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sequential climatic events. By mapping distribu-
tions of multiple climatic events back onto these
empirically recovered dose-response functions,
we can reconstruct distributions of predicted
outcomes attributable to these weather distri-
butions (as illustrated in Figs. 1 and 2). Compar-
ison of outcome distributions resulting from
different climatologies allows us to estimate the
first-order effects of any arbitrary change in the
climate (19). In principle, with sufficient infor-
mation on patterns of adaptation to climate (i.e.,
the “informational” channel that caused the dose-
response function in Fig. 1C to change), these
comparisons can account for the full range of adap-
tations observed in the real world; although in
practice, such adjustments tend to be relatively
minor (45, 48, 88, 181), in part because they are
mathematically second-order (19, 48), a notion
that is consistent with observation that the in-
formational effect tends to bemodest in magni-
tude across numerous contexts (23, 32, 136, 182),
especially once the costs of adaptive adjustments
are accounted for (19, 88).
By using this approach to “reconstitute” distri-

butions of impacts from climate, researchers are

now beginning to provide first-order answers to
three questions that originally motivated this
research agenda: How much does the current
climate affect outcomes that we observe in the
current world? How much has recent warm-
ing affected outcomes? And how are projected
changes in the climate expected to alter social
outcomes?

The current climate

Most analyses do not explicitly report howmuch
the distribution of a social outcome examined is
driven by climatic factors, but such results are
implicitly computed and relied upon in every
deconvolution or regression analysis, and esti-
mating the total effect of current climate distri-
butions provides perspective on the magnitude
of contemporary impacts. In column 5 of Table
1 we tabulate estimates from studies that do
report such results, as well as compute some
new estimates based on reported values and
available data. To compute the total effect of
the current climate, one can use the sample of
data analyzed and the empirical relationship re-
covered by the analysis to (i) compute the dis-

tribution of outcomes predicted by the current
distribution of climatic events; and (ii) compare
this to the distribution of outcomes obtained if
the same population were exposed to their best
possible environmental conditions continuously,
where “best possible” is based on the nature of
the estimated empirical relationship (see sup-
plementary materials for details). Essentially,
to create this benchmark we imagine a world
in which climate could be managed as other
aspects of societies and economies are, such as
the allocation of law enforcement or capital in-
vestments. For example, in their analysis of the
effect of ENSO on civil conflict, Hsiang et al. (27)
estimate average conflict rates predicted by his-
torical ENSO conditions and compare them to
conflict rates that would be predicted if the world
were to experience La Niña–like conditions, the
climate state with least conflict, continuously.
This thought experiment is clearly impossible to
confirm, as societies cannot uniformly be exposed
to an optimal climate; however, it is a useful and
precisely defined benchmark for considering the
overall magnitude of effects resulting from ob-
served climates.
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Study Social
impact

Sample
region

Sample
period

Effects of current
climate distribution

Effects of climate
trends to date

Future impacts of
climate change

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Health
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Anttila-Hughes
and Hsiang
2012 (49)

Mortality
rate, total
deaths

Philippines 1950–2008 Realized typhoon-induced
“economic” deaths account
for 13% of the overall infant
mortality rate

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Burke et al.
2015 (129)

HIV rate Sub-
Saharan
Africa

2003–2009 Rainfall shocks account for 14
to 21% of cross-country
variation in HIV prevalence

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Deschênes and
Greenstone
2011 (31)

Mortality rate,
energy use

USA 1968–2002 Relative to a full year at 50° to
60°F, realized temperatures
increase mortality rates by
11.2% and energy use by
29% on average*

Predicted climate change†

by 2100 increases annual
mortality rates by 3%
and energy use by 11%

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Conflict
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Burke et al.
2009 (183)

Civil conflict Sub-
Saharan
Africa

1981–2002 Relative to each country’s
optimal annual temperature,
realized temperatures
increase annual incidence
of war by 29.3% on average*

Between 1981 and 2006,
trends in temperature
increased the annual
incidence of war by
11.1% on average*

Predicted climate change‡

by 2030 increases annual
incidence of war by 54%

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Hsiang et al.
2011 (27)

Civil conflict Global 1950–2004 Relative to the optimal state,
realized ENSO conditions
had a role in 21% of all
civil conflicts between
1950 and 2004

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

Ranson 2014
(136)

Violent crime USA 1980–2009 Relative to each county’s
optimal monthly temperature,
realized temperatures increase
crime rates by 6.1% for rape,
2.4% for murder, and 3.6%
for aggravated assault on
average*

Predicted climate change‡

between 2010 and 2099
increases total crime cases
by 180,000 for rape,
22,000 for murder, and
2.3 million for aggravated
assault

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .

*New calculation generated either from reanalysis of the authors’ data, or from analysis of statistics provided in the authors’ paper. See supplementary materials for
detailed descriptions of each calculation. †‡§Climate change impacts are predicted using the Intergovernmental Panel on Climate Change A1F1†, A1B‡, or RCP 8.5§ future
climate change scenarios.
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Carleton & Hsiang (Science, 2016)

We now understand how to compute changes in risk
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We have many public tutorials on how to combine climate data and 
econometric methods for social and economic impact analysis

What is the physical problem? 
“An Economist’s Guide to Climate Change Science”

• Hsiang & Kopp, (J. Econ Perspectives, 2017)


How do we look at the data for that problem? 
“Using Weather Data & Climate Model Output in Economic Analyses of C.C”


• Auffhammer et al. (Rev. of Env. Econ. & Policy, 2013) 


How does one analyze that data to learn about the problem? 
“Climate Econometrics”


• Hsiang (Annual Rev. of Env. and Resource Econ., 2016)  


What have we learned overall? 
“Social and Economic Impacts of Climate”


• Carleton & Hsiang (Science, 2013)


What do we know about climate and conflict? 
“Climate and Conflict”


• Burke, Hsiang & Miguel (Annual Rev. of Econ, 2015)



Do we need to understand mechanisms?

We do not need to understand mechanisms to infer that 

“climatic changes are a cause of conflict”.



Do we need to understand mechanisms?

We do not need to understand mechanisms to infer that 

“climatic changes are a cause of conflict”.

e.g. pushing car accelerator or smoking 

(Hsiang & Burke, Climatic Change 2014)



Do we need to understand mechanisms?

We do not need to understand mechanisms to infer that 

“climatic changes are a cause of conflict”.

We do need to understand mechanisms to 

strategically design policies that interfere with the linkage.

e.g. pushing car accelerator or smoking 

(Hsiang & Burke, Climatic Change 2014)

e.g. fixing a car engine or medical treatment for smoking



roughly four times larger than the lagged temperature effect (2.8% per s); however, both are
positive, suggesting that on average, the temperature effect of climate on conflict does not result
from displacement alone. Similarly, the effect of contemporaneous temperature on interpersonal
conflict (2.4% per s) is much larger than the lagged effect (!0.23% per s), which suggests that
roughly one-tenth of the observed effect is attributable to temporal displacement.

The effect of rainfall on intergroup conflict is smaller than the effect of temperature, but it remains
statistically significant, although interestingly there is roughly the same size effect for both con-
temporaneous and lagged rainfall, which may not be surprising in agrarian settings in which lagged
rainfall is a key input into current harvests and thus local economic conditions. The effects of both
current and lagged rainfall on interpersonal conflict are small, although the contemporaneous effect
of rainfall (0.6%pers) is highly statistically significant, and the lagged effect (!0.2%pers) suggests
that roughly one-third of this effect is attributable to temporal displacement.

2.4.3. Publication bias. Evidence increasingly suggests that many empirical social science liter-
atures exhibit some form of publication bias (Gerber & Malhotra 2008a,b; Brodeur et al. 2013),
with a common form of bias arising from the research community’s reluctance to investigate or
publish null results. This is generally thought to manifest in twoways in a literature. First, authors
may never release their data or findings if they obtain a null result early on in their investigation.
This is known as the file-drawer problem because these researchers return their findings to
a proverbial file drawer in which no other member of the research community observes them
(Rosenthal 1979). This source of publication bias is difficult to combat because it is generally
difficult or impossible to observe what researchers investigate but do not report (see Franco et al.
2014 for a discussion of how this is sometimes possible in practice). However, we think this issue is
generally less likely to be problematic in the climate-conflict literature because many papers have
been published reporting associations that are not statistically significant (Buhaug 2010a, Theisen
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Figure 4

Summary of meta-analysis for studies reanalyzed with distributed-lag structure, showing estimated precision-
weighted mean effects and 95% confidence intervals for (a) intergroup and (b) interpersonal conflict, for both
contemporaneous (zero lag) andone-period lagged temperature (red, left offset) andprecipitation (blue, right offset).
Combined effects equal the sum of the contemporaneous and one-period lagged effects for studies for which the
calculation was possible. The number of studies contributing to each estimate is given in parentheses.
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Burke, Hsiang, Miguel (Annual Review of Economics, 2015)

Intergroup conflict 
temp: 11.3% per +s.d. 

precip: 3.54% per + s.d.
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temporaneous and lagged rainfall, which may not be surprising in agrarian settings in which lagged
rainfall is a key input into current harvests and thus local economic conditions. The effects of both
current and lagged rainfall on interpersonal conflict are small, although the contemporaneous effect
of rainfall (0.6%pers) is highly statistically significant, and the lagged effect (!0.2%pers) suggests
that roughly one-third of this effect is attributable to temporal displacement.
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This is known as the file-drawer problem because these researchers return their findings to
a proverbial file drawer in which no other member of the research community observes them
(Rosenthal 1979). This source of publication bias is difficult to combat because it is generally
difficult or impossible to observe what researchers investigate but do not report (see Franco et al.
2014 for a discussion of how this is sometimes possible in practice). However, we think this issue is
generally less likely to be problematic in the climate-conflict literature because many papers have
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roughly four times larger than the lagged temperature effect (2.8% per s); however, both are
positive, suggesting that on average, the temperature effect of climate on conflict does not result
from displacement alone. Similarly, the effect of contemporaneous temperature on interpersonal
conflict (2.4% per s) is much larger than the lagged effect (!0.23% per s), which suggests that
roughly one-tenth of the observed effect is attributable to temporal displacement.

The effect of rainfall on intergroup conflict is smaller than the effect of temperature, but it remains
statistically significant, although interestingly there is roughly the same size effect for both con-
temporaneous and lagged rainfall, which may not be surprising in agrarian settings in which lagged
rainfall is a key input into current harvests and thus local economic conditions. The effects of both
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of rainfall (0.6%pers) is highly statistically significant, and the lagged effect (!0.2%pers) suggests
that roughly one-third of this effect is attributable to temporal displacement.
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atures exhibit some form of publication bias (Gerber & Malhotra 2008a,b; Brodeur et al. 2013),
with a common form of bias arising from the research community’s reluctance to investigate or
publish null results. This is generally thought to manifest in twoways in a literature. First, authors
may never release their data or findings if they obtain a null result early on in their investigation.
This is known as the file-drawer problem because these researchers return their findings to
a proverbial file drawer in which no other member of the research community observes them
(Rosenthal 1979). This source of publication bias is difficult to combat because it is generally
difficult or impossible to observe what researchers investigate but do not report (see Franco et al.
2014 for a discussion of how this is sometimes possible in practice). However, we think this issue is
generally less likely to be problematic in the climate-conflict literature because many papers have
been published reporting associations that are not statistically significant (Buhaug 2010a, Theisen
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Warming (RCP 4.5): 1C over 30 years
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roughly four times larger than the lagged temperature effect (2.8% per s); however, both are
positive, suggesting that on average, the temperature effect of climate on conflict does not result
from displacement alone. Similarly, the effect of contemporaneous temperature on interpersonal
conflict (2.4% per s) is much larger than the lagged effect (!0.23% per s), which suggests that
roughly one-tenth of the observed effect is attributable to temporal displacement.

The effect of rainfall on intergroup conflict is smaller than the effect of temperature, but it remains
statistically significant, although interestingly there is roughly the same size effect for both con-
temporaneous and lagged rainfall, which may not be surprising in agrarian settings in which lagged
rainfall is a key input into current harvests and thus local economic conditions. The effects of both
current and lagged rainfall on interpersonal conflict are small, although the contemporaneous effect
of rainfall (0.6%pers) is highly statistically significant, and the lagged effect (!0.2%pers) suggests
that roughly one-third of this effect is attributable to temporal displacement.

2.4.3. Publication bias. Evidence increasingly suggests that many empirical social science liter-
atures exhibit some form of publication bias (Gerber & Malhotra 2008a,b; Brodeur et al. 2013),
with a common form of bias arising from the research community’s reluctance to investigate or
publish null results. This is generally thought to manifest in twoways in a literature. First, authors
may never release their data or findings if they obtain a null result early on in their investigation.
This is known as the file-drawer problem because these researchers return their findings to
a proverbial file drawer in which no other member of the research community observes them
(Rosenthal 1979). This source of publication bias is difficult to combat because it is generally
difficult or impossible to observe what researchers investigate but do not report (see Franco et al.
2014 for a discussion of how this is sometimes possible in practice). However, we think this issue is
generally less likely to be problematic in the climate-conflict literature because many papers have
been published reporting associations that are not statistically significant (Buhaug 2010a, Theisen
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Figure 4

Summary of meta-analysis for studies reanalyzed with distributed-lag structure, showing estimated precision-
weighted mean effects and 95% confidence intervals for (a) intergroup and (b) interpersonal conflict, for both
contemporaneous (zero lag) andone-period lagged temperature (red, left offset) andprecipitation (blue, right offset).
Combined effects equal the sum of the contemporaneous and one-period lagged effects for studies for which the
calculation was possible. The number of studies contributing to each estimate is given in parentheses.
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“Between 2007 and 2010, the greater Fertile Crescent experienced the worst 
drought in the instrumental record. Crop yields plummeted, nutrition-related 
disease rates rose, and school enrollment fell; the number of drought-induced 
internally displaced people is estimated to be 1.5 million” (Kelly et al., 2014)

March 2011 marked the beginning of the ongoing Syrian civil war.

Kelley et al (PNAS, 2014)

How would we have assessed the risk of conflict in Syria if we 
were writing a report in January of 2011?

Example: Syria
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Burke & Hsiang (2014)



Seasonal intergroup conflict forecast
Excess risk attributable to temperature and rainfall

[PRELIMINARY]

45 / 1
Climate Impact Lab (in progress)



What explains these patterns?

Hypothesis 1: External economic factors
! e.g. deteriorating agricultural labor markets

Hypothesis 2: External logistical factors
! e.g. individuals come into contact outdoors during summer

Hypothesis 3: Internal psychological factors
! e.g. mechanics of decision-making changes

Global Policy Lab, UC Berkeley



North American self-harm suggests psychological pathway
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Burke et al. (Nature Climate Change, 2018)

Note: Self-harm causes more deaths globally than all forms of
interpersonal + intergroup violence combined. In top 5 causes of
death in USA, ages 10-54.



North American self-harm suggests psychological pathway

Burke et al. (Nature Climate Change, 2018)

Global Policy Lab, UC Berkeley



Self-harm in India implicated economic factors

Annual suicide rate 

0

0.2

0.4

0.6

0.8

 
Annual yield 

Daily temperature (°C)

-2.0

-1.5

-1.0

-0.5

0

0.5

10 20 30 40

Growing season

Growing season

Daily temperature (°C)
10 20 30 40

su
ic

id
es

 p
er

 1
00

,0
00

10
0 

x 
lo

g 
yi

el
d 

Carleton (PNAS, 2017)

Global Policy Lab, UC Berkeley
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60k suicides attributable to warming that already occurred

Carleton (PNAS, 2017)

Global Policy Lab, UC Berkeley



Scrutinizing decision-making mechanics w/ lab experiments

We ran two parallel large-scale behavioral experiments in Berkeley,

USA (N = 903) and Nairobi, Kenya (N = 1015).

Randomly assign subjects to Hot (30
�
C / 86

�
F) or Control (22

�
C/

71
�
F) environments.

Deployed a battery of 14 standard tests to understand if / how

temperature a↵ected social / economic decision-making

! e.g. charitableness, patience, trust, “joy of destruction”

Global Policy Lab, UC Berkeley



Kenyan presidential election is “stolen” during experiment

This was not planned.

Almas et al (in review)

Global Policy Lab, UC Berkeley



Unexpected findings of experiment ⇥ political context

Luo - felt election was stolen; Kikuyu - won election
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Note: No e↵ect in Berkeley. We interpret this cautiously.

Almas et al (in review)

Global Policy Lab, UC Berkeley









Hsiang, Burke, Miguel (Climatic Change, 2014)
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