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A Theory

A.1 A simple theoretical model

A.1.1 The case of a single network

Consider a network linking different districts. A network (graph) ! is the pair (N; E)

E C N x N between them. The neighborhood of a node i € N is the set Ny = {j € N :
(i;J) € E}. The adjacency matrix = = (1jj) keeps track of direct links so that 1j; € ]0;1]
if a link exists between districts i and j, and 1j;; = 0 otherwise.! We assume that the
adjacenlcjy matrix  is row-normalized so that the sum of each of its rows is equal to

1, ie., 1;; =1 for all i.? In the data, = (1) will capture connectivity based on

J
geography, the road network or ethnicity.

We assume that the level of economic activity |j of a district i is given by:

X
li = !ijlj + X +" (1)
j=1

Indeed, we assume that the economic activity of district 1 is simply a function of the
economic activity of neighboring districts, of the observable characteristics Xj (such as
its population) and unobservable characteristics " of this district. In this equation,
captures the spillover effects of economic activities between neighboring districts.

Observe that the total level of activity |; of district i is given by (1) because we would
like to describe activities at the district level and, more importantly, the transmission of
economic shocks between districts. Our theoretical framework, and the empirical analysis,
implicitly acknowledge that there are a plethora of possible transmission channels (e.g.,
prices, wages, trade, or migration). However, the main focus of this paper is analyzing
the effect of a district’s position on the diffusion of economic shocks within a network. For
that purpose, applying a simple, network theoretical model to a more aggregate setting
is sufficient.

There are different ways one can microfound equation (1). Let us propose a simple
way of doing so.

Assume that the level of prosperity p; of a district i is given by:

X
pi = Xili + I Lyl + i (2)
i=1

n spatial econometrics, the adjacency matrix is called the “connectivity matrix.” Throughout the
paper, we will use these terms interchangeably.
2All our theoretical results hold if the adjacency matrix is not row-normalized.
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where, as abovel; is the economic activity in district i, X; captures the characteristics of
district i and"; is the error term. In sum, the prosperity level of a district is determined
by the district's observableand unobservablecharacteristics, the economic activity of the
district, and the spillover e ects of the economic activity of neighboring districts.
Assume that the entity in charge of districti (this could be an institution or a local
government or a local politician) chooses the district's own economic activity levél,
taking as given the choices of all the other districts. The payo function of the entity in
charge of districti is then given by:
d
:—ZLIE: Xili + Ii%(l Ll + Y }I,Z
j=

U =p 3)
Indeed, the payo function consists of the prosperity level of districi minus the cost of
maintaining this prosperity level, which is, quite naturally, increasing in economic activity.

Then, taking the rst-order condition of (3) leads to (1), which can be written in
matrix form as follows:

| = (I ) F(X+ )= CBo.(; 1) (4)

wherel is a column-vector ofl;s, | is the identity matrix, and X and " are the vectors
corresponding to theX;s and";s, respectively. In (4),C82.(;! ), whoseith row is
Cf‘xoi+..i( ; 1), is the weightedKatz-Bonacich centrality (due to Bonacich, 1987, and Katz,
1953), where the weights are determined by the sumXf and"; for each districti. Denote
by 1( ) the spectral radius of . Then, if 1( ) < 1, there exists a unique interior
equilibrium given by (1) or (4). Since the adjacency matrix is assumed to be row-
normalized, it holds that ;( ) = 1. Thus, the condition for existence and unigqueness
can be written as < 1

Consider again (1). Then, has an easy interpretation. In social networks, it is called
the social or network multiplier. Here, it is the strength of spillovers in terms of nighttime
lights between neighboring districts. To illustrate this, consider the case of a dyad (two
districts, i.e., N = 2). For simplicity, assume that the two districts are ex ante identical
sothat X1+ "y = X,+", = X +". Inthat case, if there were no network (empty network)
so that the two districts were not linked, then (1) will be given by:

empty _ jempty _ "
17 =13 =X+

Consider now a network where the two districts are linked to each other (i.8.30 = ! 1 =
1). Then, if < 1, we obtain:

dvad _ dyad _ X +
T2 T
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In other words, because of complementarities, in the dyad, the level of activity of each
district is much higher than when the districts are not connected. The factdl=(1 ) > 1
is the network multiplier.

Observe that the way we modeled spillover e ects (see (1)) is similar to the way
urban economists have been modeling agglomeration e ects. For example, in Ahlfeldt et
al. (2015), agglomeration e ects are modeled as production externalities. In our case,
spillover e ects might capture those e ects but could also be driven by other e ects as
well.4

A.1.2 The case of multiple networks

In the real world, there is more than one type of spillovers between districts. For
example, in our main speci cations below, we use di erent adjacency matrices= (! )
that keep track of the (inverse) spatial distance between districts, the road network and
the proximity in terms of ethnicity. In that case, (1) would be written as:

i= 1 ltaglh o2 toylit oz Myl X+ (5)

where ; > 0, ,> 0Oand 3> 0. We now have three adjacency matrices ;= (! 1 ),
2=(!25) and 3=(!3;), which are all assumed to be row-normalized.
This equation says that the spillover e ects in terms of economic activities between
districts are a ected di erently by the ways we measure the proximity between neigh-
boring districts.®

A.2 Theory: Dierent de nitions of node centralities

There are di erent centrality measures (see Jackson, 2008, for an overview). We rst
introduce two non micro-founded, purely topological centrality measures and then two
micro-founded measures that are strongly linked to our simple model.

3Observe that if we keep the ex ante heterogeneity, if < 1, we obtain:

o _ 1 X1+ "1+ X2+ ")

I 1 2 Xp+"p+ (Xp+M1)

4 See the overviews by Duranton and Puga (2004) and Fujita and Thisse (2013) who provide di erent
micro-foundations of spillover e ects in the context of urban agglomeration.
5As above, we can provide a microfoundation of this equation by assuming that the prosperity level
of a district is given by:
X X X
pi= Xili+ ali P b+ o2l T lj+ gl Dy + 17
j=1 j=1 j=1

Then,if (1 1+ 2 2+ 3 3)< 1, there exists a unique interior equilibrium given by (5).
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A.2.1 Non micro-founded centrality measures

The two most commonly used individual-level measures of network centrality are be-
tweenness centrality and eigenvector centrality.

The betweenness centralityCEE (! ), describes how well located an individual district
in the network in terms of the number of shortest paths between other districts that run
through it. Denote the number of shortest paths between districtg and k that district |
lies on asP;(jk ), and let P (jk ) denote the total number of shortest paths between districts
j andk. The ratio P;(jk )=P(jk) tells us how important district i is for connecting districts
j and k to each other. Averaging across all possibi& pairs gives us the betweenness
centrality measure of districti:

X Pi(jk)=P(jk)
(n 1(n 2)=2

CPE(1)=
j6k:i62f;k g

It has values in[0; 1].
The eigenvector centrality CF (! ), is de ned using the following recursive formula:

Ch(l)=

1 X .

% G () (6)
where 1 ( ) is the largest eigenvalue of . According to the Perron-Frobenius theorem,
using the largest eigenvalue guarantees th&@F (! ) is always positive. In matrix form,
we have:

1()CE()= C F(1) (7)

The eigenvector centrality of a district assigns relative scores to all districts in the
network based on the concept that connections to high-scoring districts contribute more
to the score of the district in question than equal connections to low-scoring agents.

A.2.2 Katz-Bonacich centrality

In our theoretical model (Section A), we have shown that the unique Nash equilibrium
of our game in terms of nighttime lights is equal to thekatz-Bonacich centrality of the
district. As a result, the level of nighttime lights in district i is given by its weighted
Katz-Bonacich centrality, de ned in (4), i.e.

CEo.(;1)=(I ) F(X+ ")

Importantly, in order to calculate the Katz-Bonacich centrality of each districti, we
need to know the value of . We will use the estimated value of (IV estimates). We also
need to check that the condition ;( ) < 1is satis ed.
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A.2.3 Key-player centrality

The Katz-Bonacich centrality was based on the outcome of a Nash equilibrium. Let us
now focus on the planner's problem. The key question is as follows: Which district, once
removed, will reduce total nighttime lights the most? In other words, which district is the
key player? Ballester et al. (2006) have proposed a measukey-player centrality, that
answers this questior?. For that, consider the game with strategic complements for which
the utility in each district i is given by (3), and denote. (! )= |; the total equilibrium
level of activity in network ! , where, assuming (! ) < 1, Ili_lis the Nash equilibrium
e ort given by (1) or (4). Also, denote by ! [ I the network ! without district i. Then,
in order to determine thekey player the planner will solve the following problem:

maxfL (1) L(!Dji=1;2ng (8)

Then, the intercentrality or the key-player centrality CKP (; ! ) of district i is de ned as

follows: . P
Ci(G1) ymi(!)

CKP(;1)= = 9

i ) m;i(;!) ®)
whereCi?u? ; 1) is the weighted Katz-Bonacich centrality of districti (see equation (4))
andm; (; ! ) is the (i;j ) cell of the matrix M (; ! )=(I ) . Ballester et al. (2006,

2010) have shown that the districti that solves (8) is the key player if and only ifi is
the district with the highest intercentrality in ! , thatis, C/, (; 1) CK (;!), for

all i = 1;::;n. The intercentrality measure (9) of districti is the sum ofi's centrality
measures int , and its contribution to the centrality measure of every other districtj] 6 i
also in! . It accounts both for one's exposure to the rest of the group and for one's

contribution to every other exposure. This means that the key playar in network ! is
given byi =argmax; Cf{| (; ! ), where

cKP(;1)y=L (@) L 10 (10)

I JUj
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B Additional Data Description

B.1 Subnational Districts and Countries

Figure B1: Districts in Africa
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Table B1: List of Countries

Country No. of districts

1 Algeria 1,504
2 Angola 163
3 Benin 76
4 Botswana 25
5 Burkina Faso 301
6 Burundi 133
7 Cameroon 58
8 Cape Verde 16
9 Central African Republic 51
10 Chad 53
11  Comoros 3
12  Ivory Coast 50
13 Democratic Republic of the Congo 38
14  Djibouti 11
15 Egypt 26
16  Equatorial Guinea 6
17  Eritrea 50
18 Ethiopia 72
19 Gabon 37
20 Gambia 13
21 Ghana 137
22  Guinea 34
23  Guinea-Bissau 37
24  Kenya 48
25 Lesotho 10
26 Liberia 66
27 Libya 32
28 Madagascar 22
29  Malawi 253
30 Mali 51
31 Mauritania 44
32  Mauritius 10
33 Morocco 54
34  Mozambique 128
35 Namibia 107
36  Niger 36
37 Nigeria 775
38 Republic of Congo 46
39 Rwanda 142
40 Sao Tome and Principe 2
41  Senegal 30
42  Sierra Leone 14
43  Somalia 74
44  South Africa 354
45  Sudan 26
46  Swaziland 4
47  Tanzania 136
48  Togo 21
49  Tunisia 267
50 Uganda 162
51 Western Sahara 4
52 Zambia 72
53 Zimbabwe 60
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B.2 Ethnic Homelands

Figure B2: Ethnic Homelands in Africa
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B.3 Road Network

Figure B3: Primary and Secondary Roads in Africa
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