBASE, WIOD; 
figure 19) that cover 40–47 countries and restofworld 
regions, in combination with WHO health expenditure 
data for 187 countries, assigned to the MRIO model 
geographic units.

Variations in percapita greenhousegas emissions 
associated with health care as a function of time, affluence, 
and the proportion of national economic output spent on 
health care are shown (figure 19). Per capita, US emissions 

are substantially higher than those of any other country 
and have risen steadily over the study period 2007–16, 
with a 19% increase. However, percapita healthcare 
emissions of other countries have increased even more 
substantially, albeit from a lower base, including China 
(CN, 180% increase), South Korea (KR, 75%) and Japan 

Figure 19: Variations in per capita health-care sector emissions as a function of time, per capita GDP, and the 
proportion of national spending on health care
(A) Health-care sector emissions as a function of GDP per capita (bubble widths indicate the proportion of national 
spending on health care). (B) Health-care sector emissions as a function of time. Graphs created using multiregional 
input-output EXIOBASE model. CO2e=carbon dioxide equivalent. GDP=gross domestic product. AU=Australia. 
BR=Brazil. CA=Canada. CN=China. DE=Germany. GR=Greece. IN=India. JP=Japan. KR=South Korea. MX=Mexico. 
RU=Russia. SE=Sweden. TR=Turkey. ZA=South Africa.
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(JP, 37%). By contrast, healthcare greenhousegas emis
sions in Greece showed a marked decrease (GR, –35%), 
probably reflecting the economic hardships. Results using 
the WIOD MRIO model show similar trends but slightly 
lower absolute greenhousegas emissions. The lowest 
per capita emissions modelled were for India (IN) and 
Indonesia (ID), which were less than 2·5% of values 
recorded for the USA. Comparison of emissions per capita 
and Gross Domestic Product (GDP) per capita show a 
levelling off trend for healthcare emissions versus 
affluence, except for in the USA.

Overall, health care was responsible for approximately 
2250 metric tonnes of CO2e in 2016, or 4·6% of the global 
total emissions (excluding land use change). A parallel 
global analysis using a different MRIO model (EORA) 
measuring CO2 only (excluding other green house gases) 
for 36 countries determined a healthcare contribution of 
4·4% to the global total for the countries considered,149 
corroborating the results presented here. Although global 
healthsector greenhousegas emissions are rising, efforts 
to reduce these have begun (panel 3).

Conclusion
The indicators of section 3 present a mix of encouraging 
and concerning trends. Renewable electricity generation 
continues to grow, as does access to energy, and electric 
vehicle sales. However, the carbon intensity of the energy 
system remains unchanged, with coal supply increasing, 
reversing the 2014–16 downward trend, and a substantial 

effort is required to decarbonise the agricultural sector and 
the healthcare sector. In summary, greenhousegas 
emissions continue to rise. Notably, the year 2020 is 
important for two reasons—it is the year that the 
implementation period of the Paris Agreement begins, 
and the year during which most studies suggest global 
emissions must peak to remain on the path to achieving 
the 1·5°C goal. To meet both commitments, a substantially 
stronger global response is urgently required, to reduce 
greenhousegas emissions and minimise the future health 
risks of climate change. The health sector has an important 
role to play in achieving these goals, both by reducing its 
own emissions and working with policy makers to help 
design and implement measures that reduce greenhouse
gas emissions and maximise health cobenefits.

Section 4: economics and finance
Section 4 examines the financial and economic dimen
sions of the effects of climate change, and of mitigation 
efforts required to respond to these changes. Although 
many indicators in this section could appear to be distant 
from human health, they are key to tracking the low
carbon transition that underpins current and future 
determinants of human health and wellbeing described 
in sections 1–3.

The projected economic cost of inaction to tackle 
climate change is enormous. For example, compared 
with maintaining a 2°C limit, the costs of 3°C of warming 
are expected to reach US$4 trillion per year by 2100 
(around 5% of total global GDP in 2018), and the 
total economic costs of a 4°C rise are estimated at 
US$17·5 trillion (over 20% of GDP in 2018).152

Investment to mitigate climate change substantially 
reduces these risks and generates further economic 
benefits. For example, the UK’s independent Committee 
on Climate Change calculated that achieving netzero 
emissions in the UK in 2050, in line with the more 
ambitious objective of the Paris Agreement, is likely to 
require investments of 1–2% of the UK’s GDP in 2050. 
However, if the economic value of cobenefits to human 
health (and savings to the NHS—for example, from 
reduced air pollution), and the creation of lowcarbon 
industrial opportunities are considered, the economic 
implications are likely to be positive.153 Global economic 
benefits are likely to be maximised (and costs minimised) 
if strong policy action is taken as soon as possible to 
accelerate the lowcarbon transition.

The nine indicators in this section fall into four broad 
themes: economic costs of climate change (indicator 4.1); 
economic benefits of tackling climate change and air 
pollution (indicator 4.2); investing in a low carbon 
economy (indicators 4.3.1, 4.3.2, 4.3.3, and 4.3.4); and 
pricing greenhousegas emissions from fossil fuels 
(indicators 4.4.1, 4.4.2, and 4.4.3).

The 2019 report adds an additional indicator tracking 
the economic value of change in mortality associated 
with air pollution (indicator 4.2).

Panel 3: Response of the health-care sector to climate change

Health systems are increasingly faced with the dual challenges of responding to the health 
impacts of climate change and reducing the contribution of the health-care sector to 
greenhouse-gas emissions. From 2013 to 2018, participants from health systems, health 
centres, and hospitals, from 19 different countries, and representing 9199 health centres 
and 1693 hospitals, have participated in the Health Care Climate Challenge. The Challenge 
addresses key areas including local climate change risk assessments, health adaptation plans, 
fossil fuel and renewable energy project investments, and works with government agencies 
to support greenhouse-gas emission reductions and health-care sector adaptation.

A leader in climate action progress is Kaiser Permanente (KP), one of the largest not-for-
profit health systems in the USA, serving 12·3 million members. Between 2008 and 2017, 
KP reduced its operational greenhouse-gas emissions by 29%, and increased its membership 
by 36%. As of early 2018, 36 KP facilities hosted onsite solar panels. KP is working to increase 
its purchasing of renewable electricity to 100% of total usage by 2020. Anaesthetic gases 
account for 3% of KP’s greenhouse-gas emissions. Between 2014 and 2018, KP achieved a 
24% reduction in greenhouse-gas emissions associated with its use of anaesthetic gases 
through progressive elimination of the drug Desflurane.150

The largest example of a health system taking steps to reduce greenhouse-gas emissions 
and other environmental effects comes in the form of the UK National Health Service 
(NHS). A national-level detailed analysis of government funded health care shows that 
the NHS public health and social sector in England reduced its greenhouse-gas emissions 
(excluding chlorofluorocarbons) by 18·5% from 2007 to 2017, while clinical activity 
increased by 27·5% over the same time period.151 Efforts are also being made to reduce 
water use, plastic waste, and air pollution from the NHS.
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Indicator 4.1: economic losses associated with 
climate-related extreme events
Headline finding: in 2018, a total of 831 climate-related 
extreme events resulted in overall global economic losses of 
US$166 billion. Although most losses were in high-income 
countries and insured, no measurable losses from events in 
low-income countries were covered by insurance
The indicators in section 1 presented changes in exposures 
and resulting effects on health of climaterelated extreme 
events (indicators 1.2.1, 1.2.2, and 1.2.3). The economic 
costs of extreme climaterelated events might exacerbate 
the direct health impacts that these events produce. This 
indicator tracks the total annual economic losses (insured 
and uninsured) across country income groups relative to 
GDP, resulting from climaterelated extreme events. 

The data for this indicator is sourced from Munich Re’s 
NatCatSERVICE,154 with climaterelated events catego rised 
as meteorological, climatological, and hydrological events 
(geophysical events are excluded) as well as data from the 
World Bank Development Indicator Database.155 The 
methodology remains the same as was used in the 2018 
Lancet Countdown report.37 Full methodology, along with 
data for 1990–2018 are presented (appendix p 87–90).

Insured and uninsured economic losses resulting from 
extreme climaterelated events, relative to GDP, are shown 
(figure 20). Absolute global economic losses in 2018 were 

US$166 billion, around half the value experienced in 2017, 
but still higher than any other year since 2005. Economic 
losses are highest in highincome countries, but more 
than half of these losses in highincome countries were 
insured. By contrast, although in previous years less than 
1% of losses in lowincome countries were insured 
(for example, US$20 million of $1·9 billion losses in 2017), 
in 2018, not a single event recorded created measurable 
losses covered by insurance.

Indicator 4.2: economic costs of air pollution
Headline finding: across Europe, improvements in particulate air 
pollution from human activity were seen from 2015 to 2016. 
If the change in pollution over these 2 years remained the same 
over the course of a person’s life, this difference would lead to an 
annual average reduction in YLL worth €5·2 billion
Indicator 4.2 is a new indicator for the 2019 report and is 
the first indicator tracking the economics of the health 
cobenefits of climate change mitigation, capturing the 
economic costs of the effect of air pollution on human 
health (indicator 3.3.2). It will be developed into a full suite 
of metrics over the coming years, with 2019 presenting 
values for the EU alone.

This indicator is based on estimates of the total YLL to 
the 2015 population of EU Member States that results 
from the change in anthropogenic PM2·5 exposure from 
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Figure 20: Economic losses from climate-related events relative to GDP
GDP=gross domestic product. US$2018=based on the value of the US dollar in 2018.
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2015 to 2016, if such emissions and subsequent popu
lation exposure were to remain constant over the course 
of their remaining lifetimes. Each YLL is assigned a 
Value of a Life Year of €50 000, which is the lower bound 
estimate as suggested by the EU Impact Assessment 
Guidelines.156 Further details regarding this indicator are 
discussed (appendix pp 90–93).

As described under indicator 3.3.2, anthropogenic PM2·5 
pollution decreased between 2015 and 2016 in Europe, 
largely because of a reduction in emissions from the 
power sector. If the population of the EU in 2015 were 
exposed to anthropogenic PM2·5 emissions at the con
centrations recorded in 2016 (rather than the concentration 
recorded in 2015) consistently to the year 2115, the total 
annual average economic value of the reduction in YLLs 
would be about €5·2 billion. However, even at the 
concentrations of anthropogenic PM2·5 pollution recorded 
in 2016, the total annual average cost to the population of 
2015 would still be €129 billion, with the greatest costs 
generally found in countries with the largest populations. 
The greatest projected average life lost per person due to 
high ambient PM2·5 concentrations is seen in Hungary, 
Romania, and Poland (at more than 8 months per person), 
with an EU average of 5·7 months of life lost per person.

For the first iteration of this indicator, calculation of 
annual YLLs attributable to PM2·5 exposure in a given year 
was not possible. However, methodological refinements 
should allow this metric to be reported in the 2020 report.

Indicator 4.3: investing in a low-carbon economy
Indicator 4.3.1: investment in new coal capacity—headline 
finding: global investment in new coal-fired electricity capacity 
declined again in 2018, continuing the downward trend 
observed since 2011
Indicator 3.1.2 tracks progress on coal phaseout through 
the total primary energy supply of coal, while this indicator 

discusses the future of coalfired power generation 
through tracking investments in coalfired capacity.

The data source for this indicator (IEA) remains the 
same as in the 2017 Lancet Countdown report;20 however, 
the methodology has altered and has been retrospectively 
applied to reanalyse all data presented. The revised 
approach considers ongoing capital spending, with 
investment in a new plant spread evenly from the year 
new construction begins, to the year it becomes 
operational. Previously, data was presented as a socalled 
overnight investment, in which all capital spending on a 
new plant is assigned to the year in which the plant 
became operational (appendix p 93). Data for 2006–17 
using the overnight method are presented for comparison 
with the ongoing capital spending method (figure 21).

Although TPES for coal increased in 2018 (indicator 3.1.2), 
investment in new coalfired electricity generating capa city 
continued the downward trend observed since 2011. 
Notably, this decline was mostly due to reduced investment 
in the same countries that increased their coal TPES in 
2018 (China and India), providing hope for coal phaseout. 
The number of total Final Investment Decisions (ie, the 
decision to begin construction) declined by 30% in 2018, 
with costs and construction times for new plants generally 
increasing because of larger, more efficient, and complex 
designs, and the use of advanced pollution control systems, 
in response to concerns regarding air quality.157

Indicator 4.3.2: investments in low-carbon energy and energy 
efficiency—headline finding: trends in energy investments are 
currently heading in the wrong direction. In 2018, investments in 
fossil fuels increased, whereas investments in low-carbon energy 
decreased
Indicator 4.3 monitors global investment in lowcarbon 
energy, energy efficiency, fossil fuels, and electricity 
networks. It complements the tracking of lowcarbon 
electricity generation (indicator 3.1.3) in section 3 and 
potentially predicts future trends in this indicator. 
All values reported are based on the value of the US dollar 
in 2018 with data sourced from the IEA.157 The data sources 
for this indicator remain the same as described in the 
2017 Lancet Countdown report;20 however, the methodology 
has been updated (appendix pp 94–95).

Total investment in the global energy system remained 
stable at around US$1·85 trillion in 2018, following a steady 
decline between 2015 and 2017 (figure 22). Invest ment in 
fossil fuels increased slightly, driven by an increasing oil 
price, and investment in lowcarbon energy slightly 
decreased, driven by reduced investment in renewable 
electricity—partly the result of continually declining costs. 
Investments in energy efficiency and electricity networks 
remained stable between 2017 and 2018.

In contrast to the growth in lowcarbon electricity 
generation (indicator 3.1.3), these investment trends 
are not consistent with limiting warming to ‘‘well 
below 2°C’’. The IEA estimate that in order to achieve a 
pathway consistent with the goals of the Paris Agreement, 

Figure 21: Annual investment in coal-fired capacity from 2006 to 2018
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investment in lowcarbon energy, electricity networks 
that enable it, and energy efficiency, must collectively 
increase 2·5fold by 2030 (even with further expected 
reductions in the cost of such technologies and actions), 
and account for at least 65% of total annual investment 
in the global energy system.157,158

Indicator 4.3.3: employment in renewable and fossil fuel energy 
industries—headline finding: in 2018, renewable energy 
provided 11 million jobs—an increase of 4·2% from in 2017. 
Employment in fossil fuel extraction industries also increased 
to 12·9 million—a 2% increase from in 2017
Occupational health consequences of working in certain 
key fossil fuel industries, such as risk of injury and 
respiratory disease, and risk of damage to hearing and 
skin, are well documented.20 However, with appropriate 
planning and policy, the transition of employment 
opportunities from highcarbon to lowcarbon industries 
could yield positive consequences for both the economy 
and human health.159

This indicator tracks global direct employment in fossil 
fuel extraction industries (coal mining and oil and gas 
exploration and production) and direct and indirect 
(supply chain) employment in renewable energy 
(figure 23). The data for this indicator are sourced from 
the International Renewable Energy Agency (IRENA) 
(renewables) and IBISWorld (fossil fuel extraction).160–162 
The data for fossil fuel extraction employment for 
2012–2017 differs substan tially from that presented in the 
2018 Countdown report, because of improved data 
collection and estimation methods for global coal mining 
employment by IBISWorld. Similarly, values for hydro
power and other technologies for renewable energy 
employment have been revised, following methodological 
changes (appendix pp 95–96).

In 2018, around 11 million people were employed either 
directly or indirectly in the global renewable energy 
industry. This value represents a 4·2% increase from 
2016, with growth in five of the six renewable energy 
categories. Employment in the solar photovoltaic industry 
increased by more than 7%, and remains the largest 
employer, with China responsible for nearly twothirds of 
jobs in this industry. Overall, 32% of global renewable 
energy jobs are held by women.162

Growth in employment in the fossil fuel extractive 
industries has been driven by both the growth of 
coal mining in China and other emerging markets 
(particularly India), despite a decline in many high
income countries, and the upstream oil and gas 
industries, following rising prices in 2018. However, 
employ ment in both industries is expected to decrease 
in the coming years because of the slowing growth in 
demand for coal in key markets such as China, and a 
decline in other (particularly highincome) markets, as 
the transition to lowcarbon electricity con tinues, along 
with a potential decline in oil and gas prices—coupled 
with increasing productivity.160,161

Indicator 4.3.4: funds divested from fossil fuels—headline 
finding: the global value of new funds committed to fossil fuel 
divestment in 2018 was US$2·135 trillion, of which health 
institutions accounted for around US$66·5 million; 
this represents a cumulative sum of US$7·94 trillion since 
2008, with health institutions accounting for US$42 billion
Originating in the late 2000s, the divestment movement 
aims to remove the socalled social licence to operate 
from the fossil fuel industry and guard against the risk 
of losses from stranded assets, by encouraging investors 
to commit to divest themselves of assets related to 
the industry. The debate on the direct and indirect 
consequences of these approaches is nuanced and 
complex, with evidence regarding their effects only 
beginning to emerge.163

This indicator tracks the total global value of funds 
divested from fossil fuels and the value of divested funds 
from health institutions, by use of data provided by 
350.org.164
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Figure 23: Employment in renewable energy and fossil-fuel extraction sectors 
Data from IBISWorld 160,161 and IRENA.162

Figure 22: Annual investment in the global energy system
US$ 2018=based on the value of the US dollar in 2018.
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For more on funds divested 
from fossil fuels see 
https://gofossilfree.org
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From 2008 to the end of 2018, 1026 organisations with 
cumulative assets worth at least US$7·94 trillion, 
including 23 health organisations with assets of around 
US$42 billion, had committed to divestment, including 
the World Medical Association, the British Medical 
Association, the Canadian Medical Association, the UK 
Royal College of General Practitioners, and the Royal 
Australasian College of Physicians. The annual value of 
new funds committing to divesting increased from 
US$428 billion in 2017 to $2·135 trillion in 2018. However, 
health institutions have divested at a reduced rate, with 
just US$866·5 million divested in 2018, compared with 
$3·28 billion in 2017.

Indicator 4.4: pricing greenhouse-gas emissions from 
fossil fuels
Indicator 4.4.1: fossil fuel subsidies–headline finding: in 2018, 
fossil fuel consumption subsidies increased to US$427 billion, 
more than a third higher than 2017 subsidies, and more than 
50% higher than 2016 subsidies
Negative externalities, including the various direct and 
indirect consequences for human health and the natural 
environment, mean that the true cost of fossil fuels is far 
greater than their market price.165 Fossil fuel subsidies 

(both for their consumption and their extraction) arti
ficially lower prices even further, promoting overcon
sumption, further exacerbating both greenhousegas 
emissions and air pollution.

This indicator tracks the value of fossil fuel consumption 
subsidies in 42 countries, most of which are not members 
of the Organization for Economic Cooperation and 
Development. Although these countries account for a 
large proportion of such subsidies around the world, they 
are by no means comprehensive, meaning that the values 
reported are conservative. The methodology and data 
source (IEA) for this indicator remains unchanged since 
the 2018 Lancet Countdown report37 Data for 2008 and 
2017, which was previously not available, is now included 
(appendix pp 97–102).

Although fossil fuel subsidies declined between 
2012 and 2016, this trend was reversed in both 2017 and 
2018, reaching US$319 billion and $427 billion, res
pectively (figure 24). These values do not include the 
economic value of the unpriced negative externalities. 
If these values were to be included, the IMF estimated 
that in 2017 global subsidies to fossil fuels increased to 
US$5·2 trillion—equivalent to 6·3% of Gross World 
Product.166

Indicator 4.4.2: coverage and strength of carbon pricing—
headline finding: carbon pricing instruments in early 2019 
continue to cover 13·1% of global anthropogenic 
greenhouse-gas emissions, but average prices were around 
13% higher than in 2018
Adequately pricing carbon emissions is an essential 
component in shifting investment to develop a low
carbon economy. This indicator tracks the extent to 
which greenhousegas emissions are priced, and the 
weightedaverage price these instruments provide 
(table 1), using data from the World Bank Carbon Pricing 
Dashboard.167 The full methodology is presented and 
remains unchanged from the 2017 Lancet Countdown 
report (appendix pp 102–104).

The coverage of carbonpricing instruments 
remained at around 13·1% of global anthropogenic 

2016 2017 2018 2019

Global emissions coverage* 12·1% 13·1% 13·1% 13·1%

Weighted average carbon price of instruments (prices in US$) 7·79 9·28 11·58 13·08

Global weighted average carbon price (prices in US$) 0·94 1·22 1·51 1·76

*Global emissions coverage is based on 2012 total anthropogenic greenhouse-gas emissions.

Table 1: Carbon pricing—global coverage and weighted average prices per tonnes of carbon dioxide 
equivalent

Figure 24: Global fossil-fuel and electricity consumption subsidies in 2008–18
US$ 2018=based on the value of the US dollar in 2018.
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Figure 25: Summary map of regional, national, and subnational carbon 
pricing initiatives implemented, scheduled for implementation, and under 

consideration (ETS and carbon tax)
Adapted from State and Trends of Carbon Pricing 2019,167 by permission of 

World Bank Group. The large circles represent cooperation initiatives on carbon 
pricing between subnational jurisdictions. The small circles represent carbon 

pricing initiatives in cities. Carbon pricing initiatives are considered to be 
scheduled for implementation when they have been formally adopted through 
legislation and have an official, planned start date. Carbon pricing initiatives are 

considered to be under consideration if the government has announced its 
intention to work towards the implementation of a carbon pricing initiative and 

this has been formally confirmed by official government sources. The carbon 
pricing initiatives have been classified in ETSs and carbon taxes according to 
how they operate technically. ETS not only refers to cap-and-trade systems, 

but also to baseline-and-credit systems as seen in British Columbia. Australia 
had a carbon tax implemeneted in 2012, which was then removed in 2014. 

ETS=Emissions Trading Scheme.
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greenhousegas emissions between 2018 and 2019, 
implemented through 44 national and 27 subnational 
instruments.

Carbon prices across instruments are widely varied, 
from less than US$1/tonne CO2e (tCO2e) in Poland, 
Ukraine and the Chongqing and Shenzhen pilot schemes 
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in China, to $127/tCO2e in Sweden. Weightedaverage 
prices in early 2019 were 13% higher than 2018 prices, 
driven in large part by an increasing price under the EU 
Emissions Trading Scheme (EU ETS; the largest carbon 
pricing instrument in the world, responsible for nearly 
half of the economic value of all instruments com
bined). However, the weighted average of these carbon 
pricing instruments remains insufficient to remain “well 
below 2°C”, which would require a carbon price of 
US$40–80/tCO2e by 2020,168 and the revenue generated 
through carbon pricing (described in indicator 4.4.3) is 
far less than the potential annual impacts of unmitigated 
climate change on global GDP.152

Further carbon pricing instruments are under consider
ation (figure 25). With the addition of these instruments—
and in particular the Chinese national Emissions Trading 
Scheme (ETS; replacing the existing subnational socalled 
pilots), more than 20% of global anthropogenic green
housegas emissions will be covered by carbon price.169

Indicator 4.4.3: use of carbon pricing revenues—headline finding: 
revenues from carbon pricing instruments increased by 
US$10 billion between 2017 and 2018, reaching $43 billion, 
with $24·4 billion allocated to further climate change mitigation 
activities
As the previous indicator outlined, adequately pricing 
carbon is essential for mitigating greenhousegas emis
sions. How the revenue generated by these pricing 
instru ments is used will also have important conse
quences. Four ways the revenue could be used include: 
investment in further mitigation; investment in 
adaptation; recycling for other purposes (such as 
enabling the reduction of other taxes or levies); and 
contributing to other general government funds. This 
indicator tracks the total government revenue from 
carbon pricing instruments and the area in which it will 
be allocated.

Data on revenue generated is provided on the WBG 
Carbon Pricing Dashboard,167 with revenue allocation 
information obtained from various sources. Only instru
ments with revenue estimates and with revenue received 
by the administering authority before redistribution are 
considered. Further information regarding the metho
dology and various sources used to obtain information 
on revenue allocation are presented (appendix pp 104–106).

Government revenue generated from carbon pricing 
instru ments in 2018 totalled over US$43 billion; 

a $10 billion increase from the $33 billion generated in 
2017. This change was driven by increasing prices of 
allowances sold at auction in the EU ETS; higher tax 
rates for instruments in Alberta, British Columbia, and 
France; and allowance sales in California and Quebec.169

The revenue allocated to mitigation activities increased 
by about US$10 billion between 2017 and 2018, and 
revenue allocated to revenue recycling and general funds 
also increased (table 2). Revenue allocated to adaptation 
reduced substantially, from more than US$1·5 billion to 
around $250 million.

Conclusion
Section 4 has presented indicators on the economic 
impacts of climate change, the financial and economic 
under pinnings of climate change mitigation, and the 
economic value of the associated health benefits. 
The results of these indicators suggest that the shift to a 
low carbon global economy is slowing in various sectors, 
and previously promising trends emphasised in the 
2018 report have been reversed. Given the need to 
transition the global economy to netzero greenhousegas 
emissions by 2050 to limit warming to well below 2°C, 
governments at all levels—in collaboration with 
the private sector and the population—must take imme
diate steps towards implementing strong, ambitious 
policies and related actions to steer and rapidly accelerate 
their economies towards a lowcarbon state. The health 
sector and health professionals can contribute through 
the removal of institutional investment in fossil fuels, 
assessments of the health economics of mitigation 
cobenefits, and by communicating the negative exter
nalities associated with the continued use of fossil fuels.

Section 5: public and political engagement
As the previous sections have emphasised, climate change 
is human in both origins and effects. Its origins lie in the 
burning of fossil fuels, particularly during early industrial 
periods, and its effects include an increasing toll on 
human health. Reductions in global greenhousegas emis
sions at the speed required by the Paris Agreement 
depend on engagement by all sectors of society.

In the 2019 Lancet Countdown report, section 5 focuses 
on engagement in four domains: the media, govern
ment, corporate sector and, for the first time, individual 
engagement. It tracks trends in engagement across the 
last decade, complementing this evidence with analyses 
of the content and dynamics of engagement in 2018. 
The methods for an indicator relating to a fifth domain, 
scientific engagement, are being refined to ensure the 
longterm sustainability of this work, and will be reported 
again in 2020. In every case, indicators in this section 
build on methods used in earlier Lancet Countdown 
reports, which continue to be refined and extended.

The media is central to public understanding of climate 
change; it provides a key resource through which people 
make sense of climate change and assess the actions of 

Value (US$) Proportion of total funds

Mitigation 24·36 billion 56·6%

Adaptation 258 million 0·6%

Revenue recycling 5·50 billion 12·8%

General funds 12·91 billion 30%

Total revenue 43·03 billion 100%

Table 2: Carbon pricing revenues and allocation in 2018
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governments to address it.170–173 The media indicator (5.1) 
includes an analysis of global coverage of health and 
climate change in 62 newspapers from 2007 to 2018. For 
the 2019 Lancet Countdown report, this has expanded to 
include coverage of health and climate change in China’s 
People’s Daily (in its Chineselanguage edition, Renmin 
Ribao). As the official outlet of the Chinese partystate, the 
People’s Daily is China’s most influential newspaper.174 
The indicator has been further enhanced by a content 
analysis of the elite press in two contrasting societies, 
India and the USA. Elite newspapers both reflect and 
shape engage ment in climate change by governments 
and elite groups.175–179

The internet is an increasingly important medium of 
civic engagement and has transformed individual access 
to global knowledge and debates. The second indicator 
tracks engagement in health and climate change 
through individuals’ informationseeking behaviour on 
the online encyclopaedia, Wikipedia.180 Because of its 
accessibility, breadth, and user trust, Wikipedia is one of 
the most widely used online resources.181–185

Recognising that climate change is harming people, the 
global public support government action to decrease 
greenhousegas emissions.186–188 The third indicator relates 
to government engagement in health and climate change 
and focuses on highlevel government engagement in 
health and climate change at the UN General Assembly. 
It tracks references at the UN General Debate, the major 
international forum during which national leaders have 
the opportunity to address the global community on 
issues they consider important.189,190

The fourth indicator relates to the corporate sector, 
recognised to be central to a rapid transition to a carbon
free economy, both through its business practices and 
wider political and public influence.191–193 Focusing on 
the health sector, the indicator tracks engagement in 
health and climate change through analyses of the 
annual reports submitted by companies signed up to 
the UN Global Compact—the world’s largest corporate 
sustain ability initiative.194

Indicator 5.1: media coverage of health and climate 
change
Headline finding: media coverage of health and climate change 
continued to increase between 2007 and 2018 with the elite 
press emphasising the health impacts of climate change and 
the co-benefits of climate change action
This indicator tracks coverage of health and climate change 
in the global media, including in the Chinese People’s Daily. 
Additionally, it provides insight into which aspects of the 
health–climate change nexus are receiving attention in the 
elite media in India and the USA. For the 2019 Lancet 
Countdown report, methods to track newspaper coverage 
have been improved and greater attention is also given to 
the content of coverage.

Global media coverage of health and climate change has 
increased since 2010. Alongside broader coverage of 

climate change, spikes in media engagement with health 
and climate change coincided with major events in climate 
governance.195 These include the 2009 and 2015 UNFCCC 
Conferences of Parties (COPs) in Copenhagen and Paris 
and, in 2016, the Paris Agreement and the Sustainable 
Development Goals coming into force. However, health 
continued to represent only a small proportion of the 
wider coverage of climate change. Analysis details, 
together with data sources and methodological enhance
ments are described (appendix pp 107–127). The indicator 
is based on 62 newspapers (English, German, Portuguese, 
Spanish) selected to provide a global spread of higher
circulation papers.

Additionally, coverage of health and climate change 
in the People’s Daily was tracked to extend the analysis 
(figure 26). Although the Chinese media has changed 
and diversified in recent decades, the People’s Daily 
retains its dominance.174,196,197 Across the 2008–18 period, 
an average of 2519 articles per year were published 
discussing climate change. A small proportion of these 
related to human health, with a mean of 14 articles per 
year. Spikes in coverage are less closely tied to important 
events in global climate change governance (such as 
the signing of the Paris Agreement in 2015) than in the 
global media. An explanation for this difference in 
reporting might be the timing of People’s Daily coverage 
of global events, including the COPs, which occurs 
after their conclusion; coverage of November and 
December COPs might occur in the following calendar 
year.

This addition to indicator 5.1 was based on the People’s 
Daily online archive,198 and combined electronic 
searching of the text corpus (keyword searches and 
algorithmbased natural language processing) with 
manual screening of the filtered articles (appendix 
pp 110–117).

The analysis of the content of coverage focused on the 
highcirculation elite press in India and the USA: 
Times of India, Hindustan Times, New York Times, and 

Figure 26: Coverage of climate change and health and climate change in People’s Daily between 2008 and 2018
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Washington Post. Two timeperiods were selected to cover 
months July–September, during which both countries 
experienced extreme weather events (monsoon flooding 
and wildfires, respectively) together with months 
November–December covering the 2018 COP in 
Katowice. Articles in international news databases Nexis 
and Factiva were keyword searched and manually 
screened for inclusion. Template analysis was used to 
identify themes; a priori coding derived from Lancet 
Countdown indicators and inductive coding from 
recurrent topics in the data were employed.199 Additional 
analyses and full details of methods are provided 
(appendix pp 117–127).

Coverage of health and climate change clustered 
around three broad connections between the two areas 
(panel 4). The first theme is associated with the 
health impacts of climate change. These impacts related 
to climate changerelated stressors (eg, increased 

temperatures, wildfires, precipitation extremes, food 
security, population displace ment) and health sequelae 
(eg, vectorborne disease, heat stress, mental health 
disorders) and were discussed in 62% of the articles. 
The health effects resulting from heat were the most 
commonlymentioned impact. The second theme 
focused on the common determinants of health and 
climate change, particularly air pollution, and the co
benefits to be derived from mitigation strategies to 
address them (eg, investment in clean energy, active 
travel, and plantbased diets) and was discussed in 
44% of articles. The third theme is related to adaptation. 
Evident in 13% of the articles, it included both 
emergency response and longerterm planning. The 
three themes were represented in similar proportions in 
Hindustan Times, New York Times, and Washington Post, 
but Times of India gave greater emphasis to common 
causes and cobenefits than did the other newspapers.

Indicator 5.2: individual engagement in health and 
climate change
Headline finding: individuals typically seek information about 
either health or climate change; when individuals seek 
information across these areas, it is primarily driven by an 
initial interest in health-related content
The internet is an increasingly important domain of 
public engagement, particularly for informationseeking 
on issues that engage people’s attention.200 This indi cator 
tracks individuallevel engagement in health and climate 
change in 2018 through an analysis of use of Wikipedia, 
the world’s largest encyclopaedia. With reviews noting 
its accuracy,181,201 Wikipedia is one of the mostvisited 
websites worldwide,182 with a high correlation between 
user visits to Wikipedia and search activity on Google.202 
The analysis is based on the English Wikipedia, which 
represents around 50% of global traffic to all Wikipedia 
language editions.

This is a new indicator for the 2019 Lancet 
Countdown report and its analysis uses the online 
footprint of Wikipedia users to map the dynamics of 
public informationseeking in health and climate 
change.180,203 It analyses clickstream activity, reported on 
a monthly basis, that captures visits to pairs of articles, 
for example an individual clicking from a page on 
human health to one on climate change.204

Articles were identified via keywords and relevant 
hyperlinks within articles, refined using Wikipedia 
categories, and then filtered by the initial keywords. 
Data and methods are described along with further 
analysis (appendix pp 127–137).

Articles on health and on climate change are inter
nally networked, with extensive covisiting within these 
clusters (figure 27). However, the coclicks suggest little 
connectivity between the clusters. Health and climate 
change are seldom topics that an individual connects 
when they visit Wikipedia; initial engagement in one 
topic rarely triggers engagement in the other. The 

Panel 4: Dominant themes in elite newspaper coverage of health and climate 
change in India and the USA in 2018

Health impacts of climate change
‘‘Climate change [is] making mosquitoes bolder and the germs they transmit stronger, 
leading to a spurt in mosquito-borne diseases, particularly chikungunya.’’ 
(Times of India, August 9)

‘‘As large wildfires become more common—spurred by dryness linked to climate 
change—health risks will almost surely rise…a person’s short-term exposure to wildfire 
can spur a lifetime of asthma, allergy and constricted breathing.’’ (New York Times, 
November 17)

Benefits of addressing climate change and health together
‘‘To protect our future, new infrastructure must be low-carbon, sustainable and 
resilient…in 2030, this kind of climate action could also prevent over 700 000 premature 
deaths from air pollution annually…if cities are built in more compact, connected and 
coordinated ways, they can improve residents’ access to jobs, services and amenities 
while increasing carbon efficiency.’’ (Hindustan Times, December 5)

‘‘For a short time on Thursday night, a small but fiercely determined group of marchers 
took over a busy DC street to demand better safety for pedestrians and bicyclists…the 
district has reported 31 traffic deaths so far this year, up from 29 in all 2017…yet lives 
could be spared…even if it means taking the space from curbside parking. Gove said. 
“This is a public health crisis. This is a climate change crisis.’’’’ (Washington Post, 
November 16)

Adaptation
‘‘Ahmedabad Municipal Corporation (AMC) has adopted a heat action plan which 
necessitates measures such as building heat shelters, ensuring availability of water and 
removing neonatal ICU from the top floor of hospitals…it has helped bring down the 
impact of heatwave on vulnerable populations.’’ (Times of India, November 29)

‘’We rarely do much to protect our cities until disaster strikes… (the) effects of climate 
change, including the ways it boosts droughts, floods and wildfires, would put more 
pressure on cities to adapt, mitigate the effects of climate change and become 
resilient… preparing for disasters and recovering from weather challenges require many 
different strategies, including holding that rainwater, keeping the flow from going into 
the drains faster, raising your homes above the flood line.’’ (New York Times, 
December 13)
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proportion of coclicks from a health article to a climate 
change article represented only 0·18% of total health 
article coclicks to articles discussing any topics, 
and only 1·12% of climate change article coclicks were 
to a health article. This data also reflects the greater 
interest of the individual in health articles compared 
with climate change articles, with the majority (79%) 
of covisits originating from a healthrelated webpage.

Indicator 5.3: government engagement in health and 
climate change
Headline finding: national leaders are increasingly drawing 
attention to health and climate change at the UN General 
Debate in a trend led by small island developing states, 
which make up 10 of 28 countries referencing the climate 
change–health link at the UN General Debate in 2018
This indicator tracks highlevel political engagement with 
climate change and health through references to this topic 
in annual statements made by national leaders in the UN 
General Debate (UNGD). The UNGD takes place at the 
start of the annual UN General Assembly and provides a 
global platform for all UN member states to speak about 
their priorities and concerns.

An updated dataset, the UN General Debate corpus, 
was used for the analysis, based on 8093 statements 
made between 1970 and 2018.205,206 Keyword searches 
used sets of terms associated with health and with 
climate change, and engagement in the health–climate 
change nexus was determined by the proximity of 
relevant keywords within the statement. Methods and 
data, as well as further analyses are presented (appendix 
pp 138–151).

The proportion of countries that refer to the links 
between health and climate change in their UNGD state
ments, together with the proportion referring separately 
to climate change or to health, or both, are presented 
(figure 28). In 2018, 28 countries referenced the climate 
change and health link at the UNGD.

The data points to an upward trend in government 
engagement in health and climate change since 1970; 
a trend that is consistent with broader trends for 
engagement in climate change. This increase is 
particularly noticeable since 2004, peaking in 2014, 
when more than 20% of national leaders spoke of the 
links between climate change and health. This spike 
coincided with the transition from the Millennium 
Development Goals to the SDGs and preparations for 
the COP 21 in Paris. Since 2014, conjoint references to 
health and climate change have remained broadly 
stable; in 2018, 13% of countries made such references. 
However, increased engagement in health and climate 
change as separate issues has been noted (figure 28). 
Around 75% of all countries referred to climate change 
and 50% to health issues in their 2018 UNGD 
statements.

The upward trend in engagement in health and climate 
change is led by the small island developing states, 

for example, Fiji, Palau, Samoa, Dominica, and St Kitts 
and Nevis, with ten of these developing states referring 
to the climate change–health link in 2018. In these 
speeches, connections between climate change and 
health are explicitly made and linked to wider inequalities 
between and within countries. For example, the 2018 
address by St Kitts and Nevis notes that “NCDs 
[noncommunicable diseases] and climate change are 
two sides of the same coin” and Dominica’s statement 
makes clear that “climate change arises from activities 
that support and reflect inequalities…it is the poor whose 

Figure 27: Connectivity graph of Wikipedia articles on health (blue) and 
climate change (red) visited in 2018
Popularity of articles is indicated by node size; lines represent co-visits in 
clickstream data.

Figure 28: Proportion of countries referring to climate change, health, or the linkage between health and 
climate change in UN General debates between 1970 and 2018
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lands are impacted by severe droughts and flooding and 
whose homes are destroyed and whose loved ones perish. 
It is the poor who have the least capacity to escape the 
heavy burdens of poverty, disease and death.” The social 
justice theme is echoed in other speeches; for example, 
the Malawi address notes that “the hostile consequences 
of climate change, food insecurity and malnutrition are 
serious threats in a country that still relies on rainfed 
subsistence agriculture.”

Indicator 5.4: corporate sector engagement in health and 
climate change
Headline finding: engagement in health and climate change 
remains low among companies within the UN Global Compact, 
including companies in the health-care sector
This indicator tracks corporate sector engagement 
through references to health and climate change in 
companies that are part of the UN Global Compact 
(UNGC), a UNsupported platform to encourage com
panies to put a set of principles—including environ
mental responsibility and human rights—at the heart of 
their corporate practices.207 Although the UNGC has been 
the topic of criticism, it remains the world’s largest 
corporate citizenship initiative.208–210

Companies submit annual Communication of Progress 
reports with respect to their progress in advancing UNGC 
principles. Over 12 000 companies have signed up to the 
UN Global Compact from more than 160 countries.194

Analysis was based on keyword searches of sets of 
healthrelated and of climate changerelated terms in 
Communication of Progress reports in the UNGC 
database;194 conjoint engagement in health and climate 
change was identified by the proximity of relevant key 
words within the Communication of Progress report. 
Methods, data, and additional analyses are presented 
(appendix pp 151–164). The analysis focuses on the period 
from 2011 to 2018 because very few reports are available 
with data from before 2011.

A small proportion of companies referred to the 
links between health and climate change before 2017.37 
This pattern continues in the 2018 Communication 
of Progress reports. Although about 45% of the 
2018 reports refer to climate change, and 60% refer 
to health, only 15% refer to a linkage between the two 
topics (appendix pp 151–164). This pattern was even more 
pronounced in the corporate healthcare sector, which 
might be expected to be the global leader in addressing 
links between health and climate change. In 2018, 
although most companies in the health sector referred to 
health (72%) and an increasing minority to climate 
change (47%), only 12% made a conjoint reference to 
both.

Conclusion
Engagement by all sectors of society is essential if action 
on climate change is to be mobilised and sustained. 
Section 5 has focused on key domains of engagement, 

including the media, governments, the corporate sector 
and, in a new indicator, individuallevel engagement. 
Each sector is recognised to be central to moving 
global emissions onto a pathway that maintains global 
temperature increases to below 1·5°C.211

Two broad conclusions can be drawn from the analyses 
presented in section 5. First, engagement in health and 
climate change has increased over the last decade, with a 
more pronounced upward trend for engagement by the 
media and government than by the corporate sector. 
With respect to the elite media, there is evidence of 
informed and detailed engagement with the health 
impacts of climate change and with the cobenefits of 
climate change action. At the global forum of the UN 
General Assembly, an increasing number of countries 
are giving attention to the health–climate change nexus. 
Led by the small island developing states, these countries 
are underlining the north–south inequalities in respon
sibility for, and vulnerability to, climate change and its 
adverse health impacts.

Although media engagement is increasing, it is epi sodic 
rather than sustained, with socalled issue attention 
increasing at key moments in global climate governance, 
particularly the UNFCCC COPs. The role of the COPs 
in public and political engagement has been noted in 
other reports,195,212 with the meetings providing a global 
stage for both national leaders and nongovernment 
organi sations (including scientists, religious leaders, and 
health professionals), to contribute to the public debate.
The pattern for the corporate sector, including the health
care sector, is different; it does not display spikes in 
engagement linked to the global governance of the planet.

Second, although engagement has increased over 
the past decade, these indicators suggest that climate 
change is being more broadly represented in the media 
and by governments in ways that do not connect it to 
human health. As this suggests, the human face of cli
mate change can be easily obscured and the analysis of 
individual engagement illustrates this pattern. The online 
footprint of Wikipedia users confirms that although health 
is a major area of individual interest, it is rarely connected 
with climate change. In the mind of the public, health 
and climate change represent different and separate 
realms of knowledge and concern and, when connections 
between the two areas are made, this is driven by an 
interest in health rather than in climate change.

Taken together, these two conclusions point to modest 
progress in making health central to public and political 
engagement in climate change, but underline the chal
lenge of mobilising action at the speed and magnitude 
required to protect the health of the planet and its 
populations.

Conclusion: The Lancet Countdown in 2019
The Lancet Countdown: tracking progress on health and 
climate change was formed 4 years ago, building on the 
work of the 2015 Lancet Commission. It remains 
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committed to an open and iterative process, always aiming 
to strengthen its methods, source new and novel forms of 
data, and partner with global leaders in public health and 
in climate change. The 41 indicators presented in the 
2019 report represent the consensus and work of the past 
12 months and are grouped into five categories: climate 
change impacts, exposures, and vulnerabilities; adaptation, 
planning, and resilience for health; mitigation actions and 
health cobenefits; economics and finance; and public and 
political engagement.

The data published here elucidate the ongoing trends of 
a warming world with effects that threaten human 
wellbeing. As the fourth hottest year on record, 2018 saw 
a recordbreaking 220 million additional exposures to 
extremes of heat, coupled with corresponding increased 
vulnerability to heat across every continent. As a result of 
this and broader climatic changes, vectorial capacity for 
the transmission of dengue fever was the second highest 
recorded, with 9 of the past 10 most suitable years 
occurring since 2000. Progress in mitigation and 
adaptation remains insufficient, with the carbon intensity 
of the energy system remaining flat; 2·9 million ambient 
air pollution deaths; and a reversal of the previous 
downward trend of coal use.

Despite this slow progress, as the material effects of 
climate change reveal themselves, so too does the world’s 
response. 51 of the 101 countries tracked have dev eloped 
national health adaptation plans, 70 countries provide 
climate information services to the health sector, 
109 countries have medium to high implementation of a 
national health emergency framework, and 69% of cities 
have mapped out risk and vulnerability assessments. 
Health adaptation funding continues to climb, with health
related funding now responsible for 11·8% of the global 
adaptation spend. Finally, public and political engagement 
continues to grow, with heightened interest around the 
school climate strikes, the UNFCCC’s annual meetings, 
and divestment announcements from medical and health 
associations.

The last three decades have witnessed the release of 
increasingly concerning scientific data showing the 
importance of a reduction in greenhousegas emissions. 
Although the report discusses several positive indicators, 
CO2 emissions continue to rise. The health implications of 
this are apparent today and will most certainly worsen 
without immediate intervention.

Despite increasing public attention over the past 
12 months, the world is yet to see a response from 
governments which matches the scale of the challenge. 
The role of the health profession is essential—com
municating the health risks of climate change and driving 
the implementation of a robust response which will 
improve human health and wellbeing.

With the full force of the Paris Agreement to be 
implemented in 2020, a crucial shift must occur—one 
which moves from discussion and commitment, to 
meaningful reductions in emissions.
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2019 Headlines
Arctic ecosystems and communities are         
increasingly at risk due to continued warming 
and declining sea ice

The Arctic marine ecosystem and the communities that depend 
upon it continue to experience unprecedented changes as 
a result of warming air temperatures, declining sea ice, and 
warming waters. Arctic Report Card 2019 draws particular 
attention to the Bering Sea region, where declining winter sea 
ice exemplifies the potential for sudden and extreme change. 
Indigenous Elders from the Bering Sea region offer their 
experiences of living at the forefront of climate change.

Video

Highlights
• The average annual land surface air temperature north of 60° N for October 2018-August 2019 was the second warmest since 1900. The 

warming air temperatures are driving changes in the Arctic environment that affect ecosystems and communities on a regional and global 
scale.

• The Greenland Ice Sheet is losing nearly 267 billion metric tons of ice per year and currently contributing to global average sea-level rise at 
a rate of about 0.7 mm yr-1.

• North American Arctic snow cover in May 2019 was the fifth lowest in 53 years of record. June snow cover was the third lowest.
• Tundra greening continues to increase in the Arctic, particularly on the North Slope of Alaska, mainland Canada, and the Russian Far East.
• Thawing permafrost throughout the Arctic could be releasing an estimated 300-600 million tons of net carbon per year to the atmosphere.
• Arctic sea ice extent at the end of summer 2019 was tied with 2007 and 2016 as the second lowest since satellite observations began 

in 1979. The thickness of the sea ice has also decreased, resulting in an ice cover that is more vulnerable to warming air and ocean 
temperatures.

• August mean sea surface temperatures in 2019 were 1-7°C warmer than the 1982-2010 August mean in the Beaufort and Chukchi Seas, 
the Laptev Sea, and Baffin Bay.

• Satellite estimates showed ocean primary productivity in the Arctic was higher than the long-term average for seven of nine regions, with 
the Barents Sea and North Atlantic the only regions showing lower than average values.

• Wildlife populations are showing signs of stress. For example, the breeding population of the ivory gull in the Canadian Arctic has declined 
by 70% since the 1980s.

• The winter sea ice extent in 2019 narrowly missed surpassing the record low set in 2018, leading to record-breaking warm ocean 
temperatures in 2019 on the southern shelf. Bottom temperatures on the northern Bering shelf exceeded 4°C for the first time in 
November 2018.

• Bering and Barents Seas fisheries have experienced a northerly shift in the distribution of subarctic and Arctic fish species, linked to the 
loss of sea ice and changes in bottom water temperature.

• Indigenous Elders from Bering Sea communities note that “[i]n a warming Arctic, access to our subsistence foods is shrinking and be-
coming more hazardous to hunt and fish. At the same time, thawing permafrost and more frequent and higher storm surges increasingly 
threaten our homes, schools, airports, and utilities.”

Arctic Report Card 2019
Arctic ecosystems and communities are increasingly at risk 
due to continued warming and declining sea ice

December 2019
www.arctic.noaa.gov/Report-Card

Citing the complete report:
Richter-Menge, J., M. L. Druckenmiller, and M. Jeffries, Eds., 2019: Arctic Report Card 2019,
https://www.arctic.noaa.gov/Report-Card.

Citing an essay (for example):
Frey, K. E., J. C. Comiso, L. W. Cooper, J. M. Grebmeier, and L. V. Stock, 2019: Arctic Ocean primary productivity: The 
response of marine algae to climate warming and sea ice decline. Arctic Report Card 2019, J. Richter-Menge, M. L. 
Druckenmiller, and M. Jeffries, Eds., http://www.arctic.noaa.gov/Report-Card.

The Iñupiat community of Wales, Alaska—home to the Kiŋikmiut People
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Executive Summary 

J. Richter-Menge1, M. L. Druckenmiller2, and M. Jeffries3 

1University of Alaska Fairbanks, Institute of Northern Engineering, Fairbanks, AK, USA 
2National Snow and Ice Data Center, Boulder, CO, USA 

3Cold Regions Research and Engineering Laboratory of the Engineer Research and Development Center, 
U.S. Army Corps of Engineers, Hanover, NH, USA 

The 12 essays featured in Arctic Report Card 2019 provide comprehensive summaries of key land, ice, 
ocean, and atmosphere observations made throughout the Arctic in the context of historical records. 
Taken together, the essays also serve to highlight the many strong and complex connections within the 
Arctic system. It is these connections that magnify the impact of the changing Arctic environment—
changes that affect ecosystems and communities on a regional and global scale. 

 
Various essay highlights from across the Arctic. 

At the center of the changes observed throughout the Arctic is the persistent warming of the surface air 
temperature, which began around 1980. At +1.9°C, the annually-averaged land-based surface air 
temperature anomaly for October 2018-September 2019 is the second highest value (after 2015/16) 
since 1900. Annually averaged Arctic air temperatures for the past six years (2014-19) all exceed 
previous records since 1900. 

In the marine environment, the decline in the extent and thickness of the Arctic sea ice cover is directly 
linked to the warming air temperatures. In September 2019, the end-of-summer minimum extent of the 
sea ice cover was tied for the 2nd lowest (with 2007 and 2016) in the 41-year satellite record. The 
oldest, thickest ice (>4 years old), which was once widespread within the Arctic Ocean, now makes up 
just a small fraction of the sea ice cover. In March 1985, at the end-of-winter maximum extent, 33% of 
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the ice cover within the Arctic Ocean was made up of very old ice, but in March 2019 old ice constituted 
only 1.2% of the ice cover. First-year ice now dominates the sea ice cover, comprising ~77% of the 
March 2019 ice cover, compared to about 55% in the 1980s. Overall, the Arctic sea ice cover has 
transformed from an older, thicker, and stronger ice mass in the 1980s to a younger, thinner, more 
fragile ice mass in recent years. Because of this transformation, today's sea ice cover is now more 
vulnerable to melting out in summer, thereby increasing the likelihood of a continuing decrease in 
minimum ice extent into the future. 

The declining trend in the extent of the sea ice cover is also directly linked to observed changes in the 
sea surface temperatures and ocean primary productivity. Sea surface temperatures in the Arctic Ocean 
are driven mainly by solar warming. Greater solar warming occurs in ice-free regions of the Arctic Ocean, 
where the dark ocean surface absorbs solar radiation up to 10 times more readily than the brighter sea 
ice surface, which largely reflects sunlight. August mean sea surface temperatures show significant 
warming for 1982-2019 in most regions of the Arctic Ocean that are ice-free in August. For instance, the 
August mean sea surface temperatures in 2019 were ~1-7°C warmer than the 1982-2010 August mean 
in the Beaufort and Chukchi Seas, the Laptev Sea, and Baffin Bay. 

Primary production in the Arctic Ocean is driven by algae growing in the ice (ice algae) and in the water 
column (phytoplankton), which provide usable energy to the entire food web through photosynthesis. 
Recent declines in Arctic sea ice extent have contributed substantially to shifts in patterns of primary 
production throughout the Arctic Ocean, as related increases in light availability and stratification of the 
water column stimulate the growth of phytoplankton in the water column. These patterns are often 
associated with the timing of the seasonal break-up and retreat of the sea ice cover: higher production 
tends to occur in regions where break-up is relatively early, while lower production tends to occur in 
regions where break-up is delayed. All regions of the Arctic Ocean have exhibited increasing ocean 
primary productivity over the 2003-19 period, with the most pronounced increases observed in the 
Eurasian Arctic, Barents Sea, and Greenland Sea. 

Recent conditions in the Bering Sea offer an excellent, albeit disquieting, example of the strong 
connections within the Arctic marine environment. The Bering Sea forms the transition between the 
sub-Arctic North Pacific and the Arctic Oceans. The eastern half of the Bering Sea has a broad and 
shallow shelf that enables an exceptionally productive ecosystem, supporting large numbers of sea birds 
and marine mammals, the subsistence harvests that numerous Indigenous communities depend on, and 
more than 40% of the U.S. catch of fish and shellfish (valued at > $1B annually). The summer distribution 
of fishes and invertebrates living near the seafloor on the Bering Shelf is tied to the extent of the cold 
bottom water temperatures as determined by the southern extent of sea ice during the preceding 
winter. 

For the past two winters (2018 and 2019) the maximum southern sea ice extent in the Bering Sea was at 
record low values, at approximately 30% of the long-term mean (1980-2010). The record low sea ice 
coverage was likely a result of three factors: (1) foremost, abnormally warm, southerly winds during 
winter limited the maximum sea ice extent by pushing the sea ice northward; (2) the late freeze-up of 
the southern Chukchi Sea in the preceding falls and delayed ice arrival in the northern Bering Sea; and 
(3) warm surface ocean temperatures that slowed the advance of ice. The record low sea ice extent and 
early sea ice retreat disrupted the formation of very cold bottom water temperatures on the Bering 
Shelf. The warmer bottom water temperatures observed during 2018 created a wide corridor within the 
shallow continental shelf allowing sub-Arctic fish species to move northward into regions typically 
occupied by northern shelf and Arctic species. In the Atlantic sector's Barents Sea, there has been a 
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similar northward shift in fish species associated with warming bottom water temperatures and loss of 
sea ice. Regional patterns of sea ice loss may also be connected to an observed decline in the breeding 
population of ivory gulls in the Canadian Arctic. 

On land, the warming surface air temperature is causing a decrease in the extent of the Arctic snow 
cover, an increase in the overall amount of Arctic vegetation, and the thawing of perennially-frozen 
ground, known as permafrost. These components of the Arctic environment are interconnected and 
understood to influence wildlife. Thawing permafrost detrimentally affects municipal infrastructure, 
community shorelines, and Indigenous Peoples' traditional means for storing food in ice cellars. 
Warming conditions also promote the microbial conversion of carbon that is stored in permafrost into 
the greenhouse gases carbon dioxide and methane. These gases are released to the atmosphere, further 
trapping thermal radiation reflected from the Earth's surface in an accelerating feedback loop to global 
climate warming. The Greenland ice sheet is also melting under the persistent rise of surface air 
temperatures and, as a result, contributing to global average sea level rise at a current rate of about 0.7 
mm yr-1. During the 2019 melt season, the extent and magnitude of ice loss over the Greenland ice sheet 
rivaled 2012, the previous year of record ice loss. 

Coming full circle, the decreasing extent of sea ice and snow cover along with the melting Greenland ice 
sheet leads to an acceleration in the rate of warming of surface air temperatures in the Arctic. When 
these bright, white surfaces melt, they expose darker surfaces (e.g., open ocean, rock, or vegetation). 
The white surfaces of snow and ice reflect sunlight back to space, helping cool the Arctic region. The 
darker surfaces of land and ocean absorb sunlight, warming the Arctic region. Hence, the increase in the 
relative amount of open water and snow-free land leads to warming surface air temperatures, which in 
turn lead to more melting and more warming. This cycle is a critical reason why the Arctic has warmed 
at more than twice the rate of the global mean since the mid-1990s, a phenomenon known as Arctic 
amplification of global warming. This warming is transforming Arctic ecosystems and presenting unique 
challenges for the region's Indigenous peoples who rely on the stability of the environment for cultural 
and economic well-being, as well as for subsistence foods taken from their local lands and waters. The 
impacts of a changing Arctic are not confined to those who live there. Through global sea-level rise, the 
release of permafrost carbon, and its role in regulating global weather patterns, the Arctic is vitally 
connected to people worldwide. 

December 6, 2019 
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Surface Air Temperature 

J. E. Overland1, E. Hanna2, I. Hanssen-Bauer3, S. -J. Kim4, J. E. Walsh5, M. Wang6, 
U. S. Bhatt7, R. L. Thoman8, and T. J. Ballinger9 

1Pacific Marine Environmental Laboratory, NOAA, Seattle, WA, USA 
2School of Geography and Lincoln Centre for Water and Planetary Health, 

University of Lincoln, Lincoln, UK 
3Norwegian Meteorological Institute, Blindern, Oslo, Norway 

4Korea Polar Research Institute, Incheon, Republic of Korea 
5International Arctic Research Center, University of Alaska Fairbanks, Fairbanks, AK, USA 

6Joint Institute for the Study of the Atmosphere and Ocean, University of Washington, Seattle, WA, USA 
7Geophysical Institute, University of Alaska Fairbanks, Fairbanks, AK, USA 

8International Arctic Research Center, University of Alaska Fairbanks, Fairbanks, AK, USA 
9Department of Geography, Texas State University, San Marcos, TX, USA 

Highlights 

• The average annual surface air temperature over land north of 60° N for October 2018 to 
September 2019 was the second warmest (after 2015/16) in the observational record beginning 
in 1900. Arctic temperatures for the past six years (2014-19) have all exceeded previous records. 

• Annual Arctic air temperature continues to increase at more than double the magnitude of the 
global mean air temperature increase. 

• Alaska had warmer than normal air temperatures throughout the year, especially in winter, that 
were associated with unusual southerly winds and a lack of Bering Sea ice, similar to winter 
2018. 

• Especially warm localized air temperatures during spring and summer over west Greenland 
supported extensive ice sheet melt events and early regional snow melt. 

Introduction 

Arctic surface air temperature is an indicator of both regional and global climate change. Although there 
are year-to-year and regional differences in air temperatures, driven by natural variability, the 
magnitude, persistence, and Arctic-wide patterns of recent temperature increases are indicators of 
global climate change from increasing concentrations of atmospheric greenhouse gases (Overland 2009; 
Notz and Stroeve 2016). Warming atmospheric temperatures also act as a driver of Arctic changes in the 
ocean and on land. A linear relationship between global temperature change and Arctic sea ice area 
decline suggests a direct climate forcing (Mahlstein and Knutti 2012). Similarly, tundra greening, 
especially along coastlines, and glacier mass loss are also the result from air temperature increases. We 
report on the spatial and temporal variability of Arctic air temperatures during October 2018 through 
September 2019. 
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Mean annual land surface air temperature 

At +1.9°C, the mean annual surface air temperature (SAT) anomaly for October 2018-September 2019 
for land weather stations north of 60° N, relative to the 1981-2010 mean, is the second highest value 
(after 2015/16) in the observational record starting in 1900 (Fig. 1). Observed annual mean Arctic 
temperatures over the past six years (2014-19) all exceed previous records. Since the mid-1990s the 
Arctic has warmed at more than twice the magnitude of global mean temperature increases; a 
phenomenon known as Arctic amplification (Fig. 1). 

Fig.  1. Arctic (land stations north of 60° N; blue line) and global (red line) mean annual land surface air 
temperature (SAT) anomalies (in °C) for the period 1900-2019 relative to the 1981-2010 mean value. Note that 
there were few stations in the Arctic, particularly in northern Canada, before 1940. Source: CRUTEM4 dataset, 
which is available at www.cru.uea.ac.uk/cru/data/temperature/. 

While there is currently no consensus on the reasons for Arctic amplification, proposed mechanisms 
include: reduced summer albedo due to sea ice and snow cover loss (Pithan and Mauritsen 2014), the 
increase of water vapor and clouds in the Arctic atmosphere (Dufour et al. 2016; Kim et al. 2017), lapse-
rate feedback (decreases in tropospheric temperature with height: Stuecker et al. 2018), and decreased 
air pollution (Acosta Navarro et al. 2016). 

Air temperature variation 

Seasonal air temperature variations are divided into autumn 2018 (October, November, December 
[OND]), and winter (January, February, March [JFM]), spring (April, May, June [AMJ]), and summer (July, 
August, September [JAS]) of 2019 (Fig. 2). These SAT divisions are chosen to coincide with the seasonal 
cycles of key Arctic variables. For instance, the summer sea ice minimum occurs in September and 
autumn cooling continues through December. 
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Fig.  2.  Seasonal anomaly patterns for near-surface air temperatures (in °C) relative to the baseline period 1981-
2010 in autumn 2018 (a), winter 2019 (b), spring 2019 (c), and summer 2019 (d). Temperature anomalies are from 
slightly above the surface layer (at 925 hPa level) to emphasize large spatial patterns rather than local features. 
Data accessed from NOAA/ESRL, Boulder, CO, at https://www.esrl.noaa.gov/psd/. 

Autumn, spring, and summer seasons showed warm central Arctic temperatures of +2°C above the long-
term average (1981-2010). However, 2018/19 regional temperature anomalies were not as extreme as 
the more than +4°C anomalies of 2017/18 (see Arctic Report Card 2018). Details of the seasonal air 
temperature variations in 2018/19 are provided below. Atmospheric temperatures and pressures in 
2019 did not show major examples of Arctic/mid-latitude weather connections as in 2018. 

Autumn 2018 (OND). The largest temperature anomalies (+2°C) stretched across the central Arctic (Fig. 
2a). The warmest temperatures were over central Alaska and in the marginal ice zones of the Barents 
and Chukchi Seas. This sustained warming pattern and associated delayed autumn sea ice freeze-up 
were associated with winds from the southwest (Fig.3a; see essay Sea Ice). Over land, the Eurasian coast 
was warmer than normal. Finland observed a new record-high daily October temperature of 20.5°C in 
Ylivieska (central Finland) on 14 October 2018 (https://www.rcinet.ca/eye-on-the-
arctic/2018/10/15/finland-weather-record-heat-october-autumn-ylivieska-global-warming/). Like 
autumn 2017, Svalbard experienced extreme warmth, where the December average for Svalbard Airport 
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was 5.5°C above the 1981-2010 average. Eastern Asia in autumn 2018 did not experience extensive 
spells of cold weather as in 2017. 

Winter 2018 (JFM). A major Arctic warming event in winter (Fig. 2b) was observed in Alaska and 
adjacent seas, where monthly temperature anomalies were 4°C above normal. The northern Bering Sea 
was particularly warm, and contributed to low sea ice extent and ecological impacts to fisheries and 
marine mammals (see essay Recent Warming in the Bering Sea). This rare event was a repetition of the 
southerly winds and low sea ice coverage in 2018. March was exceptionally warm over much of Alaska, 
the Yukon, and western Northwest Territory, where most places set all-time record high monthly means, 
in some cases 3°C warmer than any previous March. 

In February and March 2019 (Fig 3b), strong, warm winds from the south over the Bering Sea greatly 
retarded sea ice advances (see essay Sea Ice) and moved warm air northward along the international 
date line into the central Arctic, as in winter 2018. The lower atmospheric wind pattern (Fig. 3b) was 
connected to patterns higher in the atmosphere (the polar vortex; Fig. 3d) that contributed to the 
persistence of the wind pattern over Alaska and the remainder of North America. 
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Fig.  3.  The geopotential height pattern at 700 hPa for selected 2018-19 months that represent Arctic-wide wind 
patterns. (700 hPa geopotential height field is used to characterize atmospheric wind circulation about 1/3 of the 
way up in the troposphere; winds tend to follow the contours of geopotential heights anticlockwise around low 
values). (a) November-December 2018 showing warm air advection over Alaska and north of Norway, (b) February-
March 2019 with southerly flow from the Pacific to Bering Sea, which contributed to the warm anomalies there, (c) 
low geopotential heights over the Arctic Ocean (centered near Kara Sea) and high heights over Greenland 
characterized late spring and summer (May to August). There were persistent southerly winds over the Bering Sea 
and to the west of Greenland. (d) the polar vortex at 100 hPa in February-March 2019, which supported the winter 
wind pattern shown in Fig 3b. Data accessed from NOAA/ESRL, Boulder, CO, at https://www.esrl.noaa.gov/psd/. 

Spring 2018 (AMJ). Spring (Fig. 2c) showed warm temperature anomalies, especially in the East Siberian 
Sea related to offshore winds, as also seen during 2017 and 2018. In April, record warm temperatures 
occurred at several sites in Scandinavia and in many parts of Iceland. Localized extreme temperatures 
off the west coast of Greenland triggered an extensive spring-summer melt season and early snow melt 
(see essays Terrestrial Snow Cover and Greenland Ice Sheet). The Greenland coast, especially the west 
(including northwest) coast, had near-record high temperature maxima of 22-24°C in June-August. The 
warm temperatures resulted from localized southerly winds (Fig. 3c). 
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Summer 2018 (JAS). Unlike summers 2016, 2017, and 2018, summer 2019 returned to the warm 
conditions observed in much of the previous decade (Fig. 2d). Low surface pressures, which often 
counter extensive summer sea ice melt, actually supported melt in 2019 during the early summer with 
advection of warm temperatures from the south (see essay Sea Ice). While spring and early summer 
weather indicated possible record-low sea ice coverage (similar to 2012), late summer weather was 
historically not unusual and conditions were not supportive of a record sea ice minimum for 2019 (see 
essay Sea Ice). June and especially July were very warm over much of Alaska and the southern Yukon 
Territory. At Anchorage, all three months were the warmest on record relative to the last 69 years' 
mean. July was the warmest calendar month on record in Reykjavik, Iceland (Trausti Jónsson, Icelandic 
Met. Office, personal communication). 
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Highlights 

• After two years of above or near-average anomalies, the 2019 spring saw a return to below-
average Arctic snow cover extent (SCE) anomalies, which were predominant over the 2005-16 
time period. North American Arctic SCE anomalies in May and June were the 5th and 3rd lowest, 
respectively, in the 53-year record. 

• Long-term trends for SCE remain negative across the Arctic: -3.4%/decade and -15.2%/decade 
for May and June, respectively (1981-2019). 

• Exceptionally early snow melt occurred in March over the northwestern Canadian Arctic and 
Alaska, contributing to below-average April snow water equivalent and snow depth. Earlier than 
normal snow melt also occurred across the eastern Canadian Arctic driven by warm 
temperature anomalies. 

• Winter season snow accumulation was near normal over Eurasia. 

Snow covers the Arctic land surface (land areas north of 60° N) for up to 9 months each year, and 
influences the surface energy budget, ground thermal regime, and freshwater budget of the Arctic 
(Brown et al. 2017). Snow also interacts with vegetation, affects biogeochemical activity, and influences 
migration and access to forage for wildlife, which impacts terrestrial and aquatic ecosystems (Callaghan 
et al. 2011). The assessment provided here is based on an ensemble of datasets derived from satellite 
observations and reconstructions of snow cover from snowpack models driven by atmospheric 
reanalyses. Collectively, this basis provides a consistent picture of Arctic snow cover variability over the 
last five decades. 

Snow across the Arctic land surface can be characterized by three variables: how much area is covered 
by snow (snow cover extent - SCE), how long snow continuously remains on the land surface (snow 
cover duration - SCD), and how much water is stored in solid form by the snowpack (a function of the 
snow depth and density, commonly expressed as snow water equivalent - SWE). We examine each of 
these variables in turn for the 2018/19 Arctic snow season. 

SCE anomalies (relative to the 1981-2010 climatology) for the Arctic in spring 2019 were computed 
separately for the North American and Eurasian sectors of the Arctic. Anomalies were derived from the 
NOAA snow chart climate data record, which extends from 1967 to present (maintained at Rutgers 
University; Estilow et al. 2015; http://climate.rutgers.edu/snowcover/; Fig. 1a,b). Eurasian Arctic spring 
SCE anomalies in 2019 were below average in both May and June. SCE anomalies over the North 
American Arctic were strongly negative in May and June, resulting in the 5th lowest and 3rd lowest, 
respectively, in the entire record. 
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Fig.  1. Monthly snow cover extent (SCE) for Arctic land areas (>60° N) for (a) May and (b) June from 1967 to 2019, 
a 53-yr record. Anomalies are relative to the average for 1981-2010 and standardized (each observation 
differenced from the mean and divided by the standard deviation and thus unitless). Solid black and red lines 
depict 5-yr running means for North America and Eurasia, respectively. Filled circles are used to highlight 2019 
anomalies. Source: NOAA snow chart Climate Data Record (CDR). 

The spatial pattern of SCD anomalies across the Arctic region in the 2018/19 snow season (Fig. 2) was 
derived from the NOAA daily Interactive Multisensor Snow and Ice Mapping System (IMS) snow cover 
product (Helfrich et al. 2007), produced at 24-km resolution since 1998. Snow cover onset (Fig. 2a) was 
earlier than normal over the eastern Canadian Arctic and later than normal over the Eurasian Arctic and 
Alaska. These differences corresponded to a pattern of warm surface temperature anomalies over 
Eurasia and cold anomalies over eastern Canada during September and October, associated with 
observed atmospheric circulation patterns (see essay Surface Air Temperature). Snow-off dates (Fig. 2b) 
were near normal over most of the Eurasian Arctic. Over North America, earlier than usual melt 
occurred in March across extensive areas of northwestern Canada and Alaska and also in May over 
northeastern Canada (Baffin Island and northern Quebec), linked to persistent warm air advection over 
the Pacific and North Atlantic, respectively. The melt in May over Baffin Island and northern Quebec was 
also responsible for an early start to the Greenland melt season and contributed to near-record breaking 
mass loss from the ice sheet and led to substantial sea ice loss in the region as well (see essays Surface 
Air Temperature, Greenland Ice Sheet, and Sea Ice). 
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Fig.  2. Snow cover duration (SCD in days) anomalies (difference from 1998-2017 mean; red = shorter SCD than 
average; blue = longer SCD than average) for the 2018/19 snow year: (a) snow onset (Aug-Jan); and (b) snow melt 
(Feb-Jul). The grey circle marks the latitude 60° N; land north of this defines Arctic land areas considered in this 
study. Source: NOAA IMS data record. 

Snow depth anomalies (Fig. 3) were derived from the Canadian Meteorological Centre (CMC) daily 
gridded global snow depth analysis (Brasnett 1999), which combines air temperature and precipitation 
analyses with the assimilation of surface snow depth observations. This approach is required to obtain 
hemispheric estimates of snow depth because in situ observations alone are too spatially sparse to be 
representative. Snow depth over the 2018/19 season was near normal over Eurasia. Over North 
America, unusually rapid snowmelt, driven by warm temperatures in March over northwestern Canada 
and Alaska, resulted in reduced March snow depths over the region. Snow depths were even more 
below average by April (typically the month of maximum SWE across the Arctic)—a pattern that 
continued through to June, consistent with the shorter than average snow cover duration observed in 
the region (Fig. 2). The warm May and June temperature anomalies and early snow melt over Baffin 
Island and Northern Quebec (Fig. 2) are consistent with the lower than normal snow depths observed in 
these regions (Fig. 3c,d). 
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Fig.  3. Snow depth anomalies (% of the 1999-2017 average) in 2019 for (a) March, (b) April, (c) May, and (d) June. 
The grey circle marks the latitude 60° N. Source: CMC snow depth analysis. 

Four products were utilized to generate a multi-dataset SWE anomaly time series (1981-2019) for April 
(Fig. 4): (1) modern atmospheric reanalysis (The Modern-Era Retrospective Analysis for Research and 
Applications version 2; MERRA-2; Reichle et al. 2017); (2) reconstructed snow accumulation driven by 
ERA-interim meteorology with the temperature index model described by Brown et al. (2003); (3) the 
physical snowpack model Crocus (Brun et al. 2013); and (4) the European Space Agency GlobSnow 
product derived through a combination of satellite passive microwave data and climate station 
observations (Takala et al. 2011). The use of multiple SWE products facilitates the determination of 
inter-product spread through the time series. SWE estimates for 2019 (which don't include Crocus due 
to data availability) indicate near-normal snow accumulation over the Eurasian Arctic but lower than 
normal SWE through April across the North American Arctic (consistent with negative snow depth 
anomalies in March and April; Fig. 3). Note that snow conditions over the North American Arctic were in 
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contrast to an unusually deep March snowpack with associated longer snow cover duration observed in 
the midlatitudes (Fig. 3a). 

Fig.  4. Mean April SWE anomalies for Arctic land areas calculated for North American (black) and Eurasian (red) 
sectors of the Arctic. Anomalies are relative to the average for 1981-2010 and standardized (each observation 
differenced from the mean and divided by the standard deviation and thus unitless). Filled circles are used to 
highlight 2019 anomalies. Solid black and red lines depict 5-yr running means for North America and Eurasia, 
respectively; the spread among the running means for individual datasets is shown in shading. Source: suite of four 
independent snow analyses as described in text. 

In summary, snow accumulation during the 2018/19 winter was close to normal over the Eurasian 
Arctic. Over the North American Arctic, earlier than normal snow melt in northwestern Canada and 
Alaska resulted in below-average April SWE and below-average snow depth from March through June. 
Earlier than normal snow melt also occurred over Baffin Island during May and June. These anomalies 
over the western and eastern sectors of the North American Arctic combined to cause the 5th and 3rd 
lowest SCE in May and June, respectively, since 1967. 
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Long-term trends for SCE remain negative across the Arctic: 3.4 ± 2.1%/decade and 15.2 ± 6.4%/decade 
for May and June, respectively (1981-2019). The April trend in Arctic SWE over the 1981-2019 period 
is -2.7 ± 2.0%/decade yielding a decrease of more than 10% over the entire Arctic since 1981. 
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Highlights 

• Melting in 2019 started early, in April, exceeding the 1981-2010 median during most of June, 
July, and the first half of August and covering roughly 95% of the ice sheet. 

• Surface air temperatures for the 2018/19 winter and the 2019 spring and summer periods were 
above or near the 1981-2010 average temperatures. 

• The updated trend for total mass loss obtained from the GRACE and GRACE-FO satellites 
estimates for the period May 2002-May 2019 is -267 ± 3 Gt yr-1, which is equal to roughly 0.7 
mm yr-1 of global average sea level rise. 

• Indicative of extensive melting, the surface albedo in summer 2019 was 77.7%, the second 
lowest value (after 2012) recorded during the 20-year MODIS period (2000-19). 

• Ice discharge from most regions has been approximately steady or declining for the past decade, 
including 2019. 

Introduction 

The Greenland ice sheet sits atop the largest island in the world and, as the second largest ice sheet on 
the Earth, contains the equivalent of roughly 7.4 m of global mean sea level rise (Morlighem et al. 2017). 
While the ice sheet was likely in balance (i.e., ice mass gain was balancing ice mass loss) during the 
1970s, 1980s, and early 1990s (Mouginot et al. 2019), it began to lose mass in earnest beginning in the 
mid- to late 1990s. Continued observations and measurements of the Greenland ice sheet are critical to 
understanding whether ice mass loss will continue to accelerate and the full implications of this 
anticipated change. As Greenland loses ice, the additional cold freshwater to the ocean not only changes 
sea levels, but also impacts ocean properties and circulation locally and regionally (e.g., Luo et al. 2016), 
alters nutrient and sediment fluxes (e.g., Overeem et al. 2017; Cape et al. 2019), and changes local 
ecosystems (e.g., Hopwood et al. 2018). Changes at the ice sheet surface also feedback to influence 
future melt (e.g., Ryan et al. 2019). 
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Direct observations of the Greenland ice sheet from fall 2018 through 2019 reveal another year of 
dramatic ice loss. The extent and magnitude of ice loss rival 2012, the previous record year of ice loss. 
This rapid, ongoing change across Greenland is evident in observations of surface melt area, total ice 
loss, surface albedo (similar to reflectivity), and motion and ice loss via marine-terminating glaciers. 

Surface melting 

Roughly 95% of the Greenland ice sheet surface underwent melting during the 2019 summer. 
Observations derived from brightness temperatures measured by the Special Sensor Microwave 
Imager/Sounder (SSMIS) passive microwave radiometer (e.g., Mote 2007; Tedesco et al. 2013) indicate 
that surface melt started early in 2019, around mid-April, 6 to 8 weeks before the long-term average 
(1981-2010 baseline, Fig. 1a). Similar conditions occurred in 2012, the record melt year, when melting 
also started at the beginning of April. Melt extent in 2019 exceeded the 1981-2010 median during most 
of June, July, and the first half of August (Fig. 1a). 

Fig.  1. (a) SSMIS-derived surface melt area as a percentage of the ice sheet area during 2019 (solid red) and 2012 
(solid purple), in addition to the 1981-2010 median (dashed blue) and interdecile and interquartile ranges 
(shaded). (b) Summer 2019 melt anomaly (in number of melting days) with respect to the 1981-2010 period, 
estimated from spaceborne passive microwave observations. 

In 2019, the maximum daily extent of ice sheet surface melt was 60.3% (the maximum daily value 
exceeding 90% in 2012), occurring on 31 July. In comparison, the average maximum daily extent for the 
same day (i.e., 31 July) during 1981-2010 is 39.8%. When considering the overall melt extent (i.e., areas 
that underwent melting at any time during summer), 2019 matched the values reached in 2012, with 
~95% of the ice sheet surface experiencing melt. To put this in context, the 1981-2010 averaged value 
for the total area of the Greenland ice sheet undergoing melting (at any time) during summer is ~64%. 

Melt duration in 2019 exceeded the 1981-2010 mean for most of the ice sheet ablation zone. The entire 
northern periphery of the ice sheet had at least 20 more days with melt compared to the mean (Fig. 1b). 
The exception was a thin strip of the southeast, where melt duration was below the 1981-2010 mean. 
The magnitude and timing of 2019 surface melt were consistent with persistent, high-pressure 
conditions occurring over Greenland during summer. These high-pressure conditions reached their peak 
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at the end of July, when the seasonal melt extent maximum was established. The persistence of the 
high-pressure systems promoted an increase in incoming solar radiation associated with reduced cloud 
cover and, consequently, below-normal summer snowfall. 

Surface mass balance 

Net ice ablation in 2019 at all 18 PROMICE weather station sites (https://www.promice.dk/) in the 
ablation area around the Greenland ice sheet was above the 12-year PROMICE 2008-19 average. At 
lower elevations along the ice sheet margin net ablation recorded by PROMICE stations exceeded the 
2008-19 average by 49% in the southwest (KAN), 44% in the northwest (THU), and 39% in the northeast 
(KPC). Ablation at the ice sheet margin also exceeded the 1981-2010 average (re-referenced following 
van As et al. 2016) at all sites, most being well beyond uncertainty and, again, most notably again in the 
southwest (79 ± 20%), northwest (117 ± 45%), and northeast (70 ± 30%) (Fig. 2a). 

Fig.  2. (a) Ablation anomalies for 2019 ablation area at the lower ("L") PROMICE sites referenced to the period 
1981-2010 (van As et al. 2016). (b) The surface mass balance (SMB in meters of water equivalent, m w.e.) as a 
function of elevation along the K-transect. The error bars show the interannual spread (standard deviation) over 
the period 1990-2019. (c) Average mass balance along the K-transect based on spatially weighted station data 
(e.g., weighted using the relative position of the station within the K-transect). Summer 2019 (highlighted by an 
orange circle) shows the second largest measured ablation rate (after 2009/10). 
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Consistent with PROMICE data, summer 2019 had high ablation rates along the K-transect (67° N, 
western ablation zone). Figure 2b shows the K-transect 2018/19 mass balance profile with respect to the 
average over the entire 29-year measurement period. Comparing 2018/19 to previous years, only the 
2009/10 mass balance year had slightly more ablation, particularly near the ice sheet margin. Figure 2c 
shows the distance-weighted (e.g., scaled by the relative position of each station within the K-transect) 
average surface mass balance as a function of time along the transect, indicating a relatively large 
interannual variability. The 2018/19 mass balance gradient in the K-transect area was 3.9 mm w.e./m yr 
(w.e. = water equivalent), one standard deviation above the average over the last 29 years. The 
equilibrium line altitude (i.e., the elevation where mass loss is balanced by mass gain) has risen at a rate 
of around 5 meters per year over the last 29 years. 

Total mass balance 

The GRACE (2002-17, https://www.nasa.gov/mission_pages/Grace/index.html) and GRACE Follow-On 
(GRACE-FO, 2018-present, https://gracefo.jpl.nasa.gov/mission/overview/) satellite missions have 
revolutionized our ability to monitor ice loss by providing estimates of monthly changes in the total 
mass of the Greenland ice sheet. The GRACE-FO mission was launched on 22 May 2018, creating a gap 
from October 2017 through May 2018 between the GRACE and GRACE-FO measurements. The GRACE 
and GRACE-FO time series (Fig. 3) is determined using techniques described in Wahr et al. (1998), 
Luthcke et al. (2013), and Loomis et al. (2019a,b). The updated total ice mass loss trend for the GRACE 
period (May 2002-October 2017) is -282 ± 15 Gt yr-1. The trend for the GRACE-FO period (May 2018-May 
2019) is -166 ± 46 Gt yr-1 (note this period does not include summer of 2019, when losses occur). The 
larger GRACE-FO trend uncertainty is due to the much shorter data record length. Even with this large 
uncertainty, we do observe a statistically significant reduction in the rate of mass loss during the first 11 
GRACE-FO months, as compared to the full GRACE data span. The updated mass loss trend for the 
combined GRACE and GRACE-FO periods (May 2002-May 2019) is -267 ± 3 Gt yr-1, which is equal to 
roughly 0.7 mm yr-1 of global average sea level rise. To put this value in context, while GRACE 
measurements do not exist prior to 2002, the latest study of Greenland mass loss covering 1972-2000 
suggests that decadal mass change rates during this time ranged from +47 ± 21 Gt yr-1 gain during 1972-
80 to 51 ± 17 Gt yr-1 mass loss during 1980-90 (Mouginot et al. 2019). 
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Fig.  3. Total mass change (in Gigatonnes, Gt) of the Greenland ice sheet between April 2002 and April 2019, 
estimated from GRACE (2002-17) and GRACE-FO (2018/19). 

Albedo 

The surface albedo can be interpreted as the fraction of incident sunlight reflected by a surface. Summer 
2019 (June through August, JJA) surface broadband albedo, estimated from the Moderate Resolution 
Imaging Spectroradiometer (MODIS; after Box et al. 2017) and averaged over the Greenland ice sheet 
was 77.7% (Fig. 4a). This is the second lowest value of the 20-year record (2000-19), with a value similar 
to 2010. The record low for surface broadband albedo was set in 2012 (76.0%). The spatial distribution 
of albedo anomalies (Fig. 4b) is consistent with the thin snow cover observed along the western ice 
sheet and the early onset and strong melting in 2019. The 2000-19 trend for summer broadband albedo 
from MODIS is -1.0% ± 1.0 per year. 
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Fig.  4. (a) Time series of summer MODIS albedo (%) and (b) Map of the summer MODIS (JJA) albedo anomaly 
relative to a 2000-09 reference period. 

Surface air temperature 

Measurements at 20 Danish Meteorological Institute (DMI) weather stations indicate widespread above 
or near average air temperatures (1981-2010 baseline) for winter 2018/19 (December through 
February, DJF), spring 2019 (March through May, MAM) and summer 2019 (JJA). The 2018 autumn 
season (September through November, SON) had colder or near-average surface temperatures in the 
western and southern parts of Greenland and warmer or near-average values in the northern and 
eastern portions. At DMI Summit, in the interior of the ice sheet, autumn 2018 and winter 2018/19 were 
colder than average, but spring and summer were warmer than average. A record low was set for 
October 2018 at DMI Summit, including a new record-breaking cold temperature of -55.4°C on 26 
October (previous record was -55.2°C). 

Consistent with net ablation observations, summer temperatures in 2019 were above the 2008-19 
average by more than one standard deviation at all PROMICE measurement sites along the northern, 
northwestern, and northeastern slopes (stations above 65° N). Out of all January-August 2019 DMI 
station-months (n=180), 24% of monthly temperatures were more than one standard deviation above 
average, and only 10% were one standard deviation below average. 

Ice discharge and glaciers 

Along with losing mass via surface melt, Greenland also loses mass via the direct loss—or calving—of 
solid ice (i.e., icebergs) into the ocean. Solid ice discharge occurs where marine-terminating glaciers 
meet the ocean. PROMICE estimates for the Greenland ice sheet, following Mankoff et al. (2019), 
indicate that as of August 2019 solid ice discharge has averaged 497 ± 50 Gt yr-1. As a comparison, the 
discharge for the period 1986-2010 was 462 ± 46 Gt yr-1. Figure 5 (a,b) illustrates that the southeast 
marine-terminating glaciers are responsible for 30-34% of ice-sheet wide discharge (139-167 Gt yr-1) 
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over the 1986 to 2019 period. By comparison, the glaciers in the north, northeast, and southwest 
regions, which are predominantly land-terminating, together were responsible for ~31% of ice-sheet 
wide discharge (131-168 Gt yr-1) during this same period. The discharge from most regions has been 
approximately steady or declining for the past decade. The northwest is the only region exhibiting a 
persistent increase in discharge from ~89 to 113 Gt yr-1 (21% increase) over the 1998-2019 period. The 
largest contributing region is the southeast, discharging a high of 166 ± 19 Gt in 2005 and dropping to 
146 ± 18 Gt in 2016. However, discharge in the southeast region has increased its contributions in the 
last couple of years, reaching 155 ± 16 Gt during the last year. The discharge in the central west, which is 
dominated by Sermeq Kujalleq (Jakobshavn Isbræ), has seen an almost 20% decrease in discharge over 
the past two years. Central west area discharge has remained steady during the past year at 77 Gt. 

Marine-terminating glacier front annual area change measurements from Sentinel-2, LANDSAT, and 
ASTER satellite optical imagery since 1999 (Andersen et al. 2019) indicate that the 2019 net area change 
of seven major glaciers from across the ice sheet relative to the previous year (2018) was -71.2 ± 1.4 km2 
(i.e., glacier retreat, Fig. 5c). The 2018/19 annual change stands out as the largest area loss since a 2013-
18 period of relative stability. Understanding the reasons behind the observed decline in the rate of ice 
loss in recent years across the Greenland ice sheet is an area of active research (e.g., Mankoff et al. 
2019). The individual discharge rates of the seven glaciers used to document the net area change are 
among the largest observed via satellite. 

Fig.  5. (a) Overview showing fast-flowing ice (orange, greater than 100 m yr-1) and the flux measurement gates for 
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eight major discharging glaciers. Gates are shown as black lines in inset images. Each inset is 30 × 30 km with the 
same color scaling, but different than the main map. Insets pair with the nearest label and box. On the main map, 
regions as defined by Mouginot et al. (2019) are designated by thicker black lines and large bold labels. Smaller 
sectors are delineated with thinner gray lines, and the top discharging glaciers are labeled with smaller font. H = 
Helheim Gletsjer, KB = (Køge Bugt), KG = Kangerlussuaq Gletsjer, KS = Kangilliup Sermia (Rink Isbræ), N = 
(Nioghalvfjerdsbræ), P = Petermann Gletsjer, SK = Sermeq Kujalleq (Jakobshavn Isbræ), and Z = Zachariae Isstrøm. 
Basemap terrain (gray), ocean bathymetry (blues), and ice mask (white) are from BedMachine3. (b) Time series of 
ice discharge from the Greenland ice sheet. Dots represent when observations occurred. Gray bars show ±10% 
uncertainty range. (c) Cumulative annual net glacier area change (km2) at seven major marine-terminating glacier 
outlets of the Greenland ice sheet from 1999/2000 to 2018/19 (after Andersen et al. 2019). Note: The 7 out of 8 
glaciers are identical, except Køge bugt, which is not included in the glacier area change product. 
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Highlights 

• The Arctic sea ice cover continues the declining trends in the summer minimum and winter 
maximum extents. In 2019, the end of summer extent was tied with 2007 and 2016 as the 2nd 
lowest and the end of winter extent was the 7th lowest in the satellite record (1979-2019). 

• As in the previous year (2017/18), the Bering Sea had little ice during most of the 2018/19 
winter and 2019 spring seasons. 

• The Chukchi Sea experienced very early melt onset and rapid ice loss in spring 2019, and by the 
end of summer 2019 reached one of the lowest ice extents in the satellite record for the region. 

• Despite low extents, sea ice volume was higher over much of the central Arctic compared to the 
average since Cryosat-2 measurements began in 2011. 

Sea ice extent 

Sea ice is an important element of the Arctic system because it (1) acts as a barrier between the 
underlying ocean and the atmosphere, (2) limits the amount of absorbed solar energy during the 
summer due to its high albedo, (3) provides a habitat for biological activity, (4) limits human access to 
the Arctic Ocean, and (5) serves as a platform for Indigenous community hunting and travel. Arctic sea 
ice cover varies substantially during the year, with end-of-winter ice cover generally being two to three 
times as large as at the end of summer. Sea ice extent has been continuously monitored by passive 
microwave instruments on satellite platforms since 1979, providing a consistent long-term perspective 
on changing coverage over the last four decades. 

The sea ice extent estimates used here are based on products from the National Snow and Ice Data 
Center (NSIDC) Sea Ice Index (Fetterer et al. 2017), derived from NASA gridded sea ice concentration 
fields (Cavalieri et al. 1996; Maslanik and Stroeve 1999). Other similar products exist and, while absolute 
numbers vary, they all show general consistency in trends and variability. 

The months of March and September are of particular interest in sea ice time series because they 
represent typical Arctic sea ice maximum and minimum extents, respectively. Figure 1 shows monthly 
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average ice extents in March and September 2019. The sea ice cover reached a winter maximum extent 
of 14.78 million km2 on 13 March 2019. This was tied with 2007 as the 7th lowest maximum extent in 
the 41-year satellite record and was 5.9% below the 1981-2010 average. The previous four years (2015-
18) are the four lowest years in the record. However, these losses are not evenly distributed, with some 
marginal seas near normal, such as the Sea of Okhotsk for example, while the Bering Sea was 70-80% 
lower than normal. 

Fig.  1. Average monthly sea ice extent in March 2019 (left) and September 2019 (right) illustrate the respective 
winter maximum and summer minimum extents. The magenta line indicates the median ice extents in March and 
September, respectively, during the period 1981-2010. Maps are from NSIDC at 
http://nsidc.org/data/seaice_index/ (Fetterer et al. 2017). 

The sea ice cover reached a minimum summer extent of 4.15 million km2 on 18 September 2019. This 
was tied with 2007 and 2016 as the 2nd lowest extent of the satellite record and was 2.04 million km2 
(33%) less than the 1981-2010 average minimum ice extent. The September ice extent has not returned 
to pre-2007 levels; the 13 lowest extents in the satellite record having all occurred in the last 13 years 
(2007-19). 

Observations of Arctic sea ice extent have shown decreasing trends in all months and virtually all regions 
(Meier et al. 2014). The September monthly average trend for the entire Arctic Ocean is now -12.9 ± 
2.2% per decade relative to the 1981-2010 average (Fig. 2), statistically significant at the 99% confidence 
level. Trends are smaller during March (-2.7% per decade), but the decrease is statistically significant. In 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 288 of 396



NOAA Arctic Report Card 2019 

28 

2019, 10.63 million km2 of ice was lost between the March maximum and September minimum extent, 
the fourth greatest difference between maximum and minimum extents in the satellite record. 

Fig.  2. Time series of ice extent anomalies in March (the month of maximum ice extent, in black) and September 
(the month of minimum ice extent, in red). The anomaly value for each year is the difference (in %) in ice extent 
relative to the mean values for the period 1981-2010. The black and red lines are least-squares linear regression 
lines. The slopes of these lines indicate ice losses of -2.7 ± 0.4% and -12.9 ± 2.2% per decade in March and 
September, respectively. Both trends are significant at the 99% confidence level. Data are from the NSIDC Sea Ice 
Index (Fetterer et al. 2017). 

The 2019 melt season started fairly slowly relative to recent years, with ice extent loss rates near normal 
despite the lack of winter/spring ice in the Bering Sea (see essay Recent Warming in the Bering Sea for 
further information about sea ice conditions in the Bering Sea). However, in late June and July the loss 
rate accelerated considerably such that by mid-July ice extent was below that of mid-July 2012, the year 
the current record low minimum extent occurred. Starting in mid-August 2019, the loss rate slowed 
considerably through early September, falling well off the 2012 pace. September had two brief periods 
of further ice loss in the first half of the month with essentially no change or increasing extent during the 
rest of the month. 

Age of the sea ice 

The age of sea ice is also a key descriptor of the state of the sea ice cover. It serves as an indicator for ice 
physical properties, including snow cover, surface roughness, optical properties, melt pond coverage, 
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salinity, and thickness (Tschudi et al. 2016). Older ice tends to be thicker and thus more resilient to 
changes in atmospheric and oceanic forcing compared to younger ice. The age of the ice has been 
determined using satellite observations and drifting buoy records to track ice parcels over several years 
(Tschudi et al. 2010; Maslanik et al. 2011). This method has been used to provide a record of the age of 
the ice since the early 1980s (Tschudi et al. 2019 a,b). 

The oldest ice (>4 years old), which once dominated within the Arctic Ocean, now makes up just a small 
fraction of the Arctic Ocean ice pack in March, when the sea ice cover is at its maximum extent (Fig. 3). 
In 1985, 33% of the ice pack was very old ice (>4 years), but by March 2019 old ice only constituted 1.2% 
of the ice pack within the Arctic Ocean. The total extent of the oldest ice declined from 2.52 million km2 
in March 1985 to 0.09 million km2 in March 2019. Note that previous Arctic Report Cards calculated age 
percentages based on all ice-covered regions. This year the percentages are relative to ice in the Arctic 
Ocean region (Fig. 3, bottom inset); areas outside of this region have little or no older ice and thus do 
not show any change over time. 
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Fig.  3. Late winter sea ice age coverage map for the week of 12-18 March 1985 (upper left) and 12-18 March 2019 
(upper right). Bottom: Sea ice age percentage within the Arctic Ocean region (purple shaded region in inset image) 
for the week of 12-18 March 1985-2019. Data are from NSIDC (Tschudi et al. 2019a,b). 

First-year ice now dominates the sea ice cover, comprising ~70% of the March 2019 ice pack, compared 
to approximately 35-50% in the 1980s. Given that older ice tends to be thicker, the sea ice cover has 
transformed from a strong, thick ice mass in the 1980s to a younger, more fragile, and thinner ice mass 
in recent years. First-year ice is therefore more vulnerable to melting out in summer, thereby increasing 
the likelihood of lower minimum ice extents. 
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The distribution of ice age in March 2019 was generally similar to that in March of the previous year. 
The largest changes were a decrease in second-year ice (1-2 years old) coverage, from 21.4% in March 
2018 to 12.8% in March 2019, and an increase in 3-4 year old ice from 1.3% to 6.3%. The increase in the 
3-4 year old ice results as ice survives the summer melt season and ages. This could replenish the >4 
year old ice category, but in recent years, ice has tended to be lost either by melt or be advection out of 
the Arctic. 

Sea ice volume 

Satellite remote sensing and airborne survey programs extended the observational data record of Arctic 
sea ice thickness (SIT) and volume in 2019. The ESA CryoSat-2 radar altimeter and SMOS L-Band 
radiometer missions have each completed their ninth year of operation. The data from both satellites 
have been combined in a multi-sensor SIT analysis based on an optimal interpolation scheme (Ricker et 
al. 2017) and are available on a weekly basis; the analyses cover all sea ice in the Northern Hemisphere 
during autumn to early spring (mid-October to mid-April). Combined with sea ice concentration, the 
CryoSat-2/SMOS product evaluates change and variability of sea ice volume (SIV) over the past nine 
winter seasons. 

The weekly SIV time series from November 2010 to April 2019 is shown in the upper panel of Fig. 4. The 
Northern Hemisphere gained 12,524 km3 of sea ice between October 2018 and April 2019. The gain is 
essentially the same as the mean volume gain of 12,559 km3 in the CryoSat-2/SMOS data record. The 
2018/19 SIV was higher than average for the entire season, indicated by a positive SIV anomaly (lower 
panel in Fig. 4). 

Fig.  4. Time series of sea ice volume (SIV) in the Northern Hemisphere for winter (mid-October to mid-April) from 
multi-sensor analysis of CryoSat-2 and SMOS SIT data (upper panel). Sea ice volume anomaly with respect to mean 
winter SIV evolution in the CryoSat-2/SMOS data period (November 2010-April 2019) (lower panel).(Data source: 
AWI/ESA CryoSat-2 & SMOS multi-sensor sea ice thickness v2.02, 
ftp://ftp.awi.de/sea_ice/product/cryosat2_smos/, based on Ricker et al. 2017). 
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The above-average SIV in the Northern Hemisphere was driven by above-average SIT in the central 
Arctic Basin, rather than by increased sea ice extent. Figure 5 shows the regional distribution of SIT in 
mid-April 2019 and its difference from the mean of the previous years. A significant portion of the 
central Arctic Basin shows a positive thickness anomaly, with a mean SIT of 2.04 m that is 0.09 (+4.6%) 
above the average SIT of the eight previous winters. Above-average SIT in the central Arctic Basin 
mitigated the impact of sea ice area loss on SIV in the short observation period of the past 9 winters 
seasons, notwithstanding the long-term loss of SIV in the Northern Hemisphere (Kwok 2018). The above-
average thickness in the central Arctic Basin, however, adds to the resilience of sea ice with respect to 
summer melt. 

Fig.  . Sea ice thickness (SIT) in mid-April 2019 from multi-sensor analysis of CryoSat-2 and SMOS SIT data (left). 
Sea ice thickness anomaly in mid-April 2019 with respect to the 2011-18 mid-April average from CryoSat-2/SMOS 
data (right). The anomaly in regions without sea ice coverage in April 2019 has been set to the negative mean 
thickness of values from 2011-18. (Data source: AWI/ESA CryoSat-2 & SMOS multi-sensor sea ice thickness v2.02, 
ftp://ftp.awi.de/sea_ice/product/cryosat2_smos/, based on Ricker et al. 2017). 

Chukchi Sea 

The Chukchi Sea has experienced large changes in sea ice coverage. The September 2018 Arctic sea ice 
minimum extent was characterized by profound sea ice loss in the Chukchi Sea (Fig. 6). The dearth of sea 
ice continued into the autumn season, accompanied by anomalously warm air temperatures of 3-8°C 
above the 1981-2010 average. Progressing into October and November 2018, a high-pressure system 
over the Bering Sea expanded into the Chukchi and Beaufort Seas, sustaining warm conditions and, as a 
consequence, slowed the autumn advance of the sea ice cover. Sea ice extent in the Chukchi Sea 
remained well below average until the end of December 2018, when it reached near-average coverage 
(Fig. 6). Throughout the winter and spring, air temperatures continued to be 1-4°C warmer than the 
1981-2010 average, which likely contributed to the low sea ice concentrations. 
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Fig.  . Time series of 2019 sea ice extent in the Chukchi Sea through 12 November compared to the previous year 
(2018) and the record minimum year (2012), derived from satellite passive-microwave data. The grey shaded areas 
show the maximum range of variability of sea ice extent for the first decade of the satellite era (1979-88) and the 
recent decade (2008-17), illustrating the long-term change in sea ice extent over the entire period since 1979. Data 
are from the NSIDC Sea Ice Index, Version 3 (Fetterer et al. 2017). 

In spring 2019, melt onset across the Chukchi Sea occurred 20-35 days earlier than the 1981-2010 
average. Sea ice began a rapid and accelerating retreat from the south in early May, leading to a record 
low sea ice extent that lasted until early August, with negative sea ice concentration anomalies of 50%. 
A combination of anomalously warm air temperatures (1-5°C above the 1981-2010 average) and 
southerly winds promoted this precipitous loss ice. As the sea ice retreated northward, exposed open 
water areas warmed, leading to anomalous sea surface temperatures greater than 5°C above average. 
By mid-September, sea ice coverage in the Chukchi Sea remained far below the 1981-2010 average. This 
reduction in sea ice coverage has continued far into the freeze-up period, with ice extent only one-third 
of the previous record minimum. Consistent with the long-term record of Arctic-wide ice loss, most 
characteristics of the sea ice in the Chukchi Sea, including the length of the melt season and area of 
open water subject to rapid warming in summer, are now entirely different compared to the first 
decade (1979-88) of the satellite record. 
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Highlights 

• August mean sea surface temperatures (SSTs) in 2019 were ~1-7°C warmer than the 1982-2010 
August mean in the Beaufort, Chukchi, and Laptev Seas and Baffin Bay, and ~0.5-2°C cooler in 
the Barents Sea region. 

• August mean SSTs show statistically significant warming trends for 1982-2019 in most regions of 
the Arctic Ocean that are ice-free in August. 

• Northern Barents Sea August mean SSTs show statistically significant cooling trends for 1982-
2019. 

Summer sea surface temperatures (SST) in the Arctic Ocean are driven mainly by the amount of 
incoming solar radiation absorbed by the sea surface. Solar warming of the Arctic surface ocean is 
influenced by the distribution of sea ice (with greater warming occurring in ice-free regions), cloud 
cover, ocean optical properties, and upper-ocean stratification. In the Barents and Chukchi Seas, there is 
an additional source of ocean heat contributed by the advection of warm water from the North Atlantic 
and North Pacific Oceans, respectively. Arctic SSTs are an essential indicator of the role of the ice-albedo 
feedback mechanism in any given summer melt season. As the area of sea-ice cover decreases, more 
incoming solar radiation is absorbed by the ocean and, in turn, the warmer ocean melts more sea ice. In 
addition, marine ecosystems are influenced by SST, which affects the timing and development of 
primary and secondary production cycles as well as available habitat for individual species (see essay 
Arctic Ocean Primary Productivity). 

SST data presented here are from the NOAA Optimum Interpolation (OI) SST Version 2 product 
(OISSTv2), which is a blend of in situ and satellite measurements from December 1981 to present 
(Reynolds et al. 2002, 2007). Compared to purely in situ temperature measurements, the OISSTv2 
product has explained about 80% of the variance, with an overall tendency to underestimate SST 
by -0.02°C, i.e., a cold bias (Stroh et al. 2015). The OISSTv2 product uses a linear relationship with sea-ice 
concentration to infer SST, with SST constrained to -1.8°C (the freezing point of seawater with a salinity 
of 33 PSU at the sea surface) where ice cover is 100% (Reynolds et al. 2007). Variations in freezing 
temperature as a result of variations in sea-surface salinity (not accounted for in the algorithm) imply 
that SSTs under sea ice can be too cool by up to 0.2°C, with the highest errors in the fresher surface 
waters of the Canada Basin (see Timmermans and Proshutinsky 2015). August mean SSTs provide the 
most appropriate representation of Arctic Ocean summer SSTs because they are not affected by the 
cooling and subsequent sea-ice growth that typically takes place in the latter half of September. The 
period 1982-2010 is taken as a climatological reference mean. 

August 2019 mean SSTs ranged from 8 to 9°C in the southern Chukchi and Barents Seas to 
approximately 1°C in the interior Arctic Ocean near the mean sea-ice edge for that month (Fig. 1). 
August 2019 mean SSTs were around 1-7°C warmer than the 1982-2010 August mean in the Beaufort, 
Chukchi, and Laptev Seas and Baffin Bay (Fig. 2a). The anomalously warm SSTs in the vicinity of the 
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August 2019 mean sea-ice edge are linked to anomalously low sea-ice extent, which allowed for direct 
solar heating of the exposed surface waters (Fig. 2a). Conversely, the entire Barents Sea region was 
marked by anomalously cool August 2019 SSTs around 0.5-2°C cooler than the 1982-2010 mean. The 
interplay between sea-ice cover, solar absorption, and lateral ocean heat transport that results in cooler 
August SSTs in the Barents Sea region requires further study. Relative to August 2018, August 2019 
exhibited SSTs up to 4°C warmer in the Beaufort Sea and Baffin Bay, while SSTs were a few degrees 
cooler in the Barents Sea in August 2019 compared to August 2018 (Fig. 2b). 

Fig.  1. Mean SST (°C) in August 2019. White shading is the August 2019 mean sea-ice extent, and gray contours 
indicate the 10°C SST isotherm. (Sources: SST data are from the NOAA OISSTv2; sea-ice extent data are from NSIDC 
Sea Ice Index, Version 3, Fetterer et al. 2017.) 
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Fig.  2. SST anomalies (°C) in (a) August 2019 and (b) August 2018 relative to the August 1982-2010 mean (the 
dotted black contour indicates zero anomaly). The black line indicates the median ice edge for August 1982-2010 
and white shading indicates the August 2019 (a) and August 2018 (b) mean sea-ice extent. The two regions marked 
by black dashed lines in (a) relate to data presented in Fig 4. (Sources: SST data are from the NOAA OISSTv2; sea-
ice extent and ice-edge data are from NSIDC Sea Ice Index, Version 3, Fetterer et al. 2017.) 

Mean August SSTs from 1982 to 2019 show warming trends over much of the Arctic Ocean, with 
statistically significant (at the 95% confidence interval) linear warming trends of up to +1°C per decade 
(Fig. 3). The Chukchi Sea region continues to warm significantly, with August 2019 mean SSTs in the 
region being the second highest on record (Fig. 4). A marked exception to the prevalent August SST 
warming trend is the cooling trend (-0.06 ± 0.03°C/yr) in the northern Barents Sea (Fig. 3; Fig. 4). In line 
with this trend, most of the Barents Sea exhibited August 2019 SSTs around 0.3-2°C cooler than the 
1982-2010 average (Fig. 2a) and parts of the southern Barents Sea were a few degrees cooler than in 
August 2018 (Fig. 2). The statistically significant northern Barents Sea cooling trend is not observed in all 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 298 of 396



NOAA Arctic Report Card 2019 

38 

months; annually-averaged northern Barents Sea SSTs exhibit a warming trend, which has been 
attributed to changes in Atlantic Water influence in the region (see e.g., Barton et al. 2018). 

Fig.  3. Linear SST trend (°C yr-1) for August of each year from 1982 to 2019. The trend is only shown for values that 
are significant at the 95% confidence interval; the region is grey otherwise. The black line indicates the median ice 
edge for August 1982-2010. White shading is the August 2019 mean sea-ice extent. (Sources: SST data are from the 
NOAA OISSTv2; sea-ice extent and ice-edge data are from NSIDC Sea Ice Index, Version 3, Fetterer et al. 2017.) 
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Fig.  4. Area-averaged SST anomalies (°C) for August of each year relative to the 1982-2010 August mean (regions 
are shown by black dashed lines in Fig. 2a). The dashed lines show the linear SST anomaly trends over the period 
shown. Numbers in the legend correspond to linear trends in °C year-1 (with 95% confidence intervals). 
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Highlights 

• Satellite estimates of ocean primary productivity (i.e., the rate at which marine algae transform 
dissolved inorganic carbon into organic material) showed higher values for 2019 (relative to the 
2003-18 mean) for seven of the nine investigated regions (with the Barents Sea and North 
Atlantic the only regions showing lower than average values). 

• All regions continue to exhibit positive trends over the 2003-19 period, with the strongest trends 
in the Eurasian Arctic, Barents Sea, and Greenland Sea. 

• During May 2019, a ~1500 km long region along the sea ice edge in the Greenland Sea showed 
on average ~18 times higher chlorophyll-a concentrations than the same month of the previous 
years (2003-18) on record. 

• Unprecedented declines of sea ice in the Bering Sea in late winter 2018 and 2019 have been 
associated with shifts in the timing and intensity of phytoplankton blooms. Both years showed 
increases in chlorophyll biomass in March in the St. Lawrence Island Polynya region, associated 
with earlier spring break-up of sea ice. However, 2019 (unlike 2018) showed a more 
characteristic phytoplankton bloom in May, which may be associated with the resurgence of ice 
cover in April 2019. 

Introduction 

Autotrophic single-celled algae living in sea ice (ice algae) and water column (phytoplankton) are the 
main primary producers in the Arctic Ocean. Through photosynthesis, they transform dissolved 
inorganic carbon into organic material. Consequently, primary production provides a key ecosystem 
service by providing energy to the entire food web in the oceans. Primary productivity is strongly 
dependent upon light availability and the presence of nutrients, and thus is highly seasonal in the Arctic. 
In particular, the melting and retreat of sea ice during spring are strong drivers of primary production in 
the Arctic Ocean and its adjacent shelf seas, owing to enhanced light availability and stratification 
(Barber et al. 2015; Leu et al. 2015; Ardyna et al. 2017). Recent declines in Arctic sea ice extent (see 
essay Sea Ice) have contributed substantially to shifts in primary productivity throughout the Arctic 
Ocean. However, the response of primary production to sea ice loss has been both seasonally and 
spatially variable (e.g., Tremblay et al. 2015; Hill et al. 2018). 
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Here we present satellite-based estimates of algal chlorophyll-a (occurring in all species of 
phytoplankton), based on the color of the ocean, and subsequently provide calculated primary 
production estimates. These results are shown for ocean areas with less than 15% sea ice concentration 
and, therefore, do not include production by sea ice algae or under-ice phytoplankton blooms. 

Chlorophyll-a 

Measurements of the algal pigment chlorophyll (e.g., chlorophyll-a) serve as a proxy for the amount of 
algal biomass present as well as overall plant health. The complete, updated MODIS-Aqua satellite 
chlorophyll-a record for the northern polar region for the years 2003-19 can serve as a time series 
against which individual years can be compared. For this reporting, a reference period of 2003-18 was 
chosen to calculate the 2019 anomalies to maximize the length of the satellite-based time series. 

The 2019 data show a distribution of both positive and negative anomalies in chlorophyll-a 
concentrations in a number of locations across the Arctic Ocean region, where patterns are spatially and 
temporally heterogeneous (Fig. 1). These patterns are often associated with the timing of the seasonal 
break-up and retreat of the sea ice cover (Fig. 2): positive anomalies tend to occur in regions where the 
break-up is relatively early, while negative anomalies tend to occur in regions where the break-up is 
delayed. The most notable positive anomalies in 2019 occurred during May, with high concentrations of 
chlorophyll-a occurring along the ice edge in the Greenland Sea (Figs. 1a and 3). In particular, this 
regional positive anomaly of chlorophyll-a concentrations extended nearly 1500 km in length from 
Svalbard at ~80° N southward to central East Greenland at 70° N and exhibited on average ~18 times 
higher concentrations than previous years on record (Fig. 3b). Before this observed anomaly, the highest 
concentration in chlorophyll-a for this region had been in June 2007 (Fig. 3b), but it was only two-thirds 
as high as in 2019. Furthermore, not only was the intensity of the spring bloom unprecedented in 2019, 
but also the timing: peak seasonal phytoplankton blooms in this region typically occur in June (Fig. 3b) 
but were shifted one month earlier to May in 2019. Additional widespread positive anomalies occurred 
in the Bering Sea in May, June, and July, which are discussed in greater detail below. Some of the 
strongest negative anomalies in chlorophyll-a concentrations (i.e., low primary productivity) occurred in 
the Barents Sea in May (Fig. 1a) and in the Beaufort Sea in July (Fig. 1c). The relatively low chlorophyll-a 
concentrations in the Barents Sea in May are associated with increases in sea ice cover in that region 
throughout the season (Fig. 2a-c). 

Fig.  1. Mean monthly chlorophyll-a concentrations during 2019, shown as a percent of the 2003-18 average for (a) 
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May, (b) June, and (c) July. The black regions represent areas where no data are available (either owing to >15% 
sea ice concentrations or cloud cover). Satellite-based chlorophyll-a data across the pan-Arctic region were derived 
using the MODIS-Aqua Reprocessing 2018.0, OCx algorithm: http://oceancolor.gsfc.nasa.gov/. 

Fig.  2. Sea ice concentration anomalies (%) in 2019 (compared to a 2003-18 mean reference period) for (a) May, 
(b) June, and (c) July. Satellite-based sea ice concentrations were derived from the Special Sensor 
Microwave/Imager (SSM/I) and Special Sensor Microwave Imager/Sounder (SSMIS) passive microwave 
instruments, calculated using the Goddard Bootstrap (SB2) algorithm (Comiso et al. 2017a,b). 

Fig.  3. (a) Mean chlorophyll-a anomalies surrounding Greenland in May 2019, shown as a percent of the 2003-18 
average. The white line denotes the mean sea ice extent (i.e., sea ice concentration at 15%) for May 2019. The red 
box denotes the area along the sea ice edge in the Greenland Sea for which data are shown in (b). (b) Mean 
chlorophyll-a concentrations for the region in the Greenland Sea highlighted in (a) from 2003-19, where May 2019 
showed on average ~18 times higher concentrations than previous years on record. Phytoplankton blooms are 
distinctly seasonal in high-latitude seas, with peak production occurring once light levels and stratification are 
sufficient (with melting snow and the break-up of sea ice) and then dissipate once nutrients in the water column 
are depleted. 
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As noted above, some of the largest positive anomalies in chlorophyll-a concentrations observed in 2019 
occurred over the shelf region of the Bering Sea during May and June (Fig. 1a,b). During July, these 
positive anomalies extended more widely across the northern Bering Sea and into the Chukchi Sea (Fig. 
1c). In particular, focusing on the Distributed Biological Observatory Site 1 (DBO1; Moore and Grebmeier 
2018) in the St. Lawrence Island Polynya (SLIP) region, 2019 experienced similar declines in sea ice that 
also occurred in 2018 (Frey et al. 2018; Stabeno and Bell 2019) (Fig. 4a). However, while sea ice had 
disappeared from this region by the end of March in both 2018 and 2019, 2019 in contrast showed a 
slight resurgence of ice during the month of April before it declined again a few weeks later by the end 
of April. These general patterns of early sea ice break-up at DBO1 are associated with upticks in March 
chlorophyll-a concentrations that were observed in both 2018 and 2019 (Fig. 4b). In 2018, it was 
apparent that the typical large blooms that are produced in April and May did not occur; instead, we 
observed a redistribution of chlorophyll biomass in March (~275% increase over the 2003-17 average) 
and June (~500% increase over the 2003-17 average) (Frey et al. 2018). In contrast, the typical seasonal 
bloom of phytoplankton occurred as expected in May 2019 (Fig. 4b), which may be associated with the 
resurgence of sea ice cover in the region in April. In particular, May 2019 showed a ~360% increase in 
chlorophyll-a concentrations over the 2003-18 average, with similar percentage increases persisting 
through the season including ~140% (June), ~200% (July), and ~220% (August) (Fig. 4b). 

Fig.  4. (a) Daily time series of sea ice concentration in the Bering Sea region at the DBO1/SLIP region (red square 
within the map inset), highlighting the 1981-2010 mean, 2012 (one of the highest winters/springs of sea ice cover 
on record), and 2018 and 2019 (the lowest winters/springs of sea ice cover on record). (b) Mean chlorophyll-a 
concentrations for the DBO1/SLIP region from 2003-19. 

Having knowledge of how regions experience changes in chlorophyll-a concentrations alongside 
dramatic losses of sea ice cover provides insight into what to expect with future sea ice declines. While 
many of these observed patterns are directly linked to sea ice variability (and therefore light availability), 
it is important to note that there are other dominant factors at play that add to the complexity of 
observed chlorophyll-a concentrations such as the distribution and availability of nutrients (e.g., 
Giesbrecht et al. 2019). The impacts of sea ice decline on specific water column phytoplankton 
properties, such as community composition and carbon biomass (Neeley et al. 2018), as well as broader 
ecosystem responses (Duffy-Anderson et al. 2019), are critical to continue to monitor. 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 304 of 396



NOAA Arctic Report Card 2019 

44 

Primary production 

Chlorophyll-a concentrations give an estimate of the total standing stock of algal biomass. However, 
rates of primary production (i.e., the production of organic carbon via photosynthesis) provide a 
different perspective since not all algae present in the water column are necessarily actively producing, 
and can be estimated by combining remotely sensed chlorophyll-a concentrations with sea surface 
temperatures, incident solar irradiance, and mixed layer depths (see Fig. 5 for references to details of 
the method for estimation). Estimates of ocean primary productivity for nine regions (and the average 
of these nine regions) across the Arctic, relative to the 2003-18 reference period, indicate above-
average primary productivity for 2019 in all regions except for the Barents Sea and North Atlantic (Fig. 5, 
Table 1). In the longer term, positive trends in primary productivity occurred in all regions during the 
period 2003-19 (Fig. 5, Table 1). Statistically significant positive trends occurred in the Eurasian Arctic, 
Barents Sea, Greenland Sea, Baffin Bay/Labrador Sea, North Atlantic, and for the average of the nine 
regions. The steepest trends were found for the Eurasian Arctic (12.85 g C/m2/yr/dec, or a ~35.5% 
increase), the Barents Sea (10.62 g C/m2/yr/dec, or a ~22.7% increase), and the Greenland Sea (7.33 g 
C/m2/yr/dec, or a ~20.5% increase). 
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Fig.  5. Primary productivity (2003-19, March-September only) in nine different regions of the Northern 
Hemisphere (for a definition of the regions see Comiso 2015), as well as the average of these nine regions, derived 
using chlorophyll-a concentrations from MODIS-Aqua data, the NOAA 1/4° daily Optimum Interpolation Sea 
Surface Temperature dataset (or daily OISST) that uses satellite sea surface temperatures from AVHRR, and 
additional parameters. Values are calculated based on the techniques described by Behrenfield and Falkowski 
(1997) and represent net primary productivity (NPP). Additional information regarding these data can be found in 
Table 1. 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 306 of 396



NOAA Arctic Report Card 2019 

46 

Table 1. Linear trends, statistical significance, percent change and primary productivity anomalies in 2019 (March-
September) in the nine regions (and overall average) as shown in Fig. 5. Utilizing the Mann-Kendall test for trend, 
values in bold are significant at the 95% confidence level. The percent change was estimated from the linear 
regression of the 17-year time series. 

Region 
Trend, 

2003-19  
(g C/m2/yr/decade) 

Mann-Kendall  
p -value % Change 

2019 Anomaly  
(g C/m2/yr)  

from a 2003-18 base 
period 

2019 Primary 
Productivity  

(% of the 2003-18 
average) 

Eurasian Arctic 12.85 0.003 35.5 11.32 116.8 

Amerasian Arctic 2.10 0.349 9.5 5.78 115.8 

Sea of Okhotsk 1.82 0.490 4.1 0.44 100.6 

Bering Sea 2.06 0.490 5.4 0.07 100.1 

Barents Sea 10.62 0.002 22.7 -0.45 99.5 

Greenland Sea 7.33 0.005 20.5 11.80 118.9 

Hudson Bay 4.62 0.052 18.5 0.09 100.2 

Baffin 
Bay/Labrador 5.51 0.042 16.6 4.11 107.2 

North Atlantic 4.88 0.006 16.5 -0.11 99.8 

Average of nine 
regions 5.75 0.000 16.6 3.67 106.1 
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Highlights 

• The long-term satellite record (1982-2018) indicates "greening" across most Arctic tundra 
regions, especially Alaska's North Slope, mainland Canada, and the Russian Far East, but trends 
are not homogeneous, and some regions instead exhibit no trend or "browning," such as the 
Canadian Archipelago, southwestern Alaska, and parts of northwestern Siberia. 

• In 2018, there were stark contrasts in tundra greenness by continent, with a sharp decline in 
greenness in North America but a modest increase in Eurasia. 

• In North America, tundra productivity for the full growing season was the second lowest on 
record, concurrent with relatively cool spring and summer temperatures and late snowmelt in 
the Canadian Archipelago and Greenland. 

Arctic lands and seas have experienced dramatic environmental and climatic changes in recent decades. 
These changes have been reflected in progressive increases in the aboveground quantity of live 
vegetation across most of the Arctic tundra biome—the treeless environment encircling most of the 
Arctic Ocean. This trend of increasing biomass is often referred to as "the greening of the Arctic." Trends 
in tundra productivity, however, have not been uniform in direction or magnitude across the 
circumpolar region and there has been substantial variability from year to year (Bhatt et al. 2013, 2017; 
Park et al. 2016; National Academies of Sciences, Engineering, and Medicine 2019). Sources of spatial 
and temporal variability in tundra greenness arise from complex interactions among the vegetation, 
atmosphere, sea-ice, seasonal snow cover, ground (soils, permafrost, and topography), disturbance 
processes, and herbivores of the Arctic system. 
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Many of the changes being observed in tundra vegetation are producing a cascade of effects on the 
structure and function of Arctic ecosystems. For example, changes in the height and vigor of tundra 
plants impact the cycling of carbon and nutrients (Blume-Werry et al. 2019; Hewitt et al. 2019; Mörsdorf 
et al. 2019; Salmon et al. 2019; Treharne et al. 2019), as well as the exchange of energy between the 
atmosphere and permafrost soils (Wilcox et al. 2019). The latter has implications for permafrost stability 
and surface wetness which, coupled with changes in vegetation structure, can strongly alter habitat 
conditions for wildlife (Cray and Pollard 2018; Tape et al. 2018; Taylor et al. 2018; Ims et al. 2019; Kolari 
et al. 2019). Continued monitoring of circumpolar Arctic vegetation using Earth-observing satellites and 
field studies improves our understanding of these complex interactions and their impacts within, and 
beyond the Arctic. 

Since 1982, a constellation of NOAA Earth-observing satellites has continually monitored the 
productivity of Arctic vegetation using a spectral metric termed the Normalized Difference Vegetation 
Index (NDVI), which is sensitive to the unique properties of photosynthetically-active vegetation in the 
Red and Near Infrared wavelengths. NDVI is highly correlated with the quantity of aboveground 
vegetation, or "greenness," of Arctic tundra (Raynolds et al. 2012). The data reported here come from 
the Global Inventory Modeling and Mapping Studies 3g V1.1 dataset (GIMMS-3g); it is a biweekly, 
maximum-value composited dataset of the NDVI with a spatial resolution of 1/12° based on the 
Advanced Very High Resolution Radiometer (AVHRR) sensor (Pinzon and Tucker 2014). At the time of 
writing, the GIMMS-3g dataset was available only through the 2018 growing season. We use two 
metrics based on the NDVI: MaxNDVI and TI-NDVI. MaxNDVI is the peak NDVI value for the year and is 
related to the annual maximum biomass of aboveground vegetation that is reached in midsummer 
(typically late July or early August). TI (time-integrated) NDVI is the sum of the biweekly NDVI values for 
the growing season and is correlated with the total aboveground vegetation productivity. NDVI is 
generally highest near treeline and declines with increasing latitude. Values for North American tundra 
average lower than those for Eurasia, because a larger proportion of the North American Arctic lies in 
the High Arctic and was glaciated much more recently. 

The GIMMS-3g record now spans 37 years (1982-2018) and indicates that both MaxNDVI and TI-NDVI 
have increased across most of the circumpolar Arctic tundra biome (Fig. 1a,b). Regions with the 
strongest greening include the Alaska's North Slope, the Low Arctic (southern tundra subzones) of 
mainland Canada, and the Russian Far East. Tundra greenness appears to have declined, however, in 
western Alaska, the Canadian Archipelago, and parts of northwestern Siberia. Regional "hotspots" of 
greening and browning, evident as NDVI increases and decreases, respectively, are generally consistent 
between the two NDVI metrics, but decreases in TI-NDVI have been more widespread than decreases in 
MaxNDVI. In recent years, similar NDVI datasets have been compiled from other satellites and can be 
used to corroborate the GIMMS-3g record, albeit with a shorter period-of-record. For example, a recent 
analysis of the Landsat record indicates widespread increases in MaxNDVI from 1985 to 2018; greening 
was evident at 47% of sampling sites, but significant browning occurred at only 2% of sampling sites. The 
remaining 51% of sampling sites showed no deterministic trend over this period (L. Berner, personal 
communication). 
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Fig.  1a. Magnitude of the overall trend in MaxNDVI (Maximum Normalized Difference Vegetation Index) for the 
37-year period 1982-2018. 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 311 of 396



NOAA Arctic Report Card 2019 

51 

 
Fig.  1b. Magnitude of the overall trend in TI-NDVI (Time-integrated Normalized Difference Vegetation Index) for 
the 37-year period 1982-2018. 

In 2018, growing season conditions and tundra productivity contrasted starkly between North America 
and Eurasia. NDVI in the Eurasian Arctic was similar to the previous year, but declined sharply in the 
North American Arctic (Fig. 2a,b), much of which experienced late snowmelt and relatively cool summer 
temperatures (Mudryk et al. 2018; Schmidt et al. 2019). Considering the circumpolar Arctic as a whole, 
NDVI declined for the second straight year; the decline was most obvious for TI-NDVI, for which the 
highest value in the record occurred in 2016. The 2018 TI-NDVI in North America fell well below the 
long-term median value and was the second lowest in the entire record behind 1992, when Arctic 
summer warmth was affected by atmospheric aerosols from the 1991 eruption of Mt. Pinatubo (Lucht 
2002). TI-NDVI in North America declined 11.1% from 2017 to 2018, the largest single-year decline in the 
37-year record. The year-to-year decline in MaxNDVI in North America was not as sharp (3.0%) and the 
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2018 value was near the long-term median. In the Eurasian Arctic, however, TI-NDVI increased slightly 
and MaxNDVI was steady; both values were above the long-term median. 

Fig.  2a. MaxNDVI (Maximum Normalized Difference Vegetation Index) during 1982-2018 for the North American 
Arctic (bottom), Eurasian Arctic (top), and the circumpolar Arctic (middle). 
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Fig.  2b. TI-NDVI (Time-integrated Normalized Difference Vegetation Index) during 1982-2018 for the North 
American Arctic (bottom), Eurasian Arctic (top), and the circumpolar Arctic (middle). 

Within the 37-year record, MaxNDVI values for 2018 ranked 19th, 9th, and 25th for the circumpolar 
Arctic, Eurasian Arctic, and North American Arctic, respectively. TI-NDVI values ranked 31st, 11th, and 
36th for the circumpolar Arctic, Eurasian Arctic, and North American Arctic respectively. Circumpolar 
measurements of summer warmth–a key control of NDVI–provide valuable context for understanding 
the strong contrasts in tundra productivity observed by continent in 2018. The AVHRR sensors that 
record NDVI values also record the Land Surface Temperature (LST). To evaluate temperature over the 
entire growing season, we summarize the LST observations as the Summer Warmth Index (SWI), the 
sum of mean monthly LST for months with mean temperatures above freezing (> 0°C). For the 
circumpolar Arctic region as a whole, SWI in 2018 was similar to the prior year and was the 6th highest 
in the record. In Eurasia, SWI increased sharply from the previous year and was the 2nd highest in the 
37-year record, second only to 2016. In North America, however, the 2018 SWI declined sharply from 
2017 and was the lowest recorded since 2009. 
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What are the drivers of Arctic vegetation change, and what types of change would be apparent to an 
observer on the ground? A growing number of long-term field studies have documented changes in 
vegetation and the physical environment that could account for the trends recorded by satellites 
(Jorgenson et al. 2015; Pattison et al. 2015; Myers-Smith et al. 2019). The productivity of tundra plants 
in a given year is influenced by many climatic and environmental factors, but increasing summer air 
temperature is widely acknowledged as the most influential driver of the long-term greening observed 
in many Arctic environments (Myers-Smith and Hik 2018; Pastick et al. 2019; see essay Surface Air 
Temperature). Arctic shrub expansion is a well-recognized tundra response to summer warming, 
particularly in moist habitats of the Low Arctic (Elmendorf et al. 2012; Myers-Smith et al. 2015; Salmon 
et al. 2019). On the other hand, recent reports show that increased temperatures can have disruptive 
effects on the phenology and growth of tundra plants (Assmann et al. 2019; Prevéy et al. 2019). 

Tundra "browning" has been observed after extreme weather, such as winter thaw events (followed by 
abrupt cooling and desiccation) and icing (e.g., rain-on-snow); recent work in Norway suggests that such 
events reduce the capacity of the vegetation to sequester carbon (Treharne et al. 2019). Changes in 
precipitation, permafrost conditions, and soil moisture also influence tundra vegetation dynamics and 
are linked to the effects of air temperature changes (Lara et al. 2018; Kemppinen et al. 2019). Increased 
winter snow cover can also alter vegetation structure and function, in some cases countering the impact 
of warming (Addis and Bret-Harte 2019; Cooper et al. 2019). Ecological disturbances such as tundra fire 
can also cause abrupt changes in greenness over large areas (French et al. 2016); at local scales, 
permafrost thaw and herbivory can create "hotspots" of greening and browning (Lara et al. 2018; 
Pastick et al. 2019). Disparate vegetation responses to temperature and precipitation are also evident 
when comparing plant communities along gradients of latitude (Miles et al. 2019), elevation (Verbyla 
and Kurkowski 2019), soil moisture (Rocha et al. 2018), and human land-use (Chen et al. 2019; 
Tømmervik et al. 2019). These findings highlight the importance of understanding indirect responses to 
climate warming that occur at local and regional scales when interpreting Arctic NDVI trends. 
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Permafrost and the Global Carbon Cycle 
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Highlights 

• Northern permafrost region soils contain 1,460-1,600 billion metric tons of organic carbon, 
about twice as much as currently contained in the atmosphere. 

• This pool of organic carbon is climate-sensitive. Warming conditions promote microbial 
conversion of permafrost carbon into the greenhouse gases carbon dioxide and methane that 
are released to the atmosphere in an accelerating feedback to climate warming. 

• New regional and winter season measurements of ecosystem carbon dioxide flux independently 
indicate that permafrost region ecosystems are releasing net carbon (potentially 0.3 to 0.6 Pg C 
per year) to the atmosphere. These observations signify that the feedback to accelerating 
climate change may already be underway. 

Introduction 

The Arctic continues to warm at a rate that is currently twice as fast as the global average (see essay 
Surface Air Temperature). Warming is causing perennially-frozen ground (permafrost) to thaw, with 
permafrost in many locations currently reaching record high temperatures (Biskaborn et al. 2019). 
Organic carbon contained in soils of the permafrost region represent a climate-sensitive carbon 
reservoir that is affected by warming air and ground temperatures and permafrost thaw. This 
permafrost carbon is the remnants of plants, animals, and microbes that have lived and died in tundra 
and boreal ecosystems, accumulating in frozen soil over hundreds to thousands of years (Schuur et al. 
2008). The northern permafrost region holds almost twice as much carbon as is currently in the 
atmosphere. Additional net releases of carbon dioxide (CO2) and methane (CH4) to the atmosphere as a 
result of warming and faster microbial decomposition of permafrost carbon have the potential to 
accelerate climate warming. This report details recent advances in quantifying the amount of organic 
carbon stored in permafrost soils and the current exchange of CO2 between tundra and boreal 
ecosystems and the atmosphere. It updates material included in an essay on the terrestrial carbon cycle 
that appeared in Arctic Report Card 2016 (Schuur and Hugelius, 2016). 

Permafrost carbon pools: How much permafrost carbon is available to 
release into the atmosphere? 

The new, best mean estimate of the amount of organic carbon stored in the northern permafrost region 
is 1,460-1,600 petagrams (Pg; 1 Pg = 1 billion metric tons) (Hugelius et al. 2014; Schuur et al. 2015). Of 
this inventory, 65-70% (1,035 ± 150 Pg) of the carbon is within the surface layer (0-3 m depth) (Fig. 1). 
Soils in the top 3 m of the rest of Earth's biomes (excluding Arctic and boreal biomes) contain 2,050 Pg 
of organic carbon (Jobbagy and Jackson 2000). The soil carbon from the northern circumpolar 
permafrost region adds another 50% to this 3-m inventory, even though it occupies only 15% of the total 
global soil area (Schuur et al. 2015). 
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Fig.  1. Soil organic carbon pools (0-3 m depth) for the northern circumpolar permafrost region. (modified from 
Scientific American, November 2016) Produced by Mapping Specialists, Ltd. 

A significant amount of carbon (25-30%) is also stored deeper (> 3 m depth) due to unique processes 
that bury carbon in permafrost region soils. In particular, the Yedoma region of Siberia and Alaska 
remained ice-free during the last Ice Age and accumulated silt (loess) soils, which buried large quantities 
of organic matter deep into the permafrost (Strauss et al. 2013). Recent work has reconciled several 
estimates for the Yedoma region, placing 327-466 Pg C in these deep loess deposits, which can be tens 
of meters thick (Schuur et al. 2018). This region contains intact Yedoma deposits that have remained 
primarily frozen since the last glacial period, and also deposits where abrupt permafrost thaw led to 
ground subsidence (thermokarst) and lake formation. These thermokarst lakes accumulated more 
carbon as lake ecosystems developed, and these deposits later re-froze into permafrost when the lakes 
drained (Anthony et al. 2014; Strauss et al. 2017). The remaining deep carbon accounted for in the total 
permafrost carbon inventory is contained in Arctic river deltas, which contain 96 ± 55 Pg C (< 10%). 

Case: 18-36082, 12/20/2019, ID: 11541002, DktEntry: 149-2, Page 320 of 396



NOAA Arctic Report Card 2019 

60 

Permafrost thaw occurs when a warming climate affects permafrost temperature gradually from the 
surface downward. At the same time, abrupt permafrost thaw, related to the destabilization of and 
melting of ground ice, can affect tens of meters of permafrost rapidly over a single season. As a result, 
the entire organic carbon inventory of surface and deep soil reported here may be vulnerable to thaw in 
a changing climate. 

Ecosystem-atmosphere carbon exchange: Is the Arctic currently 
releasing additional net carbon dioxide emissions to the atmosphere? 

Permafrost thaw and increased microbial decomposition releases stored organic carbon from the 
terrestrial biosphere into the atmosphere as greenhouse gases. At the same time, plant growth 
sequesters atmospheric CO2, which becomes stored as new plant biomass or deposited as new soil 
organic matter. Direct and indirect effects linked to climate warming can stimulate both processes, and 
whether Arctic ecosystems are currently a net carbon source (losses > gains) or sink (gains > losses) is an 
area of intense research. Ecosystem carbon balance (net gain or loss of ecosystem carbon) is the 
relatively small difference between two large, opposing fluxes: plant carbon uptake via plant 
photosynthesis and growth versus respiratory loss via metabolism by all living organisms (Fig. 2). Across 
the landscape, this biological carbon cycle is then modified by relatively rapid physical disturbances, 
such as fire and abrupt permafrost thaw (thermokarst) that accelerate carbon losses while modifying 
rates of carbon gain. Carbon dioxide represents the main form, by weight, of carbon exchanged 
between ecosystems and the atmosphere. Methane exchange is a much smaller amount by weight than 
CO2, and consequently does not greatly alter ecosystem carbon balance at the landscape scale. The 
larger warming potential of CH4 means that changing emissions can affect climate, but these impacts are 
outside of the scope of this report. 
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Fig.  2. Eddy covariance tower with micrometerological sensors and gas analyzers for measuring CO2 and CH4 
concentrations used to determine the exchange of greenhouse gases between moist acidic tussock tundra and the 
atmosphere. This tower, located at the Eight Mile Lake research watershed near Denali National Park, Alaska, 
records aggregated greenhouse gas exchange over 30-minute intervals that can then be combined to determine 
daily, monthly, seasonal, and annual exchanges of carbon. The tower's sensing footprint is on the scale of tens to 
hundreds of meters from the tower, depending on windspeed and direction. 

Northern tundra and boreal ecosystems typically gain carbon (carbon sink) stored in plant biomass and 
new soil organic matter during the short summer growing season when plant photosynthesis and 
growth is greater than carbon respired by plants and soil back to the atmosphere. In any given year, 
individual ecosystems can have gains or losses in net carbon due to changes in the physical and 
biological environment (Treat et al. 2018), and also depending on the successional stage of the 
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ecosystem, but what matters to future climate is the aggregate response across the regions over years 
to decades. 

Previous efforts to synthesize ecosystem carbon balance focused on CO2 flux measurements have 
produced results that have not agreed. For instance, a study that scaled plot CO2 flux measurements to 
regional land area reported a net annual carbon exchange in the tundra region of 0.013 Pg C per year 
(i.e., a small sink but near neutral exchange) over the 1990s and 2000s (McGuire et al. 2012). A follow-
up study focused on a subset of the same tundra sites and also included new sites with additional non-
summer data to bolster the under-sampled cold season (Belshe et al. 2013). The second study supported 
the previous finding that the summer-season carbon sink increased in the 2000s compared with the 
1990s. However, the second study also suggested that the mean tundra flux remained a carbon source 
annually across both decades when additional non-summer flux data were included. When scaled to a 
similar-sized region, the second study predicted that the tundra was acting as a current source of 0.462 
Pg C per year. One potential explanation for the difference between these two comprehensive synthesis 
studies was the inclusion (in the former), and exclusion (in the latter) of fluxes measured in wetland 
ecosystems. Wetlands generally store more carbon in anaerobic soils, and typically act as annual net 
carbon sinks even while CH4 is emitted (Lund et al. 2010). This differential response of individual 
ecosystem types and the relative scarcity of measurement sites across the Arctic region continue to 
make it difficult to upscale to the aggregate effect of ecosystems' greenhouse gas exchange on the 
atmosphere. 

Another approach to this same question is to measure changes in atmospheric greenhouse gas 
concentrations and to separate out contributions from different sources. Given the extent of fossil fuel 
carbon emissions, it remains a challenge to quantify and separate the effect of ecosystem carbon 
exchange, but regional atmospheric measurement campaigns can help to focus in on local influences 
(Parazoo et al. 2016). Recent measurements of atmospheric greenhouse gas concentrations over Alaska 
by NASA aircraft have been used to the estimate the net regional impact on the atmosphere by those 
Arctic and boreal ecosystems for 2012 to 2014 (Commane et al. 2017). This recent NASA campaign was 
able to provide important insight into the aggregate influence of the carbon exchange for the Alaska 
permafrost region, across tundra, boreal forests, and wetland/lake/freshwater ecosystems as a whole. 
During this three-year time period, the tundra region of Alaska was found to be a consistent net CO2 
source to the atmosphere, whereas the boreal forest region was either neutral or a net CO2 sink. The 
boreal forest region exhibited larger interannual variability due both to changes in the balance of 
photosynthesis and respiration and to the amount of combustion emissions by wildfire. 

The Alaska study region as a whole was estimated to be a net carbon source of 0.025 ± 0.014 Pg C per 
year averaged over the land area of both tundra and boreal forest regions for the three-year study 
period. If this Alaskan region (1.6 × 106 km2) was representative of the entire northern circumpolar 
permafrost region soil area (17.8 × 106 km2), this amount would be equivalent to a circumpolar net 
source of 0.3 Pg C per year. Historically (over hundreds to thousands of years), the Arctic region was 
accumulating carbon in soils and vegetation and thus was acting as a net sink of atmospheric CO2. 
Assuming this three-year snapshot provided by NASA aircraft monitoring is indicative of the Arctic's 
current physical and biological environment, a significant and major threshold has been crossed in the 
high latitude region whereas the aggregate effect of terrestrial ecosystems is now contributing to, rather 
than slowing, climate change. 

Aircraft measurements of atmospheric greenhouse gas concentrations help to describe the combined 
regional impact of changing permafrost region ecosystems. However, the long cold Arctic winter (or 
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non-summer) season limits observations from the air, just as it has limited ground-based observations in 
the past due to the difficult operating conditions. For example, the NASA aircraft campaign made 
atmospheric measurements from April through November only. In one of the recent synthesis studies of 
ground-based measurements, the regional carbon balance estimate for the North American subregion, 
for example, had 80 study-years of summer measurements and only 9 study-years of non-summer 
measurements available for upscaling (McGuire et al. 2012). The summer growing season is typically a 
time when net carbon is stored within growing ecosystems acting as a seasonal carbon sink. However, 
summer carbon sequestration is partially offset by carbon losses in fall, winter, and spring when 
microbes remain metabolically active and release CO2 during a period where plants are largely dormant. 
While absolute levels of CO2 flux are low during the non-summer season, the long period of more than 
250 days can be enough to offset the net carbon that accumulated during summer. 

A new comprehensive synthesis study of non-summer ecosystem CO2 fluxes across the circumpolar 
region showed that carbon release during the Arctic winter was 2 to 3 times higher than previously 
estimated from ground-based measurements (Fig. 3) (Natali et al. 2019). This circumpolar estimate 
suggests that carbon release in the cold season offsets net carbon uptake during the growing season 
(derived from models) such that the region as a whole could already be a source of 0.6 Pg C per year to 
the atmosphere. It was not possible to determine whether these higher flux estimates were a result of 
changing environmental conditions or the aggregation of more observations during this scarcely 
observed non-summer period. Regardless, similar to the regional extrapolation made by aircraft, this 
winter flux synthesis supports the idea that the accelerating feedback from changing permafrost 
ecosystems to climate change may already be underway. 

Fig.  3. Non-summer season CO2 flux rates for the permafrost region, synthesized from individual study sites 
measured between 2003 and 2017 and extrapolated using environmental variables. 
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Highlights 

• The breeding population of ivory gull in the Arctic is declining in parts of its range. Especially 
dramatic is the situation in Canada, where 70% of the population has been lost since the 1980s. 

• Satellite tracking of ivory gulls breeding in Canada, Greenland, Svalbard and Russia show that 
southern Davis Strait and northern Labrador Sea is an internationally significant wintering area 
for the species. 

• Levels of contaminants in eggs, blood and feathers of the ivory gull are among the highest ever 
reported in arctic seabirds and may have sub-lethal effects in combination with other stressors. 

• Studies on genetics in the ivory gull show low population structure, implying that conservation 
planning needs to consider ivory gulls as a genetically homogeneous, Arctic-wide 
metapopulation. 

Introduction 

The ivory gull (Pagophila eburnea) is a high-arctic seabird associated with sea ice throughout the year. It 
breeds at high latitudes, mostly in the Atlantic sector of the Arctic. Mainly small (i.e., 5 to 200 pairs), 
scattered colonies are found in Arctic Canada, Greenland, Svalbard and the northern islands of Russia in 
the Barents and Kara seas (Fig. 1). Ivory gulls breed on steep cliffs and inland nunataks (rocky outcrops 
emerging from icecaps), on flat, gravel-covered areas near coasts (Fig. 2) or on small islands and even 
gravel-covered ice floes. The species feeds on ice-associated fauna, primarily small fish and macro-
zooplankton, and on remains of marine mammals killed by polar bear (Mallory et al. 2008). Migration 
between the high-arctic breeding grounds and the more southerly wintering areas takes place along the 
sea ice edge. Due to its reliance on sea ice for hunting, the ivory gull rarely moves far from sea ice. The 
species is listed as Near Threatened by the International Union for Conservation of Nature (IUCN), 
recognizing global warming and pollution as major threats (BirdLife International 2018). An international 
circumpolar ''Conservation Strategy and Action Plan'' has been presented by the Arctic Council to gain 
more insight into how this bird responds to increases in the disappearance of sea ice habitat, natural 
resource exploration and development and increases in contaminants (Gilchrist et al. 2008). 
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Fig.  1. The distribution of known ivory gull breeding colonies occupied for one or more years since year 2000 
(shown here as black circles). Wintering areas are shown in light grey. Source: Circumpolar Seabird Group (CBird). 
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Fig.  2. Ivory gull breeding colony, Severnaya Zemlya, Russia. Photo: Alexey Lokhov. 

Population Status 

In 2008, the Circumpolar Seabird Group (CBird) of the Arctic Council's CAFF (Conservation of Arctic Flora 
and Fauna) Working Group estimated the total population of ivory gulls to be 6,325-11,500 breeding 
pairs (Gilchrist et al. 2008). Most occur at colonies in Arctic Russia (approx. 86% of the global 
population). The remaining populations are more or less equally distributed between Canada, Greenland 
and Svalbard. The population size is difficult to assess because breeding colonies are not consistently 
occupied each year and because some sites may still be unknown. 

The breeding population of ivory gulls is declining in at least parts of its global range. The Canadian 
population has declined by 70% since the 1980s at colonies that were known before 2002 (Gilchrist and 
Mallory 2005; Gaston et al. 2012). The reason for this decline is an area of current active research but 
could be related to loss of sea ice due to climate change, contaminants and illegal harvesting in 
Greenland during migration. The Greenland population seems to be declining in the south of its 
breeding range, while in the north the trends are unclear (Gilg et al. 2009). In Greenland, unusual 
climate events, such as very wet (rain) storms, have been shown to cause breeding failure (Yannic et al. 
2014). For Svalbard, the long-term population trend is difficult to assess as historical data are scarce, but 
annual surveys since 2009 show a decline (Strøm 2013). Surveys conducted in the Russian Arctic in 2006-
08 and incidental observations from colonies in subsequent years infer stable populations in some key 
colonies and no signs of an overall decline (Gavrilo and Martynova 2017). However, more recent 
observations in the 2010s revealed multiple events of colony abandonment or breeding failure. One 
possible reason is increased colony depredation by polar bears. Both the IUCN and the OSPAR-
commission urge for new population surveys in all countries to better assess the status of the species 
and the true magnitude of decline. 
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Migration routes and wintering areas 

While the ivory gull has long been known to winter along the southern edge of the arctic pack ice in the 
waters of the North Atlantic Ocean, recent results from satellite tagging of breeding birds from Canada, 
Greenland, Svalbard and Russia have revealed that the Davis Strait and Labrador Sea is the key wintering 
area for the species, at least for the Atlantic breeding populations (Spencer et al. 2014; Gilg et al. 2016) 
(Fig. 1). Birds from Russia (Franz Josef Land), Svalbard and Greenland aggregate in a post-breeding area 
along the ice-edge north of Svalbard and Franz Josef Land, and as far east as Severnaya Zemlya, before 
migrating along the East Greenland ice-edge to winter in Labrador and the Davis Strait (Gilg et al. 2010). 
Here they mix with birds from Canadian colonies (Spencer et al. 2016), making the southern Davis Strait 
and northern Labrador Sea an internationally significant wintering area for the species. The Bering and 
Okhotsk Seas also seem to be important wintering areas for the easternmost breeding population in 
Russia and for some Greenland and Norwegian birds, but more tracking is necessary to confirm this (Gilg 
et al. 2010). 

Contamination 

As a top-predator and scavenger, the ivory gull is vulnerable to exposure to contaminants that 
concentrate through the food chain (biomagnifying contaminants). The levels of persistent organic 
pollutants (POPs) including organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs), and 
a heavy metal (mercury (Hg)) in ivory gulls are among the highest ever reported in arctic seabirds 
(Braune et al. 2006; Miljeteig et al. 2009; Lucia et al. 2015). Concentrations are not thought to be at high 
enough levels to cause direct mortality, but there is a threat from combined effects that are likely to 
have a sub-lethal effect. This has been shown in other seabird species, with similar and higher 
contaminant levels, with effects on parental behaviour, endocrine distribution and neurological 
functions, as well as to potential reproductive disruptions (Miljeteig et al. 2012; Lucia et al. 2016). The 
concentration of methyl mercury in feathers of Canadian birds increased by a factor of 45 during 1877-
2007 (Bond et al. 2015). Mercury can have wide-ranging deleterious effects on birds. Being bioavailable, 
Hg levels are expected to increase in the Arctic due to global warming (Krabbenhoft and Sunderland 
2013). Hence, there is concern about population effects in high-latitude species such as the ivory gull, 
even though such species live far from the sources of such environmental contaminants (Bond et al. 
2015). 

Ivory gull genetics 

The ability to cope with rapid habitat changes through distribution shifts or adaptation to new 
conditions depends on both evolutionary and demographic processes (i.e., plasticity, adaptation or 
migration). The level of genetic variance within a population can directly influence the outcome of a 
response to environmental change by providing the necessary genetic variation upon which selection 
can act (Bourne et al. 2014). Until recently, the population structure of the ivory gull and the degree of 
connectivity between the different breeding populations was virtually unknown. Based on mitochondrial 
DNA-samples from museum specimens, Royston and Carr (2014) found no strong population structure, 
except among the birds wintering in the Pacific that probably originated from the easternmost breeding 
population in the Kara Sea and Severnaya Zemlya. Using a population genetic model and based on 
samples from 343 individuals from 16 localities across the breeding range, Yannic et al. (2016) similarly 
found a high degree of genetic homogeneity of ivory gulls across their entire distribution range, but with 
sufficient genetic diversity to maintain a genetically healthy population. The lack of population genetic 
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structure suggests there is an effective dispersal across the Arctic region and implies that conservation 
planning needs to consider ivory gulls as a genetically homogeneous, Arctic-wide metapopulation 
(Yannic et al. 2016), with the potential to recover from other areas. 
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Highlights 

• The northern edge of distribution for fishes associated with the Bering Sea shelf (e.g., walleye 
pollock and Pacific cod) shifted northward from 2010 to 2017/18. 

• The spatial distribution of boreal fishes in the Barents Sea in 2017 resembles their distribution in 
2012, showing a northward shift relative to their previous distribution in 2004. 

• In both Bering and Barents Seas, recent shifts are associated with changes in bottom water 
temperature and loss of sea ice. 

• Density estimates for individual species show that responses vary among species, and boreal 
species can maintain high densities in southern habitats even during shifts in the northward 
edge of distribution. 

Introduction 

Marine populations are expected to remain within their preferred thermal conditions, and therefore to 
shift their spatial distributions to track changes in ocean temperatures (Pinsky et al. 2013). Many 
different indicators show changes in Arctic physical conditions, with an increased rate of change from 
2005 to present day (Overland et al. 2019). Given these rapid physical changes and expected responses 
of marine populations to changing thermal conditions, the spatial distribution of Arctic and subarctic fish 
communities will likely be a sensitive indicator for contemporary and ongoing Arctic climate change. 

Here we present changes in the fish communities of the Bering and Barents Seas during 2017/18 relative 
to baseline conditions 10-15 years earlier. This involves mapping shifts in the spatial distribution of 
boreal (southern) and Arctic (northern) fish communities in each ecosystem, as well as identifying 
indicator species associated with each community. The Bering Sea has shown substantial and rapidly 
warming ocean temperatures and associated decreases in the thickness and extent of sea ice from 1982 
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to 2019, with pronounced changes occurring since 2014, while the sea surface temperature trends in 
the Barents Sea are varied both spatially and seasonally (see essay Sea Surface Temperature). Fish 
populations in both the Bering and Barents Seas are expected to expand into new areas in a warming 
climate if certain pre-conditions are met, including suitable bottom topography, water temperatures, 
salinities and distance to spawning grounds (Hollowed et al. 2013). The patterns and rates of 
documented shifts are species-specific and tend to follow temperature gradients (Pinsky et al. 2013), 
although observed shifts have trailed behind and are sometimes poorly correlated with the actual rates 
of climate shifts (Alabia et al. 2018). 

Bering Sea community shifts 

On the shallow Bering Sea shelf, the summer distribution of fishes and invertebrates living near the sea 
floor (i.e., demersal fishes) is tied to the extent of the cold pool (bottom temperatures < 2°C) as 
determined by the southern extent of sea ice during the preceding winter (Mueter and Litzow 2008). 
Until recently, there was a general expectation that sea ice would continue to persist throughout the 
winter over the shallow northern Bering Sea and Chukchi Sea shelf, limiting the northward expansion of 
boreal species (Stabeno et al. 2012). However, latent heat from the warm conditions of summer 2016, 
combined with less sea-ice formation in the 2017 winter, resulted in an extensive but narrow cold pool 
on the eastern Bering Sea shelf during summer 2017 (see essay Recent Warming in the Bering Sea). This 
created a wide corridor within the shallow continental shelf for species to move northward, as observed 
with dramatic increases of Pacific cod, Gadus macrocephalus, walleye pollock, G. chalcogrammus and 
several flatfish species into the northern Bering Sea (Stevenson and Lauth 2019). A delayed freeze-up in 
the Chukchi Sea and unusual southerly winds resulted in near-complete lack of sea ice in the northern 
Bering Sea the following winter, in 2018. Maximum sea-ice extent subsequently reached the lowest 
levels on record in 2019 (see essay Recent Warming in the Bering Sea). 

We identify shifts in distribution for four assemblages in the eastern and northern Bering Sea (Fig. 1), 
and also identify indicator species that are associated with each assemblage (Table 1). Boreal groundfish 
were observed again in the northern Bering Sea during the 2018 summer (Duffy-Anderson et al. 2019; 
Stabeno et al. 2019). Although shifts in these large, abundant species are more apparent, Arctic taxa 
tend to be more sensitive to habitat changes. Arctic cod (Boregadus saida) in particular can serve as a 
sentinel species that responds quickly to changes in temperature and ice extent (Alabia et al. 2018; 
Marsh and Mueter 2019). Changes in individual species result in community-level changes (Fig. 1) that 
reflect a transition from a 'Northern Shelf' (Arctic) community dominated by relatively few, smaller and 
less abundant species with Arctic affinities to a community dominated by larger boreal species. In 
particular, the Arctic and northern shelf community is represented by butterfly sculpin, Hemilepidotus 
papilio, and Bering flounder, Hippoglossoides robustus (see Table 1 for full list), and this community 
retreated northward from 2010 to 2018. This Arctic community was then replaced by the southern shelf 
community represented by northern rock sole, Lepidopsetta polyxystra, and sturgeon poacher, 
Podothecus accipenserinus (i.e., comparing the spatial distribution of light and dark blue in Fig. 1). 
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Fig.  1. Major fish assemblages identified in the eastern Bering Sea, including two boreal assemblages on the 
southern shelf (light blue) and in the outer shelf/slope region (green), as well as a mixed Norton Sound (light 
green) and an Arctic / northern shelf assemblage (dark blue). Contours denote -1°C (black) and 3°C (red) isotherms 
of bottom temperature. Assemblages are based on Ward's minimum variance clustering of pairwise Bray-Curtis 
distances among 1463 hauls sampled during summer trawl surveys. Bray-Curtis distances were computed from 
fourth-root transformed catch-per-unit-effort (kg/ha) of 44 common demersal fish and macroinvertebrate species. 

Table 1. Indicator species associated with each of four fish communities in the Bering Sea; shifts in spatial 
distribution for these communities are mapped in Fig. 1. Species are shown that have a statistically significant 
association (p < 0.001) for each community, following methods in Dufrêne and Legendre (1997). Only species for 
which specificity exceeds 0.5 and group fidelity exceeds 0.2 are shown. 

Community Species 

 Scientific Name Common Name 

Boreal: outer shelf / slope Atheresthes evermanni Kamchatka flounder 

 Atheresthes stomias arrowtooth flounder 

 Lycodes brevipes shortfin eelpout 

 Hippoglossoides elassodon flathead sole 

 Hemitripterus bolini bigmouth sculpin 

 Icelus spiniger thorny sculpin 

 Chionoecetes bairdi tanner crab 

 Bathyraja interrupta sandpaper skate 

 Glyptocephalus zachirus rex sole 

 Reinhardtius hippoglossoides Greenland halibut/turbot 

 Leptagonus frenatus sawback poacher 

Boreal: southern shelf Lepidopsetta polyxystra Northern rock sole 

 Podothecus accipenserinus sturgeon poacher 
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Community Species 

 Paralithodes camtschaticus red king crab 

Norton Sound Eleginus gracilis saffron cod 

 Myoxocephalus jaok plain sculpin 

 Platichthys stellatus starry flounder 

 Limanda proboscidea longhead dab 

 Gymnocanthus pistilliger threaded sculpin 

 Telmessus cheiragonus helmet crab 

 Lumpenus fabricii slender eelblenny 

Arctic: northern shelf Hemilepidotus papilio butterfly sculpin 

 Liparis gibbus variegated snailfish 

 Limanda sakhalinensis Sakhalin sole 

 Hippoglossoides robustus Bering flounder 

 Boreogadus saida Arctic cod 

 Lycodes raridens marbled eelpout 

 Myoxocephalus verrucosus warty eelpout 

Barents Sea community shifts 

In the Barents Sea, the warming ocean temperatures and retraction of the sea ice was concurrent with a 
northeastward displacement of Arctic fish (Fig. 2). This region includes three communities: Arctic 
(represented by Arctic cod, Boreogadus saida and bigeye sculpin, Triglops nybelini), boreal (represented 
by haddock, Melanogrammus aeglefinus and saithe, Pollachius virens) and a transition community (see 
Table 2 for full list of species associated with each community). The decreasing extent of Arctic water 
masses was associated with a northward shift in the transition zone separating Arctic and boreal fish 
communities from 2004 to 2012 (Fossheim et al. 2015a,b). During these years, the southern (boreal) fish 
community gradually expanded northward while the northern (Arctic) community retracted (Fossheim 
et al. 2015a,b). In 2017 the Arctic fish communities continued to have a displaced spatial distribution 
similar to 2012; there was neither a recovery to previous distributions (like 2004), nor a further 
displacement (beyond 2012). The boreal community includes large-bodied generalist feeders. These 
species took advantage of favorable conditions in the Barents Sea, both by increasing in abundance 
(demography) and by expanding their distribution (behavior). By contrast, many Arctic species are small-
sized bottom-associated specialists and their spatial distribution has retracted to smaller areas in the 
northeast. We hypothesize that new areas for boreal species opened as Arctic waters warmed and 
primary and secondary production increased (see essay Arctic Ocean Primary Productivity). These 
changes likely favored the boreal generalists competitively over the arctic specialists. In some cases, the 
larger predatory species (i.e., boreal fish) might also exert feeding pressure on the smaller benthivore 
species (i.e., Arctic fish). 
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Fig.  2. Major fish assemblages identified in the Barents Sea, showing a boreal (dark green), mixed (light green) and 
Arctic (blue) assemblage. Fish assemblage classification of 1199 hauls, sampled during summer trawl surveys, was 
based on log transformed catch-per-unit-effort data for 66 demersal fish taxa. The classification was obtained 
using linear discriminant functions trained on 2004 fish assemblages identified via Ward's minimum variance 
clustering of Bray-Curtis dissimilarities. 

Table 2. Indicator species associated with each of three estimated fish communities in the Barents Sea; shifts in 
spatial distribution for these communities are mapped in Fig. 2. See Table 1 caption for details. 

Community Species 

 Scientific Name Common Name 

Boreal Melanogrammus aeglefinus Haddock 

 Micromesistius poutassou blue whiting 

 Sebastes mentella deepwater redfish 

 Amblyraja radiata thorny skate 

 Sebastes norvegicus golden redfish 

 Trisopterus esmarkii Norway pout 

 Anarhichas minor spotted wolffish 

 Pollachius virens saithe 

Mixed Leptoclinus maculatus daubed shanny 

 Lumpenus lampretaeformis snakeblenny 

 Triglops murrayi moustache sculpin 

Arctic Triglops nybelini bigeye sculpin 

 Boreogadus saida Arctic cod 

 Liparidae spp. snailfish spp. 

 Reinhardtius hippoglossoides Greenland halibut/turbot 

 Icelus spp. sculpin spp. 
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Single-species analyses 

We next illustrate these same patterns for individual, large-bodied species in each region. For walleye 
pollock and Pacific cod in the eastern Bering Sea, northward shifts in distribution are clearly apparent 
between bottom-trawl surveys occurring first in 2010 and repeated in 2017 and 2018 (Fig. 3a-f). 
Hotspots of increased density for Pacific cod are apparent south of St. Lawrence Island (63° N -170° W) 
and for walleye pollock along the limits of the Russian exclusive economic zone near the Bering Strait 
(64° N -172° W) in 2017/18. The locations of these hotspots along the northern portion of the Bering Sea 
have contributed to a rapid northward shift in the population centroid for these and other commercially 
important species (e.g., northern rock sole, Lepidopsetta polyxystra, see Stevenson and Lauth (2019)). 
Distribution shifts in the Barents Sea are also apparent by comparing densities of Atlantic cod and 
haddock in the summer bottom-trawl survey from 2003 with surveys in 2017/18 (Fig. 3g-l). For example, 
Atlantic cod show increased densities in the central Barents Sea (75° N 35° E) while haddock show 
increased densities near Bear Island (75° N 19° E). These species-specific results show that the areas 
with the greatest changes vary from species to species. These results also show that northward shifts 
can occur even while population densities for boreal species remain high within the southern portion of 
their range, e.g., elevated estimates of walleye pollock density near Unimak Island (65° N -165° W) in 
2010 and 2018 (Fig. 3a,c). 
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Fig.  3. Visualization of density estimates for Pacific cod and walleye pollock in the eastern and northern Bering Sea 
(EBS) shelf in 2010, 2017 and 2018 (a-f), and Atlantic cod and haddock in Barents Sea (BS) summer survey in 2003, 
2017 and 2018 (g-l); see colorbar in bottom row for each species, with units of natural-logarithm of biomass per 
area. Years are chosen to show the first year with sampling data spanning the full spatial domain, as well as the 
two most recent years available at the time of analysis. Estimates are generated using a spatio-temporal delta-
model (Thorson 2019) applied to all years of data for each species individually, and predicting density within the 
footprint of the survey (EBS) or for all locations within 20 km of any survey observation (BS). We estimate density 
at 500 modeled locations, which are distributed in proportion to the spatial area being estimated, and using 
bilinear interpolation to predict densities between modeled locations. The models for the EBS shelf estimate the 
magnitude of first-order autoregression among years in the spatio-temporal term. 
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Consequences for Arctic ecosystems 

In the Bering Sea, the expansion of nearshore ('Norton Sound') and southern shelf species into the 
northern Bering Sea is likely to have profound effects on the benthic ecology of the northern Bering Sea, 
due to an increase in demersal fish biomass by several orders of magnitude (Stevenson and Lauth 2019). 
The observed high densities of fish in Bering Strait suggest that boreal species may shift their summer 
feeding migrations into the Chukchi Sea, which has also shown large decreases in summer sea-ice extent 
(see essay Sea Ice). Movement northward into the Chukchi Sea highlights the need for additional 
fisheries surveys north of Bering Strait, ongoing monitoring of benthic ecosystem components in the 
northern Bering and Chukchi seas, as well as synthesis of data from the western portion of the Bering 
Sea within Russian waters. In the Barents Sea, fish communities shifted rapidly from 2004 to 2012, and 
then remained relatively stable from 2012 to 2017. Increasing water temperatures opened new feeding 
habitats in the Barents Sea for Atlantic cod and haddock. So far, these species have been benefiting from 
the effects of climate change on the Barents Sea. These recent bottom-trawl surveys suggest that the 
spatial distributions of fish communities in the Barents Sea are stable for the moment at a new state, 
associated with warmer waters, less sea ice, and northward displacement of boreal species. However, 
different processes drive density changes in leading (northern) and trailing (southern) edges of species 
distribution (Pinsky et al. 2020), and contemporary warming could still result in future (lagged) changes. 
We encourage further comparison between climate-driven distribution shifts for these Atlantic and 
Pacific gateways to the Arctic. In particular, we note the importance of separating mechanisms occurring 
on the leading (northward) edges where populations are colonizing new habitats, relative to trailing 
(southward) edges where populations are likely to be extirpated from existing habitat given future 
warming. 
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Highlights 

• There has been a marked decrease in sea-ice extent in the Bering Sea during the last two years. 
• Record-breaking warm ocean temperatures occurred in 2019 on the southern Bering shelf, 

while bottom temperatures on the northern Bering shelf exceeded 4°C for the first time in 
November 2018. 

• Loss of sea ice and increasing ocean temperatures have impacted the Bering Sea ecosystem, 
including northward migration of fish species. 

The Bering Sea is the third largest semi-enclosed sea in the world and forms the transition between the 
subarctic North Pacific Ocean and the Arctic Ocean (Fig. 1). The western half of the sea consists of a 
basin (<3500 m depth) and a narrow (<100 km wide) shelf along the Russian coast south of Cape 
Navarin. The eastern half of the sea is a broad (~500 km) shelf stretching >1100 km northward from the 
Alaska Peninsula. This article focuses on the eastern shelf, which has an exceptionally productive 
ecosystem, supporting large numbers of seabirds and marine mammals, subsistence harvests for native 
communities across Alaska, and more than 40% of the annual U.S. catch of fish and shellfish (valued at > 
$1 billion annually). Sea ice is a critical factor in structuring this ecosystem. For the past two winters 
(2018 and 2019), maximum sea-ice extent in the Bering Sea has been at record lows, less than half of 
the long-term mean (1980-2010). These highly visible declines in sea ice occurred against a background 
of long-term warming and ice volume loss across the Arctic (see essay Sea Ice; Kwok 2018). 
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Fig.  1. Map of the Bering Sea, with location of the mooring sites indicated in red. 

Historically, the eastern Bering Sea shelf (EBS; that region east of 178° E) has been seasonally ice-
covered. The highest maximum sea-ice extent in the region, during the satellite era (1979-present), was 
1.1 × 106 km2 on 21 March 2012. The lowest maximum sea-ice extent (3.8 × 105 km2) occurred just six 
years later on 17 March 2018 (Stabeno and Bell 2019). Maximum areal ice cover in winter 2019 was 
more extensive (4.9 × 105 km2) than the 2018 record and occurred almost two months earlier on 25 
January (Fig. 2a). The sea-ice extent in January 2019 was near average, but the ice was thin (Thompson 
2018; Stabeno and Bell 2019). This thinness is attributable to: (1) late ice arrival (approximately a month 
later than usual) and its rapid advancement; and (2) warmer-than-average water temperatures (>0°C; 
Fig. 2b) in the northern Bering Sea (NBS) at mooring M8, which melted the bottom of ice floes and thus 
limited the thickness of the ice. 
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Fig.  2. (a) Sea-ice extent in the Bering Sea in 2019 for 25 January, 1 March, and 21 March derived from satellite 
passive microwave data (National Snow and Ice Data Center, http://nsidc.org/data). The shaded (dotted) area 
around M8 is the areal extent of the cold pool (<2°C bottom temperatures); data were collected by the National 
Marine Fisheries Service bottom trawl surveys (L. Britt, AFSC, personal communication). (b) Near-bottom 
temperatures measured from 2005 to 2019 at mooring site M8. (c) Depth-averaged temperature at M2 each year 
(1995 to 2019). The gray lines represent years when sea-ice cover was extensive in March and April at the mooring 
site and yellow indicates years when there was virtually no sea ice (<5% areal coverage on any given day) at the 
mooring site in March and April. Depth-averaged temperature in 2018 and 2019 are indicated in red. 

In late January 2019 wind patterns changed and a series of five strong, warm cyclones entered the 
Bering Sea (Fig. 3), breaking up the thin ice and driving it northward. Minimum winter sea-ice extent in 
the EBS occurred in early March (Fig. 2a). From late January to early March, areal ice cover was reduced 
by 82% (a retreat of 4.0 × 105 km2), the largest percent retreat ever observed in the satellite record 
during January or February. The absolute magnitude of ice retreat was second only to 1989 (4.2 × 105 
km2), a year that had one of the most extensive January ice covers on record (1979-2019). The large ice 
retreat in winter 2019 was primarily a result of a >30 day period of warm, southerly winds. In mid-March 
2019 the winds reversed and once again came out of the north, driving the ice southward (Fig. 2a). 
Consequently, the sea-ice extent recovered somewhat, but remained relatively low through the rest of 
the season (e.g., Mar 21 in Fig. 2a). 
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Fig.  3. (a) Satellite view of a strong cyclone in the Bering Sea on 2-3 March 2019 from NASA Worldview, and (b) its 
associated wind field from the North American Regional Reanalysis (NARR; Mesinger et al. 2006). This was one of a 
series of cyclones that affected the sea ice in the Bering Sea in late February and March 2019 by bringing strong, 
southerly winds and warmer temperatures to the region. During this period, air temperatures were 12-16°C above 
normal across the northern Bering Sea. 

Sea-ice extent and timing of ice retreat have important impacts on the Bering Sea ecosystem. Depth-
averaged water temperature was calculated at M2, a long-term (1995-2019) ecosystem mooring on the 
southern Bering Sea shelf (Fig. 2a). Ice extent at M2 in March-April is the primary determinant of ocean 
temperature for the following summer (Stabeno et al. 2012). Years with sea ice (>5% areal cover in the 
50 km × 50 km box around M2) in March-April (gray lines; Fig. 2c) are characterized by cold ocean 
temperatures, while years with little-or-no sea ice (yellow lines) are characterized by warm water. The 
years with the warmest ocean temperatures (2016 and 2019) followed extremely warm years (2015 and 
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2018, respectively). That is, some heat from 2015 and 2018 persisted through the winter, providing 
warmer starting conditions for summer heating in 2016 and 2019, respectively. 

Prior to 2016, the NBS (defined as north of 60° N) had extensive and persistent sea ice and bottom 
temperatures that remained <2°C throughout the year. In December 2016 and January 2017, bottom 
temperatures rose to above 2°C because of the late arrival of sea ice (Fig. 2b). Winds mixed the summer 
surface heat vertically, and the lack of cooling by subsequent ice growth resulted in >2°C near-bottom 
temperatures. Sea-ice extent the following year (February-March 2017) was low, but within the range of 
previous observations. Periods of warm, southerly winds in fall 2017 and winter 2018 resulted in 
extremely low ice extent and virtually no sea ice at mooring site M8 (Fig. 2a). This lack of ice resulted in 
very warm bottom waters at M8 in summer 2018 (Fig. 2b). Bottom temperatures in November 2018 
were the warmest ever observed, ~2°C above the previous high. In 2019, there was more sea ice at M8; 
hence the bottom temperatures were not as warm as observed in 2018, but were warmer than 
observed in previous decades (Fig. 2b). 

Unlike the pelagic-dominated southern Bering Sea ecosystem, the NBS is characterized by a productive 
benthic ecosystem (Grebmeier et al. 2006), aided by lipid-rich ice algae that fall to the sea floor as the 
sea ice melts (Duffy-Anderson et al. 2019). While there is often a subsurface summer phytoplankton 
bloom on the NBS shelf (Sigler et al. 2014), the largest increases in chlorophyll fluorescence at M8 
usually occur with the retreat of sea ice. Chlorophyll fluorescence is related to phytoplankton and algal 
biomass. Fluorometers, which measure chlorophyll fluorescence, are positioned on moorings and the 
time series they collect provide an excellent indication of the timing of the primary production. The 
chlorophyll-fluorescence time series (depth of ~22 m) at M8 in 2018, and again in 2019, showed no 
evidence of elevated chlorophyll prior to the well-defined increases in June. In other words, there was 
no ice-associated increase in chlorophyll. Instead, these blooms were typical of open water, like the 
phytoplankton blooms characteristic of the southern shelf. In 2018, there was likely no export of lipid-
rich ice algae to the benthos over much of the northern shelf. During spring/summer 2018, there was an 
abundance of small low-lipid-content zooplankton and low concentration of lipid-rich large zooplankton. 
This pattern is common in low ice years in the southern Bering Sea (Duffy-Anderson et al. 2019), but 
measurements in the NBS are more limited and patterns are less clear. 

In 2018, there was a marked northward shift in the distribution of walleye pollock (Gadus 
chalcogrammus) and Pacific cod (Gadus macrocephalus) over the Bering Sea shelf. Typically, these 
species are found on the southern shelf and/or along the outer shelf where bottom temperatures are 
usually >2°C. In 2019, both pollock and Pacific cod were, once again, found in large numbers on the 
northern shelf. This change in distribution was likely related to the cold pool (the region on the shelf 
where summer bottom temperatures are <2°C). In 2018, the cold pool was almost non-existent 
(Stabeno et al. 2019). In 2019, while larger than in 2018, the cold pool was still well below its typical 
extent (Fig. 2a). 

As in 2018, there were seabird die-offs on the Bering Sea shelf in 2019 (US Fish & Wildlife Service 2019). 
The largest die-offs, primarily on the southern shelf, affected short-tailed shearwaters (Ardenna 
tenuirostris), which washed ashore in July and August in Bristol Bay. While the underlying cause of the 
die-off is likely linked to warmer ocean conditions, the exact mechanism is not known. Possibilities 
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include: northward expansion of pollock and Pacific cod competing with shearwaters for food in the 
northern Bering Sea; increased toxins from harmful algal blooms; or other as yet unknown mechanisms. 

These past two years of low ice extent were likely a result of three factors. First and foremost, 
abnormally warm, southerly winds during winter limited sea-ice extent and/or forced substantial ice 
retreat in the winter. Second, the late freeze-up in winter of 2017 and 2018 of the southern Chukchi Sea 
delayed ice arrival in the NBS. Finally, warm ocean temperatures slowed the advance of ice. Given the 
very late freeze-up in Chukchi Sea in 2019 (see essay Sea Ice), it is likely that ocean temperatures in the 
NBS will be above normal, however the influence of winter wind patterns on sea-ice extent and, in turn, 
on ocean temperatures remains difficult to predict. 
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Introduction 

The Bering Sea is home to over 70 Indigenous communities of the Iñupiat, Central Yup'ik, Cup'ik, St. 
Lawrence Island Yupik, Unangan, and Chukchi Peoples. We are peoples of the world's richest sea. We 
study the ocean and weather as a way of life, as a means for survival. The Bering Sea is undergoing 
changes that have never been observed in our lifetimes, but were foreseen by our elders decades ago. 
Global climate change is one of many forces beyond our control that are threatening the entire Bering 
Sea food chain, of which we are a part. Record-breaking temperatures, reductions in sea ice, and lack of 
snow are impacting our marine mammals, fish, seabirds, and ecosystem as a whole. The evidence exists 
along our coastlines, in our waters, and is revealed through the hardships we face in bringing harvests 
home to our families and communities. 

Our resilience as Indigenous Peoples comes from our close proximity to the food resources that we 
depend on. In a warming Arctic, access to our subsistence foods is shrinking and becoming more 
hazardous to hunt and fish. At the same time, thawing permafrost and more frequent and higher storm 
surges increasingly threaten our homes, schools, airports, and utilities. Our environment has changed, 
but we remain vigilant. By adapting as we always have, we continue to hunt, fish, and harvest from the 
ocean and land. But, we fear for our young people; we worry that they will grow without the same foods 
and places that we have known throughout our lives. Maintaining what we inherited from our elders 
and thinking about our future generations, we offer this report as a glimpse into what we are observing 
and experiencing at the locations of our eight communities in the Bering Sea region of Alaska (Fig. 1). 
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Fig.  1. Map of Alaska communities throughout the Bering Sea region. Authors are from communities denoted with 
the red markers. 

An expanded version of this report with additional information and individual testimonials can be found 
at https://eloka-arctic.org/communities/bering-sea-voices. 

Our changing world 
Sea ice 

We look for the return of the sea ice every fall season. Across our region, the ice provides access to 
seals, whales, walrus, fish, crabs, and other marine life for our subsistence harvests. Decades ago, we 
first saw the disappearance of the large floes of multiyear ice. This was the "mother ice" that would 
provide the big nails for securing our shorefast ice along the coast. Today, it is both the timing and 
overall thickness of the ice that has changed. Our sea ice arrives much later nowadays, with the largest 
shift occurring in the last five years (see essay Recent Warming in the Bering Sea). With a delayed and 
prolonged fall freeze-up, we are stranded for a growing part of the year when we can no longer use 
boats in the freezing waters, but also cannot yet safely travel across ice with snowmachines. Our 
traditional ice-based travel routes between communities (e.g., between Wales, Teller, and Brevig 
Mission) are no longer possible or are greatly limited in duration. At Diomede, a remote island 
community in the Bering Strait, the coastal sea ice has not been thick enough for an ice runway for the 
last 10 years or so, leaving the community to depend on less reliable helicopter access as their main 
means of resupply, mail delivery, and travel on and off the island throughout winter (e.g., to access 
health care and other social services). The warmer temperatures and delayed freeze-up also impact our 
river access. At Chevak, as in other coastal communities, the window of time for traveling our rivers and 
sloughs to set fish nets and traps is coming later, if it comes at all. 
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In the northern Bering Sea, sea ice used to be present with us for eight months a year. Today, we may 
only see three or four months with ice. We are used to generally assessing our ice thickness in feet, but 
now we are often looking at inches, even in the middle of winter. The anchored ridges of ice near our 
communities that we rely on to safely stabilize our shorefast ice are harder and harder to find, 
increasing the likelihood that storms or rising tides will break up and remove our ice throughout winter. 
This places at risk any stored fishing or hunting gear, including crab pots, that may be left on the ice for 
convenience and fuel-savings. At St. Lawrence Island, shorefast ice has been largely absent for the last 
five years. This lack of ice greatly hinders our ability to successfully hunt bowhead whales, which provide 
tons of meat and blubber for sharing throughout the island, as well as with other communities across 
the Bering Sea region and the whole state of Alaska. Walrus and seals are also no longer as reliably close 
to the island as they follow the drifting ice across greater distances. In particular, disruptions to our 
walrus hunting, which is a mainstay for the St. Lawrence Island Yupik, have a tremendous impact on our 
remote communities. The tomcod, which spawn under the island's shorefast ice, are also moving to new 
locations. Further south, at St. Paul Island, we have not experienced sea ice in winter since 2013. The 
loss of sea ice has been the biggest change across our region, and with its loss there is nothing to keep 
our waters cold. 

Winds and weather 

One of the biggest dangers we face is that we are no longer able to reliably predict the weather, which is 
less stable now than in the past. In today's world, we may see four weather patterns in a single day, 
typically with rapid shifts in wind direction. This limits our ability to spend time on the land or on the 
ocean (e.g., waiting for whales to come within chasing distance of our boats). It affects our planning and 
ability to collect and prepare our foods. For example, at Wales, due to more southerly winds in recent 
years (see essay Recent Warming in the Bering Sea), we see a change in when our clams show up; we 
used to harvest them in fall but now we do so in summer. 

We are also experiencing changes in our precipitation—primarily less snow in winter, more frequent 
winter rain events, and wetter summers. The winter snow is needed to fill our creeks for safe crossings, 
to keep our ptarmigan nearby through providing shelter as they burrow and eat willows throughout the 
cold months, and to provide for bountiful salmon berry harvests in summer. Winter rains coat our 
runways in ice and prevent the planes from landing in our communities, the vast majority of which are 
not connected to road systems. At Nome, as we travel back and forth to our fish camps in summer, 
wetter weather with more unpredictable and heavy rains leaves us fewer days to dry our fish. As a 
result, we are increasingly using roofs (or hootches) over our fish drying racks. This past year's unusually 
warm air and water temperatures may also be linked to greater weeds seen in our lagoons. At Safety 
Lagoon near Nome, weeds rising through the water were clogging boat engines as we traveled to our 
cabins in summer. 

Storms and erosion 

Warning signs are found all around us of the challenges we face with our eroding shorelines and thawing 
permafrost. We are seeing coastal landslides, large sinkholes (Fig. 2), and methane bubbling up through 
our ponds in summer. Thawing permafrost combined with more frequent and higher storm surges, 
made possible by the diminishing sea ice, is threatening our roads, runways, schools, homes, fish camps, 
and utilities that carry our water and sewage. This strikes at the heart of our safety, health, and 
economic well-being. In Golovin, where many community members fish commercially, our only fish 
processing plant is falling into the ocean. We know that these types of losses are often only a matter of 
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time, but there is also a lot that we still have time to protect. We are encouraging our young people to 
build on higher ground. 

Fig.  2. Sink hole in the permafrost along the Norton Sound coastline, south of Unalakleet, Alaska. Jerry Ivanoff 
from Unalakleet observed this as one of three large sinkholes that appeared along this stretch of coastline during 
summer 2019. Jerry Ivanoff's 22-foot boat can be seen offshore, at left, for scale. (Photo by Mwita Chacha on 24 
September 2019) 

Observing our animals 
Multiple causes for concern 

The ocean is our garden. As our well-being relies on the health of this garden, we observe the 
cumulative impacts on our food resources. The stresses of climate change are a major concern, yet we 
cannot necessarily separate those from the detrimental impacts that contamination and pollution also 
have had on our ocean, land, and air, and thereby on the animals and plants that sustain us. We 
acknowledge the risks that we continue to face as a legacy of the buried military materials around our 
communities (e.g., fuel drums that are rotting in the tundra), the past use of polychlorinated biphenyls 
(PCBs) and dichlorodiphenyltrichloroethane (DDT) on our lands, the bio-accumulation of mercury in our 
marine mammals, and the distant nuclear disasters of Chernobyl (1986) and Fukushima (2011). As we 
find black blisters on harvested tomcod, observe abnormal odors from the guts of harvested seals, 
unusual hair-loss on our ugruks (bearded seals, Fig. 3), or animals acting strangely with an extraordinary 
willingness to approach people, we are reminded that both local and global sources of contamination 
remain a very long-lived threat that has come to reside in Arctic ecosystems. Our ocean also brings 
garbage from all over the world. We find plastics as we dissect dead fish and birds found on our 
beaches. We increasingly must guard against plastic bags being sucked into boat engines. Styrofoam and 
lost fishing equipment are continually deposited up and down our coastlines. 
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Fig.  3. An ugruk, also known as a bearded seal, resting on sea ice. Ugruks are a critical food source for many Bering 
Sea communities. (Photo by Gary Bembridge, 2015) 

Fish 

The fisheries of the Bering Sea are vital to our food security and economic well-being. We harvest fish 
from our rivers, from the sea ice, and in the open ocean. As the temperatures of ocean waters rise and 
winter sea ice diminishes, the health of our fisheries is of growing concern. At Teller and Nome, we have 
seen die-offs of our blue cod and tomcod, likely due to lack of food. During this past summer's record-
breaking heat wave, large numbers of salmon were washing up dead along the Ninglikfak River near 
Chevak, the Kuskokwim River, and other waters across our region. We also see changes in fish migration 
timing and patterns (see essays Recent Warming in the Bering Sea and Bering Sea Fisheries). With a later 
fall freeze-up and an earlier spring thaw, the salmon runs are changing, requiring us to adjust when we 
fish. Some salmon are traveling further north altogether to spawn in colder waters. 

Marine mammals 

The media and scientific coverage of massive seal die-offs in Alaskan waters is confirmed by what we 
too observe. At Wales, we counted 20 dead young ugruks from this past spring that had presumably not 
had enough food. Similarly, on St. Lawrence Island, we observed 50 dead spotted seals and young 
ugruks along a 15-20 mile stretch of beach. In recent years, near Chevak, various species of seals with 
bald patches have been found floating dead on our rivers. While the messages we receive from 
biologists point to starvation, as opposed to disease, these observations are nonetheless alarming and 
cause worry regarding the security and safety of our food sources. With sea ice diminishing, our 
walruses, ugruks, whales, and polar bears are in danger. Our whole marine ecosystem is in danger, 
threatening our traditional way of life. 
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Birds 

Our seabird populations are also under threat due to a lack of food associated with the rising 
temperatures of our waters. We have regularly observed die-offs during at least the last five summers. 
Around Wales, we have found our beaches littered with dead eider ducks, murres, and auklets. St. 
Lawrence Island experienced a massive auklet die-off this past summer. The adults laid their eggs but 
abandoned their chicks soon after they hatched. It was the adults' survival strategy in the absence of 
food. Still, we found dead adult auklets across our beaches, which necropsies confirmed had empty 
stomachs. Similarly, at Chevak this past summer, we observed common murres that were unable to fly 
because they were too hungry. Our little birds are also indicators of change, and we see these less and 
less. The lack of songbirds around Nome and Wales has brought uncommon silence when we are out on 
the land. 

Looking to the future 

We are sharing today things similar to what our elders shared in the past. We have seen change coming. 
Now, we know it is here. When we were young, we learned to read the clouds to understand the 
weather. We laid on the ground for hours with our grandparents, looking upwards. It is difficult to pass 
on this knowledge when the subject of our study is changing so quickly. The world from our childhood is 
no longer here. Our young children today are seeing so much change, but it is difficult for them to 
understand the pace. We are losing so much of our culture and connections to the resources from our 
ocean and lands. Store-bought groceries and meat, which are flown in by airplane at great cost, are 
continually replacing our local, fresh and nutritious subsistence foods. Our food security is even more at 
risk as our young people increasingly face high rates of unemployment with few job opportunities, and 
are less likely to own a boat for hunting and fishing. 

With the unprecedented retreat of sea ice, expected increases in marine traffic and expanding fisheries 
are only more likely to further stress our Bering Sea ecosystem. We already are experiencing an increase 
in the number of large cargo ships entering our waters, as well as the growing prospects of harmful 
mining along our rivers. What steps will we take to care for our environment, to conserve, and to spark 
real action to address climate change? Our children need to be prepared to respond to these questions. 
It is therefore vital that our young people participate in this process of documenting and sharing our 
observations of change and adaptation across our region. 

Afterword and acknowledgments 

This essay is a direct result of a workshop in Nome, Alaska, during 26-27 September 2019, when ten 
elders from eight communities met for two days of sharing and discussion (Fig. 4). Many of us have 
never had a chance to share our voices to such a report. We are grateful for this opportunity to 
contribute to the NOAA Arctic Report Card. We also acknowledge that our eight communities are few 
compared to the total number in our region. While the peoples of the Bering Sea are experiencing many 
of the same challenges related to climate and environmental change, each community exists within its 
unique location and has its own experiences. 
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Fig.  4. Participants of the Bering Sea Elders' Arctic Report Card Workshop in Nome, AK during 26-27 September 
2019. Back (left to right): Richard Slats, Matthew Druckenmiller, Mellisa Johnson, Andrew Miller, Jacob Merculief, 
Robert (Bob) Bahnke, Clyde Oxereok, and Raychelle Daniel. Front (left to right): Mwita Chacha, Eli Kintisch, Delbert 
Pongowiyi, Jerry Ivanoff, Norman Menadelook Sr., and Carol Oliver. Absent: Helen Bell. (Photo by Mwita Chacha) 

We thank the Study of Environmental Arctic Change (SEARCH) and the National Snow and Ice Data 
Center (NSIDC) that funded and supported the workshop. We are very grateful to the University of 
Alaska Fairbanks (UAF) Northwest Campus in Nome, Alaska, for hosting the workshop; we specifically 
thank Barb QasuGlana Amarok and Mariah Morgan for their assistance. Lastly, this report would not 
have been possible without the support of the tribal councils of Chevak, Golovin, Savoonga, St. Paul 
Island, Teller, Unalakleet, and Wales, and the coordination provided by the Bering Sea Elders Group and 
Pew Charitable Trusts. 

November 22, 2019 
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The National Centers for Environmental Information (NCEI)
is the Nation's Scorekeeper in terms of addressing severe
weather and climate events in their historical perspective.
As part of its responsibility of monitoring and assessing the
climate, NCEI tracks and evaluates climate events in the
U.S. and globally that have great economic and societal
impacts. NCEI is frequently called upon to provide
summaries of global and U.S. temperature and
precipitation trends, extremes, and comparisons in their
historical perspective. Found here are the weather and
climate events that have had the greatest economic impact from 1980 to 2019. The U.S. has sustained 254
weather and climate disasters since 1980 where overall damages/costs reached or exceeded $1 billion
(including CPI adjustment to 2019). The total cost of these 254 events exceeds $1.7 trillion.

2019 in Progress…

In 2019 (as of October 8), there have been 10 weather and climate disaster events with losses exceeding $1
billion each across the United States. These events included 3 �ooding events, 5 severe storm events, and 2
tropical cyclone events. Overall, these events resulted in the deaths of 39 people and had signi�cant
economic e�ects on the areas impacted. The 1980–2018 annual average is 6.3 events (CPI-adjusted); the
annual average for the most recent 5 years (2014–2018) is 12.6 events (CPI-adjusted).

2019 is the �fth consecutive year (2015-2019) in which 10 or more billion-dollar weather and climate
disaster events have impacted the United States. Over the last 40 years (1980-2019), the years with 10 or
more separate billion-dollar disaster events include 1998, 2008, 2011-2012, and 2015-2019.

United States  Frequency  Update

Billion-Dollar Weather and Climate Disasters: Overview
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Statistics valid as of October 8, 2019.

Methodology and Data Sources

In 2012, NCEI -- then known as National Climatic Data Center (NCDC) -- reviewed its methodology on how it
develops Billion-dollar Disasters. NCEI held a workshop with economic experts (May, 2012) and worked
with a consulting partner to examine possible inaccuracy and biases in the data sources and methodology
used in developing the loss assessments (mid-2013). This ensures more consistency with the numbers NCEI
provides on a yearly basis and give more con�dence in the year-to-year comparison of information.
Another outcome is a published peer-reviewed article "U.S. Billion-dollar Weather and Climate Disasters:
Data Sources, Trends, Accuracy and Biases" (Smith and Katz, 2013) . This research found the net e�ect of
all biases appears to be an underestimation of average loss. In particular, it is shown that the factor
approach can result in an underestimation of average loss of approximately 10–15%. This bias was
corrected during a reanalysis of the loss data to re�ect new loss totals.

It is also known that the uncertainty of loss estimates di�er by disaster event type re�ecting the quality and
completeness of the data sources used in our loss estimation. In 2018, three of the fourteen billion-dollar
events (i.e., hurricanes Florence and Michael and the Western drought) have higher potential uncertainty
values around the loss estimates due to less coverage of insured assets and data latency. The remaining
eleven events (i.e., the 8 severe storm events, 2 winter storm events and California wild�res) have lower
potential uncertainty surrounding their estimate due to more complete insurance coverage and data
availability. Our newest research de�nes the cost uncertainty using con�dence intervals as discussed in the
peer-reviewed article "Quantifying Uncertainty and Variable Sensitivity within the U.S. Billion-dollar Weather
and Climate Disaster Cost Estimates" (Smith and Matthews, 2015) . This research is a next step to enhance
the value and usability of estimated disaster costs given data limitations and inherent complexities.

In performing these disaster cost assessments these statistics were taken from a wide variety of sources
and represent, to the best of our ability, the estimated total costs of these events -- that is, the costs in
terms of dollars that would not have been incurred had the event not taken place. Insured and uninsured
losses are included in damage estimates. Sources include the National Weather Service, the Federal
Emergency Management Agency, U.S. Department of Agriculture, National Interagency Fire Center, U.S.
Army Corps, individual state emergency management agencies, state and regional climate centers, media
reports, and insurance industry estimates. Please see Calculating the Cost of Weather and Climate
Disasters for more information. In addition, the following report o�ers the latest summary on the U.S.
Billion-dollar disasters in historical context: 2018's U.S. Billion-dollar Disasters annual summary.
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The National Ocean Service (NOS) Center for Operational Oceanographic Products and Services 
(CO-OPS) provides the National infrastructure, science, and technical expertise to collect and 
distribute observations and predictions of water levels and currents to ensure safe, efficient and 
environmentally sound maritime commerce. The Center provides the set of water level and tidal 
current products required to support NOS’ Strategic Plan mission requirements, and to assist in 
providing operational oceanographic data/products required by NOAA’s other Strategic Plan 
themes. For example, CO-OPS provides data and products required by the National Weather 
Service to meet its flood and tsunami warning responsibilities. The Center manages the National 
Water Level Observation Network (NWLON), a national network of Physical Oceanographic 
Real-Time Systems (PORTS®) in major U. S. harbors, and the National Current Observation 
Program consisting of current surveys in near shore and coastal areas utilizing bottom mounted 
platforms, subsurface buoys, horizontal sensors and quick response real time buoys. The Center: 
establishes standards for the collection and processing of water level and current data; collects 
and documents user requirements, which serve as the foundation for all resulting program 
activities; designs new and/or improved oceanographic observing systems; designs software to 
improve CO-OPS’ data processing capabilities; maintains and operates oceanographic observing 
systems; performs operational data analysis/quality control; and produces/disseminates 
oceanographic products. 
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EXECUTIVE SUMMARY 
Tide gauges of the U.S. National Oceanic and Atmospheric Administration (NOAA) are 
measuring rapid increases in coastal flood risk along U.S. coastlines due to relative sea level 
(RSL) rise. The most noticeable impact of RSL rise is the increasing frequency of high tide 
flooding (HTF) that in 2018 was 1) disrupting vehicular traffic along the U.S. East Coast due to 
flooded roadways, 2) inhibiting parking and thus slowing commerce at stores in downtown 
Annapolis, Maryland, 3) raising groundwater elevations and degrading septic system 
functionalities in South Florida, and 4) salting farmlands within coastal Delaware and Maryland.  

In 2018, the national annual HTF frequency reached 5 days (median value) and tied the historical 
record set in 2015. HTF was most prevalent along the Northeast Atlantic Coasts (median of 10 
days) and broke records within the Chesapeake Bay (e.g., 22 days in Washington D.C. and 12 
days in Annapolis and Baltimore) and along the Eastern Gulf of Mexico Coasts with some major 
flooding from several hurricanes. In all, 12 individual (out of 98 U.S. tide gauge) locations broke 
or tied their HTF records. There are now over 40 locations whose HTF decadal trends reveal 
significant acceleration (nonlinear increase) and 25 locations whose HTF trends are linearly 
increasing, implying that impacts will soon become chronic without adaptation.  

HTF in 2019 is projected to be higher than normal at about 40 locations along the U.S. West and 
East Coasts in part due to a minor El Niño that is predicted to persist until early next year. The 
national median HTF frequency is projected to be more than 100% greater than it typically was 
in 2000. Regionally in 2019, the Northeast Atlantic is projected to experience a median of 8 days 
of flooding, which is a 140% increase since 2000. Flooding along the Southeast (5 days—190% 
increase over 2000), Eastern Gulf (3 days—100% increase since 2000) and Western Gulf (6 
days—130% increase since 2000) Coasts continues to rapidly increase as well. The U.S. 
Southwest and Northwest Pacific Coasts are projected to see a median 2 and 6 days of flooding 
(80% and 20% increase since 2000), respectively.  

Annual flood records are expected to be broken again next year and for years and decades to 
come from RSL rise. Projecting out to 2030 and 2050 provides vital information for 
communities that are already taking adaptation steps to address coastal flooding impacts and 
those that are beginning to assess future flood risk in their communities. Bounded by a range of 
RSL rise under a lower and continued-high emission rate, today’s national HTF frequency of 5 
days (national median) is likely to increase to about 7–15 days by 2030 and 25–75 days by 2050 
(HTF range: low emission–high emission values), with much higher rates in many locations.  
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1. INTRODUCTION 
Coastal flood risk causing minor-to-major impacts is changing because of ongoing relative sea 
level (RSL) rise (Figure 1). Flooding that decades ago usually happened only during a powerful 
or localized storm can now happen when a steady breeze or a change in coastal current overlaps 
with a high tide (Sweet et al., 2009; 2014; 2018a). Such high tide flooding (HTF) is happening 
often, and it is complicating preparedness and planning within coastal communities. The 
National Water Level Observation Network of the National Oceanic and Atmospheric 
Administration (NOAA) National Ocean Service (NOS) has been in place at some locations for 
over a century. The network defines U.S. maritime boundaries, supports safe maritime commerce 
with real-time observations and tide predictions, and tracks dangerous storm surge. It now 
monitors how the steady creep of RSL rise is accelerating the frequency of HTF (Sweet and 
Park, 2014).  

 
Figure 1. Decadal empirical probability distributions for daily highest water levels in New York City (NOAA tide 
gauge The Battery) during the 1990s, 2000s, and 2010s changing due to relative sea level (RSL) rise. Shown are the 
NOAA NOS impact thresholds for minor/HTF and major flooding and corresponding average annual exceedances. 

NOAA NOS (Sweet et al., 2018a) defines HTF as heights ranging from about 0.5 meters (m) to 
0.65 m above the mean higher high water (MHHW) level (Figure 2a) and varying regionally 
with tide range. The HTF height thresholds are based upon the minor-flood thresholds set by 
NOAA National Weather Service (NWS) Weather Forecasting Offices (WFOs) and on-the-
ground local emergency managers who prepare for response to impending conditions (NOAA, 
2017). WFOs will typically issue a coastal flood advisory when NWS minor coastal flood 
thresholds are expected to be exceeded. Though the NWS flood thresholds are calibrated 
empirically from years of impact monitoring, they are valid for only particular parts of a city or 
region that has variable topography, urbanization, and storm-proofing. As a best-fit solution to 
the NWS thresholds (Figure 2b: regressed with tide range), the NOS HTF thresholds provide a 
nationally consistent height threshold that broadly defines U.S. coastal infrastructure 
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vulnerabilities to flooding. The amount of land along the U.S. coast exposed to HTF has been 
mapped by NOAA and is substantial (more than 2,700 square miles or slightly larger than the 
State of Delaware) as shown for the U.S. East and Gulf Coasts (Figure 2c).  

 

 
Figure 2. a) HTF height thresholds established at NOAA tide gauges based upon the regression relationship shown 
in b) as a scatter plot of a national set (about 60 locations) of NOAA NWS flood thresholds for minor impacts (y-
axis) shown relative to the mean lower low water (MLLW) tidal datum versus the local great diurnal tide range (GT) 
on the x-axis. Adapted from Sweet et al. (2018a). In c) is a map of the areas (red) at or below the HTF threshold 
interpolated between locations for the U.S. East and Gulf Coasts. (Data accessible from NOAA’s Digital Coast.)  

HTF is often referred to as ‘nuisance’ or ‘sunny-day’ flooding, but the impacts are disruptive and 
sometimes damaging, and its cumulative effects are becoming a serious issue in many coastal 
communities. HTF events, made worse by RSL rise, are contributing to overwash and beach 
erosion, overwhelming storm/waste/fresh water systems, disrupting harbor operations, closing 
roadways, and degrading subsurface infrastructure and property values. These impacts are nearly 
certain to get much worse this century (Fleming et al., 2018). This past year, reports describe 
how RSL rise and HTF are flooding roads and disrupting traffic (Jacobs et al., 2018), negatively 
impacting parking and commerce in downtown Annapolis, Maryland (Hino et al., 2019), raising 
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the water table to ground level (Sukop et al., 2018) and degrading septic system functionality in 
the Miami region1, and laying waste to farm lands in the Delmarva Peninsula2.  

This report is the fifth in an annual series that provides annual and multi-decadal projections of 
HTF and helps keep the focus on important perspectives. It provides 1) an assessment of HTF 
that occurred in 2018 relative to measured flood-frequency trends, 2) maps of areas potentially 
exposed to HTF, 3) a 2019 outlook based upon temporal trends and predicted strength of the El 
Niño Southern Oscillation (ENSO) and 4) projections based upon RSL rise likely to occur by 
2030 and 2050. This information is intended to raise awareness of the growing impact of RSL 
rise through HTF and inform decision-making not only next year (e.g., budgeting and allocating 
for necessary coastal flood responses) but over the longer term (e.g., major infrastructure 
upgrades, and land-use planning) to ensure resilience to sea level rise impacts. 

2. 2018 CONDITIONS 
In 20183 the national median annual HTF frequency reached 5 days, which tied the historical 
record of 2015 as measured by 98 NOAA tide gauges along U.S. coastlines4 (Figure 3). The 
rapid increase in HTF is largely in response to the RSL rise occurring along most U.S. coastlines. 
When assessing only the ocean rise component (separate from any vertical land motion) 
cumulative RSL rise since 1920 surpassed 25 cm along U.S. coastlines (median value) during 
2018. Vertical land motion rates used to estimate the ocean rise component are from Sweet et al. 
(2017b). Median U.S. RSL rise (ocean rise plus vertical land motion) over the same time period 
topped 31 cm, which is also the second-highest amount (not shown). 

 
Figure 3. a) Median high tide floods per year (black bars) from 1920-2018. The annual-median rise in coastal sea 
levels is also shown (blue line), which has the local/gridded vertical land motion amounts removed using rate 
estimates from Sweet et al. (2017b). 2018 sea level and flood frequency values are shown in red. In b) is the 
characterization of the trends in annual HTF frequencies, with 42 locations now accelerating and 25 linearly 
increasing with time.  

                                                 
1https://www.claimsjournal.com/news/southeast/2019/01/14/288708.htm; 
https://www.miamidade.gov/green/library/vulnerability-septic-systems-sea-level-rise.pdf) 
2https://www.delmarvanow.com/story/news/local/maryland/2019/03/29/sea-level-rise-saltwater-intrusion-laying-
waste-delmarva-farms/3276897002/ 
3Unless otherwise noted, a year in this report is defined as a meteorological year spanning May-April. 
4Following the reasoning of Sweet et al. (2018a), Alaska and locations with tide ranges greater than 4 meters and 
where RSL trends are decreasing are not included in this report. 
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The acceleration of national HTF frequency over the last several decades largely is attributed to 
U.S. East and Gulf Coast locations where 42 locations have annual HTF frequencies that are now 
accelerating (Figure 3b). HTF acceleration is and will continue to occur in more locations 
regardless of whether RSL trends are accelerating (Sweet and Park, 2014). Due to RSL rise, HTF 
thresholds have entered the bulk (as compared to the ‘tail’) of the water level probability 
distribution in numerous locations (e.g., Figure 1), implying that impacts will soon become 
chronic without adaptation, e.g., upgraded flood defenses. In addition to the 42 locations with 
accelerating HTF trends (significant nonlinear increase), there are 25 locations with HTF trends 
linearly increasing. The two locations outside the East and Gulf Coasts with accelerating annual 
HTF frequencies are San Diego, California and Kwajalein Atoll, Marshall Islands.   

There were 12 locations that broke or tied their HTF records during 2018 (Appendix 1). HTF 
was most prevalent along the Northeast Atlantic coastline with 10 ±4 (median ±1 standard 
deviation) days, and several HTF records were broken within the Chesapeake Bay (Figure 4). 
HTF records include 22 days of HTF in Washington D.C. and 12 days each in Annapolis and 
Baltimore. At least in the case of Annapolis, the record number of days with HTF caused parking 
and transport disruption in the downtown area and negatively impacted commerce (Hino et al., 
2019). The highest number of days overall with HTF within the Northeast Atlantic was Boston 
with 19 days.  

 
Figure 4. Number of days with HTF at 98 NOAA tide gauge locations; 12 locations broke or tied their all-time 
records (see Appendix 1 for values).  
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Like Washington D.C, which is situated up a major river, Wilmington, North Carolina also broke 
its HTF record with 14 days during 2018. Measurements from these two NOAA tide gauges (and 
a few others) are affected by both storm surge and also the compounding effects of elevated river 
discharge (Moftakhari et al., 2017) from regionally heavy rainfall occurring across the 
watershed. Prolonged elevated discharge often occurs during spring at tide gauges located in East 
Coast rivers (Sweet et al., 2018a) but is possible at other times. Such an instance happened 
during and after Hurricane Florence in mid-September 2018 (Figure 5) when water levels near 
the HTF threshold (about 0.55 m at both locations) persisted for weeks after a localized storm 
surge of about 1 m above MHHW. The Southeast Atlantic had 4 ±4 (median ±1 standard 
deviation) HTF days, which is largely reflective of the region between North Carolina and 
northern Florida where water levels are generally more responsive to weather/ocean forcing and 
from differing topo-bathymetric characteristics.  

 
Figure 5. Hourly water level observations at Washington D.C. (black line) and Wilmington, N.C. (semi-transparent 
gray line) illustrating effects of Hurricane Florence in September 2018 in terms of direct storm surge and subsequent 
prolonged high waters from elevated river discharge from the upstream watershed. 

HTF frequencies along the Eastern Gulf of Mexico (5 ±3 days [median ±1 standard deviation]) 
also broke or tied records (e.g., 10 days at Apalachicola, Florida and 8 days at Cedar Key, 
Florida) in 2018. The HTF records also included the effects of Hurricane Michael, a category 5 
hurricane that came ashore along the Florida Panhandle in October 2018 and caused major 
flooding about 2.3 m above MHHW. Hurricane landfalls aside, annual HTF frequencies are 
mostly represented by smaller events closer to the HTF threshold (e.g., Figure 1). Maximum 
water levels in 2018 were less than 0.6 m above the HTF threshold along much of the East and 
Gulf Coasts and less than 0.3 m along the West Coast (Figure 6).  
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Figure 6. Height difference between highest water level measured during 2018 and the HTF threshold.  

The Western Gulf coast experienced 8 ± 8 (median ±1 standard deviation) days of HTF days 
during 2018 with no land-falling hurricanes. Eagle Point, Texas (Galveston Bay region), 
however, stands out at 27 days during 2018 and has been an anomaly over the last two decades5 
potentially in response to localized land subsidence with rates on the order of 1 cm/year6. It is 
unclear whether any localized impacts associated with HTF are apparent or disruptive within this 
community.  

In 2018 the U.S. Southwest Pacific Coast experienced 1 ±3 (median ±1 standard deviation) days 
of HTF with nearly all flooding occurring between Santa Monica and San Diego (Figure 4). HTF 
was 4 ±4 (median ±1 standard deviation) along the U.S. Northwest Pacific Coast where winter 
storms are more prevalent and where storm surges are of greater significance to inundation than 
tidal forcing (Serafin et al., 2017; Sweet et al., 2018a). The HTF threshold is higher than nearly 
all historical water levels measured by tide gauges along Hawaii, even those that recently caused 

5https://tidesandcurrents.noaa.gov/publications/techrpt86_PaP_of_HTFlooding.csv 
6See monthly sea level data at https://tidesandcurrents.noaa.gov/waterlevels.html?id=8771013. 
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problematic flooding (Thompson et al., 2019). There have only been two instances of water 
levels in Hawaii exceeding the HTF thresholds: 1) at Nawiliwili during Hurricane Iniki in 1992 
and 2) at Hilo following the March 1964 Alaskan earthquake/tsunami (meteorological year 
1963). The HTF threshold is similarly extreme (or has not been exceeded) in tide gauge records 
within the U.S. territorial islands in the Pacific and Caribbean (see Appendix 1). In these 
locations, waves tend to be a more important contributor to total water levels (Serafin et al., 
2017; 2019) that cause erosion, overwash, and related impacts (Barnard et al., 2019). Future 
assessments might begin incorporating higher frequency/wave effects, which are measured but 
typically not reported by tide gauges (Sweet et al., 2015).  

In terms of public communication alerts of upcoming minor HTF impacts, NOAA NWS WFOs 
issue coastal flood advisories; if moderate or major coastal flooding is imminent, coastal flood 
warnings are issued (NOAA 2017)7. NWS minor flood thresholds that trigger coastal flood 
advisories closely relate to HTF thresholds (Figure 2b), so not surprisingly, the frequency of 
issuances is increasing as well. Viewed nationally using a traditional calendar year (Jan.–Dec.), 
WFO advisories (median value) are correlated (r=0.76) and accelerating (Figure 7a) similar to 
the national HTF trend (Figure 3a). The national trends largely follow those along the U.S. East 
and Gulf Coasts, which are demonstrated by comparing tide gauge observed HTF to issuances 
from the encompassing WFO such as those for the New York City (Figure 7b), Norfolk, Virginia 
(Figure 7d) and the Galveston/Houston (Figure 7f) regions. The relationship between tide gauge 
HTF and WFO coastal flood advisory issuances is not significant in U.S. West Coast locations, 
as shown for Seattle (Figure 7c) and Los Angeles (Figure 7e), possibly due to the influence of 
waves. During 2018 (calendar year), there were seven records broken for the total number of 
coastal flood advisories issued to the public, mostly along the U.S. East Coast 
(https://mesonet.agron.iastate.edu/archive/). These results demonstrate the direct effects of RSL 
rise affecting coastal flood risk and weather forecasting that is guiding day-to-day decision 
making.  

                                                 
7The NOAA NOS definition of moderate and major flooding uses similar regression analysis as with NWS minor 
coastal flooding (Figure 2b). Moderate and major flooding equate to heights about 0.8-0.9 m and 1.15–1.3 m above 
MHHW (Sweet et al., 2018a). 
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Figure 7. Annual (calendar year) HTF frequencies and coastal flood advisories issued since 2006 by WFOs a) 
nationally (median values) and in b) New York City, c) Seattle, Washington, d) Norfolk, Virginia, e) Los Angeles, 
California and f) Galveston/Houston regions showing correlation coefficients where significant. Note: coastal flood 
advisories were issued prior to 2006, but only those with a Valid Time Event Code starting in 2006 are readily 
obtainable via archives by the University of Iowa.  Shown in the label parentheses is the location of NOAA tide 
gauge (Appendix 1) and related Coastal WFO8. 

3. 2019 HIGH TIDE FLOOD OUTLOOK  
The 2019 outlook is provided as the likely range expected flood frequency ±1 standard 
deviation) based upon updates of Sweet et al. (2018a). The projection is based on: 1) a 19-year 
(2000-2018) average where no trends exist, 2) an extrapolated linear or quadratic temporal 
regression trend fit and/or 3) an extrapolated statistical fit that also uses the strength of ENSO 
quantified by the Oceanic Niño Index9 in a bivariate regression. Statistical fits use data from 
1950 (or start of hourly observations) – 2018. All trend fits are significant above the 90% level (p 
value <0.1). Multi-model ensemble predictions of ENSO strength for 2019/2020 were obtained 
from the International Research Institute for Climate and Society in April 201910.  
                                                 
8https://www.weather.gov/srh/nwsoffices 
9ONI: https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php 
10Dynamical and statistical El Niño average of about 0.75 predicted for the rest of 2019 meteorological year 
https://iri.columbia.edu/our-expertise/climate/forecasts/enso/2019-April-quick-look/?enso_tab=enso-sst_table. 
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A mild El Niño (ONI modeled at a 0.75 °C value) is predicted to persist into calendar year 2020. 
In response, higher than expected (above long-term average or trend values) flood frequencies 
are predicted at 42 locations primarily along the U.S. West and East Coasts (Figure 8a) as 
illustrated for San Diego, California and Norfolk, Virginia (Figure 8b). 

 
Figure 8. a) Locations where annual HTF frequencies from 1950 (or data start)-2018 are affected by ENSO and b) 
annual HTF frequencies (black dots) with quadratic regression fits (black line) projected through 2019 (grey 
shading) in Norfolk, Virginia and San Diego and bivariate regressions (red line‐dot) that include ENSO effects 
(ONI) in addition to the temporal changes. The 2019 ENSO-based Outlooks (red shading) are based on 2019 ONI 
predicted value of about 0.75 °C. 

The 2019 outlook is shown in Figure 9, and for mapping purposes, it illustrates the expected 
value (not the ±1 standard deviation likely range, Appendix 1) using the ENSO-based predictions 
where significant. The Northeast Atlantic coast is projected to experience the most HTF in 2019 
with the regional-median expected value of 8 HTF days. Individual locations are projected to 
experience more (likely range): 12–19 days in Boston, Massachusetts, 8–13 days in New York 
City region, and 10–15 days in Norfolk, Virginia. The Southeast Atlantic Coast is projected to 
experience 5 days (i.e., median value), with 4–7 (i.e., likely range) HTF days in Charleston, 
South Carolina and 1–3 days at Virginia Key (Miami, Florida region). Along the Eastern Gulf, 3 
days of HTF are projected with most individual locations close to the regional values (e.g., 2–5 
days projected at Pensacola, Florida). Higher frequencies of HTF are projected along the 
Western Gulf (6 days) with some substantial variability (discussed earlier) locally: 6–13 days at 
Sabine Pass, Texas, 29–40 days at Eagle Point, Texas (outlook is high due to anomalously high 
trend over the last couple of decades), and 1–6 days at Corpus Christi, Texas.  

The 2019 outlook for the U.S. Southwest Pacific coast is 2 days of HTF, with 5–9 days likely at 
San Diego, 1–4 days in Los Angeles, and 0–2 days at San Francisco. Along the U.S. Northwest 
Pacific Coast, 6 days of HTF is projected, with the exposed ocean sites projected to experience 
more (e.g., 6–12 days at Humboldt Bay, California and 9–21 days at Toke Point, Washington) 
and less within the Puget Sound region (e.g., 2–6 days in Seattle, Washington). HTF flooding is 
not projected to occur (not considering wave or rainfall effects) along the Hawaiian Islands or 
the U.S. Caribbean or U.S. Pacific Island territories; the exceptions are Midway Island (0–2 
days) and Wake Island and Kwajalein Atoll (0–1 days at both).  
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Figure 9. Outlook for number of HTF projected to occur in 2019 (May 2019 – April 2020) with color-codes 
associated with the ‘expected’ value, whereas the actual outlooks are based upon the likely range (expected value ±1 
standard deviation; see Appendix 1). 

The 2019 HTF national outlook is expected to be over 100% greater (median value) than would 
have been typical in year 2000 (i.e., based upon individual trends fit for ENSO neutral 
conditions) as shown in Figure 10 (with values listed in Appendix 1). Annual HTF frequencies 
are rising the fastest along the Southeast Atlantic Coast (median value about 190%) and are also 
above 100% along the Northeast Atlantic (140%) and the Eastern and Western Gulf (about 100% 
and 130%, respectively). They are less substantial along the U.S. Southwest and Northwest 
Pacific Coasts (80% and 20%, respectively). Projected increases along the U.S. West Coast for 
2019 largely reflect the predicted influence of El Niño, as for the most part, these locations are 
not yet experiencing either a linear or accelerating frequency in time (Figure 3b).  

Projected frequency increases in HTF are especially problematic in many of the older, low-lying 
East Coast cities that were built just above average highest tides. As sea levels have risen over 
the last century, stormwater systems are no longer able to perform as designed. HTF causes 
tidewater to fill stormwater pipes, which prevents rainwater from entering storm drains and 
causes increased impacts from flooding. Many of these gravity-driven systems are ceasing to 
function as designed, causing rainwater to flood streets and neighborhoods until the tide lowers 
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and water can drain normally. This is exacerbated when extreme rainfall events coincide with 
higher tides (Carter et. al, 2018).  

The outlook methodology underpinning the 2019 outlook and earlier ones (e.g., Sweet et al., 
2018b) are not intended necessarily to capture effects of rare events like hurricanes or 
abnormally high storm-surge/storm years. When rare extremes like hurricane landfalls or intense 
winter storms occur, they are capable of producing not only extreme water levels, but an 
anomalous number of days of high storm surge and/or high river discharge affecting some 
NOAA tide gauges. What the outlooks do provide is a method to predict HTF considering RSL 
effects (Figure 3), typical storm surge climatologies (e.g., Figure 1), and in some cases by 
utilizing ENSO predictions (Figure 8), which inherently lead to both higher sea levels and higher 
storm-surge frequency along large portions of the U.S. East and West Coasts. The outlooks will 
typically under-predict next-year’s HTF frequencies due to RSL rise-forced responses to normal 
weather (storm surge) and tides, since the autoregressive HTF-trend characterization is becoming 
increasingly nonlinear through time (Sweet and Park, 2014; Figure 1). Seasonal climatological 
distributions are provided in Sweet et al. (2018a), who note when HTF typically occurs most 
often and to what degree it is in response to predicted astronomical tidal forcing or (less 
predictable) stochastic weather effects. Ongoing efforts are underway to provide seasonal 
predictions directly (e.g., Widlansky et al., 2017).  

Comparing the HTF outlook from the previous year's report (Sweet et al., 2018b) to the 2018 
observed floods (Appendix 1, Figure 4) gives some indication of expected accuracy of the 
projections presented here. About two-thirds of the HTF-day counts in 2018 at locations (Figure 
4) fell within the ‘likely range’ prediction (66 out of 98), with about one-third of the locations 
above prediction (29 out of 98). Only three locations with HTF days along the Southeast Atlantic 
Coast in 2018 fell below their respective 2018 outlook prediction. Of the 29 locations with HTF 
frequencies during 2018 above the likely range prediction, about half of those (14 locations) 
were above 2 standard deviations, including 9 of the 12 locations that broke or tied their 
historical HTF annual frequencies in 2018. Thus, it is anticipated that nearly all of the HTF days 
measured in 2019 will likely fall within or above the 2019 HTF outlook presented in this report. 
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Figure 10. The percent change since 2000 for 2019 outlooks based upon trend fits but for ENSO neutral conditions 
in year 2000. Black dots denote locations where high tide flooding still occurs less than once a year, or in some 
cases, has yet to occur. 

4. PROJECTIONS OF HIGH TIDE FLOODING LIKELY TO 
OCCUR BY 2030 AND 2050 
The historical and 2019 HTF outlooks can be contextualized to longer-term projections. Changes 
in HTF frequency are estimated out to about 10 and 30 years (2030 and 2050) using multi-
decadal HTF projections of Sweet et al. (2018a). We utilize two scenarios of RSL rise that bound 
the range considered ‘likely’ this century in response to a lower and continued-high emission 
scenario by the U.S. Fourth National Climate Assessment (Sweet et al., 2017a). Specifically, the 
Intermediate Low and Intermediate Scenarios of Sweet et al. (2017b) are utilized. HTF 
projections under higher RSL rise scenarios as presented by Sweet et al. (2018a) are possible this 
century but, if they were to occur, would emerge toward the end of the century. In all cases, 
decadal values are averages over the preceding decade (e.g., 2030 = 2021–2030 average; 2018 
values are 2011–2018 average) since the RSL rise scenarios provide only decadal resolution. 
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These estimates are intended to characterize HTF frequency typical in most years by 2030 and 
2050, though it is recognized here and elsewhere that interannual variability in tide cycles or 
climate mode variability affects flood frequencies in any given year (e.g., Menéndez and 
Woodworth, 2010; Wahl and Chambers, 2016; Sweet et al., 2018a).  

Examples for San Diego, California and Norfolk, Virginia are shown in Figure 11 for historical 
and future projections of decadal HTF averages. The HTF frequencies continue to grow rapidly 
with continued RSL rise and in a very nonlinear fashion as the daily high-water distribution 
continues to impinge upon and surpass the HTF threshold (Sweet and Park, 2014; as illustrated 
in Figure 1). Under the Intermediate projection, Norfolk will experience about 170 days/year of 
HTF, which by definition, suggests that MHHW (about 182 days per year exceeded) will nearly 
equate to the HTF threshold.   
  

 
 
Figure 11. Decadal averages of days with HTF both historical and projected into the future (Sweet et al., 2018a) 
using RSL rise projections bounding the ‘likely’ outcomes this century by the Fourth National Climate Assessment 
(Sweet et al., 2017a).   

The likely range of annual HTF frequencies bound by projections of the Intermediate Low and 
Intermediate Scenarios at U.S. locations is shown in Figure 12 and presented in Sweet et al. 
(2018a)11. By 2030 and 2050, HTF is likely to occur (median regional value) between about:  

● 15–25 days and 40–130 days along the Northeast Atlantic 
● 7–15 days and 25–70 days along the Southeast Atlantic 
● 4–7 days and 15–70 days along the Eastern Gulf 
● 10–20 days and 65–165 days along the Western Gulf 
● 4–7 days and 10–30 days along the Southwest Pacific 
● 8–10 days and 15–25 days along the Northwest Pacific 
● 0 days and 3–45 days in the Hawaii/Pacific Islands 
● 0 days and 0–5 days along the Caribbean Coasts.  

 

                                                 
11https://tidesandcurrents.noaa.gov/publications/techrpt86_PaP_of_HTFlooding.csv 
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Figure 12. Projections of average HTF by 2030 and 2050 (i.e., 2021–2030 and 2041–2050 averages) of Sweet et al. 
(2018a) using RSL rise projections that bound outcomes considered likely in the Fourth National Climate 
Assessment (Sweet et al., 2017a). 

5. SUMMARY 
NOAA tide gauges are measuring rapid changes across the entire severity-spectrum of coastal 
flood risk along U.S. coastlines due to RSL rise. The most noticeable impact of RSL rise is the 
increasing frequency of HTF (sometimes referred to as ‘nuisance’ or ‘sunny day’ flooding), 
which typically causes minor and disruptive impacts. However, within many rural and urban 
U.S. coastal communities, the cumulative effects of more HTF upon public-works systems, 
roads, first floors of businesses, and residences (among others) is becoming a serious problem. 
Because of this, communities need projections for ‘next year’ and for the coming decades for 
preparedness and planning purposes to respond to the growing RSL-related HTF threat. 

In 2018, the national annual HTF frequency reached 5 days (median value) and tied the historical 
record set in 2015 as measured by 98 NOAA tide gauges along U.S. coastlines. In all, 12 
individual locations broke or tied their HTF records. There are now over 40 locations whose 
HTF trends reveal significant acceleration (nonlinear increase) and 25 locations whose HTF 
trends are linearly increasing, implying that impacts soon will become chronic without 
adaptation. HTF was most prevalent during 2018 along the Northeast Atlantic Coast and broke 
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records along the Chesapeake Bay and the Eastern Gulf of Mexico Coast, where major flooding 
also occurred from hurricane-induced storm surge and heavy rainfall/river flows. 

HTF for 2019 is projected to be more likely than normal at about 40 locations along the U.S. 
West and East Coasts in part due to a minor El Niño that is predicted to persist until early next 
year. The national median HTF frequency is projected in 2019 to be more than 100% greater 
than it typically was in 2000 and regionally HTF is projected to occur: 

• 8 days along the Northeast Atlantic (140% increase since 2000)  
• 5 days along the Southeast (190% increase over 2000) 
• 3 days along the Eastern Gulf (100% increase since 2000)  
• 6 days along the Western Gulf (130% increase since 2000)  
• 2 days along the Southwest Pacific (80% increase since 2000)  
• 6 days along the Northwest Pacific (20% increase since 2000)  

Annual flood records are expected to be broken again next year and for years and decades to 
come. Projecting out to 2030 and 2050 provides vital information for communities who are 
already taking adaptation steps to address coastal flooding impacts and those who are beginning 
to assess future flood risk in their communities. Bounded by a range of RSL rise under a lower 
and continued-high emission rate, today’s national HTF frequency of 5 days (national median) is 
likely to increase to about 7–15 days by 2030 and 25–75 days by 2050 (HTF range: low emission 
- high emission values), with much higher rates in many locations. 
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APPENDIX 1 
Location-specific high tide flooding occurrences and projections. U.S. Regions, tide gauge 
location information and NOAA ID, NOAA NOS high tide flood threshold (meters above 
MHHW) of Sweet et al. (2018), annual high tide flood frequency record through 2018, high tide 
flood frequency typical of year 2000 based upon trend fits, high tide flood frequencies measured 
in 2018 (May 2018–April 2019), the 2019 likely range and range typical in 2030 and 2050.  
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ACRONYMS 
cm centimeter 
°C degree Celsius 
ENSO El Niño Southern Oscillation 
GT Great Diurnal Range 
HTF high tide flooding 
m meter 
MHHW mean higher high water 
MLLW mean lower low water 
NOAA National Oceanic and Atmospheric Administration 
NOS National Ocean Service 
NWS National Weather Service 
ONI Oceanic Niño Index 
RSL relative sea level 
WFO Weather Forecasting Offices 
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