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IN THE UNITED STATES DISTRICT COURT 
FOR THE SOUTHERN DISTRICT OF NEW YORK 

  

UNITED STATES OF AMERICA and 
UNITED STATES ENVIRONMENTAL 
PROTECTION AGENCY, 

Plaintiffs,  

v.  

STATE OF NEW YORK, KATHLEEN 
HOCHUL, in her official capacity as Governor 
of New York, LETITIA JAMES, in her official 
capacity as New York Attorney General, and 
AMANDA LEFTON, in her official capacity as 
Commissioner of the New York Department of 
Environmental Conservation, 

Defendants. 

  
  
  
  
  
  
  
No. 1:25-cv-03656-PKC 
  
 

 

DECLARATION OF JUSTIN S. MANKIN, Ph.D. 

Pursuant to 28 U.S.C. § 1746, Justin S. Mankin, Ph.D., declares under penalty 

of perjury that the following is true and correct:  

1. I submit this declaration in support of defendants’ (together the “State”) 

opposition to plaintiffs’ (together the “United States”) motion for summary judgment. 

EDUCATIONAL BACKGROUND AND EXPERIENCE 

2. I received my Bachelor of Arts degree in Political Science from Columbia 

University, a Master of Science degree in Global Politics and Development Economics 

from the London School of Economics, a Master of Public Administration degree in 

Environmental Science and Policy from Columbia University, and a Doctorate of 

Philosophy in Environment and Resources focused on Earth System Science from 
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Stanford University. I did my postdoctoral training at Lamont-Doherty Earth 

Observatory of Columbia University and the National Aeronautics and Space 

Administration Goddard Institute for Space Studies. 

3. I am an Associate Professor in the Department of Geography, the 

program in Ecology, Evolution, Environment & Society, and the Department of Earth 

Sciences at Dartmouth College, located in Hanover, New Hampshire. I am also an 

Adjunct Associate Research Scientist in the Division of Ocean & Climate Physics at 

the Lamont-Doherty Earth Observatory of Columbia University. At Dartmouth, I 

direct the Climate Modeling & Impacts Group, where I lead a research team that 

works to understand the impacts of human-caused global warming on our water, food, 

infrastructure, and economic and physical security. 

4. My areas of expertise include climate variability and dynamics; climate 

attribution, prediction, and projection; drought and ecohydrology; earth system 

modeling; and the socioeconomic and ecosystem impacts of climate change. Much of 

my scientific research centers on using observations and models to quantify the 

impacts and costs of global warming to date and to estimate how those impacts and 

costs may evolve into the future. I have over 15 years of research experience in these 

areas and have authored over 65 peer-reviewed publications on these topics. My 

climate research has been published in leading peer-reviewed scientific journals, like 

Science, Nature, and the Proceedings of the National Academy of Sciences. 

5. I also serve in numerous leadership and community roles that reflect 

both my scientific expertise and my commitment to advancing climate research. I was 
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co-lead of the National Oceanic and Atmospheric Administration’s (NOAA) Drought 

Task Force IV (2020–2024), coordinating drought science across federal, academic, 

and state partners. I was selected and served as a graphics lead author to the U.S. 

Global Change Research Program’s Sixth National Climate Assessment (NCA6, now 

disbanded) and I am currently a member of the National Academies of Sciences, 

Engineering, and Medicine consensus study on the future of drought in the United 

States. I contribute to advancing national research priorities as part of the U.S. 

Climate Variability and Predictability Program Working Group on Accelerating 

Research on the Scientific Foundations of Regional Climate Risk Information, serve 

with the University Corporation for Atmospheric Research, and currently co-lead the 

drought section of Water Cycles Priorities for the next National Aeronautics and 

Space Administration (NASA) Decadal Survey. Beyond these activities, I help 

strengthen the scientific community through editorial leadership, serving as an 

editor for the American Geophysical Union’s Earth’s Future and the American 

Meteorological Society Journal of Climate. I also serve on the American 

Meteorological Society Committee on Climate Variability and Change and remain 

active in professional and academic societies, including American Geophysical Union, 

American Meteorological Society, the American Association of Geographers, and 

American Association for the Advancement of Science. Across these roles, I work to 

guide the direction of climate research, foster collaboration, and support the next 

generation of scientists. 
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6. My credentials, research and publications are summarized in my 

curriculum vitae, which is included as Exhibit A to this declaration.  

7. I have been retained by the Office of the New York State Attorney 

General, which represents defendants (together the “State”) in this action to explain 

the different types of emissions that climate scientists consider in connection with 

attributing greenhouse gas emissions to companies that extract or refine and then 

sell fossil fuels. I also explain the methodological approaches scientists take in 

making attributions of particular climate-change harms from the greenhouse gas 

emissions traceable to particular fossil fuel extractors or refiners. 

8. I have reviewed New York’s Climate Change Superfund Act (the “Act”), 

the United States’ complaint, the United States’ Memorandum in Support of Motion 

for Summary Judgment and have consulted the resources cited in this declaration, 

identified in footnotes throughout. Resources cited that are not publicly available 

online are included in Exhibit B. I understand that the United States asserts that the 

Act seeks recovery from companies for greenhouse gas emissions without any 

certainty that those emissions caused in-state harm. 

9. This declaration does not seek to provide any opinion of the various legal 

requirements under the Act, such as the conditions upon which New York may 

regulate or impose consequences on fossil fuel companies that cause in-state harm. 

10. Instead my declaration outlines that peer-reviewed consensus-based 

science can, with high degrees of confidence, trace state-level harms back to 

particular emissions, such as those originating with the production and sale of fossil 

Case 1:25-cv-03656-PKC     Document 86     Filed 10/27/25     Page 4 of 25



 
 

5 

fuels made by individual companies. Such methods collectively fall under a scientific 

discipline called climate attribution science. The science that causally traces 

particular emissions (like those from a company) to particular harms (like those 

endured by New York) is called end-to-end climate damage attribution. Briefly, using 

publicly available, peer-reviewed greenhouse gas emissions inventories from 

individual companies (built on voluntary reporting data from companies given their 

production (Scope 1) and sale (Scope 3) of fossil fuels), peer-reviewed attribution 

science methods can estimate changes in the likelihood and magnitudes of impactful 

extreme weather and climate at the state-level. Moreover, peer-reviewed methods can 

document the economic losses from changes in those emissions-driven hazards, thus 

providing an estimate of state-level damages traceable to individual sets of emissions. 

While I have not been asked to review any specific proposed attribution methods that 

the New York State Department of Environmental Conservation may apply in the 

future in developing or adopting regulations to implement the Act, I first outline the 

greenhouse gas emissions accounting protocol associated with the production and 

sale of fossil fuels; I then discuss climate attribution science, emphasizing how, with 

high degrees of confidence, science can assess the causal role of particular greenhouse 

gas emissions to state-level harms. 

DISCUSSION 

Greenhouse Gases Attributable to Companies 
that Produce and Sell Fossil Fuels 

 
11. The Climate Change Superfund Act defines “covered greenhouse gas 

emissions”  with respect to  any  entity, as “the total quantity of greenhouse gas 
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emissions, expressed in metric tons of carbon dioxide equivalent, as defined in section 

75-0101 of this chapter attributable to the total amount of fossil fuels extracted by 

that entity during the covered period, as well as the total amount of crude oil refined 

by that entity during the covered period. For the purposes of this article, covered 

greenhouse gas emissions include those emissions attributable to all fossil fuel 

extraction and refining worldwide by such entity and are not limited to such 

emissions within the state.” N.Y. Env’t Conserv. L. § 76-0101(8). 

12. The Act defines the “covered period” for covered greenhouse gas 

emissions as the period from January 1, 2000 to December 31, 2024. N.Y. Env’t 

Conserv. L. § 76-0101(9). 

13. The Act also defines a “responsible party” as “any entity (or a successor 

in interest to such entity described herein), which, during any part of the covered 

period, was engaged in the trade or business of extracting fossil fuel or refining crude 

oil and is determined by the department to be responsible for more than one billion 

tons of covered greenhouse gas emissions. The term responsible party shall not 

include any person who lacks sufficient contacts with the state to satisfy the due 

process clause of the United States Constitution.” N.Y. Env’t Conserv. L. § 76-

0101(21). 

14. Greenhouse gas emissions from organizations are typically delineated 

by their scope, or operational boundaries, following guidance from the Greenhouse 
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Gas (GHG) Emissions Protocol.1 The GHG Protocol emerged in the 1990s from a 

collaboration between the World Resources Institute and the World Business Council 

for Sustainable Development, which together sought to define standardized practices 

to identify and delineate the emissions that organizations directly control via their 

operations (defined as Scope 1) from those that they indirectly influence through 

energy choices in pursuit of their activities (defined as Scope 2) from those for which 

they are responsible across their full value chain (Scope 3).  

15. Defining organizational emissions in this standardized way achieves the 

GHG Protocol’s key principles: (1) relevance, meaning a focus on inventorying the 

emissions that matter to all potential stakeholders both in and outside the 

organization; (2) completeness, meaning the inventory accounts for all emissions and 

formalizes a process to disclose and justify exclusions; (3) consistency, meaning that 

the inventories and their boundaries are consistent over time to allow for effective 

benchmarking and tracking; (4) transparency, meaning that the protocol is auditable, 

as methods, data sources, and assumptions are fully disclosed; and (5) accuracy, 

meaning that the reported inventories are true and integrous.2  

 
1 The Greenhouse Gas Protocol: A Corporate Accounting and Reporting Standard. Revised Edition. 
World Resources Institute and World Business Council for Sustainable Development, Mar. 2004. 
ISBN 1-56973-568-9. Perma | ghgprotocol.org. Accessed 15 Oct. 2025. 
 
2 See Greenhouse Gas Protocol, p. 7. 
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16. The GHG Protocol has become the standard across corporate entities 

responsive to the Climate Disclosure Project,3 a global nonprofit that provides a 

disclosure system for entities to voluntarily report their environmental impacts, such 

as emissions. For example, in 2023, some 97% of emissions-disclosing Standard and 

Poor’s (S&P) 500 companies reported to the Climate Disclosure Project that they used 

the GHG Protocol.4 The GHG Protocol also undergirds the EPA’s Center for Climate 

Leadership, which provides guidance on how organizations can manage greenhouse 

gas emissions. So the GHG Protocol ‘Scopes’ are the global standard for delineating 

and tracking organizational emissions, irrespective of size, operations, and sector, 

ensuring consistency and comparability across industries worldwide. 

17. It is worth considering how the GHG Protocol scopes are formally 

defined: Scope 1 emissions are those direct emissions from sources fully controlled by 

an organization.5 In contrast, Scope 2 emissions are indirect emissions associated 

with the energy purchased by an organization. Lastly, Scope 3 emissions are indirect 

emissions as part of the organization’s entire value chain; they are the most 

complicated to inventory. An application of the GHG Protocol to a university might 

be something along the lines of campus-based boilers and fleet vehicles constituting 

 
3 Carbon Disclosure Project (CDP). Perma | CDP: Turning Transparency to Action. Accessed 15 Oct. 
2025. 
 
4 About Us. Greenhouse Gas Protocol, Perma | About Us | GHG Protocol. Accessed 15 Oct. 2025.  
 
5 Scope 1 and Scope 2 Inventory Guidance. U.S. Environmental Protection Agency, last updated 23 
Apr. 2025, Perma | Scope 1 and Scope 2 Inventory Guidance | US EPA. Accessed 15 Oct. 2025. 
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Scope 1 emissions, its purchased electricity constituting Scope 2, and the supply 

chains, waste, and commuting to and from university constituting Scope 3. 

18. As applied to fossil fuel companies, Scope 1 emissions would include, for 

example, direct emissions from flaring or venting, fugitive methane from extraction, 

refining, and other operations, as well as the companies’ own fuel inventory for 

vehicle fleets, equipment, and other infrastructure. A fossil fuel company’s Scope 2 

emissions are similar to other organizations, being those from energy supplied to the 

company for its operations (e.g., externally sourced electricity, steam, heating, 

cooling, and fuels). Scope 3 constitute the emissions across the rest of the fossil fuel 

company value chain. In particular, the most dominant sources of Scope 3 emissions 

are the emissions from the use of the fossil fuel companies’ sold products (known as 

Scope 3 Category 11 in the GHG Protocol), namely their gasoline, diesel, natural gas, 

or coal that is combusted by downstream users.  

19. Scope 3 represents the dominant emissions category for organizations 

generally.6 The GHG Protocol’s Corporate Value Chain Standards7 were developed 

to help companies standardize estimates of Scope 3 emissions owing to the complexity 

of tracking them. The standard articulates 15 different categories over which 

 
6 “Corporates’ Supply Chain (Scope 3) Emissions Are on Average 11.4 Times Higher Than 
Operational Emissions.” Carbon Disclosure Project (CDP), 10 Feb. 2021, Perma | Corporates’ supply 
chain scope 3 emissions are 26 times higher than their operational emissions - CDP 
  
7 See p. 4 in Bhatia, Pankaj, et al. Corporate Value Chain (Scope 3) Accounting and Reporting 
Standard: Supplement to the GHG Protocol Corporate Accounting and Reporting Standard. World 
Resources Institute and World Business Council for Sustainable Development, 2011, Perma | 
ghgprotocol.org 
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organizational Scope 3 emissions can occur both upstream (in the supply chain, 

Categories 1-8) and downstream (product use and end of life, Categories 9-15) from 

organizational activities.8  

20. The Carbon Majors Database, a publicly available and peer-reviewed 

database of the emissions inventories from 180 of the world’s largest fossil fuel 

companies,9 provides year-on-year estimates of the Scope 1 and 3 emissions and 

accords very well with both independent estimates and firm disclosures. 

Attributing Climate Change Damages to Fossil Fuel Companies 
 
21. As I understand, the United States has contended that the Act 

“penalizes companies for greenhouse gas emissions without any certainty that those 

emissions caused in-state harm.”  US Br. 25. This statement is based on an inaccurate 

appraisal of the state of the science. Peer-reviewed, consensus-based climate 

attributions can provide causal assessments of the warming, hazards, and local harms 

promulgated by any set of greenhouse gas emissions, including those scoped to a 

company. As I discuss in detail below, peer-reviewed scientific research has leveraged 

consensus-based methods (e.g., empirical and modeling approaches used in both the 

Intergovernmental Panel on Climate Change (IPCC) Assessment Reports10 and the 

 
8 See p. 34 in Bhatia, Pankaj, et al. 
 
9 About Carbon Majors.” Carbon Majors, Perma | Carbon Majors Home. Accessed 19 Oct. 2025. 
 
10 IPCC Physical Science Sixth Assessment Report (AR6), at 108-110, 204-206, 1522-1527, 1541-
1542, 1552-1553.  Note that this type of analysis is distinct from the long-established research 
attributing global warming to anthropogenic greenhouse gas emissions and broader body of research 
projecting climate impacts from rising temperatures and ocean acidification.  Id.  See also Bulletin of 
the American Meteorological Society, Explaining Extreme Events of 2021 and 2022 from a Climate 
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US Global Change Research Program National Climate Assessment11)12 to link 

company-level emissions to in-state harms by calculating (1) how the warming from 

those emissions alter cumulative greenhouse gas concentrations, (2) how those 

concentrations altered hazards (such as the likelihood or magnitude13 of extreme 

heat), and (3) how much impact those greenhouse gas-driven changes in those 

hazards generate economic burdens on subnational regions, like New York.14  

22. I am not offering an opinion on how the New York State Department of 

Environmental Conservation will or should determine a responsible party’s share of 

 
Perspective (2022), https://www.ametsoc.org/ams/publications/bulletin-of-the-american-
meteorological-society-bams/explaining-extreme-events-from-a-climate-perspective/explaining-
extreme-events-of-2021-from-a-climate-perspective/  
 
11 Marvel, K. et al., 2023: Ch. 2. Climate trends. In: Fifth National Climate Assessment. Crimmins, 
A.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, and T.K. Maycock, Eds. U.S. Global 
Change Research Program, Washington, DC, USA. Perma | toolkit.climate.gov. 
 
12 It is important to note that these syntheses of the state-of-the-science are massive undertakings by 
hundreds upon hundreds of scientists. The Working Group I contribution to the IPCC’s 6th 
Assessment Report synthesized findings from more than 14,000 peer-reviewed studies. “In-depth 
Q&A: The IPCC’s Sixth Assessment Report on Climate Science.” Carbon Brief, 9 Aug. 2021, Perma | 
In-depth Q&A: The IPCC’s sixth assessment report on climate science - Carbon Brief. Accessed 19 
Oct. 2025. The 5th National Climate Assessment synthesized over 8,200 references. U.S. 
Environmental Protection Agency. EPA Tools and Resources Webinar: 5th National Climate 
Assessment – Resources and Interactive Atlas. U.S. EPA, 20 Nov. 2024. PDF file, Perma | 
www.epa.gov. Accessed 19 Oct. 2025. 
 
13 Quilcaille, Y. et al., Systematic attribution of heatwaves to the emissions of carbon majors, Nature 
645, 392–398 (2025). Perma | Systematic attribution of heatwaves to the emissions of carbon majors 
| Nature; Burke, M. et al., Quantifying climate change loss and damage consistent with a social cost 
of greenhouse gases, NBER Working Paper, 31658 (2023) DOI: 10.3386/w31658 Perma | Quantifying 
Climate Change Loss and Damage Consistent with a Social Cost of Greenhouse Gases | NBER; 
Callahan, C. &  J.S. Mankin, Globally unequal effect of extreme heat on economic growth, Science 
Advances 8, eadd3726 (2022) Perma | www.science.org; Callahan, C. & J. S. Mankin, National 
attribution of historical climate damages, Climatic Change 172 40 (2022). Perma | National 
attribution of historical climate damages | Climatic Change 
  
14 Callahan and Mankin, “Callahan, C. & J.S. Mankin, “Globally unequal effect of extreme heat on 
economic growth.” 
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the costs imposed by the Act. Instead, I explain how end-to-end climate damage 

attributions have emerged scientifically and how they work to determine a company’s 

contribution to climate hazards and their documented harms. 

23. Climate attribution is the science to assess causality in a complex Earth 

system.15 Myriad mechanisms can coalesce to account for any given weather or 

climate phenomena, whether a cloudless summer day, a devastating flood event, or a 

slowly unfolding warming trend in the ocean. Because of societal demands to inform 

climate risk mitigation, adaptation, and policy, attribution science is most often 

concerned with how human activities (in particular greenhouse gas emissions from 

fossil fuel use and patterns of development like agriculture, deforestation, and other 

land-use and land cover changes) contribute to both long- and short-term changes in 

weather and climate phenomena. 

24. Attribution science assesses causality by comparing the observed world 

to a counterfactual one absent some potential explanatory factor, much in the way a 

controlled medical drug trial compares individuals in a treatment group to those in a 

control group to assess drug efficacy. In climate science, we rely on observational data 

and physics-based models to compare the world as it has been (i.e., the treatment 

group) to a counterfactual one absent an explanatory factor (i.e., the control group). 

In the counterfactual world, we use physics-based models or statistical approaches to 

remove one (or more) potential explanatory factor(s), for the outcome, like observed 

 
15 What Is Attribution? National Oceanic and Atmospheric Administration Physical Sciences 
Laboratory, Perma | Interpreting Climate Conditions: What is Attribution: NOAA Physical Sciences 
Laboratory. Accessed 15 Oct. 2025. 
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greenhouse gas emissions. The counterfactual thus asks, how would the climate or 

this event have been different but for this factor? The difference between the world 

how it has been (the treatment) and the counterfactual world absent some 

explanatory factor (the control) is a measure of the causal contribution of that factor 

to the outcome. 

25. Attribution science can take many forms, a function of the question at 

hand and the portions of the Earth system the attribution is considering. But 

generally, all attribution requires the use of observational data alongside physical 

and statistical models to disentangle the contributions of various drivers of weather 

and climate phenomena, often focusing on separating factors that are “internal” to 

the climate system (termed internal variability) from those “external” to it (termed 

forcings, as they force a change in planetary energy balance).  

26. A canonical example of “internal” variability is El Niño—when 

interannual ocean temperatures in the eastern tropical Pacific are anomalously 

warm. El Niño is a feature of the climate system, meaning it and its impacts on 

extreme weather globally would occur in absence of people and their combustion of 

fossil fuels. Another example of internal variability is a randomly occurring high 

pressure system that sits off the California coast, acting like a boulder in a stream, 

steering storms north to Washington state. We term these kinds of oscillations in the 

ocean and atmosphere internal variability because they are an innate characteristic 

that is a natural feature internal to the climate system.  
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27. Consider the challenge of assessing a causal role for global warming on 

a heatwave. Addressing this question requires that we isolate the contributions from 

internal variability to the heatwave—we ask, ‘could this observed heatwave have 

occurred simply from the randomness in weather?’ Because of that task, climate 

scientists work to identify why internal variability emerges, and where possible, 

characterize recurrent patterns (or modes) of variability, and how they can act to 

shape the weather and climate people experience locally. Internal variability tells us 

that there are many weather patterns in any one place consistent with the same 

planetary temperature or greenhouse gas emissions at any one time. And, to the 

extent that scientists can identify a recurrent pattern of internal variability, it 

provides a source of predictability as well. When we expect an El Niño, for example, 

we know it will influence set patterns of weather around the world, such as increasing 

risks of flood in California or bushfires in Australia. From a climate attribution 

standpoint, it is essential to identify the contributions of internal variability to 

weather and climate phenomena.  

28. “External” climate drivers are those that exist outside of the climate 

system. These can be naturally occurring ones like changes in the sun’s energy or 

volcanic eruptions that block sunlight; both can alter climatic behavior by forcing 

changes in global-scale energy balance. But external drivers can also be human-

caused or anthropogenic, such as that from land use and land cover changes or from 

greenhouse gases, like carbon dioxide, methane, and nitrous oxide emitted as by-

products from human activities, such as the production and sale of fossil fuels. 

Case 1:25-cv-03656-PKC     Document 86     Filed 10/27/25     Page 14 of 25



 
 

15 

29. The energy from the Sun that enters Earth’s atmosphere must be 

balanced by the energy Earth sends back out to space (this is the first law of 

thermodynamics). As such, changes in the composition of Earth’s atmosphere, like 

from greenhouse gases—even in small amounts—can disrupt Earth’s energy balance, 

preventing Earth from shedding its heat back out to space. This is akin to the way a 

lid on a pot of water put onto the stove to boil traps more heat than one without. If 

Earth cannot shed its heat energy as efficiently, it must heat up, raising its 

temperature to reattain energy balance. This is because hotter objects emit much 

more energy than cooler ones. For example, if you double the temperature of an object, 

it emits 16 times more energy. This heating is the global warming we are 

experiencing. 

30. The charge of attribution science is to separate the contributions of 

internal variability and external forcings of weather and climate phenomena, both to 

advance the science of Earth system prediction, but also to answer the question of 

how human activities, particularly the combustion of fossil fuels, have altered 

weather and climate. There is a long history of attribution science; in fact, the IPCC 

was awarded the Nobel Prize in 2007 in large part for definitively identifying the 

fingerprint of human activities on warming temperatures in the climate system—a 

physical attribution of human-caused changes in greenhouse gas concentrations to 

global temperature changes (see “physical attribution” link in Figure 1). 
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31. In the last several decades, attribution science has become much more 

expansive, considering not just planetary scale changes unfolding over many decades 

from measured changes in greenhouse gas concentrations, but small-scale changes 

happening over shorter time periods, to include rapid advances in the ability to assess 

how human activities have altered the likelihood and magnitude of individual 

extreme weather and climate events, called extreme event attribution (see “event 

attribution” link in Figure 1). 

Figure 1| The attribution chain to assess causality. Climate attribution can take 

many forms, depending on the question at hand. It can consider any linkages in the 

chain of causality diagramed here, from how measures of carbon dioxide 

concentrations influence climate change writ large (a physical attribution), to how 

such concentrations shape weather or climate hazards, like a heatwave (an event 

attribution), to how such hazards select for impacts like homes washed away or lives 

lost (a damage attribution). Should any of these attribution linkages include the 

upstream emissions rather than the concentrations, that is a source or emitter-based 

attribution. If the entire chain of causality is considered from emissions through 

damages, that is an end-to-end attribution.  
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32. Extreme event attribution research identifies how various physical 

drivers, such as greenhouse gas emissions, alter the likelihood or intensity of extreme 

weather or climate events, such as heatwaves, extreme rainfall, droughts, wildfires, 

and floods.16 The field has rapidly expanded and streamlined its approaches since it 

was first attempted in 2004, when scientists showed how anthropogenic warming had 

doubled the likelihood of the 2003 European heatwave that killed 70,000 people.17 

Since that time, extreme event attribution has advanced to become a scientific 

standard, with scientists fingerprinting anthropogenic contributions to hot and cold 

temperature extremes, to heavy precipitation events, to droughts, to tropical 

cyclones. Per the NCA5,18 “climate change made the record-breaking Pacific 

Northwest heatwave of June 2021 2° to 4°F hotter,19 and in 2017, Hurricane Harvey’s 

rainfall was estimated to be about 15%–20% heavier than it would have been without 

 
16 Extreme Event Attribution, National Oceanic and Atmospheric Administration, Perma | Extreme 
event attribution: the climate versus weather blame game | NOAA Climate.gov. Accessed 18 Oct. 
2025. 
 
17 Stott et al. “Human contribution to the European heatwave of 2003.” Nature 432, 610–614 (2004). 
https://www.nature.com/articles/nature03089 
 
18 See page 2-4 of Marvel, K. et al., 2023: Ch. 2. Climate trends. In: Fifth National Climate 
Assessment. Crimmins, A.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, and T.K. 
Maycock, Eds. U.S. Global Change Research Program, Washington, DC, USA. Perma | 
toolkit.climate.gov 
 
19 Philip, S.Y. et al., 2021: Rapid attribution analysis of the extraordinary heat wave on the Pacific 
coast of the US and Canada in June 2021. Earth System Dynamics, 13 (4), 1689–1713. Perma | ESD 
- Rapid attribution analysis of the extraordinary heat wave on the Pacific coast of the US and 
Canada in June 2021 
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human-caused warming.20” Both the Sixth Assessment Report of the IPCC and the 

NCA5 note that attribution science has advanced to the point where we can 

confidently quantify the role of climate change in altering the likelihood or magnitude 

of extreme events in near-real time,21 as is done by World Weather Attribution, an 

organization that since its formation in 2014, has used peer-reviewed science to 

attribute the causal role of human-caused climate change on more than 100 extreme 

weather and climate events around world.22 

33. Beyond event attribution, the science has advanced to consider more 

linkages in the chain of causality that connects changes in emissions to changes in 

greenhouse gas concentrations; changes in such concentrations to changes in 

warming; changes in warming to changes in extremes and hazards; and changes in 

hazards to consequent damages (Figure 1)—how emissions through warming lead 

to, for example, homes washed away, agricultural yield losses, depressed economies, 

or heatstroke in people. As such, attribution science is now well-positioned to provide 

assessments of how particular sets of emissions, such as those emerging from the 

 
20 Risser, M.D. and M.F. Wehner, 2017: Attributable human-induced changes in the likelihood and 
magnitude of the observed extreme precipitation during Hurricane Harvey. Geophysical Research 
Letters, 44 (24), 12457–12464. Perma | agupubs.onlinelibrary.wiley.com 
 
21 Seneviratne, Sonia I., et al. “Weather and Climate Extreme Events in a Changing Climate.” 
Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth 
Assessment Report of the Intergovernmental Panel on Climate Change, edited by Valérie Masson-
Delmotte et al., Cambridge University Press, 2021, pp. 1513–1766. Perma | Weather and Climate 
Extreme Events in a Changing Climate (Chapter 11) - Climate Change 2021 – The Physical Science 
Basis; and Marvel, Kate, et al. “Climate Trends.” Fifth National Climate Assessment, edited by 
Allison R. Crimmins et al., U.S. Global Change Research Program, 2023. Perma | 
toolkit.climate.gov. 
 
22 World Weather Attribution, available at Perma | World Weather Attribution – Exploring the 
contribution of climate change to extreme weather events. Accessed 18 Oct. 2025. 
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activities of a single nation or firm like a fossil fuel company, contribute to particular 

damages, such as the economic losses New York suffers from extreme heat 

cumulatively over a time period, or from an individual heat wave.23 These kinds of 

attributions are called end-to-end climate damage attributions, as they resolve the 

full chain of causality from specific emissions to specific damages (Figure 1): but for 

the extreme heat impacts of these emissions, New York’s economy would look like 

this. Such end-to-end climate damage attribution analyses are grounded in 

observations of what has already occurred: What are the observed changes in weather 

and climate extremes? What is the observed relationship between such extremes and 

socioeconomic outcomes? These end-to-end attributions are retrospective, 

documentary assessments of the world as it has been, the losses that have already 

occurred, not predictions of a far off and contingent future. 

34.  Causal inference approaches, which are statistical tools used to mimic 

a controlled experiment on observed data,24  can then be used to determine the causal 

 
23 Quilcaille, Y. et al., Systematic attribution of heatwaves to the emissions of carbon majors, Nature 
645, 392–398 (2025). Perma | Systematic attribution of heatwaves to the emissions of carbon majors 
| Nature; Burke, M. et al., Quantifying climate change loss and damage consistent with a social cost 
of greenhouse gases, NBER Working Paper, 31658 (2023). DOI: 10.3386/w31658 Perma | Systematic 
attribution of heatwaves to the emissions of carbon majors | Nature; Callahan, C. &  J.S. Mankin, 
Globally unequal effect of extreme heat on economic growth, Science Advances 8, eadd3726 (2022) 
Perma | www.science.org; Callahan, C. & J. S. Mankin, National attribution of historical climate 
damages, Climatic Change 172 40 (2022). Perma | National attribution of historical climate 
damages | Climatic Change 
 
24 Angrist and Pischke. Mostly Harmless Econometrics: An Empiricist’s Companion. Princeton 
University Press, 2009. 
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relationship between the intensity of that extreme and its harms, such as flood-25 or 

heatwave-driven26 mortality27, property28 or crop29 damages, or reductions in 

economic growth.30 Such relationships are formalized as ‘dose-response’ models, and 

are often called ‘marginal effects’ or ‘damage functions.’ Such damage functions relate 

a unit change in the magnitude of a weather or climate hazard, like a 1°C change in 

a heatwave (the dose), to a unit change in some socioeconomic outcome of interest, 

like changes in annual-scale economic growth in New York (the response). Combining 

the quantification of company-level emissions contributions to local climate hazards, 

like heatwaves, with the observed socioeconomic consequences of such hazards, like 

depressed economic growth, allows for an assessment of local scale (i.e., at the level 

of a U.S. state) climate damages traceable to a company’s emissions. 

35. End-to-end attribution of climate damages at the level of a U.S. state 

begins with the greenhouse gas emissions to be considered. This can be a fossil fuel 

 
25 Lynch et al. “Large floods drive changes in cause-specific mortality in the United States.” Nature 
Medicine, vol. 31, no. 2, Feb. 2025, pp. 663-671, Perma | Large floods drive changes in cause-specific 
mortality in the United States | Nature Medicine; Carleton et al. “Valuing the Global Mortality 
Consequences of Climate Change Accounting for Adaptation Costs and Benefits.” The Quarterly 
Journal of Economics, vol. 137, no. 4, 2022, pp. 2037–2105, Perma | academic.oup.com.  
 
26 Carleton et al. “Valuing the Global Mortality Consequences of Climate Change Accounting for 
Adaptation Costs and Benefits.”  
 
27 U.S. Environmental Protection Agency. “Climate Change Indicators: Heat-Related Deaths.” EPA, 
26 Feb. 2025, Perma | Climate Change Indicators: Heat-Related Deaths | US EPA 
 
28 Davenport et al. “Contribution of Historical Precipitation Change to U.S. Flood Damages.” 
Proceedings of the National Academy of Sciences of the United States of America, vol. 118, no. 4, 26 
Jan. 2021, e2017524118, Perma | www.pnas.org.  
 
29  Diffenbaugh et al. “Historical Warming Has Increased U.S. Crop Insurance Losses.” 
Environmental Research Letters, vol. 16, no. 8, 2021, article 084025, https://perma.cc/UXA8-HNVT. 
 
30 Callahan and Mankin, “Globally unequal impact of extreme heat on economic growth.” 
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producer’s or refiner’s historical greenhouse gas emissions; it could also be a state’s 

emissions, or emissions from a sector of the economy, like the power or transport 

sectors.31 This can be presented as a time series of annual emissions in metric tons of 

carbon or carbon dioxide equivalent (if considering methane and other greenhouse 

gas emissions), or it can be a percentage of some total set of emissions considered, 

whether it is all anthropogenic emissions over a given time period, or some other 

covered period, as considered by the New York Climate Change Superfund Act. 

36. A company’s emissions can be determined based on data provided by the 

company through self-reporting, through publicly available datasets, or some 

combination therein. Currently, there are at least two publicly available datasets of 

emissions inventories associated with Scope 1 and Scope 3 emissions32. In all cases, 

however, the State is dependent on corporate disclosures from the companies 

themselves. Self-reported data come with sizable reporting gaps, are rarely audited, 

and provide companies with wide latitude over the boundaries of the emission Scopes 

they consider. As such, self-reported data from fossil fuel companies very likely 

understates the true emissions associated with company activities, particularly for 

Scope 3 and non-CO₂ gases. Moreover, because Scope 3 emissions are typically 

 
31 Mankin et al. (2025), Climate damages to the U.S. economy from U.S. power sector emissions, 
Perma | Climate damages to the U.S. economy from U.S. power sector emissions; and Mankin et al. 
(2025), Climate damages to the U.S. economy from U.S. transportation emissions, Perma | Climate 
damages to the U.S. economy from U.S. transportation emissions. 
 
32 Carbon Majors Database Downloads. Carbon Majors, Perma | Carbon Majors Downloads. 
Accessed 15 Oct. 2025; Chen et al., “How Much Have the Oil Supermajors Contributed to Climate 
Change? The Carbon Footprint of the Oil Refining and Petroleum Products Sales Sectors,” Columbia 
Center on Sustainable Investment, Mar. 2022, Perma | ccsi.columbia.edu 
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estimated from fossil fuel production volumes by removing non-energy uses of those 

fuels (e.g., petrochemicals), and then applying widely-accepted “emissions factors,”33 

which estimate the total emissions released when those fuels are combusted, such 

values are inherently conservative.34 Scope 1 emissions from flaring, venting, fugitive 

methane emissions, and companies’ own fuel use are similarly estimated using such 

emissions factors.35 Because of the conservatism in both the reporting and in the 

estimates of emissions using emissions factors, I must emphasize that emissions 

inventories from fossil fuel companies represent minimum estimates of corporate 

emissions, rather than complete totals. As such, any attributions of climate damages 

to New York associated with such emissions will tend to be conservative. 

37. Once a fossil fuel producer or refiner’s total emissions have been 

determined, the next step is to determine how those emissions contributed to 

cumulative greenhouse gas concentrations, consequent global warming, and local 

hazards. That determination requires a means of estimating the counterfactual 

 
33 Emissions factors translate activities—such as burning a gallon of gasoline—into emissions 
values, expressed as the mass of greenhouse gases (e.g., kilograms of CO₂, CH₄, or N₂O released). 
When emissions factors are reported in CO₂e (carbon dioxide equivalent) they already incorporate a 
global warming potential (GWP) to convert each gas into an equivalent amount of CO₂ based on its 
warming impact over a specified time horizon (typically 100 years). 
 
34 Note that this only captures Scope 3 Category 11 (“use of sold products”) emissions and thus 
represents a lower-bound on total Scope 3 emissions.  
 
35 Note that this method applies a global emissions factor based on the state-of-the-science to all 
companies’ production data. Standardized emissions factors are conservative by construction, erring 
on the side of understating emissions. Constructing global emissions factors requires smoothing high 
carbon intensity outlying fuels and regions, it means excluding methane or black carbon, fuel leaks, 
flaring inefficiencies, and/or incomplete combustion (which interestingly increases GHG forcing by 
increasing methane and black carbon contributions). So, while modeled estimates of Scope 3 
emissions based on cautious IPCC emissions factors produce internally consistent estimates of GHG 
emissions, this is another reason these inventories should be considered conservative. 
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climate without the considered emissions (i.e., the control): “what might global 

temperatures have been absent a party’s emissions?” Climate or Earth System 

Models36 which simulate the global temperature response to greenhouse gas 

emissions and other climate forcings, provide a means of estimating these 

counterfactuals. Such models can be run (a) with all historical emissions and (b) with 

all historical emissions minus those of a particular emitter over a particular time 

period or a leave-one-emitter-out framework. The difference between these two 

scenarios—the world as it has been versus the world without one company’s 

emissions—represents the contribution of that company’s emissions to warming. 

38. Linking the temperature changes from a company’s emissions to a local 

scale climate hazard can be done a number of ways. A spatially explicit Earth System 

Model explicitly simulates changes in extreme heat, drought, flood, and tropical 

cyclone changes within a region like New York state. It can also be done by chaining 

a series of models together, whether based on well-vetted and understood statistical 

relationships between global temperature changes and local hazard changes,37 or by 

using secondary physics-based models, such as a tropical cyclone model38 run with 

 
36 Climate or Earth System Models are computer programs that use physics, chemistry, and biology 
to simulate how components of our planet—oceans, atmosphere, land, and ice, interact to shape 
weather and climate over time and space. See, for example, McSweeney & Hausfather, “Q&A: How 
Do Climate Models Work?” Carbon Brief, 16 Jan. 2018, Perma | Q&A: How do climate models work? 
- Carbon Brief. Accessed 19 Oct. 2025. 
 
37 Quilcaille, Y. et al., “Systematic attribution of heatwaves to the emissions of carbon majors.” 
 
38 Reed et al. “Attribution of 2020 Hurricane Season Extreme Rainfall to Human-Induced Climate 
Change.” Nature Communications, vol. 13, no. 1, Dec. 2022, Article 1905, Perma | Attribution of 
2020 hurricane season extreme rainfall to human-induced climate change | Nature 
Communications.  
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different experimental treatments many times, such as one with observed 

temperatures, and one with the temperatures absent a single emitter. In general, 

however, current peer-reviewed practice is to use consensus-based tools like pattern 

scaling.39 Pattern scaling takes the estimate of global warming attributable to an 

emitter and translates it into local-scale changes in climate hazards. The physical 

basis for the relationship between global temperatures and climate extremes has 

been known for decades (e.g., for extreme precipitation,40 extreme heat,41 sea level 

rise42). Coupled with longer observational records and advances in modeling, 

scientists can quantify with increasing precision how global warming alters the 

likelihood or intensity of these extreme events. Combining the steps above provides 

an answer to the question: “How has the warming resulting from the emissions of a 

particular party affected the local risk of climate hazards?”  

39. Climate attribution science allows New York to assess the in-state 

climate harms it has endured over a covered period traceable to the emissions from 

individual fossil fuel companies. Peer-reviewed, consensus-based end-to-end climate 

damage attributions can provide estimates of how sets of emissions have contributed 

to cumulative emissions, warming, and by extension, local extreme weather and 

 
39  IPCC, 2021, AR6 WG1, Chapter 4, Section 4.2.4.2 (“Pattern Scaling”), p. 4-35. Perma | 
www.ipcc.ch  
40 Trenberth et al., “The Changing Character of Precipitation.” Bulletin of the American 
Meteorological Society, vol. 84, no. 9, Sept. 2003, pp. 1205-1217, Perma | journals.ametsoc.org.  
 
41 Stott et al. “Human contribution to the European heatwave of 2003.”  
 
42  Schneider, S. H., and R. S. Chen. “Carbon Dioxide Warming and Coastline Flooding: Physical 
Factors and Climatic Impact.” Annual Review of Energy and the Environment, vol. 5, 1980, pp. 107-
140, https://doi.org/10.1146/annurev.eg.05.110180.000543.  

Case 1:25-cv-03656-PKC     Document 86     Filed 10/27/25     Page 24 of 25



 
 

25 

climate hazards. Climate damage attributions can then link changes in such hazards 

to their documented economic harms.    

Dated: October 27, 2025 
  Hanover, New Hampshire 

 

_______________________________ 
       Justin S. Mankin, Ph.D. 
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26. �Raymond, C. (G), & J. S. Mankin, Coastal moderation of extreme heat in the United States,
Environmental Research Letters (2019) 10.1088/1748-9326/ab495d.

25. �Coffel, E. (P), B. Keith, C. Lesk, E. Bower, J. Lee, R. M. Horton, J. S. Mankin, More con-
currently hot and dry years in the Nile Basin despite increasing precipitation, Earth’s Future (2019)
10.1029/2019EF001247.

24. �Coffel, E. (P), R. M. Horton, J. M. Winter, J. S. Mankin, Nonlinear increases in extreme
temperatures paradoxically dampen increases in extreme humid-heat, Environmental Research Let-
ters (2019) 10.1088/1748-9326/ab28b7.

23. Schultz, K. & J. S. Mankin, Is temperature exogenous? Conflict Related Uncertainty in the
Instrumental Climate Record in Sub-Saharan Africa, American Journal of Political Science (2019)
10.1111/ajps.12425.

22. Bishop, D., A. P. Williams, R. Seager, A. M. Fiore, B. I. Cook, J. S. Mankin, D. Singh, J.
E. Smerdon, M. P. Rao, Investigating the causes of increased 20th-century precipitation over the
southeastern United States, Journal of Climate (2019) 10.1175/JCLI-D-18-0244.1.

21. Trugman, A. T., D. Medvigy, J. S. Mankin, W. R. L. Anderegg, Soil moisture drought as a ma-
jor driver of carbon cycle uncertainty, Geophysical Research Letters (2018) 10.1029/2018GL078131.
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20. Cook, B. I., J. S. Mankin, K. Anchukaitis, Climate change and drought: from past to future,
Current Climate Change Reports (2018) 10.1007/s40641-018-0093-2.

19. �Mankin, J. S., R. Seager, J. E. Smerdon, B. I. Cook, A. P. Williams, R. M. Horton,
Projected blue water tradeoffs with CO2-enriched ecosystems, Geophysical Research Letters (2018)
10.1002/2018GL077051.

18. Skinner, C. B., C. J. Poulsen, J. S. Mankin, Amplification of heat extremes by plant CO2

physiological forcing, Nature Communications (2018) 10.1038/s41467-018-03472-w.

17. Diffenbaugh, N. S., D. Singh, J. S. Mankin, Probability of unprecedented climate events:
comparing historical changes with the UN aspirational targets and NDC commitments, Science Ad-
vances (2018) 10.1126/sciadv.aao3354.

16. Ault, T. R., S. St. George, J. E. Smerdon, S. Coats, J. S. Mankin, C. Carrillo, B. I. Cook,
S. Stevenson, A robust null hypothesis for the potential causes of megadrought in western North
America, Journal of Climate (2018) 10.1175/JCLI-D-17-0154.1.

15. Cook, B. I., A. P. Williams, J. S. Mankin, R. Seager, J. E. Smerdon, D. Singh, Revisiting
the leading drivers of Pacific coastal drought variability in the Contiguous United States, Journal
of Climate (2018) 10.1175/JCLI-D-17-0172.1.

14. Swain, D. L., D. Singh, D. Horton, J. S. Mankin, T. Ballard, N. S. Diffenbaugh, Remote link-
ages to anomalous winter atmospheric ridging over the northeastern Pacific, Journal of Geophysical
Research-Atmospheres (2017) 10.1002/2017JD026575.

13. Williams, A. P., Cook, B. I., Smerdon, J. E., Bishop, D. A., Seager, R., Mankin, J. S., The
2016 southeastern US drought: an extreme departure from centennial wetting and cooling, Journal
of Geophysical Research - Atmospheres (2017) 10.1002/2017JD027523.

12. Smerdon, J. E., Luterbacher, J., Phipps, S. J., (alphabetical thereafter), Comparing data and
model estimates of hydroclimate variability and change over the Common Era, Climate of the Past
(2017) 10.5194/cp-2017-37.

11. �Mankin, J. S., J. E. Smerdon, B. I. Cook, A. P. Williams, R. Seager, The curious case
of projected 21st-century drying but greening in the American West, Journal of Climate (2017)
10.1175/JCLI-D-17-0213.1.

10. Diffenbaugh, N. S., D. Singh, J. S. Mankin, A. Charland, M. Haugen, D. E. Horton, D.
L. Swain, D. E. Touma, M. Tsiang, B. Rajaratnam, Quantifying the influence of historical global
warming on the probability of unprecedented extreme climate events, Proceedings of the National
Academy of Sciences (2017), 10.1073/pnas.1618082114.

9. � Mankin, J. S., D. Viviroli, M. M. Mekonnen, A. Y. Hoekstra, R. Horton, J. E. Smerdon, and
N. S. Diffenbaugh, Influence of internal variability on population exposure to hydroclimatic changes,
Environmental Research Letters (2017) 10.1088/1748-9326.

8. Ault, T., J. S. Mankin, B. I. Cook, J. E. Smerdon, Relative impacts of mitigation, temperature,
and precipitation on 21st Century megadrought risk in the American Southwest, Science Advances
(2016) 10.1126/sciadv.1600873.

7. Horton, R., J. S. Mankin, C. Lesk, E. Coffel, C. Raymond, A review of recent advances in re-
search on extreme heat events, Current Climate Change Reports (2016) 10.1007/s40641-016-0042-x.

6. Coats, S. & J. S. Mankin, The challenge of accurately quantifying future megadrought risk in
the American Southwest, Geophysical Research Letters (2016) 10.1002/2016GL070445.

5. Singh, D, D. L. Swain, J. S. Mankin, D. E. Horton, L. Thomas, N. S. Diffenbaugh, Recent
amplification of the North American winter temperature dipole, Journal of Geophysical Research:
Atmospheres (2016) 10.1002/2016JD025116.

4. �Mankin, J. S., D. Viviroli, D. Singh, A. Y. Hoekstra, and N. S. Diffenbaugh, The potential
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for snow to supply human water demand in the present and future, Environmental Research Letters
(2015) 10.1088/1748-9326/10/11/114016.

3. �Mankin, J. S., N. S. Diffenbaugh, Influence of temperature and precipitation variability on
near-term snow trends, Climate Dynamics (2015) 10.1007/s00382-014-2357-4.

2. Siegfried, T., T. Bernauer, R. Guiennet, S. Sellars, A. W. Robertson, J. S. Mankin, P. Bauer-
Gottwein, Will Climate Change Exacerbate or Mitigate Water Stress in Central Asia?, Climatic
Change, 112 (3-4) 881 (2012) DOI 10.1007/s10584-011-0253-z.

1. �Mankin, J. S., Gaming the system: how Afghan opium underpins local power, Journal of
International Affairs, 63 (1) 195 (2009).

Peer-reviewed book chapters

1. Moore, F., J. S. Mankin, A. H. Becker, Disciplines: Integrating Climate and Social Sciences,
Chapter 4 in Climate Cultures: Anthropological Perspectives on Climate Change. Jessica Barnes and
Michael Dove (eds). New Haven: Yale University Press (2015).

Datasets

1. National-scale attribution of historical climate damages, (2022) 10.1007/s10584-022-03387-y.
Available at: https://rcweb.dartmouth.edu/CMIG/national_attribution_2022/prod/.
These data are being used in ongoing climate litigation by Our Children’s Trust in their national
court case (Juliana v. United States) and international cases (e.g., in Canada’s LaRose v. Her
Majesty, among others in development). Also is the basis of an advising opinion being written by
the International Court of Justice for the UN on questions of Loss & Damage.

Reports

3. �Mankin, J.S., A. Gottlieb, C. Callahan, National climate damages traceable to emissions from
the U.S. transport sector, September 2025, https://zenodo.org/records/17080804.

2. �Mankin, J.S., A. Gottlieb, C. Callahan,ational climate damages traceable to emissions from
the U.S. power sector, June 2025, https://doi.org/10.5281/zenodo.16874810.

1. �Mankin, J.S., Response to Request for Information Development of a Climate Superfund Cost
Recovery Program for the State of Vermont, October, 2024.

Other writing

15. �Lesk, C. (P), S. Shukla, W. B. Anderson, B. I. Cook, & J. S. Mankin, Continental dry-
ing unlikely to explain recent sea-level rise,Reply to Seo et al., Abrupt sea level rise and Earth’s
gradual pole shift reveal permanent hydrological regime changes in the 21st century, Science e-letter.

14. �Mankin, J. S., The people have a right to climate data, The New York Times, Section A,
Page 22, 20 January 2024.

13. �Lesk, C. (P), J.S. Mankin & National Center for Atmospheric Research Staff (Eds), The
Climate Data Guide: Making sense of data from Land Surface Models (LSMs), September 2023.

12. �Mankin, J. S. & C. Callahan (G), The other climate change, The Los Angeles Times, page
A11, 25 May 2023.

11. �C. Callahan (G) & Mankin, J. S., MLB home run counts are rising and global warming is
playing a role, The Conversation, 7 April 2023.
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10. �Mankin, J. S. & C. Callahan (G), The Scientific Case for Climate Liability and Loss and
Damage Claims, Lawfare, 2022.

9. �Mankin, J. S., The American West’s drought isn’t a disaster. It’s our new, permanently arid
normal, The Washington Post, 2021.

8. Fu, R., I. Simpson, J. S. Mankin, A. Hoell, D. Barrie, Fueled by climate change, costly South-
west drought isn’t going away, The Washington Post, 2021.

7. �Coffel, E. (P) & J. S. Mankin, Thermal power generation disadvantaged under global warm-
ing, Carbon Brief, 2021.

6. Fu, R., A. Hoell, J. S. Mankin, I. Simpson, Addressing drought-heatwave-wildfire interactions,
EOS, 2021.

5. �Coffel, E. (P) & J. S. Mankin, More rain but less water in the Nile Basin, The Conversation,
13 January 2020.

4. �Mankin, J. S., et al., Will plants help make the planet wetter or drier in a changing climate?,
Carbon Brief, 5 November 2019.

3. Schultz, K. & J. S. Mankin, The weather stations that monitor climate change are at risk. This
is why, The Washington Post, 22 April 2019.

2. Mankin, J. S., Rotten to the core, Foreign Policy, (2011).

1. Mankin, J. S., Preventive semantics, Foreign Policy, 146 (2005).

Academic

honors and

awards

MIT & Woods Hole Oceanographic Institution, H. Burr Steinbach Visiting Scholar, 2025.

American Geophysical Union, Global Environmental Change Early Career Award, 2024.

World Climate Research Programme & Future Earth: Callahan & Mankin, Science (2023)
named one of the 10 New Insights in Climate Science (10NICS), 2024.

Keynote Lecture, National Academies of Sciences, Climate Change and Human Migration, 2024.

AGU Editors’ Highlight: Li et al., “Emergent trends complicate the interpretation of the United
States Drought Monitor,” 2024.

Nature Editors’ Highlight: Gottlieb & Mankin, “Evidence of human influence on Northern
Hemisphere snow loss,” 2024.

Nature Cover Article: Gottlieb & Mankin, “Evidence of human influence on Northern Hemi-
sphere snow loss,” 2024.

AMS Editors’ Highlight: Callahan et al., “Global warming, home runs, and the future of Amer-
ica’s pastime,” 2024.

Science Editors’ Highlight, Callahan & Mankin, “Persistent effect of El Niño on global economic
growth,” 2024.

Climate Science Leader, Climate Judiciary Project, Environmental Law Institute, 2023.

Science Editors’ Highlight: Callahan et al., “Global warming, home runs, and the future of
America’s pastime,” 2023.

IOP Editors, Outstanding Reviewer Award, 2022.

AMS Editors’ Highlight: Gottlieb & Mankin, “Observing, measuring, and assessing the conse-
quences of snow drought,” 2022.

Nature Editors’ Highlight: Callahan & Mankin, “Globally unequal effect of extreme heat on
economic growth,” 2022.

IOP Editors, Outstanding Reviewer Award, 2021.
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AGU Editors’ Highlight: Mankin et al., “The value of initial condition large ensembles to robust
adaptation decision-making,” 2020.

Nature Editors’ Highlight: Qin et al., “Agricultural risks from changing snowmelt,” 2020.

Named Co-Lead, National Oceanic and Atmospheric Administration (NOAA) Drought Task Force
IV, 2020.

Nature Editors’ Highlight: Schultz & Mankin, “Is temperature exogenous? Conflict related
uncertainty in the instrumental climate record in Sub-Saharan Africa,” 2019.

Nature Climate Change Editors’ Highlight: Mankin et al. “The potential for snow to supply
human water demand in the present and future,” 2018.

IOP Editors, Outstanding Reviewer Award, 2016.

IOP Editors’ Highlight: Mankin et al.,“The potential for snow to supply human water demand
in the present and future,” 2016.

Nature Editors’ Highlight: Mankin et al., “The potential for snow to supply human water de-
mand in the present and future,” 2015.

IOP Editors Annual “Select” Article, Mankin et al., “The potential for snow to supply human
water demand in the present and future,” 2015.

Environmental Research Letters Monthly Highlights Collection, November 2015.

Andrew Wellington Cordier Essay Winner, Columbia University, 2009.

Distinction, MSc. Thesis, London School of Economics, 2008.

Fellowships Scialog Fellow, Research Corporation for Science Advancement (RCSA), 2025-2026.

Petitt Family Fellowship, Dartmouth College, 2023-2024.

Junior Faculty Fellowship, Dartmouth College, 2021-2022.

Earth Institute Postdoctoral Fellowship, Columbia University, 2015-2017.

Northeast Climate Science Center Fellowship, The Center for Climate Systems Research &
University of Massachusetts, Amherst, 2015-2017.

Predoctoral Science Fellowship, Center for International Security and Cooperation (CISAC),
Stanford University, tuition and stipend, 2014-2015.

Stanford Center on International Conflict and Negotiation (SCICN) Fellowship, Stan-
ford Law School, 2012-2013.

Rising Environmental Leadership Program (RELP) Fellowship, Woods Institute for the
Environment, Stanford University, 2012-2013.

Margaret Jonsson Family Foundation Fellowship, School of Earth Sciences, Stanford Univer-
sity, tuition and stipend, 2010-2014.

Environmental Science Academic Fellowship, Columbia University, 2010.

Academic

service

Professional

Member, National Academies of Sciences, The Future of Drought in the United States Consensus
Study, 2025-2026

Member, US CLIVAR Working Group on Accelerating Research on the Scientific Foundations of
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Regional Climate Risk Information, 2025-2028

Co-lead, ‘Drought’ Water Cycle Priorities, NASA Decadal Survey, 2024-2025

Member, British Institute of International and Comparative Law (BIICL) Global Perspectives on
Corporate climate Legal Tactics Core Group, 2025-present

Graphics Lead Author, Sixth National Climate Assessment (NCA6), Chapter 12, 2024-2027

Media Lead, World Climate Research Programme & Future Earth 10 New Insights in Climate
Science, 2024

Editor, Earth’s Future, American Geophysical Union, 2024-present

Associate Editor, Journal of Climate, American Meteorological Society, 2023-present

Associate Editor, Earth’s Future, American Geophysical Union, 2022-2024

Co-Chair, 37th Conference on Climate Variability and Change at the 104th American Meteorolog-
ical Society (AMS) Annual Meeting, 2023-2024

Member, The Corporation of the Montshire Museum of Science, 2024-present

Member, American Meteorological Society Committee on Climate Variability and Change (AMS
CVC), 2020-present

Committee Member, Earth’s Future Editor-in-Chief Search Committee, 2023

Committee Member, Conference on Attribution Science and Climate Law Advisory Committee,
Columbia University, 2024-present

Chair, American Meteorological Society CVC Scientific and Technological Activities Commission
(STAC) Awards Committee, 2021-2023

Member, American Meteorological Society CVC STAC Awards Committee, 2023-present

Co-lead, National Oceanic and Atmospheric Administration Drought Task Force (NOAA DTF),
2020-2023

Member Representative, University Corporation for Atmospheric Research (UCAR) for Dart-
mouth College, 2020-present

Senior Anti-Corruption Advisor, NATO International Security Assistance Force (ISAF), 2011

Advisor, U.S. House of Representatives, Subcommittee on Environment of the House Committee
on Science, Space, and Technology Majority, 2022

Proposal referee for National Science Foundation (Climate & Large Scale Dynamics; Geoinfor-
matics; Human-Environment and Geographical Sciences; Paleo Perspectives on Climate Change;
Human Networks and Data Science), National Oceanic and Atmospheric Administration, Depart-
ment of Energy, Human Frontier Science Program, Swiss National Science Foundation

Guest Editor for Proceedings of the National Academy of Sciences (2025)

Journal referee for Journal of Climate, Geophysical Research Letters, Journal of Hydrology,
Nature, Science, Water Resources Research, Earth’s Future, Biogeosciences, Climate Dynamics, Cli-
matic Change, Climate of the Past, Frontiers in Climate Science, Environmental Research Letters,
Earth Science Reviews, Nature Climate Change, Agricultural and Forest Meteorology, Proceedings
of the National Academy of Sciences, Nature Communications, Sustainability, Nature Water, Journal
of Geophysical Research-Atmospheres, npj Climate Science, PlosOne, Science Advances, Springer
Publishing, Cambridge University Press

Session Convener, American Geophysical Union (AGU) 2024, ‘Advances in understanding water-
energy-carbon interactions I and II’; American Geophysical Union (AGU) 2023, ‘Drought: Mech-
anisms and Impacts in the Past, Present, and Future’; American Geophysical Union (AGU) 2022,
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‘Drought: Mechanisms and Impacts in the Past, Present, and Future’; American Meteorological
Society (AMS) 2022, ‘Land-Atmosphere Interactions’; American Geophysical Union (AGU) 2021,
‘Drought: Mechanisms and Impacts in the Past, Present, and Future’; American Meteorological Soci-
ety (AMS) 2021, ‘Downscaling and Regional Climate Change’; American Geophysical Union (AGU)
2020, ‘Understanding the Terrestrial Hydrological Response to Atmospheric CO2: Constraints from
the Geologic Past and Insights into the Future’; American Meteorological Society (AMS) 2020, ‘The
use of large ensembles in understanding climate variability and change’, January 2020

Seminar organizer, Dartmouth’s ‘Critical Data’ seminar series, 2019-2020; Lamont-Doherty Earth
Observatory Division of Ocean & Climate Physics Seminar, 2016-2017

Conference organizer, Co-Chair of the 37th Conference on Climate Variability and Change at
AMS 2024; Columbia Sabin Center Climate and Law Workshop planning committee, January 2025;
AGCI Workshop Chair “The Future of Terrestrial Water Availability” October 2024; PAGES2k
PMIP3 Workshop planning committee, Lamont-Doherty Earth Observatory, June 1-3 2016

OSPA Judge, AGU 2016 Fall Meeting; AMS 2020 Annual Meeting; AMS 2021 Annual Meeting;
AGU 2021 Annual Meeting; AMS 2022 Annual Meeting

Dartmouth

Member, Joint Economics-Irving Institute Faculty Search Committee, 2025-present

Team Faculty Advisor, Dartmouth Women’s & Men’s Lacrosse teams, 2025-present

Chair, Dartmouth Climate Futures Initiative Research Colloquium, 2024

Member, Dartmouth Climate Collaborative Advisory Council, 2024-present

Member, Committee on Standards (COS), 2023-present

Member, Committee on the Faculty (COF), Dartmouth, 2020-2021

Member, Provost’s Strategic Working Group to the Irving Institute, 2024

Chair, Curriculum Committee, Department of Geography, 2024-present

Member, Curriculum Committee, Department of Geography, 2023-present

Member, Departmental Seminar Committee, Department of Geography, 2024-present

Co-chair, Departmental Seminar Committee, Department of Geography, 2019-2020

Member, Dartmouth Climate Solutions Working Group Organizing Committee, 2023-2024

Member, Search Committee, Department of Geography, 2022-2023

Chair, Curriculum Committee, Dartmouth EEES PhD program, 2020-2022

Member, Curriculum Committee, Dartmouth EEES PhD program, 2022-present

Member, Program Chair Selection Committee, Dartmouth EEES PhD program, 2021-2023

Advisory Board Member, Irving Institute Faculty Advisory Board, 2022-2024

Member, Ad Hoc Group on Energy for Dartmouth Sustainability Office, 2022-2023

Member, Design Initiative at Dartmouth (DIAD) Steering Committee, 2022-present

Faculty Advisor, Center for Environmental Leadership Training (CELT), 2022-present

Advisees Postdoctoral fellows

Coffel, Ethan, Postdoctoral Fellow, Neukom Institute, Dartmouth, lead advisor (2018-2020), now
Asst. Prof. at Syracuse University
Fofrich, Robert, Postdoctoral Fellow, Silicon Valley Family Foundation, lead advisor (2026-2028)
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Gottlieb, Alex, Postdoctoral Fellow, Rockefeller Family Fund, lead advisor (2024-2026)
He, Yaqian, Postdoctoral Fellow, Department of Geography, Dartmouth, lead advisor (2018-2020),
now Asst. Prof. at University of Arkansas
Lesk, Corey, Postdoctoral Fellow, Neukom Institute, Dartmouth, lead advisor (2022-2025),
now Asst. Prof. at UQAM
Li, Zhiying, Postdoctoral Fellow, Department of Geography, Dartmouth, lead advisor (2021-2024),
now Asst. Prof. at Indiana University
von Fromm, Sophie, Postdoctoral Fellow, Neukom Institute, Dartmouth, co-advisor (2023-2025),
now Asst. Prof. at Montana State University

Graduate students

Burks, Junior, PhD student, EEES program, Dartmouth, committee member (2025-present)
Burns, Madeleine, PhD student, EEES program, Dartmouth, NDSEG funded, lead advisor (2025-
present)
Callahan, Christoper, PhD student, EEES program, Dartmouth, NSF GRFP funded, lead advi-
sor (2018-2023), now Asst. Prof. at Indiana University
Gottlieb, Alex, PhD candidate, EEES program, Dartmouth, DOE funded, lead advisor (2019-
2024), now Postdoctoral Scholar, Dartmouth
Lane, Erin, PhD candidate, EEES program, Dartmouth, committee member (2021-2025)
Perlmutter, Flora, PhD candidate, EEES Program, Dartmouth, NSF GRFP funded, lead advisor
(2022-present)
Potemkin, Stella, PhD student, EEES program, Dartmouth, SVCF Foundation funded, lead ad-
visor (2025-present)
O’Shea, Maggie, PhD student , EEES program, Dartmouth, Changing Horizons Foundation
funded, lead advisor (2023-present)
Savage, Joseph, PhD student, EEES program, Dartmouth, committee member (2025-present)
Wang, Chunmeng, PhD student, EEES program, Dartmouth , committee member (2025-present)

Undergraduate students

Liu, Joanne, Women in Science Program Fellow (WISP), Dartmouth undergraduate (2019-2019)
Martinez, Emily, Junior Research Fellow, Neukom Scholar, Dartmouth undergraduate (2019-
2022)
Rust, Elise, Senior Honors Thesis QSS, Dartmouth undergraduate (2020-2021)
Zamora Castillo, Santiago, Dartmouth undergraduate (2020-2020)
Siegert, Noel, Dartmouth undergraduate (2020-2023)
Pronichenko, Katya, Dartmouth Sophomore Research Scholar (2021-present)
Adobamen, Anna, Women in Science Program Fellow (WISP), Dartmouth undergraduate (2021-
2021)
Kulasingham-Poon, Meghan, Women in Science Program Fellow (WISP), Dartmouth under-
graduate (2021-present)
Yildirim, Ulgen, Women in Science Program Fellow (WISP), Dartmouth undergraduate (2021-
2021)
Gerber, Annabel, Women in Science Program Fellow (WISP), Dartmouth undergraduate (2021-
present)
Moon, Zoe, Women in Science Program Fellow (WISP), Dartmouth undergraduate (2022-present)
Bryant, Grace, Senior Honors Thesis Student, Earth Sciences, Dartmouth undergraduate (2022-
2023)
Simon, Erica, Neukom Scholar, Dartmouth undergraduate (2022-present)
Lertbunnaphongs, Buntida “Beam”, ENVS scholar, Dartmouth undergraduate (2023-2024)
Pogue, Lily Senior Honors Thesis Student, Geography, Dartmouth undergraduate (2024)
Colgan, May URAD researcher, Geography, Dartmouth undergraduate (2024-present)
Ding, Gary EPS scholar, Dartmouth undergraduate (2025-present)
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Grants External agencies and foundations, pending (total: $5M)

6. Frontiers Planet Prize, sole-PI, limited submission, pending, End-to-end climate attribution
(2026).

5. Bassi Fellowship, University of Venice, Euro-Mediterranean Center on Climate Change (CMCC),
sole PI, invited submission, pending, The costs of climate to reinsurance (2026-2027).

4. Guggenheim Foundation, sole PI, pending, 9/2026-8/2027, Expanding the end-to-end climate
attribution ecosystem.

3. Keck Foundation, co-PI, with K. Reed (Stony Brook University), invited submission, pending,
01/2026-12/2028, Physically linking climate change to flood impacts. ($500k to Dartmouth)

2. Larsen Lam Climate Change Foundation, PI, invited submission, pending 9/2025-8/2027,
Assessing insured losses from individual emitters. ($2.6M to Dartmouth)

1. Ikea Foundation, lead PI, with B. Franta (Oxford University), C. Rodriguez-Garavito (NYU
Law), pending, 10/2025-08/2027, Democratizing Climate Data: The Climate Damage Attribution
Library. ($1.6M to Dartmouth)

External agencies and foundations, current, cancelled, & completed

Total to Dartmouth: $2.37M

10. Changing Horizons Fund, sole PI, unrestricted gift, 6/2025 ($50k to Dartmouth)

9. Silicon Valley Community Foundation, sole PI, unrestricted gift, 5/2025. ($800,000 to
Dartmouth)

8. Rockefeller Family Fund, sole PI, 9/2024-8/2026, Transparent, reproducible, and rational
estimates of climate damages to Vermont from particular emissions. ($ 450,000 to Dartmouth)

7. NOAA Climate Variability & Predictability, co-I, with Y. Jiang, J. Smerdon, and R. Seager
(Columbia University), recommended, but remains unfunded, 1/2025 - 1/2028, The impact of land
surface conditions on the evolution and predictability of ocean-driven hydroclimate extremes in the
western U.S. ($77k to Dartmouth)

6. NOAA NIDIS, co-PI with Z. Li (Indiana), Y. Jiang, J. Smerdon, R. Seager (Columbia), Contex-
tualizing Drought Severity in a Changing Climate to Support Drought Monitoring and Management,
selected, remains unfunded, 1/2026-08/2028. ($52k to Dartmouth)

5. NSF Climate & Large Scale Dynamics, co-PI, with Syracuse University,9/2023-8/2026,
Agriculture as a driver of regional climate extremes. ($128,075 to Dartmouth)

4. Aspen Global Change Institute, co-PI, with Cornell awarded, Future resilience and risk of
terrestrial water availability: towards an integrated perspective on water, plants, and climate.

3. Department of Energy, co-PI, with J. Smerdon and R. Seager of Columbia University, 9/2021
- 8/2025, The Role of Vegetation in Past and Future Global Hydroclimatic Change. ($332,560 to
Dartmouth)

2. NSF Human-Environment and Geographical Sciences, co-PI, 7/2021 - 6/2024,The Crop-
Climate Feedback Cycle and its Implications for Global Food Production.( $26,600 to Dartmouth)

1. NOAA Modeling, Analysis, Predictions and Projections, lead PI, with J. Smerdon, B.
Cook, and R. Seager of Columbia University, 9/2020 - 8/2024, Regional Influences of Vegetation on
Complex Droughts in North America. ( $421,334 to Dartmouth)

Internal, current & completed

Rockefeller Center, lead PI, Future Terrestrial Water Availability: Towards an Integrated Per-
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spective on Water, Plants, and Climate, Dartmouth, 2024.

Neukom Institute CompX, lead PI, Geophysical Data Poverty in Climate Damage Assessments,
Dartmouth, 2024-25.

Wright Center for the Study of Computation and Just Communities, lead PI, National
Attribution of Historical Climate Damages: Data in Service of Climate Litigation, Dartmouth, 2022.

Neukom Institute CompX, lead PI, Assessing adaptation feedbacks to present and future climate
extremes, Dartmouth, 2020-21.

Rockefeller Center, lead PI, Estimating the time of emergence and distribution of climate adap-
tation benefits for climate decision-making, Dartmouth, 2020-21

Walter and Constance Burke Research Initiation Award, lead-PI, The role of vegetation in
shaping present and future aridity and drought, 2018

Earth Institute lead PI, Columbia University, 2015-2017.

Earth Institute Cross-Cutting Initiative, co-I, Columbia University, 2016-2017.

E-IPER Graduate Summer Research Grant, 2012.

McGee Grant, Stanford University, School of Earth Sciences, 2011.

Academic

certifications

National Center for Atmospheric Research (NCAR), Boulder, CO, USA
Community Land Model Workshop September 2016

National Centre of Competence in Research, Climate (NCCR), Grindewald, Switzerland
NCCR Swiss Climate Research Summer School Summer 2013

National Center for Atmospheric Research (NCAR), Boulder, CO, USA
Community Earth System Model (CESM) Workshop Summer 2012

Teaching � Denotes an original course developed by Mankin for Dartmouth students

1. �GEOG 01.01: Introduction to Earth System Science
Lower-division course that introduces students to the study of the physical environment using
a systems approach. The lab-based course examines how energy, mass, and momentum are
exchanged through physical world, the sets of feedbacks a processes such exchange generates, and
how those determine the varied forms of life on Earth. Offered SP 21, F 22, F 23, F 24, F 25,
every year.

2. � GEOG 16.01: A Climate for Human Security
Mid-division course that examines how the biogeophysics of the climate system shape human
welfare and security; assumes a knowledge of the physics of global warming (e.g., GEOG 5) and
statistics. Topics include climate projections, climate variability, climate uncertainty, climate
sensitivity, and the carbon budget, the consumptive and paradoxical dimensions of the climate
problem, the differences between 1.5◦C and 2◦C worlds, climate and political violence, mitigation,
adaptation, and geoengineering. Offered SU 19, SP 21, SP 23, SP 24, W 26, offered most years.

3. � GEOG 18.01/EEES 140: Climate Extremes on a Warming Planet
Mid-division course on the physics, impacts, and future of extreme weather and climate with
a parallel graduate-level offering (EEES 140). The cloud-based python notebook problem sets
developed by Mankin for the class led GEOG 18.01 to be selected as the pilot class for Dartmouth’s
Data Science Infused for Undergraduate STEM Education Project (DIFUSE), which is an NSF-
funded project to develop data science applications in Dartmouth undergraduate classrooms.
Assumes no prior knowledge of atmospheric science or programming. Offered SP 19, SP 20, SU
20, SP 23, SP 24, W 25, F 25, offered most years.
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4. � GEOG 60.01/EEES 160: Earth System Modeling
Upper division course with a parallel graduate-level offering (EEES 160) introduces the concepts
(theory and practicalities) related to the science and art of numerical modeling generally, and
process-based modeling for climate science, specifically. Students build and work with a range of
models, from simple, zero-dimensional radiation balance models to compiling and running fully-
coupled global-scale Earth System Model experiments on a supercomputer (NCAR’s Cheyenne
cluster). Students learn the potentials and pitfalls of modeling more generally, while positioning
a rational evaluation of models and their place in society, especially around predictions of climate
change. Assumes knowledge of scientific computing, linear algebra, vector calculus, statistics, and
differential equations. Offered W 23, SP 25, and every other year.

5. � GEOG 63.01: Decarbonize Your Life
An action-biased, transformative course designed to empower students with a comprehensive
understanding of the imperative and practice of individual-level decarbonization. Grounded in an
interdisciplinary approach, the course integrates insights from philosophy, critical social science,
climate science, engineering, economics, medicine, and public policy. By the end of the term,
students will be equipped with the knowledge and tools to critically analyze their carbon footprints
and develop actionable, informed strategies to reduce their personal environmental impact where
they live, now. Offered F 26.

6. � EEES 162/EARS 204/GEOG 90.03: Advanced Topics in Climate Science
During this course, students use primary literature and reviews to explore and interrogate semi-
nal, retired, and new findings in climate science. Topics include climate forcings and feedbacks,
land-atmosphere interactions, tipping elements, emergent constraints, climate projections, detec-
tion and attribution, climate impacts, integrated assessment, climate extremes, adaptation, and
mitigation. Students will situate findings within their broader scientific experience and pursuits,
tracing the evolution of ideas over time and pinpointing open questions for future research. Of-
fered F 26.

Testimony and

Briefings

7. Legislative testimony to Massachusetts Joint Committee on Energy & the Environment for
H.1014/S.588, September 2, 2025.

6. Legislative testimony to Maine Committee on Committee on Environment and Natural Resources
Testimony for LD 1870, May 5, 2025.

5. Briefing to Vermont Secretary for Natural Resources on S.259, April 9, 2024.

4. Briefing to the California Attorney General’s Office, June 26, 2024.

3. Senate Testimony to Vermont Senate Natural Resources & Energy Committee on S.259, Mont-
pelier, VT March 21, 2024.

2. Senate Testimony to Vermont Senate Judiciary Committee on S.259, Montpelier, VT February
22, 2024.

1. Congressional Briefing to Subcommittee on Environment, Committee on Science, Space, and
Technology on Hydrologic Outlooks for the Western U.S., U.S. House of Representatives, Washing-
ton, D.C. July 14, 2022.

Invited

Workshops

17. Continental Weather and Climate Workshop III, Harvard University, Cambridge, MA, USA
May 22-23, 2025.

16. Examining State Climate Superfund Bills, Environmental Law Institute, Washington, D.C.,
USA March 19, 2025.

15. Law and Climate Science Workshop, Climate Litigation Accelerator New York University, New
York, NY, USA April 4, 2025.
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14. Attribution Science and Climate Law Conference, Columbia University, New York, NY, USA
January 9-10, 2025.

13. World Climate Research Programme Safe Landings Group, Geneva, Switzerland could not at-
tend, November 18-20, 2024.

12. JPL Climate Risk Science Workshop, JPL Pasadena, CA, USA October 28-30, 2024.

11. Aspen Global Change Institute, Future of Terrestrial Water, Aspen, CO USA October 20-25,
2024.

10. Continental Weather and Climate Workshop II, Harvard University, Cambridge, MA, USA June
14-16, 2024.

9. National Academies Workshop on Climate Change and Human Migration: An Earth Systems
Science Perspective, National Academies of Sciences, Engineering, and Medicine, Washington, D.C.,
USA March 18-19, 2024.

8. Continental Weather and Climate Workshop I, Harvard University, Cambridge, MA, USA June
14-16, 2023.

7. Assessing Drought in a Changing Climate, National Integrated Drought Information System
(NIDIS) and the USDA Climate Hubs, Boulder, CO, USA,February 28, 2023.

6. Environmental Law Institute, Climate Leaders Judiciary Project, Washington, D.C., USA,February
27, 2023.

5. Rapid Attribution Workshop, National Oceanic and Atmospheric Administration, Boulder, CO,
USA, May 24-25, 2022.

4. Continental Climate Change: Simple Models to Understand the Future, University of St. An-
drews, Scotland, UK,June 15, 2022.

3. United States Climate Modeling Summit (US-CMS) on Land-Atmosphere Interactions and Ex-
tremes, NOAA Center for Weather and Climate Prediction, College Park, MD, USA, April 4, 2018.

2. NSF-EASM Workshop on Surviving peak drought and warming in the Southwest, University of
Arizona, Tucson, AZ, USA, March 29-30, 2018.

1. PAGES2K / PMIP3 Hydroclimate Workshop, Lamont-Doherty Earth Observatory, Palisades,
NY, USA, June 1-3, 2016.

Presentations Invited talks (selected)

64. upcoming, American Geophysical Union (two invited talks), New Orleans, LA., USA December
8-10, 2025.

63. upcoming, Program in Atmospheres, Oceans, & Climate (PAOC) Colloquium, Department of
Earth, Atmospheric, and Planetary Sciences, MIT, Cambridge, MA, USA December 1, 2025.

62. upcoming, GundxChange, Gund Institute for the Environment, University of Vermont, Burling-
ton, VT, USA November 7, 2025.

61. MIT-WHOI, Steinbach Scholar Colloquium (two talks), Woods Hole Oceanographic Institution,
Woods Hole, MA, USA August 2/3, 2025.

60. Harvard University Center for the Environment, Harvard University, Cambridge, MA, USA May
23, 2025.

59. US Climate Alliance, Washington, D.C., USA May 21, 2025.

58. Rockefeller Family Fund, New York, NY, USA May 20, 2025.

57. Department of Geography Colloquium, UCLA, Los Angeles, CA, USA May 12, 2025.
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56. Larsen Lam Climate Change Foundation, May 8, 2025.

55. New York University School of Law, New York, NY, USA April 4, 2025.

54. Thayer School of Engineering Ice+Climate Seminar, Hanover, NH, USA March 28, 2025.

53. Environmental Law Institute, Washington, D.C., USA March 19, 2025.

52. Department of Earth Sciences, University of Oxford, Oxford, England, UK March 14, 2025.

51. Ocean & Climate Physics Seminar, Lamont-Doherty Earth Observatory of Columbia University,
Palisades, NY, USA January 24, 2025.

50. Columbia Law School, Climate Accountability Workshop, New York, NY, USA January 10,
2025.

49. American Geophysical Union, Washington, D.C., USA December 13, 2024.

48. Jet Propulsion Laboratory, Caltech, Pasadena, CA, USA October 28, 2024.

47. Aspen Global Change Institute, Aspen, CO, USA October 22, 2024.

46. Franklin Environmental Center at Hilcrest Climate Action Program, Middlebury College, Mid-
dlebury, VT, USA September 10, 2024.

45. Rockefeller Family Fund, New York, NY, USA June 13, 2024.

44. Harvard University Center for the Environment, Harvard University, Cambridge, MA, USA
June 14, 2024.

43. Columbia Climate School, Columbia University, New York, NY, USA June 5, 2024.

42. New York University School of Law, Climate Litigation Accelerator, New York, NY, USA March
20, 2023.

41. National Academies of Sciences, Engineering, and Medicine, Washington, D.C., USA March 18,
2024.

40. Grantham Institute, London School of Economics, London, England, UK November 20, 2023.

39. Smith School of Enterprise and the Environment, University of Oxford, Oxford, UK October 12,
2023.

38. Department of Earth and Planetary Sciences, Harvard University, Cambridge, MA, USA 15
June 2023.

37. Earth Research Institute, University of California, Santa Barbara, Santa Barbara, CA, USA 19
May 2023.

36. K. Douglas Nelson Seminar, Department of Earth and Environmental Sciences, Syracuse Uni-
versity, Syracuse, NY, USA April 6, 2023.

35. Advances in Climatology, American Association of Geographers Annual Meeting, Denver, CO,
USA March 23, 2023.

35. Environmental Law Institute, Washington, D.C., USA February 28, 2023.

34. Irving Energy Institute, Faculty Seminars on Energy and Climate, Dartmouth College, Hanover,
NH, USA February 17, 2023.

33. Department of Earth and Atmospheric Sciences, Cornell University, Ithaca, NY, USA October
19, 2022.

32. Department of Atmospheric Sciences, Texas A&M, College Station, TX, USA September 21,
2022.

31. NOAA-CIRES Rapid Attribution Workshop, Boulder, CO, USA May 24, 2022.
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30. School of Earth and Environmental Sciences, University of St. Andrews, Fife, Scotland, UK
June 15, 2022.

29. School of Ocean and Earth Science and Technology (SOEST), University of Hawaii, Manoa
November 19, 2021.

28. Science Pub of Vermont, Brandon, VT, USA November 7, 2021.

27. Department of Earth System Science, University of California, Irvine, Irvine, CA, USA April
12, 2021.

26. NOAA Drought Task Force Monthly Meeting, Teleconference, USA January 8, 2021.

25. Department of Earth, Environmental and Planetary Sciences, Rice University, Houston, TX,
USA February 20, 2020.

24. Department of Environmental Science, University of Virginia, Charlottesville, VA, USA 13
February 2020.

23. Department of Environmental, Earth and Atmospheric Sciences, University of Massachusetts-
Lowell, Lowell, MA, USA October 17, 2019.

22. American Geophysical Union, Washington, D.C., USA, December 12, 2018.

21. American Geophysical Union, New Orleans, LA, USA, December 13, 2017.

20. Center for Lifetime Study, Marist College, Poughkeepsie, NY, USA, October 3, 2017.

19. Pacala lab, Princeton University, Princeton, NJ, USA, May 3, 2017.

18. Department of Earth & Planetary Sciences, Brown University, Providence, RI, USA, May 1,
2017.

17. Sustainable Development Program (guest lecture), Columbia University, New York, NY, USA,
May 24, 2017.

16. School of the Environment, Washington State University, Vancouver, WA, USA,February 9,
2017.

15. Department of Earth Sciences, University of Minnesota, Minneapolis, MN, USA, February 6,
2017.

14. Department of Environmental Science, American University, Washington, DC, USA, January
31, 2017.

13. Department of Geography, Dartmouth College, Hanover, NH, USA, January 16, 2017.

12. Society, Water, and Climate, The University of Utah, Salt Lake City, Utah, USA, November 29,
2016.

11. Urban Ecology Studio, Graduate School of Architecture, Planning, and Preservation, Columbia
University, New York, NY, USA, June 30, 2016.

10. Department of Earth & Planetary Sciences Seminar, Northwestern University, Evanston, IL,
USA, February 19, 2016.

9. Earth Matters Series,“A Matter of Degrees”, School of Continuing Education, Stanford Univer-
sity, Stanford, CA, USA, February 24, 2015.

8. Ocean & Climate Physics Seminar, Lamont-Doherty Earth Observatory, Palisades, NY, February
20, 2015.

7. Center for International Security and Cooperation (CISAC), Freeman Spogli Institute (FSI),
Stanford, CA, USA, January 15, 2015.

6. Stanford Center on International Conflict and Negotiation (SCICN), Stanford, CA, May 28, 2013.

5. Knowledge transfer program (KTP), University of Reading, Reading, UK, May 8, 2012.
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4. Policy & Economic Research Roundtable (PERR), Stanford University, Stanford, CA, USA, 27
January 2012.

3. National Conference on Science, Policy and the Environment (NCSE): Environment and Security,
Washington, DC, USA, January 18, 2012.

2. Center for International Security and Cooperation (CISAC), Hewlett Foundation, CA, USA,
January 17, 2012.

1. NATO ISAF HQ CJIATF-Shafafiyat, Kabul, Afghanistan, January 30, 2011.

Contributed talks (select 1
st

author only)

9. Mankin, J.S., Nonlinear plant responses to carbon dioxide and climate diminish water avail-
ability, American Geophysical Union Annual Meeting, Chicago, IL, USA, 12 December 2022.

8. Mankin, J.S., The causes, consequences, and future of the ongoing Western U.S. drought,
American Association of Geographers, New York, NY, USA 27 February 2022.

7. Mankin, J.S., H. Singh, J. E. Smerdon, B. I. Cook, R. Seager, Impact of vegetation on historical
North American droughts and the implications for a future greenhouse world, American Geophysical
Union Annual Meeting, Washington, D.C., USA, 7 December 2020.

6. Mankin, J.S., R. Seager, J. E. Smerdon, B. I. Cook, A. P. Williams, Will plants ameliorate or
amplify drought risks under global warming? American Geophysical Union Annual Meeting, Wash-
ington, D.C., USA, 10 December 2018.

5. Mankin, J. S., Blue water tradeoffs with ecosystems in a CO2-enriched climate, American
Association of Geographers, New Orleans, LA, USA 11 April 2018.

4. Mankin, J. S., J. E. Smerdon, B. I. Cook, A. P. Williams, R. Seager, Transpiration-driven
aridification of the American West in 21st century model projections, American Geophysical Union
Annual Meeting, San Francisco, CA, USA, 12 December 2016.

3. Mankin, J. S., Climate certainty, uncertainty and human water availability in a warming world,
Stanford University, Stanford, CA, USA, 12 June 2015.

2. Mankin, J. S., D. Viviroli, M. M. Mekonnen, A. Y. Hoekstra, and N. S. Diffenbaugh, Quan-
tifying the crucial role of snow in supplying human water demand. American Geophysical Union
Annual Meeting, San Francisco, CA, USA, 15 December 2014.

1. Mankin, J. S., M. Scherer, and N. S. Diffenbaugh, Diagnosing the inter-model spread in snow
water equivalent over Central and Southwest Asia. Stanford School of Earth Sciences Review, CA,
USA, 12 April 2013.

Skills &

miscellany

Technical: Unix/Linux shell, Python/Jupyter, NCL, R, Matlab, ArcGIS, ENVI, git, HTML, CSS
LATEX
Clearance: Top Secret (TS/SCI) clearance, granted 2004; NATO Secret as of 2011

Scientific

communication &

outreach

Media interviews and coverage of research (truncated): The New York Times, The Wash-
ington Post, The Los Angeles Times, The Guardian, AP, Reuters, AFP, CNN, CBS, NPR, PBS,
Bloomberg, BBC, Scientific American, Nature, Accuweather, CNBC, National Geographic, The At-
lantic, The Weather Channel, FSRN, Axios, The Christian Science Monitor, Phys.org, CarbonBrief,
Environmental Research News, Salon, USA Today.
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Documentary films: Climate in Therapy (2023) https://www.imdb.com/title/tt18163368

Podcasts: Living on Earth, September 2025, America Adapts, March 2024; On Point, February
2024, British Institute of International and Comparative Law, June 2025; Harvard Kennedy School
Journalist’s Resource ”Unlocked,” June 2025

Last updated: October 23, 2025 •

http://jsmankin.github.io
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Methods
A set of speckle-tracking algorithms5 was used to determine the 1992, 1994, 1995 and 2000

velocities from 1–24-day image pairs. Speckle tracking uses the displacements of the

correlated speckle patterns in pairs of SAR images to derive ice motion estimates.

Individual errors were up to a few hundred metres per year (see Fig. 2), but errors on

averages (for example, Fig. 3) are below 100myr21. We did not tide-correct the speckle-

tracked data, so there are biases on the floating ice that do not spatially average out. To

assess this error, we estimated velocity for five 1992 InSAR pairs, each with different tidal

errors. The standard deviation for these estimates was 69myr21. Our 1992 and 1994

estimates are temporal averages of multiple (2 to 5) same-year pairs, which further reduces

this error. The 2001 through 2003 estimates were derived using the IMCORR25 feature-

tracking software applied to 16-to-64-day Landsat image pairs. Established methods26

were applied to passive microwave data to determine the 2002 melt extent.

Received 7 July; accepted 8 October 2004; doi:10.1038/nature03130.
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Human contribution to the European
heatwave of 2003
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The summer of 2003 was probably the hottest in Europe since at
latest AD 15001–4, and unusually large numbers of heat-related
deaths were reported in France, Germany and Italy5. It is an ill-
posed questionwhether the 2003 heatwave was caused, in a simple
deterministic sense, by amodification of the external influences on
climate—for example, increasing concentrations of greenhouse
gases in the atmosphere—because almost any such weather event
mighthave occurredbychance inanunmodified climate.However,
it is possible to estimate by how much human activities may have
increased the risk of the occurrence of such a heatwave6–8. Here we
use this conceptual framework to estimate the contribution of
human-induced increases in atmospheric concentrations of green-
house gases and other pollutants to the risk of the occurrence of
unusually high mean summer temperatures throughout a large
region of continental Europe. Using a threshold for mean summer
temperature that was exceeded in 2003, but in no other year since
the start of the instrumental record in 1851, we estimate it is very
likely (confidence level >90%)9 that human influence has at least
doubled the risk of a heatwave exceeding this thresholdmagnitude.

Temperatures near the Earth’s surface are rising globally10, and
evidence is mounting that most of the warming observed in recent
decades has been caused by increasing atmospheric concentrations
of greenhouse gases9,11,12. Anthropogenic increases in annual-mean
temperatures have also been detected on continental scales, in
Europe, North America and other land regions13–15. We first inves-
tigate the origins of long-term changes in decadal-mean European
summer (June–August) temperatures, determining the changes
attributable to anthropogenic drivers of the climate system and
changes attributable to natural drivers. We then estimate how the
risk of mean June–August temperatures exceeding a particular
extreme threshold in any individual summer has changed as a result
of this anthropogenic interference in the climate system.

Over the course of the twentieth century, June–August tempera-
tures in Europe exhibited an overall increase, and a distinctive
temporal pattern of temperature change, including cooling in the
1950s and 1960s (Fig. 1). We focus on the region bounded by 108W
and 408 E and 30–508N (Fig. 1 inset), this being one of the regions
chosen in previous studies13,16 to represent climatically coherent
regions sufficiently large to exhibit climate change signals above the
noise of natural internal variability. We use a pre-selected region in
order to minimize any bias that could result from selecting our
region already knowing where the most extreme temperatures
occurred. Even in such a large domain, 2003 was the warmest
summer on record. The history of temperature change averaged
over this region is well reproduced by simulations of the HadCM3
climate model17, even at the model’s relatively low spatial resolution
(3.758 longitude by 2.58 latitude), when driven with both anthropo-
genic and natural drivers of climate change (Fig. 1; see red, green,
blue and turquoise lines). Four simulations (denoted ALL) were
made with different initial conditions18, each with the same com-
bination of well mixed greenhouse gases, sulphate aerosols and
changes in tropospheric and stratospheric ozone, as well as natural
changes in solar output and explosive volcanic eruptions12. A
calculation of the temperature changes due to natural drivers
alone (obtained by combining a simulation with solar forcing and
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a simulation with volcanic forcing, and denoted NAT) shows no
warming in the latter part of the century (Fig. 1, yellow line).

A necessary requirement for any detection of significant warming
is that HadCM3 adequately represents the natural internal varia-
bility of European summer temperatures. A quantitative test, in
which an estimate of the forced response calculated from the ALL
ensemble mean is subtracted from the observations and the residual
compared with HadCM3 simulated internal variability, shows no

significant discrepancy in variance on either interdecadal or 2- to
10-year timescales (Fig. 2). If anything, the model appears to be
overestimating observed variability in this season and region,
making our estimates of attributable risk relatively conservative.
We also find no evidence of a secular change in variance on sub-
decadal timescales in either model or observations: over the twenty-
first century, the standard deviation of the forced simulations under
the SRES A2 scenario (Fig. 1), when a second-order polynomial
trend has been removed, increases by an insignificant 0.01 K from
the first 40 years (1990–2030) to the last 40 years (2060–2100). This
contrasts with the conclusions of ref. 2, although their results
applied to a much smaller region.
We now apply a standard optimal detection analysis to European

summer temperatures, similar to those applied to global scale
patterns of temperature change11,12,19. The analysis is a regression
between decadal-mean seasonal-mean observations over 1920–99
and simulated temperature changes over the same period from
both anthropogenic and natural forcings (ALL) and from natural
forcings alone (NAT), and is in most respects identical to that of
ref. 13 (see Methods). Figure 3a shows the estimated likelihood
functions for the factors by which we could scale up or down the
amplitudes of the model-simulated responses to anthropogenic
forcing (red curve) and natural forcing (green curve) while remain-
ing consistent with the observations. As the fifth percentile of the
scaling factor on the anthropogenic response (red curve in Fig. 3a) is
greater than zero, an anthropogenic influence on decadal-mean
European summer temperature is detected at the 5% significance
level (that is, the hypothesis that there is no positive anthropogenic
influence can be rejected at the 5% level). We conclude from this
investigation of decadal-mean summer temperatures that it is very
likely that past anthropogenic forcing is responsible for a significant
fraction of the observed European summer warming.
We now calculate the changed risk of extremely hot summers that

can be attributed to past anthropogenic emissions, allowing for

 

Figure 1 June–August temperature anomalies (relative to 1961–90 mean, in K) over the

region shown in inset. Shown are observed temperatures (black line, with low-pass-

filtered temperatures as heavy black line), modelled temperatures from four HadCM3

simulations including both anthropogenic and natural forcings to 2000 (red, green, blue

and turquoise lines), and estimated HadCM3 response to purely natural natural forcings

(yellow line). The observed 2003 temperature is shown as a star. Also shown (red, green

and blue lines) are three simulations (initialized in 1989) including changes in greenhouse

gas and sulphur emissions according to the SRES A2 scenario to 210022. The inset shows

observed summer 2003 temperature anomalies, in K.

Figure 2 Power spectra of European mean summer temperature. Solid line, observed

spectrum after removing an independent estimate of the externally forced response

provided by the ensemble mean of the ALL simulations. Shaded region, 5 to 95 percentile

region of the estimated range of spectra of natural internal variability estimated from

segments taken from the HadCM3 control run of the same length as the observations.

Model spectral densities have been inflated by a factor of 1.25 to allow for sampling

uncertainty in the ALL ensemble mean.
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uncertainty in the anthropogenic warming. Averaged over the
region of interest (Fig. 1 inset), summer temperatures in 2003
exceeded the 1961–90 mean by 2.3 K (Fig. 1, black star). To quantify
changes in risk, we need an objective definition of the event in
question. Using 2.3 K itself is problematic for three reasons: first,
relying too closely on the details of what actually occurred when
defining what we are looking for introduces a selection bias in our
attribution procedure; second, temperature anomalies in 2003 may
have been amplified by soil-moisture feedbacks2 or interactions
with the North Atlantic20, both of which may be under-estimated,
although we do observe similar magnitude spikes in model summer
temperatures in Fig. 1; third, given the length of model-simulated
variability we have available, inferring the statistics of temperature
excursions over 2 K requires extrapolation of extreme value distri-
butions, which introduces further uncertainties. 2003 was the first
year to reach or exceed a threshold of 1.6 K (2001 being the second-
warmest European summer, at 1.5 K). We therefore consider
how the probability of exceeding this threshold has changed, by
comparing this estimated late-twentieth-century probability with
the estimated probability of exceeding the same absolute threshold
if there had been no anthropogenic influence on climate. Increasing
this threshold to any value up to 2.3 K strengthens our conclusions
regarding attributable risk; hence using a threshold that only just
exceeds the second warmest summer is relatively conservative.
Assuming that sub-decadal continental-scale variability is station-

ary and adequately represented by HadCM3, we estimate possible
distributions of temperatures in individual summers in the presence
and absence of anthropogenic influence. We do this by adding
HadCM3 control variability to reconstructions of 1990s decadal-
mean temperatures both with all external factors included, and with
anthropogenic factors removed, allowing for uncertainty in these

decadal-mean temperatures from the detection analysis (Fig. 3b).
Figure 4a shows the estimated likelihood of the risk (probability) of
exceeding a 1.6K threshold in the presence of anthropogenic climate
change (red line) and in the absence of anthropogenic change (green
line), expressed both as a frequency (number of occurrences per
thousand years, bottom axis) and as a return period (top axis). The
clear shift from the green to the red distribution implies that an
appreciable fraction of the risk of such hot summers can be attributed
tohuman influence on climate. Even in the presence of anthropogenic
warming, we conclude that the estimated probability of exceeding
1.6K appears to be low (best estimate is a 1 in 250 year event (Fig. 4a,
red curve) but this risk may be increasing rapidly).

The fraction attributable risk (FAR) is estimated in Fig. 4b (see
Methods). In certain circumstances, the figure of relevance in estab-
lishing possible liability for compensation has been FAR ¼ 0.5,
corresponding to a doubling of risk over natural conditions21 (mean-
ing that one event in twowould have happened naturally). According
to our calculation, there is a greater than 90%chance that over half the
risk of European summer temperatures exceeding a threshold of 1.6K
is attributable to human influence on climate. Although there is a
large spread, reflecting the remaining uncertainties in the effects of
climate change on this spatial scale, the anthropogenic FAR could be
substantially greater than 0.5. Also marked on Fig. 4b is a vertical line
representing an overall ‘best estimate’ of the human contribution to
the increased risk of these very hot European summers7, given the
information that we have available at present. On this basis, human
influence is to blame for 75% of the increased risk of such a heatwave.

Our analysis shows that European summers are warming owing
to anthropogenic climate change. Under un-mitigated emissions
scenarios, summers like 2003 are likely to be experienced more

 

 

Figure 3 Estimated likelihood functions for anthropogenic and natural contributions to

European summer temperature changes. The curves show estimated distributions of

anthropogenic (red) and natural (green) scaling factors on model-simulated responses (a).

1990s summer temperatures (relative to pre-industrial climate) including all external

drivers of climate change (red) and with anthropogenic drivers removed (green) (b). A

scaling factor of zero (horizontal solid line in a) implies no contribution to observed 1990s

temperatures from this driver, while unity (horizontal dashed line in a) implies no

systematic under- or over-estimate by the model of the observed response to this driver.

The width of these distributions reflects the uncertainties for these probabilities.

 

Figure 4 Change in risk of mean European summer temperatures exceeding the 1.6 K

threshold. a, Histograms of instantaneous return periods under late-twentieth-century

conditions in the absence of anthropogenic climate change (green line) and with

anthropogenic climate change (red line). b, Fraction attributable risk (FAR). Also shown, as

the vertical line, is the ‘best estimate’ FAR, the mean risk attributable to anthropogenic

factors averaged over the distribution.
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frequently in future; HadCM3 projections (Fig. 1) indicate that the
probability of European mean summer temperatures exceeding
those of 2003 increases rapidly under the SRES A2 scenario22,
with more than half of years warmer than 2003 by the 2040s. By
the end of this century, Fig. 1 shows that 2003 would be classed as an
anomalously cold summer relative to the new climate, for the
scenario and model under consideration.

We may have underestimated the FAR of a heatwave in 2003
by using 1990s figures for attributable background warming. Con-
versely, the FAR may have been overestimated by selecting an area
that has recently been subject to extreme temperatures, although
this effect should be alleviated by our use of an independently
specified region. Modelling and forcing uncertainties, and any
errors in the variability characteristics of the model, could mean
that our assessment of the likelihood of the FAR exceeding 0.5 is in
error. Including a different combination of the available natural
HadCM3 simulations changes the results quoted by less than
5%, but a systematic exploration of both modelling and forcing
uncertainty would require a very large multi-model ensemble,
varying model parameters across their range of possible values
and exploring the range of potential forcing estimates23,24.

Anthropogenic warming trends in Europe imply an increased
probability of very hot summers. Given the effects of the 2003
heatwave, this suggests a greater risk of associated adverse impacts,
although to make a quantitative attribution assessment of any
specific social, economic or ecological impact will require detailed
modelling of both local meteorological conditions and their
relationships with the impact in question. Nevertheless, it seems
likely that past human influence has more than doubled the risk of
European mean summer temperatures as hot as 2003, and with the
likelihood of such events projected to increase 100-fold over the
next four decades, it is difficult to avoid the conclusion that
potentially dangerous anthropogenic interference in the climate
system is already underway. The FAR provides a potential measure
for redistributing the associated costs of such extreme events21. A

Methods
Attribution of decadal-mean seasonal-mean changes
In a natural extension of previous work12,13,25, observed decadal-mean summer near-
surface temperature changes, y, over land for 1920–99 are constructed from monthly-
mean values extracted from the CRUTEM2(v) data set10 for the region 108W-408E,
30–508N, requiring data for at least two out of three months (June–August) in at least half
the years. They are regressed against the mean response over the observational data-mask
of a four-member ensemble of HadCM3 simulations driven with both anthropogenic and
natural forcings (x1, ALL, red, green, blue and turquoise lines in Fig. 1) and a second set of
simulations of the response to solar and volcanic forcing alone (x2, NAT, yellow line in
Fig. 1) plus noise:

y ¼ ðx1 2 n1Þb1 þ ðx2 2 n2Þb2 þ n0 ð1Þ
where b1, b2 are the unknown scaling factors to be estimated in the regression, n0 is the
noise in the observations, and n1 and n2 account for sampling uncertainty introduced by
estimating model-simulated responses from a finite ensemble26. A scaling factor of 1
would imply that the response in the model simulations is identical to the observed
changes, while a factor of 0 implies no correspondence between modelled and observed
responses. Likelihood functions for scaling factors obtained from the regression account
only for sampling variability that arises from natural internal climate variability as
represented by HadCM3. They do not account for systematic errors in the shapes of the
modelled patterns or uncertainties due to missing forcings (for example, land use changes
or fossil-fuel black carbon emissions). If we assume a uniform prior in these scaling
factors, these likelihoods can be thought of as probability distributions.

The combined effects of solar and volcanic forcings are estimated from a simulation
with volcanic forcing amplified by a factor of 10 and solar forcing amplified by a factor of 5,
multiplied by 0.1 and 0.2, respectively, and added. This approach was taken in order to
obtain the clearest possible climate signal from a weak forcing and a limited number of
climate simulations. Previous work showed that the large-scale temperature responds
linearly to increasing these forcings27. Including an additional four simulations with
unamplified natural forcings in the analysis makes little difference to the results.

We use the HadCM3 control run and intra-ensemble variability to estimate internal
variability, n0, n1 and n2, taking into account the enhanced signal-to-noise from averaging
over the ALL ensemble and inflating the solar and volcanic forcing13. This gives scaling
factors for the combined effects of all forcings and for natural forcings, from which the
anthropogenic and natural scaling factors can be calculated by linear transformation27

(Fig. 3a). Where the 5 to 95 percentile uncertainty range does not include zero scaling
factor, this indicates that the relevant signal has been detected at the 5% significance level,

that is, there is less than 5% chance that the relevant forcing has had no effect. From the
scaling factors and their uncertainties, we derive likelihood functions of 1990s
temperature anomalies attributable to the combined effects of all forcings and attributable
to natural factors alone (Fig. 3b).

Attribution of change in risk of exceeding a threshold
The distribution of attributed anthropogenic decadal-mean warming in the 1990s is used
to calculate the FAR for an individual European summer exceeding the 1.6 K threshold as
follows. We estimate the probability of exceeding the 1.6 K threshold from the generalized
Pareto distribution (GPD) fitted to the HadCM3 control run temperatures28. The spectral
analysis shown in Fig. 2 indicates that HadCM3 provides an adequate representation of
internal variability. We calculate the probability, P0, of the 1.6 K threshold being exceeded
without anthropogenic climate change (shown by the green curve in Fig. 4a, expressed as
return period, top axis, and instantaneous risk: rate of occurrence per 103 yr, bottom axis)
and the probability, P1, of exceeding the thresholdwith anthropogenic climate change (red
curve in Fig. 4a). In estimating the green curve, the chance of exceeding the 1.6 K threshold
is re-estimated using the GPD with the mean summer temperature adjusted to each
percentile of the estimated distribution of decadal-mean temperature anomalies
attributable to natural forcing and internal variability. For the red curve, the response to
anthropogenic forcing is also included. A bootstrap resampling method is used to allow
for uncertainty in GPD parameters. From these distributions, we calculate the distribution
of attributable increase in risk (P1/P0) and the FAR ((P1 2 P0)/P1)

8, as shown in Fig. 4b,
whose spread reflects uncertainty in the magnitude of the forced decadal-mean response
and in the estimation of the extreme value distribution parameters due to limited sample
size.
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Multidisciplinary investigations at the Los Ajos archaeological
mound complex in the wetlands of southeastern Uruguay chal-
lenge the traditional view that the La Plata basinwas inhabited by
simple groups of hunters and gatherers for much of the pre-
Hispanic era1–4. Here we report new archaeological, palaeo-
ecological and botanical data indicating that during an increas-
ingly drier mid-Holocene, at around 4,190 radiocarbon (14C)
years before present (BP), Los Ajos became a permanent circular
plaza village, and its inhabitants adopted the earliest cultivars
known in southern South America. The architectural plan of
Los Ajos during the following Ceramic Mound Period (around
3,000–500 14C yr BP) is similar to, but earlier than, settlement
patterns demonstrated in Amazonia5–10, revealing a new and
independent architectural tradition for South America.
Research on the emergence of complex societies in South

America has mainly concentrated on Andean coastal and highland
valleys11–14, and more recently in the lowland forest and riverine
regions of Amazonia5–10. The La Plata basin (Fig. 1a) is a large and
little explored river system that is beginning to reveal an early and
long sequence of unique and complex cultural trajectories. The
natural environment of the study area is dominated by subtropical
grasslands interspersed with vast extensions of wetlands. In strategic
locations circumscribed to wetland floodplains, archaeological
mound complexes are large and numerous. They have mounded
architecture geometrically arranged in circular, elliptical and horse-
shoe formats that surround a central communal space (Fig. 1b).
The first excavations at the multi-mound site called Los Ajos, by

Bracco15, in the early 1990s consisted of a block excavation in
Mound Alfa, a test unit in Mound Beta and a few opportunistic
test units in off-mound areas. This work established the mid-
Holocene age of the earthen mounds in the area. The Preceramic
Mound Period (PMP) component at Los Ajos yielded five dates
between 3,950 and 3,350 14C yr BP (4,580 and 3,380 calibrated (cal.)
yr BP)16. Closely comparable dates from the deeper PMP com-
ponents of the Puntas de San Luis, Isla Larga and Potrerillo sites

collectively ascertained the antiquity of the PMP17–19 (Table 1).
Our new excavation programme consisted of the placement of a

block excavation in Mound Gamma, a test unit in Mound Delta,
two trench transects articulating mound and off-mound areas and a
50-m systematic interval transect sampling strategy of test units to
target off-mound areas (Fig. 2) totalling an excavated area of 305m2

(ref. 20). Our work revealed that Los Ajos is one of the largest and
most formally laid out sites in the study area and covers about 12 ha
(Fig. 2a). Its Inner Precinct includes six flat-topped, quadrangular
platform mounds (called 6, Alfa, Delta, Gamma, 4 and 7) closely
arranged in a horseshoe formation and with a height above ground
level of 1.75 to 2.5m (Fig. 2a, b). Two dome-shaped mounds (called
Beta and 8) frame the central, oval plaza with a size of 75 £ 50m
(Supplementary Fig. 1a). The formal and compact Inner Precinct
contrasts with more dispersed and informally arranged peripheral
sectors, which include two crescent-shaped rises (named TBN
(Supplementary Fig. 1b) and TBS), five circular and three elongated
lower dome-shapedmounds, borrow pits and a vast off-mound area
bearing subsurface occupational refuse.

A series of major social and economic changes took place at Los
Ajos during the PMP. The broad contemporaneity of radiocarbon
dates (Table 1), artefact content and similarities in Preceramic
Mound Component (PMC) stratigraphy among mounds Alfa,
Delta and Gamma suggest that the Los Ajos inhabitants began to
live in a circular household-based community, partitioning the site
into a number of discrete functional areas characterized by the
placement of residential units around a central plaza area. Charcoal
from the basal level of Mound Gamma, 270–275 cm deep (arbitrary
depth), dates the beginning of the PMC at 4,190 ^ 40 14C yr BP
(4,840–4,580 cal. yr BP). Another radiocarbon assay at 205–210 cm
deep yielded a date of around 3,460 14C yr BP (3,980–3,470 cal.
yr BP). The upper portion of the PMC inMoundDelta yielded a date
of around 2,960 ^ 120 14C yr BP. Taken together, the eight dates
from Los Ajos place the PMC occupation between 4,190 ^ 40 and
2,960 ^ 40 14C yr BP. The two oldest dates from the basal levels of
the PMC at Mound Gamma and Alfa suggest that mound-building
began between around 4,190 and 3,950 14C yr BP (4,840–4,160 cal.
yr BP). Mounds grew as a result of multiple overlapping of domestic
occupations where a wide range of activities associated with food
preparation, consumption, stone tool production and maintenance
took place. The PMC Layer 4 is characterized by a ,85-cm-thick
compact, very dark brown silty loam organic sediment (Fig. 3)
consisting of relatively undifferentiated deposits composed of lithic
debitage and tools, small fragments of charred bone, ash and soot
lenses, and small pieces of burned clay.

Our associated palaeoecological data20 indicate that, similar to
other regions in the Americas21, the mid-Holocene (between
6,620 ^ 40 14C yr BP (7,580–7,440 cal. yr BP) and 4,020 ^ 40 14C
yr BP (4,570–4,410 cal. yr BP)) was a period of significant environ-
mental flux marked by increasing aridity. At around 4,020 14C yr BP
(4,570–4,410 cal. yr BP) a maximum drying episode occurred, as
evidenced by a massive spike of Amaranthaceae/Chenopodiaceae
coupled with a sharp drop in wetland species (Supplementary
Fig. 2). These changes probably caused a decrease in the surface
water recharge to the inland wetlands and waterways. Although
reduced in extent, wetlands probably became attractive places for
pre-Hispanic populations by providing abundant, nowmore highly
circumscribed plant and animal resources and a stable source of
water. The mid-Holocene drying trend may thus have acted as an
important catalyst for the reorientation of settlements towards
the topographically higher freshwater wetlands, where permanent
communities were established.

Despite the application of an intensive flotation program, seeds,
roots and nuts were not recovered; however, phytoliths and starch
grains were abundant (Methods are available as Supplementary
Information). Phytoliths diagnostic of maize cobs22 (Fig. 4c) record
their earliest appearance in the level from 255–260 cm deep, 15 cm
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In this Letter, there was a mistake in the presentation of the synthesis
conditions of the reported samples. The actual range of the tem-
peratures of synthesis for the four rhombohedral samples was
975–1,025K. One of the five reported samples was wrongly charac-
terized in relation to the polymerization type: the sample was actually
prepared at 2.5 GPa (synthesis temperature, 1,125 K), representing a
mixture of the rhombohedral and tetragonal phases with some hard
carbon. The error in characterization of this sample weakens our
attribution of the ferromagnetism to defects in the rhombohedral
phase (Rh-C60) but does not influence our main conclusion con-
cerning the observation of magnetism in a carbon solid based on
polymerized fullerenes, although its origin and the actual magnitude
remain an open question. Also, we were unaware of earlier work on
magnetism in polymerized fullerenes1, that should have been cited.
T.L.M. takes full responsibility for the misidentification of the

sample preparation conditions. We thank A. V. Talyzin for alerting us
to this mistake.

1. Murakami, Y. & Suematsu, H. Magnetism of C60 induced by photo-assisted
oxidation. Pure Appl. Chem. 68, 1463–-1467 (1996).
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The description of themethod used for the calculation of the fraction
attributable risk (FAR) shown in Fig. 4b is incorrect. The correspond-
ing sentence in the Methods section should read “For the red curve,
the response to anthropogenic forcing is also included, and a normal
distribution is used to estimate the chance of exceeding the 1.6 K
threshold.”

ERRATUM
doi:10.1038/nature04102

Measurement of the conductance of single
conjugated molecules
Tali Dadosh, Yoav Gordin, Roman Krahne, Ilya Khivrich,
Diana Mahalu, Veronica Frydman, Joseph Sperling,
Amir Yacoby & Israel Bar-Joseph

Nature 436, 677–680 (2005)

In Fig. 4a of this Letter, in which the spectra of two BPD dimmers are
compared, the scaling on the two y axes should have been shifted
relative to one another in order to illustrate the point made in the
text. The corrected Fig. 4a is shown here.
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Mankin Exhibit B-2 — Stephen H. Schneider & Robert S. Chen (1980) 
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