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The planet is warming…
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Average annual temperature anomaly (°C), 2010-2020 vs 1901-1960

Source: Oxford Economics / UEA

 Annual anomaly: 



...and the temperature distribution is changing too
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Changing distribution of global temperature anomalies

Source: Oxford Economics / UEA. Distribution of global temperature anomalies 
expressed in terms of country-specific historical standard deviations. 



The trends are global
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Source: Oxford Economics / UEA. Temperature anomaly distributions expressed in terms of country-specific historical standard deviations.



Contributing to droughts, wildfires, damage to 
infrastructures…
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Population-weighted wildfire exposure, 2016-2019 vs 2001-2004

Source: The Lancet Countdown on health and climate change, 2020



…and even taking lives
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Annual heat-related mortality in population over 65 years, 2014-2018

Source: The Lancet Countdown on health and climate change, 2020



Quantifying impacts



Quadratics in average temperatures exploit statistical 
variation over both countries and time…
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Construction of the temperature damage curve

Source: Oxford Economics, adapted from Burke et al. 2015

Within
Between

 



But average temperature levels had been stable for >10,000 
years…
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Source: Oxford Economics, University of Arizona. Global average surface temperature 
since the last ice age 24,000 years ago. Time is stretched for the past 1000 years to 
visualize recent changes.

Global temperature change in the last ice age



…and cross-country and time-varying distributions show 
opposite trends
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Cross-country versus over-time trends in average temperature anomaly distributions

Source: Oxford Economics



Quantifying climate change

1. Re-define the damage function in terms of warming, i.e., temperature anomalies rather than average 
temperature levels � directly captures the impact of warming by constraining cross-country 
comparisons to differences in temperature anomalies rather than temperature levels.

2. Test whether including explicit measures of the temperature distribution such as volatility and 
extremes affect the damage assessment or improve statistical power.
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Regression analysis
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Augmented warming specifications aim to better isolate the impact of extreme 
temperature anomalies and more erratic temperatures on the economy.

   

 

 

For country c in year y, month m.

Annual anomaly: 

Monthly anomaly (used 
for volatility, skewness): 

 



Data
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• First difference of the natural logarithm of real annual GDP per capita from WDI (225 countries). 

• Monthly geospatial temperature data from the University of East Anglia (UEA) over the 1901-2020 timespan. 

Source: Oxford Economics / UEA

High frequency and granularity of the data allows us to capture aspects such as volatility over 
a year based on the monthly and coordinate-level observations, which we aggregate with 
population weighting and annualise.
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Results
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Results



Damage forecasts
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Forecasting volatility & skewness
 

 

 

For country c in respective region r, and year y
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� Damage function : Global

Contributions of Warming, Volatility and Skewness to GDP growth

Source: Oxford Economics. Shaded area represents regional heterogeneity.
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� Damage function: Country-specific

Source: Oxford Economics

Contributions of Warming, Volatility and Skewness to GDP growth
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Historical damage trends

Source: Oxford Economics

Average historical percentage-point impact of climate change on GDP growth, 1960-2019
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Possible future damage trends

Source: Oxford Economics

Percentage change in GDP levels by 2050 under a high-emissions scenario (RCP 7.0), 
vs. flat temperature counterfactual
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Climate catastrophe?

~5°C of warming is an extinction-level event (Song, Kemp, Tian et al. 2021).

Global GDP impacts under a high-emissions scenario (RCP 7.0), 
vs. flat temperature counterfactual

Source: Oxford 
Economics



Robustness



Robustness
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Results are robust to:

• Different functions forms (e.g. quadratics and higher order polynomials, interaction effects)

• Inclusion of other weather regressors (e.g. precipitation)

• Different data aggregation methods (i.e. calculating moments at country or coordinate level first)
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Collinearity

Source: Oxford 
Economics

Confidence intervals using bootstrapped residuals of the dependent variable

Linear correlation matrix of regressors
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Collinearity

 

Percentage change in GDP levels by 2050 under a high-emissions scenario (RCP 7.0), 
vs. flat temperature counterfactual

Ridge regression coefficients as a function of regularisation, γ
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Dynamics

Percentage change in GDP levels by 2050 under a high-emissions scenario (RCP 7.0), 
vs. flat temperature counterfactual

Marginal effects



Conclusion



Key findings
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Temperature anomalies are economically important and statistically significant.

1. Warming past historical norms has the 
potential to cause negative, non-linear 
impacts on GDP growth.

2. Accounting for volatility and tail 
composition of the temperature anomaly 
distribution suggests that the marginal 
effects of warming are even larger.

3. Cooler northern hemisphere economies 
are less vulnerable, but more exposed, 
therefore experiencing greater long-run 
damages.

Source: Oxford Economics

Partial contributions of Warming, Volatility and Skewness



Questions?



Appendix



Like de-meaning the temperature levels, this final adjustment allows us to focus on changes attributed to warming 
alone, rather than from comparing average levels across hotter and cooler countries. While our warming term 
demeans temperatures under the assumption that countries are already adapted to their historical average 
temperatures, our distribution metrics focus on the standardised anomaly under the assumption that all countries are 
already adapted to their historical temperature volatility. Therefore, the distribution metrics in specification (3) measure 
changes in temperature anomaly distributions that can attributed to warming alone.
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Standardisation

These monthly anomalies are then standardised, defined in terms of historical, pre-warming standard deviations to control for 
differences in volatility already noted across cooler and hotter geographies. This gives us the standardised anomaly, sa.

Where
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Distribution metrics

 

 

Once we have defined the standardised anomaly sa, the distribution metrics themselves are easily calculated 
using typical formulae for volatility, skewness, and kurtosis, i.e.:
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