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Introduction and Motivation
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Poor countries become poorer
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“As global temperatures have 
risen, some economies have 
wilted while others enjoyed 
an extra lift. The difference 
follows a geographic pattern: 
Hotter countries closer to the 
e q u ato r  s u f fe re d ,  w h i l e 
cooler ones benefited.”

(Diffenbaugh and Burke 2019)



Correlation between days above 25°C and ln(GDP) in Russia
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Research Questions and Contribution

1. Examine the distributional impacts of extreme temperature and precipitation 
shocks, using the regional panel data from Russia

2. Account for the intensity of extreme temperatures exposure by simultaneously 
examining the impacts of both single and consecutive days with extreme 
temperature

3. Identify and test the labor market channels behind the inequality‐temperature 
relationship

4. Study if the impacts are heterogeneous
• Poor vs. rich regions
• Hot vs. cold regions
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Literature
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• Hot and cold temperatures increase mortality
• India: Burgess et al. (2017), Banerjee & Maharaj (2020) 
• Mexico: Cohen & Dechezleprêtre (2017) 
• USA: Deschênes & Greenstone (2011), Deschênes & Moretti (2009) 
• China: Yu et al. (2019)
• Russia: Otrachshenko, Popova, & Solomin (2017, 2018), Otrachshenko, Popova, & 

Tavares (2021)

• Extreme heat harms the country-level economic growth and the poor countries suffer 
the most (Dell et al., 2012, 2009; Diffenbaugh and Burke, 2019; Herold et al., 2017; 
Horowitz, 2009; Tol et al., 2004)

• Subnational analyses of the impact of extreme temperatures on economic growth and 
income are rare (Dell et al., 2009; Hsiang & Deryugina, 2014; Park et al., 2018)



Mechanisms (1)

Comfortable ambient air temperature  
Winter: between 20‐23.3°C; Summer: between 22.3‐25.6°C

Thermal stress affects human health 
This reduces 
• cognitive performance, 
• work productivity, 
• hours worked in industries with direct exposure to temperature, 
• leads to reallocation of time from work to leisure/non‐work 
(Cho, 2017; Goodman et al., 2018; Graff Zivin et al., 2018; Heal and Park, 2016; Kjellstrom et al., 2009; 
Zhang et al., 2018; Zivin and Neidell, 2014). 
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Mechanisms (2)
Extreme temperatures may affect regional GDP and income inequality via 

several labor market channels: 
(a) thermal stress may increase transitions from employment to unemployment due to low productivity 

and health reasons (Graff Zivin et al., 2018; Zivin and Neidell, 2014)
(b) lower productivity and work hours as a result of extreme temperatures may lead to wage 

reductions, especially in sectors with a greater exposure to ambient temperatures, e.g. agriculture 
(Dell et al., 2012, 2009; Park et al., 2018)

(c) thermal stress may lead to the reallocation of labor from sectors with a greater exposure to 
temperature risks to sectors with a lower exposure (Zhang et al., 2018)

(d) exposure to extreme temperatures increases migration (Deschênes and Moretti, 2009; Mueller et 
al., 2020). 

additional channels:
(a) unequal industrial and agricultural development in rich and poor regions. Rich and cold countries 

therefore receive more benefits from global warming than do poor and hot countries (Heal and 
Park, 2016; Park et al., 2018; Tol et al., 2004)

(b) effects on overall real income per capita via consumption price changes (Kahn, 2016)
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Background: Income inequality in Russia

• GINI: 0.331 (the 2017 OECD estimate)
• Wage and income inequality grew in Russia during the transition period 

before 2000 and has been relatively stable or decreasing thereafter (Lehmann 
and Wadsworth 2007; Lukiyanova and Oshchepkov 2012; Commander et al. 1999; Dang et al. 
2019; Gorodnichenko et al. 2010; Lokshin and Popkin 1999, Calvo et al. 2015).

• pro‐poor growth, i.e. a relatively faster growth in the income of the poorest income 
groups as compared to the income of the richest groups

• changing returns to employment in different economic sectors
• the share of persistently poor households is relatively low, but the upward mobility of the 

poor along the income distribution is still very limited

• Substantial differentiation between income distributions in the Russian regions 
(Fedorov 2002; Gluschenko 2011)
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Background: Weather
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Source: Authors’ compilation

• The coldest month is January, with 
average temperature ‐25.4°C and 
average precipitation 21.7 mm and 
the warmest month is July, with 
average temperature 15.4°C and 
average precipitation 63.6 mm

• The climate is mostly continental 
with hot summers and cold 
winters

• An increasing trend in the number 
of hot days over time. The average 
number of days above 25°C has 
doubled during the last years 
(from 3.24 in 1995 to 6.76 in 2015)



Econometric model 
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Region i, year t
Y a set of income distribution indicators such as ln(real regional GDP per capita),  income quintile 
groups, poverty rate, Gini, and the 90th/10th income percentile ratio

Bin the number of days in a region i and year t on which the average daily temperature was below ‐
23°C, above 25°C, the mean daily precipitation was between 10 mm and 20 mm, and above 20 mm

Consec. Bin the number of days in spells of at least three consecutive days with the average daily 
temperature below −23°C or above 25°C 

ɑ regional fixed effects; γ year fixed effects; Region*Trend region‐specific linear time trends

Days with temperature between ‐23°C and 25°C  and with precipitation between 0mm and 10mm are 
used as a default categories

��� = �0 + �1������. ����������−23°� + �2����������−23°�

+ �3���������� 25°� + �4������.  ���������� 25°�

+ �1���������. 10−20�� + �2���������.  ����� 20��

+ �� + �� +�′������ ∗ ����� + ���      (1)



Data

• Daily data on precipitation and temperature from 518 meteorological stations in Russia for 
the period 1995‐2015
ØData are aggregated to the regional level
ØFor each meteostation we find the nearest settlements (cities, towns, villages of city 

type) within 200 km and use the population of this settlement as weights

• Yearly data on regional GDP per capita, income quintile groups, Gini, 90th/10th percentile 
ratio, poverty, unemployment and migration rates, total monetary income, and 
distribution of wages and employment across industries from 79 regions

• To account for the heterogeneity in economic performance between the Russian regions, 
we analyze the impact of weather on inequality indicators in poor/rich and cold/hot 
regions separately.
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Source: Authors' construction. The intervals in black are used a default category 
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Estimation Results

15



Estimation Results: Poor regions
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Estimation Results: Rich regions
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Estimation Results: Hot vs. Cold Regions
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Channels
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To test the channels, we also estimate Eq. (1) for several other socioeconomic 
indicators: 

‐ the changes in the monetary value of a fixed consumption basket
‐ relative wages in different economic sectors 
‐ the share of employed in different economic sectors 
‐ unemployment rate
‐ migration rate



Channels: Prices
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Channels: Unemployment
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Channels: Relative wages
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Channels: Employment
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Channels: Migration rate
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Robustness checks
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• Lag of ln(GDP)
• Using post‐transition sample only
• Using 28C instead of 25C
• Lags of temperature and precipitation
• Including intermediate temperature bins



Summary and discussion
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• Consecutive extremely hot days exacerbate uneven development of poor and rich 
regions

• Consecutive hot days reduce GDP per capita, while single hot days induce pro‐poor 
income redistribution through increasing the shares of income earned by poorer 
population groups

• Cold temperatures have little effect on income distribution in Russia

• The major channels behind the temperature‐inequality relationship are changes in 
prices, changes in employment structure (to some extent), transition from 
employment to unemployment, and migration



                                                

                                              Thank you!

popova@ios‐regensburg.de

Paper:
Otrachshenko, V., Popova, O. (2021) Does weather sharpen income inequality in 
Russia? Review of Income and Wealth, forthcoming
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Appendix

28



Source: Authors’ construction based on the data from the Climate Change Knowledge 
Portal of the World Bank 29

Average monthly temperature in June-August for Russia
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Wages are measured for 32 industries according to the extended Russian Classification of Economic Activities. 

1. agricultural, hunting, and forestry; 
2. fishing and aquaculture; 
3. extraction of crude petroleum and natural gas; 
4. mining, 
5. manufacturing of food and tobacco; 
6. manufacturing of textiles; 
7. manufacturing of leather and related products; 
8. manufacture of wood and related products; 
9. manufacturing of paper and paper products; 
10. manufacturing of coke, refined petroleum products, 

and nuclear materials; 
11. manufacturing of chemical and chemical products; 
12. manufacturing of rubber and plastic products; 
13. manufacturing of non‐metallic mineral products; 
14. metallurgy and related products; 
15. manufacturing of electronic and optical products; 
   

16. manufacturing of motor vehicles and equipment; 
17. electricity, gas, and water supply; 
18. construction; 
19. wholesale and retail trade and repair of motor vehicles 

and motorcycles; 
20. wholesale trade; 
21. retail trade and repair; 
22. accommodation and food service activities; 
23. transport; 
24. communication; 
25. financial service activities; 
26. real estate activities; 
27. programming and broadcasting activities; 
28. scientific research and development; 
29. national security; 
30. education; 
31. human health activities; 
32. social services and utilities.              
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Robustness

34



Precipitation and wages
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Precipitation and employment
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