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A.1 Additional Tables and Figures

Table A.1: Clustered Standard Errors

Dependent Variable: # Militiamen, log # Civilian Perpetrators, log

First Stage Reduced Form OLS IV/2SLS

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

Distance × Rainfall along Buffer, 1994 −0.509 −0.661
Clustered, Commune Level (0.144) (0.162)
Clustered, District Level (0.144) (0.162)
Clustered, Province Level (0.118) (0.171)
Bootstrap, District 0.006 0.002
Bootstrap, Province 0.002 0.002

# Militiamen, log 0.626 1.299
(0.039) (0.244)
(0.047) (0.291)
(0.069) (0.236)
0.000 0.001
0.000 0.011

Standard Controls yes yes yes yes
Growing Season Controls yes yes yes yes
Additional Controls yes yes yes yes
Province Effects yes yes yes yes

R2 0.50 0.58 0.74 .
N 1432 1432 1432 1432

Notes: The first standard errors reported under each coefficient are clustered at the commune level, the second clustered
at the district level, the third at the province level. The fourth and fifth entry under each coefficient are p-values using a
wild bootstrap to account for the small number of district/province clusters. Distance × Rainfall along Buffer, 1994 is
the instrument (distance to the main road interacted with rainfall along the way between village and main road during the
100 days of the genocide in 1994). Standard Controls include village population, distance to the main road, rainfall in
the village during the 100 days of the genocide in 1994, long-term average rainfall in the village during the 100 calender
days of the genocide period (average for 1984-1993), rainfall along the buffer during the 100 days of the genocide in
1994, long-term average rainfall along the buffer during the 100 calender days of the genocide period (1984-1993), and
the latter interacted with distance to the main road. Growing Season Controls are rainfall during the growing season
in 1994 in the village, 10 year long-term average rainfall during the growing seasons in the village and both of these
interacted with the difference between the maximum distance to the road in the sample and the actual distance to the
road. Additional Controls are distance to Kigali, main city, borders, Nyanza (old Tutsi Kingdom capital) as well as
population density in 1991 and the number of days with RPF presence. All control variables, except “Number of Days
with RPF presence,” are in logs. Interactions are first logged and then interacted. In each column I also control for main
effects and double interactions. There are 142 communes, 30 districts, and 11 provinces in the sample.
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Figure A.1: Varying the Buffer Length

Notes: The figure shows the coefficient on the number of militiamen (together with 95 percent confidence intervals)
from regression 6 in Panel B in Table 3 when varying the buffer size used for calculating rainfall along the way between
village and main road from 100 meters to 1000 meters in increments of 100 meters.
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Table A.8: EICV Sample – First Stage

Dependent Variable # Militiamen, log

Sample Full EICV Full EICV

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

RTLM Coverage in Village 0.545 0.496
(0.229) (0.880)

Distance × Rainfall along Buffer, 1994 −0.509 −0.649
(0.115) (0.168)

Standard Controls no no yes yes
Growing Season Controls no no yes yes
Additional Controls no no yes yes
Province Effects no no yes yes
Propagation Controls yes yes no no
Additional Radio Controls yes yes no no
Commune Effects yes yes no no

R2 0.55 0.73 0.50 0.49
N 1065 326 1432 411

Notes: Regressions 1 and 2 use the RTLM sample, regressions 3 and 4 use my sample. Distance × Rainfall along
Buffer, 1994 is the instrument (distance to the main road interacted with rainfall along the way (a 500m buffer) between
village and main road during the 100 days of the genocide in 1994). Propagation controls are: latitude, longitude,
a second order polynomial in village mean altitude, village altitude variance, and a second order polynomial in the
distance to the nearest transmitter. Additional Radio Controls include distance to the road, distance to the border,
distance to major city, population and population density, and sloping dummies. Standard Controls, Growing Season
Controls, and Additional Controls are defined in Table 3 in the paper. All control variables from my sample, except
“Number of Days with RPF presence,” are in logs. Interactions are first logged and then interacted. There are 11
provinces and 128 communes in the sample. In regressions 1 and 2 standard errors are clustered at the district
level. In all other regressions standard errors are corrected for spatial correlation within a radius of 150km are in
parentheses, Conley (1999).
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A.2 Extensions to Section II. – Data

A.2.1 Data Matching

I combine several datasets from different sources to construct the final dataset,
which comprises 1,433 Rwandan villages. The different datasets are matched
by village names within communes.1 Unfortunately, the matching is imperfect,
as some villages either have different names in different data sources, or use
multiple spellings. However, overall only about 5 percent of the villages do
not have a clear match across all sources. Furthermore, these issues are likely
idiosyncratic, resulting in less precise estimates.

A.2.2 Participation in Violence

The two key measures are participation in armed-group violence and partici-
pation in civilian violence. Since no direct measure of participation is avail-
able, I use prosecution numbers for crimes committed during the genocide as a
proxy. Importantly, individuals were prosecuted in the village where they com-
mitted the crime (individuals did not have to be present in that village to be
prosecuted). Depending on the role played by the accused, two categories of
criminals are identified by the courts.

Category 1 includes perpetrators that mostly belong to the army and the
militia or are members of local armed groups such as policemen, thus I con-
sider this to represent armed-group violence. There were approximately 77,000
prosecution cases in this category (Figure A.2). Note that this number does not
necessarily equal the number of people involved. Consistent with organized
perpetrators moving around, there are cases where people were prosecuted in
multiple locations. Since external militiamen were thus likely prosecuted in ab-
sence they could not have simply accused civilians to positively affect their own
verdict. The legal definition of category 1 includes: 1) planners, organizers, in-
stigators, supervisors of the genocide; 2) leaders at the national, provincial or
district level, within political parties, army, religious denominations or militia;
3) the well-known murderer who distinguished himself because of the zeal that
characterized him in the killings or the excessive wickedness with which killings

1A commune is an administrative unit above the village. There were 142 communes in total,
which were in turn grouped into 11 provinces.
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were carried out; and 4) people who committed rape or acts of sexual torture.
The legal definition for category 1 also comprises rapists and torturers who

may have been civilians. However, civilians being falsely classified as militi-
amen in the data, would only work against my findings and bias the estimates
downwards.2 Besides, anecdotal evidence suggests that the especially gruesome
and cruel killings (including sexual violence and rape) were in fact committed
by militia members. The vast majority of civilian killers did not seem to sadis-
tically enjoy the killings (Hatzfeld, 2005).

People accused in category 2 are not members of any of the organized groups
mentioned in category 1 and I therefore label this category civilian violence.
Approximately 430,000 prosecution cases were handled in this category (Fig-
ure A.3). The legal definition of category 2 includes: 1) authors, co-authors,
accomplices of deliberate homicides, or of serious attacks that caused some-
one’s death; 2) the person who – with the intention of killing – caused injuries
or committed other serious acts of violence, but without actually causing death;
and 3) the person who committed criminal acts or became the accomplice of
serious attacks, without the intention of causing death.

The reliability of the prosecution data is a key issue for the analysis. In light
of the chaos in the aftermath of the genocide, one might wonder about the gen-
eral quality of the Gacaca data. Reassuringly, the Gacaca courts have been very
thorough in investigating the various prosecution cases, taking about six years
to complete their work (the first courts were set up in 2001).3 Besides, since
much of the violence was highly localized people knew the perpetrators well
and could easily identify them later on in the prosecution process. Friedman
(2010, p. 21) notes that “reports of those afraid to speak are rare, so this data

is likely to be a good proxy for the number of participants in each area.” And
even identifying external militiamen was possible because they wore distinctive
uniforms indicating their area of origin (Des Forges, 1999). “A survivor of that

massacre identified the party affiliation of the assailants from their distinctive

garb, the blue and yellow print boubou of the Interahamwe and the black, yel-

2Reducing the number of militiamen and increasing the number of civilians in the data ro-
tates the first-stage line counterclockwise and the reduced-form line clockwise, which implies
larger instrumental-variables estimates. Naturally, villages with many prosecuted militiamen
were, if at all, more likely to have some falsely classified civilians.

3As an aside, note that the courts’ actions (starting in 2001) are therefore unlikely to be
correlated with the instrument which uses rainfall from 1994.
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low, and red neckerchiefs and hats of the Impuzamugambi. He could tell, too,

that they came from several regions.” Des Forges (1999, p. 180). Thus after
cross-checking these accusations with other villages, the local courts were able
to also prosecute external perpetrators.

As a first reliability test of the data, Friedman (2010) shows that the Gacaca
data is positively correlated with several other measures of violence from three
different sources.4 Nevertheless, some measurement error may always exist but
would only matter as much as it is correlated with the instrument. In particular,
random measurement error and allegations that these courts were occasionally
misused to settle old scores, resulting in false accusations do not pose any major
threat because I am instrumenting for armed-group violence.

However, non-classical measurement error may matter. One potentially im-
portant case is the presence of survival bias: in those villages with high partici-
pation, the violence might have been so widespread that no witnesses were left
to accuse the perpetrators, resulting in low prosecution rates. Another concern
is that villages with no reported armed-group violence might have actually re-
ceived militiamen, but unsuccessful ones. To ease all these concerns that some
systematic, non-classical measurement error is biasing the results, I will present
several additional tests in the following section.

A.2.3 Reliability of the Gacaca Data

In this section, I perform a number of tests to ease concerns that measurement
error leads to any systematic biases (random measurement error does not pose
a threat). As noted above, one potentially important case is the presence of sur-
vival bias: in those villages with high participation, the violence might have
been so widespread that no witnesses were left to accuse the perpetrators, re-
sulting in low prosecution rates. This would be particularly worrisome if it hap-
pened in places that were potentially landlocked due to heavy rains and people
could not flee.

In general, large transport costs were unlikely to hinder the Tutsi from es-
caping, since they avoided the main roads as road blocks were set up throughout
the country (Hatzfeld, 2005). Thus, their movements should not be correlated

4These sources are a database from Davenport and Stam (2009), the PRIO/Uppsala data
(Gleditsch et al., 2002), and a report from the Ministry of Higher Education (Kapiteni, 1996).
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with the instrument. If anything they should have been more likely to flee if
the road had been blocked preventing the militia to arrive – however this would
only work against my findings. To nevertheless ease the concern of survival
bias, I show that the results are robust to using several alternative measures of
genocide violence, in particular actual death data which does not suffer from the
same prosecution reporting bias.

Child Mortality As a first alternative genocide violence outcome, I use child
mortality data from the Rwandan EICV household survey from 2000/01 intro-
duced above. The dependent variable is the share of children in the household
that died, as reported by mothers of age 16 and above at the time of the genocide.
Note that there is no age restriction on children – thus, depending on the age of
the mother, some of the children are adults themselves.5 Regression 1 in Table
A.9 shows that the instrument indeed negatively maps into child mortality. Re-
assuringly, child mortality is only affected for individuals that experienced the
genocide in their village (regression 2). For individuals that only later moved to
their surveyed location the effect is small and insignificant (regression 3). Fur-
thermore, consistent with the armed-group violence targeted especially at males,
these negative effects seem to be driven by male mortality (regressions 4 and 5).

Regarding magnitude, the point estimate of -0.063 (standard error 0.008)
for males suggests that a village with an average distance to the main road has
about 15 percent lower male mortality rates, following a one standard-deviation
increase in rainfall between village and main road. This effect is very similar to
the ones obtained using the Gacaca prosecution data (for militiamen this number
ranges between 20 and 30 percent).6

Deaths at Commune Level As another alternative outcome variable for geno-
cide violence, I use data on Tutsi death estimates at the commune level. Unfortu-
nately, this data is not available for my whole sample of villages. Nevertheless,
regressions 1 to 3 in Table A.11 show that armed groups’ transport costs neg-

5Results are robust to varying the mother cutoff age (regressions 1 to 5 in Table A.10).
6These results are also robust to controlling for average rainfall (years 1995 to 2001) during

the 100 calendar days of the genocide period along the way between village and main road and
its interaction with distance to the main road. Recall that the survey data is from 2001, thus
rainfall between 1995 and 2001 may be a confounder. Results can be found in regressions 6 to
10 in Table A.10.
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atively map into Tutsi deaths (since the data is only available at the commune
level I simply assume that each village (within a given commune) receives an
equal share of deaths). In regressions 4 to 6, I then rerun the analysis at the
commune level. Although the number of observations drop significantly, armed
groups’ transport costs is still strongly negatively related to the number of Tutsi
deaths. The data on the commune-level death estimates is provided by Genody-
namics. These estimates are generated using a Bayesian latent variable model on
information from five different sources: the Ministry of Education in Rwanda,
the Ministry of Local Affairs in Rwanda, Ibuka (the Rwandan survivor organi-
zation), African Rights, and Human Rights Watch.7

DHS Data Sibling Deaths As yet another outcome variable, I use data from
the three latest DHS Rounds (2005, 2010 and 2015). All three rounds contain
a question on how many years ago an individual’s sibling died (NISR et al.,
2016, 2012; INSR et al., 2006). First, I show that 1994 is a clear outlier in the
distribution of deaths, around 25 percent of all reported deaths happened in that
year. The average for all other years is about 3.7 percent (Figure A.4). Second,
I show that my instrument is negatively related to the number of deaths only
for 1994 (in all three rounds). For all other years, the point estimate on the in-
strument oscillates around zero (Figure A.5). Note that the effects for 1994 get
slightly weaker over time (i.e. the different DHS rounds), this is unsurprising
since migration is likely to create measurement error and bias the point esti-
mate downwards (unfortunately, the DHS data for Rwanda does not allow me to
identify whether an individual experienced the genocide in the survey location).
The results not only confirm that my instrument has a strong effect on genocide
deaths but also show that it does not have an effect on other deaths.

Mass Graves Moreover, recall from the discussion on RTLM violence above
that the militia’s transport costs also negatively map into whether a mass grave
site was found in the village (I re-report the regression in column 6 in Table A.9).
The point estimate of -0.035 suggests that a village with an average distance to
the main road is 37 percent less likely to have a mass grave site, given a one
standard-deviation increase in rainfall between village and main road (recall the
magnitudes for armed-group violence from the Gacaca data: 20 to 30 percent).

7For more details see: https://genodynamics.weebly.com.
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Besides, by dropping those villages with mass grave sites (i.e. villages with
high death rates) and rerunning the baseline regression, I provide another test
for ruling out the presence of potential survival bias in the prosecution data.
Importantly, the instrumental-variables point estimates are virtually identical to
the baseline results and similarly significant at the 99 percent confidence level
(regression 7). Since especially small Tutsi minorities might have been at risk
of being completely wiped out (and thus unable to identify the perpetrators),
in the next regression I only drop villages with both a mass grave site and a
small Tutsi minority. Again, the results are very similar to the baseline numbers
(regression 8). Finally, the results are also robust to dropping villages less than
3.5 kilometers away from a mass grave location, reducing the sample size by
about 10 percent (regression 9).

Underreporting Next, potential underreporting of unsuccessful militiamen,
something that would bias the OLS estimates upwards, is unlikely to push up the
instrumental-variables estimates as well. To see this, I add the average number
of militiamen per village in the sample to those villages with zero militiamen
reported (only those with a Tutsi minority) and rerun the baseline regression.
The point estimate of 1.533 (standard error 0.376, regression 10) is very similar
to the baseline results and if anything higher. This is unsurprising, since the re-
duced form is unaffected by this change and the first-stage coefficient decreases
in absolute terms.8 As a result the instrumental-variables estimates should in-
crease.9

Migration Bias Another concern, besides survival bias, is potential migration
bias. Towards the end of the genocide several hundreds of thousands Hutu fled
Rwanda in fear of the RPF’s revenge. If people’s decision to flee is correlated

8Adding militiamen to low-violence villages, that is villages that were hard to reach, rotates
the first-stage regression line counterclockwise.

9Besides, it seems puzzling that a genocide planner who wants to maximize civilian partici-
pation and the number of Tutsi deaths, would send ineffective militiamen specifically to villages
that are hard to reach: not only are the (wasted) costs of getting there higher but the monitor-
ing costs will certainly be higher as well. Moreover, I am not aware of any anecdotal evidence
supporting the notion of lazy or unsuccessful militiamen. If anything, the contrary seems to be
true: in Hatzfeld (2005, p. 10), a civilian killer reports that the militiamen were the “young
hotheads” who ragged the others on the killing job. Another one continues (p. 62), “When the
Interahamwe noticed idlers, that could be serious. They would shout, We came a long way to
give you a hand, and you’re slopping around behind the papyrus!”
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with the instrument this might bias the results. This is particularly true if in
places that are harder to reach by the militia and subsequently by the RPF, Hutu
civilians are more likely to succeed in escaping. Although individuals were also
prosecuted in abstenia it might still be the case that prosecutors who had escaped
were not well-known (especially civilians) and thus forgotten.

Note that prosecution in absentia did happen in around 15 percent of the
cases (de Brouwer and Ruvebena (2013)). One of the reasons for this was
that the Gacaca courts, besides bringing perpetrators to justice, also tried to
acknowledge the suffering of the victims. Thus discussing a case in the ab-
sence of the accused was part of the post-genocide reconciliation effort (Ny-
seht Brehm (2014)). In several cases though did perpetrators return and plead
guilty (this would often lead to a reduction in their sentence). Detailed migra-
tion data from the Rwandan EICV household survey in 2000/01 (representative
at national level) suggests that around 81 percent of the refugees returning to
Rwanda moved back into their home village (and only 19 percent choose a new
location). This is consistent with a number of studies suggesting that even after
major conflict episodes, such as those in Sierra Leone or Rwanda, individual
tend to move back to their homelands (Glennerster et al., 2013; UN, 1996).
On a side note, the large majority – around 90 to 92 percent – of the sampled
individuals in 2000/01 experienced the genocide in their surveyed location.

I present a number of results suggesting that migration is unlikely to bias my
effects. First, the large majority of Hutu (and Tutsi) fled Rwanda towards the
end of the genocide. Thus transport costs at the beginning of the genocide (once
I control for costs towards the end) are unlikely to suffer from the same bias.
In Table A.15 below, I show that my results are robust to using only rainfall
for the first 5 days, first week or first 2 weeks in the excluded instrument while
controlling for the remaining genocide days. Second, the RPF from which the
Hutu were fleeing took over Rwanda gradually. It is thus unlikely that their
movements are correlated with the instrument. In regressions 5 and 6 in Table
A.12, I regress the number of days each village was under RPF control on the
instrument. The point estimates are small and insignificant.

Finally, I can use detailed migration data from the Rwandan EICV house-
hold survey in 2000/01 to shed light on migration patterns.

I first identify refugees who fled Rwanda during the genocide and then re-
turned to their home village afterwards. In regression 1 in Panel A. in Table
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A.12, I show that being a refugee is uncorrelated with the instrument. One
obvious caveat is that I only observe people who returned (e.g. survived) in
my sample. However, once people escaped, the decision to return (after the
genocide) is unlikely correlated with the instrument (using rainfall during the
genocide). Besides, those refugees escaping from high cost villages were more
likely to survive since the RPF could not reach them. Thus, if anything, the true
relationship between transport costs and being a refugee should be negative and
thus go against my findings.

For completeness, I can also show that the instrument is uncorrelated with
whether an individual was internally displaced. Note that is this case I am testing
whether low transport costs increased chances that an individual would move
into a given village. Again, I do not expect their decisions to escape, facing
death, to be the result of a rational transport cost calculation, as was the case for
the militia. Consistently, the effect is small and insignificant (regression 2).

Furthermore, the results are robust to splitting the sample by gender and
focusing only on adult males (regressions 1 to 6 in Panel B. in Table A.12).

A.2.4 Rainfall Data

I use the recently released National Oceanic and Atmospheric Administration
(NOAA, 2010) database of daily rainfall estimates for Africa, which stretches
back to 1983, as a source of exogenous weather variation (Novella and Thiaw,
2012).10 The NOAA data relies on a combination of weather station data as well
as satellite information to derive rainfall estimates at 0.1 degree (∼ 11 km at the
equator) latitude longitude intervals. Considering the small size of Rwanda,
this high spatial resolution data is crucial to obtain reasonable rainfall variation.
Furthermore, the high temporal resolution, i.e. daily estimates, allows me to
confine variation in rainfall in the instrument to the exact period of the genocide.

To construct the instrument, I compute the amount of rainfall during the pe-
riod of the genocide over a 500-meter buffer around the distance line between
each village centroid and the closest point on the main road (Figure A.6 below il-
lustrates this).11 Since these buffers crisscross the various rainfall grids and each

10ftp://ftp.cpc.ncep.noaa.gov/fews/fewsdata/africa/arc2/bin/.
11Taking the village centroid to calculate distances is standard practice and furthermore very

reasonable for Rwanda with its very high population density (apart from the few nature reserves
– which are excluded – there is no uninhabited space in Rwanda).
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distance buffer is thus likely to overlap with more than one rainfall grid, I obtain
considerable variation in rainfall along each buffer.12 Furthermore, Rwanda’s
hilly terrain ensures sufficient local variation in rainfall (micro-climates), i.e the
clouds get stuck somewhere and it rains on one side of the mountain but not on
the other. The overall rainfall in each buffer is obtained through a weighted av-
erage of the grids, where the weights are given by the relative areas covered by
each grid.13 In a similar fashion, using a village boundary map, I also compute
rainfall in each village.

A.2.5 Village Map and Africover Data

The Center for Geographic Information Systems and Remote Sensing of the Na-
tional University of Rwanda (CGIS-NUR) in Butare provides a village boundary
map, importantly with additional information on both recent and old adminis-
trative groupings (Verpoorten, 2012). Since Rwandan villages have been re-
grouped under different higher administrative units a number of times after the
genocide, this information allows me to match villages across different datasets
(e.g. the 1991 census and the Gacaca records).

Africover (2002a, 2002b) provides maps with the location of major roads
and cities derived from satellite imagery. These satellites analyze light and
other reflected materials, and any emitted radiation from the surface of the earth.
Since simple dirt roads have different radiation signatures than tarred roads or
gravel roads, this allows to objectively measure road quality.14
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Figure A.2: Armed-Group Violence (# Prosecutions)
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Figure A.3: Civilian Violence (# Prosecutions)
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Figure A.4: Siblings Deaths, taken from DHS

Notes: The figure shows the fraction of yearly sibling deaths for the 10 years before and after the genocide (taken from
three rounds of DHS data). The genocide year 1994 is normalized to 0.
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Figure A.5: Siblings Deaths Regressions, taken from DHS

Notes: The figures show the distribution of coefficients on the instrument when using the number of sibling deaths for
different years (taken from three rounds of DHS data) in my preferred specification (regressions 3 and 6 in Panel A in
Table 3 in the paper). The genocide year is normalized to 0. None of the coefficients are larger in absolute value than
the one from 1994.
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Table A.12: Refugees and Internally Displaced People and RPF

Panel A. Internally Number of Days
Dependent Variable: Refugee Displaced Under RPF Control

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

Distance × Rainfall along Buffer, 1994 −0.001 0.010 −0.114 −0.077
(0.013) (0.011) (0.073) (0.051)

Standard Controls yes yes yes yes
Growing Season Controls yes yes yes yes
Additional Controls yes yes yes yes
Harvest Season Controls no no no yes
Province Effects yes yes yes yes

R2 0.27 0.05 0.90 0.90
N 13028 12233 1432 1432

Panel B.
Sample: Females Males Adult Males

Dependent Variable: Internally Internally Internally
Refugee Displaced Refugee Displaced Refugee Displaced

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

Distance × Rainfall along Buffer, 1994 0.006 0.013 −0.009 0.007 −0.014 0.004
(0.013) (0.011) (0.014) (0.011) (0.014) (0.008)

Standard Controls yes yes yes yes yes yes
Growing Season Controls yes yes yes yes yes yes
Additional Controls yes yes yes yes yes yes
Province Effects yes yes yes yes yes yes

R2 0.27 0.06 0.27 0.05 0.28 0.06
N 7234 6810 5794 5423 3849 3600

Notes: In regression 1 the dependent variable is a dummy taking on the value of 1 if an individual was a refugee. In
regression 2 the dependent variable is a dummy taking on the value of 1 if an individual was internally displaced during the
genocide. The data is taken from the EICV1 Survey and includes all individuals for which migration data is available (above
16 years old). In Panel B. I split the full sample into different subsets (given in the column header). Standard Controls
include village population, distance to the main road, rainfall in the village during the 100 days of the genocide in 1994,
long-term average rainfall in the village during the 100 calender days of the genocide period (average for 1984-1993), rainfall
along the buffer during the 100 days of the genocide in 1994, long-term average rainfall along the buffer during the 100
calender days of the genocide period (1984-1993), and the latter interacted with distance to the main road. Growing Season
Controls are rainfall during the growing season in 1994 in the village, ten-year long-term average rainfall during the growing
seasons in the village and both of these interacted with the difference between the maximum distance to the main road in
the sample and the actual distance to the main road. Additional Controls are distance to Kigali, main city, borders, Nyanza
(old Tutsi Kingdom capital) as well as population density in 1991 and the number of days with RPF presence (except for
regressions 3 and 4 in Panel A.). Harvest Season Controls are rainfall along the way between village and main road during
the harvest season and its interaction with distance to the main road. All control variables, except “Number of Days with
RPF presence,” are in logs. Interactions are first logged and then interacted. There are 11 provinces in the sample. Standard
errors correcting for spatial correlation within a radius of 150km are in parentheses, Conley (1999).
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Figure A.6: Construction of the Instrument in ArcGIS

Instrument: Interaction of the length of the red line and amount of rain falling on the area of the blue rectangle during
the period of the genocide.
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Figure A.7: Perfect Correlation in the Instrument

Notes: The map shows the location of villages with multiple dirt roads (rainfall buffers) falling into the same single
rainfall grid.
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Figure A.8: Rainfall

Notes: This map shows rainfall along the way between main road and village during the period of the genocide in 1994
for each village, subtracting rainfall between main road and village during the 100 calendar days of the genocide of an
average year (years 1984-1993). White areas are either national parks, Lake Kivu, or villages not in the sample.
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A.3 Extensions to Section III. – Understanding the
First Stage

A.3.1 Understanding the First Stage

In this section I provide some additional results on the mechanisms of the instru-
ment. Recall that I assume that the costs of traveling along the main roads are
negligible relative to the costs one has to occur when leaving those main roads,
since local roads are usually non-paved dirt roads and heavy rains quickly make
them very difficult to penetrate with motorized vehicles. Rain turns dirt roads
into slippery mud, usually requiring expensive four wheel drives and forcing
drivers to slow down; experts recommend about half the usual speed on wet dirt
roads (ASIRT, 2005). Since the genocide planners were under time pressure
time was costly. Furthermore, water can collect in potholes and create deep
puddles or broken trees might block the road, requiring the driver to stop and
clear the road or measure water depth, thus increasing travel time and costs even
further.15

Unfortunately, my satellite data does not allow me to identify whether an
individual dirt road was destroyed by the rain. However, I can provide some
suggestive evidence for the channels mentioned above. In particular, rainfall on
dirt roads should make traveling harder in hilly areas. In Table A.13, I interact
the instrument with the slope along the way between the village and main road.16

The interaction effect is strongly negative as expected and almost significant
(regression 1). In regression 2, I interact the instrument with a dummy taking
on the value of one if the slope lies above the median. Again, the interaction
effect is negative and this time highly significant. Thus, it seems that rainfall
increases transport costs especially in hilly areas. As a robustness check, I show
that the main IV results are robust to using both my original instrument and its
interaction with slope as instruments (regression 6).

Another important question is how persistent the effects of rainfall are. It

15Fallen trees are less of a problem for main roads since there is usually some space between
road boundary and the surrounding vegetation.

16I show results when using maximum slope along the way between village and main road.
Results are robust to using average slope, albeit weaker. This makes sense given that the steepest
part should matter most. The data is downloaded from the USGS database (NASA and NGA,
2000).
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might be that rainfall before the genocide mattered too if roads got permanently
damaged. Note that the instrument only uses rainfall for the exact period of
the genocide. To show that this is a reasonable assumption I add distance to
the main road interacted with rainfall one week before the genocide to the first
stage regression (regression 3). While the point estimate on my instrument (us-
ing rainfall during the genocide) is identical to my baseline results the effect for
rainfall one week before the genocide is small and insignificant. Besides, when
adding the interaction with rainfall two weeks before the genocide in regres-
sion 4, the point estimate is even smaller and strongly insignificant (note that
the effect for one week before turns significant, however this result is not ro-
bust to clustering standard errors). Intuitively, although rainfall can create deep
potholes, once the dirt dries it usually becomes passable relatively quickly.

As a final sanity check, in regression 5, I interact the instrument with the
standard deviation of daily rainfall between the village and the main road. The
point estimate is positive and significant. Thus, the first-stage effects are weaker
in areas with high temporal variation in rainfall. This is intuitive since high
temporal variation implies that there exist relatively dry time periods during
which a village could have easily been reached.

A.3.2 Extension: The Organizer’s Time Horizon

Intuitively, if the genocide planners had had unlimited time to complete the
genocide, I should not expect to find any effects in the first stage: Places that
were hard to reach at the beginning of the genocide were likely easy to reach
during the end when the dry season started. However, because the genocide
planners did not know if and when the international community would inter-
vene, any day could have been the last. Thus the planners rushed to execute
the genocide as quickly as possible (taking into account transport costs). This
implies two things: we should observe the bulk of the killings in the first couple
of weeks and transport costs likely mattered less towards the end. Figure A.9
plots the estimated total number of killings over time.17 Importantly, the bulk of
the killings were perpetrated within the first couple of weeks. Besides, transport

17These estimates are also taken from Genodynamics.com and generated using a Bayesian
latent variable model on information from five different sources: the Ministry of Education in
Rwanda, the Ministry of Local Affairs in Rwanda, Ibuka (the Rwandan survivor organization),
African Rights, and the Human Rights Watch.
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costs seemed to have mattered the most at the beginning of the genocide and not
at all towards the end. In Figure A.10, I split the genocide period into differ-
ent intervals (3-week and 5-week intervals) and re-run my first-stage regression.
While the point estimates for the first intervals are large and statistically sig-
nificant at least at the 90 percent level, they are close to zero and insignificant
towards the end.

On a side note, I find exactly the same pattern in the reduced form using
civilian perpetrators (Figure A.11). This provides some additional evidence that
it is really the militiamen driving the effects in the reduced form.

A.3.3 Extension: Main Road Costs

My first-stage analysis makes two assumptions. First, that transport costs on
the main roads are negligible relative to the costs for driving on dirt roads and
second that armed groups took the shortest route from the main road to each
village. I now relax these two assumptions. In particular, I assume that armed
groups originated from the nearest main city (which is corroborated by anecdo-
tal evidence) and that they did not necessarily take the shortest route from the
main road to the village but rather the one with the lowest costs (accounting for
both distance and rainfall).18

In Table A.14, I show the results. Since I do not know the relative costs of
1 mm of rainfall on a dirt road versus a tarred road, I present results for various
costs. In regression 1, I calculate total travel costs assuming that the costs of
traveling on the main road are 50 percent lower than traveling on a dirt road.
Recalculating the instrument under these assumptions gives a somewhat weaker
first stage. I then re-calculate the instrument assuming that relative costs are
20, 10, and 5 percent. In all cases the results are very similar to my baseline
first-stage result from Table 3 in the paper. Besides, I also re-run the second
stage with the new instruments (20, 10 and 5 percent) and virtually obtain the
same point estimates (regressions 5 to 7). Taken together, these results suggest
that using the direct route between village and main road without taking into
account main road travel seems to be a reasonable approximation. Note that
when main road travel costs are about 20 percent of dirt road costs the first stage

18I allow militiamen to leave the main road 10 kilometers up and down the baseline point of
departure (i.e. when using the shortest path). I use the ArcGIS network tool to calculate the
shortest path between the closest main city and the point where the dirt road begins.
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gets equally strong as my baseline first stage. This is somewhat consistent with
anecdotal evidence from Ethiopia (like Rwanda a very mountainous country)
which suggests that average speed on a dirt road is about 25 to 30 percent of the
average speed on a tarred road (Briggs, 2012).19

19Note that this comparison is likely an upper bound since it also factors in the dry season. In
my Rwanda sample, I always observe positive rainfall.
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Figure A.9: Killings over Time

Notes: The figure plots the estimated number of total deaths over time. These estimates are taken from Genodynam-
ics.com and generated using a Bayesian latent variable model on information from five different sources: the Ministry
of Education in Rwanda, the Ministry of Local Affairs in Rwanda, Ibuka (the Rwandan survivor organization), African
Rights, and the Human Rights Watch.
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Figure A.10: First-Stage Effects over Time

Notes: I replace my instrument in regression 3 in Panel A in Table 3 by interactions of distance to the main road
with rainfall along the way for three/five time intervals of equal length. The point estimates together with 95 percent
confidence intervals are plotted on the y-axis. To illustrate, the first point estimate on the left figure is on distance to the
main road interacted with rainfall along the way during the first five weeks of the genocide.

Figure A.11: Reduced-Form Effects over Time

Notes: I replace my instrument in regression 6 in Panel A in Table 3 by interactions of distance to the main road
with rainfall along the way for three/five time intervals of equal length. The point estimates together with 95 percent
confidence intervals are plotted on the y-axis. To illustrate, the first point estimate on the left figure is on distance to the
main road interacted with rainfall along the way during the first five weeks of the genocide.
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A.4 Extensions to Section III. – Placebo, Exclusion
Restriction, and Robustness Checks

A.4.1 Placebo Tests

To rule out systematic measurement error in the rainfall data or that something
other than the militia might be driving the results, I rerun both first-stage and
reduced-form regressions using rainfall during the 100 calendar days of the
genocide from the years 1983 until 2014 in the instrument. Reassuringly, the
coefficient on the instrument with rainfall from 1994, the year of the genocide,
is an outlier to the left in the distribution of 32 point estimates (Figures A.12 and
A.13). Besides, the figures show that the strong negative effect for the genocide
period from 1994 is not simply the result of a negative long-term trend: the point
estimates for the time periods before 1994 are all oscillating around zero.

Moreover, I also rerun first stage and reduced form using rainfall for various
100-day windows before and after the genocide in the instrument. Again, the
coefficient on the instrument with rainfall during the genocide is an outlier in
both cases (Figures A.14 and A.15).20

Finally, rerunning the two placebo checks from above with child mortality
(from the EICV survey) or the number of Tutsi deaths (from Genodynamics) as
the dependent variable gives similar results: the coefficient on the instrument
with 1994 rainfall during the genocide period is an extreme outlier in all cases
(Figures A.16, A.17 and A.18).

A.4.2 Exclusion Restriction Tests

At this point, I still need to argue that civilians were not directly affected by
the instrument, i.e. by traveling themselves, or that the instrument somehow
affected access to markets, prices and income.

Anecdotal Evidence Starting with anecdotal evidence, several reports and ac-
counts of the genocide indeed support the claim that civilian violence was a very

20This also rules out that the results may be driven by some non-linear effects of distance to
the main road (this should then be true for other time periods as well).
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local affair (Hatzfeld, 2005).21

Besides that, few people in Rwanda, let alone ordinary civilians, owned a
car or a truck (less than 1 percent according to the 1992 DHS Survey) and the
possibilities of moving between villages in motor vehicles, certainly the most
affected by rain-slickend roads, were therefore limited for civilians. In addition,
moving around along or close to the main roads was risky for ordinary citizens,
as roadblocks were set up all over the country and being Hutu did not always
ensure safety. Prunier (1995, p. 249) writes that “To be identified on one’s

[identity] card [often at a roadblock] as a Tutsi or to pretend to have lost one’s

paper meant certain death. Yet to have a Hutu ethnic card was not automati-

cally a ticket to safety. (...) And people were often accused of having a false

card, (...).” Amnesty International (1994, p. 6) reports that “Each individual

passing through these roadblocks had to produce an identity card which indi-

cates the ethnic origin of its bearer. Being identified as or mistaken for a Tutsi

meant immediate and summary execution.” Des Forges (1999, p. 210) contin-
ues, “During the genocide some persons who were legally Hutu were killed as

Tutsi because they looked Tutsi. According to one witness, Hutu relatives of Col.

Tharcisse Renzaho, the prefect of the city of Kigali, were killed at a barrier after

having been mistaken for Tutsi.”

Furthermore, there were no reasons for Hutu to travel because social life
completely stopped (Hatzfeld, 2005). As one civilian killer puts it, “During the

killings, we had not one wedding, not one baptism, not one soccer match, not

one religious service like Easter.” (Hatzfeld, 2005, pp. 94-95). Another one
continues (p. 133), “During the killings there was no more school, no more

leisure activities, no more ballgames and the like.”

On a more general account, Horowitz (2001, p. 526) notes “that [civil-

ian] crowds generally stay close to home, attack in locales where they have

the tactical advantage, and retreat or relocate the attack when they encounter

unexpected resistance.”

Curfew Test Besides the anecdotal evidence, I also present a number of in-
direct tests. At the beginning of the genocide, a strict nation-wide curfew was
implemented, which drastically limited the travel opportunities for civilians –

21Hatzfeld (2005) calls it a Neighborhood Genocide because only neighbors and co-workers
were able to identify Tutsi, as they are similar to the Hutu (Hatzfeld, 2005).
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in fact both Hutu and Tutsi were required to stay at home. Des Forges (1999,
p. 162) writes that “At the start, authorities instructed Rwandans to stay at

home. The curfew allowed authorities and local political leaders to put in place

the barriers and patrols necessary to control the population, multiplying them

in communities where they were already functioning and reestablishing them in

places where they were no longer in operation. Tutsi as well as Hutu cooper-

ated with these measures at the start, hoping they would ensure their security.

The hope was disappointed.” Reassuringly, the instrumental-variables estimates
are similar to the baseline results when I restrict the variation in rainfall in the
instrument to the first five days, the first week, or the first two weeks of the
genocide, while controlling for rainfall along the way between village and main
road for the remaining days and its interaction with distance to the main road
(regressions 1 to 3 in Table A.15 below).22 I believe that this is a very powerful
test since the curfew essentially ruled out any kind of civilian movement.

Commune Test Next, because of tight population controls, already before
1994, it was practically impossible for civilians to get permission to leave their
commune. The authorities carefully monitored and controlled the population.
Des Forges (p. 186, 1999) writes “Rwandans were supposed to be registered

in the communes of residence if these differed from their communes of birth.

Nyumbakumi, cell heads, and councilors all were involved in making sure that

no strangers lived unnoticed in a commune.” Des Forges (pp. 186) continues
that “Authorities also revived an earlier requirement that persons wishing to

travel outside their communes receive written authorization to leave (feuilles de

route).” Thus leaving one’s commune involved significant costs. And indeed the
results are similar, if anything larger, when I restrict the sample to those com-
munes with no main road passing through (regression 4 in Table A.15). This
further supports the identification strategy since moving around the commune
should have been unrelated to transport costs in these off-the-main-road areas.

The two tests above provide general evidence that the exclusions restriction

22To be cautious, I also control for the long-term average rainfall between village and main
road for those first couple of days and its interaction with distance to the main road as well as
rainfall in the village during the first couple of days and its long-term average. Furthermore, I use
different cutoff dates because I do not know when exactly the curfew ended. For the first-five-
days and first-week regressions, I lose a few observations, because there was no rainfall during
that short time period. However, rerunning the baseline regression with those two reduced
samples gives the same results.
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is likely to hold. In the following I will work through several possible threats
– providing evidence why they should not matter (occasionally drawing on the
two tests above).

Civilians Escaping There are two possibilities. High transport costs might
hinder civilians from escaping (in case they took the main road). This scenario
however would only work against my findings and bias the estimate downwards.
On a side note, it seems unlikely since road blocks were set up all over the
country and civilians likely avoided those under all circumstances. The other
possibility is that civilians could easily flee from places that the militia could
not reach (because of high transport costs). A number of results suggest that
this is unlikely. First, as noted above at the beginning of the genocide the strict
curfew forced people to stay at home and even Tutsi cooperated with these or-
ders. Second, escaping the violence – because of high transport costs – should
have been less of an issue in places close to the border since here civilians likely
managed to escape much easier anyway. Importantly, in regression 5 in Table
A.15 I show that the effects of the militia do not depend on the distance to the
border. If anything the effects are slightly larger close to the border. Finally,
recall from the discussion above that I do not find any evidence that becoming a
refugee or being internally displaced during the genocide is correlated with the
instrument.

Civilians Getting Stuck In The Fields Another concern is that civilians who
work their fields further from home close to the main dirt road get stuck and
cannot return home if transport costs are high. This case is also unlikely for
several reasons. First, as noted above Rwandans were only occasionally given
permission to leave the commune, it therefore seems highly unlikely that they
had fields outside of their home commune – which they would have needed
to access every day. Thus the second test from above speaks against this con-
cern. Second, recall again that the curfew prevented civilians from leaving their
homes, thus they unlikely worked on their fields. Finally, recall from above that
very few civilians owned a car or truck and most of the farmers movements thus
happened on foot. However, while strong rainfalls do affect vehicle transporta-
tion, they are unlikely to keep individuals from returning home.
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Public Transportation The instrument might also affect public transportation
for civilians. Again, it seems unlikely that this mattered. First, the curfew re-
quested everyone to stay at home, thus civilians unlikely took a local bus or cab.
Besides, public transportation is likely more common in urban areas. Below, I
show that the results are robust to dropping all the main cities and the capital
Kigali (Table A.23).

Localized Violence Unfortunately, the raw Gacaca data only records the lo-
cation where people committed their crime(s) and not where they lived. A po-
tential concern is thus that civilians traveled together with the militia and jointly
committed the crimes (the curfew does not fully address this issue because civil-
ians may have been granted permission to travel by the authorities). I address
this in two ways: first, I did not find any anecdotal evidence that civilians fol-
lowed the militia on their killing spree (naturally, this does not rule out the coun-
terfactual but it is somewhat comforting). Second and more importantly, the
same government agency that provided the Gacaca data (“National Service of
Gacaca Jurisdiction”) also provided a spreadsheet of a random subset of 20,000
category 2 perpetrators including names, sex, home village and the locations
of where the crimes were committed (around 2.5 percent are female). Given a
total of about 430,000 category 2 cases, this number is large enough to allow for
representativeness.

Importantly, only about 4 percent of the individuals in this sample commit-
ted crimes outside of their home village. However, in all these cases the crimes
are committed within the home commune. This suggests that it is unlikely that
large numbers of civilians joined the militia outside of their home areas but
rather stayed within their home village (or in a few cases communes). Note that
civilians moving within a commune is unlikely to bias the results. First, the data
suggests that this only happened in very few cases (i.e. 4 percent) and second
recall from regression 4 in Table A.15 that the results are robust to excluding
communes that have a main road passing through. Thus it seems unlikely that
civilians’ decisions to commit crimes in their neighboring villages are affected
by the instrument.

Market Access and Income/Price Effects Transport costs may have also af-
fected civilians’ access to markets (often located close to the main road) and
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thus potentially prices and income which in turn could affect participation in
violence. Importantly, the timing of the genocide somewhat alleviates this con-
cern. It partly overlaps with the growing season which ensures enough variation
in rainfall to affect transport costs (there is essentially no rainfall during the dry
season) but still allows me to control for rainfall during the growing season.
Besides, the harvest season and thus the time when villagers take their crops to
the market to sell (and hence transport costs should matter) only accounts for
a small period during the end of the genocide. I first show that my results are
robust to adding harvest season controls to the regressions (rainfall along the
buffer between village and main road during the harvest season and its interac-
tion with distance to the road). First stage, reduced form and the main regression
are shown in Table A.16. Importantly, transport costs during the harvest season
do not affect the first stage or reduced form (regressions 1 and 2) and neither do
they affect the main result (regression 3). Besides, the point estimate on harvest
costs is small and insignificant.

In the following, I show that rainfall during the genocide period interacted
with distance to the main road does not have an effect on wealth and income
(once harvest costs are controlled for) for three different outcomes: a) Table
A.17 uses nightlight density aggregated at the commune level;23 b) Table A.18
uses information on household assets from the 1991 census to construct a wealth
index (also only available at the commune level);24 c) Table A.19 uses data on
household consumption, assets and agricultural income/output from the EICV
household survey from 2000/01. Finally, I can use the EICV household sur-
vey to calculate local market prices for the major crops – again, transport costs
(during the period of the genocide) have no effects on any of these (Table A.20).

In each case transport costs are constructed using rainfall from the year of
the outcome data, i.e. 1991 rainfall for the 1991 census.25 Importantly, the in-
teraction between rainfall during the genocide period and distance to the main

23Several satellites of the US Air Force circle around the earth 14 times a day observing every
location on the planet at some instant between 8 and 10 pm local time. Each satellite dataset
consists of a grid that reports the average yearly light density with a six-bit digital number (an
integer between 0 and 62). The grid comes at a very high resolution, equal to approximately
0.86 square kilometers at the equator. The data is provided by the NOAA (1992/1993).

24The index incorporates information on housing such as roofing and floor material, as well
as radio ownership and access to electricity and water.

25To be cautious, in those cases where the outcome variable is measured after 1994, I also
control for distance to the main road interacted with rainfall along the buffer during the 100
genocide days in 1994 and all main effects. Unsurprisingly, the results do not depend on it.
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road is never significantly related to any income or wealth measure. Interest-
ingly though, transport costs during the harvest season are often significant and
show the right sign, i.e. higher transport costs during the harvest season (and
selling season) tend to decrease income and wealth (this is comforting because
it shows that I am not simply obtaining noisy estimates). There is no clear re-
lationship for crop prices. However this is unsurprising since there is no clear
prediction in this case – whether harvest costs increase or decrease prices de-
pends on local supply and demand. Most importantly, transport costs during the
genocide period are unrelated to crop prices. Some of the regressions are run at
the commune level. However, my baseline results are robust to collapsing the
data at that level (regression 1 in Table A.18).

Coffee Finally, one of Rwanda’s most important cash crops is coffee. Coffee
production is a very transport-intensive undertaking since it requires the coffee
beans to be shipped to special coffee mills for processing before being bagged
and possibly exported. Thus if my instrument had effects not only on the mili-
tia’s transport costs but also on the coffee production process I might obtain very
different results in areas with high coffee production or places with a coffee mill.

Thus, to check whether my results differ in coffee production places I use
two additional data sets. One is a nation-wide survey on the number of coffee
trees in each village. Unfortunately that survey is from 1999 (5 years after the
genocide) but it includes information on the age of the tree. I can distinguish
between trees planted before 1990 and after (“old” and “new” trees). The second
data set contains information on the location of coffee mills that were installed
by the 1960s. This data is taken from Guariso and Verpoorten (2018b).26

As a first test, I show in Table A.21 that my main effects are not significantly
different in places with coffee trees (regressions 1 to 3). The interaction effects
of the number of militiamen with the number of coffee trees in each village are
small and insignificant. This is true when looking at all trees and old or new trees
separately. Besides, the interaction effects with the instrument are further small
and insignificant in the first stage (regressions 4 to 6). Finally, the instrument is
uncorrelated with the number of coffee trees in each village (regressions 7 to 9).

26Although this data is seemingly old, it still predicts for example investment in coffee tree
maintenance from 2003 (Guariso and Verpoorten, 2018a). Thus it seems reasonable to assume
that many of these mills are either still running or were replaced.
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As a second test, I use the location of coffee mills. Results are reported in
Table A.22. First, I show that the main results are robust to dropping villages
with a coffee mill (regression 1), villages with a coffee mill within 10 kilometers
(regression 2) and within 20 kilometers (regression 3). Besides, the results are
not significantly different in any of these three subsets of villages (regressions
4 to 6). Interaction effects are insignificant throughout. Finally, the first-stage
effects are not significantly different in villages with a coffee mill or coffee mills
close-by (regressions 7 to 9).

Gauging the Bias Thus taken together all of the above findings, including
the abundance of anecdotal evidence (or sometimes rather absence of anecdotal
evidence) suggests that the exclusion restriction is likely to hold.

To nevertheless get a sense of how large the direct effect of transport costs
on civilian violence would have to be to render the IV estimate insignificant,
I follow Conley et al.’s (2012) plausibly exogenous method. I assume that the
(potential) direct effect of the instrument on civilian violence is uniformly dis-
tributed on an interval [δ ,0]. By varying δ , I identify the threshold at which the
instrumental variable coefficient on (instrumented) militia violence becomes in-
significant at the 90 percent level. The results are reported in Figure A.19. As
long as the direct effect of my instrument on civilian violence is smaller (in ab-
solute value) than -0.5, I still obtain a significant instrumental variable estimate.
In terms of magnitudes this suggest that the direct effect has to be 76 percent of
the overall reduced-form effect to render the estimates insignificant. This seems
highly implausible given all the evidence from above together with the fact that
there is no anecdotal evidence for systematic shipping of civilian perpetrators.

A.4.3 Robustness Checks

General Checks Next, I perform a number of general robustness checks, re-
ported in Table A.23. Besides worrying about transport costs during the harvest
season from 1994, which I already discussed in more detail above, one might
further worry that yearly long-term rainfall might bias the results. Moreover,
ruggedness might be correlated with rainfall and directly affect civilian partici-
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pation in violence.27 However, the main effects is unaffected by controlling for
a) the yearly long-term average rainfall in the village and along the way between
village and main road and the interaction of the latter with distance to the main
road, b) the interaction of distance to the main road with both rainfall in the
village during the growing season in 1994 and long-term average rainfall in the
village during the growing seasons, and c) village terrain ruggedness.

To check whether armed groups might have taken a direct route to each
village, possibly affected by rainfall along the way, I also control for rainfall
during the genocide along the way between each village and the closest main
city and its interaction with distance to the main city. As noted, I do not know
exactly where armed groups were stationed, but the vast majority are likely to
have started out from the main cities. However, the two additional controls do
not affect the main result (regression 3). I provide a more detailed discussion in
Section A.3 above. Furthermore, the results are robust to dropping all the main
cities and villages close to them (regression 4).

One might also be worried that the UN troops that were stationed in Kigali,
although few, were affected by transport costs, thus biasing the estimates. But
again, the results are robust to dropping villages in Kigali city (regression 5).

Replacing 11 province fixed effects by 142 commune effects also does not
matter (regression 6). Since the rainfall data only comes at a coarse resolution,
at least relative to the large number of communes, this significantly reduces
the variation in the instrument. Nevertheless, the instrumental-variables point
estimate remains similar and equally significant.

Temperature Besides, recent studies found that temperature can also have
a direct impact on violence (Burke et al., 2015; Ranson, 2014; Hsiang et al.,
2013). Given the correlation across climatic factors and in order to avoid any
omitted variables bias, in Table A.24 I add controls for temperature in the village
and along the way from the village to the main road as well as the interaction
of the latter with distance to the main road. I report IV estimates (regressions 1
to 4), as well as reduced-form estimates (regressions 5 to 8) and the first stage
(regressions 9 to 12). Reassuringly, all the results are robust. This is true for

27The Terrain Ruggedness Index data is provided by Nunn and Puga (2012b) used in Nunn
and Puga (2012a). The average villages ruggedness in my sample is 3.45 with a standard devi-
ation of 1.38.

A.50



using both average temperature as well as maximum temperature. The temper-
ature data is provided by the Terrestrial Hydrology Research Group and is also
available daily at 0.1 degree resolution (Chaney et al., 2014).28

Dependent Variable To show that my findings are not dependent on func-
tional form I report the results for alternative transformations of the dependent
variables in Tables A.25 and A.26. Most importantly, I obtain very similar re-
sults when using a simple linear regression. The point estimate in regression 1 in
Table A.25 suggests that an additional militiaman resulted in 6.8 more civilian
perpetrators, very similar to my baseline results from above (recall: 7.2). The
results are further robust to using a Poisson IV model (regression 2). The point
estimate translates into a marginal effect of around 6 (evaluated at the mean of
all the other variables). Moreover, the results are robust to using the number of
perpetrators normalized by local village population (regressions 3 and 4).

Finally, I vary the various log transformations. Importantly, the results are
robust to using a hyperbolic sine transformation – a common approach when
dealing with observations that can take on the value of 0 (regression 1 in Table
A.26). The point estimate is virtually identical to my baseline results. In regres-
sions 2 to 9, I report results for various log(X+k) transformations where k varies
between 0.0001 and 1000 (and X is either the number of militiamen or civilian
perpetrators). The point estimates are only slightly lower for smaller k’s. To get
a sense of the magnitude, the one for k = 0.0001 still implies that an additional
militiamen resulted in around 6 more civilian perpetrators.

Outliers To test for outliers, I also dropped one province at a time and the re-
sulting estimates range from 1.153 to 1.527 and are significantly different from
zero at the 99 percent confidence level in all cases (Figure A.20).

Sensitivity Analysis Next, in Table A.27 I perform a standard sensitivity anal-
ysis on the IV estimate, varying the number of controls. Altonji et al. (2005)
derive a measure that determines how strong the unobservables have to be rel-
ative to the already included observables to drive the point estimate down to
zero. The controls for the unrestricted model (relative to which the other ones

28The data is available here: https://hydrology.princeton.edu/data.metdata africa.php.
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are evaluated) are shown in column 1. In columns 2 to 7 I keep adding con-
trols for the restricted models. For instance the number in column 3 suggests
that the unobservables have to be 11.71 times as strong as the observables to
eliminate the effect (controlling for all standard controls, growing season con-
trols, additional controls and province fixed effects). To put this number into
perspective note that the observables in this case include strong predictors of
civilian violence such as population and population density, distance to Kigali,
province fixed effects, rainfall in the village and all growing season controls
(among others). Importantly, the ratio is strongly above 1 for all specifications.
Thus it seems unlikely that some other (unobservable) variable might alter the
main result.

Robustness Check – Rainfall in Village The 11 kilometer rainfall grids might
be too coarse to sufficiently distinguish between rainfall along the distance
buffer and rainfall in the village. Thus, the instrument might pick up differential
village rainfall effects rather than transport costs. For instance, rainfall in the
village likely affects rain-fed agriculture and this channel is potentially stronger
for remote villages that depend on subsistence farming. Thus little rainfall in
villages far away from the main road might lower villagers’ opportunity costs
of violence – violating the exclusion restriction. Alternatively, villages close to
the main road that receive a lot of rainfall might be significantly richer not only
because they can harvest more but also because they can sell their products on
the nearby markets.

First note that these concerns are somewhat eased by the exact timing of the
genocide: it only partially overlaps with the growing season (the rainfall that
matters the most for plant production and thus the two income channels out-
lined above). Thus, in my main specifications I always control for rainfall in
the village during the 1994 spring growing season and also allow the village
growing season effects to vary by distance to the main road. As shown above
the results are also robust to controlling for rainfall during the harvest season
(the time when transport costs matter most for agricultural income) and its in-
teraction with distance to the road. These controls should pick up most of the
two economic effects outlined above.

However, to further alleviate these concerns, I also control for rainfall in
the village during the 100 genocide days in 1994 interacted with distance to the
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main road for various specifications. Results are reported in Panel A of Table
A.28. To show that the instrumental variable regressions are really driven by the
armed groups’ transport costs, I also report the first stage in Panel B. In regres-
sion 1, I simply control for my crucial standard and growing season controls.
Importantly, the IV results hold up and the interaction with rainfall along the
buffer rather than in the village seems to be driving the first stage – while the
coefficient on the former is large and almost significant at the 90 percent level,
the one on the latter is small and strongly insignificant. In regressions 2 to 4, I
add various other controls. For instance, for the sake of interpretation, I also add
rainfall at the nearest point on the main road29 and its interaction with distance
to the main road. Although this is a very demanding specification, the IV esti-
mates hold up. The first-stage point estimates drop a little. To increase power I
drop the province fixed effects in regression 5 and onwards (note that this does
not change the effect in my baseline regression).30 In this case, the point esti-
mates on the instrument increase (in absolute terms) and gain significance at the
90 percent level while both rainfall in the village and at the main road (inter-
acted with distance to the road) are relatively smaller and insignificant. I show
several different specifications to ensure that the larger effect for the instrument
is not due to some lucky choice of suitable controls.

Taken together, this supports that the results are driven by rainfall along the
way to the village (neither the interaction of distance to the main road with vil-
lage rainfall nor with rainfall at the main road matter). Importantly, there is still
reasonable variation between rainfall in the village, rainfall at the main road,
and rainfall along the buffer even for small distances because main roads, dis-
tance buffers, and village boundaries are not perfectly aligned with the rainfall
grid but rather crisscross the grid cells in various locations.31

29Measured two and a half kilometers up and down the road (from the nearest point) over a
500-meter road buffer. Results are robust to varying the 2.5 km cutoff.

30Dropping province fixed effects in my baseline regressions (regressions 3 in Panel A and 6
in Panel B in Table 3) gives point estimates of 1.280 in the second stage and -0.798 in the first
stage.

31For instance, rainfall along the buffer and in the village only fall within the same rainfall
grid for about 9 percent of the villages.
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Figure A.12: Placebo Check: Armed-Group Violence

Figure A.13: Placebo Check: Civilian Violence

Notes: The figures show the distribution of coefficients on the instrument in first stage (Figure
A.12) and reduced form (Figure A.13) when using rainfall along the way between village and
main road during the 100 calender days of the genocide from the years 1983 to 2014 in my
preferred specifications (regressions 3 and 6 in Panel A in Table 3 in the paper). For civilian
violence only 1 of the 32 coefficients (3 percent) is larger in absolute value than the coefficient
from 1994. For armed-group violence it is only 2 of 32 (6 percent).
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Figure A.14: Placebo Check: Armed-Group Violence

Figure A.15: Placebo Check: Civilian Violence

Notes: The figures plot the coefficients on the instrument in first stage (Figure A.14) and reduced
form (Figure A.15) when using rainfall along the way between village and main road during
100-day windows before and after the genocide in my preferred specifications (regressions 3
and 6 in Panel A in Table 3 in the paper). The x-axis gives the start date (end date) of those
time windows measured in the number of days after (before) the genocide. The genocide is
normalized to 0. To illustrate, 50 on the x-axis means that I used rainfall for 100 days starting
50 days after the genocide. On the other hand, -50 means that I used rainfall for 100 days ending
50 days before the genocide.
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Figure A.16: Placebo Check: Child Mortality – Different Years

Figure A.17: Placebo Check: Child Mortality – Different Time Windows

Notes: Figure A.16 shows the distribution of coefficients on the instrument when using rainfall
along the way between village and main road during the 100 calender days of the genocide from
the years 1983 to 2014 in regression 1 in Table A.9 in the paper.
Figure A.17 plots the coefficients on the instrument when using rainfall along the way between
village and main road during 100-day windows before and after the genocide in regression 1
in Table A.9 in the paper. The x-axis gives the start date (end date) of those time windows
measured in the number of days after (before) the genocide. The genocide is normalized to 0.
To illustrate, 50 on the x-axis means that I used rainfall for 100 days starting 50 days after the
genocide. On the other hand, -50 means that I used rainfall for 100 days ending 50 days before
the genocide.
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Figure A.18: Placebo Check: Death Estimates

Notes: The figures show the distribution of coefficients on the instrument when using rainfall
along the way between village and main road during the 100 calender days of the genocide from
the years 1983 to 2014 in my preferred specifications (regressions 3 and 6 in Panel A in Table 3
in the paper) with a number of deaths estimates (at the commune level) as the outcome variable.
Only 3 of 32 (9 percent) of the coefficients are larger in absolute value than the one from 1994.
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Table A.15: Exclusion Restriction Tests

Dependent Variable: # Civilian Perpetrators, log

First First First Communes Interaction
5 days week 2 weeks w/o road w/ border

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

# Militiamen, log 1.332 1.267 1.365 1.696 1.409
(0.611) (0.427) (0.359) (0.639) (0.585)

... × Distance to the Border, log −0.163
(0.167)

Standard Controls yes yes yes yes yes
Growing Season Controls yes yes yes yes yes
Additional Controls yes yes yes yes yes
First Days Controls yes yes yes no no
Province Effects yes yes yes yes yes

N 1399 1406 1432 568 1432

Notes: In regressions 1 to 3 the instrument is distance to the main road interacted with rainfall along the way
between village and main road during the first 5 days/1 week/2 weeks of the genocide. In regression 4 the sample is
restricted to communes without main road passing through. In regression 5 I interact # Militiamen, log with distance
to the border. Standard Controls (for regressions 1 to 3) include village population, rainfall in the village during
the 100 days of the genocide in 1994, long-term average rainfall in the village during the 100 calender days of the
genocide period (1984-1993), rainfall along the way between village and main road during the first 5 days/1 week/2
weeks of genocide in 1994, rainfall along the way between village and main road during the remaining genocide
days in 1994, long-term average rainfall along the way between village and main road during the 100 calender days
of the genocide period (1984-1993), distance to the main road and its interactions with the two last rainfall-along-
the-way measures. Standard Controls (for regressions 4 and 5) include village population, distance to the main
road, rainfall in the village during the 100 days of the genocide in 1994, long-term average rainfall in the village
during the 100 calender days of the genocide period (average for 1984-1993), rainfall along the buffer during the
100 days of the genocide in 1994, long-term average rainfall along the buffer during the 100 calender days of the
genocide period (1984-1993), and the latter interacted with distance to the main road. Growing Season Controls
and Additional Controls are defined in Table 3 in the paper. First Days Controls are rainfall in the village during
the first 5 days/1 week/2 weeks of the genocide and the ten-year long-term rainfall for those first days, ten-year long-
term rainfall along the way between village and main road during the first 5 days/1 week/2 weeks of the genocide
period and its interaction with distance to the main road. All control variables, except “Number of Days with RPF
presence,” are in logs. I always control for all main effects and double interactions. Interactions are first logged and
then interacted. There are 11 provinces in the sample. Standard errors correcting for spatial correlation within a
radius of 150km are in parentheses, Conley (1999).
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Figure A.19: Plausibly Exogenous

Notes: The figure shows the upper and lower bound of the 90 percent confidence interval of the second-stage coefficient
on militia violence, using my baseline IV specification from column 3 in Table 3 in the paper. Following Conley et al.
(2012), I allow for a direct effect of the instrument, assuming that this is uniformly distributed over an interval [δ ,0],
with δ < 0. The interval size δ is plotted on the x-axis. At δ = −0.5, the second -stage coefficient on (instrumented)
militia violence becomes insignificant at the 90 percent level.
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Figure A.20: Outliers

Notes: This figure shows the distribution of point estimates on the number of militiamen when dropping one province
at a time in my baseline specification (regression 6 in Panel B in Table 3 in the paper).
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Table A.16: Harvest Season Controls

A. Dependent Variable: # Militiamen, log # Civilian Perpetrators, log

(1) (2) (3)

Distance × Rainfall along Buffer, Genocide Period 1994 −0.499 −0.676
(0.146) (0.170)

Distance × Rainfall along Buffer, Harvest Period 1994 0.019 0.062 0.036
(0.093) (0.054) (0.087)

# Militiamen, log 1.357
(0.279)

Standard Controls yes yes yes
Growing Season Controls yes yes yes
Additional Controls yes yes yes
Province Effects yes yes yes

R2 0.50 0.58 .
N 1432 1432 1432

Notes: Distance × Rainfall along Buffer, Genocide Period 1994 is the instrument (distance to the main road inter-
acted with rainfall along the way (a 500m buffer) between village and main road during the 100 days of the genocide
in 1994, and similarly for the Harvest Period). Standard Controls include village population, distance to the main
road, rainfall in the village during the 100 days of the genocide in 1994, long-term average rainfall in the village during
the 100 calender days of the genocide period (average for 1984-1993), rainfall along the buffer during the 100 days of
the genocide in 1994, long-term average rainfall along the buffer during the 100 calender days of the genocide period
(1984-1993), and the latter interacted with distance to the main road. Growing Season Controls are rainfall during the
growing season in 1994 in the village, ten-year long-term average rainfall during the growing seasons in the village and
both of these interacted with the difference between the maximum distance to the main road in the sample and the actual
distance to the main road. Additional Controls are distance to Kigali, main city, borders, Nyanza (old Tutsi Kingdom
capital) as well as population density in 1991 and the number of days with RPF presence. All control variables, except
“Number of Days with RPF presence,” are in logs. Interactions are first logged and then interacted. I always control for
all main effects and double interactions. There are 11 provinces in the sample. Standard errors correcting for spatial
correlation within a radius of 150km are in parentheses, Conley (1999).
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Table A.25: Additional Robustness Checks – Dependent Variable I

Dependent Variable: # Civilian
# Civilian Perpetrators Perpetrators, p.c.

Linear Poisson Linear log(X+1)

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

# Militiamen 6.768 0.027
(2.838) (0.013)

# Militiamen, p.c. 6.114
(2.221)

log(# Militiamen, p.c.+ 1) 1.430
(0.315)

Standard Controls yes yes yes yes
Growing Season Controls yes yes yes yes
Additional Controls yes yes yes yes
Province Effects yes yes yes yes

N 1432 1432 1432 1432

Notes: In regression 2 I run a Poisson IV regression. In regression 4 the X stands for # Civilian Perpetrators, p.c.
Standard Controls include village population, distance to the main road, rainfall in the village during the 100 days
of the genocide in 1994, long-term average rainfall in the village during the 100 calender days of the genocide period
(average for 1984-1993), rainfall along the buffer during the 100 days of the genocide in 1994, long-term average
rainfall along the buffer during the 100 calender days of the genocide period (1984-1993), and the latter interacted
with distance to the main road. Growing Season Controls are rainfall during the growing season in 1994 in the
village, ten-year long-term average rainfall during the growing seasons in the village and both of these interacted
with the difference between the maximum distance to the main road in the sample and the actual distance to the main
road. Additional Controls are distance to Kigali, main city, borders, Nyanza (old Tutsi Kingdom capital) as well
as population density in 1991 and the number of days with RPF presence. All control variables, except “Number of
Days with RPF presence,” are in logs. Interactions are first logged and then interacted. There are 11 provinces in
the sample. Standard errors correcting for spatial correlation within a radius of 150km are in parentheses, Conley
(1999). In regression 2, standard errors are clustered at the commune level (142 communes).
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A.5 Extensions to Section V. – Network Effects

A.5.1 A Simple Spatial Model

To guide the empirical analysis in the paper, I use a simple game-theoretic model
to determine the allocation of militiamen and their effects on civilian participa-
tion. The model is based on Acemoglu, Garcia-Jimeno and Robinson (2015).

A.5.2 Network Structure and Utility

Assume that the economy consists of n villages. For village i let N(i) denote
the set of villages that are connected to it. In the baseline these will be the direct
neighbors to i but I will also present results when using higher-order neighbors.
Let W be an n×n symmetric, spatial weighting matrix with off-diagonal entries
given by

(A.1) wi j =

0 if j /∈ N(i)
1

di jri j
if j ∈ N(i),

where di j denotes the geodesic distance between the centroids of villages i and
j and ri j is the amount of rainfall along the way between villages i and j. Thus
possible spillovers between villages depend on the transport costs between the
villages. In particular, heavy rainfall makes transportation and thus spillovers
harder.

Civilian participation in violence is a function of the number of militiamen
in each village and the number of militiamen in neighboring villages

(A.2) ci = τimi + η̄timi + φ̄miWim+ δWim+ ui,

where ci is the number of civilian perpetrators in village i and mi are the number
of militiamen in village i. Wi is the ith row of the spatial weighting matrix W
and m is the full column vector of militiamen, respectively. Besides, the effect
of village i’s militia on civilian violence depends on village characteristics in
the following way

(A.3) τi = Xiβ̄ + γ̄
p
i + ε̃i,
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where Xi is a vector of village characteristics such as population, distance to the
border or rainfall during the growing season. Note that in the empirical part of
the paper these will be standard controls, growing season controls and additional
controls. Furthermore, γ̄

p
i are a full set of province fixed effects and ε̃i marks

some unobserved heterogeneity.
Next, ti are the transport costs to reach village i (these will be modeled as

distance to the main road interacted with rainfall along the way). I expect η̄ to be
negative thus high transport costs reduce the number of civilian perpetrators.32 I
argue in the paper that these affect civilian participation only via the militiamen
and will thus be excludable in the second stage.

Finally, φ̄ captures any interaction effects between village i militiamen and
neighboring militiamen and δ captures the direct effects of neighboring militia-
men on civilian participation.

The error term ui is also modeled as a linear function of observables

(A.4) ui = Xiβ̃ + γ̃
p
i + ei,

where Xi is the same vector of village characteristics as above, γ̃
p
i are province

fixed effects and ei is a mean zero error term.

A.5.3 Analysis

Each village wants to maximize its own number of civilian perpetrators. In order
to do so it can call upon the central government to send army and militia troops.
Anecdotal evidence supports this conjecture: Des Forges (1999, p. 184) writes
“Burgomasters (the local leaders) occasionally called in soldiers or National

Policemen, particularly if there were many Tutsi to kill.” Furthermore, “In re-

sponse to needs identified by the authorities or party heads, the militia leaders

displaced their men from one area to another. Leaders dispatched militia from

Kigali to Butare town and others from Nyabisindu were ordered to Gatagara

in Butare prefecture. They sent militia from other locations to participate in

massacres at Kaduha church in Gikongoro, at Rutonde commune in Kibungo,

and at Ntongwe commune in Gitarama.” (Des Forges, 1999 p.180). However,
calling upon the central government is costly: increasing the number of militia-

32For instance, some militiamen might get stuck and not reach the village or the increased
travel time might affect their productivity.
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men involves a linear transportation cost (modeled above) and a standard convex
cost.33 Each village thus maximizes

(A.5) Ui = ci−
ζ

2
m2

i .

Note that villages do not take militiamen or civilians in neighboring villages
into account when maximizing their own utility. The first-order conditions are,
assuming an interior solution,

(A.6) τi + η̄ti + φ̄Wim−ζ mi = 0.

Thus, I get

(A.7) mi =
φ̄

ζ
Wim+

τi

ζ
+

η̄ti
ζ

.

Plugging this back into the definition for ci gives

(A.8) ci = ζ m2
i + δWim+ ui.

A.5.4 Empirical Strategy

In order to obtain the final regression equations, I substitute for τi and ui, re-
spectively. The first-stage regression becomes

(A.9) mi =
η̄

ζ
ti +

φ̄

ζ
Wim+

1
ζ

Xiβ̄ +
1
ζ

γ̄
p
i +

1
ζ

ε̃i.

Since I will not estimate any of the parameters but solely want to give a ratio-
nalization for the empirical analysis in the paper, I can re-write

(A.10) mi = ηti +φWim+Xiβ + γ
p
i + εi.

33Note that the local leaders likely carefully weighed the benefits and costs of calling external
militiamen. While these certainly helped to mobilize civilians and kill Tutsi (a task that the
central government required) they also came at the cost of having to share any looted assets.
In particular, they often demanded the best pieces. As one of the local perpetrators in Hatzfeld
(2005, p. 82) puts it “On days of large-scale operations, the interahamwe and the soldiers
from neighboring communes took priority in the looting. They heaped up new radios, fat cows,
comfortable chairs, top-quality sheet metal. We locals shared what they left behind.”
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In this first stage ti is the militia’s transport costs measured as the distance of
the village centroid from the main road interacted with rainfall along the way
from the village to the main road during the time of the genocide. Note that the
two main effects, i.e. distance and rainfall uninteracted, are included in Xi. The
new term Wim captures any spillover or displacement effects. Depending on
the sign of φ militiamen arriving in neighboring villages can either increase the
number of militiamen in village i (φ positive) if militiamen for instance move to
neighboring villages once their mission is completed or decrease the number of
militiamen if there are displacement effects (φ negative).

The second-stage regression becomes

(A.11) ci = ζ m2
i + δWim+Xiβ̃ + γ̃

p
i + ei.

Here the new terms Wim capture possible spillover effects. In particular, any
spillover effects in equation (A.10) are likely to be mirrored in the second stage
(A.11), captured by δ .

Finally note that strictly speaking this model predicts a quadratic relation-
ship between ci and mi. In the empirical analysis in the paper I deviate from this
as I anyway take the natural logarithm of the two conflict variables.

A.5.5 Identification

Note that because of the recursive structure of the specification Wim is likely to
be correlated with the error term and thus endogenous in the first stage. Besides,
both mi and neighboring militiamen Wim are endogenous in the second stage.
To obtain causal effects I follow the standard procedure in the spatial econo-
metrics literature and use instruments constructed using the characteristics of
neighbors’ of neighbors.

The idea is that transport costs (and other characteristics) to second-order
neighbors affect the number of militiamen in a given village i only via the num-
ber of militiamen going to first-order neighbors. Note that the point estimates
on the spillover terms obtained for regressions (A.10) and (A.11), although in-
formative about the direction of potential spillover effects, do not allow me to
directly read off marginal effects. I will use the standard formulas to calculate
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direct, indirect and total marginal effects.34

A.5.6 Additional Tables

34In general, one can re-write the specifications above as y=Xβ +WXπ+λWy+e. Solving
this equation for y yields: y = (I−λW)−1(Xβ +WXπ + e). Furthermore, E(y|X,W) = (I−
λW)−1[Xβ +WXπ ]. The marginal direct effect is ADE = 1

n ∑
n
i=1

∂E(yi|X,W)
∂xi

and the indirect

effect is given by AIE = 1
n ∑

n
i=1 ∑

n
j=1, j 6=i

∂E(yi|X,W)
∂xi

. The total effect is the sum of the two.
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A.6 Extensions to Section VI. – The Tutsi Minor-
ity, Material Incentives, Fear, and RTLM

The results from Section VI. in the paper suggest that the militia mostly acted
as a moral authority invoking civilians’ obedience. In this Section I consider
some additional interaction effects to understand the channels better. Note that,
in order to establish causality, I instrument each interaction term with the in-
teraction between the instrument and the variable capturing the heterogeneous
effects. Furthermore, I always include all double interactions.

Tutsi Minority First, the militia’s effects on civilian participation are larger in
villages with Tutsi rebels present at the beginning of the genocide (regressions
1 and 2 in Table A.31). Since the Hutu extremists carefully cultivated the Hutu
populations fear of the Tutsi (rebels), mobilizing the population in these villages
was likely easier. Additionally, villages with Tutsi rebels had much fewer local
militiamen and thus the arriving external militiamen likely had a large impact.35

Second, the coefficient on the interaction with the Tutsi minority share, is
equally positive (5.161, standard error 13.810, regression 1). However, since
variation in the Tutsi minority share only comes at coarse commune level, the
effect is insignificant. In regression 2, I thus replace the continuous Tutsi mi-
nority share variable by a dummy variable taking on the value of 1 if the Tutsi
minority share lies above the median. Once more, the point estimate is similarly
positive but, in addition, also significant at the 95 percent level (1.070, standard
error 0.531).36

A large Tutsi minority likely made mobilization easier as the enemy was
easy to point out. In addition, similar to the case for Tutsi rebels, villages
with large Tutsi minorities likely had fewer local militiamen, thus increasing
the marginal effect of an external militia member.

35Note that this explanation assumes that the effects of the militia on civilian participation
are concave and that local and external militiamen are substitutes in the mobilization process. I
provide evidence for this below.

36Unfortunately, because of strong multicollinearity, this specification does not allow me to
control for the double interaction of the Tutsi minority share dummy with distance to the main
road. To account for the potential omitted variable bias that this creates, I interact the Tutsi mi-
nority share dummy with the other controls not involving distance to the main road and include
them in the regression.
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Material Incentives There is abundant anecdotal evidence that material in-
centives mattered for civilian participation (Hatzfeld, 2005). In regressions 3 to
5, I test this. Importantly, I differentiate between Hutu wealth and Tutsi wealth.
Theory suggests two opposite effects of income on conflict (Dube and Vargas,
2013). Conflict levels should increase if the gains from fighting go up, this is
the rapacity channel. On the other hand, conflict prevalence should decrease
if income from alternative economic activities goes up, this is the opportunity
cost channel. Thus, in this case, since the Hutu attacked the Tutsi, an increase
in Tutsi wealth should make mobilization easier and an increase in Hutu wealth
should decrease participation. Regressions 3 to 5 confirm these conjectures.
The interaction effect with Hutu wealth is negative and statistically significant
at the 95 percent level (-0.620, standard error 0.248). For Tutsi wealth the in-
teraction is positive and again statistically significant (regression 4). The results
are robust to adding both interactions together (regression 5).

Note that these results are consistent with the result from the main paper that
the militia did not coerce civilians but rather invoked obedience. If the militia
had coerced civilians this should have happened regardless of the material status
of the village. However, acting as a moral authority suggests that there was some
room for discretion.

Reassuringly, the above results are robust to including both wealth and Tutsi
interactions (regression 6).

Prior Exposure to Violence Finally, I check whether a village’s prior expo-
sure to violence affects the results. The Uppsala Conflict Data Program (UCDP)
database (Pettersson and Öberg, 2020; UCDP, 2013; Sundberg and Melander,
2013) provides detailed information on the location and actors of violent events
since 1989.37 Results are reported in Table A.32. First, I show that my instru-
ment is uncorrelated with whether a village experienced pre-genocide violence
(regression 1). Second, the militia’s effects on civilian participation seem to be
lower in places with prior violence (regression 2). The point estimate on the
interaction term is negative, however strongly insignificant. Because exposure
to Hutu-driven and RPF-driven violence may have had different effects, I next
split villages into those who experienced any kind of RPF violence and those

37The main sources of UCDP are reports by international news agencies (such as Reuters and
the BBC) and reports from non-governmental organizations (such as Human Rights Watch).
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that only experienced Hutu violence (against Tutsi civilians). The effects in
regression 3 suggest that the militia was especially successful in villages with
exposure to RPF violence. The point estimate is positive and significant at the 90
percent level (2.853, standard error 1.570). The point estimate on Hutu violence
is negative but still highly insignificant. These results are robust to interact-
ing the two violence measures in two separate regressions (regressions 4 and
5). In this case, significance for the RPF violence interaction increases slightly
(regression 4).

In terms of interpretation, these results are consistent with anecdotal evi-
dence suggesting that the Hutu government built on the population’s fear of the
Tutsi and especially the Tutsi rebel army to foster participation (Des Forges,
1999). This fear should have been especially salient in those places that were
exposed to pre-genocide Tutsi violence. Once more the findings are inconsis-
tent with the militia coercing civilians into participation. In that case, the effects
should have been unrelated to RPF violence exposure.

RTLM As an extension, I look at interaction effects with RTLM coverage in
Table A.33. Recall from the main paper that RTLM induced violence by local
militia and police forces (and only subsequently civilians). Thus this delivers a
test on whether external and local militia were substitutes or complemented each
other. I first interact the number of militiamen with a dummy taking on the value
of 1 if RTLM coverage lies above the median. The effect is close to zero and
insignificant. This is confirmed when I, instead of interacting, split the sample
at the median of RTLM (regressions 3 and 4). Both effects are significant and
highly similar. Note that the effects are slightly lower than my baseline results
from the main paper. This is because the RTLM sample is slightly smaller: in
regression 7 I rerun my baseline specification using the RTLM sample and the
point estimate is similar to the ones in regressions 3 and 4.

Finally, I split the sample at the 75th percentile. The interaction effect in
regression 2 suggests that the effects of the militia are lower in places with high
RTLM coverage (above 75th percentile). The effect is almost significant at the
90 percent level (when using clustered standard errors). Note that because of
the stark differences between clustered and Conley standard errors in this case,
I report both. This negative interaction effect is confirmed when splitting the
sample at the 75th percentile. While the effect for villages with low RTLM
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coverage is close to baseline and highly significant, the effect for high-RTLM
villages is low and insignificant (0.243, standard errors 0.366 and 0.289). This
suggests that local and external militiamen were substitutes in the mobilization
process.
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A.7 Extensions to Section VI. – Modeling the Force
versus Obedience Channel

To support the anecdotal evidence presented in the paper, in this section I model
the two scenarios outlined in the paper (militia as a moral authority versus militia
had to use force) and test their theoretical implications. Note upfront that these
theoretical results are based on certain assumptions about the militia’s fighting
technology (which can be backed up by anecdotal evidence). They should nev-
ertheless be taken with a grain of salt.

A.7.1 Obedience Model versus Force Model

Set Up Assume that there are N villages. Each village is inhabited by a Hutu
population of size 1, for simplicity, and a Tutsi population of size T . In each
village, there might already be local armed groups such as policemen Ml or
RPF Tutsi rebels R. Anecdotal evidence suggests that there are fewer local
militiamen in villages with a large Tutsi minority or Tutsi rebels, i.e. ∂Ml/∂S <

0 with S = T ,R.38 I call T and R the strategic factors S.
Imagine that the N villages can be of two types j ∈ {o,w}: those that do

not oppose the militia (w) and those that oppose the militia (o).39 Together with
the local armed groups, the external militiamen Me turn ordinary civilians into
civilian killers at a decreasing rate by teaching and organizing them.40

(A.12) K j = K(M j) ·C j,

where M j = M j
e +M j

l . C j equals the number of Hutu participating in the train-
ing. For simplicity, I assume that all Hutu villagers join in with the training,

38In places with large Tutsi minorities, the political leaders were likely to be from opposition
parties and thus have their own anti-genocide militia and police force. Furthermore, places under
the control of the RPF at the beginning of the genocide were unlikely to have any pro-genocide
militia at all. Besides that, the pro-genocide militia in those places with large Tutsi minorities
might have been less well prepared and equipped for genocide and thus had lower effects on
civilian participation in general.

39Opposing is defined in an active way, i.e. fighting the militia (and not just innerly opposing
the militia).

40Anecdotal evidence that armed groups would usually call all Hutu civilians together in one
location, and then instruct and organize them, implies decreasing effects of the militia (Hatzfeld,
2005; Gourevitch, 1998).

A.90



thus C j = 1.41 I further assume that KM > 0 and KMM < 0.

Non-opposing Villages As mentioned, in non-opposing villages all the Hutu
join in with the training, thus Cw = 1. The (expected) number of civilian killers
is therefore

(A.13) E(Kw) = K(Me +Ml(S)).

Opposing Villages Hutu villagers in opposing villages fight the Hutu militia
together with the Tutsi civilians T and rebels R, thus the opposing population
equals P = 1+T +R. If the militia wins, then all Hutu have to join the militia in
the training, i.e. Co = 1, otherwise nobody joins, Co = 0. The militia’s winning
probability is given by a contest function

(A.14) p = I(γM,P),

where γ > 1 measures the militia’s superiority, they often carry guns. Further-
more, I(0,P) = 0 and p lies between 0 and 1. I make the following assumptions
on the derivatives (Skaperdas, 1992)

1. IM > 0 and IP < 0,

2. IMM T 0 as γM S P,

3. IMP S 0 as γM S P,

which can be backed by anecdotal evidence (Dupuy, 1987).42

41This assumption does not seem too far fetched in particular since even women and children
took part in the killings.

42Assumption 1 states that the more militiamen that join in the fight against the Hutu and
Tutsi civilians and rebels, the higher the chances of winning (IM > 0), and vice versa (IP < 0).

Furthermore, as long as the number of militiamen is small, each additional militiaman joining
the fight has a larger effect on winning than the one before (IMM > 0 as γM < P). However, once
a certain threshold has been crossed, i.e. γM > P, the marginal returns to having an additional
militiaman joining the fight begin to decrease since the chances of winning are high anyway
(IMM < 0 as γM > P). This seems to be the case for military contexts (Dupuy, 1987).

The third assumption states that when the militiamen are anyway struggling to win, increasing
the opponents’ strength reduces the effects of an additional man even further (IMP < 0 as γM <
P). On the other hand, if the militia is sufficiently strong, an increase in the opponents’ strength
will increase the effects of an additional militiaman (IMP > 0 as γM > P).

An example of a contest function satisfying the assumptions is I(M,P) = (γM)β

(γM)β+Pβ
with

β > 1.
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The expected number of civilian killers in opposing villages is thus (there
are no local militiamen in opposing villages)

(A.15) E(Ko) = I(γMe,1+T +R) ·K(Me).

Predictions In the following, I assume that the number of militiamen is rela-
tively small, i.e. γM ≤ P, which is true for the vast majority of villages included
in the data (for reasonable values of γ). This gives the following predictions

Prediction C 1. Expected civilian participation E(K j) is convex (strictly con-

cave) in the number of external militiamen Me if Hutu villagers are opposing

(not opposing) the genocide: ∂ 2E(Ko)/∂M2
e ≥ 0

(
∂ 2E(Kw)/∂M2

e < 0
)
.

Prediction C2. The larger the strategic factor S, the smaller (larger) are the ef-

fects of the number of external militiamen Me on expected civilian participation

E(K j) if Hutu villagers are opposing (not opposing): ∂ 2E(Ko)/∂Me∂S < 0(
∂ 2E(Kw)/∂Me∂S > 0

)
.

The proofs are presented in Section A.8. Since the first stage provides ex-
ogenous variation in the number of external militiamen, all predictions are stated
with respect to Me.

Prediction C1 states that in non-opposing villages, the first militiaman arriv-
ing has a larger effect on civilian participation than the second and so on. In
opposing villages civilians fight against the militia. Thus, the first man arriv-
ing has little effect on civilian participation, but with every additional man this
effect increases.

Prediction C2 says that in non-opposing villages, one additional external
militiaman has a larger effect on civilian participation when the Tutsi minority
is large or Tutsi rebels are present.43 On the other hand, in opposing villages,
as long as the number of militiamen is sufficiently small, a large Tutsi minority
or Tutsi rebels decrease the militia’s effect on civilian participation because 1)
the Tutsi will join the fight against the militia and will thus reduce the militia’s
chances of winning and 2) the militiamen are anyway struggling to win.

43Intuitively, in non-opposing villages with a large Tutsi minority or Tutsi rebels, there are
fewer local militiamen thus, given the concavity of the production function, an additional exter-
nal man has a larger effect.
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A.7.2 Results

Prediction C1: Functional Form Supporting the obedience channel, the ef-
fects of an additional militiaman seem to be decreasing. The concave relation-
ship between civilian perpetrators and militiamen is presented graphically in
Figure A.21, using nonparametric local mean smoothing with an Epanechnikov
kernel, conditional on the controls from my preferred specification (regression 6
in Panel B in Table 3 in the paper) and instrumenting for the number of militia-
men. Furthermore, when I regress civilian participation (residuals) on a second-
order polynomial in the militiamen residuals from Figure A.21, the square term
is negative and highly significant at the 99 percent level, again confirming the
concave relationship.44 The coefficient on the square term is graphically de-
picted in Figure A.22, to the far right of the x-axis, labeled Full (sample).45

However, the result must be taken with a pinch of salt since the nonlin-
earities in the second stage might be driven by nonlinearities in the first stage.
Reassuringly though, the first-stage relationship looks reasonably linear.46

Prediction C1: Interaction Effects Note that the results shown in Section
A.6 (Table A.31) clearly support the obedience channel: the effect of the militia
is larger in places with Tutsi Rebels and a strong Tutsi minority. Besides, further
consistent with the model, the effects seem to be weaker in places with RTLM
coverage.47

Identifying Opposing Villages The empirical evidence suggests that the mili-
tiamen functioned as a moral authority for the whole sample of villages and the
bulk of anecdotal evidence supports this view. The same anecdotal evidence,

44The concave relationship might simply mirror differences in militia quality. For in-
stance, extremely successful militiamen might have been operating in small groups whereas
the badly-trained/badly-equipped militia might have moved around in larger groups (with some
well-trained men to guide them). However, since anecdotal evidence suggests that the well-
trained/well-equipped troops often led the larger operations which resulted in massive killings,
I drop those villages with mass graves and rerun the analysis. Importantly, the effects are still
equally concave (Figure A.25 in Section A.7.3 below).

45Restricting the sample to those villages where militiamen make up less than 5 percent or
less than 2.5 percent of the population, i.e. where γM ≤ P, still delivers equally concave effects
(Figures A.23 and A.24 in Section A.7.3 below).

46Figure A.26 in Section A.7.3.
47RTLM coverage increases the number of local militia men and thus reduces the marginal

effect of an additional external militia member.
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however, also suggests that in some villages civilians did oppose the militia.
Identifying those, potentially few, villages is not only interesting in itself but
also allows me to test the predictions of the force model. In particular, anecdo-
tal evidence suggests that villages with a large proportion of ethnically mixed
households were more likely to oppose the militia, since civilians would be more
willing to resist when their family members’ and friends’ lives were at risk (Des
Forges, 1999).

Summing up over all Hutu and Hutu-Tutsi households Fc in a commune c

(remember that ethnicity data is only available at the commune level), I define
intra-household ethnic polarization as48

(A.16) IHEPc =
Fc

∑
i=1

Nic

Nc
·hic · tic,

where Nc is the total number of people in all households Fc in commune c, Nic

the number of people in household i and hic is the fraction of household mem-
bers in household i that are Hutu and tic the fraction that are Tutsi, respectively.
The higher this measure is, the higher the chances that civilians in those villages
opposed the militia.

In Figure A.22 I report the coefficients on the square term from regressions
of civilian participation (residuals, netting out all controls) on a second-order
polynomial in the militiamen residuals from Figure A.21, for different per-
centiles of intra-household ethnic polarization. Interestingly, for villages with
high levels of intra-household ethnic polarization (up to the 91st percentile), i.e.
those where one would expect resistance, the effects of an additional militiaman
are increasing (the point estimates on the square term are positive and signifi-
cant), as predicted by the force model (Prediction C2). From the 90th percentile
onwards, point estimates turn insignificant and finally negative for the full sam-
ple of villages.49

Furthermore, anecdotal evidence suggests that these villages with high lev-

48Note that I do not include pure-Tutsi households. The reason is that pure-Tutsi households
would reduce the polarization measure, since it is symmetric, but they do not reduce the likeli-
hood of opposition.

49The convex relationship between civilian perpetrators and militiamen for high levels of
intra-household ethnic polarization is also presented graphically in Figure A.27 in Section A.7.3
below. However, sample sizes are small and the results should therefore again be interpreted
with caution.
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els of intra-household ethnic polarization were opposing the genocide. For ex-
ample, Des Forges (1999) writes that in Huye commune (97th percentile), both
Hutu and Tutsi civilians fended off attackers from outside. Des Forges (1999, p.
350) continues that a witness from the commune of Ngoma (98th percentile) re-
calls that “Kanyabashi (the burgomaster) urged the people of Cyarwa to avoid

violence and to fight together against attacks.” On a more general note, many of
the communes with high intra-household polarization are located in the south-
west of Rwanda, where the opposition was overall more pronounced.
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Figure A.21: Functional Form, Obedience Model or Force Model

Notes: Local mean smoothing (Epanechnikov kernel, bandwidth=2.5, observations are grouped
into 30 equal-sized bins). 95 percent confidence intervals are bootstrapped. Militiamen are
instrumented with transport costs (distance to the main road interacted with rainfall along the
way between village and main road during the 100 days of the genocide in 1994). All controls
from my preferred specification (regression 6 in Panel B in Table 3 in the paper) are used to
construct residuals.
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Figure A.22: Identifying Opposing Villages (Convex and Concave Effects)

Notes: I run regressions of the number of civilian perpetrators (residuals) on a second-order
polynomial in the residuals of the predicted number of militiamen for different subsamples
defined by different percentiles of my intra-household ethnic polarization measure (x-axis). The
coefficients on the square terms (indicating the curvature) are reported together with 95 percent
confidence intervals on the y-axis. Intra-household ethnic polarization is defined in equation
(A.16). Militiamen are instrumented with transport costs (distance to the main road interacted
with rainfall along the way between village and main road during the 100 days of the genocide
in 1994). All controls from my preferred specification (regression 6 in Panel B in Table 3 in the
paper) are used to construct residuals.

A.97



A.7.3 Additional Figures and Tables

Figure A.23: Functional Form (# Militiamen/Population ≤ 5 percent)

Notes: Local mean smoothing (Epanechnikov kernel, bandwidth=2.5, observations are grouped
into 30 equal-sized bins). 95 percent confidence intervals are bootstrapped. Militiamen are
instrumented with transport costs (distance to the main road interacted with rainfall along the
way between village and main road during the 100 days of the genocide in 1994). All controls
from my preferred specification (regression 6 in Panel B in Table 3 in the paper) are used to
construct residuals. The sample is restricted to villages where militiamen make up less than 5
percent of the village population.
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Figure A.24: Functional Form (# Militiamen/Population ≤ 2.5 percent)

Notes: Local mean smoothing (Epanechnikov kernel, bandwidth=2.5, observations are grouped
into 30 equal-sized bins). 95 percent confidence intervals are bootstrapped. Militiamen are
instrumented with transport costs (distance to the main road interacted with rainfall along the
way between village and main road during the 100 days of the genocide in 1994). All controls
from my preferred specification (regression 6 in Panel B in Table 3 in the paper) are used to
construct residuals. The sample is restricted to villages where militiamen make up less than 2.5
percent of the village population.
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Figure A.25: Functional Form (Excluding Villages with Mass Graves)

Notes: Local mean smoothing (Epanechnikov kernel, bandwidth=2.5, observations are grouped
into 30 equal-sized bins). 95 percent confidence intervals are bootstrapped. Militiamen are
instrumented with transport costs (distance to the main road interacted with rainfall along the
way between village and main road during the 100 days of the genocide in 1994). All controls
from my preferred specification (regression 6 in Panel B in Table 3 in the paper) are used to
construct residuals. The sample is restricted to villages where no mass grave was found.
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Figure A.26: Linear First-Stage Relationship

Notes: Local nonparametric estimation (Epanechnikov kernel, bandwidth=0.7, observations are grouped into 100 equal-
sized bins). Armed Groups’ Transport Cost is the instrument (distance to the main road interacted with rainfall along
the way between village and main road during the 100 days of the genocide in 1994). All controls from my preferred
specification (regression 3 in Panel A in Table 3 in the paper) are used to construct residuals.
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Figure A.27: Opposing Villages (Convex Effects)

Notes: Y-axis: # Civilian Perpetrators, residuals. X-axis: # Predicted Militiamen, residuals. Local mean smoothing
(Epanechnikov kernel, bandwidth=3). 95 percent confidence intervals are bootstrapped. Samples restricted to 98th, 97th
and 95th percentile of intra-household ethnic polarization. Intra-household ethnic polarization is defined in equation
(A.9) in the paper. Militiamen are instrumented with transport costs (distance to the main road interacted with rainfall
along the way between village and main road during the 100 days of the genocide in 1994). All controls from my
preferred specification (regression 6 in Panel B in Table 3 in the paper) are used to construct residuals.
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A.8 Proofs

Prediction C1 – Functional Form

1. Non-opposing Villages: The result follows directly from the assumption that
KMM < 0.

2. (i) Opposing Villages, γM ≤ 1 + T + R: Since the second derivative of
H(M,P) = I(M,P) ·K(M) involves KMM < 0, which is negative, the result does
not follow directly from differentiation. To show that H(M,P) is convex in M

note that convexity of I(M,P) implies that for any two points M1≥ 0 and M2≥ 0
and λ between 0 and 1, we have

(A.17) λ I(M1)+ (1−λ )I(M2) ≥ I(λM1 +(1−λ )M2).

Now, set M2 = 0. This gives

(A.18) λ I(M1) ≥ I(λM1).

Multiply both sides by K(M1) ≥ 0 to get

(A.19) λ I(M1) ·K(M1) ≥ I(λM1) ·K(M1).

Note that since K(M) is strictly increasing

(A.20) λ I(M1) ·K(M1) ≥ I(λM1) ·K(M1) > I(λM1) ·K(λM1).

Rearranging gives

(A.21) λH(M1) > H(λM1),

which implies convexity of H.

2. (ii) Opposing Villages, γM > 1 + T + R: Since both I(M,P) and K(M)

are concave functions once γM > P, the curvature of the product of the two is
ambiguous and depends on functional forms. However, since I(M,P) has to
approach 1 and thus I(M,P) · K(M) will approach K(M) the effects eventually
will turn concave. To illustrate that the product of two concave functions can
either be concave or convex consider I(M,P) = Mα

P (as long as Mα < P) with
0 < α < 1 and K(M) = Mβ with 0 < β < 1. The resulting product H(M,P) =
Mα+β

P is convex if α +β ≥ 1 but strictly concave otherwise.
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Prediction C2 – Interactions

1. Non-opposing Villages: Take the derivative of E (Kw) w.r.t. S and Me to get

(A.22)
∂E (Kw)

∂S∂Me
= KMM(Me +Ml(S)) ·

∂Ml

∂S
.

The result follows immediately, since both terms in the product are negative.

2. (i) Opposing Villages, γM ≤ 1+T +R: Take the derivative of E (Ko) w.r.t.
S and Me = M to get

(A.23)
∂E (Ko)

∂S∂M
= IMP(M,P) ·K(M)+ IP(M,P) ·KM(M).

The result follows immediately, since the first term in the sum is non-positive
and the second term is negative.

2. (ii) Opposing Villages, γM > 1+T +R: Now IMP(M,P) > 0, thus ∂E(Ko)
∂S∂M

in equation (A.23) is ambiguous.
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