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THE CAUSES AND CONSEQUENCES OF CONFLICT‡

Will Wealth Weaken Weather Wars?†

By Marshall Burke, Joel Ferguson, Solomon Hsiang, and Edward Miguel*

There is a well-established empirical regular-
ity that income per capita is negatively correlated 
with civil conflict incidence at the country level 
(Collier and Hoeffler 2004). However, economic 
theories of conflict have difficulty explaining 
this relationship (Chassang and Padró i Miquel 
2009), and empirical research has focused on 
the effects of income shocks, which are more 
amenable to causal analysis. Evidence of a 
causal link between long-term standards of liv-
ing and civil conflict remains elusive.

A related literature has shown that varia-
tion in climate can shape a variety of conflict 
outcomes (Hsiang, Burke, and  Miguel 2013; 
Burke et  al. 2024), and a key explanation for 
these climate-conflict linkage findings has also 
centered on the mediating role of income and 
economic development. For instance, climate 
shocks could be less likely to alter the incentives 
to take up arms in regions where income is less 
sensitive to climate, and/or conflict might be 
less likely in wealthier, higher-administrative-
capacity states that are able to protect local 
incomes against climate shocks (e.g., through 
social protection programs and safety nets) or 
able to mobilize military resources to suppress 
rebellion. Given the plausible exogeneity of cli-
mate shocks, the climate-conflict setting offers 

an opportunity to understand whether economic 
development can indeed shape conflict risk. It 
also offers an important setting to study whether 
economic development can help societies become 
less vulnerable to a changing climate, a central 
question in the climate economics literature that 
has received mixed empirical support (Burke, 
Hsiang, and Miguel 2015b; Carleton et al. 2022).

A recent collection of studies provides some 
support for the hypothesis that policies that 
affect local economic well-being can moderate 
the effect of weather shocks on violent conflict, 
broadly defined. Fetzer (2020) shows that the 
rollout of India’s National Rural Employment 
Guarantee, which provides paid work to 
low-income adults, reduced the effect of rainfall 
shocks on conflict. Similar work in Mexico and 
Indonesia showed that cash transfer programs 
reduce the effect of climate shocks on homi-
cide and suicide, respectively (Garg, McCord, 
and Montfort 2020; Christian, Hensel, and Roth 
2019).1

In this article, we evaluate the moderat-
ing impact of economic development on 
climate-conflict linkages in Africa, the region 
that in recent decades has experienced the most 
civil conflict. To help shed light on the relative 
importance of local economic incentives versus 
state capacity in shaping conflict likelihood, 
we build a spatially disaggregated dataset that 
merges multiple decades of georeferenced data 
on climate shocks and conflict events with both 
local- and national-level measures of economic 
development. If local economic incentives 
are what matters, then highly granular data on 
household livelihoods would be expected to 
influence conflict incidence in the presence of 
climate shocks. If central state capacity was 

1 For a more detailed description and discussion of the 
findings of these papers, see Burke et al. (2024).
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instead the critical factor, then national-level 
measures of income should better explain vari-
ation in climate-conflict linkages, even net of 
subnational variation.

I.  Data and Empirical Approach

The statistical analysis is conducted using 
a yearly panel of 1° × 1° grid cells (roughly 
110 kilometers (km) on a side at the equator) 
covering Africa. The sample is constructed by 
combining local-level data on weather, conflict 
events, and household wealth with national 
GDP per capita. Specifically, for weather we use 
gridded estimates of local monthly temperature 
from the Berkeley Earth Surface Temperature 
dataset (Rohde and Hausfather 2020), a gridded 
station-based measure of temperature that has 
been shown to perform well in related appli-
cations. Conflict occurrence is measured for 
1989–2019 using the Uppsala Conflict Data 
Program, which provides the timing and specific 
location of events of various types. We focus on 
“civil conflicts,” or armed conflicts resulting in 
at least 25 battle deaths in which at least one 
party is the government of a state (Sundberg 
and Melander 2013). GDP per capita is from the 
World Bank’s World Development Indicators, 
measured at the country level as the mean across 
1990–2019 in 2017 dollars (purchasing power 
parity (PPP)) for simplicity, though this raises 
some issues of interpretation. We assign this to 
a grid cell based on the country containing the 
greatest share of its area.

Finally, local-level wealth is measured using 
new estimates of average household asset 
wealth, derived from a deep learning model that 
was trained to predict local-level wealth using 
multispectral satellite imagery; details are pro-
vided in two recent papers (Yeh et  al. 2020; 
Ratledge et  al. 2022). Briefly, model training 
used two decades of satellite imagery from 
Landsat as input, and as output (or “labels”) 
used georeferenced survey observations on 
asset ownership from demographic and health 
surveys across tens of thousands of villages in 
Africa. Questions on household ownership of 
a common set of assets were used to construct 
a household wealth index that is roughly linear 
in the log of household consumption expendi-
ture. Household data were then averaged to the 
village level, the level at which geocoordinates 
were available in the public survey data. Wealth 

estimates for all of Africa were generated for the 
years 2002–2018 at ∼7 km resolution (the size 
of the image input), which we aggregated to the 
larger grid cells and then took the average across 
years, yielding average grid-level measures of 
asset wealth.

Conflict incidence ​C​ in location ​i​ in year ​t​ 
is modeled as a linear function of temperature 
in that location and year as well as the previ-
ous year, but the marginal effect of temperature 
is allowed to vary with location-specific log 
income or wealth ​​W​i​​​:

	​​C​it​​  = ​ α​i​​ + ​δ​t​​ + ​ ∑ 
l=0

​ 
1

 ​​ ​ (​β​l​​ ​T​it−l​​ + ​γ​l​​ ​T​it−l​​ ​W​i​​)​ + ​ε​it​​.​

Unit fixed effects ​​α​i​​​ control flexibly for 
any time-invariant differences in average tem-
perature or conflict across grid cells, and time 
fixed effects ​​δ​t​​​ control flexibly for any trends or 
shocks to either temperature or conflict that are 
common across units.

Note that the ​​γ​l​​​ coefficients cannot nec-
essarily be interpreted causally, as average 
income or wealth could be correlated with other 
variables that also could plausibly moderate 
climate-conflict relationships. Instead, these 
coefficients can be interpreted as approximat-
ing how the causal effect of temperature differs 
in locations with different levels of economic 
well-being.

II.  Results

Regression results are shown in Table 1. The 
top panel of Figure  1 shows how temperature 
shocks affect the likelihood of civil conflict 
in locations with different levels of household 
wealth. The bottom panel shows the effect in 
locations with different national GDP per capita. 
In both panels, the distribution of the moderat-
ing variable is presented on the horizontal axis.

The main finding of this analysis is that 
local household wealth has little moderating 
effect on the relationship between tempera-
ture shocks and civil conflict, while conflict is 
much less sensitive to temperature in countries 
with higher GDP per capita. In a specification 
only including the temperature variables, a 1˚C 
increase is associated with a 36 percent increase 
in civil conflict incidence, or about 3.7 percent-
age points. This effect is similar when wealth is 
interacted with temperature and a one standard 
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deviation increase in wealth is estimated to 
reduce the effect of temperature by 14 percent, 
although this is not statistically significant and 
confidence intervals on the interaction term are 
wide (Table 1).

When country-level GDP per capita is inter-
acted with temperature, a one log increase in 
GDP per capita is associated with a large reduc-
tion of the effect of temperature shocks on con-
flict of 25.2 percent––over half of the effect at 
mean GDP per capita. The effect is similar in 
a model where temperature is interacted with 
both local wealth and national GDP per capita, 
suggesting that the moderating effect of national 
income holds even conditional on local house-
hold wealth. We also find that the limited effect 
of household wealth on the temperature-con-
flict relationship is similar when aggregated to 
the national level (not shown), suggesting that 
the effect we observe for GDP per capita is not 
necessarily due to its more aggregated level of 

observation alone, but perhaps due to its more 
comprehensive measurement of economic 
activity beyond household wealth, that is, that 
derived from industrial and mining production, 
business activity, international trade, and gov-
ernment revenue.2

III.  Discussion

The results appear to present a puzzle. On 
the one hand, there is little clear evidence of a 

2 Because country-level GDP per capita is negatively cor-
related with average temperature, we conducted a robustness 
check where we included a term interacting temperature 
with its location-specific average (over the panel) to ensure 
that the moderating effects we detect are not due to hotter 
locations being more sensitive to extreme temperatures. The 
moderating effects of wealth and national income in this 
specification are qualitatively similar (with comparable pat-
terns of statistical significance) but somewhat attenuated in 
magnitude (not shown).

Table 1—Effect of Temperature on Conflict Moderated by Wealth and Income

(1) (2) (3) (4)
Panel A. Marginal effects
temp (t) 0.0226 0.0226 0.0315 0.0317

(0.0033) (0.0033) (0.0040) (0.0040)
temp (t − 1) 0.0141 0.0146 0.0155 0.0157

(0.0031) (0.0031) (0.0034) (0.0034)
temp (t) × wealth 0.0140 0.0390

(0.0148) (0.0147)
temp (t − 1) × wealth −0.0284 −0.0183

(0.0150) (0.0154)
temp (t) × GDP/cap (log) −0.0183 −0.0203

(0.0031) (0.0030)
temp (t − 1) × GDP/cap (log) −0.0076 −0.0067

(0.0025) (0.0025)

Observations 83,544 83,544 78,367 78,367

Panel B. Combined effects
Comb. temperature effect (%/˚C) 35.70 36.10 45.80 46.10

(4.9) (4.9) (5.6) (5.6)
Comb. wealth effect (%/˚C/SD) −14 20

(21.3) (21.4)
Comb. GDP/cap effect (%/˚C/log) −25.2 −26.3

(4.3) (4.1)

Notes: This table shows the effect of temperature in degrees Celsius on civil conflict inci-
dence (column 1) and the moderating effect of local wealth (column 2, in standard deviation), 
GDP/cap (column 3, in $1,000), or combined (column 4). Panel B gives combined effects 
across lags, with coefficients expressed as percent change in the outcome per 1˚C. Interaction 
variables are de-meaned so temperature coefficients can be interpreted as the marginal effect at 
mean wealth or income. The mean of the outcome is 10.3 percent conflict incidence.
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moderating effect of local household wealth on 
the temperature-conflict relationship in Africa—
although wide confidence intervals mean that 

meaningful effects cannot be ruled out. On the 
other, national GDP per capita is strongly neg-
atively correlated with the effect of temperature 
shocks on conflict, and this association holds 
even conditional on local wealth.

A leading interpretation of these patterns is 
that the state capacity effect is stronger than the 
individual opportunity cost effect in dampening 
conflict risk. In this case, the results of the other 
studies cited above—which found that expand-
ing social protection programs reduced conflict 
risk following climate shocks—could be inter-
preted as measuring the moderating effects of 
proxies for increased state capacity. Another 
interpretation is that national GDP per capita 
is strongly correlated with some other unob-
served moderator of the temperature-conflict 
relationship, while both local and national aver-
age household wealth are not. Distinguishing 
between these interpretations may be a fruitful 
avenue for future research.

It is important to note that these findings do 
not necessarily rule out the empirical relevance 
of the individual opportunity cost hypothesis in 
other settings. Indeed, some economic theories 
of conflict suggest that the opportunity cost effect 
would operate equivalently at any level of local 
wealth (Chassang and  Padró  i Miquel 2009). 
There is also some empirical evidence supporting 
the opportunity cost hypothesis (e.g., McGuirk 
and Burke 2020). The findings here suggest that 
the strength of the opportunity cost effect varies 
only modestly (if at all, in African settings) across 
different levels of local economic development as 
proxied by household wealth.

In Burke et al. (2024), we discuss the grow-
ing body of evidence that finds that local eco-
nomic conditions are key factors connecting 
climate shocks to local conflict outcomes. The 
patterns in Figure  1 are another piece of evi-
dence in this emerging body of work, suggesting 
that distinct measures of economic well-being 
moderate the climate-conflict relationship dif-
ferently. The main GDP per capita finding 
in the bottom panel of Figure  1 suggests that 
continued macroeconomic growth and devel-
opment will be important in allowing low- and 
middle-income countries in Africa (and likely 
beyond) to successfully address the stresses 
that will be generated by climate change in the 
coming decades. An unfortunate challenge is the 
risk that climate change will, at the same time, 
lower growth rates and living standards (Burke, 
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Figure 1. Sensitivity of the Temperature-Conflict 
Relationship to Wealth and Income

Notes: This figure shows the effect of temperature on civil 
conflict at different levels of local household wealth (top 
panel) and country-level GDP/capita (bottom panel). 
Individual lines are 1,000 bootstrapped estimates for each 
model. Wealth index values are temporally and spatially 
aggregated from a household-level wealth index (mean zero 
and standard deviation one at the household level). Higher 
values indicate greater wealth, and the histograms below 
each plot show the distribution of the moderating variable 
clipped at 2.5th and 97.5th percentiles of the aggregated dis-
tribution. Country GDP per capita in 2017 dollars (PPP) 
from the World Development Indicators.
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Hsiang, and  Miguel 2015a), raising the possi-
bility of a climate-conflict poverty trap, as may 
already be occurring in the Sahel.
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