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max-min variation within countries is more than twice the average increase in 
temperature observed over the period and reasonably similar to estimated global  
temperature increases expected to occur over the next century. Figure 1 further 
shows that, while there tend to be larger temperature fluctuations in cooler countries, 
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Figure 1. Changes and Variability in Temperature and Precipitation

Notes: These graphs present data on each country’s temperature (panel A) and precipitation (panel B), plotted against 
per capita GDP from the World Development Indicators (WDI) in the year 2000. For each country, the circle sym-
bols represent the mean level of temperature/precipitation in the first decade of our sample (1950–1959), the plus 
symbols represent the mean level of temperature/precipitation in the last decade of our sample (1996–2005), and the 
gray lines indicate the range of annual temperature/precipitation levels we observe for that country during our sam-
ple period. Country averages are calculated using population weights, as discussed in the text.
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between the “poor” dummy and temperature is negative and statistically significant, 
indicating substantial heterogeneity between poor and rich countries.13 As shown in 
the last row of the table (which reports the sum of the main effect of temperature and 
its interaction with the poor dummy), the net effect of a 1◦ C rise in temperature is 
to decrease growth rates in poor countries by −1.39 percentage points. Put another 
way, since the standard deviation of annual temperature once country fixed effects, 
region × year, and poor country × year fixed effects are removed is 0.50 degrees, 

13 We have also considered quintiles of initial per capita income rather than a binary distinction. We find the 
largest negative effects of temperature on the bottom two quintiles of temperature, and especially on the lowest 
income quintile. Using an interaction with a linear initial log per capita income variable produces similar results, 
although the linear specification implies positive effects of temperature in rich countries, which do not appear with 
either the rich/poor dummy or using quintiles. (See online Appendix.)

Table 2—Main Panel Results

Dependent variable is the
 annual growth rate (1) (2) (3) (4) (5)
Temperature −0.325 0.261 0.262 0.172 0.561*

(0.285) (0.312) (0.311) (0.294) (0.319)

Temperature interacted with…
 Poor country dummy −1.655*** −1.610*** −1.645*** −1.806***

(0.485) (0.485) (0.483) (0.456)
 Hot country dummy 0.237

(0.568)
 Agricultural country dummy −0.371

(0.409)

Precipitation −0.083* −0.228*** −0.105**
(0.050) (0.074) (0.053)

precipitation interacted with… 
 Poor country dummy 0.153* 0.160** 0.145*

(0.078) (0.075) (0.087)
 Hot country dummy 0.185**

(0.078)
 Agricultural country dummy 0.010

(0.085)

Observations 4,924 4,924 4,924 4,924 4,577
Within r2 0.00 0.00 0.00 0.01 0.01
r2 0.22 0.22 0.22 0.22 0.24

Temperature effect in poor countries −1.394*** −1.347*** −1.473*** −1.245***
(0.408) (0.408) (0.440) (0.463)

Precipitation effect in poor countries 0.069 −0.0677 0.0401
(0.058) (0.073) (0.089)

Notes: All specifications use WDI data and include country FE, region × year FE, and poor × year FE. Robust 
standard errors are in parentheses, adjusted for clustering at parent-country level. Sample includes all countries with 
at least 20 years of growth observations. Poor is defined as a dummy for a country having below median PPP GDP 
per capita in its first year in the data. Hot is defined as a dummy for a country having above median average tem-
perature in the 1950s. Agricultural is defined as a dummy for a country having above median share of GDP in agri-
culture in 1995. Temperature is in degrees Celsius and precipitation is in units of 100 mm per year. 

*** Significant at the 1 percent level.
 ** Significant at the 5 percent level.
  * Significant at the 10 percent level.
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changes in growth. That analysis finds longer run effects that are broadly consistent 
with these panel results but less statistically significant than the findings in Table 3.

D. robustness

This section considers a variety of robustness checks, summarized in Table 4. 
Numerous additional analyses are presented in the online Appendix. We consider 
robustness to alternative panel specifications, samples and data sources, and further 
examine nonlinear temperature effects.

Table 3—Models with Lags

No lags 1 lag 5 lags 10 lags No lags 1 lag 5 lags 10 lags

(1) (2) (3) (4) (5) (6) (7) (8)

Temperature × Poor −1.394*** −1.610*** −1.555*** −1.597*** −1.347*** −1.559*** −1.514*** −1.580***
(0.408) (0.525) (0.572) (0.565) (0.408) (0.522) (0.577) (0.579)

L1: Temperature 0.514 0.614 0.572 0.576 0.666 0.627
 × Poor (0.439) (0.489) (0.498) (0.433) (0.479) (0.481)
L2: Temperature −0.334 −0.368 −0.338 −0.354
 × Poor (0.566) (0.580) (0.570) (0.586)
L3: Temperature −0.105 −0.175 −0.064 −0.152
 × Poor (0.480) (0.489) (0.489) (0.506)
Temperature × Rich 0.261 0.206 0.227 0.219 0.262 0.215 0.235 0.234

(0.312) (0.323) (0.330) (0.348) (0.311) (0.322) (0.338) (0.356)
L1: Temperature 0.135 0.143 0.166 0.137 0.143 0.168
 × Rich (0.300) (0.297) (0.317) (0.298) (0.299) (0.323)
L2: Temperature 0.165 0.158 0.181 0.172
 × Rich (0.257) (0.263) (0.262) (0.273)
L3: Temperature −0.100 −0.129 −0.110 −0.137
 × Rich (0.271) (0.277) (0.277) (0.286)

Includes 
 precipitation vars.

No No No No Yes Yes Yes Yes

Observations 4,924 4,924 4,916 4,906 4,924 4,924 4,916 4,906
r2 0.22 0.22 0.22 0.23 0.22 0.22 0.23 0.23
Within r2 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.01

Sum of all temp. −1.394*** −1.096*** −1.235** −1.171* −1.347*** −0.983** −1.041** −0.858
 coeff. in poor 
 countries

(0.408) (0.418) (0.527) (0.611) (0.408) (0.416) (0.530) (0.647)

Sum of all temp.  0.261 0.341 −0.180 −0.152 0.262 0.352 −0.191 −0.189
 coeff. in rich 
 countries

(0.312) (0.400) (0.566) (0.786) (0.311) (0.396) (0.546) (0.758)

Notes: All specifications use WDI data and include country FE, region × year FE, and poor × year FE. Robust 
standard errors are in parentheses, adjusted for two-way clustering at parent-country and year-region levels. Sample 
includes all countries with at least 20 years of growth observations. Columns 5–8 also include Precipitation × Poor 
and Precipitation × Rich, with the same number of lags as the temperature variables shown in the table. Columns 3 
and 7 also include the fourth and fifth lags of Temperature × Poor, Temperature × Rich, Precipitation × Poor and 
Precipitation × Rich. Similarly columns 4 and 8 also include the fourth through tenth lags of Temperature × Poor, 
Temperature × Rich, Precipitation × Poor and Precipitation × Rich; those coefficients are suppressed in the table 
to save space. Sum of all temperature coefficients in poor countries shows the sum (and calculated standard error) 
of Temperature × Poor and all of the lags of Temperature × Poor included in the regression; sum of all temperature 
coefficients in rich countries is calculated analogously.

*** Significant at the 1 percent level.
 ** Significant at the 5 percent level.
  * Significant at the 10 percent level.



80 AMEricAN EcoNoMic JourNAL: MAcroEcoNoMicS JuLy 2012

significant.23 Splitting the sample into sub-Saharan African countries (column 7) 
and all other countries (column 8), the model with zero lags shows that the negative 

23 Weighting by rural population or urban population yields similar results to using total population weights; 
see the online Appendix.

Table 4—Alternative Specifications of Panel Results

Baseline 

All FE 
and 

country 
specific 
trends

Balanced 
sample: 

1971–2003

Add 
countries 
with < 20 
years of 

data

GDP
data
from
PWT

Area-
weighted 
climate

data

Sub-
Saharan 
Africa 
only

Sub-
Saharan 
Africa

excluded
(1) (2) (3) (4) (5) (6) (7) (8)

panel A. Models with no lags
Temp. immediate −1.347*** −1.723*** −1.377*** −1.158*** −0.860*** −0.891** −1.881*** −0.904*
 effect—poor (0.408) (0.603) (0.484) (0.424) (0.299) (0.347) (0.631) (0.531)
Temp. immediate 0.262 0.417 0.387 0.595 0.343 0.480** 0.295
 effect—rich (0.311) (0.473) (0.323) (0.381) (0.228) (0.220) (0.323)
Precip. immediate 0.070 0.026 0.040 0.029 0.050 0.074 0.131 0.032
 effect—poor (0.058) (0.137) (0.084) (0.051) (0.069) (0.063) (0.111) (0.071)
Precip. immediate −0.083* −0.066 −0.101* −0.022 −0.074 −0.087 −0.087*
 effect—rich (0.050) (0.089) (0.058) (0.061) (0.060) (0.056) (0.053)

Observations 4,924 4,924 2,592 5,396 5,494 4,924 1,366 3,430

panel B. Models with 5 lags

Temp. cumulative −1.041** −2.025** −0.931 −1.067** −0.738*** −0.874* −0.705 −1.318*
 effect—poor (0.530) (0.907) (0.943) (0.494) (0.269) (0.522) (0.840) (0.684)
Temp. cumulative −0.191 0.245 0.276 −0.073 −0.022 −0.053 −0.377
 effect—rich (0.546) (0.961) (0.654) (0.582) (0.517) (0.504) (0.562)
Precip. cumulative 0.238 0.211 0.221 0.084 0.193 0.241 0.868 −0.003
 effect—poor (0.194) (0.290) (0.215) (0.139) (0.169) (0.191) (0.611) (0.141)
Precip. cumulative −0.127 −0.084 −0.161 −0.039 −0.134 −0.129 −0.121
 effect—rich (0.088) (0.208) (0.196) (0.142) (0.094) (0.089) (0.089)

Observations 4,916 4,916 2,592 5,285 5,272 4,916 1,366 3,422

panel c. Models with 10 lags

Temp. cumulative −0.858 −1.964 −0.951 −0.791 −0.768** −0.683 −0.803 −0.969
 effect—poor (0.647) (1.211) (1.242) (0.641) (0.337) (0.635) (0.994) (0.843)
Temp. cumulative −0.189 0.582 0.198 −0.059 −0.443 −0.064 −0.469
 effect—rich (0.758) (1.414) (0.913) (0.827) (0.822) (0.738) (0.783)
Precip. cumulative 0.429* 0.573 0.455* 0.236 0.254 0.435** 0.922 0.234
 effect—poor (0.227) (0.413) (0.244) (0.180) (0.182) (0.221) (0.770) (0.153)
Precip. cumulative −0.195 −0.142 −0.141 −0.183 −0.070 −0.196 −0.180
 effect—rich (0.137) (0.370) (0.394) (0.178) (0.134) (0.138) (0.143)

Observations 4,906 4,906 2,590 5,146 4,946 4,906 1,366 3,412

Notes: All specifications use WDI data and include country FE, region × year FE, and poor × year FE unless other-
wise noted. Robust standard errors adjusted for two-way clustering at the parent-country and year-region levels are 
in parentheses. Except where noted, panel A follows the same specification as column 5 of Table 2, panel B follows 
the same specification as column 7 of Table 3, and panel C follows the same specification as column 8 of Table 3. 
In column 7, the sub-Saharan Africa sample incorporates three rich countries—South Africa, Gabon, and Mauritius.

*** Significant at the 1 percent level.
 ** Significant at the 5 percent level.
  * Significant at the 10 percent level.
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Figure 2. Changes in Growth and Temperature in the Medium Run

Notes: Panels A and B plot the change in average annual growth against the change in average annual temperature 
between the periods 1970–1985 and 1986–2000, for rich and poor countries, respectively. The solid line shows a 
simple linear regression, and the lighter color line shows the 95 percent confidence interval in the regression line.
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only 7 years to generate the cross-sectional correlation between temperature and per 
capita income seen in Figure 1.45 In practice, adaptation may mitigate these effects 
substantially in the long run.

B. Building Estimates for the impact of Future climate change

Estimating the future implications of climatic change is a difficult exercise given 
numerous uncertainties about the extent of climatic change and the economic effects 
that may ensue. Our estimates use recent historical evidence to inform the short- and 
medium-run consequences of temperature increases, but bridging to long-run impli-
cations is more challenging. First, countries may adapt to permanent changes in 
climate more successfully than they adapt to the annual or decade-long temperature 

45 Dell, Jones, and Olken (2009) consider how explicit assumptions about adaptation, convergence, and other 
forces over the long run can reconcile short- and long-run empirical relationships between temperature and income.

Table 7—Changes in Growth and Temperature in the Medium Run

Dependent variable: change in mean growth rate 

Baseline sample
Africa
only

Excluding 
Africa

PWT
data

OLS Median regression
(1) (2) (3) (4) (5) (6) (7)

Change in 0.952 1.325 0.004 0.440 −1.654 1.318 1.576
 temperature (1.021) (0.980) (0.584) (0.747) (2.250) (1.004) (1.135)
Change in temp. −2.886** −3.010** −2.261** −2.540** −2.980** −3.917**
 × poor country (1.420) (1.456) (0.932) (1.177) (1.435) (1.532)
Change in −0.070 −0.047 0.028 0.038 0.034 −0.020 0.025
 precipitation (0.097) (0.123) (0.113) (0.111) (0.565) (0.121) (0.111)
Change in precip. 0.060 0.050 0.120 0.315 0.009 0.010
 × poor country (0.191) (0.214) (0.182) (0.208) (0.212) (0.238)

Region FE No Yes No Yes No Yes Yes
Poor country dummy Yes Yes Yes Yes No Yes Yes
Early period 1970–1985 1970–1985 1970–1985 1970–1985 1970–1985 1970–1985 1970–1985
Late period 1986–2000 1986–2000 1986–2000 1986–2000 1986–2000 1986–2000 1986–2000

Observations 125 125 125 125 35 87 120
r2 0.04 0.11 0.06 0.19 0.12
Within r2 0.03 0.04 0.04 0.04 0.06

Temp. effect on −1.934* −1.684 −2.257*** −2.100** −1.654 −1.661 −2.341**
 poor countries (0.986) (1.088) (0.726) (0.919) (2.250) (1.047) (1.029)
Precip. effect on poor −0.010 0.003 0.148 0.354** 0.034 −0.012 0.035
 countries (0.164) (0.167) (0.143) (0.175) (0.565) (0.153) (0.211)

Notes: All specifications have one observation per country. Change in temperature and precipitation are computed 
for each country as the difference between the mean value in the late period and the mean value in the early period 
(these periods are indicated in the table for each specification). The dependent variable is the change in mean 
growth rate comparing the indicated late and early periods. Region fixed effects and a dummy for being an initially 
poor country are included as indicated for each specification. Robust standard errors in parentheses. For Africa only, 
we do not split out by poor/rich since we have so few rich country observations in sub-Saharan Africa.

*** Significant at the 1 percent level.
 ** Significant at the 5 percent level.
  * Significant at the 10 percent level.
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Table 5—Components of Output Growth

panel A. Models with no lags

Dependent variable is

Growth in 
agriculture 
value added

Growth in 
industrial 

value added
Growth in 
investment

(1) (2) (3)

Temperature No lags No lags No lags

Immediate −2.666*** −2.036** −0.895
 effect—poor (0.948) (0.878) (1.269)
Immediate −0.222 0.514 0.182
 effect—rich (0.650) (0.452) (0.870)
Precipitation

Immediate 0.182 0.238 −0.019
 effect—poor (0.135) (0.146) (0.223)
Immediate 0.16 −0.007 −0.419*
 effect—rich (0.119) (0.100) (0.217)
Observations 3,835 3,835 4,419

panel B. Models with lags

Dependent variable is

Growth in
agriculture
value added

Growth in industrial
value added

Growth in
investment

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Temperature 1 lag 5 lags 10 lags 1 lag 5 lags 10 lags 1 lag 5 lags 10 lags

Cumulative −1.26 −1.051 −1.337 −1.835 −0.958 −2.242 1.170 0.128 −0.219
 effect—poor (0.882) (1.007) (1.203) (1.123) (1.365) (1.796) (1.287) (1.665) (1.797)
Cumulative 0.328 0.002 0.236 0.653 0.111 0.321 0.598 −1.38 −1.283
 effect—rich (0.678) (0.754) (1.203) (0.572) (0.734) (1.096) (0.894) (1.333) (1.356)
Immediate −3.684*** −3.703*** −3.797*** −2.091** −2.334** −2.578** −2.235 −1.851 −2.229
 effect—poor (1.389) (1.385) (1.416) (0.987) (1.112) (1.172) (1.946) (1.972) (2.025)
Immediate −0.543 −0.468 −0.566 0.457 0.433 0.404 −0.079 0.19 0.282
 effect—rich (0.792) (0.793) (0.815) (0.486) (0.498) (0.500) (1.185) (1.199) (1.172)

Precipitation
Cumulative 0.094 0.129 0.052 0.328** 0.205 0.230 0.148 0.007 −0.283
 effect—poor (0.120) (0.159) (0.185) (0.158) (0.237) (0.322) (0.268) (0.289) (0.349)
Cumulative 0.207* 0.394*** 0.476** −0.071 −0.083 −0.113 −0.317 −0.017 −0.519
 effect—rich (0.120) (0.143) (0.233) (0.135) (0.229) (0.303) (0.203) (0.336) (0.364)
Immediate 0.220 0.235 0.252 0.188 0.108 0.078 −0.106 −0.174 −0.190
 effect—poor (0.180) (0.197) (0.208) (0.187) (0.168) (0.166) (0.361) (0.402) (0.405)
Immediate 0.154 0.153 0.169 0.012 0.001 0.002 −0.434* −0.468* −0.457
 effect—rich (0.172) (0.184) (0.192) (0.124) (0.132) (0.137) (0.262) (0.282) (0.283)

Observations 3,835 3,827 3,817 3,835 3,827 3,817 4,419 4,411 4,401

Notes: Growth in agriculture value-added and industrial value-added are from the WDI; growth in investment is 
also from the WDI. All specifications include country FE, region × year FE, and poor × year FE. Robust standard 
errors are in parentheses, adjusted for two-way clustering at parent-country and year-region levels. Sample includes 
all countries with at least 20 years of PWT growth observations (i.e., the same set of countries considered in the 
previous tables). 

*** Significant at the 1 percent level.
 ** Significant at the 5 percent level.
  * Significant at the 10 percent level.
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The final columns of Table 6 consider the impact of temperature on conflict. 
We use the PRIO conflict data (PRIO 2006), which indicates for every country-
year whether the country was involved in a high-intensity conflict (defined as 
≥ 1,000 conflict deaths/year) or a low-intensity conflict (defined as 25 to 1,000 con-
flict deaths/year). Column 5 examines the start of conflicts (i.e., the probability a 
conflict begins given no conflict in the previous period), and column 6 examines the 
end of conflicts (i.e., the probability a conflict ends given conflict in the previous 
period).39 We find no significant effect of temperature on either the start or conclu-
sion of conflicts.40 The political impacts of temperature thus appear more concen-
trated in political instability rather than civil or interstate wars.

39 Given how rare conflicts are, we use year fixed effects rather than region-by-year fixed effects in  
these specifications.

40 These results differ from Miguel, Satyanath, and Sergenti (2004), who find—also using the PRIO dataset–that 
greater precipitation is associated with a lower probability of conflict. We have replicated the Miguel, Satyanath, 
and Sergenti (2004) results in our data, and find that the differences between the findings in Table 6 and those in 
Miguel, Satyanath, and Sergenti (2004) come from a different sample of countries (Miguel, Satyanath, and Sergenti 
(2004) examine only sub-Saharan African countries from 1981–1999) and the fact that Miguel, Satyanath, and 
Sergenti (2004) use a somewhat different empirical specification from the one in Table 6. These replication results 
are presented in the online Appendix.

Table 6—Political Economy Effects

Any change 
in POLITY 

score
Leader

transition

Regular
leader 

transition

Irregular
leader 

transition

Start of 
conflicts 

(conditional on 
conflict = 0 

in  t − 1)

End of 
conflicts 

(conditional on 
conflict > 0 

in t − 1)
(1) (2) (3) (4) (5) (6)

Temperature −0.013 −0.002 0.004 −0.005 −0.006 0.005 
(0.009) (0.015) (0.015) (0.004) (0.006) (0.060)

Temperature 0.040** 0.033 −0.017 0.050*** 0.012 0.003 
 × Poor (0.016) (0.023) (0.017) (0.013) (0.013) (0.068)
Precipitation 0.001 0.003 0.003 0.000 0.000 0.023 

(0.003) (0.002) (0.003) (0.001) (0.001) (0.019)
Precipitation 0.008 −0.008* −0.008** 0.000 0.000 −0.031
 × Poor (0.005) (0.004) (0.004) (0.002) (0.002) (0.020)

Observations 5,388 6,624 6,624 6,624 5,702 852
r2 0.14 0.18 0.2 0.11 0.09 0.43
Within r2 0.003 0.001 0.001 0.004 0.000 0.004 

Temperature effect in poor 0.027* 0.031* −0.013 0.044*** 0.007 0.008
 countries (0.015) (0.017) (0.010) (0.013) (0.011) (0.037)
Precipitation effect in poor −0.009** −0.005 −0.005* 0.000 0.000 −0.009
 countries (0.004) (0.004) (0.003) (0.002) (0.002) (0.007)

Notes: Column 1 uses data from the POLITY IV dataset; columns 2–4 use data from the Archigos dataset; and col-
umns 5–6 use data from the PRIO dataset. Columns 1–4 include country FE, region × year FE, and poor × year FE; 
columns 5–6 include country FE and year FE. Robust standard errors are in parentheses, adjusted for two-way clus-
tering at parent-country and year-region levels. Sample includes all countries with at least 20 years of WDI growth 
observations (i.e., the same set of countries considered in the previous tables).

*** Significant at the 1 percent level.
 ** Significant at the 5 percent level.
  * Significant at the 10 percent level.




