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Some important questions that we will be discussing today:

▪ How large are the effects of climate change on economic activity? 

▪ Does climate change have level or growth effects, including in the long-term?

▪ Are the effects larger for poor (hot) countries? Are they asymmetric?

▪ What are the channels of impact and which sectors are affected the most? 

▪ How can we make risk metrics useful?

▪ What are the net cost of inaction?



Based on several papers and work with the following colleagues

▪ Rising Temperatures, Melting Incomes: Macroeconomic Effects of Climate Change 

Scenarios (with Mehdi Raissi) 

▪ Long-Term Macroeconomic Effects of Climate Change: A Cross-Country Analysis

▪ Rising Temperatures, Falling Ratings: The Effect of Climate Change on Sovereign 

Creditworthiness

▪ Climate Change and Fiscal Sustainability: Risks and Opportunities

▪ Climate Change and Economic Activity: Evidence from U.S. States

Matthew Agarwala (University of Sussex)  Matt Burke (University of Sheffield)

Matthew E. Kahn (University of Southern California) Patrycja Klusak (Heriot-Watt University)

Moritz Kraemer (LBBW Bank)    Ryan N. C. Ng (BP)

M. Hashem Pesaran (Cambridge & USC)  Mehdi Raissi (International Monetary Fund)

Joe Stiglitz (Columbia University)   Jui-Chung Yang (National Taiwan University)

Ulrich Volz (SOAS, University of London)  Dimitri Zenghelis (Cambridge & LSE)

As well as many colleagues from BCG
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https://doi.org/10.1016/j.eneco.2021.105624
https://doi.org/10.1287/mnsc.2023.4869
https://doi.org/10.1287/mnsc.2023.4869
https://doi.org/10.1017/nie.2021.37
https://doi.org/10.1093/ooec/odac010


What do other studies suggest? 

▪ The most used estimates in the literature differ by an order of magnitude. This wide 

range arises from a disagreement about whether a temperature increase will affect 

GDP levels or GDP growth rates, and from different model specifications: 

▪ Most papers that relate temperature to GDP levels yield income loss estimates 

that are relatively small;

▪ More recent studies, that relate temperature to GDP growth (possibly 

nonlinearly), show that a shift to a higher (non-decreasing) temperature 

reduces per capita output growth significantly (with compounding level effects 

over time) compared to a “no further warming” baseline.



Some studies suggest that countries might even benefit 

significantly from climate change?!



Terminology:

▪ Weather refers to atmospheric conditions 

over short periods of time (e.g., temperature 

and precipitation). 

▪ Climate refers to the long-term average and 

variability of weather.

▪ Climate change is a shift “in the state of the 

climate that can be identified (e.g., via 

statistical tests) by changes in the mean 

and/or the variability of its properties, and 

that persists for an extended period, 

typically decades or longer”, (IPCC 2014).

Distribution of Annual Average Temperature in United States

(Degrees Celsius)

Source: World Bank Group, Climate Change Knowledge Portal 



Contributions

▪ We link “deviations” of temperature (weather) from its 30-year moving averages (climate) 

to GDP per capita and show that a persistent increase in temperature above its historical 

norm for an extended period (i.e., climate change) is associated with lower economic 

growth in the long run.

▪ Our econometric strategy differentiates between short-term and long-run effects. 

▪ By using "deviations", while allowing for nonlinearity, we model changes in the 

distribution of weather patterns (average temperature and its variability) and avoid the 

econometric pitfalls associated with the use of trended variables (i.e., temperature) in 

growth equations.

▪ We model adaptation by choosing the speed with which norms are formed and by 

tracking the elasticity of per capita GDP to climate variables over time.



Contributions

▪ We allow for country-specific and time-varying climate thresholds (or norms) and test 

for asymmetric weather effects.

▪ We perform several counterfactual exercises to study the cumulative income effects of 

climate change up to the year 2100.

▪ We investigate the long-term macroeconomic effects of climate change in a panel of 174 

countries over 1960-2014 as well as a panel of 48 U.S. states over 1963-2016.

▪ We estimate country-specific annual per-capita GDP losses from global warming based 

on the methodology in Kahn et al. (2021) but using a wider and more up-to-date set of 

climate scenarios under different mitigation, adaptation, and climate variability (i.e., 

fluctuations in natural weather patterns) assumptions. 

▪ We compare our income loss estimates with those from select papers in the literature 

using a common baseline.



Climate change and long-run income losses:



Climate change and long-run income losses

https://doi.org/10.1016/j.eneco.2021.105624


Climate change and long-run income losses

▪ The marginal effects 

of weather shocks are 

larger in low-income 

countries because 

they have lower 

capacity to deal with 

the consequences of 

climate change.

▪ However, this does 

not mean that rich 

nations are immune 

from the effects of 

climate change.

https://doi.org/10.1016/j.eneco.2021.105624


A within-country study: United States

▪ The geographic heterogeneity of the U.S. enables 

us to compare whether economic activity in the "hot" 

or "dry" states responds to a temperature increase in 

the same way as economic activity does in "cold" or 

"wet" states.  

▪ Focusing on different sectors/industries also helps 

shed light on the channels through which climate 

change affects the United States economy.  

▪ Considering the richness of U.S. data, we can examine 

the long-run impact of climate change on labour 

productivity and employment growth directly. 



Long-Run Effects of Climate Change on the Growth Rate 

of Major Economic Indicators for the United States

https://ideas.repec.org/p/cam/camdae/1965.html


Evidence from U.S. sector level data

▪ The evidence seems to suggest that (at least for now) adaptation has had limited 

effects in dampening the negative effects of climate change in the United States.

▪ Given that adaptation is relatively easier 

and more effective to implement in some 

industries compared to others, we exploit 

these inter-industrial differences to 

shed more light on the matter of adaptation 

to climate change in the U.S. economy.

▪ Instead of Gross State Product, we make use 

of data on output for ten individual sectors 

at the state level.



Evidence from U.S. sector level data

https://ideas.repec.org/p/cam/camdae/1965.html


Global Income Losses from Rising Temperatures by 2100

https://ideas.repec.org/p/cam/camdae/2429.html


Frequency Distribution of Income Losses Across 174 Countries by 2100

https://ideas.repec.org/p/cam/camdae/2429.html


The costs associated with climate change are substantial

▪ Note that we estimate and 

provide country-specific annual 

per-capita GDP losses from 

climate change using the most-

recent climate scenarios of the 

IPCC under different mitigation, 

adaptation, and climate variability 

assumptions. 

▪ These country-specific losses are 

in turn directly used in, for 

instance, country (region) work at 

the IMF and the World Bank.

https://ideas.repec.org/p/cam/camdae/2429.html


The long-run is made up by short-runs!

In 1937, in the New Statesman and 

Nation, Keynes writes:

 "... in the long run we are all dead. 

But I could have said equally well that it 

is a great advantage of 'the short run’ 

that in the short run we are still alive. 

Life and history are made up of short 

runs.” 

Tragedy of Horizons!



▪ Beyond impacts on aggregate output, the environmental, social and policy 

consequences of climate change will directly impact firms, investors, and 

regulators. 

▪ Possible transmission pathways include:

▪ physical damages from extreme weather events, 

▪ consumer movements (including boycotts, protests, in reputational risks), 

▪ transition risks (e.g., from regulations and asset stranding), and 

▪ litigation risks (e.g., lawsuits over environmental damages). 

Making risk metrics useful 



▪ Financial markets face growing pressure to factor these climate impacts into 

decision making and to mobilise capital in pursuit of a Just Transition towards a 

low carbon future. 

▪ Whilst enthusiasm for ‘greening the financial system’ is welcome, a 

fundamental challenge remains: investors and businesses lack the necessary 

information. 

Making risk metrics useful 

Green washing!?



▪ Firms, investors, financial institutions, and regulators need scientifically 

credible information on how climate change translates into material 

financial risks, how to price those risks, and how to manage them. 

▪ Growing demand for climate risk disclosures comes from private investors, 

activist shareholders, universal owners, public regulators, treasuries and 

central banks. 

Making risk metrics useful 

To green the financial system, it is not enough 

to know that climate change is bad.



Making risk metrics useful 

▪ Investigate the effect of environment 
on sovereign ratings over the past 20 
years.

▪ CRA methodologies do not include 
environment as a ratings factor.

▪ But maybe environment has crept in as 
an “implicit factor” by influencing other 
credit-relevant variables.

▪ Caveat: future environmental change 
may differ from past trends, making any 
results difficult to interpret.

▪ Extending the ratings methodology 
from a leading CRA to explicitly 
incorporate nature and climate-
related risks under a range of future 
scenarios. 

▪ This approach offers a ‘forward-look’, 
and is capable of providing insights 
into the future creditworthiness of 
nations.

▪ This approach will provide the 
foundations for an enhanced sovereign 
credit risk methodology.

backward forward



Climate 
Science

Sovereign Credit Ratings

Can we bridge this gap?

Train a ratings 
model on 

historical data

Adjust data for 
environmental 

change

Feed adjusted 
data to the 

trained model

Environmentally 
Adjusted Credit 

Ratings

Use a machine learning technique referred to as random forest classification. 

 1. Process macroeconomic & credit ratings data using a random forest model. 
 2. Adjust the input data for env change (climate or biodiversity).
 3. Run the model on new data to predict ratings. 



Overarching principle

Natural science

Remain as close as 
possible to natural 

science! 

Economic 
principles

Use best available climate 
economics.

Real life ratings

Remain as close as 
possible to S&P’s actual 

credit rating methodology. 

AAA

https://doi.org/10.1287/mnsc.2023.4869


Climate smart sovereign ratings

https://doi.org/10.1287/mnsc.2023.4869


Climate smart sovereign ratings

https://doi.org/10.1287/mnsc.2023.4869


The economic case for climate action…
While climate action is economically 

rational at a global level, three main 

barriers have led to a significant 

gap between ambition and action:

▪ the cost of inaction is not yet fully 

understood

▪ the impact of climate change is 

unevenly distributed across the 

globe

▪ innate human biases toward 

focusing on the short-term delay 

action on long-term challenges.

https://www.bcg.com/publications/2024/investing-in-climate-action


Summing up
▪ The costs associated with climate change are substantial.

▪ Given decades of procrastination and signs of falling short on ambitious Paris Agreement targets, 

the world needs to act fast on reducing emissions. 

▪ Our empirical findings pertain to almost all countries (albeit to varying degrees) as economic 

growth is affected not only by persistent increases in temperatures (and the pace with which they are 

rising) but also by the degree of climate variability.

▪ The findings emphasize the importance of mitigating climate change and implementing adaptation 

measures to lower these negative effects. 

▪ However, even with adaptation policies, the long-term growth effects of climate change are likely to 

persist, particularly in countries with hotter climates and lower incomes. 

▪ Urgent action is needed to protect economies from further income losses from climate change.
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PLOS Climate: consider submitting your work to us

PLOS Climate is an open-access journal that furthers understanding of climatic patterns, processes, 

impacts and solutions by publishing transparent, rigorous and open research from diverse 

perspectives. PLOS Climate provides a venue for all areas of climate research, with an emphasis on 

collaborative, interdisciplinary and multidisciplinary work that improves global and regional 

understanding of climate phenomena and informs critical strategies for combating climate change.

PLOS Climate publishes work that is methodologically rigorous and adheres to the principles of 

transparency and ethics that are the bedrock of trust and progress. Research from every angle and 

every region of the world is considered, including but not limited to earth, ocean and atmospheric 

science, palaeoclimatology, climate-smart energy and engineering, adaptation, mitigation, climate 

economics, social and health impacts of climate change, policy and governance, ethics and philosophy, 

and climate-related behavior and psychology.

We consider articles reporting primary research including theoretical, laboratory, field-based, 

computational and modelling work. In addition, we consider systematic reviews and meta-analyses, 

qualitative research, replication studies, submissions reporting null and negative results, and 

submissions describing methods, software, databases and tools.
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