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Abstract

This paper provides evidence on how state-controlled community meetings can facilitate
large-scale mobilization of civilians into violence. We analyze a Rwandan mandatory com-
munity program that required citizens to participate in community work and political meet-
ings every Saturday in the years before the 1994 genocide. We exploit cross-sectional vari-
ation in meeting intensity induced by exogenous weather fluctuations, and find that a one
standard-deviation increase in the number of rainy Saturdays before the genocide resulted
in a 17 percent lower civilian participation rate in genocide violence. The natural placebo
test – rainfall on other weekdays in the same period – yields no statistically significant
results. The effect is driven by the meetings in the last six months before the genocide, and
we find evidence that the meetings provided an arena for the local elites to spread propa-
ganda and bring people together. Our findings shed light on the potentially amplifying role
of government-ordered community meetings in channeling mass-violence.
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1 Introduction

What are the determinants of mass violence? Most theories seeking to explain this build on a

rational choice framework where individuals weigh the expected benefits and costs of partic-

ipation against each other (see e.g. Finkel and Muller, 1998; Finkel et al., 1989; Muller and

Opp, 1986; Oberschall, 1994). According to these models, collective-action problems make

large-scale civilian participation in violence unlikely which would explain why mass violence

is often committed by government forces or formally organized groups. Yet, some of the worst

atrocities in modern history have been carried out by informal groups of seemingly ordinary

citizens. One example is the Lynching Era (1878–1939) in the U.S., where entire white com-

munities rounded up African Americans to expunge them. Other examples are the anti-Jewish

pogroms in the Russian Empire throughout the 19th century, and the 2007–2008 post-election

violence in Kenya.

In this paper, we focus on the infamous case of civilian violence during the Rwandan geno-

cide of 1994, where around 430,000 Hutu civilians joined the army and militia in killing an

estimated 800,000 people (predominantly Tutsi) in just 100 days. In particular, we want to

understand how a mandatory community program called Umuganda, which required citizens

to participate in community work and political meetings every Saturday, contributed to the

large-scale mobilization of Hutu civilians in the genocide. Studies using qualitative methods

have pointed to such a link, but this study provides the first quantitative evidence of a causal

relationship between Umuganda and participation in genocide violence.

Our results show a negative relationship between canceled Umuganda meetings before the

genocide and civilian participation in the genocide violence: having fewer meetings just before

1994 is associated with a significantly lower civilian participation rate in violence. Tracing the

effects over time suggests that meetings held during the last six months before the genocide

were the most important.

To understand the mechanisms we use a framework suggested by Mann (2005) for ex-

plaining the determinants of genocide: we show that Umuganda, in the years just before the

genocide, facilitated both top-down pressure and bottom-up pressure. Top-down pressure by

providing an arena for government officials to spread political propaganda, and bottom-up pres-

sure as Umuganda involved social interaction which, according to work by e.g. Balliet (2010)

and Tanner (2011) helps increase popular support for, and facilitates coordination on extreme

standpoints, such as the genocidal agenda in Rwanda. For instance, consistent with a top-down
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mechanism at work, we find that the effects of Umuganda depend on the political affiliation of

the local politician in charge of the meetings. The effects disappear in areas with no local lead-

ership and there is suggestive evidence that the sign reverses in sectors governed by opposition

parties.1

Alternative channels are addressed and refuted. These include the possibility that economic

motives drive our effects, and pure bottom-up channels such as forced or voluntary social in-

teraction during Umuganda altering civilians’ perceptions about the Tutsi group.

Identifying the causal effect of Umuganda on participation in genocide violence is diffi-

cult because of plausible omitted variable bias. On the one hand, area-specific unobservable

characteristics that affect both genocide participation and Umuganda intensity – such as local

leader quality and political views – could produce a spurious positive correlation between the

two, thus biasing the estimate upwards. On the other hand, if Umuganda meetings were strate-

gically used in areas where genocide participation would otherwise have been low, the estimate

would be biased downwards.

To overcome this endogeneity challenge, we use exogenous rainfall variation to estimate the

effect of Umuganda meetings on participation in civil conflict. The idea is simple: under heavy

rain, meeting attendance will be lower and delays and cancellations ensue. Although we lack

data on actual meeting attendance, we know that Umuganda meetings took place on Saturdays,

which enables us to isolate the effect of Umuganda from general rainfall effects (working e.g.

through income from agriculture). More precisely, we focus on variation in Saturday rainfall,

controlling for rainfall on all other six weekdays in the same time period. Our explanatory

variable is the number of Saturdays with heavy rainfall during the 3.5 year period leading up to

the genocide.2

We proxy for genocide violence by the number of persons prosecuted in the local “Gacaca

1In opposition-led sectors, it is unlikely that local leaders would push the agenda of the government in Umu-
ganda meetings, and it is possible that meetings in such sectors helped overcome animosity between villagers
from different ethnic groups, explaining this sign reversal.

2We focus on the period from October 1990, to March 1994: After the start of the civil war on October 1,
1990, tensions between the Hutu and Tutsi populations intensified, and the Hutu-dominated government became
more aggressive towards the Tutsi minority, eventually culminating in the genocide starting in April 1994. The
increasing interethnic hatred was for instance expressed in the government-funded journal Kangura (Melvern,
2004).
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courts”3 normalized by sector Hutu population.4 Importantly, these courts distinguished be-

tween civilian perpetrators and organized perpetrators such as members of the militia, the na-

tional army or the local police. We focus on civilian perpetrators, for two reasons: First, we

are particularly interested in understanding what makes civilian turn to violence, and second,

militia and organizers typically did not reside in the villages where they were prosecuted for

crimes, and would thus not have been affected by rainy Saturdays in those locations in the

pre-genocide period.

The results show that a one standard-deviation increase in the number of rainy Saturdays

leads to a 17 percent decrease in the civilian participation rate.5 We can provide a first placebo

check by examining heavy rainfall on all other six weekdays in the same time period, for which

we find no effect on civilian violence. This placebo test also allows us to rule out that other fac-

tors correlated with rainfall, such as geography, are driving the results as these factors should

be correlated with rainfall on any weekday. We further show that the results are robust to con-

trolling for geographical factors such as sector ruggedness. To control for local characteristics,

we include 142 commune fixed effects. Thereby we ensure that identification only stems from

local variation in rainfall on Saturdays, which is arguably exogenous and should only affect

genocide participation through its effect on Umuganda meeting intensity. One concern, is that

other events happening on Saturdays such as festivals, or family celebrations bias the results.

We will provide evidence to ease this concern.

The paper contributes to the literature in several ways. It relates to the literature on the

roots of individual participation in violent conflict (Blattman and Miguel, 2010). While recent

work has focused on government policy, income, foreign aid, epidemics and institutions as

determinants of conflict and participation in violence (Dell, 2015; Mitra and Ray, 2014; Nunn

and Qian, 2014; Gonzalez-Torres and Esposito, 2017; Dube and Vargas, 2013; Besley and

Persson, 2011, respectively), our paper highlights state-sponsored community meetings as an

important tool for promoting civilian participation in violence. In particular, we find evidence

that the meetings provided a propaganda platform complementary to messages spread by radio,

3About 10,000 of these “Gacaca courts” were set up across the country to prosecute the crimes committed
during the genocide. Using prosecution instead of actual genocide participation rates may introduce some bias.
However, the Gacaca data are strongly correlated with measures of genocide violence from various other sources,
and we present a number of additional tests using alternative genocide measures to rule out that systematic errors
(such as survival bias) are biasing our results.

4A sector is the second smallest administrative unit in Rwanda, with an average size of 14 square kilometers
and 4,900 inhabitants.

5Results are robust to different ways of specifying “heavy rainfall” as is discussed in detail in Section 5.1.
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the effect of which has been documented in the Rwandan context by Yanagizawa-Drott (2014)

and in other settings by e.g. DellaVigna et al. (2014), Armand et al. (2017) and Adena et al.

(2015).

Our finding is especially interesting given the recent popularity of community meetings as

a tool in development policy implementation by NGOs and development agencies (Mansuri

and Rao, 2012). There is a widely held belief that such meetings, and an active civil society

more generally, foster social capital by providing arenas for people to meet, solve free-rider

problems, and create public goods (Guiso et al., 2008; Grootaert and Bastelaer, 2002; Knack

and Keefer, 1997; Putnam, 2000). Community-meeting practices similar to the one we study

exist in Burundi, and have been proposed in the Democratic Republic of Congo (DRC) and

Kenya. Our results suggest that community meetings can be effective vehicles for influencing

and controlling a population. Rather than concluding that community meetings are inherently

destructive, we claim that their impact depends on the political intentions of the leaders who or-

der and implement the meetings.6 Our results can be read as a call for caution against implicitly

equating between such meetings and community building, cohesive forces.

Two other recent papers closely related to our work are Acemoglu et al. (2014) and Satyanath

et al. (2017). While the former shows that local chiefs in Sierra Leone use civil society organi-

zations (a commonly used proxy for social capital) to entrench their autocratic rule and monitor

the society, the latter shows that social clubs in Germany post-World War I facilitated recruit-

ment into the Nazi party. We add to these findings by providing well-identified evidence that

local political elites in Rwanda used community meetings to not only make civilians relate

with a murderous regime but also take an active part in violence. As such, our findings simi-

larly show socially destructive potential of community meetings, and, in line with Acemoglu

et al. (2014), warn against taking the presence of civil society institutions as an indication of

social capital. However, different from Acemoglu et al. (2014) and Satyanath et al. (2017) who

focus on more long-term effects of social capital, our study suggest that even short-term inter-

ventions can have important effects. Furthermore, we provide detailed evidence on the relevant

mechanisms – in particular we highlight the crucial interplay of both top-down and bottom-up

channels.

We also contribute to the literature on the Rwandan genocide (Friedman, 2013; Verpoorten,

6A similar claim can be made for radio messages: while Yanagizawa-Drott (2014) finds that RTLM propaganda
was used to foster violence during the genocide, Blouin and Mukand (2019) show that radio broadcasts are used
for nation building in post-genocide Rwanda.
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2012b,a; Verwimp, 2006; Yanagizawa-Drott, 2014; Straus, 2006) by providing novel evidence

of the mechanisms at work in its preparation. A closely related study, Rogall (2017), shows

how the Rwandan political elite dispersed army and militia to foster civilian participation in

violence during the genocide. We complement that work with evidence that civilian violence

was affected by propaganda and social interactions during Umuganda. In particular, our study

shows quantitative and causal evidence of a mechanism that has been put forward in qualitative

studies relying on much smaller samples and correlations (Lawrence and Uwimbabazi, 2013;

Verwimp, 2006; Straus, 2006).

Lastly, on the methodology side, our results add to the recent discussion on the effects of

rainfall on conflict other than through the income channel (Burke et al., 2015; Dell et al., 2014;

Iyer and Topalova, 2014; Rogall, 2017; Sarsons, 2015).

The rest of the paper is structured as follows. Section 2 provides a brief description of the

historical and institutional background of the Rwandan genocide and Umuganda. In Section 3,

we lay out the conceptual framework for the study. Section 4 describes the data. In Section 5

we present the empirical strategy. Section 6 presents the main results and Section 7 discusses

possible mechanisms, guided by the conceptual framework. Section 8 concludes the paper.

2 Historical and Institutional Background

2.1 The Rwandan Conflict

Tensions between the Hutu and Tutsi populations have been present in Rwanda at least since

colonial times. The origins of the two groups and the distinction between them is debated.7

What seems clear, however, is that Belgian colonizers deepened the division between the two

groups, and deliberately favored the Tutsi minority. Under Belgian colonial rule, strong ten-

sions rose between the two groups that culminated in the Rwandan revolution of 1959, when the

Tutsi monarchy was replaced by a Hutu republic. During this period, many Tutsi civilians were

killed; others fled Rwanda for neighboring countries such as Burundi, Tanzania and, in partic-

ular, Uganda. In the 1960s, episodes of political stability alternated with times of violence, but

the underlying tensions never ceased.

7The Tutsi minority (with a pre-genocide population share of around 10 percent) is said to have descended
from Hamitic migrants from the north of Africa, and the Hutu majority from the Bantu group, who traditionally
lived in Rwanda. However, others argue that the two ethnicities have a common ancestry.
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In 1973 – paramount to the introduction of a modern version of Umuganda – Juvénal Hab-

yarimana took power in Rwanda through a coup d’état. In 1975, he created a new party called

the Revolutionary Movement of National Democracy (MRND), which would dominate Rwan-

dan political life for more than two decades as the single party in a one-party state. The turning

point came in October 1990, when the Rwandan Patriotic Front (RPF), a Tutsi-dominated rebel

group that had emerged in exile, invaded Rwanda from Uganda and started the Rwandan civil

war. Episodes of fighting between the RPF and the Armed Forces of Rwanda (FAR) continued

until August 1993 and the signing of the Arusha Peace Accord.

Parallel to the civil war, rising demands for democracy led to the adoption of a new con-

stitution and the implementation of a multi-party system.8 The newly established opposition

parties became actively engaged in the peace negotiations and formed an alliance with the RPF,

which meant that the incumbent MRND was threatened both from within and outside of the

country.9 Mobilization of popular support became a top priority and to help in the recruitment

of new members, all parties, including the MRND, created youth wings (which later became

militias) (Viret, 2010).

A key role in the local mobilization was played by mayors.10 They were the lowest level

of political representation in Rwanda, heads of the commune, and responsible for Umuganda.

Traditionally, mayors were appointed by the President on the recommendation of the Minis-

ter of Interior (Des Forges, 1999). Hence, all mayors were officially members of the MRND.

Following the introduction of multipartyism, however, a number of mayors chose to switch

party (voluntarily or as a result of powerful persuasion). Moreover, in the ongoing peace ne-

gotiations, it was agreed that a limited form of elections would be held in some pre-selected

communes in March 1993. These elections resulted in around 25 percent of the mayors being

replaced, with the new mayors entering office in October 1993 (Des Forges, 1999).11 While the

MRND remained the largest party, its dominance was clearly eroding. This led the MRND into

taking more extreme measures to stay in power (Straus, 2006), involving open and aggressive

8New parties were allowed to register from July 1991. The main opposition parties were the Republican Demo-
cratic Movement (MDR), the Social Democratic Party (PSD), the Liberal Party (PL), the Christian Democratic
Party (PDC) and the Coalition for the Defence of the Republic (CDR). See Guichaoua (2015) for a more detailed
list of parties.

9The alliance between the opposition parties was, however, not long-lasting. In all parties, groups of hardliners
that were not happy with the outcome of the Arusha Accords created “Hutu Power” factions that would later come
to support the genocidal agenda.

10The local term for mayor is bourgmestre.
11In these elections, only a group of around 50 people, including village committees, heads of development

projects, and heads of local political parties, were allowed to vote.
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promotions of the (Hutu) in-group and harassment and violence against the (Tutsi) out-group

(Wagner, 1998).

Finally, on April 6 1994, an airplane carrying President Habyarimana was shot down over

Kigali. Soon after the attack, extremists within the Hutu-dominated parties announced a new

interim government and ethnic violence erupted across the whole country. Around 800,000

people, mostly Tutsi and politically moderate Hutu, lost their lives. The mass killings stopped

in mid-July 1994, when the RPF defeated the FAR and their associated militia groups, most

notably the Interahamwe.12

2.2 History of Umuganda

The origin of Umuganda can be traced back to pre-colonial times. During a day of community

service, villagers would get together to build houses for the poor or help each other out in the

fields in times of economic hardship (Mukarubuga, 2006). Umuganda was initially considered

a social obligation (Melvern, 2000). However, this changed during the colonial period, when

the Belgian colonizers used Umuganda to organize compulsory work. Consistently, the locally

employed term for Umuganda, in this period, was uburetwa, or forced labor (IRDP, 2003).

All men had to provide 60 days of communal work per year. Most of the manual labor was

hereby carried out by members of the ethnic Hutu majority under the supervision of Tutsi chiefs

(Pottier, 2006).

When Umuganda was re-introduced by the new Habyarimana government in 1974, the

program combined a practical motivation – achieving development objectives despite weak

state finances – with a strong ideological element. Participation remained compulsory, which

was enforced through government coercion, and neighborhood leaders had the right to fine

households that failed to participate (Des Forges, 1999). While the mayors were responsible for

organizing Umuganda in their communes (World Bank, 1987), the central government decided

on what projects at least one adult male per family had to work every Saturday morning (Uvin,

1998). The main tasks included various types of erosion controls, maintenance of roads, and

construction of communal buildings.

After the community work, meetings were held where local or higher officials disseminated

information to the villagers about the governing principles of the ruling MRND party and mes-

12For more detailed accounts of what happened during this 100-day period, see e.g. Straus (2006), Hatzfeld
(2005), Dallaire (2003), Des Forges (1999), and Prunier (1995).
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sages from the central government (Guichaoua, 1991). Our conceptual framework focuses on

these political meetings that were held at the end of Umuganda, since these are highlighted

as important in previous, qualitative work (Lawrence and Uwimbabazi, 2013; Verwimp, 2006;

Straus, 2006) that relate Umuganda to genocidal violence. We also discuss and test purely

economic channels and show that these are unlikely to drive our findings, but the nature of our

data does not allow us to rule out that the ”work” component of Umuganda played a role for

our results, for instance through villagers interacting or sharing information while they worked

together on public projects.

3 Conceptual Framework

In this section, we describe the political elements of Umuganda and then propose and discuss

the main channels through which Umuganda meetings could have affected civilian participation

in genocidal violence.

3.1 Political Elements of Umuganda

Together with tax collection, Umuganda was the main means available to the mayors for ful-

filling their essential duties. According to a World Bank report from 1987, these duties were

“to ’inspire’ the local population and officials to implement the ideals of the MRND” (World

Bank, 1987, p. 8). When Umuganda was re-introduced in 1974, President Habyarimana turned

it into a political doctrine (Mamdani, 2001). Verwimp (2000, p. 344) cites Habyarimana:

“The doctrine of our movement [MRND] is that Rwanda will only be developed by the sum of

the efforts of its people. That is why it has judged the collective work for development a

necessary obligation for all inhabitants of the country.”

Habyarimana’s ideology stressed the importance of the cultivator as the true Rwandan (Straus,

2006). This view clearly embraced the Hutu population with their history as cultivators, as

opposed to the Tutsi pastoralists.

Universal instructions for Umuganda were not specified in legislative or regulatory docu-

ments, and thus the exact setup of the work and meetings reflected the local mayors’ manage-

ment style. (World Bank, 1987, p. 63). Despite this, the implementation of Umuganda, in-

cluding the meeting component with information from MRND, was mandated by the national

government (Guichaoua, 1991).
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Although a causal link has not yet been established between participation in Umuganda

before the genocide and civilian participation in violence during the genocide, official reports,

as well as research from other disciplines point to the importance of Umuganda as an instru-

ment for local party and state officials to mobilize the population. A number of accounts from

the late 1980s and early 1990s document that a strong political element was tied to its practice

(World Bank, 1987; Verwimp, 2011; Guichaoua, 1991). Rwandans from all socio-economic

groups, be it farmers or intellectuals, were required to participate in Umuganda (Guichaoua,

1991). A patriotic focus of Umuganda, promoting the “indigenous” Hutu and marginalizing

the “non-indigenous” Tutsi, became particularly salient in the early 1990’s when “government

propaganda gave no choice to Rwandans other than to attend Umuganda for political mobi-

lization,” (Lawrence and Uwimbabazi, 2013, p. 253). The meetings were therefore ideal for

reaching the entire population.

Moreover, in influential work Straus (2006) reports that 88 percent of the interviewed geno-

cide perpetrators had regularly participated in Umuganda before the genocide. The association

between pre-genocide Umuganda meetings and genocidal violence is further supported by ac-

counts that during the genocide itself, the notion of Umuganda was explicitly associated with

the obligation to participate in violence. During this period, Umuganda was used together with

the new term gukorn akazi, or “do the work,” which essentially meant “kill the Tutsi” (Ver-

wimp, 2013). Slogans previously related to Umuganda such as “clearing bushes and removing

bad weeds” now had a completely altered connotation (Lawrence and Uwimbabazi, 2013).13

3.2 Mechanisms

We argue that Umuganda in the early 1990s helped to create the structure necessary for engag-

ing a large number of Hutu civilians in mass violence during the genocide.

According to Mann (2005), most genocides in history primarily have to do with political

power relations, exercised in three distinct ways: top-down pressure from the state; side-way

pressure from militia; and bottom-up pressure from core constituencies. Following this termi-

nology, Umuganda before the genocide may be associated both with top-down pressure, as it
13It is important to clarify that during the genocide period itself, regular activities and practices were discon-

tinued, and it is therefore not relevant to investigate Saturdays during the genocide (we do, however, control for
rainfall during the genocide period as a robustness check). For instance, Hatzfeld (2005), interviewing several
civilian perpetrators after the genocide, notes that social life completely stopped during the genocide. 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.”
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provided government officials with an arena for establishing their leadership and disseminat-

ing political propaganda, and with bottom-up pressure, as it also involved elements of social

interaction that could increase popular support for the genocidal agenda.

Management (top-down) Since Umuganda required local leaders to summon their con-

stituents it formed an opportunity for them to learn to control, organize and lead the population

(Verwimp, 2013) – a skill that could facilitate later mobilization into violent activities. Indeed,

the United Nations International Criminal Tribunal for Rwanda (ICTR) have found several

mayors guilty of direct and public incitement to commit genocide (e.g. Jean-Paul Akayesu in

Taba commune, Joseph Kanyabashi in Ngoma commune, and Elie Ndayambaje in Muganza

commune), with the charges including incitement of racial hatred, preparation of lists of per-

sons to be killed, and distribution of arms to militias (see e.g. Judgement and Sentence of Case

No. ICTR-98-42-T, 2011). At least the first two of these charges could have been aided by

having more Umuganda meetings in the period just before the outbreak of the genocide.

Political propaganda (top-down) The public meetings during Umuganda provided an arena

for the communication of information and propaganda to community members. In line with

the official state policy during the last years before the genocide, the rhetoric used during Umu-

ganda became more patriotic and focused on marginalizing the Tutsi (Lawrence and Uwim-

babazi, 2013). Information about ongoing political developments in the country, as well as

propaganda, was also disseminated over the radio and in newspapers.

Popular support (top-down and bottom-up) The information and propaganda diffused dur-

ing Umuganda could have also complemented bottom-up channels. Individuals’ receptiveness

to a message can be affected by observing the reaction of fellow villagers to the same message.

The literature on group polarization shows how a discussion on a topic among like-minded

individuals often leads to their post-discussion views being more extreme than before the dis-

cussions took place (Sunstein, 2002). A well-established finding is that cooperation in social

dilemmas is aided by communication, in particular face-to-face communication (Balliet, 2010,

provides a meta-analysis of this literature). Following Browning (2004) and Kershaw (1999),

Tanner (2011) describes a radicalization process undergone by civilians participating in ethnic

violence. In line with these findings, Umuganda meetings could have provided a setting in

which the idea of violence against the Tutsi population became increasingly accepted, seen as
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legitimate and even trivialized, slowly altering ordinary citizens’ inclination to participate in

violence (Thomson, 2009). Hence, the political meetings of Umuganda may have increased

popular support for and coordination on extreme standpoints and civilians’ probability of co-

operation, both with each other and with the government, during the genocide.

3.3 Alternative Mechanisms

In this subsection, we describe some alternative mechanisms that we consider less plausible.

These alternative mechanisms will be tested with data in section 7.2.

Voluntary and Forced Interaction (bottom-up) Other potential bottom-up scenarios relate

Umuganda to changes in village cohesion and in the relationship between Hutu and Tutsi vil-

lagers caused by their interaction during Umuganda meetings (regardless of the local political

elites). More specifically, Umuganda may have enabled social interaction between local Hutus

and Tutsis, and created “bridging” social capital that increased trust (Putnam, 2000). This

would imply a negative association between Umuganda and later civilian violence, and is not

in line with accounts of the hostile environment during Umuganda in the early 1990s. Another

possibility with opposite implications is that forced interaction between Hutu and Tutsi during

Umuganda, at a time when ethnic tensions were growing in Rwanda, led to increased animosity

towards the Tutsi population (again regardless of the local political elites).

Economic Channels There is a common perception that the likelihood of conflict depends

on economic growth (Ray and Esteban, 2017). Since the communal work during Umuganda

focused on providing public goods, an additional, potential mechanism is that Umuganda indi-

rectly affected civilian violence by improving local infrastructure and economic growth. This

might affect violence in either direction, depending on the assumptions made, which will be

further discussed in the robustness section 7.2.

Finally, an alternative explanation of our findings is that our effects are not the result of

Umuganda per se, but rather driven by farmers’ opportunity costs. If a canceled Umuganda

freed up time for an additional day of work on the fields, this may have led to higher agricultural

yields and incomes, and consequently higher opportunity costs of participating in conflict.
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4 Data

We combine several datasets from various sources to construct our final dataset with a total of

1,433 Rwandan sectors in 142 communes. Sectors are the second smallest administrative level

in Rwanda, and the level for which our outcome variable (civilian perpetrators) is available.

Details about the matching process are given in Appendix 3. Table 1 reports the summary

statistics for our variables.

4.1 Participation Rates

Ideally, we would like to have a direct measure of genocide participation rates. Since such data

do not exist, we follow the literature and use prosecution rates for crimes committed during

the genocide as a proxy (Friedman, 2013; Heldring, 2014; Rogall, 2017; Yanagizawa-Drott,

2014). Thus, we use a nation-wide sector-level dataset, provided by the government agency

“National Service of Gacaca Jurisdiction,” which collected the outcomes of the almost 10,000

local Gacaca courts set up throughout the country to prosecute the genocidaires. Importantly,

people were prosecuted in the sector where they committed their alleged crimes and did not

have to be physically present to be prosecuted.

The courts distinguished between different categories of violent perpetrators. Category 1

includes people that were leaders and organizers, or committed particularly brutal crimes. Most

of these perpetrators belonged to the army, militia or were local leaders. Approximately 77,000

cases were handled in this category. Category 2 includes accomplices rather than leaders and

instigators. People prosecuted in this category were not members of any of the organized

groups mentioned for the first category and are thus considered to be civilians. In our sample,

approximately 416,000 cases were recorded in this category.14 The exact legal definitions are

given in Appendix 3.

Category 2, which we refer to as “civilian perpetrators,” is the focus of this study. In the

analysis, we use the number of civilian prosecutions normalized by sector Hutu population as

our main outcome variable (Figure 1).15 On average, there were 290 civilians prosecuted in

each sector, which amounts to about 7 percent of the local Hutu population. Importantly, vio-

lence against the Hutu population was not trialed in the Gacaca courts (Human Rights Watch,

14The Gacaca data also includes a third category: people that committed property offences. As these crimes are
less related to violence, we follow the literature and abstract from it in our analysis.

15Figure A.1 in the Appendix maps the number of civilian prosecutions without normalization.
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2011; Longman, 2009). Category 1 data is used in our mechanism discussion.

The reliability of the prosecution data is an important issue for our analysis. In particular, if

the prosecution process induced systematic errors, our results may be biased. For instance, in

sectors with a lot of violence, the killings might have been so widespread that no witnesses were

left to accuse the perpetrators, thus resulting in low prosecution rates. Another concern is that

Umuganda meetings did not lead to increased participation in violence, but rather only made

the prosecution process easier because people knew whom to accuse. Reassuringly, Friedman

(2013) shows that the Gacaca data is positively correlated with other measures of genocide

violence from different sources. More precisely, she states that “the Gacaca courts have been

very thorough in investigating, and 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” (Friedman (2013), p

19–20). In addition, we devote a full section after the main results to address these concerns

using alternative datasets on violence.

4.2 Other Violence Data

Commune-level estimates on lethality during the genocide is provided by Genodynamics.16

These casualty 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 organization), African Rights, and the Human Rights

Watch (for more details see: https://genodynamics.weebly.com). Data on the location of mass

graves, based on satellite maps from the Yale Genocide Studies Program, are retrieved from

Verpoorten (2012a).

The Uppsala Conflict Data Program (UCDP) database (Sundberg and Melander, 2013) pro-

vides detailed information on the location, actors and death tolls of violent events since 1989.

From this data we can identify the location of pre-genocide violence and whether the violence

was directed primarily against Tutsi (committed by the FAR) or primarily Hutu (committed

by the RPF). The 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).

A second source of pre-genocide violence is Viret (2010) who, with somewhat lesser de-

16Genodynamics is a website providing data and information on the Rwandan genocide. The principal investi-
gators are Christian Davenport, University of Michigan, and Allan Stam, University of Virginia.
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tail, provides information on the location, actors and death tolls of violent events taking place

between October 1990 and March 1994.

4.3 Rainfall Data

To construct our measures of rainfall variation, we use rainfall data from the Climate Predic-

tion Center (CPC) Africa Rainfall Climatology Version 2.0 (ARC2), available in the National

Oceanic and Atmospheric Administration (NOAA) Data Catalog (used for instance in Rogall

(2017)).17 This database provides daily rainfall estimates for Africa starting in 1983, and uses

high-resolution satellite imagery to obtain rainfall estimates at 0.1-degree (∼ 11 kilometers at

the equator) latitude-longitude intervals (Novella and Thiaw, 2012).18 Actual weather station

data, whenever available, is used to validate the underlying meteorological model, which means

the rainfall data for each grid cell is not simply the result of a linear extrapolation between sta-

tion data. The data series starts in the early 1980s which is when the first higher resolution (30

to 60 meters) infrared satellites began circling the earth.

This rainfall data has two important advantages. First, since Rwanda is a small country,

the high spatial resolution is crucial to obtain reasonable variation in rainfall. Second, the high

temporal resolution, i.e. daily estimates, allows us to confine the variation in rainfall to the

exact days of Umuganda. Given Rwanda’s hilly terrain, there is considerable local variation in

rainfall (micro-climates). Moreover, these sectors criss-cross the various rainfall grids and each

sector polygon is likely to overlap with more than one rainfall grid. The overall rainfall in each

sector is thus obtained through a weighted average of the grids, where the weights are given by

the relative areas of the sector covered by each grid. Average daily rainfall during our period

of interest is about 2.44 mm and there are on average 18 Saturdays with heavy rains (rainfall

above 10 mm).

Naturally, there will always be some measurement error in the satellite data. However, as

long as such error is uncorrelated with the true dependent and independent variables, it should

only work against our findings. Moreover, in the following analysis we show that our results

only hold using rainfall during the 3.5 years before the genocide and not in any other 3.5-

year period between 1984 and 2013. Our main results leverage local sector-level variation

17Rainfall data is available at https://catalog.data.gov/dataset/climate-prediction-center-cpc-africa-rainfall-
climatology-version-2-0-arc2-01d37 (accessed November 16, 2018).

18While the rainfall data is available from 1983, we use data from 1984 since rainfall information is missing for
several days in 1983.
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within communes. To alleviate concerns that our data resolution may be too coarse to pick up

meaningful effects, we show that our results are robust also to a more aggregated commune

level analysis (142 observations).

4.4 Sector Boundary, Road and City Data

The sector boundary map is provided by the Center for Geographic Information Systems and

Remote Sensing of the National University of Rwanda (CGIS-NUR) in Butare. This map

includes information on both recent and old administrative groupings. Since Rwandan sectors

have been reorganized several times after 1994 under different higher administrative units, this

information allows us to match sectors across datasets such as the 1991 census and the Gacaca

records.

Africover provides spatial maps with major cities and roads derived from satellite imagery.

The Africover project is part of the Food and Agriculture Organization of the United Nations’

(FAO) assistance to the Nile Basin countries in mapping out infrastructure. The maps are used

to calculate several distance measures, such as the distance from sector centroids to the nearest

main road, the nearest major city, the nearest country border point, and the distance to Kigali

(the capital city) and Nyanza (the capital of the old Tutsi Kingdom). The maps are also used to

calculate sector area and perimeter.

4.5 Additional Data

Census data on population size and ethnic composition are retrieved from Genodynamics and

the IPUMS International census database from 1991 (a 10 percent sample of the full census).19

The population data is available at the sector level. All other census variables are provided at

the commune level.

We proxy for ethnicity at the sector level using the share of commune population that are

Hutu and Tutsi, respectively. Thus, the size of the Hutu population in a given sector will be that

sector’s population size multiplied by the share of Hutus at the commune level. Importantly, the

Tutsi minority is spread out across the whole of Rwanda with an average population share of

about 9 percent (the commune at the 25th percentile has a share of 1.3 percent and the commune

19No census data was collected between 1991 and the genocide. However, mobility between sectors was highly
limited because of governmental restrictions and land market controls (Prunier, 1995). This implies that the
population data from 1991 is informative also of the situation at the eve of the genocide.
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at the 75th percentile has a share of 12.3 percent).

To capture interethnic connectedness, we use the following measure of interethnic marriage

polarization:
Fc

∑
i=1

Nic

Nc
·hic · tic,

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

number of married people in household i and hic is the fraction of married household members

in household i that are Hutu and tic the fraction that are Tutsi, respectively. The higher this

measure is, the higher is the inter-ethnic connectedness.

Guichaoua (2015) provides information on whether the mayor seat was vacant or not, and

the party affiliation of the mayors in early 1994. The parties represented at the commune level

were, aside from the dominating MRND, the Republican Democratic Movement (MDR), the

Social Democratic Party (PSD), the Liberal Party (PL), the Christian Democratic Party (PDC),

and the Coalition for the Defense of the Republic (CDR). In the beginning of 1994, the MRND

was still the largest party with mayors in 70% of the communes, while 49 sectors were located

in a commune without a mayor in office.

Yanagizawa-Drott (2014) provides data on the share of each sector that received the RTLM

radio signal, as well as the distance of each sector to the closest out of the two RTLM trans-

mitters in the country, and the mean and variance of sector elevation. The so-called “hate

radio-station” RTLM was set up in July 1993 and broadcasted anti-Tutsi propaganda.

To measure the compactness of a sector, we use the widely accepted compactness measure

proposed by Osserman (1978) defined as:

Compacti =
4 π Areai

Perimeter2
i

.

Data on nighttime light density is provided by the National Geophysical Data Center (NGDC)

on a yearly basis, starting from 1992. We overlay this grid with our sector polygon map to ob-

tain average nighttime lights density in each sector. See Appendix 3 for details.

The Terrain Ruggedness Index is obtained from Nunn and Puga (2012) which we use to

calculate average ruggedness for each sector. Details are provided in Appendix 3.

We use the Afrobarometer survey for Burundi (round 5) to provide an indirect test of the

link between heavy rainfall on Saturdays and participation in community meetings. Individuals

were asked whether they have attended community meetings in the last 12 months. Answers
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are given on a scale from 0 to 4, where 0 is “no, never” and 4 “yes, often.” This dataset is

geocoded, which allows us to match respondents to a commune in Burundi (133 in total) and

local variation in rainfall. We use individuals who identify as either Hutu or Tutsi and drop

foreigners who might not be subject to the Burundian version of Umuganda.20

5 Empirical Strategy

To identify the effect of Umuganda on civilian participation in genocide violence, and because

we lack data on the number of people participating in Umuganda, we use heavy rainfall as

a proxy for low participation or cancellation, and estimate the reduced-form effect of heavy

rainfall on civilian genocide participation. Our identification strategy rests on two assump-

tions. First, sectors with more Saturdays with heavy rainfall experienced fewer or less intensive

Umuganda meetings (first stage). Second, conditional on our control variables, rainfall on Sat-

urdays does not have any direct effect on genocide violence other than through the Umuganda

meetings (exclusion restriction).

5.1 Relationship between Rainfall and Umuganda

Ideally, we would like to directly test the first-stage relationship using data on the number of

people participating in Umuganda before the genocide. Unfortunately, such data does not exist.

There is, however, abundant recent evidence from today’s Rwanda that speaks for a strong first

stage.

A number of articles in the Rwandan press report low attendance at Umuganda meetings on

days with heavy rainfall. For example, the newspaper Kigali Today reported in February 2016

that heavy rainfall stopped an ongoing Umuganda in Nyanza district (Kigali Today, 2016).

According to our data, total rainfall in the area that day was 8 mm. Rwandan news blog Maku-

ruki.rw writes that during a Umuganda meeting in Kigali’s Gitega sector, participation was

very limited because it started to rain just as Umuganda started (Makuruki, 2016). On that day,

it rained a total of 11 mm in Gitega.

There are also official government reports documenting how rainfall affects participation

in Umuganda. For example in Remera sector (in the southeast of Rwanda), Umuganda was

20The data can be downloaded at http://afrobarometer.org/countries/burundi-0 (accessed Novem-
ber 16, 2018).
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stopped because it started to rain (Ngoma District Offical Website, 2016). Total rainfall that

day was around 8 mm. Similarly, heavy rainfall affected most Umuganda meetings in Gicumbi

district (in the north of Rwanda) with rainfall that day ranging from 9 to 15 mm (Gicumbi

District Official Website, 2015). Additional cases of cancellations of Umuganda and other

outdoor events due to rainfall are reported in Appendix Figure A.2.

We can also provide supportive evidence of a link between participation in community

meetings and heavy rainfall from the neighboring country Burundi. Burundi is very similar

to Rwanda along numerous socio-economic and cultural dimensions21 and in July 2006, Bu-

rundi introduced Ibikorwa rusangi, a practice similar to Umuganda with community meetings

held every Saturday. Importantly, the Afrobarometer survey for Burundi contains a question

on whether individuals attended community meetings during the last 12 months. Appendix

Table A.1 shows a statistically significant and negative relationship between heavy rainfall on

Saturdays (and no other weekday) and self-reported participation in community meetings.

Several other studies have documented and exploited negative relationships between rainfall

and participation in open-air events. One of the first examples is Collins and Margo (2007),

who use rainfall in April 1968 as an instrument for participation in the riots after the death of

Dr Martin Luther King in the US. More recent examples include Madestam et al. (2013) and

Madestam and Yanagizawa-Drott (2011). Similarly, several other studies use rainfall and other

weather phenomena to introduce exogenous variation in voter turnout on election days (Eisinga

et al., 2012; Green et al., 2012; Fraga and Hersh, 2011; Hansford and Gomez, 2010; Horiuchi

and Saito, 2009). In all these cases, rainfall has an effect both on the direct cost of attending the

open-air event and the opportunity cost of attending. For example, Lind (2014) finds that voter

turnout in Norway increases when it rains on the election day because bad weather reduces the

opportunity cost of going to the polling station. However, since Umuganda was mandatory, the

opportunity cost mechanism is unlikely to play any role. Instead, we argue that rainfall made

the meetings and the work less productive, or led to cancellations.

Still, the true functional form between rainfall and participation in mandatory community

work is unknown. To make progress, we assume – consistent with the anecdotal evidence –

that the typical Umuganda tasks, consisting exclusively of outdoor work, became difficult or

impossible to perform once a certain rainfall threshold had been reached. Following Harari

and La Ferrara (2018), who define an extreme weather outcome for Africa to be two standard
21The two neighboring countries share a common colonial history and have both suffered from ethnic tensions

between Hutu and Tutsi.
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deviations from the long-term average, we choose this threshold to be 10 mm.22 Thus, we

use the number of Saturdays from October 1990 to March 1994 with rainfall above 10 mm as

our main explanatory variable.23 The starting date of our period of interest coincides with the

outbreak of the Rwandan Civil War. We choose this starting date because it marks the beginning

of a period of increased tensions between the two ethnic groups. Another approach would be

to use rainfall shocks, i.e. deviations of Saturday rainfall from long-term averages normalized

by their long-term standard deviation, as the variable of interest. While we believe that this is

less relevant for our study, we show throughout the analysis that our results are robust to using

this alternative measure of “heavy rainfall.”

Figure 2 shows that there is significant local variation in the number of rainy Saturdays for

our period of interest. In Figure A.3 in the Appendix, we also show that there is significant

local rainfall variation for all other weekdays. Furthermore, in Figure 3, we plot the number

of rainy Saturdays after netting out commune fixed effects and average rainfall controls. This

map further confirms that there is substantial local variation and little spatial clustering.

5.2 Exclusion Restriction

Our empirical strategy relies on the counterfactual assumption that absent the Umuganda meet-

ings, rainfall on Saturdays had no effect on genocide violence. This is unlikely the case without

further precautions. Rainfall on Saturdays, like on all other weekdays, is likely to affect rain-fed

production and is therefore correlated with income, which in turn may affect genocide partici-

pation. Heavy rainfall may also destroy infrastructure such as roads or households and thereby

affect the likelihood of participating in conflict.

To address this problem, and to isolate the Saturday rainfall effect, we control for average

daily rainfall from January 1984 to September 1990 and our period of interest from October

1990 to March 1994, as well as rainfall on all other six weekdays.24 The absence of systematic,

22The long-term average daily rainfall in Rwanda from 1984 to 1994 was 2.6 mm with a standard deviation of
3.8 mm. We calculate this taking the average across all sectors and all days from 1984 to 1994. Two standard
deviations from the long-term average correspond to 10.24 mm. In Table A.2 in the Appendix, we show that our
results are also robust to using average daily rainfall on Saturdays and all other weekdays.

23Madestam et al. (2013) use a threshold of 0.1 inches (2.5 mm) of rainfall, a light drizzle, to predict par-
ticipation in the Tea Party Tax Day rally in the US. While a 2.5 mm threshold may be appropriate to capture
participation in a voluntary rally in the US, we believe that our case of mandatory meetings, requires a higher
threshold. Madestam et al. (2013) also use 0.35 inches (≈ 9 mm) as a robustness check for a higher threshold of
rainfall. In Figure A.5, we show that our results are also robust to using this threshold.

24To account for possibly non-linear rainfall effects on production, we show in Table A.3 in the Appendix that
our results are robust to adding a full set of dummies for average rainfall.
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significant effects for days other than Saturdays serves as a first placebo test. In particular,

this placebo test allows us to rule out that any other factors correlated with rainfall, such as

geography, are driving the results because these factors should then naturally be correlated with

rainfall on all other days as well. Nevertheless, we show that our results are robust to controlling

for sector ruggedness. To account for local characteristics, we also add 142 commune fixed

effects, and in all regressions we control for sector population size.25

We still need to argue that no other events, potentially happening in parallel with Umuganda

on Saturdays, could be driving our results. In particular, one might be concerned that people

meeting and interacting in general could affect the participation in genocide violence. Although

we cannot directly test for this, we will provide several indirect tests addressing this concern.

5.3 Empirical Specification

We run the following reduced-form regression to estimate the effect of Umuganda meetings on

participation in genocide violence:

(1)
Pic

Hic
= α +β #Saturdays(Rain f all > t mm)ic +Xicπ + γc + εic,

where Pic is the number of Hutus prosecuted in the second category of perpetrators, i.e. our

proxy for civilian participation in genocide violence, and Hic is the Hutu population size in

sector i in commune c. #Saturdays(Rain f all > t mm)ic is our explanatory variable of interest:

the number of Saturdays from October 1990 to March 1994 with rainfall above t mm. Our

main specification uses 10 mm as a measure of heavy rainfall, but our results are robust to using

other rainfall thresholds. Xic is a vector of sector-specific controls, including the logarithm of

sector population size, average daily rainfall from January 1984 to September 1990, average

daily rainfall from October 1990 to March 1994, and the number of all other weekdays with

rainfall above t mm during our period of interest, October 1990 to March 1994. Finally, γc are

commune fixed effects, and εic is the error term. We allow the error terms to be correlated across

sectors within the same commune by clustering the standard errors at the commune level. For

the sake of robustness, we also allow error terms to be correlated across sectors within a 25,
25In the Appendix, we split the sample into sectors with high Saturday rainfall and low Saturday rainfall (split

at the median) and report summary statistics for all of our exogenous variables for both sub-samples. Table A.4
confirms that there are no significant differences between these two samples.
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50, and 75 km radius (Conley, 1999).26 Moreover, to account for the fact that the variation in

the number of perpetrators is larger in sectors with a smaller Hutu population size, we estimate

the above model using weighted least squares (WLS) estimation and weight our observations

by sector Hutu population size. Our results do not, however, rely on this weighting scheme.

The coefficient of interest, β , captures the percentage point change in genocide participation

following an additional Saturday with rainfall above t mm (we measure participation rates in

percent).

6 Results

6.1 Main Effects

Main Reduced-Form Effects The reduced-form relationship between the civilian partici-

pation rate and the number of Saturdays with rainfall above 10 mm is strongly negative and

statistically significant at the 99 percent confidence level (Regression 1 in Table 2). This re-

lationship holds up when adding 142 commune fixed effects (Regression 2) and the number

of all other weekdays with rainfall above 10 mm (Regression 3).27 Reassuringly, none of the

other weekdays is systematically and significantly related to civilian violence, and we fail to

reject the null that all these coefficients are equal to zero (p-value 0.9482). The effect is also

robust to summing up the number of all rainy weekdays (including Saturdays) and adding the

sum to Regression 2, which confirms that it is only Saturday rainfall that matters (Regression

4).28 The point estimate of -0.300 (standard errors 0.104) in our main specification (Regression

3) suggests that a one-standard deviation increase in the number of rainy Saturdays in October

1990 to March 1994 reduced the civilian participation rate by 1.3 percentage points.29

So far, we focused on days with heavy rain, and controlled for long-term and general rain-

fall effects by including average daily rainfall before and during our period of interest. An

alternative approach is to use rainfall shocks, i.e. deviations of Saturday rainfall from long-

26These results are reported in Table A.5 in the Appendix.
27Note that civilian violence was very localized and mostly confined to an individual’s home sector (Hatzfeld,

2005). Thus, it is unlikely that traveling civilian perpetrators bias the estimates.
28In our main regressions, we linearly control for average sector rainfall, and we allow average rainfall effects

to differ for our period of interest (1990–1994) and the time before (1984–1990). In Table A.3 in the Appendix,
we show that our results are robust to a) pooling the two periods, i.e. controlling for average rainfall for 1984–
1994, b) controlling only for average rainfall from 1990–1994, and c) accounting for non-linear rainfall effects
(on agricultural production) by including a full set of dummies for average sector rainfall.

29A standard deviation in the number of Saturdays with heavy rainfall in Oct 1990–Mar 1994 is 4.24 mm.
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term averages normalized by their long-term standard deviation. In Table 3, we show that our

results are robust to using Saturday rainfall shocks.

Tracing the Effects over Time To gain a better understanding of the effect of Umuganda, we

trace the effects over time. One way to do this is to split our period of interest into seven equal-

length time intervals (6 months each). Splitting the time period in this way allows for com-

parisons across the years, since the equally long time-intervals will include the same months

across the years: October to March, or April to September.30 Regression 5 in Table 2 shows

that the effect increases over time, and that the last six months are driving the effect. In fact,

the point estimate of -0.756 (standard error 0.231) for the last six-months period just before

the genocide suggests that a one standard-deviation increase in the number of rainy Saturdays

(1.55 days or about 6 percent of all Saturdays for that period) reduced the average civilian par-

ticipation rate by about 16 percent (interpreted at the mean civilian participation rate of 7.33

percent). To show that our results do not rely only on highly local variation with communes

we also re-run regression 5 at the more aggregated commune level. The results are robust, as

shown in Regression 6 in Table 2.31

That the effect of Umuganda is driven by the last six months is in line with our expecta-

tions: extensive documentation show how political and ethnic tensions increased especially in

this period. For example, following the signing of the Arusha Peace Accords in August 1993,

there was a serious radicalization among officers of the Rwandan army and political extremists

who were unhappy with the terms of the peace agreement (Guichaoua, 2015; Mann, 2005). As

a result, the Hutu Power factions of the MRND, CDR and MDR parties became more active

in the public sphere, power factions were also created within the PL and PSD parties, and the

anti-Tutsi rhetoric went from vague to openly exterministic (Viret, 2010; Mann, 2005). Another

accelerating factor was the assassination of the Burundian President Melchior Ndadaye in Oc-

tober 1993, which resulted in around 300,000 (Hutu) Burundians seeking refuge in Rwanda

and led to a radicalization of the population in the south of Rwanda.

Magnitudes Since we use variation where only a few Umuganda meetings are canceled

(there were on average 5 Saturdays with rainfall above 10 mm in Oct 1993–Mar 1994, which

30With 42 months in total, 7 is a natural divide and ensures that the intervals are comparable in terms of including
Rwanda’s two rainy seasons.

31Unfortunately, the data does not allows us to say whether the exact timing of the rainfall matters, for instance
having more consecutive rainy Saturdays.
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corresponds to about 20 percent of all Saturdays in that period), the above coefficient does not

allow us to back out the counterfactual number of perpetrators had all meetings been canceled.

If we instead consider the hypothetical situation of all sectors having 35 percent of the meetings

canceled (which is the maximum in our sample for Oct 1993–Mar 1994), our result suggests

that the civilian participation rate could have been around 40 percent lower.32

6.2 Reliability of the Gacaca Data

In this subsection, we provide evidence that the Gacaca data does not suffer from systematic

biases.

We start by performing a number of tests of the reliability of the prosecution data, reported

in Table 4. To rule out that our results are biased because of systematic error in the pros-

ecution data, we use two alternative measures of genocide violence from two different data

sources: an estimate of the total death toll at commune level; and the location of mass graves

(obtained through satellite images).33 Consistently, Regression 1 shows that only Saturday

rainfall is negatively related with the number of causalities. Moreover, the point estimate on

Saturday rainfall is considerably larger (in absolute terms) than those for other weekdays.34

Furthermore, in Regression 2, we show that sectors with many rainy Saturdays are also less

likely to have a mass-grave site altogether. When dropping sectors with at least one mass grave

(indicating high death rates, Regression 3), the results are essentially identical to our baseline

results and similarly significant at the 99 percent confidence level. These findings speak against

the concern that survival bias is driving our results, or that Umuganda made the prosecution

process easier rather than inducing higher participation in genocide violence.

Throughout our period of interest from 1990 to 1994, violent acts against the Tutsi popula-

tion and (Hutu) members of the opposition were already taking place. If perpetrators from the

civil war preceding the genocide (October 1990 to August 1993) are included in the Gacaca

data, and there is a relationship between rainfall before the genocide and targeted violence

during that period, our estimates would be biased. For example (i) some perpetrators may, in

32Note that this exercise assumes a one-to-one relationship between rainy Saturdays and canceled meetings and
thus provides a lower bound.

33One remaining concern is that the meetings might have still facilitated investigations after the genocide. While
this could affect the estimated number of deaths, the data on mass graves is based on satellite imagery and thus
independent of activities on the ground that could have been affected by Umuganda

34In Regression 1, we only have 100 observations because the death toll estimates are not available for all
communes.
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fact, have been accused of participation in massacres and other kinds of violence during the

civil war (i.e. not during the genocide), and (ii) individuals who had previously participated in

violence during the civil war were easier to recognize and thus prosecute for genocide crimes

than individuals who “only” participated in the genocide.

In order to mitigate these concerns, we exclude areas with reported incidents of violence

against the Tutsi during the period October 1990 to March 1994. We use two different mea-

sures: (i) violence committed by the government forces (FAR), identified in UCDP (Sundberg

and Melander, 2013), and (ii) violence with civilian casualties committed by any actor except

the RPF, identified in Viret (2010). Reassuringly, our results are robust to excluding areas with

pre-genocide violence (Regressions 4 and 5 of Table 4).

6.3 Robustness Checks

In this section, we conduct a number of additional robustness tests. The results are presented

in Table 5. A first concern is that our estimates may be picking up effects from rainfall during

the genocide rather than the 3.5 years pre-genocide period. To address this concern we control

for the number of Saturdays (and all other weekdays) with rainfall above 10 mm during the

period of the genocide. The results, presented in Regression 1 in Table 5, are very similar to

our baseline results.

To ensure that our results are not driven by sectors having a different tolerance to rainfall

depending on their average level of rainfall, we also control for sector standard deviation in av-

erage daily rainfall (from 1984–1994). In addition, we control for a number of other important

factors that may directly affect the civilian participation rate: sector ruggedness, distance to the

border, distance to major cities, distance to Kigali, distance to Nyanza, as well as latitude and

longitude. These factors could potentially affect our outcome since sector ruggedness could

be correlated with sector rainfall and captures micro-climate effects, being close to the border

could have made it easier for people to flee the country (results are also robust to including the

distance to each of Rwanda’s four borders – DRC, Uganda, Burundi, Tanzania – separately),

distance to major cities – in particular the capital Kigali – are likely to be correlated with eco-

nomic activity and public goods provision, and sectors further away from Nyanza (the old Tutsi

Kingdom capital) still exhibit lower Tutsi shares, on average. Finally, latitude and longitude

capture general spatial effects such as the South having larger Tutsi populations than the North.

Importantly, our results hold up (Regression 2).

25



Two other papers on the Rwandan Genocide stress the importance of the RTLM radio sta-

tion (Yanagizawa-Drott, 2014) and the army and militia (Rogall, 2017) in mobilization. As

an additional robustness check, we show that our estimate is robust to controlling for both the

share of the sector with RTLM radio coverage and organized violence carried out by militia and

army (Regressions 3 and 5). Note that when adding the RTLM controls, the significance on

Saturday rainfall drops to the 90 percent confidence level. This is because the sample for which

we have information on RTLM coverage includes 400 fewer observations, which is shown in

Regression 4 where we rerun our main specification with this smaller sub-sample and obtain

the same coefficient (and the same 90 percent confidence level).

In the last column of Table 5, we report the result when using ordinary least squares (OLS)

estimation, which shows that our findings do not depend on the use of weighted least squares

estimation.

In Section A.4 in the Appendix, we present a number of additional checks. In particular,

we show that the results are robust to controlling for potential multicollinearity in the weekly

rainfall variables, dropping sectors with pre-genocide fighting between the RPF and the FAR,

dropping one commune at a time (to test for outliers), varying the rainfall thresholds (Figure

A.5) and various transformations of the dependent variable. Additionally, we find no effects

when using the share of category 1 prosecutions as the dependent variable in a placebo check.

6.4 Placebo Check

As another placebo check, we rerun the main specification using Saturday rainfall during the 3.5

year pre-genocide calendar period (October 1, YEAR to March 31, YEAR+4), using data from

all years in the period 1984–2013. To illustrate this, we begin with the period from October

1, 1984 until March 31, 1988 and end with the period from October 1, 2009 until March 31,

2013. Reassuringly, the coefficient on Saturday rainfall from 1990–1994 is a clear outlier to

the left in the distribution of the resulting 20 coefficients, and none of the other point estimates

are larger in absolute value. The results are shown in Figure 4.

7 Mechanisms

After having documented a strong, robust effect of Saturday rainfall on civilian participation in

genocide violence, we now analyze the mechanisms. However, given that we do not have data
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on the actual number of Umuganda meetings or average attendance at these meetings, this part

of the analysis should be regarded as suggestive.

7.1 Main Mechanisms

The two top-down approaches – management and propaganda – discussed in Section 3.2, imply

that the effects of Umuganda should differ by the party affiliation of the mayors. Mayors

affiliated to the ruling party, the MRND, or its close ally, the CDR (from here on referred to

as the pro-Hutu parties) are likely to have had stronger career incentives to carefully organize

and monitor Umuganda, and to have been stronger supporters and thus more inclined to spread

the anti-Tutsi rhetoric than mayors affiliated to the opposition parties (the MDR, the PSD and

the PL). In communes with no mayor in place, we would expect a smaller or even no effect

of Saturday rainfall since mayors played a key role in the implementation of the meetings, and

communes with no mayor may not have been able to organize Umuganda.35 To test if there are

heterogeneous effects with respect to the party affiliation of the mayors, we interact Saturday

rainfall with two different dummy variables.

The first dummy variable takes on the value of one if the mayor (measured at commune

level) was a representative of the MDR, and the second takes on the value of one if the mayor

was a representative of the PSD or the PL.36 The reason for separating out the MDR from the

other opposition parties is that the political orientation of the MDR was closer to the MRND

than that of the PSD and the PL.37 The results show that the effect in the pro-Hutu sectors –

the coefficient on Saturday rainfall – is negative, highly significant and similar to our baseline

result. There appears to be no statistical difference between the pro-Hutu sectors and the MDR.

The point estimate on the interaction with MDR mayors is small and statistically insignificant

(Regression 1 in Table 6). In the PSD/PL controlled communes, on the other hand, the effect

appears to have been the opposite – the point estimate on the interaction term is large and

35The opposition parties were the Liberal Party (PL), the Social Democratic Party (PSD), and the Republican
Democratic Movement (MDR). The pro-Hutu parties were the National Revolutionary Movement for Develop-
ment (MRND) and the Coalition for the Defense of the Republic (CDR).

36Note that mayors, appointed at the commune level and thus one administrative level above our unit of analysis
(the sector), were the most powerful local politicians and thus had strong influence on the policy in their sectors.
See further discussion on mayors’ role in sections 2.1, 2.2 and 3.1.

37For example, a strong Hutu Power faction was created within the MDR before similar splits occurred within
the PSD and the PL. Moreover, documents from the ICTR trials point out several MDR mayors (belonging to
the MDR Hutu Power faction) as master minds behind the genocide (e.g. Ladislas Nyagasaza, MDR, mayor of
Nyakizu in 1993–1994), and mayors from the PSD and PL as opponents to the extremist pro-Hutu ideology (e.g.
Narcisse Nyagasaza, PL, mayor of Ntyazo in 1993–1994).
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positive – but its statistical insignificance prevents us from drawing any firm conclusions.38

One concern may be that sectors with mayors from opposition parties have larger Tutsi

minorities and that this is driving the results. However, controlling for the Tutsi minority share

and its interaction with Saturday rainfall does not change these results (Regression 2).

As an additional check, we test whether the effects differ in sectors with no mayor in office

in the year before the genocide, thus shutting down a possible top-down channel. Interestingly,

the interaction effect is positive and statistically significant and completely offsets the negative

Umuganda effect (we cannot reject that the two point estimates sum up to 0). Thus, with no

local government in place Umuganda appears to have had no effects on civilian participation

in violence (also shown in Regressions 1 and 2).

Taken together, the results above provide general evidence for a top-down mechanism. The

presence of a government supporting mayor appear crucial for the Saturday rainfall effect to

manifest itself. In places with no local leader, the Saturday effect is absent (presumably due to

no Umuganda meetings in this period, or low ability to organize the meetings) while in places

with opposition party mayors in power, the positive point estimate, although insignificant, sug-

gest a reverse ”Saturday rain effect”.39 In the next step, we will try to distinguish between

the two top-down mechanisms described in our conceptual framework in Section 3.2 (man-

agement versus propaganda), as well as our third proposed mechanism, namely that receiving

political messages in the specific context of meetings may have altered people’s acceptance of

and willingness to participate in the genocide violence.

Management As discussed in Section 3.2, the local elites could have used Umuganda to

learn about the mobilization potential of the population and to practice how to organize and

lead them. For instance, during the public meetings the elites could have learned about civil-

ians’ receptiveness to propaganda. This would then mean that Umuganda did not necessarily

change Hutu civilians’ acceptance of violence against the Tutsi population, but rather helped

the local elites to organize the violence. Related to this reasoning, in a recent paper, Rogall

(2017) shows that militia and soldiers fostered civilian participation in violence during the
38Given that Hutu Power factions were eventually created within all opposition parties, and since we do not

have complete information on which mayors belonged to the true opposition, party affiliation is a noisy measure of
whether mayors actively supported the extremist ideology or not, which could explain the statistical insignificance
of the interaction with PSD/PL mayors.

39The large and positive coefficient on the interaction effect between Saturday rainfall and PSD/PL mayors
could suggest that opposition party mayors did not push the central government’s political agenda in Umuganda
meetings and that, in such sectors, either the political content or the opportunity to meet provided by Umuganda
contributed towards overcoming animosity between villagers of different ethnic groups.
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genocide, relying on the local elites’ knowledge of the population. If it was the case that during

Umuganda, the local elites mostly learned about the mobilization potential of the population,

this knowledge should have increased the effectiveness of the army and militiamen in fostering

civilian participation – and would thus make Umuganda and militia complements in spurring

civilian violence. To test for this, we interact the number of rainy Saturdays with the number

of militia and organized perpetrators in each village (category 1 from the Gacaca court data).

As can be seen in Regression 3 of Table 6, the resulting point estimate on the interaction term

is positive and statistically significant, in other words, the effect of militia presence on civilian

violence is stronger for places that had few Umuganda meetings before the genocide. These

results rather suggest that Umuganda and militia were substitutes and that Umuganda had a

direct effect on civilian behavior (rather than the effect working solely through local elites).40

Propaganda Second, Umuganda may also have affected civilian participation primarily through

the diffusion of information and propaganda. If this were the case, we should see a less neg-

ative (more muted) effect in areas where the population could receive convincing information

through other sources. To test this, we interact Saturday rainfall with the share of the sector

with access to propaganda through the “hate-radio” RTLM (Regression 4 in Table 6). Interest-

ingly, the point estimate on the interaction effect is negative and significant at the 90 percent

confidence level. This suggests that the propaganda diffused during Umuganda and on the ra-

dio were not simple substitutes but rather reinforced each other.41 One interpretation could be

that people needed both propaganda spread via RTLM and during Umuganda to be persuaded

into violence. This is somewhat contradicted by the fact that the main effect on Umuganda is

still strongly negative with a p-value of 0.103. Thus, Umuganda seemed to have been effective

even in the absence of RTLM coverage. Another interpretation is that Umuganda functioned as

a coordination device, gathering the constituents in one place and allowing them to observe the

reaction of fellow villagers to anti-Tutsi propaganda (similar to the one spread on the radio).

Below we provide further evidence for this.

40Rogall (2017) provides more detailed evidence for such a substitution effect.
41Recall the result from the preceding paragraph suggesting that Umuganda and the militia were substitutes.

However, RTLM and Umuganda appear to be complementing each other. All three factors increased civilian
participation. To reconcile these two different results the timing matters. While Umuganda and RTLM were
preparing civilians before the genocide (reinforcing each other), the militia induced civilian violence during the
genocide. In particular, Rogall (2017) shows that the militia acted as a moral authority to persuade civilians
into joining. By this logic, the marginal effect of the militia was smaller in areas where civilians were already
radicalized (through Umuganda, RTLM access or both), which would explain the substitution effects.
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Popular Support – Umuganda as a Coordination Device To further investigate whether

Umuganda was used by the local elites to bring people together, we next interact Saturday

rainfall with local population density. The results, presented in Regression 5 in Table 6, provide

support for such a ”coordination mechanism”. The coefficient on the interaction term is positive

and highly significant at the 99 percent confidence level. Thus, Umuganda appears to have

been particularly effective in sparsely populated areas where people may otherwise not have

met frequently.42

Another test of whether Umuganda was used to bring people together is to look at the

shape of the sector, in particular the area of the sector relative to its perimeter. If this ratio

is large (close to 1), the sector is relatively compact (the ratio is largest for a circle) and thus

information may have spread more easily and coordination may have been easier (in the absence

of Umuganda). If the ratio is small, however, the sector is less geographically compact and

likely to have had more than one natural meeting point. Regression 6 in Table 6 provides

additional support for Umuganda functioning as a coordination device; the interaction effect is

positive and statistically significant at the 90 percent confidence level.43

Finally, the effectiveness of Umuganda might also depend on the size of the Tutsi minor-

ity or interethnic connectedness, although this relationship is somewhat ambiguous. If local

leaders did not use Umuganda meetings to spread propaganda and to win popular support of

the pro-Hutu ideology in areas with large or well-integrated Tutsi minorities, we should see

positive interaction effects. On the other hand, even if a larger Tutsi-minority share or higher

interethnic connectedness made leaders less inclined to spread anti-Tutsi messages, Umuganda

could still have provided local leaders with an opportunity to practice mobilization of the local

population. Thus, if management was the most important mechanism of Umuganda, the effect

of Umuganda should not depend on the composition of the population, i.e. the interaction ef-

fect should be close to zero. The interaction effect could therefore go either way, but neither is

supported by the results in Regression 7 and 8 in Table 6. The two interaction effects are both

42Note that since (opportunity) costs of meeting attendance are potentially higher in sparsely populated areas,
rainfall may have a stronger negative effect on Umuganda attendance in these areas. This would be problematic
(i.e., affecting our reduced-form results) if we were assuming that rainfall affects Umuganda linearly, but is less
problematic with our threshold specification where we interpret rainfall above a certain threshold as a cancelled
meeting. This argument is further strengthened by the fact that our results hold up also when we use even higher
thresholds, going up to 15mm. In this case, it seems very likely that meetings get canceled regardless of whether
a sector is highly populated or not.

43Both high population density and compactness potentially also affect the ease of finding victims and thus the
number of civilian killers. Reassuringly, the interaction effects of Saturday rainfall with population density and
compactness are robust to adding interactions with Tutsi population density or the Tutsi minority share. The main
effects of both variables are also negative.
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statistically insignificant with large standard errors.44

Again, all the interaction effects are robust to using rainfall shocks instead of high levels

of rainfall as the variable of interest. Results using this alternative specification are shown in

Table 7.

Summary Taken together, the above results suggest that local political leaders used Umu-

ganda to spread propaganda and bring people together, and our framework suggests that there

are complementarities between the two in facilitating the adaption of extreme standpoints.

7.2 Alternative Mechanisms

In this sub-section, we discuss and rule out a number of alternative mechanisms that may be

driving the correlation between Saturday rainfall and civilian participation in the genocide.

Forced and Voluntary Interaction As discussed in Section 3.3, our main results could sim-

ply stem from civilians interacting with each other irrespective of the political elites – either

because they were forced to do so during Umuganda, which could potentially have increased

tensions between the Hutu and Tutsi populations, or voluntarily by increasing in-group cohe-

sion among the Hutu.

It is possible that forced interaction between Hutu and Tutsi during Umuganda, at a time

when ethnic tensions were growing in Rwanda, led to increased animosity towards the Tutsi

population. If this is an important channel, we would expect Umuganda meetings to be par-

ticularly successful in stirring hatred against the Tutsi minority in places where initial tensions

between the Hutu and Tutsi populations were already high. One indicator of such tensions is

the occurrence or intensity of pre-genocide violence by the RPF (Tutsi-dominated rebel group)

or the FAR (government forces) in a locality. However, Regressions 1 and 2 in Table 8 pro-

vide no support for such a “forced interaction channel.” The interaction effects are all positive,

suggesting Umuganda was less important in places that were already radicalized.45

Another possibility with opposite implications is that Umuganda, and Saturdays in gen-

eral, enabled social interaction between local Hutus and Tutsis, and created “bridging” social

capital that increased trust. This is not supported by our main results as it would imply that
44One might also wonder how ethnic income or wealth inequality affects these meetings. However, the 1991

census suggests that Hutu and Tutsi wealth levels did not significantly differ.
45While there was militia violence also before the genocide (as detailed in Sundberg and Melander (2013) and

Viret (2010)) the widespread civilian violence was a feature of the genocide.
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more meetings would have a dampening effect on civilian violence. Nevertheless we provide

further arguments against this claim by examining if general opportunities for social interaction

mattered for civilian violence.

To do so, we consider other opportunities for civilians to meet. Since most Rwandans

attend church on Sundays, one would expect similar effects for Sunday rainfall if results are

driven by social meetings. We do however not find a significant effect for Sunday rainfall in

our main result Table 2. Furthermore, our results are robust to dropping the capital, Kigali, and

other major cities from the sample; places where one might expect major outdoor events (such

as festivals, sports tournaments and other cultural gatherings) to predominantly take place on

Saturdays (Regressions 1 and 2 in Table 9). In a similar vein, heavy rainfall on public holidays,

another occasion when communities got together, do not seem to matter. The point estimates on

the number of public holidays with rainfall above 10 mm are small and consistently statistically

insignificant (Regressions 3–5 in Table 9).46

One may also be concerned that military leaders met on Saturdays to discuss the genocide

planning. This is unlikely to be affecting our results, as militia and organizers typically did

not reside in the villages where they were prosecuted for crimes, and would thus not have been

affected by rainy Saturdays in those villages in the pre-genocide period. Moreover, genocide

planners were mostly concentrated to the main cities and Kigali, and our results are robust

to dropping those. Consistently, we find that the number of rainy Saturdays is unrelated to

organized violence which includes militiamen, planners and instigators (results in regressions

7 and 8 in Table A.7).

In general, recall that the effect of Umuganda disappears in sectors with no appointed mayor

(Table 6), which in itself speaks against a pure bottom-up mechanism in our setting. If Umu-

ganda meetings on Saturdays were still taking place in these areas, and if the effects were

mainly driven by bottom-up dynamics, we should have found no difference between sectors

with and without a mayor.

Economic Channels A final possibility is that Umuganda mattered for purely economic rea-

sons; in particular for the provision of public goods. Recall that some of the main tasks dur-

ing Umuganda involved maintaining and building public goods such as various types of ero-

46Note that we do not include holidays that fall on a Saturday since these might still have been subject to
Umuganda. The public holidays include New Year’s Day, Commemoration of Democracy, Labor Day, Indepen-
dence Day, Commemoration of the Second Republic, Assumption Day, Kamarampaka Day, Government Holiday,
Justice Day, Christmas Day, and Boxing Day.
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sion controls, maintenance of roads, and construction of communal buildings. These public

goods could increase economic well-being and thus affect civilian participation indirectly via

income.47 Moreover, public goods, such as roads and bridges, could affect participation directly

by decreasing for instance transport costs – which may have mattered during the genocide it-

self.48 In this subsection, we perform a number of tests that indicate that these mechanisms did

not play a major role.

First, if Umuganda had an effect on civilian violence through such a “public-good channel,”

we should observe long-term effects of Umuganda. Especially larger infrastructure projects

require time to build. However, recalling our results in Section 6.1, only the last months before

the genocide seemed to matter for mobilization. To further address possible concerns about

confounders caused by economic effects of Umuganda, in this section we present the results

from additional tests of the relationship between Saturday rainfall and economic outcomes.49

Although we lack disaggregated data on incomes or public goods, a proxy that is available

to us is nighttime lights density (Henderson et al., 2012). Regressions 1–4 in Table 10 show

that Saturday rainfall is unrelated to nighttime lights density for various time periods before

the genocide. To rule out that this insignificant result is not simply due to measurement error,

we also show that average daily rainfall in the same time period is indeed positively and signif-

icantly related to nighttime lights density – which has previously been found in the literature

(see e.g. Hodler and Raschky, 2014). Note that nighttime lights are a rough proxy for wealth

that may not be affected by the type of infrastructure projects that were the focus of Umuganda.

We thus view these results as suggestive.

As an additional test, we use census data to construct a household wealth index at the

commune level. The drawback of this data is that it is only available for 1991. The index in-

corporates information on housing quality, asset ownership and access to electricity and water.

Since the census data was collected in July 1991, we re-calculate our main independent variable

using Saturday rainfall for the time of October 1990 to July 1991. In Table 11 we report the

47The direction of the effect is a priori unclear. Umuganda might increase participation in violence if more
public goods increases civilians support for the local government (and thus makes them follow their orders). On
the other hand, it could potentially decrease participation if people with more resources are less likely to commit
violence (opportunity cost mechanism).

48In this case, we should expect Umuganda to be positively correlated with participation in violence.
49All the tests below use income or wealth levels from before the genocide. One concern is that since the

last six months of the meetings seem to have mattered the most, these tests might not fully address the public
goods channel. However, while there is qualitative evidence that the political content of the meetings changed
in the period just before the genocide, we have no reason to suspect systematic changes in the work load during
Umuganda changed in this period.
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results. Importantly, Saturday rainfall is uncorrelated with the wealth index: the point estimate

is small and insignificant (Regression 1, Panel A). This also holds true when examining Hutu

and Tutsi households separately (Panels B and C). Saturday rainfall is also unrelated to the

share of households in the sector belonging to the poorest half or poorest quantile of the wealth

distribution (Regressions 3 to 6).50

Finally, there are official reports documenting that while Umuganda was carefully orga-

nized and monitored, “its effectiveness [for public goods provision was] not always evident”

(World Bank, 1987, p. 67). For example, the equipment used for road maintenance was unsuit-

able (hoes), projects were typically not adapted to local needs or conditions, and anti-erosion

ditches were poorly maintained (World Bank, 1987). It is important to note that this does not

imply that more Umuganda meetings deteriorated the quality of public goods (something that

could potentially have caused grievances).51

Another potential concern is that the effects are not the result of Umuganda per se, but

rather an indirect effect of Umuganda being canceled, driven by farmers’ opportunity costs. If

heavy rainfall canceled Umuganda meetings, but farmers still decided to work on their fields,

Saturday rainfall could have created a positive income effect that, in turn, could have affected

participation in genocide violence. To investigate this, we split the number of rainy Saturdays

based on whether they took place during the work season or the lean season.52 If opportunity

costs are driving the result, we should observe larger effects during the work season. However,

the results in Regression 5 (Table 10) suggest that this is not the case: both point estimates are

negative, and they are not significantly different from each other (p-value 0.85).53

50In Table A.6 in the Appendix, we further show that the above results are robust to changing the time period
for the independent variable to February 1988 to July 1991 – thus using 3.5 years before the wealth outcomes
were measured (a time period of comparable length to the one in our main analysis).

51However, if anything this would work against our findings since civilians displeased with the government
would be less willing to follow the orders of the government and comply with the genocidal agenda, and grievances
would be directed towards the ethnic group of public officials (Hutu) rather than toward Tutsis.

52According to a seasonal calendar for Rwanda provided by the Famine Early Warning Systems Network
(FEWS NET), the lean season include April, May, October, and November, and the work season include all
other months. A Rwandan seasonal calendar can be found at: http://www.fews.net/east-africa/rwanda (accessed
November 16, 2018).

53For consistency with our main findings table, we repeat this exercise focusing only on the six month-period
preceding the genocide. Results (available upon request.) are consistent with negative and significant point esti-
mates both for the work season and the lean season.
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8 Conclusion

In this paper, we estimate the causal effect of a nationwide top-down policy in pre-genocide

Rwanda on civilian violence, using an identification strategy that credibly isolates local ex-

tensiveness of the policy. Specifically, we show that a mandatory community program called

Umuganda, which required citizens to participate in community work and political meetings

every Saturday, contributed to the large-scale mobilization of Hutu civilians in the ensuing

genocide violence.

We use cross-sectional variation in rainfall intensity on Saturdays to proxy for lower partic-

ipation in Umuganda. Our results strongly suggest that areas with fewer Umuganda meetings,

in particular during the last six months prior to the genocide, had significantly lower genocide

participation rates. Our results further imply that an interplay between top-down and bottom-up

mechanisms was at work in the meetings. In particular, we find support for the local political

elites using Umuganda to bring people together and for spreading propaganda.

Our main results regarding Umuganda are in line with qualitative research based on in-

depth interviews with perpetrators carried out in the decade following the 1994 genocide. Nev-

ertheless, the potential for the negative consequences of Umuganda, and more broadly, policies

of mandatory community work and political meetings, is often overlooked in the development

discourse and the media (see e.g. New York Times, 2017). Consistent with the popular narrative

where “community-driven development” is presented as a solution to a range of accountability

problems related to decentralized development policies and weak democracies in developing

countries, the current Rwandan government formally reinstalled Umuganda in 2008. Similar

programs are also in use or discussed in other East African countries, and community driven

development practices are broadly promoted by e.g. the World Bank. Our results support the

notion that community meetings can be effective vehicles for influencing and controlling a pop-

ulation. However, rather than claiming that community meetings are inherently destructive, our

takeaway is that, just as such meetings can be harnessed for good, they can be used for spread-

ing hateful and divisive messages. Thus caution is warranted when establishing these meetings,

especially in countries with weak institutional settings and a history of ethnic tensions.
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Figures and Tables

Figure 1: Civilian Participation, normalized by Hutu Population

Notes: The map plots the civilian participation rate in each sector, defined as the number of civilian
perpetrators divided by Hutu sector population.
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Figure 2: Local Variation in Saturday Rainfall

Notes: The map plots the number of Saturdays with rainfall above 10 mm during October 1, 1990 to
March 31, 1994 in each sector.
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Figure 3: Local Variation in Saturday Rainfall – Residuals

Notes: The map plots the residuals of the number of Saturdays with rainfall above 10 mm after netting
out commune fixed effects and our other average rainfall controls.
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Figure 4: Placebo Check

Notes: The figure shows the distribution of coefficients on the number of rainy Saturdays when using
Saturday rainfall during the 3.5 years of the pre-genocide calendar period (October 1, YEAR to March
31, YEAR+4) from the years 1984 to 2013 to construct our variable of interest in Regression 3 in Table 2.
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Table 1: Summary Statistics

Mean Std.Dev. Obs.

A. Violence & Population # Civilian Perpetrators 290.25 286.43 1433
Civilian Participation Rate (%) 7.33 7.57 1433
Hutu Population in Sector 1991, ’000 4.46 2.34 1433
Population in Sector 1991, ’000 4.88 2.48 1433
Population Density 1991, per square km 498.53 850.45 1433
Hutu Population Density 1991, per square km 448.62 696.39 1433
At least one Mass Grave in Sector, dummy 0.05 0.21 1432

B. Rainfall # Sun(Rainfall>10 mm) 15.14 5.19 1433
# Mon(Rainfall>10 mm) 15.13 4.22 1433
# Tue(Rainfall>10 mm) 18.10 3.52 1433
# Wed(Rainfall>10 mm) 20.51 4.76 1433
# Thu(Rainfall>10 mm) 21.53 3.97 1433
# Fri(Rainfall>10 mm) 17.02 4.75 1433
# Sat(Rainfall>10 mm) 18.25 4.24 1433
Average Daily Rainfall, 1980s, mm 2.75 0.48 1433
Average Daily Rainfall, 1990s, mm 2.44 0.55 1433
# Sun(Rainfall>10 mm), Genocide Period 0.32 0.48 1433
# Mon(Rainfall>10 mm), Genocide Period 1.30 0.46 1433
# Tue(Rainfall>10 mm), Genocide Period 1.42 0.72 1433
# Wed(Rainfall>10 mm), Genocide Period 0.55 0.69 1433
# Thu(Rainfall>10 mm), Genocide Period 0.00 0.07 1433
# Fri(Rainfall>10 mm), Genocide Period 1.17 0.39 1433
# Sat(Rainfall>10 mm), Genocide Period 0.05 0.22 1433
# Pub. Holidays(Rainfall>10 mm) 1.50 0.99 1433

C. Other Variables Sector Area, square km 14.04 12.86 1433
Sector Perimeter, km 18.59 7.65 1433
Nightlight Density, 1992 0.54 4.17 1432
Nightlight Density, 1993 0.62 3.95 1432
Distance to Kigali, km 62.65 30.00 1433
Distance to Main City, km 22.78 14.69 1433
Distance to Town, km 16.58 8.83 1433
Distance to Nyanza, km 64.36 30.74 1433
Distance to the Main Road, km 6.71 5.77 1433
Distance to the Border, km 22.60 13.93 1433
Ruggedness Index 3.45 1.38 1433
Share of Sector with RTLM Coverage 0.19 0.22 1057
Distance to Closest RTLM Transmitter, km 5.18 2.85 1057
Mean Sector Altitude, km 1.71 0.23 1057
Variance in Sector Altitude, km 9.07 10.37 1057

D. Commune Variables Pre-Genocide Violence (Viret), dummy 0.19 0.40 1433
Pre-Genocide Violence by FAR (UCDP), dummy 0.15 0.36 142
Pre-Genocide Violence by RPF (UCDP), dummy 0.03 0.17 142
Pre-Genocide Violence against civilians (UCDP), dummy 0.17 0.38 142
Pre-Genocide Violence by FAR (UCDP), # Deaths 17.42 90.51 142
Pre-Genocide Violence by RPF (UCDP), # Deaths 0.52 4.80 142
# Genocide Casualties in Commune 1994 4587 6190 100
Tutsi Minority Share 1991 0.09 0.09 142
Interethnic Marriage Polarization 1991 0.01 0.01 142
Sectors with Vacant Mayor Seat in Oct 1993, dummy 0.04 0.18 142
Sectors with Opposition Mayor 1994, dummy 0.31 0.46 136

Notes: The sample consists of 1433 sectors and 142 communes. Panels A–C contain variables available at sector level.
Panel D collects variables available at commune level. The definitions and data sources of all variables are provided in
Section 4.

48



Table 2: Main Effects

Dependent Variable: Civilian Participation Rate (%)

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

# Sat(Rainfall>10mm) −0.371 −0.318 −0.300 −0.333
(0.112)∗∗∗ (0.101)∗∗∗ (0.104)∗∗∗ (0.105)∗∗∗

# Sat(Rainfall>10mm), Oct90–Mar91 −0.063 −0.072
(0.229) (0.330)

# Sat(Rainfall>10mm), Apr91–Sep91 0.105 −0.516
(0.548) (0.538)

# Sat(Rainfall>10mm), Oct91–Mar92 −0.378 0.357
(0.233) (0.370)

# Sat(Rainfall>10mm), Apr92–Sep92 0.394 −0.249
(0.351) (0.629)

# Sat(Rainfall>10mm), Oct92–Mar93 −0.153 0.528
(0.168) (0.384)

# Sat(Rainfall>10mm), Apr93–Sep93 −0.463 0.760
(0.312) (0.600)

# Sat(Rainfall>10mm), Oct93–Mar94 −0.756 −0.795
(0.231)∗∗∗ (0.372)∗∗

#Sat-Fri(Rainfall>10mm) 0.012
(0.035)

# Sun(Rainfall>10mm) 0.026 −0.003 0.117
(0.088) (0.097) (0.098)

# Mon(Rainfall>10mm) 0.060 0.085 −0.165
(0.093) (0.091) (0.149)

# Tue(Rainfall>10mm) 0.021 0.021 0.119
(0.070) (0.068) (0.177)

# Wed(Rainfall>10mm) 0.022 0.051 −0.069
(0.096) (0.091) (0.192)

# Thu(Rainfall>10mm) −0.046 −0.046 −0.174
(0.107) (0.101) (0.137)

# Fri(Rainfall>10mm) −0.051 −0.105 −0.076
(0.090) (0.092) (0.187)

Standard Controls yes yes yes yes yes yes
Commune Effects no yes yes yes yes no

R2 0.17 0.53 0.53 0.53 0.54 0.44
N 1433 1433 1433 1433 1433 142

Notes: In Regressions 1-5, the unit of observation is the sector. In Regression 6 the unit is the (more aggregated) commune level,
obtained by collapsing our sector-level data at the commune level. # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall
above 10 mm in Oct 1990–Mar 1994 (and similarly for all other weekdays). # Sat(Rainfall>10 mm), OctXX–MarXX is the number
of Saturdays with rainfall above 10 mm during October 199X to March 199X+1, for all years 1990–1993. # Sat(Rainfall>10 mm),
AprXX–SepXX is the number of Saturdays with rainfall above 10 mm in Apr 19XX–Sep 19XX, for all years 1991–1994. # Sat-
Fri(Rainfall>10 mm) is the sum of all weekdays with rainfall above 10 mm in Oct 1990–Mar 1994. Civilian Participation Rate is
the number of civilian perpetrators divided by the sector Hutu population. Standard Controls include the log of sector population,
average daily rainfall for Jan 1984–Sep 1990 and average daily rainfall for Oct 1990–Mar 1994. All regressions are run using WLS
estimation with Hutu population size as weights. There are 142 communes in the sample. Standard errors are clustered at the
commune level (robust in regression 6). *p<0.1, **p<0.05, ***p<0.01.
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Table 3: Rainfall Shocks

Dependent variable: Civilian Participation Rate (%)

Rainfall Shock Rainfall Shock
Average Rainfall Number of Days

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

Saturday Rainfall Shock −22.647 −21.951 −21.385 −20.452
(7.589)∗∗∗ (9.009)∗∗ (7.412)∗∗∗ (7.333)∗∗∗

Sunday Rainfall Shock 1.291 4.724
(9.590) (5.936)

Monday Rainfall Shock −2.381 4.426
(8.442) (6.379)

Tuesday Rainfall Shock 8.424 2.345
(7.195) (4.847)

Wednesday Rainfall Shock 6.528 2.552
(6.559) (6.581)

Thursday Rainfall Shock −8.081 −2.142
(6.412) (8.310)

Friday Rainfall Shock −4.616 −4.793
(5.698) (5.889)

Standard Controls yes yes yes yes
Commune Effects yes yes yes yes

R2 0.53 0.53 0.53 0.53
N 1433 1433 1433 1433

Notes: Saturday Rainfall Shocks in Regressions 1–2 (Regressions 3–4) are defined as the average Sat-
urday rainfall (number of Saturdays with rainfall above 10 mm) during our period of interest minus the
long-term average rainfall (long-term number of Saturdays with rainfall above 10 mm) normalized by its
long-term standard deviation (and similarly for all other weekdays). This gives an average threshold of 15
mm. The long-term averages and the standard deviations are for the period Jan 1984–Sep 1990. Civilian
Participation Rate is the number of civilian perpetrators divided by the sector Hutu population. Standard
Controls include the log of sector population. All regressions are run using WLS estimation with Hutu
population size as weights. There are 142 communes in the sample. Standard errors are clustered at the
commune level. *p<0.1, **p<0.05, ***p<0.01.
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Table 4: Reliability of Gacaca Data

Dependent variable: Alternative Dep. Var. Civilian Participation Rate (%)

# Deaths Mass Grave Without Excl. Pre-Violence
in Commune in Sector Mass Graves (UCDP, 2013) (Viret, 2010)

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

# Sat(Rainfall>10mm) −801.383 −0.013 −0.373 −0.387 −0.375
(370.528)∗ (0.004)∗∗∗ (0.114)∗∗∗ (0.119)∗∗∗ (0.124)∗∗∗

# Sun(Rainfall>10mm) 259.683 0.001 0.033 0.011 0.054
(182.301) (0.004) (0.095) (0.104) (0.115)

# Mon(Rainfall>10mm) −243.112 −0.002 0.063 0.161 0.120
(213.905) (0.004) (0.092) (0.091)∗ (0.113)

# Tue(Rainfall>10mm) −339.469 0.008 0.062 −0.000 −0.025
(316.845) (0.004)∗ (0.075) (0.078) (0.085)

# Wed(Rainfall>10mm) 276.912 0.006 0.006 −0.013 0.011
(267.753) (0.004) (0.096) (0.106) (0.109)

# Thu(Rainfall>10mm) 164.716 −0.003 −0.025 −0.055 0.103
(301.543) (0.004) (0.105) (0.108) (0.133)

# Fri(Rainfall>10mm) 141.074 −0.008 0.018 −0.082 −0.007
(374.508) (0.003)∗∗ (0.090) (0.103) (0.107)

Standard Controls yes yes yes yes yes
Commune Effects no yes yes yes yes

R2 0.20 0.16 0.52 0.52 0.51
N 100 1432 1366 1193 1155

Notes: # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall above 10 mm in Oct 1990–Mar 1994 (and
similarly for all other weekdays). Civilian Participation Rate is the number of civilian perpetrators divided by the
sector Hutu population. In Regression 1, we use an estimate of the number of genocide deaths per commune from
Genodynamics as an alternative dependent variable. In Regression 2, we use a dummy indicating whether at least one
mass grave was found in the sector as an alternative dependent variable. In Regression 3, we drop sectors with at least one
mass grave (indicating high death rates). In Regressions 4 and 5, we drop sectors where violence against primarily Tutsi
took place before the genocide (using data from UDCP, 2013 and Viret, 2010, respectively). Standard Controls are log
of sector population, average daily rainfall for Jan 1984–Sep 1990 and average daily rainfall for Oct 1990–Mar 1994. All
regressions are run using WLS estimation with Hutu population size as weights. There are 142 communes in the sample.
Standard errors are clustered at the commune level (province level in Regression 1). *p<0.1, **p<0.05, ***p<0.01.
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Table 5: Robustness Checks

Dependent variable: Civilian Participation Rate (%)

Genocide Additional RTLM RTLM Militia OLS, No
Controls Controls Controls Controls Violence Weighting

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

# Sat(Rainfall>10mm) −0.260 −0.337 −0.272 −0.267 −0.250 −0.298
(0.105)∗∗ (0.102)∗∗∗ (0.159)∗ (0.158)∗ (0.095)∗∗∗ (0.143)∗∗

# Sun(Rainfall>10mm) 0.010 −0.046 −0.024 −0.026 0.081 0.029
(0.087) (0.094) (0.112) (0.113) (0.080) (0.112)

# Mon(Rainfall>10mm) 0.008 0.139 0.187 0.182 −0.054 0.101
(0.092) (0.090) (0.132) (0.130) (0.081) (0.108)

# Tue(Rainfall>10mm) 0.010 −0.006 −0.050 −0.030 0.072 0.049
(0.064) (0.067) (0.097) (0.095) (0.070) (0.084)

# Wed(Rainfall>10mm) 0.041 −0.016 −0.079 −0.066 0.003 0.093
(0.098) (0.087) (0.135) (0.132) (0.090) (0.119)

# Thu(Rainfall>10mm) 0.017 −0.030 0.039 0.038 0.040 −0.030
(0.113) (0.105) (0.135) (0.136) (0.094) (0.137)

# Fri(Rainfall>10mm) −0.056 −0.044 −0.113 −0.101 −0.056 −0.062
(0.091) (0.089) (0.114) (0.114) (0.081) (0.113)

Standard Controls yes yes yes yes yes yes
Commune Effects yes yes yes yes yes yes
Genocide Controls yes no no no no no
Additional Controls no yes no no no no
RTLM Controls no no yes no no no
Militia Controls no no no no yes no

R2 0.54 0.54 0.50 0.50 0.62 0.50
N 1433 1433 1057 1057 1433 1433

Notes: # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall above 10 mm during Oct 1990–Mar 1994 (and similarly
for all other weekdays). Civilian Participation Rate is the number of civilian perpetrators divided by the sector Hutu population.
In Regressions 1–3 and 5 we add various controls. In Regression 4 we reproduce our main results with the smaller RTLM-sample.
In Regression 6, we estimate the model using ordinary least squares (OLS) estimation. Standard Controls include the log of sector
population, average daily rainfall for Jan 1984–Sep 1990 and average daily rainfall for Oct 1990–Mar 1994. Genocide Rainfall
Controls are the number of Saturdays with rainfall above 10 mm during the genocide (and similarly all other weekdays). Additional
Controls are sector ruggedness, sector standard deviation in daily rainfall Jan 1984–Mar 1994, distance to Kigali, Nyanza, border,
closest main road and closest main city and town as well as sector latitude and longitude. RTLM Controls are distance to closest
RTLM transmitter and the mean and variance of sector elevation. Militia Controls are the number of prosecution cases in Gacaca
category 1. All regressions (except Regression 6) are run using weighted least squares (WLS) estimation with Hutu population size
as weights. There are 142 communes in the sample. Standard errors are clustered at the commune level. *p<0.1, **p<0.05,
***p<0.01.
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Table 6: Mechanism: Interaction Effects

Dependent variable: Civilian Participation Rate (%)

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

# Sat(Rainfall>10mm) −0.413 −0.399 −0.437 −0.281 −0.367 −0.504 −0.360 −0.301
(0.101)∗∗∗ (0.124)∗∗∗ (0.098)∗∗∗ (0.172) (0.109)∗∗∗ (0.129)∗∗∗ (0.122)∗∗∗ (0.107)∗∗∗

... × MDR Mayor −0.127 −0.120
(0.287) (0.294)

... × PSD/PL Mayor 1.029 1.045
(0.769) (0.775)

... × Mayor Seat Vacant in 1993 0.544 0.536
(0.167)∗∗∗ (0.175)∗∗∗

... × Militia Violence 0.148
(0.076)∗

... × RTLM Coverage −0.322
(0.188)∗

... × Population Density 0.071
(0.025)∗∗∗

... × Area/Perimeter 0.354
(0.190)∗

... × Tutsi Minority Share −0.218 0.335
(1.680) (1.886)

... × Interethnic Marriage −3.268
(8.236)

Other Weekday Controls yes yes yes yes yes yes yes yes
Standard Controls yes yes yes yes yes yes yes yes
RTLM Controls no no no yes no no no no
Additional Controls yes yes yes yes yes yes yes yes
Commune Effects yes yes yes yes yes yes yes yes

R2 0.55 0.55 0.63 0.51 0.54 0.54 0.54 0.54
N 1433 1433 1433 1057 1433 1431 1433 1433

Notes: # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall above 10 mm in Oct 1990–Mar 1994. Civilian Participation Rate is the number of civilian perpetrators divided by the sector
Hutu population. MDR Mayor is a dummy equal to 1 if the commune leader (mayor) is from the MDR. PSD/PL Mayor is a dummy equal to 1 if the mayor is from the PSD or PL. Mayor Seat Vacant
in 1993 is equal to 1 if the mayoral seat was vacant at least at the end of 1993. Militia Violence is the number of prosecution cases in Gacaca category 1. RTLM coverage is the fraction of the sector
area receiving the RTLM signal. Tutsi Minority Share is the Tutsi population share in commune multiplied by total sector population. Interethnic Marriage is a measure of interethnic connectedness
defined in Section 4. Standard Controls include log of sector population, average daily rainfall for Jan 1984–Sep 1990 and Oct 1990–Mar 1994. Other Weekday Controls include the number of
Sun/Mon/Tue/Wed/Thu/Fri with rainfall above 10 mm in Oct 1990–Mar 1994. Additional Controls are sector ruggedness, sector standard deviation in daily rainfall Jan 1984–Mar 1994, distance to
Kigali, Nyanza, border, closest main road and closest main city and town as well as sector latitude and longitude. RTLM Controls are distance to closest RTLM transmitter and the mean and variance
of sector elevation. All regressions are run using WLS estimation with Hutu population size as weights. There are 142 communes in the sample. Standard errors are clustered at the commune level.
*p<0.1, **p<0.05, ***p<0.01.
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Table 7: Mechanism: Interaction Effects (Rainfall Shocks)

Dependent variable: Civilian Participation Rate (%)

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

Saturday Rainfall Shock −24.075 −20.535 −26.043 −15.909 −24.197 −37.690 −16.816 −15.627
(8.832)∗∗∗ (8.802)∗∗ (8.076)∗∗∗ (9.488)∗ (8.790)∗∗∗ (14.556)∗∗ (7.913)∗∗ (8.660)∗

... × MDR Mayor 15.276 14.371
(26.210) (26.119)

... × PSD/PL Mayor 129.137 138.056
(124.203) (124.841)

... × Mayor Seat Vacant in 1993 23.812 20.841
(10.023)∗∗ (10.064)∗∗

... × Militia Violence 13.258
(5.874)∗∗

... × RTLM Coverage −0.260
(0.200)

... × Population Density 9.855
(4.593)∗∗

... × Area/Perimeter 41.761
(23.935)∗

... × Tutsi Minority Share −1.397 −1.163
(1.365) (1.537)

... × Interethnic Marriage −463.727
(883.188)

Other Weekday Controls yes yes yes yes yes yes yes yes
RTLM Controls no no no yes no no no no
Additional Controls yes yes yes yes yes yes yes yes
Commune Effects yes yes yes yes yes yes yes yes

R2 0.54 0.54 0.63 0.50 0.54 0.54 0.54 0.54
N 1433 1433 1433 1057 1433 1431 1433 1433

Notes: Saturday Rainfall Shocks are defined as the average Saturday rainfall during our period of interest minus the long-term average rainfall normalized by its long-term standard deviation (and
similarly for all other weekdays). The long-term averages and the standard deviations are for the period Jan 1984–Sep 1990. Civilian Participation Rate is the number of civilian perpetrators divided
by the sector Hutu population. MDR Mayor is a dummy equal to 1 if the commune leader (mayor) is from the MDR. PSD/PL Mayor is a dummy equal to 1 if the mayor is from the PSD or PL. Mayor
Seat Vacant in 1993 is equal to 1 if the mayoral seat was vacant at least at the end of 1993. Militia Violence is the number of prosecution cases in Gacaca category 1. RTLM coverage is the fraction
of the sector area receiving the RTLM signal. Tutsi Minority Share is the Tutsi population share in commune multiplied by total sector population. Interethnic Marriage is a measure of interethnic
connectedness defined in Section 4. Standard Controls include log of sector population, average daily rainfall for Jan 1984–Sep 1990 and Oct 1990–Mar 1994. Other Weekday Controls include
Sun/Mon/Tue/Wed/Thu/Fri rainfall shocks. Additional Controls are sector ruggedness, sector standard deviation in daily rainfall Jan 1984–Mar 1994, distance to Kigali, Nyanza, border, closest main
road and closest main city and town as well as sector latitude and longitude. RTLM Controls are distance to closest RTLM transmitter and the mean and variance of sector elevation. All regressions
are run using WLS estimation with Hutu population size as weights. There are 142 communes in the sample. Standard errors are clustered at the commune level. *p<0.1, **p<0.05, ***p<0.01.
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Table 8: Alternative Mechanism: Forced Interaction

Dependent Variable: Civilian Participation Rate (%)

(1) (2)

# Sat(Rainfall>10mm) −0.415 −0.408
(0.124)∗∗∗ (0.108)∗∗∗

... × RPF Pre-Genocide Violence (Presence) 0.200
(0.196)

... × FAR Pre-Genocide Violence (Presence) 0.236
(0.217)

... × RPF Pre-genocide Violence (# Deaths) 0.019
(0.005)∗∗∗

... × FAR Pre-genocide Violence (# Deaths) 0.002
(0.001)∗∗

Other Weekday Controls yes yes
Standard Controls yes yes
Additional Controls yes yes
Commune Effects yes yes

R2 0.54 0.55
N 1433 1433

Notes: # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall above 10 mm in Oct 1990–
Mar 1994. Civilian Participation Rate is the number of civilian perpetrators divided by the sector Hutu
population. RPF [FAR] Pre-Genocide Violence (Presence) is a dummy taking the value 1 if any pre-
genocide violence against civilians was committed by the RPF [FAR] in the commune in Oct 1990–Mar
1994. RPF [FAR] Pre-Genocide Violence (# Deaths) is an estimate of the number of civilian deaths in
RPF [FAR] attacks against civilians in Oct 1990–Mar 1994. All pre-genocide violence variables are from
UCDP (2013). Other Weekday Controls are the number of Sun/Mon/Tue/Wed/Thu/Fri with rainfall above
10 mm in Oct 1990–Mar 1994. Standard Controls are the log of sector population, average daily rainfall
for Jan 1984–Sep 1990 and average daily rainfall for Oct 1990–Mar 1994. Additional Controls are sector
ruggedness, sector standard deviation in daily rainfall Jan 1984–Mar 1994, distance to Kigali, Nyanza,
border, closest main road and closest main city and town as well as sector latitude and longitude. All
regressions are run using WLS estimation with Hutu population size as weights. There are 142 communes
in the sample. Standard errors are clustered at the commune level. *p<0.1, **p<0.05, ***p<0.01.
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Table 9: Alternative Mechanism: Voluntary Interaction

Dependent variable: Civilian Participation Rate (%)

Without Without
Kigali Major Cities Public Holidays

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

# Sat(Rainfall>10mm) −0.350 −0.361 −0.358 −0.337
(0.106)∗∗∗ (0.109)∗∗∗ (0.097)∗∗∗ (0.099)∗∗∗

# Public Holidays (Rainfall>10mm) −0.069 −0.011 −0.003
(0.347) (0.334) (0.377)

Other Weekday Controls yes yes no no yes
Standard Controls yes yes yes yes yes
Additional Controls yes yes yes yes yes
Commune Effects yes yes yes yes yes

R2 0.54 0.54 0.54 0.54 0.54
N 1422 1358 1433 1433 1433

Notes: # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall above 10 mm in Oct 1990–Mar 1994 (and similarly for all other weekdays).
Civilian Participation Rate is the number of civilian perpetrators divided by the sector Hutu population. In Regression 1, we drop sectors in the
capital Kigali, and in Regression 2, we drop all sectors in and close to major cities. In Regressions 3–5, we control for the number of public holidays
with rainfall above 10 mm. Other Weekday Controls are the number of Sun/Mon/Tue/Wed/Thu/Fri with rainfall above 10 mm in Oct 1990–Mar
1994. Standard Controls are log of sector population, average daily rainfall for Jan 1984–Sep 1990 and average daily rainfall for Oct 1990–Mar 1994.
Additional Controls are sector ruggedness, sector standard deviation in daily rainfall Jan 1984–Mar 1994, distance to Kigali, Nyanza, border, closest
main road and closest main city and town as well as sector latitude and longitude. All regressions are run using WLS estimation with Hutu population
size as weights. There are 142 communes in the sample. Standard errors are clustered at the commune level. *p<0.1, **p<0.05, ***p<0.01.
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Table 10: Alternative Mechanism: Economic Channels

Civilian Participation
Dependent variable: Nighttime Lights Density, log Rate (%)

1992 1993 Work/Lean Season

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

# Sat(Rainfall>10mm), 90–92 −0.019 −0.017
(0.012) (0.011)

# Sat(Rainfall>10mm), 90–93 0.002 0.002
(0.008) (0.008)

# Sat(Rainfall>10mm), work season −0.342
(0.156)∗∗

# Sat(Rainfall>10mm), lean season −0.332
(0.154)∗∗

Average Daily Rainfall, 90–92 0.543 0.458
(0.208)∗∗ (0.193)∗∗

Average Daily Rainfall, 90–93 0.657 0.568
(0.198)∗∗∗ (0.232)∗∗

Other Weekday Controls no yes no yes yes
Standard Controls yes yes yes yes yes
Additional Controls yes yes yes yes yes
Commune Effects yes yes yes yes yes

R2 0.85 0.85 0.88 0.88 0.54
N 1432 1432 1432 1432 1433

Notes: # Sat(Rainfall>10 mm), 90–93 is the number of Saturdays with rainfall above 10 mm during Oct 1990–Dec 1993 (and
similarly for 90–92). # Sat(Rainfall>10 mm), work season is the number of Saturdays with rainfall above 10 mm in Jan–Mar,
Jun–Sep, and Dec, # Sat(Rainfall>10 mm), lean season is the number of Saturdays with rainfall above 10 mm in Mar–Apr,
and Oct–Nov (for the time period Oct 1990–Mar 1994). Standard Controls include the log of sector population, average daily
rainfall for Jan 1984–Sep 1990. In Regression 1–4, Other Weekday Controls include the number of Sun/Mon/Tue/Wed/Thu/Fri
with rainfall above 10 mm during Oct 1990–Dec XX (where XX can be 1992 or 1993 respectively). In Regression 5, Other
Weekday Controls include the number of Sun/Mon/Tue/Wed/Thu/Fri with rainfall above 10 mm during Oct 1990–Mar 1994.
Additional Controls are sector ruggedness, sector standard deviation in daily rainfall Jan 1984–Mar 1994, distance to Kigali,
Nyanza, border, closest main road and closest main city and town as well as sector latitude and longitude. All regressions are run
using weighted least squares (WLS) estimation with Hutu population size as weights. There are 142 communes in the sample.
Standard errors are clustered at the commune level. *p<0.1, **p<0.05, ***p<0.01.
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Table 11: Alternative Mechanism: Wealth Measure (Census)

Dependent variable: Wealth Wealth Below Poorest
Index Median Quintile

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

# Sat(Rainfall>10 mm), Oct90-Jul91 −0.0244 −0.0205 0.0074 0.0073 −0.0042 −0.0035
(0.0441) (0.0423) (0.0163) (0.0146) (0.0110) (0.0101)

Standard Controls yes yes yes yes yes yes
Other Weekday Controls no yes no yes no yes

R2 0.21 0.32 0.31 0.43 0.31 0.42
N 142 142 142 142 142 142

Panel B: Hutu Population

# Sat(Rainfall>10 mm), Oct90-Jul91 −0.0214 −0.0194 −0.0021 0.0010 −0.0093 −0.0066
(0.0306) (0.0341) (0.0149) (0.0155) (0.0120) (0.0123)

Standard Controls yes yes yes yes yes yes
Other Weekday Controls no yes no yes no yes

R2 0.15 0.20 0.27 0.36 0.29 0.38
N 142 142 142 142 142 142

Panel C: Tutsi Population

# Sat(Rainfall>10 mm), Oct90-Jul91 0.0221 −0.0405 −0.0272 −0.0192 −0.0168 −0.0059
(0.0459) (0.0577) (0.0173) (0.0156) (0.0123) (0.0145)

Standard Controls yes yes yes yes yes yes
Other Weekday Controls no yes no yes no yes

R2 0.05 0.16 0.16 0.23 0.22 0.28
N 137 137 137 137 137 137

Notes: All regression in this Table are run at the commune level. # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall above 10 mm during the
period October 1990 to July 1991. Standard Controls include Hutu population, average daily rainfall for January 1984 to September 1990 and average daily
rainfall for October 1990 to July 1991. Other Weekday Controls include the number of Sun/Mon/Tue/Wed/Thu/Fri with rainfall above 10 mm during the period
October 1990 to July 1991. All regressions are run using weighted least squares (WLS) estimation with Hutu population size as weights. Standard errors are
clustered at the province level. *significant at 10 percent, **significant at 5 percent, ***significant at 1 percent.
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A.1 Additional Figures

Figure A.1: Gacaca Data: Civilian Participation

Notes: This maps shows the distribution of the number of civilian perpetrators in each sector. White
areas represent lakes, national parks and missing observations.
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Figure A.2: Relationship between Outdoor Events and Rainfall

Event type Date District Link Access Date Rainfall Description of event

Umuganda 19-May-2012 Nyagatare

http://www.ibidukikije.com/2012/05/rwa

nda-nyagatare-imvurayatumye-
umuganda-udasanzwewo-kurwanya-
ibiza-udakorwa/

24-Feb-2017 1 mm

In the morning of 19/5/2012, the population of Nyagatare city was ready to go to 
Umuganda. However, at 7 am it started raining. Those who were on their way to 
Umuganda went back to their respective homes. Some told the newspaper that even 
though they brought their tools, they all returned home because rainfall found them on 
the way. (Translated from Kinyarwanda)

Umuganda 28-Feb-2015 Gicumbi

http://www.gicumbi.gov.rw/index.php?id
=38&tx_ttnews%5Btt_news%5D=104&cH
ash=16ab35c781b1fdc2b6c0cc7db450d20
7

24-Feb-2017 9-15 mm

On 28/02/2015,  Umuganda was planned as usual of the end of the month in all sectors of 
Gicumbi District. However in most sites, Umuganda was disturbed by the rain and  
participation of the population became very low. (Translated from Kinyarwanda)

Umuganda 30-Apr-2016 Ngoma
http://www.ngoma.gov.rw/index.php?id
=38&%20tx_ttnews[tt_news]=334&cHash
=523c816de256ba76a47cdc002ed6d9b4

24-Oct-2017 8 mm
In Remera sector Umuganda was stopped because it started to rain. (Translated from 
Kinyarwanda)

Umuganda 27-Feb-2016 Nyanza
http://www.kigalitoday.com/amakuru/m

u-rwanda/Uko-umugandausoza-ukwezi-
witabiriwe-AMAFOTO

24-Feb-2017 8 mm
In Nyanza district, while umuganda was going on, it started to rain and Umuganda was 
stopped. (Translated from Kinyarwanda)

Umuganda 30-Apr-2011 Kigali
http://catholictumbacollege.blogspot.se/

2011/06/umugandarusange.html
24-Feb-2017 2 mm

Around 50 students of Tumba College and 30 residents participated in Umuganda and the 
outcome was good, though they didn’t finish the work because Umuganda started with 
delay because the rain fell early in the morning. (Translated from Kinyarwanda)

Pan-African Dance 
Festival (FESPAD)

23-Feb-2013 Kigali
http://www.newtimes.co.rw/section/rea

d/106345/
24-Oct-2017 18 mm A hail and thunderstorm-filled stopped the Pan-African Dance Festival. 

Football match 18-Nov-2016 Kigali
http://ruhagoyacu.com/spip.php?article1
4232

3-Feb-2017 16 mm

The football match on the fifth day of the championship between Kiyovu Sports and 
Musanze FC was stopped at 78th minute because of a heavy rain. Kiyovu was leading the 
match with 2-1, but with the heavy rain the playground was full of water and the match 
could not continue. (Translated from Kinyarwanda)

Football match 30-May-2015 Ngoma
http://www.igihe.com/imikino/volleyball
/article/imvura-numwijima-byatumye-
umukino

3-Feb-2017 6 mm
The rain in Ngoma District has stopped the football match between Rayons Sport and 
Inatek twice; both teams were fighting for the 1st place. (Translated from Kinyarwanda)

Commemoration 
walk

7-Apr-2016 Kigali

http://yeejo.rw/imyidagaduro/amakuru/
article/walk-to-rememberntiyaba-
kububere-ikibazo-cyivuraariko-abaturage-
barihagaye

24-Feb-2017 8 mm
The rain stopped the “walk to remember 2016” that is normally done during the genocide 
week memorial from CND to Amahoro stadium. (Translated from Kinyarwanda)
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Figure A.3: Local Rainfall Variation for all Other Weekdays

(a) Sunday rainfall (b) Monday rainfall

(c) Tuesday rainfall (d) Wednesday rainfall

(e) Thursday rainfall (f) Friday rainfall

Notes: The maps plot the number of Sun/Mon/Tue/Wed/Thu/Fri with rainfall above 10 mm during October 1,
1990 to March 31, 1994 in each sector.
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A.2 Additional Tables

Table A.1: Burundi – First Stage

Dependent Variable: Community
Meeting

Community Meeting Attendance Attendance, dummy

Regression Method: Ordered Logit OLS

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Sat(Rainfall > 10 mm) −0.055 −0.074 −0.076 −0.018
(0.026)∗∗ (0.035)∗∗ (0.037)∗∗ (0.009)∗∗

Sun(Rainfall > 10 mm) −0.056 −0.054 −0.015
(0.044) (0.042) (0.011)

Mon(Rainfall > 10 mm) −0.024 −0.022 −0.007
(0.041) (0.040) (0.011)

Tue(Rainfall > 10 mm) 0.004 −0.021 −0.002
(0.031) (0.029) (0.008)

Wed(Rainfall > 10 mm) 0.009 0.011 0.001
(0.036) (0.033) (0.010)

Thu(Rainfall > 10 mm) 0.015 −0.001 0.001
(0.031) (0.031) (0.008)

Fri(Rainfall > 10 mm) 0.019 0.012 0.001
(0.034) (0.031) (0.009)

Standard Controls yes yes yes yes yes yes yes yes yes yes
Province Effects no yes yes yes yes yes yes yes yes yes
p-value (wild bootstrap) 0.002
R2 0.07
N 1072 1072 1072 1072 1072 1072 1072 1072 1072 1072

Notes: # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall above 10 mm during the period Jul 2006–May 2010 (and similarly for all other weekdays). The dependent variable Community Meeting Attendance
is taken from Round 5 of the Afrobarometer Survey for Burundi. Individuals are asked to rank their community meeting attendance on a scale from 0 to 4. In Regression 10, we create a dummy taking on the value of 1 if an
individual indicates to have attended several meetings (answers 3 and 4). Standard Controls include average daily rainfall for Jul 1996–Sep 2006 and average daily rainfall for Jul 2006–May 2010. There are 133 communes
and 13 provinces in the sample. Robust standard errors are in parentheses. Standard errors in Regression 10 are robust to clustering at the province level (using a wild bootstrap). The p-value refers to Saturday rainfall, all
other regressors are insignificant. *p<0.1, **p<0.05, ***p<0.01.
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Table A.2: Main Effects – Linear Specification

Dep. Var.: Civilian Participation Rate (%)

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

Avg. Rain Sat −3.222 −3.181
(1.317)∗∗ (1.364)∗∗

Avg. Rain Sun −0.217 −0.188
(1.572) (1.522)

Avg. Rain Mon 0.100 1.111
(1.376) (1.611)

Avg. Rain Tue 0.661 1.113
(1.070) (1.309)

Avg. Rain Wed 1.014 1.558
(1.148) (1.183)

Avg. Rain Thu −1.100 −0.698
(0.992) (1.096)

Avg. Rain Fri −0.547 −0.166
(0.870) (0.768)

Standard Controls yes yes yes yes yes yes yes yes
Commune Effects yes yes yes yes yes yes yes yes

R2 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53
N 1433 1433 1433 1433 1433 1433 1433 1433

Notes: Avg. Rain Sat is the average daily Saturday rainfall during Oct 1990–Mar 1994 (and similarly for all other weekdays).
Civilian Participation Rate is the number of civilian perpetrators divided by the sector Hutu population. Standard Controls
include the log of sector population, average daily rainfall for Jan 1984–Sep 1990 and average daily rainfall for Oct 1990–Mar
1994. All regressions are run using WLS estimation with Hutu population size as weights. There are 142 communes in the
sample. Standard errors are clustered at the commune level. *p<0.1, **p<0.05, ***p<0.01.
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Table A.3: Additional Robustness Checks – Average Rainfall Controls

Dependent variable: Civilian Participation Rate (%)

Average Rainfall Controls Non-Linear Rainfall Controls

1984-1994 1990-1994

1984-1994 1990-1994 Quintiles Deciles Quintiles Deciles

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

# Sat(Rainfall>10mm) −0.318 −0.317 −0.291 −0.309 −0.296 −0.300
(0.107)∗∗∗ (0.108)∗∗∗ (0.104)∗∗∗ (0.105)∗∗∗ (0.103)∗∗∗ (0.104)∗∗∗

# Sun(Rainfall>10mm) 0.012 0.048 0.045 0.032 0.055 0.026
(0.089) (0.090) (0.090) (0.089) (0.096) (0.088)

# Mon(Rainfall>10mm) 0.035 0.050 0.071 0.077 0.066 0.060
(0.088) (0.096) (0.092) (0.094) (0.095) (0.093)

# Tue(Rainfall>10mm) 0.006 0.022 0.030 0.046 0.029 0.021
(0.070) (0.073) (0.071) (0.072) (0.071) (0.070)

# Wed(Rainfall>10mm) −0.000 0.012 0.040 0.057 0.022 0.022
(0.097) (0.096) (0.103) (0.102) (0.099) (0.096)

# Thu(Rainfall>10mm) −0.063 −0.038 −0.042 −0.035 −0.036 −0.046
(0.112) (0.117) (0.109) (0.111) (0.112) (0.107)

# Fri(Rainfall>10mm) −0.082 −0.082 −0.051 −0.039 −0.046 −0.051
(0.084) (0.088) (0.090) (0.091) (0.089) (0.090)

Non-Linear Rain Controls no no yes yes yes yes
Standard Controls yes yes yes yes yes yes
Commune Effects yes yes yes yes yes yes

R2 0.53 0.53 0.54 0.54 0.54 0.53
N 1433 1433 1433 1433 1433 1433

Notes: # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall above 10 mm in Oct 1990–Mar 1994 (and
similarly for all other weekdays). Civilian Participation Rate is defined as the number of civilian perpetrators divided
by total sector population. In Regressions 1, 3 and 4, we control for average daily rainfall for Jan 1984–Mar 1994. In
Regressions 2, 5 and 6, we only control for average daily rainfall for Oct 1990–Mar 1994. In Regressions 3–6, we non-
linearly control for average rainfall by including a set of dummy variables indicating to which quantile or decile average
daily rainfall 1984–1994 or 1990–1994 belongs to. Standard Controls include log of sector population, average daily
rainfall for Jan 1984–Mar 1994 or average daily rainfall for Oct 1990–Mar 1994. All regressions are run using WLS
estimation with Hutu population size as weights. There are 142 communes in the sample. Standard errors are clustered
at the commune level (province level in Regression 1). *p<0.1, **p<0.05, ***p<0.01.
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Table A.4: Summary Statistics by Rainfall on Saturdays

Low Rainfall High Rainfall

Mean (std.dev.) Mean (std.dev.) p-value

Population in Sector 1991, ’000 5.030 4.731 0.263
(2.394) (2.559)

Hutu Population in Sector 1991, ’000 4.628 4.292 0.275
(2.118) (2.539)

Tutsi Population in Sector 1991, ’000 0.380 0.416 0.276
(0.515) (0.356)

Population Density 1991, per square km 0.610 0.387 0.630
(1.177) (0.196)

Tutsi Minority Share in Commune, 1991 0.072 0.098 0.256
(0.078) (0.087)

Interethnic Marriage 0.010 0.013 0.163
(0.012) (0.010)

Sector Area/Perimeter 0.464 0.514 0.063
(0.126) (0.117)

Ruggedness Index 3.617 3.281 0.936
(1.505) (1.211)

Nightlight Density, 1992 0.949 0.140 0.369
(5.700) (1.422)

Nightlight Density, 1993 1.064 0.172 0.486
(5.456) (1.003)

Distance to Kigali, km 67.074 58.241 0.451
(36.333) (21.036)

Distance to Main City, km 19.347 26.205 0.939
(10.652) (17.165)

Distance to Town, km 17.453 15.717 0.305
(8.717) (8.872)

Distance to Nyanza, km 68.704 60.022 0.077
(20.841) (37.656)

Distance to the Main Road, km 6.620 6.804 0.466
(6.286) (5.208)

Distance to the Border, km 21.490 23.717 0.249
(13.759) (14.022)

Share of Sector with RTLM Coverage 0.270 0.101 0.361
(0.264) (0.130)

Distance to Closest RTLM Transmitter, km 4.761 5.607 0.928
(3.316) (2.213)

Mean Sector Altitude, km 1.751 1.672 0.835
(0.266) (0.183)

Variance in Sector Altitude, km 11.506 6.630 0.213
(12.647) (6.584)

Notes: The full sample is split at the median value of average Saturday rainfall. The p-value of the test of
equality of means is based on standard errors clustered at commune level and after netting out commune
indicators. Variables at the commune level are clustered at province level. All variables marked with 1991
are taken from the 1991 census. There are 142 communes in the sample.
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Table A.5: Additional Standard Errors

Dependent Variable: Civilian Participation Rate (%)

25 km 50 km 75 km

(1) (2) (3)

# Sat(Rainfall>10mm) −0.298 −0.298 −0.298
[0.123]∗∗ [0.128]∗∗ [0.127]∗∗

# Sun(Rainfall>10mm) 0.029 0.029 0.029
[0.090] [0.083] [0.077]

# Mon(Rainfall>10mm) 0.101 0.101 0.101
[0.090] [0.100] [0.100]

# Tue(Rainfall>10mm) 0.049 0.049 0.049
[0.097] [0.111] [0.104]

# Wed(Rainfall>10mm) 0.093 0.093 0.093
[0.100] [0.088] [0.089]

# Thu(Rainfall>10mm) −0.030 −0.030 −0.030
[0.115] [0.125] [0.138]

# Fri(Rainfall>10mm) −0.062 −0.062 −0.062
[0.106] [0.102] [0.087]

Standard Controls yes yes yes
Commune Effects yes yes yes

R2 0.50 0.50 0.50
N 1433 1433 1433

Notes: # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall above 10 mm in Oct 1990–
Mar 1994 (and similarly for all other weekdays). Civilian Participation Rate is the number of civilian
perpetrators divided by the sector Hutu population. Standard Controls include the log of sector population,
average daily rainfall for Jan 1984–Sep 1990 and average daily rainfall for Oct 1990–Mar 1994. Standard
errors in square brackets, correct for spatial correlation within a radius of 25km, 50km and 75km, Conley
(1999). The radius used in each regression is given in the column header. There are 142 communes in the
sample. *p<0.1, **p<0.05, ***p<0.01.

A.9



Table A.6: Alternative Mechanism: Wealth Measure (Census)

Dependent variable: Wealth Wealth Below Poorest
Index Median Quintile

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

# Sat(Rainfall>10 mm), Feb88-Jul91 −0.0317 −0.0219 0.0018 −0.0003 −0.0060 −0.0077
(0.0244) (0.0177) (0.0115) (0.0108) (0.0094) (0.0093)

Standard Controls yes yes yes yes yes yes
Other Weekday Controls no yes no yes no yes

R2 0.16 0.21 0.29 0.37 0.32 0.38
N 142 142 142 142 142 142

Panel B: Hutu Population

# Sat(Rainfall>10 mm), Feb88-Jul91 −0.0302 −0.0206 0.0017 −0.0006 −0.0058 −0.0076
(0.0233) (0.0169) (0.0111) (0.0107) (0.0092) (0.0094)

Standard Controls yes yes yes yes yes yes
Other Weekday Controls no yes no yes no yes

R2 0.18 0.23 0.31 0.38 0.32 0.37
N 142 142 142 142 142 142

Panel C: Tutsi Population

# Sat(Rainfall>10 mm), Feb88-Jul91 0.0609 0.0662 −0.0169 −0.0161 −0.0156 −0.0148
(0.0440) (0.0416) (0.0127) (0.0119) (0.0110) (0.0089)

Standard Controls yes yes yes yes yes yes
Other Weekday Controls no yes no yes no yes

R2 0.09 0.12 0.19 0.25 0.26 0.35
N 137 137 137 137 137 137

Notes: All regression in this Table are run at the commune level. # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall above 10 mm during the
3.5-year period February 1988 to July 1991. Standard Controls include Hutu population, average daily rainfall for January 1984 to September 1990 and average
daily rainfall for February 1988 to July 1991. Other Weekday Controls include the number of Sun/Mon/Tue/Wed/Thu/Fri with rainfall above 10 mm during
the period February 1988 to July 1991. All regressions are run using weighted least squares (WLS) estimation with Hutu population size as weights. Standard
errors are clustered at the province level. *significant at 10 percent, **significant at 5 percent, ***significant at 1 percent.
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A.3 Data Description

A.3.1 Data Matching
We combine several datasets from various sources to construct our final dataset with a total of
1,433 Rwandan sectors in 142 communes. The different datasets are matched by sector names
within communes (the administrative unit above the sector). The matching is, however, not
perfect: some sectors have different names in different data sources, and in some cases, two
or more sectors within the same commune have identical names, which prevents successful
matching. Nonetheless, in total, only about five percent of the sectors do not have a unique
match across all datasets. Furthermore, these issues are likely idiosyncratic, which means that
they will simply result in a lower precision in the estimates than in the case of perfect matching.

A.3.2 Gacaca Data – Legal Definitions
Category 1: According to the precise definition taken from the National Service of Gacaca
Jurisdiction, this category concerns: (i) planners, organizers, instigators, supervisors of the
genocide; (ii) leaders at the national, provincial or district level, within political parties, army,
religious denominations or militia; (iii) well-known murderers who distinguished himself be-
cause of the zeal that characterized him in the killings or the excessive wickedness with which
the killings were carried out; (iv) people who committed rape or acts of sexual torture.

Category 2: According to the precise definition taken from the National Service of Gacaca
Jurisdiction, this category concerns: (i) authors, co-authors, accomplices of deliberate homi-
cides, or of serious attacks that caused someone’s death; (ii) persons who – with the intention
of killing – caused injuries or committed other serious violence, but without actually causing
death; (iii) persons who committed criminal acts or became the accomplice of serious attacks,
without the intention of causing death. Lastly, category 3 includes people that committed prop-
erty offenses. Around 300,000 people were recorded in this category.

A.3.3 Nightlight Density Data
Several 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.

A.3.4 Ruggedness
Using elevation data at 30 arc-seconds (∼ 0.9 kilometers at the equator) latitude-longitude
grid cells, ruggedness is calculated in the following way. Let er,c denote elevation at the point
located in row r and column c of a grid of elevation points. The Terrain Ruggedness Index at
that point is then given by

i=r+1

∑
i=r−1

j=c+1

∑
j=c−1

(ei, j − er,c)
2.

The elevation data source is GTOPO30 (US Geological Survey, 1996), a global elevation
dataset developed through a collaborative international effort led by staff at the US Geolog-
ical Survey’s Center for Earth Resources Observation and Science (EROS).
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A.4 Additional Robustness Checks
We conduct several additional robustness checks. First, we rerun our main specification using
daily rainfall above 10 mm for each weekday in separate regressions, to make sure that mul-
ticollinearity between rainfall on the different weekdays are not hiding otherwise significant
effects of the other weekdays (Sun–Fri). Figure A.4 confirms that only Saturday rainfall is
significantly related to civilian participation in genocide violence. The coefficients for rainfall
on all other weekdays are much smaller in magnitude and statistically insignificant.

In Figure A.5, we show that our results do not depend on the choice of rainfall threshold,
by varying the threshold in increments of 1 mm, from 5 to 15 mm. Heavy rainfall on Saturdays
is negatively related to civilian participation for all thresholds above 5 mm and significant on,
at least, the 90 percent significance level for the 7 mm threshold and all thresholds between 10
and 14 mm (the 8 mm and 9 mm thresholds are just falling short of significance with p-values
of around 0.15). However, we cannot reject the null hypothesis that the point estimates for
e.g. 9 mm and 11 or 12 mm are equal. Note that for higher thresholds the magnitude of the
effects decreases again (in absolute value). This is not surprising since when using these high
thresholds, days where Umuganda was canceled will wrongly be assigned to the control group
and thus create a non-random measurement error.

To test for outliers, we rerun our main specification and drop one commune at a time. The
resulting estimates range from -0.200 to -0.345 and are significantly different from zero at the
99 percent confidence level in all cases (Figure A.6). In addition, Figure A.7 graphically shows
that the negative relationship between the number of rainy Saturdays and civilian violence is
not driven by any outliers (and neither is the null result for all other weekdays, Figure A.8).

During our period of interest, there were ongoing confrontations between the RPF and the
FAR in Northern Rwanda. To rule out that our results are driven by these areas, we separately
exclude the full combat zone of 187 sectors located in the provinces of Ruhengeri and Byumba
in Northern Rwanda, and the subset of 22 sectors in this area that remained under the control
of the RPF even after the Arusha Talks. Our results are unaffected by excluding these areas
(Regressions 1 and 2 in Table A.7).

Finally, we show that the results are robust to various transformations of our dependent vari-
able (also in Table A.7); in particular, to using total sector population to normalize the number
of civilian perpetrators, and to using the logarithm of our dependent variable (to account for
observations with no violence we add a 1 to the dependent variable). Importantly, the point
estimate of -0.037 in the log-specification (standard error 0.012, Regression 6) suggests that a
one standard-deviation increase in the number of rainy Saturdays decreases civilian participa-
tion by about 15 percent (similar to the magnitude from our baseline results above). In the spirit
of a placebo check, the results for organized perpetrators are insignificant (Regressions 7 and
8). This is not surprising: organized perpetrators mainly consisted of members of the militia or
the army, it is therefore unclear if the sector where they committed their genocide crimes (and
where they were subsequently prosecuted) is the same as the sector in which they lived – and
were exposed to Umuganda – before the genocide. Thus, they may not have been exposed to
the same number of Umuganda meetings as the population of that sector.
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Figure A.4: Effects of Rainfall by Weekday

Notes: The figure shows the coefficients on the number of days with rainfall above 10 mm (together
with 95 percent confidence bounds) for each weekday entering our main specification separately
(Regression 2 in Table 2). Each point represents a separate regression.
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Figure A.5: Different Thresholds

Notes: The figure shows the coefficients on the number of rainy Saturdays (together with 95 percent
confidence bounds) when varying the rainfall threshold in our main specification (Regression 3 in Table
2). Each point represents a separate regression.
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Figure A.6: Outliers

Notes: This figure shows the distribution of point estimates on the number of Saturdays with rainfall
above 10 mm during October 1, 1990 to March 31, 1994 when dropping one commune at a time in our
baseline specification (Regression 3 in Table 2).
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Figure A.7: Saturday-Rainfall-Violence Relationship

Notes: Observations are grouped into 75 equal-sized bins. We use all controls in Regression 3 in Table
2 to construct residuals.
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Figure A.8: Relationship between Civilian Participation Rate and Rainfall for all other Weekdays

Notes: Observations are grouped into 75 equal-sized bins. We use all controls in Regression 3 in Table
2 to construct residuals.
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Table A.7: Additional Robustness Checks

Restricting Sample Alternative Dependent Variables

Dependent Variable: Civilian Civilian Log[Civilian Organized
Participation Rate (%) Participation Rate (%) Partcipation Rate] Participation Rate (%)

Excluding Excluding Normalization by Transformation Alternative
Combat Zone RPF Sectors Total Population of Dep. Var Dep. Var

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

# Sat(Rainfall>10mm) −0.366 −0.304 −0.291 −0.275 −0.041 −0.037 −0.043 −0.036
(0.117)∗∗∗ (0.105)∗∗∗ (0.092)∗∗∗ (0.095)∗∗∗ (0.012)∗∗∗ (0.012)∗∗∗ (0.029) (0.027)

# Sun(Rainfall>10mm) 0.033 0.025 0.029 0.004 −0.039
(0.093) (0.088) (0.081) (0.011) (0.029)

# Mon(Rainfall>10mm) 0.075 0.061 0.055 0.007 0.081
(0.105) (0.094) (0.085) (0.013) (0.027)∗∗∗

# Tue(Rainfall>10mm) 0.028 0.024 0.024 −0.008 −0.036
(0.080) (0.072) (0.064) (0.011) (0.027)

# Wed(Rainfall>10mm) 0.047 0.023 0.025 0.003 0.014
(0.109) (0.097) (0.088) (0.013) (0.026)

# Thu(Rainfall>10mm) −0.031 −0.033 −0.039 −0.029 −0.062
(0.124) (0.112) (0.097) (0.018) (0.035)∗

# Fri(Rainfall>10mm) −0.045 −0.050 −0.043 −0.010 0.004
(0.105) (0.092) (0.083) (0.011) (0.024)

Standard Controls yes yes yes yes yes yes yes yes
Commune Effects yes yes yes yes yes yes yes yes

R2 0.47 0.53 0.50 0.50 0.71 0.71 0.37 0.38
N 1246 1411 1433 1433 1433 1433 1433 1433

Notes: # Sat(Rainfall>10 mm) is the number of Saturdays with rainfall above 10 mm in Oct 1990–Mar 1994 (and similarly for all other
weekdays). In Regressions 3–4, the Civilian Participation Rate is defined as the number of civilian perpetrators divided by total sector
population. In Regressions 5–6, the Log[Civilian Participation rate] is a logarithmic transformation of the number of civilian perpetrators
divided by sector Hutu population and plus one to deal with civilian participation rates equal to zero. In Regressions 7–8, we use the Organized
Participation Rate, defined as the number of perpetrators from crime category 1 divided by sector Hutu population, as an alternative outcome
variable. Standard Controls are log of sector population, average daily rainfall for Jan 1984–Sep 1990 and average daily rainfall for Oct
1990–Mar 1994. All regressions are run using WLS estimation with Hutu population size as weights in all regressions but Regression 1–2,
where total sector population size is used. There are 142 communes in the sample. Standard errors are clustered at the commune level.
*p<0.1, **p<0.05, ***p<0.01.
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