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Additional Tables and Figures

Appendix Figure 1: Fit Scatterplots Linear Model (System GMM estimates)

The$ figure$ plots$ the$ observed$ (x4axis)$ and$ predicted$ (y4axis)$ local$ state$ capacity$ (measured$ as$ the$ number$ of$ local$ agencies)$ and$
prosperity$outcomes$ together$with$ a$ linear$ fit$ line.$The$predicted$values$ are$based$on$ the$model$with$ linear$best$ responses$with$ the$
parameter$ estimated$ using$ system$GMM.$ The$ predicted$ local$ state$ capacity$ vector$ is$ obtained$ by$ inverting$ the$ system$ of$ linear$ best$
responses$at$the$estimated$parameters.$The$predicted$prosperity$outcomes$are$obtained$using$the$predicted$state$capacity$and$estimated$
parameters$on$the$prosperity$equations.$
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Likelihood Function on the Network

In this section we suggest an approach for MLE estimation of a network model with nonlinear best responses

like ours, taking the national state’s choices as predetermined. Since the difficulty in writing the likelihood

lays on the cross municipality choice dependencies, we abstract from the prosperity outcomes and focus on

the likelihood for the vector of state capacity choices. In particular, we show how to express the likelihood

of the data on a network game with nonlinear best responses, and suggest an estimation procedure.

We begin establishing some notation. Recall that N(i) is the set of neighbors of i, and denote L(i) to

be the set of i’s neighbors’ local state capacity choices. Thus, L(i) = {lj : j 2 N(i)}. Assume ⇠i ⇠ f(⇠).

This and the best response in equation (14) imply that we can express the coditional likelihood for li as

(conditional on i’s neighbors’ choices):

Li(li|L(i); ) ⌘ f(h⇠(li|pi, bi; )) |Ji| ,

where |Ji| is the Jacobian of the transformation. Notice that the network structure implies that conditional

on L(i), li ? lk for any k /2 L(i). In other words, once we condition on i’s neighbors’ choices, choices of

all other municipalities provide us no further information. Thus, Li(li|L(i); ) = Li(li|l�i; ), where l�i

denotes all local state capacity choices except i’s. Now index (order) the set of all observations in an

arbitrary way from i = 1 to n. The joint likelihood of l = (l1, l2, ..., ln) can be expressed as the product of

conditionals and marginals:

L(l; ) = L1(l1|l2, ..., ln; )L2(l2, ..., ln; )

= L1(l1|l2, ..., ln; )L2(l2|l3, ..., ln; )L(l3, ..., ln; )

=

Y

j=1

Lj(lj |lj+1, ..., ln; )L(ln)

Notice that for a given j, if 8k < j, k /2 N(j), put differently, if no neighbor of j has an index below j,

then

Lj(lj |lj+1, ..., ln; ) = Lj(lj |L(j); )

This condition cannot hold for all municipalities. In particular, there will exist municipalities j such that

9k1, k2, ..., kt < j and (k1, k2, ..., kt) 2 N(j), in which case

Lj(lj |lj+1, ..., ln; ) 6= Lj(lj |L(j); )

However, for a sparse network, with an appropriately chosen order of municipalities, it will be true for a
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significant subset of municipalities. Let us next denote the set of municipalities for which this equality

holds by A. Similarly, denote the set of municipalities for which the equality does not hold as B.

Although we do not have a known expression for the conditional likelihood of the observations j 2 B,

we can observe that

Lj(lj |lj+1, ..., ln; ) =

ˆ
Lj(lj |lk1 , lk2 , ..., lkt , lj+1, ..., ln; )L(lk1 , lk2 , ..., lkt)dlk1dlk2 ...dlkt

=

ˆ
Lj(lj |L(j) [ {ls : s > j}; )L(lk1 , lk2 , ..., lkt)dlk1dlk2 ...dlkt

Here we condition on the “missing neighbors," (with orders lower than j), and then integrate them out

assuming we knew the marginal density for them. This is convenient since Lj(lj |L(j) [ {ls : s > j}; ) =

Lj(lj |L(j); ), that is, after conditioning for all of j’s neighbors, lj is independent of all other observations.

Thus we have

Lj(lj |lj+1, ..., ln; ) =

ˆ
Lj(lj |L(j); )L(lk1 , lk2 , ..., lkt)dlk1dlk2 ...dlkt .

As a result, the joint likelihood can be expressed as a function of all of the conditionals, which are simply

given by the best responses:

L(l1, ..., ln; ) =

2

4

Y

j2A
Lj(lj |L(j); )

3

5

2

4

Y

j2B

ˆ
L(lj |L(j); )L(L(j) \ {ls : s < j}; )d(L(j) \ {ls : s < j})

3

5

.

In the above expression, for each j 2 B, we are integrating out the state capacity choices of neighbors of j

with indices lower than j. Once again, notice that for a relatively sparse network, the above integral will

not be too high-dimensional. In the expression for the joint likelihood above, the issue is that we do not

know the marginals in the second bracket. One feasible strategy would be to posit a prior joint density

L0
(l1, l2, ..., ln), and to use this prior to compute a “Bayesian” MLE of  :

ˆ 
0
= argmax 

X

j2A
lnLj(lj |L(j); )+

X

j2B
ln

ˆ
L(lj |L(j); ){L0

(L(j)\{ls : s < j}; )d(L(j)\{ls : s < j}).
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