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Abstract

We investigate the role of deeply-rooted pre-colonial ethnic institutions in shaping comparative
regional development within African countries. We combine information on the spatial
distribution of ethnicities before colonization with regional variation in contemporary economic
performance, as proxied by satellite images of light density at night. We document a strong
association between pre-colonial ethnic political centralization and regional development. This
pattern is not driven by differences in local geographic features or by other observable ethnic-
specific cultural and economic variables. The strong positive association between pre-colonial
political complexity and contemporary development obtains also within pairs of adjacent ethnic
homelands with different legacies of pre-colonial political institutions.
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1 Introduction

There has been ample research on the institutional origins of African (under)development
both in economics and the broader literature in social sciences; yet the two strands have
followed somewhat different paths. On the one hand, influenced by the studies of Acemoglu
et al. (2001, 2002) and La Porta et al. (1997, 1998), the empirical literature in economics has
mainly focused on the impact of colonization in comparative development primarily via its
effect on contractual institutions and property rights protection at the national level (see
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Acemoglu and Johnson (2005)). On the other hand, the African historiography has
invariably stressed the role of deeply-rooted, ethnic institutional characteristics (see Herbst
(2000) for a summary). Motivated by the richness of anecdotal evidence and case studies
documenting the importance of ethnic-specific institutional traits, in this study we explore in
a systematic way the relationship between pre-colonial ethnic institutions, political
centralization in particular, and regional development.

We utilize data from the pioneering work of Murdock (1959, 1967), who has mapped the
spatial distribution of African ethnicities and compiled various quantitative indicators
reflecting political institutions, cultural, and economic traits of several ethnic groups around
colonization. To overcome the paucity of economic indicators across African ethnic
homelands, we combine the anthropological data with satellite images of light density at
night.

Our analysis shows that the complexity and hierarchical structure of pre-colonial ethnic
institutions correlate significantly with contemporary regional development, as reflected in
light density at night. This correlation does not necessarily imply a causal relationship,
because one cannot rule out the possibility that other ethnic characteristics and hard-to-
account-for factors drive the association. Nevertheless this correlation obtains across
numerous permutations. First, it is robust to an array of controls related to the disease
environment, land endowments, and natural resources at the local level. Accounting
properly for geography is important as there is a fierce debate in the literature on whether
the correlation between institutional and economic development is driven by hard-to-
account-for geographical features. Second, the strong positive association between pre-
colonial political centralization and regional development retains its economic and statistical
significance, when we solely examine within-country variation. Including country fixed
effects is crucial since we are able to account for all country-specific, time-invariant
features. Third, regressing luminosity on a variety of alternative pre-colonial ethnic
characteristics, such as occupational specialization, economic organization, the presence of
polygyny, slavery, and proxies of early development, we find that political centralization is
the only robust correlate of contemporary economic performance. This reassures that the
uncovered positive association does not reflect differences in observable cultural and
economic attributes across African ethnicities. Fourth, the positive correlation between
ethnic political complexity and regional development prevails when we limit our analysis
within pairs of neighboring homelands falling in the same country where ethnicities with
different pre-colonial institutions reside.

These patterns obtain both when the unit of analysis is the ethnic homeland and when we
exploit the finer structure of the luminosity data to obtain multiple observations (pixels) for
each homeland. Hence, although we do not have random assignment in ethnic institutions,
the results clearly point out that traits manifested in differences in the pre-colonial
institutional legacy matter crucially for contemporary African development.

Ethnic Institutions: Past and Present

There was significant heterogeneity in political centralization across African ethnicities
before colonization (Murdock (1967)). At the one extreme, there were states with
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centralized administration and hierarchical organization such as the Shongai Empire in
Western Africa, the Luba kingdom in Central Africa, and the kingdoms of Buganda and
Ankole in Eastern Africa. At the other extreme, there were acephalous societies without
political organization beyond the village level, such as the Nuer in Sudan or the Konkomba
in Ghana and Togo. The middle of the spectrum occupied societies organized in large
chiefdoms and loose alliances, such as the Ewe and the Wolof in Western Africa. While
these societies lacked statehood, they tended to have conflict resolution mechanisms and a
somewhat centralized decision making process (Diamond (1997)).

The advent of the Europeans in Africa had limited impact on these pre-existing local
political structures. This was because colonization was (with some exceptions) quite limited
both regarding timing and location (Herbst (2000)). Mamdani (1996) argues that, in fact, the
European colonizers in several occasions strengthened tribal chiefs and kings via their
doctrine of indirect rule. In the eve of African independence some countries attempted to
limit the role of ethnic institutions; however, the inability of African states to provide public
goods and broadcast power beyond the capitals, led African citizens to continue relying on
the local ethnic-specific structures rather than the national government (Englebert (2009)).
Herbst (2000), for example, notes that in Mauritania, Mozambique, Niger, Nigeria and Chad
while new states initially marginalized local chiefs, when they realized the extraordinary
difficulties in governing rural areas, they quickly invited them back.

There is ample evidence pointing to the ongoing importance of ethnic-specific institutions.
First, ethnic leaders and chiefs enjoy considerable support and popularity across local
communities (e.g. Baldwin (2010)). Second, both survey data and case studies show that
local chiefs have significant power in allocating land rights. Analyzing data from the
Afrobarometer Surveys, Logan (2011) documents that ethnic institutions are instrumental in
assigning property rights and resolving disputes.! Along the same lines, Goldstein and Udry
(2008) show that informal ethnic institutions and local chiefs today exert significant de facto
power in assigning land in rural Ghana (see also Bubb (2012)). Third, in many countries
local leaders collect taxes and provide some basic public goods (e.g. Glennerster, Miguel,
and Rothenberg (2010) and Acemoglu, Reed, and Robinson (2012)). Fourth, since the early
1990s many countries (15 out of 39 according to Herbst (2000)) have passed legislation or
even constitutional amendments (in the case of Uganda and Ghana) formally recognizing the
role of ethnic institutional structures in settling property rights disputes and enforcing
customary law (see Baldwin (2011)).

The African historiography has proposed various channels via which ethnic institutions
shape contemporary economic activity. First, Herbst (2000) and Boone (2003) argue that in
centralized societies there is a high degree of accountability of local chiefs. For example, in
ethnic groups that had a state structure, poorly-performing local rulers could be replaced by
the king or superior administrators. Even nowadays some ethnic groups have assemblies and
supreme officials that make local chiefs accountable. Second, Diamond (1997) and

1Logan (2011) shows that ethnic leaders are equally important as the local and central governments is assigning property rights.
Respondents tend to rely more on local chiefs and ethnic institutional structures for the resolution of disputes as compared to national
and local government. Ethnic-specific political actors and institutions play also some role in the provision of education and health.
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Acemoglu and Robinson (2012) describe how ethnic groups that formed large states, had
organized bureaucracies providing policing and other public goods. Third, in centralized
ethnicities there was access to some formal legal resolution mechanism and some form or
property rights steadily emerged (Herbst (2000). Fourth, others have argued that centralized
societies were quicker in adopting Western technologies, because the colonizers
collaborated more strongly with politically complex ethnicities (Schapera (1967, 1970)).
Fifth, tribal societies with strong political institutions have been more successful in getting
concessions both from colonial powers and from national governments after independence.
For example, Acemoglu and Robinson (2012) describe how the Tswana leaders travelled
from Bechuanaland (current Botswana) to England and convinced the British government to
allow for a greater degree of autonomy.2

Related Literature

Our study contributes to the literature on the role of pre-colonial, institutional and cultural
features in African development reviewed above (Fortes and Evans- Pritchard (1940),
Schapera (1967), Stevenson (1968), Goody (1971), Bates (1983), Robinson (2002), Boone
(2003), Englebert (2009); Besley and Reynal-Querol (2012)). The most closely related line
of research is that of Gennaioli and Rainer (2006, 2007) who present cross-country evidence
showing that pre-colonial political centralization correlates positively with public goods
provision and contemporary institutions. We advance this literature by establishing that,
unlike other observable ethnicity-level variables, pre-colonial ethnic institutions captured by
the degree of political complexity are systematically linked to contemporary regional
development within countries as well as within pairs of contiguous ethnic homelands.

Our study also belongs to a growing body of work on the historical origins and the political
economy of African development. Nunn (2008) stresses the importance of the slave trades,
while Huillery (2009), Berger (2009) and Arbesu (2011) quantify the long-run effects of
colonial investments and tax collection systems. Englebert, Tarango, and Carter (2002),
Alesina, Easterly, and Matuszeski (2011) and Michalopoulos and Papaioannou (2011b)
examine the negative effects of the improper colonial border design during the Scramble for
Africa.

On a broader scale our work relates to the literature on the institutional origins of
contemporary development (see Acemoglu, Johnson, and Robinson (2005) for a review).
Our micro approach enables us to overcome problems inherent to the cross-country
framework adding to a vibrant body of research that examines the within-country impact of
various historical institutional arrangements (e.g. Banerjee and lyer (2005); lyer (2010); Dell
(2010)). Moreover, our within-country results linking pre-colonial political centralization to
contemporary regional development complement the cross-country findings of Bockstette,
Chanda, and Putterman (2002) on the beneficial long-run consequences of statehood.

2Mamdani (1996), nevertheless, differs in his assessment on the beneficial contemporary role of hierarchical pre-colonial structures
arguing that the legacy of indirect rule in Africa through traditional chiefs was a basis for post-independence poor institutional and
economic performance.
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Finally, our work has implications for the literature on state capacity that examines the
origins and consequences of weak states’ inability to monopolize violence, collect taxes, and
protect private property (e.g. Besley and Persson (2011)). Our work shows that in presence
of weak states, local institutions (ethnic in Africa) may fill in the void created by the limited
penetration of national institutions (Michalopoulos and Papaioannou (2012)).

Paper Structure

2 Data

In the next section we present the pre-colonial ethnic institutional measures and discuss the
luminosity data. We cross-validate our main data and report descriptive statistics illustrating
the relationship between ethnic-level political organization and development. Section 3
presents our results at the ethnic homeland level. First, we lay down the general econometric
framework and report our benchmark within-country estimates. Then, we examine the role
of other ethnic-specific features. In Section 4 we first report our baseline results at the pixel
level and then examine whether regional development differs systematically across
contiguous territories where ethnicities with a different degree of political centralization
reside. In section 5 we conclude discussing directions for future research.

2.1 Data on the location of historical ethnic homelands

The starting point in compiling our dataset is George Peter Murdock’s (1959)
Ethnolinguistic Map that portrays the spatial distribution of ethnicities across Africa in the
eve of European colonization in the mid/late 19t century. Murdock’s Map (Figure 1a)
includes 843 tribal areas (the mapped groups correspond roughly to levels 7-8 of the
Ethnologue’s language family tree); 8 areas are classified as uninhabited upon colonization
and are therefore excluded. We also drop the Guanche, a group in the Madeira islands that is
currently part of Portugal. One may wonder how much the spatial distribution of ethnicities
across the continent has changed over the past 150 years. Reassuringly, using individual data
from the Afrobarometer Nunn and Wantchekon (2011) show a 0.55 correlation between the
location of the respondents in 2005 and the historical homeland of their ethnicity as
identified in Murdock’s map. Similarly, Glennerster, Miguel, and Rothenberg (2010)
document that in Sierra Leone after the massive displacement of the 1991-2002 civil war
there has been a systematic movement of individuals towards their ethnic group’s historical
homeland. We intersect Murdock’s ethnolinguistic map with the 2000 Digital Chart of the
World that portrays contemporary national boundaries to identify partitioned ethnicities and
assign each area to the respective country.

2.2 Ethnic Institutional Traits

In work following the mapping of African ethnicities, Murdock (1967) produced an
Ethnographic Atlas (published in twenty nine installments in the anthropological journal
Ethnology) that coded around 60 variables, capturing cultural, geographical, and economic
characteristics of 1,270 ethnicities around the world. We assigned the 834 African
ethnicities of Murdock’s Map of 1959 to the ethnic groups in his Ethnographic Atlas of
1967. The two sources do not always use the same name to identify an ethnic group.
Utilizing several sources and the updated version of Murdock’s Atlas produced by Gray
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(1999), we match 534 ethnicities from the Ethnographic Atlas to 490 ethnic homelands in
Murdock’s Map (Figure 1a).3

We measure pre-colonial political institutions using Murdock’s (1967) “Jurisdictional
Hierarchy beyond the Local Community Level” index (see also Gennaioli and Rainer (2006,
2007)). This is an ordered variable, ranging from 0 to 4, that describes the number of
political jurisdictions above the local (usually village) level for each ethnicity. A zero score
indicates stateless societies “lacking any form of centralized political organization”. A score
of 1 indicates petty chiefdoms; a score of 2 designates paramount chiefdoms; and 3 and 4
indicate groups that were part of large states. Murdock (1967) explicitly excludes colonial
regimes and attempts to capture political complexity before European colonization. This
classification is similar to Diamond (1997) who distinguishes between four main types of
societal arrangements: bands, tribes, chiefdoms, and centralized states. Figure 1b illustrates
the significant heterogeneity in pre-colonial political organization across African groups.
Examples of ethnicities without any level of political organization above the local level
include the Bura and the Lango in Uganda. Examples of tribes belonging to petty chiefdoms
are the Mende in Sierra Leone and the 1bo of Nigeria. The Mbundu in Angola and the Zerma
in Niger were part of paramount chiefdoms, while the Ndebele in Zimbabwe and the Mossi
in Burkina Faso are societies that were parts of states before colonization. The Bubi in
Equatorial Guinea and the Beduin Arabs are the only groups classified as having been part
of large complex states (score of 4).

Cross-validation of Murdock’s Jurisdictional Hierarchy Index—\We cross-
validated Murdock’s data going over the African historiography. Our reading of the
literature suggests that the jurisdictional hierarchy index -while not perfect- is in accordance
with works describing the degree of political complexity in pre-colonial Africa. Murdock
(1967) classifies as centralized the dominant ethnic groups of most major pre-colonial states.
For example, the Ankale and the Buganda, which were the central ethnic groups in the
strong kingdoms of Eastern Africa, get a score of 3. The same applies to other ethnic groups
that were part of large states, such as the Zulu and the Swazi in South Africa, the Ife and the
Igala in Nigeria, and the Shongai in Mali (Fortes and Evans-Pritchard (1940); Goody
(1971)).

Murdock also seems to correctly identify stateless ethnicities. The jurisdictional hierarchy
index equals zero or one for the Amba, the Konkomba, the Tiv, the Dinka, and the Lugbara,
in line with the analysis of Middleton and Tait (1958) who describe them as acephalous
societies. Regarding the Amba, for example, Winter (1958) writes that “the village is the
largest unilateral unit of power”, whereas Tait (1958) characterizes the Konkomba as an
ethnic group that is “organized locally, without formal laws, and central authority.”
Likewise, the Lobbi is classified as stateless in line with Goody (1971) who characterizes
them as “people with no state organization at all”. The classification also identifies properly
societies with intermediate levels of political centralization (paramount chiefdoms). The
Nupe in Nigeria, the Bemba in Zambia, and the Ngwato in Botswana which formed small

3 In 34 instances an ethnic homeland from Murdock’s Map is assigned to more than one groups in the Ethnographic Atlas; in these
cases we assigned to the ethnic homeland the median value of the ethnic institutions index.

Econometrica. Author manuscript; available in PMC 2014 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Michalopoulos and Papaioannou Page 7

states get a score of 2 (Fortes and Evans-Pritchard (1940)). Clearly there is some subjectivity
in Murdock’s characterization of ethnic-specific institutional structures. Yet to the extent
that these biases are not systematic, this should lead to attenuation and as such our estimates
will be on the conservative side.

2.3 Satellite Light Density at Night

The nature of our study requires detailed spatial data on economic development. To the best
of our knowledge, geocoded high-resolution measures of economic development spanning
all Africa are not available. To overcome this limitation we use satellite light density at night
to proxy for local economic activity. The luminosity data come from the Defense
Meteorological Satellite Program’s Operational Linescan System that reports images of the
earth at night captured from 20 : 30 to 22 : 00 local time. The satellite detects lights from
human settlements, fires, gas flares, lightning, and the aurora. The measure is a six-bit
number (ranging from 0 to 63) calculated for every 30-second area (approximately 1 square
kilometer). The resulting annual composite images of time-stable lights are created by
overlaying all images captured during a calendar year, dropping images where lights are
shrouded by cloud or overpowered by the aurora or solar glare (near the poles), and
removing ephemeral lights like fires and lightning. We construct average light density per
square kilometer for 2007 and 2008 averaging across pixels at the desired level of
aggregation.

The use of luminosity data as a proxy for development builds on the recent contribution of
Henderson, Storeygard, and Weil (2011) and previous works (e.g. Elvidge, Baugh, Kihn,
Kroehl, and Davis (1997); Doll, Muller, and Morley (2006)) showing that light density at
night is a robust proxy of economic activity (see also Pinkovskiy (2011)). These studies
establish a strong within-country correlation between light density at night and GDP levels
and growth rates. There is also a strong association between luminosity and access to
electricity and public-goods provision, especially across low income countries (see Min
(2008)). Even Chen and Nordhaus (2011), who emphasize some problems of the satellite
image data, argue that luminosity can be quite useful for regional analysis in war-prone
countries with poor quality income data. Luminosity data are subject to saturation and
blooming. Saturation occurs at a level of light similar to that in the urban centers of rich
countries and results in topcoded values. Blooming occurs because lights tend to appear
larger than they actually are, especially for bright lights over water and snow. These issues,
however, are less pressing within Africa. First, there are very few instances of top-coding
(out of the 30, 457, 572 pixels of light density only 0.00017% are top-coded). Second, since
luminosity is quite low across African regions, blooming (bleeding) is not a major problem.
Moreover, in the within-contiguous-ethnic- homelands analysis blooming would work
against our hypothesis.

Cross-Validation: Satellite Light Density and Regional Development—In our
empirical analysis we primarily explore within-country variation. Thus we examined the
relationship between luminosity and economic performance using micro-level data from the
Demographic and Health Surveys (DHS) (see the Supplementary Appendix for additional
cross-validation checks). The DHS team in each country produces a composite wealth index,
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based on individual responses on whether households have access to basic public goods,
such as electrification, clean water, etc. We examine the correlation between log light
density and the wealth index within four large countries from different parts of Africa;
Nigeria from Western Africa, Tanzania from Eastern Africa, the Democratic Republic of
Congo from Central Africa, and Zimbabwe from Southern Africa. We derive the average
wealth index across households for each enumeration area (usually a village or a small
town) and associate it with light density of each DHS area using a radius of 10km. Figures
2a-2d offer a visual representation of the significant correlation (around 0.75) between
luminosity and the composite wealth index. To mitigate concerns that the correlation is
driven by outliers we drop the top 1% of lit areas effectively excluding the capital city and
few other major urban hubs (the dashed line representing the median regression slope is
almost identical to the LS line).

2.4 Summary Statistics

Figures 3a and 3b portray the distribution of luminosity across African ethnic homelands. In
Figure 3a we aggregate the luminosity data at the country-ethnic homeland level, which
serves as our unit of analysis in Section 3. In Figure 3b we divide the continent into pixels of
12.5* 12.5 decimal degrees (approximately 12.5km*12.5km) and map lit and unlit pixels.
Table 1 reports descriptive statistics of the luminosity data both at the ethnic-country
homeland level and at the pixel level. The mean value of luminosity at the ethnic homeland
level is 0.368. The median is significantly lower, 0.022, because of few areas where light
density is extremely high. There are 7 observations where luminosity exceeds 7.4 and 14
observations where light density exceeds 4.06. On average 16.7% of all populated pixels are
lit, while in the remaining pixels satellite sensors do not detect the presence of light.

The summary statistics reveal large differences in luminosity across homelands where
ethnicities with different pre-colonial political institutions reside. The mean (median)
luminosity in the homelands of stateless societies is 0.248 (0.017) and for petty chiefdoms
the respective values are 0.269 (0.013); and only 10% and 12.9% of populated pixels are lit,
respectively. Focusing on groups that formed paramount chiefdoms, average (median)
luminosity is 0.311 (0.037), while the likelihood that a pixel is lit is 16.9%. Average
(median) luminosity in the homelands of ethnicities that were part of centralized states
before colonization is 0.993 (0.082). On average 30.2% of pixels falling in the homelands of
highly centralized groups are lit, three times more than the respective likelihood for stateless
societies. Light density in the homelands of pre-colonial states is significantly higher, even
when compared to groups organized as paramount chiefdoms. The mean (median)
difference is 0.68 (0.045); and simple test of means (medians) suggest that these differences
are significant at the 99% confidence level. The descriptive statistics reveal that regional
development across ethnic homelands correlates with the form of the pre-colonial political
organization. Light density increases significantly when one moves from the homelands of
stateless at the time of colonization societies and petty chiefdoms to the homelands of
ethnicities organized as paramount chiefdoms; and luminosity is even higher in the
homelands of ethnicities that were part of large states.
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3 Ethnic Homeland Analysis

3.1 Empirical Framework

To formally examine the relationship between pre-colonial ethnic institutions and
development across ethnic homelands, we estimate variants of the following specification:

Yi,e=a0+yIQL;+X; (P+APD; cHacteic. (1)

The dependent variable, y; ¢, reflects the level of economic activity in the historical
homeland of ethnic group i in country c, as proxied by light density at night. IQL; denotes
local ethnic institutions as reflected in the degree of jurisdictional hierarchy beyond the local
level. For ethnicities that fall into more than one country each partition is assigned to the
corresponding country c. For example, regional light density in the part of the Ewe in Ghana
is assigned to Ghana, while the adjacent region of the Ewe in Togo is assigned to Togo.4 In
most specifications we include country fixed effects (ac), so as to exploit within-country
variation. While fixed effects estimation may magnify problems of measurement error (by
absorbing a sizable portion of the variation), it accounts for differences in national policies,
the quality of national institutions, the identity of the colonizer, the type of colonization, as
well as other country-wide factors.

A merit of our regional focus is that we can account for local geography and other factors
(captured in vector X; ¢). In many specifications we include a rich set of controls, reflecting
land endowments (elevation and area under water), ecological features (a malaria stability
index, land suitability for agriculture), and natural resources (diamond mines and petroleum
fields). Several studies suggest the inclusion of these variables. First, Nunn and Puga (2012)
show that elevation and terrain ruggedness have affected African development both via
goods and via slave trades. Second, the inclusion of surface under water accounts for
blooming in the lights data and for the potential positive effect of water streams on
development via trade. Third, controlling for malaria prevalence is important as Gallup and
Sachs (2001) and subsequent studies have shown a negative impact of malaria on
development. Fourth, there is a vast literature linking natural resources like oil and diamonds
to development (e.g. Ross (2006)). Fifth, Michalopoulos (2012) shows that differences in
land suitability and elevation across regions lead to the formation of ethnic groups, whereas
Ashraf and Galor (2011) show that land quality is strongly correlated with pre-colonial
population densities. We also control for the location of each ethnic area inside a country
augmenting the specification with the distance of the centroid of each ethnic group i in
country ¢ from the respective capital, the national border, and the nearest sea coast. The
coefficient on distance from the capital reflects the impact of colonization and the limited
penetration of national institutions. Distance to the national border captures the potentially
lower level of development in border areas whereas distance to the sea reflects the effect of
trade as well as the penetration of colonization. In several specifications we control for log

4After intersecting Murdock’s ethnolinguistic map with the 2000 Digital Chart of the World we drop ethnic partitions of less than 100
km2, as such tiny partitions are most likely due to the lack of precision in the underlying mapping.
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population density (PD; ¢) though the latter is likely endogenous to ethnic institutional
development. Appendix Table 2 reports the summary statistics for all control variables.

The distribution of luminosity across ethnic homelands is not normal, as (i) a significant
fraction (around 24%) of the observations takes on the value of zero and (ii) we have a few
extreme observations in the right tail of the distribution (Appendix Figure 1a). To account
for both issues we use as dependent variable the log of light density adding a small number
((yic = In(0.01 + LightDensity; ), Appendix Figure 1b).5 This transformation ensures that
we use all observations and that we minimize the problem of outliers. We also estimate
specifications ignoring unlit areas (y; . = In(LightDensity; ¢)), as in this case the dependent
variable is normally distributed (Appendix Figure 1c). Moreover, in our pixel-level analysis,
where we focus on regions of 0.125 * 0.125 decimal degrees, we use as dependent variable a
dummy that takes on the value one when the pixel is lit and zero otherwise.

In all specifications we employ the approach of Cameron, Gelbach, and Miller (2011) and
cluster standard errors at the country level and at the ethnic-family level. Murdock assigns
the 834 groups into 96 ethnolinguistic clusters/families. Double-clustering accounts for the
fact that ethnicity-level characteristics are likely to be correlated within an ethnolinguistic
family. Moreover, clustering at the ethnic-family level is appropriate because partitioned
ethnicities appear more than once. Finally, the multi-way clustering method allows for
arbitrary residual correlation within both dimensions and thus accounts for spatial
correlation (Cameron, Gelbach, and Miller (2011) explicitly cite spatial correlation as an
application of the multi-clustering approach). We also estimated standard errors accounting
for spatial correlation of an unknown form using Conley’s (1999) method. The two
approaches yield similar standard errors; and if anything the two-way clustering produces
somewhat larger standard errors.

3.2 Preliminary Evidence

Table 2 reports cross-sectional LS specifications that associate regional development with
precolonial ethnic institutions. Below the estimates we report both double-clustered (in
parentheses) and Conley’s (in brackets) standard errors.5 Column (1) reports the
unconditional estimate. In line with the pattern shown in Table 1, the coefficient on the
jurisdictional hierarchy index is positive (0.411) and highly significant. The coefficient
remains significant when we control for population density in column (2). In column (3) we
control for distance to the capital city, distance to the border, and distance to the coast
(“location controls™) whereas in column (4) we augment the specification with a rich set of
geographic features.’ Adding these controls reduces the size of the coefficient on the
jurisdictional hierarchy index; yet the estimate retains significance at the 99% confidence
level. In columns (5) and (6) we examine whether the strong positive correlation between

S In the previous draft of the paper we added one to the luminosity data before taking the logarithm finding similar results.

Conley’s method requires a cutoff distance beyond which the spatial correlation is assumed to be zero; we experimented with values
between 100km and 3000km. We report errors with a cutoff of 2000km that delivers the largest in magnitude standard errors.

Land suitability for agriculture, which reflects climatic and soil conditions, enters most models with a positive and significant
estimate. The malaria stability index enters with a statistically negative estimate. The coefficient on land area under water is positive
and in many specifications significant. Elevation enters with a negative estimate which is significant in some models. The petroleum
dummy enters always with a positive and significant coefficient. The diamond dummy enters in most specifications with a negative
estimate.
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pre-colonial political institutions and regional development is driven by differences in
national institutional quality or income per capita, respectively. This check is motivated by
Gennaioli and Rainer (2006) who show that across African countries there is a positive
association between the average level of pre-colonial political centralization and
contemporary national institutions (in our sample the correlation between the rule of law in
2007 and the jurisdictional hierarchy index is 0.19). Conditioning on either (or both) of these
country-level measures of institutional and economic development has little effect on our
main result. The coefficient on jurisdictional hierarchy remains intact.8

3.3 Benchmark Fixed Effects Estimates

The positive correlation between local institutions and regional development may be driven
by a myriad of nationwide features. In Table 3 we estimate country fixed effects
specifications associating regional development with pre-colonial ethnic institutions. Table
3A reports estimates using all observations. In Table 3B we focus on the intensive margin of
luminosity. By doing so we (i) account for nonlinearities in the dependent variable and (ii)
focus on densely populated areas (since non-lit areas have a median population density of
11.06 people per square kilometer whereas lit regions have a median of 35.54).

Jurisdictional Hierarchy beyond the Local Community—The coefficient on the
jurisdictional hierarchy index in column (1) of table 3A is 0.326 and highly significant.9 The
estimate is moderately smaller than the analogous unconditional specification reported in
Table 2 - column (1), suggesting that common-to-all-ethnicities country-level factors are not
driving the positive cross-sectional correlation.10 Standard errors drop also with the
inclusion of country fixed effects and as such the statistical significance of the estimate is
unaffected. In column (2) we augment the specification with distance to the coast, distance
to the border, distance to the capital and the rich set of geographic controls. The coefficient
on the jurisdictional hierarchy beyond the local community index retains its statistical and
economic significance. In column (3) we control for population density, while in column (4)
we control jointly for geography, location, and population density. Compared to column (1)
the estimate on jurisdictional hierarchy falls by almost a half. This is not surprising as
according to the African historiography (e.g. Stevenson (1968), Fenske (2009)) there is a
strong interplay between geography, population density, and political complexity.11 The
size of the coefficient in column (3) - Table 3A implies that a one-standard-deviation
increase in the jurisdictional hierarchy index (which corresponds to approximately one-unit
increase; see Appendix Table 2) is associated with a 0.12 standard-deviation increase in
luminosity. This magnitude is similar to the one documented by Nunn and Wantchekon
(2011) in their within-country cross-regional examination of the effect of the African slave
trades on trust (where they report “beta” coefficients in the range of 0.10-0.16).

8\We lose three observations when we condition on the rule of law or GDP, because we lack data on Western Sahara. The results are
unaffected if we assign the Western Saharan ethnic homelands to Morocco.
When we add country fixed effects we lose one observation. This is because in Swaziland we have only one group, the Swazi.

The Hausman-type test that compares the coefficient on the jurisdictional hierarchy index of the cross-sectional to the within-
country model, suggests that one cannot reject the null hypothesis of coefficient equality.

Since population density may be both a cause and an effect of ethnic institutions, the specifications where we also control for
population density should be cautiously interpreted. Following Angrist and Pishcke’s (2008) recommendation we also used lagged (at
independence) population density. In these models (not reported) the estimates on the ethnic institutions measures are larger (and
always significant at the 95% level).
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Political Centralization—In columns (5) and (8) we use an alternative indicator of pre-
colonial political institutions. Following Gennaioli and Rainer (2006, 2007) we define a
dummy variable that takes the value of zero when the group lacks any political organization
beyond the local level or is organized as a petty chiefdom; the index equals one if Murdock
classifies the ethnicity as being a large chiefdom or part of a state. Experimenting with the
re-scaled index is useful because the aggregation may account for measurement error in the
jurisdictional hierarchy index. Moreover, the binary classification is in line with the
distinction of African pre-colonial political systems into centralized ones and those lacking
any form of centralized political authority.12 The coefficient on political centralization is
positive and highly significant. The estimate retains significance, when we control for
geography (in (6)), current levels of population density (in (7)) or both (in (8)). The
magnitude of political centralization in column (8) in Table 3B suggests that luminosity is
34 percent (exp(0.295)—1 = 0.343) higher in ethnic homelands where politically centralized
societies reside (e.g. Yoruba in Nigeria), as compared to stateless societies or small
chiefdoms (e.g. the Sokoto or the Tiv in Nigeria).

Flexibly Estimating the Role of Jurisdictional Hierarchy—In columns (9)-(12) we
flexibly estimate the relationship between pre-colonial political institutional structures and
contemporary development. We define three dummy variables that take on the value one for
petty chiefdoms, paramount chiefdoms, and pre-colonial states, respectively; the comparison
group being stateless societies.13 The difference in regional development between stateless
societies and small chiefdoms is statistically indistinguishable from zero. This result is in
accord with the African historiography that usually does not distinguish between these
organizational structures (see also Gennaioli and Rainer (2006, 2007)). Sizable differences
in regional development emerge for large paramount chiefdoms and particularly for groups
that were part of pre-colonial states. This finding is consistent with Diamond (1997),
Bockstette, Chanda, and Putterman (2002), and Acemoglu and Robinson (2012), who argue
that centralization and statehood experience of preindustrial societies are the traits most
conducive to development.

Nigeria offers an illustration of these results. Average (median) luminosity in the homelands
of the five ethnic groups that were part of states in pre-colonial Africa, namely the Yoruba,
the Fon, the Ife, the Igala, and the Edo is 1 (0.72). Mean (median) luminosity in the
homelands of ethnic groups organized solely at the local level or in petty chiefdoms is 0.88
(0.075). Like-wise, in the Democratic Republic of Congo, average luminosity in the
homeland of stateless ethnicities and petty chiefdoms is 0.037; luminosity in paramount
chiefdoms is only slightly higher, 0.042; yet mean luminosity across homelands of
ethnicities belonging to pre-colonial centralized states is three times larger, 0.12.

12Fortes and Evans-Pritchard (1940) argue that “the political systems fall into two main categories. One group consists of those
societies which have centralized authority, administrative machinery, and judicial institutions-in short, a government-and in which
cleavages of wealth, privilege, and status correspond to the distribution of power and authority. This group comprises the Zulu, the
Ngwato, the Bemba, the Banyankole, and the Kede. The other group consists of those societies which lack centralized authority,
administrative machinery, and judicial institutions-in short which lack government-and in which there are no sharp divisions of rank,
status, or wealth. This group comprises the Logoli, the Tallensi, and the Nuer.” Other African scholars make a trichotomous
distinction between stateless societies, large chiefdoms, and centralized states.

Since we have just two ethnic groups where the jurisdictional hierarchy index equals four, we assign these ethnicities into the
groups where the jurisdictional hierarchy index equals 3.
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3.4 Institutions or Other Ethnic Traits?

One concern with the previous estimates is that some other ethnicity feature related to the
economy, culture, or societal structure, is driving the positive correlation between
luminosity and pre-colonial institutions. To address this issue we examined whether some
other ethnic trait, in lieu of political centralization, correlates with contemporary
development. In Table 4 we report within-country specifications associating log light
density with around twenty different variables from Murdock’s Ethnographic Atlas (see the
Data Appendix for detailed variable definitions).1# These measures reflect the type of
economic activity (dependence on gathering, hunting, fishing, animal husbandry, milking of
domesticated animals, and agriculture), societal arrangements (polygyny, presence of clans
at the village level, slavery), early development (size and complexity of pre-colonial
settlements), and proxies of local institutional arrangements (an indicator for the presence of
inheritance rule for property, elections for local headman, class stratification and
jurisdictional hierarchy at the village level).

In Specification A we regress regional light density on the ethnic-level variables, simply
conditioning on country fixed effects and on population density (the results are similar if we
omit population density). Most of the additional variables are statistically insignificant. An
indicator for societies where fishing contributes more than 5% in the pre-colonial
subsistence economy enters with a positive coefficient as economic development is higher in
regions close to the coast and other streams and potentially because of blooming in
luminosity. An agricultural intensity index ranging from 0 to 9, where higher values indicate
higher dependence, is negative and significant, but the correlation between pre-colonial
agricultural intensity and regional development is not robust to an alternative index of
agricultural dependence.

The results in columns (1)—(2) show that class stratification, a societal trait that has been
linked to property rights protection and the emergence of centralized states with a
bureaucratic structure, correlates significantly with luminosity.1® Regional development is
higher across regions populated by stratified, as compared to egalitarian, societies. The
positive association between stratification and regional development, though surprising at
first glance, is in line with recent works in Southern America (e.g. Acemoglu, Bautista,
Querubin, and Robinson (2008), Dell (2010)). A potential explanation is that in weakly
institutionalized societies inequality may lead to some form of legal institutions, property
rights, and policing, as the elite has the incentive to establish constraints (Diamond (1997);
Herbst (2000)).

In Specification B we add the jurisdictional hierarchy beyond the local community index to
test whether it correlates with regional development conditional on the other ethnic traits. In
all specifications the jurisdictional hierarchy index enters with a positive and stable
coefficient (around 0.20), similar in magnitude to the (more efficient) estimate in Table 3A -
column 3. The coefficient is always significant at standard confidence levels (usually at the
99% level). Clearly the positive correlation between pre-colonial political institutions and

14we are grateful to an anonymous referee for proposing this test.
In line with these arguments in our sample the correlation of class stratification and the jurisdictional hierarchy index is 0.63.
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contemporary development may still be driven by some other unobserved or hard-to-account
for factor, related for example to genetics or cultural similarities with some local frontier
economy (see for example Spolaore and Wacziarg (2009) and Ashraf and Galor (2012)).
However, the results in Table 4 reassure that we are not capturing the effect of cultural traits,
the type of economic activity, or early development, at least as reflected in Murdock’s
statistics.

3.5 Further Sensitivity Checks

In the Supplementary Appendix we further explore the sensitivity of our results: (1)
dropping observations where luminosity exceeds the 99th percentile; (2) excluding capitals;
(3) dropping each time a different part of the continent; (4) using log population density as
an alternative proxy for development. Moreover, using data from the Afrobarometer Surveys
on living conditions and schooling, we associate pre-colonial institutions with these
alternative proxies of regional development. Across all specifications, we find a significantly
positive correlation between a group’s current economic performance and pre-colonial
political centralization.

4 Pixel-Level Analysis

We now proceed to the pixel-level analysis. In this section the unit of analysis is a pixel of
0.125* 0.125 decimal degrees. As a result we now have multiple observations within each
ethnic area in each country. Since there are several unpopulated pixels (in the Sahara and the
rainforests) we exclude pixels with zero population (including unpopulated pixels if
anything strengthens the results). Figure 4 illustrates the new unit of analysis showing pixel-
level luminosity within two Bantu groups in Northern Zambia, the Lala and the Lamba.

Moving to the pixel level offers some advantages. First, we can condition on geography,
natural resources, and the disease environment at an even finer level. Second, since the
dependent variable is an indicator for lit pixels, the non-linear nature of luminosity is no
longer a concern. Third, we account for the possibility that average luminosity at the ethnic
homeland also reflects inequality; this may be the case when average light density at the
ethnic homeland is driven by a few extremely lit pixels.

4.1 Benchmark Pixel-Level Estimates

Our specification for the pixel-level analysis reads:

Ypiie=0+act Y IQLANP Dy i ot 2y 5 U+ X B4 i

The dependent variable, yp j ¢, reflects economic activity in pixel p that belongs to the
historical homeland of ethnicity i in country c. PDy j  denotes log population density, while

vector ZZ;LC includes other controls at the pixel level; X,ZC is the set of conditioning variables

at the ethnic-country level.

Table 5 - Panel A reports the results. In columns (1)—(5) we report linear probability models
where the dependent variable equals one if the pixel is lit and zero otherwise. The
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coefficient on the jurisdictional hierarchy index in the unconditional specification in column
(1) is positive and highly significant. The estimate retains significance when we add a vector
of country constants (in (2)). In column (3) we control for log pixel population density. As
in our analysis at the ethnic homeland level, the coefficient on the pre-colonial ethnic
institutions index declines, though it remains significant. In column (4) we augment the
specification with a rich set of pixel-specific controls. Namely, we control for land
suitability for agriculture, elevation, malaria stability, surface area, distance from the
centroid of each pixel to the sea coast, the capital city, and the national border and we add
indicators capturing the presence of diamond mines, petroleum fields, and water bodies.16 In
spite of the inclusion of this rich set of controls, the jurisdictional hierarchy beyond the local
community continues to enter with a positive and highly significant (at the 99% confidence
level) coefficient. In column (5) we condition on the location and geographic controls at the
country-ethnic level. The coefficient on the jurisdictional hierarchy index remains intact.
The estimate (0.031) in column (4) implies that compared to stateless ethnicities, pixels in
the homelands of ethnic groups that were part of paramount chiefdoms are on average 6%
more likely to be lit. Similarly, the likelihood that a pixel is lit is 9 percentage points higher
if it falls in the homeland of groups that had complex centralized institutions at the time of
colonization. These magnitudes are not negligible, since only 17% of populated pixels are lit
across Africa.l’

In Panel B we estimate in a flexible manner the relationship between pre-colonial political
organizational forms and contemporary development. The estimates show that differences in
development become economically and statistically significant when one compares
paramount chiefdoms to stateless societies or groups organized as petty chiefdoms.
Contemporary development is even higher in areas populated by societies that were part of
pre-colonial states. The most conservative estimates imply that the likelihood that a pixel is
lit is approximately 8 percentage points higher when one moves from the homeland of
stateless ethnicities to regions with ethnic groups that pre-colonially were part of a
centralized state. Examples from Botswana illustrate the point estimates. The Naron and the
Kung are two stateless societies whereas the (Ba)Ngwato (a traditional Sotho-Tswana tribe)
and the Ndebele (which originate to the Zulus, the dominant ethnic group of one of the
largest pre-colonial states in Southern Africa) are centralized groups. On average 27.8% of
the homeland of the Ndebele and the Ngwato is lit, while only 5.4% of the homeland of the
Naron and the Kung is lit.

In columns (6)—(10) of Table 5 we report otherwise identical to columns (1)—(5) LS
specifications using as the dependent variable the log of luminosity adding a small number
(0.01). The coefficient on the jurisdictional hierarchy index is more than two standard errors
larger than zero across all perturbations; this shows that our results at the ethnic homeland
level were not driven by the transformation of luminosity.

16Note that not all pixels have the same surface area since pixels by the coast, lakes, and ethnic boundaries are smaller.
The results are similar using the Gennaioli and Rainer (2006, 2007) binary index of political centralization (see Appendix Table 6).
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4.2 Contiguous Ethnic Homeland Analysis

Approach and Empirical Specification—In spite of employing a rich conditioning set,
one may still be worried that some unobservable local geographic feature is driving the
results. To mitigate such concerns we focus on contiguous ethnicities with a different degree
of pre-colonial political centralization and exploit within-country, within-adjacent ethnicities
variation in luminosity and ethnic institutions. In some sense this approach extends the
pioneering case study of Douglas (1962), who attributed the large differences in well-being
between the neighboring Bushong and the Lele in the Democratic Republic of Congo to
their local institutions and the degree of political centralization in particular.18

We first identified contiguous ethnic homelands, where groups differ in the degree of
political centralization, using the Gennaioli and Rainer (2007) binary classification. There
are 252 unique adjacent ethnic pairs comprising a centralized and a non-centralized
ethnicity. Figure 4 illustrates this using the Lala and the Lamba. The Lala were organized as
a petty chiefdom at the time of colonization; as such the binary political centralization index
equals zero. The Lamba are classified as a paramount chiefdom and therefore as politically
centralized. When a group is adjacent to more than one ethnicities with different pre-
colonial centralization in the same country, we include all pairs.19 Then we examine
whether there are systematic differences in development within contiguous ethnic
homelands in the same country running specifications of the following form:

Yp,i(),c=%i(j),c HOLQLi+APDyp ; o427, ; V(i) -

The dependent variable takes on the value of one if pixel p is lit and zero otherwise. Every
pixel p falls into the historical homeland of ethnicity i in country c that is adjacent to the
homeland of ethnicity j in the same country ¢ (where ethnicities i and j differ in their degree
of pre-colonial political centralization). Since we now include country-specific, ethnicity-
pair fixed effects, aj),c, the coefficient on the jurisdictional hierarchy beyond the local
community index, &, captures whether differences in pre-colonial ethnic institutions translate
into differences in light density across pixels within pairs of contiguous ethnicities in the
same country.

Validation—Before we present the results, we examine whether there is a systematic
correlation between pre-colonial institutions and various characteristics within adjacent
ethnic pairs in the same country. To do so we run ethnic-pair-country fixed effects
specifications (with a;(j) ¢) associating the jurisdictional hierarchy index with natural
resources (presence of diamond mines or petroleum fields), location (distance to capital, to
the sea and the national border), and geography (elevation, presence of water bodies, soil
quality for agriculture and the malaria stability index). These regressions, reported in Table
6, yield statistically and economically insignificant estimates suggesting that by focusing on

18we are thankful to Jim Robinson for providing us with this reference.

For example, the Dagomba in Ghana, a centralized group (the jurisdictional hierarchy index equals 3) is adjacent to two non-
centralized groups in Ghana, the Basari and the Konkomba. In such cases we include both pairs. The median (average) distance
between the centroids of neighboring ethnicities is 179km (215km).
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neighboring ethnic areas we neutralize the role of local (observable) geographic and location
factors.

Results—Table 7 reports the results of the contiguous-ethnic-homeland analysis. The
estimate in (1) shows that within country, within pairs of contiguous ethnic homelands
luminosity is significantly higher in the historical homeland of ethnicities with more
complex political institutions. In column (2) we condition on pixel population density. The
coefficient on the jurisdictional hierarchy beyond the local community index falls, though it
becomes more precisely estimated. In column (3) we control for the rich set of pixel-level
geographic variables. While some of these variables enter with significant estimates, given
their minimal correlation with the jurisdictional hierarchy index (shown in Table 6), this has
a negligible effect on the estimate. The coefficient in column (3) implies that the likelihood
that a pixel is lit is approximately 2.5 percentage points higher if one moves from the
homeland of a stateless group to the neighboring homeland in the same country of an ethnic
group that was organized as a paramount chiefdom. In columns (4)—(6) we restrict our
analysis to pairs of contiguous ethnic homelands with large differences (two levels or
greater) in the jurisdictional hierarchy index; this is helpful not only because we now focus
on sharper discontinuities, but also because we can account (to some degree) for
measurement error in Murdock’s classification of pre-colonial political organization. The
estimate on the pre-colonial ethnic institutions index retains its statistical and economic
significance. In columns (7)—(9) we require that one of the two adjacent ethnic groups was
part of a pre-colonial state. Thus, in these models in each pair of adjacent ethnicities we
compare a group which had been either stateless or part of a petty chiefdom (the Gennaioli
and Rainer (2007) index equals zero) to an ethnicity that was organized as a state at the time
of colonization. There is a strong positive correlation between differences in luminosity and
differences in the degree of pre-colonial political institutions. The estimates suggest that the
probability that a pixel is lit is 5.5%—7.5% higher when one moves from the homeland of
stateless societies to the areas of groups that formed large states before the colonial era.

A couple of examples are useful. In Uganda 2% of the pixels falling in the homeland of the
Acholi, a non-centralized group (jurisdictional hierarchy index equals 1) are lit, while 4.2%
of the pixels are lit in the adjacent homeland of the Nyoro, an ethnic group that was part the
large Banyoro kingdom (jurisdictional hierarchy index equals 3). Similarly, 21.4% of the
pixels are lit in the homeland of the Ganda, the central ethnic group of the powerful
kingdom of Buganda that had a highly centralized bureaucracy under the kabaka/king,
compared to only 6.7% lit pixels in the neighboring territory of the stateless Lango.

Further Evidence—To further assuage concerns that some local unobserved geographic
feature is driving the results, we narrowed our analysis to pixels close to the ethnic
boundary. This approach is similar in spirit to regression discontinuity type analyses that are
becoming increasingly popular in institutional economics.20 In our context, implementing a
standard regression discontinuity design across ethnic boundaries like the ones that are
usually performed across the national border is not advisable for several reasons. First, while

20gee, for example, Dell (2010), Bubb (2012), and Michalopoulos and Papaioannou (2012), among others.
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national borders are accurately delineated, drawing error in Murdock’s map on the exact
location of ethnic boundaries is likely to be non-trivial. Second, since Murdock’s map,
originally printed in the end of his book on African ethnicities, is available at a small scale,
its digitization magnifies any noise inherent to the initial border drawing. Third, Murdock
assigns each part of Africa to a single dominant group, while (some) ethnicities (may)
overlap; and naturally population mixing is higher closer to ethnic boundaries. Fourth, due
to bleeding in the luminosity data (occurring from the diffusion of light) and since electricity
grids are crossing adjacent regions within the same country, we may not be able to detect
significant differences in luminosity in areas very close to ethnic borders.

In spite of these limitations we took the (heroic) step to estimate the role of local institutions
close to the ethnic boundaries. In an effort to counterbalance the potential merits of focusing
very close to the ethnic border and accounting for the aforementioned problems, we perform
estimation in areas close to the ethnic boundaries, but excluding pixels that fall within 25
kilometers or within 50 kilometers from each side of the border. Essentially, this boils down
to assuming that the ethnic border is “thick” (by either 50km or 100km). We perform the
analysis within adjacent ethnic homelands with different pre-colonial political institutions in
the same country. In case of ethnic homelands having multiple neighbors with different pre-
colonial centralization we chose the largest in size bordering group.

Table 8A reports LS regression estimates using three different bandwidths (100km, 150km,
and 200km) from the original ethnic border. In the most restrictive specification in column
(1) of Panel A, when we limit our attention to areas within 100 kilometers from the ethnic
border (while excluding pixels within a 25 kilometers range), the coefficient on the index of
jurisdictional hierarchy beyond the local community is positive (0.019) and statistically
significant at the 90% level. When we increase the bandwidth to 150 kilometers in column
(2) the coefficient increases somewhat (0.023) and retains its statistical significance; further
increasing the bandwidth to 200 kilometers (or more) has no impact on the coefficient, while
due to the increase in the sample, the standard errors become tighter. Turning now to Panel
B, when we exclude pixels 50 kilometers from the ethnic border, the coefficient is 0.023
when we use the narrow bandwidth of 100 kilometers and 0.028 when we increase the
bandwidth to 150 or 200 kilometers. In columns (4)—(6) we focus on pairs of ethnicities in
the same country with sharp discontinuities in the strength of pre-colonial ethnic institutions.
The estimates show that regional development is significantly higher in the homeland of
societies with advanced pre-colonial institutions. Finally, in columns (7)—(9) we perform the
analysis requiring that the centralized ethnic group has been part of a state before
colonization. The estimates are somewhat larger, while the standard errors fall. Across all
specifications the coefficient on the jurisdictional hierarchy index is in the range of 0.020—
0.035, quite similar to the estimates in Tables 5 and 7. This reassures that our benchmark
estimates were not driven by unobserved local features.

In Table 8B we estimate locally linear regressions including in the set of controls an RD-
type fourth-order polynomial in distance to the “thick” ethnic border, allowing the
coefficients on the distance terms to be different for the relatively high and the relatively low
institutional quality homelands, respectively. Compared to the analogous estimates in Table
8A this allows us to estimate the role of pre-colonial ethnic institutions exactly at the ethnic
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border. Across all specifications the coefficient on the jurisdictional hierarchy index is
positive and if anything somewhat higher than the corresponding specifications in Table 8A
where we did not include the RD-type polynomial in distance to the ethnic boundary. While
standard errors are somewhat larger, the estimates are statistically significant at the standard
confidence levels in most specifications.

Figures 5a and 5b illustrate graphically the relationship between pixel luminosity and
distance to the ethnic border for adjacent groups with large differences (two levels or
greater) in the jurisdictional hierarchy index. Figure 5a, which includes the boundary pixels,
suggests that while light density is overall higher in the homelands of centralized ethnic
groups, these differences become miniscule and are statistically indistinguishable from zero
for pixels exactly at the ethnic border. Yet, as Figure 5b shows, when we just exclude 25
kilometers from each side of the ethnic border, then differences in pixel-level light density
become both economically and statistically significant.

5 Conclusion

In this study we combine anthropological data on the spatial distribution and local
institutions of African ethnicities at the time of colonization with satellite images on light
density at night to assess the role of deeply-rooted ethnic institutions in shaping
contemporary comparative African development. Exploiting within-country variation, we
show that regional development is significantly higher in the historical homelands of
ethnicities with centralized, hierarchical, pre-colonial political institutions.

Since we do not have random assignment on ethnic institutions, this correlation does not
necessarily imply causation. Hard-to-account-for factors related to geography, culture, or
early development may confound these results. Yet, the uncovered pattern is robust to a host
of alternative explanations. First, we show that the strong correlation between pre-colonial
institutional complexity and current development is not driven by observable differences in
geographic, ecological, and natural resource endowments both at the ethnic homeland and at
the pixel level. Second, the uncovered link between historical political centralization and
contemporary development is not mediated by observable ethnic differences in culture,
occupational specialization, and the structure of economic activity before colonization.
Third, the positive association between pre-colonial ethnic political institutions and
luminosity is present within pairs of adjacent ethnic homelands in the same country where
groups with different pre-colonial institutions reside. Our analysis, therefore, provides large-
scale formal econometric evidence in support of the African historiography that dates back
to Fortes and Evans-Pritchard (1940) emphasizing the importance of ethnic institutions in
shaping contemporary economic performance.

The uncovered empirical regularities call for future research. First, our results imply that the
literature on the political economy of African development should move beyond country-
level features and examine the role of ethnic-specific attributes. Second, future research
should shed light on the mechanisms via which ethnic institutional and cultural traits shape
economic performance. Third, empirical and theoretical work is needed to understand how
local ethnicity-specific institutions and cultural norms emerge. Finally, our approach to
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combine high resolution proxies of development (such as satellite light density at night) with
anthropological data on culture and institutions provides a platform for subsequent research,
allowing, for example, one to investigate the interplay between ethnic traits and national
policies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Figure 1a: Ethnic Boundaries

Figure 1b: Ethnic Pre-Colonial Institutions
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Household Wealth and Light Density: DHS Clusters in Zimbabwe
Conditional in Population Density in 2000
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Household Wealth and Light Density: DHS Clusters in Nigeria
Conditional in Population Density in 2000
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Figure 3a: Luminosity at the Ethnic Homeland
Figure 3b: Pixel-Level Luminosity
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Pre-Colonial Political Centralization and Light Density in 2007-2008
Local Mean Smoothing Plot with 95% Confidence Intervals
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Pre-Colonial Political Centralization and Light Density in 2007-2008
Local Mean Smoothing Plot with 95% Confidence Intervals

2
L

Light Density per Pixel)
15
I

T T T T T
-200 -100 0 100 200
Distance to the Ethnic Border
Positive Values: Pixels in the Centralized Groups
Negative Values: Pixels in the Non-Centralized Groups

Figure 5b

Econometrica. Author manuscript; available in PMC 2014 August 01.



Page 28

Michalopoulos and Papaioannou

'S32N0S BJep pue SUOIIUISP 3|qelieA pajielsp saAlb xipuaddy ereq ayl "(Z96T) 320pIn|Al SMO||0) UOITeIIJISSed By | Salels pazijesjusd
abue| u1 paziuefiio sanIoIUYIL 10} SINSITEIS Arewwns suodal 3 |aued "swopyalyd unoweled abre| ul paziuehlo saidIuYIs J0) SONSHels Arewwns spyodal @ [aued ‘swopyaiyd Anad ul paziuehio sanoluyle
10} sonsiels Alewwns syodal O [aued "UOIBZIUO|0I JO 8w} dY) 18 [9A3] [e20] 8y} puoAsq uoieziuefio eanijod Jo wioy Aue paxae| 1ey sailIoIuyls 10} sonsiels Arewwns suodal g jaued "sjdwes ||y ayl

10} SO1IS1EIS AJRWuWNS SAAIB W |aukd “[aAa] |axId 8y Je pue [aA3] puelawwoy d1uyla-A13unod ays e Juawdo|ansp J1Wouoda Axold 01 ash am Jeyl erep Ausoulwin| ay} 1oy sonsiels aAndiiosap suodal ajael ay L

0007 0000 000'T 0000 0000 657°0 ¢0€'0  99TCT 18X1d 17
8/6'¢9 0000 09T°0 0000 0000 79'9 6€LT  GOTZT  Ausuaq b [pAe-joxid
059'c  S09'v- L0C0- T6EC—- 90T'¥— €8T¢C  ¢c0¢— 08 (Ansua@ 617 + 10°0) U

ZvTYT 0000 €080 2800 1000  9¥ZC €660 08 Ansus@ b1
S9JeIS [elU0j0D-B.d 13 pued
000T 0000 0000 0000 0000 G/€0  69T0  2.60C 19x1d 11

9vg'8G 0000 0000 0000 0000 TOZC  88€0 2L60C Ausuaqiybryjensi-1sxid

T0€C  S09v- ¥09T- 8S0€- S¥Sv- TILT  88L¢-  S.T  (Awsus@bri+1070) ul

9/6'6 0000 T6T'0  L€00  TO0O  O¥6'0  TI€E0  GLT Ausua@ b1
swiopeIyDd unowe red g pued

000T 0000 0000 0000 0000  GEEO  6CT0  6520C 13X1d 11

22009 0000 0000 0000 0000  ¥80°C €820 6G20C Amsuagybr jansT-1sxid

25T S09v- 0.£27- €SL€- S09v-  v8ST  8ere- 9.z (Awsua@ b+ 100) Ul

980°€T 0000  ¥80'0  €I00 0000  GST'T 6920 9.2 Ansua@ Wb
swopeIyd A1ed 1O pued
000T 0000 0000 0000 0000 TOEO  00TO VLIET 18xid 111

¥€9'sS 0000 0000 0000 0000 9557 2Lr0  vLTer  Ausua@ubi [pas-Iexid
G¢e'e  S09v- 8Ove- Te9e- S09v-  Lev'l  €lee- €81 (Ansua@ 1617 + 10°0) U

0vYT'sc 0000 0800 L10°0 0000 8/8'T 8¥¢'0 €81 Ansuaq@ b
S9lIPIUYIT SSeRRIS g Pued
000T 0000 0000 0000 0000 €L€°0 1910 04599 19X1d 17

8/6'¢9 0000 0000 0000 0000 (444 0950 02599 Ausuaqybi [aAe-|axid

G¢g'e  S09v- GEB'T-  6ebe-  G.SV-  TOLT  9¥6C— €89 (Ansua@ 1617 + 10°0) U1

0vYT'se 0000 0ST°0 ¢c00 0000 8¢S'T 89€°0 €89 Ansua@ b1
SuolreARsqoO IV 'V Pued

xeuw uiw g/d ueipsw  Gzd APl uUesw  'SOO a|cele

Sa1IsI1e1S Arewiwng

T alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Econometrica. Author manuscript; available in PMC 2014 August 01.



Page 29

Michalopoulos and Papaioannou

*K19A11030S31 ‘[9A3] %0T PUR ‘%S ‘0T BU) 18 SI0LID PIEPUEIS SAITRAISSUOD JSOU U} YHIM 3oUBDIIUBIS [BONISITRIS 81RaIpUl DU 'y
* B
"UOINR[31100-0INE [erjeds [eUOISUSLIP-Z 104 JUNOJJR Jey) SI0ID prepuels (666T) S.A3]U0D S1exorIq Ul 1odal 0sfe 9
'suoisuswIp Afiwey onsinBulj-ouyle pue A1unod syl 18 S10119 pJepuels paislsn|o-a|gnop sasayualed ul 1odal am S31BWIISS aU) MOJag S80.N0S Blep pue SUORIULAP 3|qelieA pajielap saAlb xipuaddy eled ay L

*103e21pUI ]l |10 Ue pue “I0JedIpul SUIW puoLRIp © ‘Xapul A|IgeIs eLiefew e ‘uoleAs|s ‘ainynatibe Joy Alljigelns

pue| ‘(eate aoeyns) Boj ‘((Sweauns Jay1o pue ‘SIAL ‘saxe]) Jajem Japun ease + T) Boj| sapnjoul (9)—(¢7) suwnjod ui sjoJuod d1ydeifoab 40 18s 3y "J9pJoq [euoIeu ay} WOy 3JUBISIP pUe ‘1SE0I B3S 1850|192

ay) wouy souesIp ‘A11o Jerided aA1loadsal ayy wody eale Aunod-A1191UYI8 Yoes JO PloAIuad 8y} JO dUBRISIP YlIM Uolredly1oads ayy Bunuswbne uoinedo| 1oy j043u0d am (9)—(g) suwnjoa uj *(Ansuap uoiejndod
+T70°0) BoJ 4o} 1013u02 am (9)—(z) suwnjoa u] *(200z ut) 4o eudes sad o Boj syl yum uoieaiy1oads ayy Bunuawbne JuswdojaAsp J1LLIOUOIS JO [9AS] |[BIBA0 B} 10} [043U0d am (9) uwnjod uj (200z ut)
X8pul Me| JO 3nJ 3y} UM uoliedai19ads ay3 Bunuawbne suonniisul [euoijeu Joj [043u0d am (G) suwnjod uj ‘|9Aa] Anunod-A3a1uyis aup Je (slfjares wouy ybiu e Asuap ubi| + T0'0) BOJ SI 8)geLeA Juspuadap
8y Alunwwiod [e20] 8y} puoAaq Ayatessiy feuondipsun( Jo xaput (296T) S.00PINIA Ul palda|yal Se ‘SuonniIsul J1Uyls [e1uojod-aid yum juswdolansp Jeuoibal Buireroosse sajewnss S0 sHodal g ajqeL

089 089 €89 €89 €89 €89 SUOIIeAISSqO
SOA SOA SOA ON ON ON sjouo) aiydesbosn
SOA SOA SOA SOA ON ON $]0JJU0D UOI1EI0]
SOA SOA SOA SOA SOA ON Ausua@ uorreindod
9€5°0 8870 JAA] T9€°0 9o 9500 pasenbs-y paisnlpy

'9's s,A81U0D

'9'S palaIsn|o

. ) ) -9|qnoq (L00z
[teot0] (ceeT0) 22550 ur) 2od 4@o 6o

'9's 5,A81U0D
'9'Ss paIdIsn|o

_ . _ -81gnoq (2002
[zv2T0] (€T220) , 608Y0 ur) meT Jo ajny

'9's §,A91U0D

'9'S palaisn|o

-9|qnog AyaessiHq

[svso°0l (6es0°0) 99610  [6650°0] (S0900) . 66510 [9v90°0] (9290°0) , 2G8T°0 [vTOT0] (920T°0) ,  £T2e0 [sszT0l (26€T0)  €8v€0 [v62T 0] (9¥2T0) . 90TY'O [eUORDIpSLING

()] ()] ) (€ (@ (09)]

SalewWsT [euoN09S-ss0l)) uswdojana [euoifisy pue suonnIsu| 21Uyl [eIU0j0d-8id

¢?olgel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

; available in PMC 2014 August 01.

Econometrica. Author manuscript



Page 30

Michalopoulos and Papaioannou

"suolsuawip Ajiwey onsInBull-ouyla ayy pue A1unod ay) Je S10118 prepuels palalsn|a-ajgnop sasayiualed ul 1odas am
S3IBWIISA BU} MO[ag "S8IINO0S BIeP pue SUOINUISP d|qeLIeA pajielap saAlb xipuaddy ereq ay.L "10¥edipul paly |10 Ue pue ‘10Jed1pul sull PUOWRIP B ‘Xapul AJj1qels eliejew e ‘UolieAs|s ‘anynatibe Joy Aljigelins puej ‘(ease adepns) Boj ‘((Sweais 1aylo pue ‘SIaAll ‘sade|) JaTem Japun
eaJe + T) BO| ‘18pJ0g [eUOIIRU B} WO SIUBISIP 8} ‘1SL0I B8S 8} W) 89URISIP 8y} ‘A119 [ended aAndadsel ay} Wwouy ease A1unod-A1o1uyis yoes Jo pIoJiuad ay) JO 89UBISIP 8y} Sapn|aul Sa|gelteA [013u09 J0 18s 8y ‘Aydelfosh pue uo1iedo| J0j [0J3U0I 8M SULIN|OI PBIBUINU-UBAS U]

"(paniodal J0u SIUBISUOD) S108448 Pax1y A1JUN0J JO 1S B apN|oul SUOILIILIDadS ||y "UOITeZIUO|02 310)aq sdnolh d1uyla SSajarels 4o Sisisuod A1oBajed paniwo ay | "sayels able| pue ‘swopysiyd

junowresed ‘swopyaiyd Anad AJiuspl Jeys ssjqelseA Awwnp 81yl Yim uofiediyoads aus Juswibne am (ZT)-(6) suwnjod uj “(saels ab.re| Jo 1ed aiam eyl SanIdIUYIe pue SWop§alyd Junowesed se paziuefiio a1am Jey) Sa1IdIUYIL 10}) SSIMIBYI0 8UO pue swopyalyd Anad jo ped

alam ey} sdnoib o1uyle pue Sa1IB100S SS3|81RIS S04 018Z JO ANJeA Y} U0 Saxel Xapul sIy) ‘(2002) Jauley pue Ijoreuuss) Buimojjo ‘ajqetieA Alunwiwod [eao] ay) puoAaq Ayosesaly jeuonaipsunl (296T) S.490pIN|Al U0 paseq Si Jey) Xapul uolezifeuad [eantjod Areuiq e asn am (8)—(g)
SuwNjod uj "Xapul Alunwwod [eao] ays puoAaq Ayausesaty jeuonaipsunl (296T) S.90p4niA Buisn suoininsul 91Uyla [eluojod-aid ainseaw am (7)—(T) suwnjod uj A1ISoulN| 048Z Y1 Seale apnjaxa am Yans se {|ana] A1nunod-Anoiuyia ayl Je (aljjates wouy ybiu e Ausuap 1ybip) boj
au} SI a|qelIeA Juapuadap ayl g [aued uj ‘[aAs] A1lunod-ANotuyie ayl Je (a)jares wody ybiu e Ansuap ybi| + 10°0) Boj ay3 s1 ajqelieA Juspuadap sy} W [8Ued U] "SUOIINISUI I1UY}8 [e1uojod-aid ynm juswdojanap [euoifial Bupje1oosse sejewnss SO Aunod-uiyum spuodal € ajgqel

SBA SBA ON ON SBA SOA ON ON SOA SBA ON ON \c._m:mﬁ_ co_um_zacn_
SBA ON SBA ON SBA ON SOA ON SOA ON SOA ON sjouod u_safmoww
SBA ON SBA ON SBA ON SOA ON SOA ON SOA ON $]0JJu0D UoI11eI0T
SBA SBA SBA SOA SBA SOA SOA SOA SOA SOA SOA SOA S10943 paxiq \CEJOU
JAL] JAL] JAL] JAL] JAL] JAL 115 AL JAL] JAL JAL JAL SUOIIBAIBSIO
2190 6€9°0 7950 TEV'0 .90 9890 1.90 8€9°0 2950 90 2950 iad) parenbs-y paisnipy
(8022°0) wx099y0  \902C0) 21650  (r22e0) 11960  (91vE°0) €6ETT S3IEIS [BIU0J0D-31d
(z6€2°0) v2€2°0 (1922°0) 55220 (e2£€°0) «€529'0 (169€°0) 9T82°0 SWopJaIYD UNOWesed
(e€LT°0) SETO'O (1621°0) 28600 (e9€2°0) 870T'0 (96£2°0) 590T°0 swopyaIyD Anad
(¥6€T°0) 1587620 (reeT'0) 87920 (0602°0) 70990 (98€2°0) 81870 UonezIfenuas eomijod Areug
(6220'0) 5 EBYT0 (5020°0) 519970 (0z1T°0) sy OVEED (oveT'0) sy BLEEO AUoieseI eUoROIpSHNG

(en) ) (or) ©) @®) @) ()} ©) (v) (€) @ (0]

ulb Je )\ 8AISUSIU | S3113UN0D Ued 1Y Ulylim Juswdopnaq feuoifiey pue suolniisu | 21uyig [eluojod-8id 'gs alqe L

SOA SOA oN oN SBA SBA ON OoN SBA SBA OoN OoN Ansua@ uone|ndod
SOA oN SOA oN SBA ON SBA OoN SBA OoN SIA OoN sjou0) d1ydeifos
SOA oN SOA oN SBA ON SBA OoN SBA OoN SIA OoN $|04JU0D UOILI0T]
SOA SOA SOA SBA SBA SBA SBA SBA SBA SBA SIA SOA $19943 paxi4 Aiunod
289 289 289 289 289 289 289 289 289 289 289 289 SUOIIRAIBSGO
1990 1650 750 €T7'0 6590 €650 1990 1650 L€50 00v°0 0S50 6070 parenbs-y paisnipy

(8rT0)  0Tr50  (1r9T0) 60890 (Grv20) 18980  (20r20)  €r¥T1 SIS [BIL00D-01d

(eror0) v8EE0  (829T°0) 00LE0 (1vsz'0)  y16v'0 (eevz'0)  8Sey'0 SWOPSAIYD Munoweed
(8T21°0) T9ET'0 (zvST°0) ST8T'0 (6€LT°0) VY10 (8072°0) 8EST'0 swopyaIyD Anad
(¥260°0) L (8680°0) ey ETVED (251°0) e B7050 (z6y1°0) 79250 uonezIfenusD [eomijod Aleuig
(2050°0) ey 29LT0 (¥550°0) 30720 (€580°0) s 78LE0 (z580°0) ey 09CED AYIBIBIH [BUONOIPSLING

(en) (1) (on) 6) @®) (03] ©) (©)] ) (€) () ()

S911JUN0D URdLI}Y UIYIIM Juewdo R feuoiBay pue suoniNnlisu | 21Uyl [eIuojod-d.d "VE d|de L

€9lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

; available in PMC 2014 August 01.

Econometrica. Author manuscript



indicate statistical significance at the 1%, 5%, and 10% level, respectively.

,and *

*kk Kk

Michalopoulos and Papaioannou

Econometrica. Author manuscript; available in PMC 2014 August 01.

Page 31



Page 32

Michalopoulos and Papaioannou

‘suoisuswip Ajiwey ansinBulj-ouyis sy} pue A13unod syl Je s10.4a pJepuels paislsn|a-a|gnop sesayjuaied Ui 1odas am Sajewise syl mojag "S824Nnos elep pue SUOIIULSP

a|qeLieA pajieiap sanlb xipuaddy ereq 8y "Xapul Alunwiwiod [e30] ay) puoAaq Ayatelaiy [euonalpsuni ayl pue sajgeLIeA [euonippe s,490p4niAl Jo yaes uo (Aysuap bi| + T0'0) Boj ssaibal am ((5)

—(g) suwn|o2) g uoiealy1ads uj *(L96T) XI0PINIAl WO SHEL) d1uyYls snotreA uo (Ansusp bl + T0°0) Bo| ssaibal am ((2)—(T) suwnjod ur) v uorealy9ads uj “(j1ans] Anunod-Anaiuyis ayi ye Asuap uolyejndod
+T0°0) B0] J0J |013U02 aMm suoredI19ads [[e u] *(pariodal Jou SIURISUOD) S)I8H8 Pax1y A1Unod JO 18S B 3pNJoUl SUOIRIIINACS ||V ‘[9A8] Aunod-Ala1uyis ays e (slijjares woly ybiu 1e Ansuap b1 + T0°0)

Boj ay1 s1 a|qeLieA Juspuadap ay] "sepy d1ydesBouya (L96T) S.HI0pIN|Al Ul Pa1daj4al Se sainiea) o1uyla [e1uojod-aid yim juawidojanap Jeuoifal Buneloosse sajewnss S0 Alunod-uiyim suodal ¢ ajqe

625 (16900) ., 96120 (e822'0)88.T0- 695  (22T2°0)€96T0~  SWBrY Auiadoid Joj sajny souelLIayul
919 (6190°0) ,,,.,9702°0 (e85T°0) 26TT'0- 199  (6SST0) 9520°0- AKianels
005 (€8500) 7220 (€852°0) ¥9.2°0 9€S (covz0) 657E0 STILETE]
0L5 (€950°0) ,, T7¥T°0 (006T°0) 5220 809 (LT8T0),0L6E°0 10JB9IPU| UORILITRAS SSBID
0L5 (26900) ,,,955T0 (18500) 22900 809 (€6v0°0),,89ZT0 uoneoleNS SSBID
19  (00500),,,2€6T0 (60sT0) TT0Z0~  €8.  (ETET'0) 088T0- We0seq [eauluited
089 (99500) ,.,.,5802°0 (6980°0) 60000~ 989 (5280°0) L6100 Anunwwo) 18207 Jo AyoressiH
6.9 (r5500) ., T661°0 (609T'0) ¥STZO  TOL  (L6ST'0) €5€2°0 SuBWIB RS XaIdwioD
6.9 (¢50°0) ,,,E0TC0 (8,60°0) L6000~  TOoL  (0S€0°0) 6STO0- uJaNed JusWa|Nes
195 (Les00) 85720 (vovT'0) 6,000~ 219 (6L¥T0) ¥62T0- SaMIUNWWIOD Ue[D
289 (r750°0) ,,.,90TZ'0 (28y1°0) 200°0 6L (885T°0) 610°0- aneuIRNY AubAjod
1o (29500) 0020 (0621'0) 9600 SeL  (L6TT'0) ¥7L0°0 KuABAjod
089 (6v50°0) ,,,.,2602°0 (czoT0) TETO'0- €02 (STOT0) ££20°0 adA L aimnouby
289 (85500 ,,,,, 8020 (rsv0'0) 28010~ g5,  (9€V0°0) , 8S0TO- suspuadaq aimjnonBy
089 (18500) 91020 (evvT°0) 22800 0L (36€7°0) 2810 BuBiiIn
89 (81900) 80020 (z€v0°0) 15€0°0 oYL (20v0°0) 6Y50°0 AipuegsnH [ewiuy
289 (es500) 28020 (6921°0) 65620 gy  (STET'0) ,G8E20 Buiysi4
289 (€950°0) ,,,6602°0 (8e21°0) L9T00-  67L  (L12T°0) 2620°0- Bununy
289 (¢ss00) 28020 (@v8T0) T2400-  6v.  (689T°0) L£60°0- Butauies
@) (¥) © @ (03]

SGO ApTeRIH EUOMOIPSTING  S[GRIIeA BUONIPPY SO S[GelieA [eUonIppY

g uolTedl]ioeds SAVSIESIGES S
$2IN1eaH J1UY1T [eIU0J02-3ld JBYIO 4O 9]0y ay1 Buluiwex3
¥ 9lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

; available in PMC 2014 August 01.

Econometrica. Author manuscript



Page 33

Michalopoulos and Papaioannou

*A19A10adsal ‘|ana] %0T PUB ‘%S ‘%T 8y} 1o 9duedIIUBIS [eansIels ayedlpul

NIH-PA Author Manuscript

2 PUR ‘yx “sxx

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Econometrica. Author manuscript; available in PMC 2014 August 01.



Page 34

Michalopoulos and Papaioannou

"KjaA10adsal ‘[ans] %0T PUe ‘%S ‘9T ayl Te souediiubis [eansiyels BS_UC_* pue

‘suoisuawip Ajiwey ansinBuij-ouyid

8y} pue A1unod 8y} Je $10.419 PJepuelS PaIsIsN|I-a]qnop sasayluased ul 1iodal am SaTeWIISS U MOJSg "S82IN0S Blep pue SUOIIULSP d|qeLeA pajielap sanlb xipuaddy eyeq ay | "10¥edlpul pjaly [10 Ue pue ‘101ed1pul sull PUOWRIP € ‘Xapul AJjICelS eliejew e ‘UolieAs]s ‘a1nyndLibe
10} A)jigenns puey ‘(eate adepns) Bo| ‘((Sweasls JaYlo pue ‘sIaALl ‘saxe]) Jalem Japun eale + T) Bo| ‘19pJog [euoiieu syl WO 89UBISIP 8y} ‘1509 ©aS 3y} WoJ) duelsip ay} ‘Auo [ended aAioadsal ay) Wody ease A13Unod-A1o1Uyl8 Yoes JO pIoJIusd 8y} JO ddUBISIP ay} Sapnjoul
S3|CeLIBA |0JJU0D JO 18S 8y} ‘AJ|ea13193dS "[3As] A13unod-21uys 8yl Je sainjesy dlydesBfoah pue uoiyedo| Joj 04303 osfe am (QT) pue (G) suwnjod uj ease s,|ax1d ayl Jo Boj ays pue ‘xapul A)|IgeIS eLIejew e Jo anjeA abelaae s, [ax1d ‘uoneAs|s ueaw s, [axid ‘ainynalibe o) Ayjigeins
puej s, [axid ‘spjaly |10 Yyum sjaxid 1oy J0JedlIpul Ue ‘saull puowelp Yum sjaxid 104 101edipul ue ‘(Sweasls Jaylo pue ‘SIaALl ‘saxe|) Jajem aaey Jeyi sjaxid Joj J01ealpul ue ‘1apiog |euolieu ay) wolj [axid yoes Jo aouelsIp ay) ‘1Se0d eas ay) woJj [ax1d yoes Jo aouelsip ayy ‘A11o endes
aAI0adsal ay) wouy [axid yoes J0 PloJIuad 8y} JO 8JUBISIP BY1 SBPN|IUI S|0JIU0D JO 18S 8y '[9A8] |aXId 8y} Je sajgeLieA uoiieoo] pue olydesBoab Jo 1as e o) [043u0d am (OT) pue (6) ‘(S) ‘(1) suwnjoa u] (Ausuap uonejndod [axid) uj 1oy j013u02d am (OT)—(8) pue (g)—(g) suwnjod uj

C
XX ¥ ¥

"sdnoJb 21uyld UoNEeZIUO|0d uodn SS3|31elS JO SISISU0D AJ0faled PaNILO By "UOIIeZIUO]0D 31043 Salels abse| pue ‘swopyalyd Junoweled abie| ‘swopyalyd Anad se

paziuefio aiem Tey) sdnoib a1uyis AJ1auspl 1yl sejqerten Awwnp 881yl yim uofiedijoads ayy Bunuawbne uawdojansp [euoifal uo ainjonas [eanijod [e1uojod-aid yaes Jo 8]0 8y} Aem 3|qIXa]4 B Ul SUIWEXS aM g |dUed U] "Xapul AJUnwwiod [e30] 8y} puoAaq Aydtessiy jeuonaipsunl
(296T) S90pINIA YU SUOIINIIISUL J1UYIS [e1u0j09-aid aInseal am \/ [aued uj “(au||ares wouy ybiu 1e Aususp ybi| + 10°0) BO| aup sI ajqeLreA Juapuadap ay (0T)—(9) SUWN|02 U] 8SIMIBY10 018z pue | SI [ax1d 8y} 41 8UO JO aNnJeA ay) UO SaXe) Jey) a|geLien Awnp e Si ajgeLieA
juapuadap ays (G)—(T) suwinjod uj *(s1818WO0|I ZT x ZT punoJe) saaibap [ewidsp GZT°0 x GZT°0 40 |9x1d e SI SISA[eue 40 11un 8y "SuoIININSUI J1UYId [e1uojod-aid yum ‘ybiu 1e Ansuap 1ybi| au1ja1es ul paloajyal se ‘Juswdojansp [euoibal Buireloosse sarewnsa S0 suodal G ajqel

€1799 €1799 02599 04599 0,599 €199 €199 0,599 02599 02599 SUOIBAIBSGO
SOA ON ON ON ON SOA ON ON ON ON 18A87 A1unoD-o1uyig auyp Je sjo1u0D
SOA SOA ON ON ON SOA SOA ON ON ON [9A87 [8X1d 3} Je sjosuod
SOA SOA SOA ON ON SOA SOA SOA ON ON Ajisua@ uonejndod
SOA SOA SOA SOA ON SOA SOA SOA SOA ON $198)43 paxiq Anuno)
95v°0 8vv'0 L7'0 6T€0 9700 6LE0 SLE0 LSE0 120 €€0°0 padenbs-y paisnlpy
(e6v7°0) ., v66€0 (0£VT0) ., v¥Sv0  (2EVT0) . 680V'0 (1937'0) «x6T89°0 (88VS0) xx6v60T (9€C0°0) . .88900 (9T20°0) . 86,00 (0V20°0) 59,00 (6750°0) ,,0T€T0 (9560°0) . ET0CO “8'S paJalsn|o-8|gnoq SaeIS [BILOj0D-8ld

(¥960°0) 20820  (LV€T'0) ,,VSOE0  (ggpT'0) 68E2°0 (z2v2°0) gzge'0  (09sT°0) ,€0T€0  (8.10°0) 61500  (9920°0) . ¥T900  (S620°0) ,9YS00  (sgyo0) 2200  (VEE0'0) ,,G890°0 o5 paseisnjo-a|gnoq SWOpBIYD JUNOWesed
(2£80°0) T€50°0 (9260°0) 2v90°0 (T£21°0) 9600 (ce8T'0) 02510  (26T1°0) 02ZET0 (Tv10°0) 52100 (5210°0) T9T0°0 (0220°0) 82200 (6e€00) €2600  (S520°0) 58200 "9's palalsn|a-s|gnoq swopsalyd Anad
sjuswiabue 11y [euOINIISU| [e1UO0J00-9.1d g pued
9570 8v7'0 8170 02€0 700 6.€0 SLE0 85€0 2zo 00 patenbs-y paisnlpy
(esv00) ., 65570  (9050°0) ,,,26.T0 (2vS0°0) ,,,825T°0 (S€0T0) 29820 (/€8T°0) 61960 (1200°0) ,,,59200 (v2000),,,80€00 (1800°0) 08200 (9210°0),,.vV0'0 (VTE00),,E2900  -o's paisisnjo-a1Gnoq AYOIRISIH [UOROIPSLING
Ao Alunwiwo 2078y} puoksq AYd e el H feuoldIpsLINg 1V jpued
(1) ®) ® @ © © ) © @ @
(RysoulunT +70°0) U SeXid HUNAIT

SISAJeuy |9A37T-|aX1d :Juswdojanaq [euolfbay pue suonninsul 21Uyl [eIuojod-ald

G 9lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

; available in PMC 2014 August 01.

Econometrica. Author manuscript



Page 35

Michalopoulos and Papaioannou

‘AlaAnoadsal ‘[aAs] 90T PUR ‘%G ‘9T aU1 e a0urdIyubIs [eonsiels ajedipul Lo
¥ ﬁcm KX XXX
‘suolsuawiIp Ajiwe) onsinBulj-ouyis ayy pue
AJIUN02 8y} Je S10.13 pIepUE)S PaIsISN|I-a]gnop Sasayluased Ul Lodal am SaTewIISa ay) MOJag 'Sa0IN0s Blep pue SUOIIUISP d|qelieA pajielap saAlb xipuaddy ereq ay L "UOIIeA3|a SI a|qelIieA Juapuadap ay} (6) uwnjod ul ‘ainynauibe 1oy ANjIgeins s, puel i a|geLieA Juapuadap ay ()
uwinjod Ul ‘xapul ANjiqels elLiefew e Jo anjen afesane ayl si a|qelieA Juspuadap ayi (2) uwnjod uj AjaAnoadsal ‘18piog [euolieu sy} pue ‘1seod eas ay} ‘Ao [elided syl wouy [ax1d yaes Jo aduelsIp aus i ajqelea Juapuadap ayl (9)—(1) suwnjod uj "[axid ay3 ul sjfe} Apoq Jajem e 4i auo
10 anJeA 8y} Uo Ssaxe) Teyr xapul Aleuiq e (€) uwinjod u ‘|axid ayl Ul si pjaly WnajoLad/[10 ue J1 3Uo JO anjeA ay} Uo saxel Jeyl Xapul Aseulq e (z) uwnjod ui ‘jaxid ay) Ul suil PUOWRIP € SI 813U} 41 8UO JO dnJeA 8y} U0 Sael Jey) xapul Ateulq e si (T) uwinjod ul ajqerieA Juspuadap ay |

‘uolezijenus [eanijod Jo 88163p ay) Ul JBJHP SAIDIUYIB OM] B} 813YM ‘0 Anunod ui [ Ao1uyle Jayioue Jo puejswoy ay 0} Jusdelpe st eyl 9 A1unod ut | A1IDIUYIS JO puBBWIoY [BILIOISIY Y} 03Ul S|[e)
1ox1d A13A3 *(S1918W0]1Y ZT x ZT punote) saaibap [ewidsp GZT'0 x GZT°0 40 [9xId e si sisA[eur 0 1UN Y1 "SaIOIUYIa Jusdelpe Jo sired UIYNM SUORNIIISUL D1UYI3 [B1UOJ0I-31d UMM SONISLIBIORIRYD 310 pue ‘(821601029 ‘eaiydesBoah snotea Buieloosse sarewnss SO suodal 9 a|qe L

SOA SOA SOA SOA SOA SOA SOA SOA SOA $199)43 paxi4 sdnoi9-o1uyig-1usdelpy

65T18L €86.1 8611 6518L 65T8. 65T8. 65T8L 618 618 SuOIRAISSAO

o ErL LLED ¥6L°0 965°/GT ¥86'€19 668'TCS G210 9€0°0 7000 alqeLeA Juapuadaq JO UedIN

1910 5680 6290 0990 v76°0 G160 9210 6100 805°0 pasenbs-y pasnlpy

(zzas61) 928¢'TZ  (0900°0) 65000~  (T8T0°0) TO00- (8870°0T) 8¥8L°€~ (6v€€9) 8291’6 (¥6Y1°02) GLET'6- (2£00°0) 85000~  (TS00°0) £900°0 (8000°0) TT00°0 "9's paJalsn|a-a|qnoQ AyasesstH [euondtpsung
(6) @® @) ) © ) ) @ @

uoierd|g UBS N ANjicelns pue  AljiqeISBLRIN  JOPJogay)0180URISI]  B9SAY101R0UesId  [elideD Yl 0190UeSId  JOTeDIpU| BTBA  JOTEDIpU

IO IoJedlpu| puowelq

STSIqR 1A 1Uepieded

A1uno) awes ayl Ul spuejawoH a1uLyg snonbnuod uiyim sansiieoerey) aiydesBoss pue suonnnNsu| 21Uy [L1U0j0d-ald

9 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Econometrica. Author manuscript; available in PMC 2014 August 01.



Page 36

Michalopoulos and Papaioannou

"A1aAn2adsal ‘[ans] %0T PUe ‘045 ‘%T a3 1e 8duedlfiubis [eansiyels ajealpul o
* PUB "y yxx
"suolsuawip Ajiwey ansInbull-ouyla ayy pue A1unod ay) Je S10118 pepuels palaisn|d-ajgnop sasayiualed ul 1odal am Salewsa ay) Mojag eale
s.[ax1d ay1 o Boj sy pue ‘xapul Al1jigeIs eLRRW B JO anjeA abesane s, |axId ‘uoirens]s ueaw s,[axid ‘ainynatibe 1oy Aljigens puej s,1axid ‘spiats 110 yym sjaxid 1oy J01edlpul Ue ‘sauil puowelp Y s|axid 10} J0Jedipul ue ‘(SWealls Jaylo pue ‘SIaAL ‘saxe]) Jarem aney Jeyl sjaxid
10} 10}e2IpUI Ue ‘13pI0Q [eUOITRU 8y} WOl [aXId Yoea Jo aduelsIp ay) ‘1Se0d eas ay} Wwody [ax1d yoes o aouelsip ay) ‘Jelided aAnoadsal ayy wouy [axid Yyoes J0 ploJiusd syl JO a0UeISIP aYl SIPN|IUl S|0JIU0D J0 1S 8y "[aAd] [axId 8y} Je sajqelieA uoiedo| pue o1ydelfoab Jo 18s e 1o}
103u02 am (g) pue ‘(9) ‘() suwnjod u] *(Ausuap uonreindod [axid) uj 104 j013U02 am () pue “(8) ‘(9) ‘() ‘(€) ‘(z) suwnjod u] *(¥ 1o € sfenba xapul |aAs] [e20] 8y} puoAaq AydJelary [euonaipsunl syl aseo syl ul) Uo1Ieziuojod 3104aq a1els abie| e Jo Hed sem SalIdIUYIS 0OM] 3} JO dUO
ay1 aJaym Anunod awes ayy ul sdnolb aruyle Juadelpe 03 uoiewss 191sa1 am (6)—(2) suwnjod uj “(lutod auo uey) Ja1ealB) xapul [8A3] [830] 8yl puoAag Aydselaiy feuonaipsunl #—0 ayl ur saoualayip abrel yum sdnoib a1uyls Jusdelpe 01 uoleWINSs 1911sal am (9)—() suwnjod u|

"3SIMIBYI0 0J8Z pue M| SI [9x1d 8y} 41 BUO JO aNJeA 8y} UO S8} Jeyl ajqerieA Awwnp e S ajqelieA Juapusdap ay L ‘uolrezijesjusd |eaijod Jo 83168p ay) Ul JaJHIP SBINDIUYIS 0M) 8y} 8Jaym ‘2 A1unod ul [ A191uyis Jayioue Jo puejawoy ay) 03 Jusdelpe s reyr 9 Anunod
u1 1 AJI21UYIL JO puRlBWIOY [eaLI0ISIY 8y} 01Ul S|Ie) [axId A1aAT *(SIa18Wo|iy ZT x ZT punoJte) saaifiap [ewidsp GzZT'0 x GZT°0 40 [9x1d e S SIsA[eue Jo 11un 8y "AJlunod awes ayj Ul Uolrezifesjuad [eanijod 4o aa1bap JuaJayIp e Yum Sanioluyle usdelpe Jo sited uiyim xapui Ajunwwod
1e20] 8y puoAaq Aya.esary [euonaipsunl (296T) S.MI0PINIAl Ul paloajsal Se ‘suoinisul A1uyls [e1uojod-aid yym ybiu ye Avisuap ybif axjjares ul parodajyal se ‘Juswdolanap [euoibas Buileldosse sajewnss S0 S8y paxiy (Anunoa-ired-oluyls) Adiuyis-jusdelpe suodal 7 ajqel

SOA ON ON SOA ON ON SOA ON ON |9Ad7 [9X1d 8y} e S|0JU0D
SOA SOA ON SOA SOA ON SOA SOA ON Aisua@ uonejndod
SOA SOA SOA SBA SBA SBA SOA SBA SOA $198443 paxi4 sdnoi9-o1uyi3-1uadelpy
vLY9T 04591 04591 0E0vE 08TYE 08TVE €e8LL 6ET8L 6ET8L SUOIBAISSGO
2150 1050 vZy0 €2v°0 91r'0 8EE0 66€°0 T6€°0 62€°0 pasenbs-y paisnipy
(69000) 8,700  (9600°0) ,,2v200 (€720°0) ,,6T00 (2£00°0) ,,TSTO0  (6200°0) 02100 (65T0°0) ,0820°0 (S900'0) . L€T00 (€£00°0) ,,25T00  (VETO'0) LES20°0  -5's passisn|o-81gn0Q AUoJesalH [EUORDIPSHING

®) ® (03] © © ) © @ 0]

9]eIS [e1U0|03-8.d ® O 11ed Sem dnoJs d1uyigauQ | T | <Xopu| AydJe eI feuoldipsting uiaoue g SuoIreAsqO |1V

Anuno) awes ay) ul spuedWoH 21uyig snonbnuo) uiyiim uawdojaas@ [euoibay pue suonniisul oluylg |eIuojod-aid

L 3|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

; available in PMC 2014 August 01.

Econometrica. Author manuscript



Page 37

(Afepunog 91Uy 3U) JOBP'S YIES WO 1J INNOS * INMOOT :[101) SSAUXRIY L Bp.og g Pued

050 050 6870 9EV'0 ZEV0 4440 TEVO w70 v9v°0 SUOIBAIBSGO
oevy L6YE Lyee £589 1275 00.€ S6TET 15701 0€89 paenbs-y paisnlpy
'9'S palaIsn|o
(0670°0) 7800 (ve20°0) 600 (1€20°0) ,,L0¥0'0 (08100) ,,,,,,0870°0 (c6100) L7500 (¢ee00) ,,0L70°0 (zv10°0) 8200 (ov10°0) ,,,52v0°0 (95100) ,,,2L00 -81gn0Q@ AYoIessIH [eUORIIPSLING
(Arepunog o1y Y} JOBPKS JEd WO} N MSE YOS :[e101) SSBUXDIY L Bp.og 1V pued
®) ®) @ ©) © ) © @ @
JopJoqg oplioq oploq BpJoq loploq opJoq Joploq oploq oploq
Oluye Jo WX 002>  DlUYP JOWXOST> Iy JO WX 00T> dluyse Jo W 00e> oluye Jo W 0sT> dluyse Jo W 00T> dluyse Jo W 00e> oluye Jo W 0sT> dluyse Jo W 00T>
91e1S pazie.1te) [e1ioj00-d1d € JO 1led Sem dno 1S IUYITAUO TTT<>epulAydTe BIH [eUOIOIPSIINC UTdUe BIIa AnuUnod aures U1 UTSaNPIUYIT 1LeJe [P SUORARSTO [1V

BpIog a1uy13
8Y) 0190URISIJ Ul [eIWOUA|0d JopJo-Uiy adA1-gy Ue Joj Buljjo13uoD Jopjog 21uyig ayl 018s0|D Sea Y UISSAfeuy s 1-pXid A11Unod swes ay) Ul spuepwoH 21uyig snonBiuod uiyiim juswdopasq feuoifioy pue suoiiniisu | 21Uyl [eIuojod-9.d ‘g8 ajqe L

SOA SOA SOA SOA SOA SOA SOA SOA SOA |9A97 |8X1d 8yl Je S]0Ju0D
SOA SOA SOA SOA SOA SOA SOA SOA SOA Aisua@ uonejndod
SOA SOA SOA SOA SOA SOA SOA SOA SOA $109)43 paxi4 mm_sohO.o_:Em_.Emom.—u(
T29e 8892 8esT 1655 65TY 8Eve 52801 1808 09y SUOITEAIBSAO
1250 9250 5250 Zsv0 1570 8570 Cradl EEV'0 L9v°0 patenbs-y pasnlpy
'9'S pPalaIsn|o
(89000) 0500 (£5000) ., L9€0°0 (c6000) ,,LTE00 (92000) ,,,,27€00 (€800°0) ., T€E00 (¥600°0) 8700 (8010°0) ,¥220°0 (21100) 8,200 (¥110°0) L2200 -81gn0Q@ AYoIessIH [eUORIIPSLING
(Arepunog d1uy1e 8Y1 JOSPIS YIES WO 1} INHOS *INMOOT :[e103) SeudpIY L lopuog g Pued
0Evy L6vE Lvee €589 razs] 00L€ SBTET 5701 0€89 SUONEAIBSAO
1050 0050 5870 vEV'0 0Ev"0 radl 6270 6EY0 €970 padenbs-y paisnipy
'9'S palaIsn|o
(6900°0) ,,,,,,00€0°0 (2900°0) ,,,,£6200 (060070) ,,,,,,0v20°0 (¥800°0) ,,,,,,0820°0 (8800°0) ,,,, 58200 (e60070) ,,,,,6920°0 (c010°0) ,,T€20°0 (9010°0) 06200 (2010°0) ,¥6T0°0 -21GnoQ@ AyoJessiH [euoRoIpSHNG
(Arepunog 21Uy3e 3Y) JOBPIS YJES WO Y INNSZ *INMOS :[e101) SSAUXPIY L lep.og 1V pued
®) ®) @ ©) © ) © @ )
plogq ploq »ploq ploq ploq oploq »oploq oploq J»oploq
21Uy Jo W 002> 21Uy Jo W 0ST> dluyme Jo W 00T> 21Uy Jo W 002> dluyP Jo W 0ST> dluyme Jo W 00T> oluyl Jowy 002>  DIUYB JoWHOST> DIy Jo W 00T>
91eIS pPazifeJlua) [eluojod-8.id e Jo 1red sem dnoJs d1uyig auQ 1T < xopu| Aydo e ,BIH [eUOIPIPSIINE UI8dUB BYIA A1unod awes sy} uiselRIuY1g Jusde [py suoireAssqo ||V

BP.0g 21UY1T ) 018500 SES 1Y UISSAfeUY A T-RXId A1IUN0D SUES SY) Ul SPUBBLWOH d1UY13 SNoNnBiuoD UIyim JuswdopAsq [euoiBey pue SUOHNNISU | O1ULIT [ILCI0-D Id V8 |qe L

Michalopoulos and Papaioannou

J1apiog 21Uy 8yl 01 8s0|D Sealy Ul SISA[euy [9A8T-]aXId AIUN0D aWwes ayl Ul spuejawoH 21Uyl snonbnuo) ulyiim uswdojaAaq [euoifisy pue suonnsu| 91Uyl3 [eIU0j0d-8id

8 9lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Econometrica. Author manuscript; available in PMC 2014 August 01.



Page 38

Michalopoulos and Papaioannou

"KjaAnoadsal ‘[aAs] %0T PUB ‘S ‘04T 8yl e sourdILIuBIS [2onsIeIs ayealpul L
¥ Ucm KX NN
‘suolsuawip Ajiwey onsinBuij-ouyis ayy
pue A1Unod sy} Je sioJia pJepuels paislsnjo-a|gnop sesaluaied Ul 1odal am Sajewiss syl Mojag 'S32n0s elep pue SUOIIUIEP a|geLieA pajielsp saAlb xipuaddy ereq 8yl ‘spuejswoy Allfenb feuonninsul moj AjaAne|al ayi pue ybiy AjaAre|al ay) Joj JUaIaydip 8g 03 SWIS) SoUeISIP
31 UO SJUBIDILJ209 Y} J0J MOJJ M BI3UM ‘Iaplog d1uyia o1yy,, 8yl 01 |axid yoes Jo souelsip ul [eiwiouAjod adAy Aununuodsip uolssalfal 1apao-Uyunoy e apnjoul gg ajge.l Ul suonediyioads ||y "eale s,jaxid ay) Jo 6oj ayy pue ‘xapul Aljigels eLiejew e Jo anjeA abeiane s, jaxid
‘UoIfeAa|a ueaw s, jaxid ‘ainynatiBe oy Ajigenns puej s, [axid ‘spiall [10 Y1IMm sjaxid 1) J01edIpul Ue ‘Saulll puowelp Yiim sjaxid 1of J01ea1pul ue ‘(SWeans 1ay1o pue ‘SIanll ‘sexe]) Jayem aaey 1ey) sjaxid 1) 1o1edlpul ue ‘1aplog [euoleu ayy woJj [axid yoes Jo aoue)sip ay) ‘1seod
©as 8y} Wody [ax1d yoes Jo aourlsIp sy ‘A9 [ended aAndadsal Yl Wody [axid Yyoes J0 PI0AUsd sy JO 32UBISIP 3y SBPN|OUI S|0AIU0D JO 18S aU L “[9A3] [aX1d 8yl 1e sa|geLieA uoledo] pue a1ydelBoab Jo 18s Yo e pue (Aisuap uonejndod [axid) uj 10} [01U02 aM suoITeal}19ads |[e U]

“(WX0OT [©101) JapJ0g J1UYIS 8U3 JO BPIS YIBS WOLJ WG Sease apnjoxa am g [sued u] (WS [2101) JapJog J1Uyls 8y} JO apIS YIea Wolj WS
Seale apNjIXa am V/ [auied U] "JapJog 1Uyla ay} 01 30| AJaA S|ax1d uolewISa syl Woiy apnjoxa am exep Alsoulwing ay) ul Buiwoo]q/Buipas)qg pue ‘dew s,390pINnA UO J0LI3 Jusainseaw ‘Arepunog 91uyia ayy Buoje sease ayy ul Buixiw uoirejndod Joy Junodde o] “Japiog d1uyld
3U1 W0Jy SI318WO|II 00Z Utynm sjaxid uo snaoy am (g) pue ‘(9) ‘(€) suwnjod uj “1apJog Uyl ay} WoJ) SI81Wo|iy 0GT Ulynm sjaxid uo snaoy am (8) pue ‘(g) ‘(z) suwnjod uj *18p10q [euoiieu 8y O apIS YIea Uo SIa1awo|iy 00T Uiynm sjaxid uo snaoyg am (2) pue ‘(¢) ‘(T) suwnjod uj

*19pJ0og 1UY18 3y} 0} 50| S|axId 0} uolrewIsa BunoLIsal sajewIlSs Uoissalbal-Teaul|-|eao] Lodas SUWNjoI || "8SIMIBYI0 018z pue 3| SI [ax1d ay J1 8UO JO anfeA 8y} UO S8Xe) Jey) ajqelten Awwinp e si ajqelieA Juapuadap ay L "uoliezijesnusad [eanijod Jo 8a1Bap ay) ul JayIp SalIdIuYld

0M] 8} a1aym ‘9 Aiunod ui [ A1191uyis Jayjoue Jo puejswoy sy 03 Jusdelpe si eyl 9 A1unod ul | AID1UYIS JO puelBLIOY [BI1I0ISIY 8y} OJUl S|[e) [axId A1aAT *(S1818wolIy §'2T x §'ZT punoJe) saaibap [ewidsp GZT'0 x GZT'0 40 [9XId e SI SISAJeu JO 1un 8y "ss1dluyls Jusdelpe
10 sared ulym xapul Ayunwiwod [eao] ay puoAsq Ayaselsiy feuonaipsunl (L96T) S, M0pINA Ul palda]yal Se ‘suoiniisul 91uyla [eruojod-aid yum juswdolanap jeuoifas Buieioosse sayewnss S0 S84 paxiy (Anunoa-ired-o1uyia) A1oiuyle-usdelpe 1odas gg ajgel pue g a|qel

SOA SOA SOA SOA SOA SOA SOA SOA SOA |9A87 |9X1d 3y} Je S|0U0D
SOA SOA SOA SOA SOA SOA SOA SOA SOA Ansua@ uonre|ndod
SOA SOA SOA SOA SOA SOA SOA SOA SOA $199)43 paxi4 sdnoi9-o1uyi3-1usdelpy
SOA SOA SOA SOA SOA SOA SOA SOA SOA |elwouAjod adA1-ay
T29¢ 8892 8EST 1655 65TV 8EVe 52801 1808 09 SUONBAIBSGO
5250 0€5°0 0€5°0 £57°0 €5Y°0 09%°0 vZy'o VEY'0 89Y°0 pasenbs-y paisnipy
'9'S palaIsn|o
(2670°0) LVT0°0 (06T0°0) 77200 (sv20°0) ,,S6v0°0 (v600°0) ,,,,,,92€00 (te100) ,,,92v0°0 (62100) ,,,,.52500 (0z100) ,,, EVE00 (9v70°0) ,,95€0°0 (99100) ,,5L00 -81qn0Q@ AYoIelsIH [eUORIPSLING
®) ® @ ©) © ) © @ M
»BpIoq BpIoq BpIoq »BpIoq Bpioq Jsploq Bploqg RBpioq BpIoq
OlUYR JOWX 00>  dUYP JOWNOST>  DIUYRP Jo WX 00T> d1uyYP JO W 00> dIuyYP JO W 0ST> d1uYp JO W 00T> 21Uy JO W 00e> dIUYP JO W 0ST> d1uyYP JO W 00T>
9IS pazifeJlue) [eluojod-s.d e Jo 1ied sem dnodo d1uyig auQ 1T <Xopu| AydseoIH [eUOIRIPSIINE Ul 80U B A1unod awes sy} uiselv1uy1g Jusde [py suoireAssqo |1V

»Bpiog a1uylg
8Y10190URISIJ Ul [eIWOUA|0d JopJo-yiyy adA1-ay Ue Joj Buljjo11uoD Jopog d1uyig ayl 018s0|D Sea Y UISsAfeuy pas 1-pXid A11UunoD awes ay Ul spuepwoH 21uyig snonBiuod uiyiim uewdopasq feuoifidy pue suoiniisu | 21Uyl [eIuojod-d.d "gg8a|qe L

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

; available in PMC 2014 August 01.

Econometrica. Author manuscript



