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Introduction

Civil wars have resulted in 3 times as many deaths as wars between
states since WW II (Fearon and Laitin 2003).

Sub-Saharan Africa: 29 of 43 countries suffered from civil conflict
during the 1980s and 1990s.

Long-term burden of disease/disability caused likely far outweighs the
number of deaths during fighting

Previous research highlights the association between economic
conditions and civil conflict (review in Sambanis [2001]). Endogeneity
of economic variables to civil war → CANNOT establish causality.

Here: Use exogenous variation in rainfall as an IV for income
growth to estimate the impact of economic growth on civil conflict

Plausible strategy for economies that rely on rainfed agriculture: Only
1% of cropland is irrigated in the median African country, and the
agricultural sector is large (World Development Indicator database).



Results Overview

The relationship between GDP growth and the incidence of civil wars
is extremely strong.

A 5%-point drop in annual economic growth increases the likelihood
of a civil conflict (at least 25 deaths per year) in the following year by
over 12 % points which amounts to an increase of more than one-half
in the likelihood of civil war.

Impact of income shocks on civil conflict is not significantly different
in richer, more democratic, more ethnically diverse, or more
mountainous African countries or in countries with a range of
different political institutional characteristics.



Existing Literature

Collier and Hoeffler (1998, 2001, 2002) and Fearon and Laitin (2003):
Economic variables are often more important determinants of civil war
than measures of objective political “grievances.”

Elbadawi and Sambanis (2002) confirm most of Collier and Hoefflers
findings on the role of economic factors.

Fearon and Laitin (2003) find that lower per capita GDP is
significantly associated with the onset of a civil war.

Fearon and Laitin argue that the key channels linking poverty and
civil war are low repressive capabilities resulting from weak militaries
and poor roads.

These authors are aware of the potential endogeneity problems in
estimating the relationship between civil war and economic outcomes.



Data and Measurement

Data on Civil Conflict:

Armed Conflict Data database developed by the International Peace
Research Institute of Oslo, Norway, and the University of Uppsala,
Sweden (referred to as PRIO/Uppsala).

An armed conflict is defined as “a contested incompatibility which
concerns government and/or territory where the use of armed force
between two parties, of which at least one is the government of a
state, results in at least 25 battle-related deaths.”

The database is careful to focus only on politically motivated violence.

Does not capture many important types of organized violence in
sub-Saharan Africa that do not directly involve the state

Does not focus separately on ethnic violence

The authors focus exclusively on civil wars.



Data and Measurement II

Data on Rainfall:

Global Precipitation Climatology Project (GPCP) database of
monthly rainfall estimates, which stretches back to 1979.

Rainfall estimates for each point at which latitude and longitude
degree lines cross, at 2.5-degree intervals

Here, Kenya, a mediumsized African country, contains eight rainfall
data “nodes,” whereas the largest country, Sudan, contains 34 nodes.

The GPCP rainfall measure at latitude-longitude degree node point p
in country i during month m of year t is denoted Ripmt . Denote the
average rainfall across all points p and months m for that year as Rit .

The principal measure of a rainfall shock is the proportional change in
rainfall from the previous year, (Rit − Ri ,t−1)/Ri ,t−1 , denoted ∆Rit .



Data and Measurement III

Data on Other Country Characteristics:

Remaining data are drawn mainly from Fearon and Laitin (2003) and
from World Bank databases

Main country control variables: Ethnolinguistic fractionalization
(drawn from the Soviet ethnographic index Atlas Marodov Mira) and
religious fractionalization (based on the CIA Factbook); measures of
democracy (from the Polity IV data set); the log of per capita income
(from the Penn World Tables and the World Bank); the proportion of
a country that is mountainous.

Measures of income inequality, poverty, or unemployment rates are
not included as additional explanatory variables because of the large
number of missing or unreliable African observations in existing
macroeconomic series.
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TABLE 1
Descriptive Statistics

Mean
Standard
Deviation Observations

A. Civil Conflict Measures (1981–99)

Civil conflict with ≥25 deaths: (PRIO/
Uppsala) .27 .44 743

Onset .07 .25 555
Offset .15 .36 188

Civil conflict with ≥1,000 deaths:
PRIO/Uppsala .17 .37 743

Onset .04 .19 625
Offset .15 .36 118

Collier and Hoeffler (2002) .17 .38 743
Doyle and Sambanis (2000) .22 .41 724
Fearon and Laitin (2003) .24 .43 743

B. Rainfall Measures (1981–99)

Annual rainfall (mm), GPCP measure 1,001.6 501.7 743
Annual growth in rainfall, time t .018 .209 743
Annual growth in rainfall, time t � 1 .011 .207 743

C. Economic Growth

Annual economic growth rate, time t �.005 .071 743
Annual economic growth rate, time t � 1 �.006 .072 743

D. Country Characteristics

Log(GDP per capita), 1979 1.16 .90 743
Democracy level (Polity IV score, �10 to

10), time t � 1 �3.6 5.6 743
Democracy indicator (Polity IV score 15),

time t � 1 .15 .36 743
Ethnolinguistic fractionalization (source:

Atlas Marodov Mira) .65 .24 743
Religious fractionalization (source: CIA

Factbook) .49 .19 743
Oil-exporting country (source: WDI) .12 .32 743
Log(mountainous) (source: Fearon and

Laitin 2003) 1.6 1.4 743
Log(national population), time t � 1

(source: WDI) 8.7 1.2 743
Growth in terms of trade, time t (source:

WDI) �.01 .16 661

Note.—The source of most characteristics in panel D is the World Bank’s World Development Indicators (WDI).
Initial log per capita income for Namibia pertains to 1990, its first year in the sample (after independence).

B. Rainfall Data

We use the Global Precipitation Climatology Project (GPCP) database
of monthly rainfall estimates, which stretches back to 1979, as a source
of exogenous weather variation.12 The GPCP data rely on a combination

12 The GPCP data are publicly available on the Web at http://precip.gsfc.nasa.gov/.



Estimation Framework

First-stage relationship:

growthit = ai + X ′itb + c0∆Rit + c1∆Ri ,t−1 + diyeart + eit . (1)

Country fixed effects (ai ) are included in some specifications to
capture time-invariant country characteristics that may be related to
civil conflict.

Also include country-specific time trends in most specifications to
capture additional variation

The term e is a disturbance term, and these disturbances are allowed
to be correlated across years for the same country in all regressions.
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TABLE 2
Rainfall and Economic Growth (First-Stage)
Dependent Variable: Economic Growth Rate, t

Explanatory
Variable

Ordinary Least Squares

(1) (2) (3) (4) (5)

Growth in rainfall, t .055***
(.016)

.053***
(.017)

.049***
(.017)

.049***
(.018)

.053***
(.018)

Growth in rainfall,
t � 1

.034**
(.013)

.032**
(.014)

.028**
(.014)

.028*
(.014)

.037**
(.015)

Growth in rainfall,
t � 1

.001
(.019)

Growth in terms of
trade, t

�.002
(.023)

Log(GDP per cap-
ita), 1979

�.011
(.007)

Democracy (Polity
IV), t � 1

.0000
(.0007)

Ethnolinguistic
fractionalization

.006
(.044)

Religious
fractionalization

.045
(.044)

Oil-exporting
country

.007
(.019)

Log(mountainous) .001
(.005)

Log(national popu-
lation), t � 1

�.009
(.009)

Country fixed
effects no no yes yes yes

Country-specific
time trends no yes yes yes yes

2R .02 .08 .13 .13 .16
Root mean square

error .07 .07 .07 .07 .06
Observations 743 743 743 743 661

Note.—Huber robust standard errors are in parentheses. Regression disturbance terms are clustered at the country
level. A country-specific year time trend is included in all specifications (coefficient estimates not reported).

* Significantly different from zero at 90 percent confidence.
** Significantly different from zero at 95 percent confidence.
*** Significantly different from zero at 99 percent confidence.

The first-stage relationship between rainfall and income growth is
strongly positive: current and lagged rainfall growth are both signifi-
cantly related to income growth at over 95 percent confidence (re-
gression 1 in table 2), and this relationship is robust to the inclusion
of country controls (regression 2) and fixed effects (regression 3). Pos-
itive rainfall growth typically leads to better agricultural production since
most of sub-Saharan Africa lies within the semiarid tropics and is prone
to drought. The rainfall instruments are somewhat weak (the F-statistic
is 4.5 in regression 3), suggesting that the instrumental variable two-
stage least squares (IV-2SLS) estimates may be somewhat biased toward
ordinary least squares (OLS) estimates (Bound, Jaeger, and Baker 1995;



First-stage results

The first-stage relationship between rainfall and income growth is
strongly positive: current and lagged rainfall growth are both
significantly related to income growth

Positive rainfall growth typically leads to better agricultural
production since most of sub-Saharan Africa lies within the semiarid
tropics and is prone to drought.

CONCERN: Weak Instruments (the F-statistic is 4.5 in regression 3),
suggesting that the IV-2SLS estimates may be somewhat biased
toward OLS estimates

Identification check:“false experiment” specification in which future
rainfall growthwhich should be orthogonal to current economic
growth, conditional on country-specific time trendsis included as an
additional explanatory variable (Column 4): NOT significant.
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TABLE 3
Rainfall and Civil Conflict (Reduced-Form)

Explanatory
Variable

Dependent Variable

Civil Conflict ≥25
Deaths (OLS)

(1)

Civil Conflict ≥1,000
Deaths (OLS)

(2)

Growth in rainfall,
t

�.024
(.043)

�.062**
(.030)

Growth in rainfall,
t � 1

�.122**
(.052)

�.069**
(.032)

Country fixed
effects yes yes

Country-specific
time trends yes yes

2R .71 .70
Root mean square

error .25 .22
Observations 743 743

Note.—Huber robust standard errors are in parentheses. Regression disturbance terms are clustered at the country
level. A country-specific year time trend is included in all specifications (coefficient estimates not reported).

* Significantly different from zero at 90 percent confidence.
** Significantly different from zero at 95 percent confidence.
*** Significantly different from zero at 99 percent confidence.

are weaker than the specifications presented in table 2 (results not
shown), so we opt for the more parsimonious specification above.

Higher levels of rainfall are associated with significantly less conflict
in the reduced-form regression, for all civil conflicts (regression 1 in
table 3), with a point estimate of �0.122 (standard error 0.052) on
lagged rainfall growth. In the case of major conflicts, those involving
more than 1,000 deaths per year (regression 2), coefficient estimates
on both current and lagged rainfall growth are statistically significant
at 95 percent confidence. This is the first indication that better rainfall
makes civil conflict less likely in Africa.18 The nonparametric relationship
between lagged rainfall growth and conflict is negative and roughly
linear (fig. 2).

The second-stage equation estimates the impact of income growth on
the incidence of violence:

′conf lict p a � X b � g growth � g growthit 2i it 2 2,0 it 2,1 i,t�1

� d year � e . (2)2i t 2it

We performed both IV-2SLS estimation and a nonlinear two-stage
procedure following Achen (1986) to correct standard errors in the

18 The false experiment specifications again indicate that future rainfall is not statistically
significantly related to either measure of current conflict: for the 25–battle death threshold,
the coefficient estimate on rainfall in period is near zero, at 0.000, with a standardt � 1
error of 0.055 (regression not shown).



Second-stage relation

conflictit = αi + X ′itβ + γ0growthit + γ1growthi ,t−1 + δiyeart + εit . (2)

Both IV-2SLS estimation and a nonlinear two-stage procedure
following Achen (1986) used to correct standard errors in the presence
of a dichotomous dependent variable in the second stage

The IV-2SLS method is typically preferred even in cases in which the
dependent variable is dichotomous (see Angrist and Kreuger 2001;
Wooldridge 2002) since strong specification assumptions are required
to justify the Achen and related Rivers and Vuong (1988) methods.
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TABLE 4
Economic Growth and Civil Conflict

Explanatory
Variable

Dependent Variable: Civil Conflict ≥25 Deaths

Dependent
Variable:

Civil
Conflict
≥1,000
Deaths

Probit
(1)

OLS
(2)

OLS
(3)

OLS
(4)

IV-2SLS
(5)

IV-2SLS
(6)

IV-2SLS
(7)

Economic growth
rate, t

�.37
(.26)

�.33
(.26)

�.21
(.20)

�.21
(.16)

�.41
(1.48)

�1.13
(1.40)

�1.48*
(.82)

Economic growth
rate, t � 1

�.14
(.23)

�.08
(.24)

.01
(.20)

.07
(.16)

�2.25**
(1.07)

�2.55**
(1.10)

�.77
(.70)

Log(GDP per cap-
ita), 1979

�.067
(.061)

�.041
(.050)

.085
(.084)

.053
(.098)

Democracy (Polity
IV), t � 1

.001
(.005)

.001
(.005)

.003
(.006)

.004
(.006)

Ethnolinguistic
fractionalization

.24
(.26)

.23
(.27)

.51
(.40)

.51
(.39)

Religious
fractionalization

�.29
(.26)

�.24
(.24)

.10
(.42)

.22
(.44)

Oil-exporting
country

.02
(.21)

.05
(.21)

�.16
(.20)

�.10
(.22)

Log(mountainous) .077**
(.041)

.076*
(.039)

.057
(.060)

.060
(.058)

Log(national pop-
ulation), t � 1

.080
(.051)

.068
(.051)

.182*
(.086)

.159*
(.093)

Country fixed
effects no no no yes no yes yes

Country-specific
time trends no no yes yes yes yes yes

2R … .13 .53 .71 … … …
Root mean square

error … .42 .31 .25 .36 .32 .24
Observations 743 743 743 743 743 743 743

Note.—Huber robust standard errors are in parentheses. Regression disturbance terms are clustered at the country
level. Regression 1 presents marginal probit effects, evaluated at explanatory variable mean values. The instrumental
variables for economic growth in regressions 5–7 are growth in rainfall, t and growth in rainfall, . A country-specifict � 1
year time trend is included in all specifications (coefficient estimates not reported), except for regressions 1 and 2,
where a single linear time trend is included.

* Significantly different from zero at 90 percent confidence.
** Significantly different from zero at 95 percent confidence.
*** Significantly different from zero at 99 percent confidence.

these specifications, and national population is also marginally positively
associated with conflict in one specification. These results confirm Fea-
ron and Laitin’s (2003) finding that ethnic diversity is not significantly
associated with civil conflict in sub-Saharan Africa.

An instrumental variable estimate including country controls yields
point estimates of �2.25 (standard error 1.07) on lagged growth, which
is significant at 95 percent confidence, and �0.41 (standard error 1.48)
on current growth (regression 5 of table 4). The two growth terms are
jointly significant at nearly 90 percent confidence (p-value .12). The IV-
2SLS fixed-effects estimate on lagged growth is similarly large, negative,
and significant at �2.55 (standard error 1.10 in regression 6). Note that



Main Empirical Results

Contemporaneous and lagged economic growth rates are negatively,
though not statistically significantly, correlated with the incidence of
civil conflict in probit (regression 1) and OLS specifications with
country controls (regression 2), and contemporaneous growth is
negatively associated with conflict in OLS specifications with and
without country fixed effects (regressions 3 and 4).

An instrumental variable estimate including country controls yields
point estimates of -2.25 (standard error 1.07) on lagged growth,
which is significant at 95 % confidence, and -0.41 (standard error
1.48) on current growth (regression 5).

The two growth terms are jointly significant at nearly 90% confidence
(p−value .12).

The IV-2SLS fixed-effects estimate on lagged growth is similarly large,
negative, and significant at -2.55 (standard error 1.10 in regression 6).



Interpretation

The size of the estimated impact is huge: Focus on the IV-2SLS
fixed-effects specification as benchmark. The point estimate indicates
that a 1% point decline in GDP increases the likelihood of civil
conflict by over 2% points.

A 5%-point drop in annual growth increases the likelihood of a civil
conflict in the following year by over 12 % points which amounts to
an increase of more than one-half in the likelihood of civil war.

IV-2SLS estimate is in fact much more –ive than the analogous OLS
estimates, which suggests that bias due to measurement error in the
per-capita income growth measures is likely to be larger in magnitude
than the endogeneity bias, which is presumably –ive.

Unexpected finding of +ive (though insignificant) point estimates on
lagged growth in certain OLS specifications (regressions 3 and 4),
which casts some doubt on this attenuation bias explanation for the
difference between the OLS and IV estimates.



Robustness Checks

The IV-2SLS fixed-effects results for the 25-death threshold are
robust to dropping one country at a time

Results are similarly large and statistically significant in an ordered
probit specification, with the categories no conflict (fewer than 25
battle deaths per year), minor conflicts (between 25 and 1,000
deaths), and major conflicts (more than 1,000 deaths)

The impact of lagged growth on civil conflict is large and negative for
alternative measures of rainfall

The results are also similar to those with the databases used by
Collier and Hoeffler, Doyle and Sambanis, and Fearon and Laitin.
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TABLE 5
Interactions between Economic Growth and Country Characteristics

Dependent Variable: Civil Conflict ≥25 Deaths

Explanatory Variable

IV-2SLS

(1) (2) (3) (4) (5)

Economic growth rate, t �1.20
(1.43)

.92
(2.62)

�9.9
(22.9)

�.99
(1.26)

�1.85
(1.81)

Economic growth rate, t � 1 �2.86*
(1.46)

�3.01*
(1.70)

�6.4
(6.1)

�2.37**
(1.04)

�2.97**
(1.39)

Economic growth rate, t#democracy
(Polity IV), t � 1

.01
(.21)

Economic growth rate, #democracyt � 1
(Polity IV), t � 1

�.10
(.16)

Economic growth rate, t#log(per capita
income, 1979)

�1.98
(2.70)

Economic growth rate, #log(pert � 1
capita income, 1979)

.58
(1.09)

Economic growth rate, t # ethnolinguis-
tic fractionalization

12.1
(30.1)

Economic growth rate, #ethnolin-t � 1
guistic fractionalization

5.1
(8.1)

Economic growth rate, t # oil-exporting
country

�2.8
(6.9)

Economic growth rate, #oil-export-t � 1
ing country

3.2
(3.1)

Economic growth rate, t#
log(mountainous)

.39
(.83)

Economic growth rate, #t � 1
log(mountainous)

.23
(.62)

Country fixed effects yes yes yes yes yes
Country-specific time trends yes yes yes yes yes
Root mean square error .33 .34 .41 .32 .32
Observations 743 743 743 743 743

Note.—Huber robust standard errors are in parentheses. Regression disturbance terms are clustered at the country
level. The instrumental variables are growth in rainfall, t and growth in rainfall, and these two terms interactedt � 1
with the appropriate explanatory variable. A country-specific year time trend is included in all specifications (coefficient
estimates not reported). Similar interaction patterns hold when civil conflict ≥1,000 deaths is the dependent variable
and in most OLS specifications (results not shown).

* Significantly different from zero at 90 percent confidence.
** Significantly different from zero at 95 percent confidence.
*** Significantly different from zero at 99 percent confidence.

Africa); for countries with socialist political regimes at the start of the
sample period (from Barro [1991]); by religious fractionalization, or
any of the social fractionalization measures from Alesina et al. (2003);
by population density; across a range of measures of democracy, political
competition, regulation of political participation, and constitutional
constraints on executive power (from the Polity IV data set); for other
political institutional measures, including the degree of federalism, and
government checks and balances (from the World Bank Database of
Political Institutions); and for political and civil freedom (from Freedom
House; results not shown).

The simplest reading of these findings is that economic factors trump



Table 5: Discussion of Results

The impact of economic growth shocks on the incidence of major
conflicts is remarkably similar for African countries with a wide range
of institutional, political, social, and economic characteristics

The interactions between economic growth (current and lagged) and
a measure of democracy (regression 1) and between growth and per
capita income levels in 1979 (regression 2) are not significantly
related to civil conflict

The democracy interaction results indicate that relatively
nondemocratic African countries hit by negative income shocks are
just as prone to civil conflict as relatively democratic countries.

There are similarly weak results for interactions with various
alternative democracy measures, including measures that classify
countries as democracies if they attain certain Polity IV democracy
score thresholds.
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TABLE 6
Economic Growth and Conflict Onset

Explanatory Variable

Dependent Variable

Onset, Civil Conflict
≥25 Deaths (IV-2SLS)

(1)

Onset, Civil Conflict
≥1,000 Deaths (IV-2SLS)

(2)

Economic growth rate, t �3.15*
(1.87)

�2.85*
(1.45)

Economic growth rate, t � 1 �1.84
(1.48)

�.80
(1.25)

Country fixed effects yes yes
Country-specific time trends yes yes
Root mean square error .28 .24
Observations 555 625

Note.—Huber robust standard errors are in parentheses. Regression disturbance terms are clustered at the country
level. The instrumental variables for economic growth are growth in rainfall, t and growth in rainfall, . A country-t � 1
specific year time trend is included in all specifications (coefficient estimates not reported).

* Significantly different from zero at 90 percent confidence.
** Significantly different from zero at 95 percent confidence.
*** Significantly different from zero at 99 percent confidence.

all others in determining the incidence of civil conflict and, in particular,
that institutional and social characteristics have minimal impact in mit-
igating the effect of economic shocks. However, it is important to note
that the relatively limited variation in many of these characteristics across
African countries during the sample period—most were poor, ethnically
diverse, and undemocratic, with similar colonial legacies—means that
this finding may not generalize to other regions of the world. Despite
attempts to examine the broadest possible range of country political
and social characteristics, it also remains possible that some other char-
acteristics not adequately captured in existing data sets—perhaps along
the lines of the “shadow state” institutions described by Reno (1998) in
West Africa—do mitigate the adverse effects of negative economic
shocks, but we are unable to examine them here. Moreover, problems
of measurement for the institutional and social characteristics exacer-
bate these concerns and may bias coefficient estimates on the interaction
terms toward zero.

Finally, we explore how economic growth affects the onset of conflict,
and to do so we restrict attention to country-year observations in which
there was no civil conflict during the previous year. When either PRIO/
Uppsala definition is used, 25 or 1,000 battle deaths, conflicts are sig-
nificantly less likely to start as economic growth increases (regressions
1 and 2 of table 6), and once again we cannot reject the hypothesis
that effects are the same for current and lagged economic growth. The
results are robust to the inclusion of country controls rather than fixed
effects, and there is once again no significant difference in the impact



Table 6: Discussion

Explore how economic growth affects the onset of conflict, and so
restrict attention to country-year observations in which there was no
civil conflict during the previous year.

When either PRIO/Uppsala definition is used, 25 or 1,000 battle
deaths, conflicts are significantly less likely to start as economic
growth increases

One cannot reject the hypothesis that effects are the same for current
and lagged economic growth



Potential Violations of the Exclusion Restriction

Exclusion restriction: Weather shocks should affect civil conflict
only through economic growth.

Economic channels other than per capita economic growth per se
(i.e., income inequality or rural poverty rates) may be key underlying
causes of civil conflict in the aftermath of adverse rainfall shocks

High rainfall might directly affect civil conflict independently of
economic conditions. For instance, floods may destroy the road
network and thus make it more costly for government troops to
contain rebel groups.

Not a serious threat to estimation strategy, since higher rainfall levels
are associated with significantly less conflict in the reduced-form
regressions. Thus, the estimates would be lower bounds on the true
impact of economic growth on civil conflict.



Potential Violations of the Exclusion Restriction II

Rainfall may make it difficult for both government and rebel forces to
engage each other in combat, and to achieve the threshold number of
deaths that constitute a conflict because of more difficult
transportation conditions.

Check: Estimated the impact of rainfall shocks on the extent of the
usable road network using World Bank data, and did not find a
statistically significant relationship

Low rainfall is associated with heat waves that raise tempers and
spontaneously provoke conflict.

Check: Showed that the incidence of conflict using the 25-death
threshold is most responsive to economic growth (and rainfall) lagged
by one year, which would presumably leave ample time for “cooler”
heads to prevail and avert such conflicts.



Conclusion

This paper addresses a major methodological problem that lies at the
core of the cross-country empirical literature on civil wars, the
potential endogeneity of economic factors used as explanatory
variables

Public policy perspective: if a short-term drop in the opportunity cost
of being a rebel (or government) soldier significantly increases the
incidence of civil conflict, it may be possible to reduce the incidence
of conflict through the design of better income insurance for
unemployed young men during hard economic times.

Public work schemes focused on building roads – facilitating the
transport of food – as well as on irrigation and other water projects;
could also serve to somewhat reduce local vulnerability to future
rainfall shocks.
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