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ABSTRACT

Despite the importance of agglomeration externalities in theoretical work, evidence for their nature, 
scale, and scope remains elusive, particularly in developing countries. Identification of productiv-
ity spillovers between firms is a challenging task, and estimation typically requires, at a minimum, 
panel data, which are often not available in developing country contexts. In this paper, we develop 
an identification strategy that uses information on the network structure of producer relationships 
to provide estimates of the size of productivity spillovers. Our strategy builds on that proposed by 
Bramoulle et al. ´ (2009) for estimating peer effects, but we improve upon this network structure 
identification strategy by using panel data and validate it with exchange-rate induced trade shocks 
that provide additional identifying variation. We apply this strategy to a long panel dataset of manu-
facturers in Indonesia to provide new estimates of the scale and size of productivity spillovers. Our 
results suggest positive productivity spillovers between manufacturers in Indonesia, but estimates 
of TFP spillovers are considerably smaller than similar estimates based on firm-level data from the 
U.S. and Europe, and they are only observed in a few industries.
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1 Introduction

Despite the importance of agglomeration externalities in theoretical work, evidence for their nature,
scale, and scope remains elusive. This is particularly a concern for developing countries, where high
quality data are scarce, and where the potential scope for agglomeration externalities may be largest.1

Among the key sources of agglomeration externalities are productivity spillovers between firms. Mar-
shall (1890) describes several mechanisms through which such productivity spillovers may occur, includ-
ing (1) technological spillovers, (2) labor market pooling, and (3) intermediate input linkeages.2 Beyond
theoretical concerns, the presence and magnitude of productivity spillovers feature prominently in eval-
uations of place-based policies. If spillovers are large enough, subsidies to locate in certain regions may
ignite a virtuous circle of development and growth that enhances both local and national welfare.3

In this paper, we develop a strategy for identifying productivity spillovers between firms and apply
our methodology to high quality firm-level panel data on Indonesian manufacturers. Identifying pro-
ductivity spillovers is a challenging task.4 First, measuring firm-level productivity is challenging, and
estimating production functions requires addressing the fact that inputs and outputs are simultaneously
determined by productivity, which is typically observed by the firm but not the econometrician (Olley
and Pakes, 1996; Levinsohn and Petrin, 2003). Second, it is difficult to distinguish the effects of local
spillovers from other unobserved local factors that may lower production costs or raise productivity
(Ellison and Glaeser, 1999). Another identification problem comes from the difficulty of disentangling
the impact of one firm’s productivity on the productivity of other firms. This is due to the well-known
reflection problem, which creates difficulties for identifying peer effects (Manski, 1993).

High quality panel data can help to resolve certain omitted variables problems (Henderson, 2003). In
our empirical application, we use plant-level panel data from Indonesia’s Manufacturing Survey (Survei
Industri), which allow us to control for fixed factors specific to individual firms, such as their managerial
capacity or technological sophistication, that may be correlated with input choices or the strength of the
industry in a particular location. Panel data also allow us to control for the impact of any location-specific
unobservables that are time-invariant, such as the regulatory climate or favourable geography, that may
impact both the decisions of firms to locate in a region and how productive they are when they get there.
Importantly, firm-level panel data enable us to estimate production functions using control function and
GMM approaches, which rely on proxies for time-varying unobservables that are correlated with input
choices (Olley and Pakes, 1996; Levinsohn and Petrin, 2003; Ackerberg et al., 2015).

After estimating firm-level productivity, we specify a linear-in-means model that relates a firm’s
own productivity to the average productivity of firms to which it is connected. This model suffers from
the reflection problem, and to address it, we employ a technique from Bramoullé et al. (2009), which
leverages the fact that firms in certain industries are related to each other due to supply chains networks,

1Chauvin et al. (2016) describe how human capital externalities and agglomeration elasticities seem to be larger in Brazil, India,
and China than in developed countries like the United States. They hypothesize that in developing countries, barriers to
migration may create large spatial arbitrage opportunities.

2Duranton and Puga (2004) consider the sources of agglomeration spillovers as coming from (1) sharing, (2) matching, and (3)
learning.

3See Kline and Moretti (2014) for more discussion. In a companion paper evaluating a place-based policy in Indonesia, Rothen-
berg et al. (2016b) argue that the welfare justification for regional policies depends critically on the shape of the agglomeration
function.

4See Duranton et al. (2015) for a review of approaches to this problem.
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and these networks have systematic patterns that can be measured through input-output tables. As long
as these networks contain intransitive triads (i.e. industries that are not directly related to each other, but
only related through a common third industry), identification can be achieved.

To measure firm-level connections, we begin by using Indonesian data on the products that indus-
tries produce and use as raw materials to construct a network of forward and backward linkeages. We
describe the resulting network structure in the data, using descriptive statistics from graph theory, and
compare the Indonesian industrial network to other networks. We find both that industrial relationships
contain many intransitive triads, and that the network structure has many “small worlds” properties
that are similar to other networks, including the network of U.S. industries, the structure of the internet,
and gene networks (Acemoglu et al., 2016; Carvalho, 2014).

Next, we create firm-level networks by assuming that firms are connected to one another if they
are in the same industry, or if their industries are related to each other through forward and backward
linkeages, or if they are located in close physical proximity. This results in a family of network structures
that provide us with significant identifying variation through firms in related industries that are located
in multiple places. Intuitively, shocks to a firm’s neighbors-of-neighbors should affect the productivity
of neighbors to that firm, but they should not directly affect that firm’s productivity. This exclusion
restriction provides us with the identification we need.

We combine the network structure for identification with panel data, and we make use of exchange
rate shocks that provide additional identifying variation. Implementing this strategy requires calculating
network-level averages of variables, at different orders of connections (such as first-order connections,
second-order connections, etc.). With roughly 20,000 firms each year, the size of the network is quite
large, and computations require sparse matrix routines to increase speed.

Implementing this identification strategy with Indonesian manufacturing data, we find that ex-
change rate shocks have a meaningful first-stage relationship, meaning that neighbors-of-neighbors de-
preciations increase neighors’ average productivity. Using this network-based instrument on firm-level
panel data with individual firm fixed effects, we estimate positive average productivity spillovers be-
tween firms, but our estimates are substantially smaller than those found in the literature on U.S. and
European firms. Moreover, the productivity spillovers we observe are driven by only a small number of
industries. These relatively small estimates of TFP spillovers echo other work on Indonesia’s agglomer-
ations. For instance, Amiti and Cameron (2007) find small impacts of labor market pooling on wages in
Indonesia, while a companion paper does not find a consistent correlation between an industry’s use of
highly skilled workers and spatial concentration (Rothenberg et al., 2016a). This suggests that one of the
most important drivers of agglomeration externalities, knowledge spillovers, may not be operating well
in Indonesian cities.

This paper contributes to several strands of literature. The first is the literature on estimating ag-
glomeration externalities, which is now well developed. Most work infers agglomeration effects from
wages, but increasingly, researchers have used firm-level data to estimate TFP spillovers (Duranton et al.,
2015). Some authors instrument the determinants of agglomeration forces with long lagged values of
historical variables, such as historical population density (Ciccone and Hall, 1996; Combes et al., 2008)
or geographic variables that influence construction (Rosenthal and Strange, 2008; Combes et al., 2010).
Particularly with firm-level data on TFP, many authors use GMM to estimate specifications in first differ-
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ences, using lags of variables as instruments. These can be useful for uncovering agglomeration effects
in static or dynamic specifications of TFP (Henderson, 2003; Mion, 2004; Graham et al., 2010; Martin
et al., 2011). More recently, several authors have turned to natural experiments to estimate productivity
spillovers (Hanson, 1997; Redding and Sturm, 2008; Greenstone et al., 2010).

We add to this literature by making use of a novel network structure identification strategy. This
strategy is related to a series of papers that uses spatial lags to estimate productivity spillovers, but our
work considers identification carefully and rectifies some of the identification shortcomings (Gibbons
and Overman, 2012). Although exploiting the structure of the network in which agents interact has
been used to estimate individual peer effects in other settings (e.g. De Giorgi et al., 2010), to our knowl-
edge, this represents one of the first uses of this technique for estimating productivity spillovers between
firms.5

Finally, there is a relatively new literature in macroeconomics that views the input-output network
as a mechanism for propogating shocks (Acemoglu et al., 2016; Carvalho, 2014). We build upon these
ideas by expanding the industrial network to encompass firms and physical proximity. However, our
urban focus on productivity spillovers and agglomeration externalities is somewhat distinct from the
macro focus of this literature.

The rest of this paper is organized as follows. Section 2 describes both the industry-level and firm-
level networks that we work with to estimate productivity spillovers. Section 3 describes how we es-
timate production functions and implement the network structure identification strategy to estimate
productivity spillovers. Section 4 discusses results, and Section 5 concludes.

2 The Social Network of Firms

In this section, we present a new method for using input-output tables to construct different measures
of connections between medium and large manufacturing firms in Indonesia. We first describe our mea-
sures of industrial proximity, and we present descriptive statistics on the network of industries generated
by these measures. Next, we explore how to combine data on industrial connections with information
on the physical distances between firms to generate a measure of firm connections. Finally, we present
summary statistics on the connected network of firms.

2.1 Industrial Proximity

Let S denote the set of (5-digit) industries (sectors), where two industries A,B ∈ S represent typical
elements of that set. Firms in each industry produce one or more products, where J denotes the universe
of products. Let JA denote the set of products produced by firms in industry A, so that J =

⋃
A∈S JA.

To measure the vertical relationships between industries, we focus on both upstream connections (or
forward linkages), where industry A supplies raw materials to industry B, and downstream connections
(or backward linkages), where industry A is supplied by products that industry C produces. To illustrate,
Figure 1 depicts a production line, with industry A in the center. In this figure, the gray arrows are drawn
outward from the source of production. Relative to industry A, industry B is an upstream connection,

5Serpa and Krishnan (2017) follow a similar approach using U.S. data.
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because industry A produces products that B uses as raw materials. Industry A also has a downstream
connection to industry C, because industry A uses products that C produces.

To better operationalize the connectedness of industries, we focus first on upstream connections.
Let σU

A,B ∈ [0, 1] denote the share of the total value of industry B’s raw materials that are produced by
industry A. In writing σU

A,B , we adopt a convention that the first subscript denotes the producing industry,
while the second subscript denotes the consuming industry. We can write σU

A,B as follows:

σU
A,B ≡

RMA,B

RMB
=

∑
j∈JA

RMB
j∑

j∈J RMB
j

where RMB
j denotes the total raw material value of product j used by industry B. As σA,B increases

to 1, industry A produces a larger share of the products consumed by industry B as raw materials,
increasing the intensity of the upstream connection. The definition of σU

A,B naturally creates a weighted
directed network of industries.

Downstream connections (or backward linkages) are defined similarly. Let σD
A,C ∈ [0, 1] denote the

share of industry A’s raw materials that are produced by industry C. We can write σD
A,C as follows:

σD
A,C ≡

RMC,A

RMA
=

∑
j∈JC

RMA
j∑

j∈J RMA
j

As σD
A,C increases to 1, industry A uses a larger share of products produced by industry C as raw materi-

als, increasing the downstream connection. The definition of σD
A,C also creates a weighted directed network

of industries.
Using σU

A,B and σD
A,C , we can use matrix notation to define two separate families of unweighted di-

rected networks measuring upstream and downstream connections:

gU (s) =
[
gUA,B

]
where gUA,B =

{
σU
A,B ≥ s

}
(1)

gD (s) =
[
gDA,C

]
where gDA,B =

{
σD
A,C ≥ s

}

where s indicates the threshold input intensity level. Apart from direction, a major difference between
these two networks is the normalization of the respective σ’s; σU

A,B is normalized by the total value of
industry B’s raw materials, while σD

A,B is normalized by the total value of industry A’s raw materials.
Note also that these definitions generate some natural equivalences; using a weak threshold of any
upstream or downstream connection, the upstream network is the just transpose of the downstream
network; i.e. gU (0) = gD (0)T .

In our empirical analysis, we will look for separate impacts of upstream and downstream connec-
tions. However, it is also instructive to focus on industrial networks where industries are connected if
they display any upstream or downstream connection:

gA (s) =
[
gAA,B

]
where gAA,B =

{
σU
A,B ≥ s or σD

A,B ≥ s
}

(2)

To measure the forward and backward linkages between industries, we use data on products produced
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and raw materials used by each 5-digit industry from the year 2000. These data are produced by Indone-
sia’s Central Statistical Agency, or Badan Pusat Statistik (BPS). The “products produced” data contain a list
of the total quantity and value of products produced by each 5-digit industry, with product code iden-
tifiers, while the “raw materials” data contain a list of the total quantity and value of products used as
raw materials by each 5-digit industry, also with product-code identifiers. We aggregated both datasets
to the industry-by-product level and merged the data to measure industrial connections.6

2.2 Descriptive Statistics on the Network of Industries

Figure 2 depicts a visualization of gA (s = 0.01), the network of relationships between 5-digit industries
where industries are connected if industry A produced at least 1 percent of industry B’s total value of
raw materials, or at least 1 percent of industry A’s raw materials are produced by industry B.7 The num-
ber of industries (nodes) in this figure is 261, and there are 8,763 one-way connections (edges) between
these industries, so that the network is only 12.9 percent complete, a measure indicating the fraction of
possible edges that are actual edges.

It is easy to see the mass of highly connected industries in the center right portion of the figure.
The industries with only a few connections line the exterior of the graph. To get a better sense of the
upstream and downstream relationships, we computed the degree distributions of gU (s = 0.01), the
network of upstream connections. Figure 3 presents histograms of the degree distributions of the nodes
in gU (s = 0.01). For this network, an industry’s in-degree is the number of other industries that supply it
raw materials (downstream relationships), while an industry’s out-degree is the number of other indus-
tries to which it supplies raw materials (upstream relationships). Mathematically, for node A, the in and
out-degree terms are given by:

in-degreeA =
∑
C∈S

gUC,A

out-degreeA =
∑
B∈S

gUA,B

The median industry had 13 downstream relationships and 7 upstream relationships. However, Figure
3 shows that the distribution of downstream connections is much more uniform than the distribution
of upstream connections, which is skewed. Over 10 percent of industries had no upstream connections;
these industries tended to focus on producing finished consumer products.

Table 1 presents information on the five industries with the most in-degree connections (downstream
relationships, in Panel A) and the five industries with the most out-degree connections (upstream rela-
tionships, in Panel B). Industries with more upstream relationships tended to be more basic, like wire
producers (38194) and manufacturers of basic organic chemicals (35118) which are used in a wide va-
riety of different manufacturing processes. Industries like the motor vehicle industry (38443) or wood
working machinery (38232) have many subcomponents that rely on other industries, so they have more

6Both datasets were digitized from two scanned PDFs of BPS reports, titled Statistik Industri Besar dan Sedang: Bagian II, 2000
and Statistik Industri Besar dan Sedang: Bagian III, 2000. Unfortunately, we were unable to access this data at the firm level,
unlike Amiti and Konings (2007). Further details can be found in Appendix ??.

7This network was drawn by the force-placement algorithm of Fruchterman and Reingold (1991), as implemented in Gephi.
For simplicity, we do not draw the direction of the connections between firms.
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downstream relationships.
Panel C presents information on the most connected industries, measured by betweenness centrality,

which captures the fraction of times that an industry lies on the shortest paths that connect other nodes.
Industries like the motor vehicle industry (38433), the footwear industry (32411), and synthetic resins
(35131) have lots of upstream and downstream connections to other highly connected industries, so they
tend to be much more central in the network.

In Table 2, we return to gA (s) but present overall statistics on the network after varying s, the
threshold determining whether or not industries are connected. In the network gA (s = 0), industries are
connected if they have any upstream or downstream connections, and we increase the s threshold from
0.01 to 0.05, reporting statistics on the resulting networks in each respective columns. As s increases, this
threshold governing industrial connections becomes more difficult to cross, so we would expect fewer
connections to be drawn. As expected, when s increases, the number of edges falls (row 2), and the
completeness of the network (row 3) also falls.

Row 4 reports the transitivity of the network, which measures the fraction of triples of nodes (with
at least one connected pair) that are completely connected triangles. In Section 3, when we discuss how
to use the structure of production networks to identify spillovers, our identification strategy relies on
intransitive triads, or incomplete triangles. We find that as s increases, the transitivity of the network
falls substantially. At s = 0, 56.3 percent of triples with at least one connected pair are fully connected
triangles, while at s = 0.05, this measure falls to 28.2 percent.

Rows 5 and 6 of Table 2 highlight the “small worlds” feature of the Indonesian manufacturing net-
work, a feature that is common to other industrial networks (Acemoglu et al., 2016) and is also seen in
other contexts, such as social networks, the architecture of the internet (Brin and Page, 1998), and gene
networks (Carvalho, 2014). Most industries are not directly connected to each other, as evidenced by the
relatively low network completeness. However, nodes can be reached by a small number of connections.
Across the distribution of s, the networks tend to have a fairly small diameter (at least for their largest
connected component), and the shortest path length between nodes is also quite small.

2.3 Incorporating Physical Distance

Beyond industrial proximity, another important feature of firm networks lies in physical proximity. We
assume that all firms within a certain physical distance or a certain industrial distance of one another
interact, while firms that are too far away do not. We use the SI data on each firm’s district of operation
to enrich our measure of interfirm relationships.8

Formally, let d(i) denote the district of firm i, and let δij ≡ δd(i),d(j) denote the distance between the
centroids of districts d(i) and d(j), measured as the crow flies, in kilometers. For ease of notation, also
let σU

ij ≡ σU
I(i),I(j) denote the upstream industrial proximity between firm i’s industry, I(i), and firm j’s

industry, I(j), and let σD
ij ≡ σU

I(i),I(j) denote the downstream industrial proximity between firm i and j’s
industries.

8There are 301 districts in our data with a median land area of 1,886 km2, which is slightly larger than the median U.S. county
with a median area of 1,595 km2. In a companion paper, we use address-level data to geocode the locations of Indonesian
manufacturers, but this address-level data cannot be directly linked to the SI (Rothenberg et al., 2016a).
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Using σU
ij , σD

ij , and δij , we define several families of firm-level networks:

GU (s, d) =
[
gUij(s, d)

]
where gUij(s, d) =

{
σU
ij ≥ s or δij ≤ d

}
(3)

GD(s, d) =
[
gDij (s, d)

]
where gDij (s, d) =

{
σD
ij ≥ s or δij ≤ d

}

Thus, in the firm-level network GU (s, d), firms i and j are connected if they are either located in districts
within d kilometers of one another, or their industrial proximity measure, σU

ij , is greater than some value
s. Note that we assume that firms are connected if they belong to the same industry, but we also follow
the convention that they are not connected to themselves: for all firms i, gUii (s, d) = 0 and gDii (s, d) = 0.

This measure of firm-level connections captures several important ideas in the literature on agglom-
eration economies and productivity spillovers. Our networks capture localization economies, because
all firms in the same district are connected. Within-industry technological spillovers are reflected in the
fact that firms in the same industry are also directly connected. Moreover, we provide direct measures of
intermediate-input linkages through our measures of industrial proximity. Varying s and d allows these
forces to evolve smoothly within industrial–physical proximity space.

2.4 Descriptive Statistics on the Network of Firms

Figure 4 presents a visualization of GU (s = 0.01, d = 0), using data from the year 2000. In 2000, there are
21,834 firms and slightly more than 1 million connections drawn between firms. This is a typical year
of data, and in our empirical analysis below, we will use similar data on roughly 20,000 firms observed
every year, from 1990 to 2012. Because of the large size of GU (s = 0.01, d = 0), and the need to repeatedly
take local averages of variables on this large network, we use sparse matrix routines, implemented by
Python’s scientific computing environment, SciPy, for almost all of the network calculations in the paper.

The image of these connections that appears in Figure 4 depicts many clusters of firms connected
together, and some clusters connected to one another through a relatively smaller number of links. The
clusters in this image reflect the distance-based connections; all firms within the same district are con-
nected to one another. Across clusters, the connections reflect industrial linkages.

In Table 3, we present statistics on the networks in the family of GU (s, d). This table is organized
similarly to Table 2, where s varies along the column dimension, and different network statistics appear
in different rows. We vary s across columns and d across panels. Panel A fixes d = 0 while Panel B fixes
d = 10. Most districts in Indonesia are farther apart than d = 10, but the special capital cities of Jakarta
and Yogyakarta are divided into multiple districts, so increasing d = 10 allows for more connections
between firms in those cities.

As in Table 3, when we increase s in Panels A and B, the number of edges decreases (row 2), and the
percentage completeness falls (row 3). However, the network transitivity behaves slightly differently.
In GU (s = 0, d = 0), 88.1 percent of triples with at least one connected pair are fully connected. This
large number reflects the fact that because of physical distance connections, many of the triples with
at least one connected pair already have full connectivity. As we increase s, the threshold of industrial
connections increases, and there are fewer connections that span multiple districts, where intransitive
triads occur. This tends to increase the transitivity measure.

8
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3 Identifying and Estimating Productivity Spillovers

In this section, we describe how to use the networks developed in Section 2 to identify and estimate
productivity spillovers between firms. Our goal is to isolate the causal impact of changes in other firms’
productivities on changes in firm i productivity. To do so, we propose an approach that builds on a large
and growing literature on the identification of peer effects. Two major identification challenges are endo-
geneity, due to common group effects, and reflection, a particular form of simultaneity bias (Manski, 1993).
Recent literatures shows how data on the structure of social networks can help with identification (e.g.
Bramoullé et al., 2009; De Giorgi et al., 2010; Goldsmith-Pinkham and Imbens, 2013). Social networks
with intransitive triads break the reflection problem, and the exogenous characteristics of neighbors-
of-neighbors (second-degree connections in industrial–physical space) that are not directly peers with
each other provide instrumental variables. However, instead of using the characteristics of neighbors-
of-neighbors, we use externally determined variables to which neighbors-of-neighbors are exposed but
which do not directly impact the firm itself.

We start by specifying a log-linear production function for firm i:

yit = α+w′
itβ + x′

itγ + uit︸︷︷︸
vit+eit

, t = 1, ..., T , (4)

where yit denotes firm i’s log value added at time t, wit is a vector of “adjustable” inputs, which include
the logs of the number of production and non-production workers, and xit is a vector of state variables,
including log capital.9 The term uit is the firm’s total factor productivity, which can be decomposed
into a portion of productivity that is observed by the firm before making input choices, vit, and an
idiosyncratic, unobserved component, eit.

Because vit is observed by the firm when it makes input choices, estimating (4) using ordinary least
squares will lead to biased parameter estimates (Marshak and Andrews, 1944). There is now a large,
well-developed literature on how to use control functions, such as an investment function (Olley and
Pakes, 1996) or an intermediate-input demand function (Levinsohn and Petrin, 2003), to control for the
simultaneous correlation between input choices and unobserved productivity and to provide consistent
estimates of the production function parameters, θ ≡ (α, β′, γ′).

In our empirical results below, we primarily focus on TFP residuals derived from a production func-
tion that is estimated using the investment control function approach developed by Olley and Pakes
(1996).10 However, we show that our results are robust to estimates of TFP based on other techniques,
including the intermediate inputs control function (Levinsohn and Petrin, 2003), the Wooldridge (2009)
GMM approach, the Ackerberg et al. (2015) conditional control function approach, and the index number
approach of Aw et al. (2001).

After estimating production function parameters, θ, we can recover consistent estimates of ωit, the
firm’s observed portion of log productivity plus the constant mean efficiency term:

ω̂it = α̂+ v̂it

9This notation and the accompanying discussion borrows heavily from Wooldridge (2009).
10This choice follows Amiti and Konings (2007), who use the investment control function approach in estimating TFP using the

same SI data that we use.
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=
(
yit −w′

itβ̂ − x′
itγ̂

)

To model productivity spillovers, we assume that firm i’s productivity at time t depends on that firm’s
own characteristics, zit, the average productivity of firms connected to i, ω(i)t, and the average character-
istics of connected firms, z(i)t. We assume this relationship can be expressed as a linear-in-means model
(Manski, 1993):

ωit = θ0 + z′itθz + θ1ω(i)t + z(i)t
′θz + ηit (5)

In this notation, the expression x(i)t refers to the average value of x, where that average is taken over
individuals who are directly connected to i. Focusing on the graph G = G (s, d), note that we can write
this local average as follows:

x(i)t =

∑
j gijxjt∑
j gij

If we let Mi =
∑

j gij denote the number of direct connections that firm i has to other firms in network
G, we can express this local average in matrix notation:

x = Hx

where H is just the matrix G with rows normalized by Mi:

H =

[
gij
Mi

]

Using matrix notation, we can rewrite equation (5) as:

ω = θ0ι+ z′θz + θ1Hω + θzHz+ η (6)

This linear-in-means model, where agents interact in networks, is identical to the model studied by
Bramoullé et al. (2009). The parameter θz measures the “own effects” of increasing z on productivity,
while θz measures “exogenous effects” of increasing the average characteristics of the local network on
the firm’s own productivity. In the peer effects and learning literature, these exogenous, or contextual,
social interactions take place when student achievement varies with the socioeconomic composition of
peer groups (Manski, 2000).

The parameter of interest is θ1, which measures how a firm’s own productivity varies structurally
with the productivity of connected firms. To think about what this parameter measures, imagine using
an RCT similar to one conducted by Bloom et al. (2013) on management and productivity in Indian
textile manufacturers. If we hired McKinsey to exogenously increase the productivity of firms that are
connected to your firm, by how much does this increase your firm’s productivity?

Bramoullé et al. (2009) argue that the average exogenous characteristics of neighbors-of-neighbors,
which can be calculated as H2z, can be used as instruments for Hω in (6). The system of equations actu-
ally generates a family of instruments, where other instruments include averages of z can be taken over
third-order neighbors (H3z), fourth-order neighbors (H4z), . . . , but because of computational consider-
ations, we only consider second-order and third-order averages. In the firm productivity context, the

10
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question becomes which variables to use as characteristics, z.
In a paper similar in spirit to this one, but using data from the U.S., Serpa and Krishnan (2017)

estimate TFP spillovers using a variety of firm-level variables as exogenous characteristics. These in-
clude the firms’ financial leverage, liquidity, turnover, capital labor ratios, and measures of firm sizes,
among others. One concern with these variables is that they are choices made by firms and are potentially
correlated with other group, network-level, or individual-level unobservables that are correlated with
average peers’ productivity and influence individual productivity directly.

In this paper, we use industry-level exchange rate shocks as our source of exogenous variation in
productivity to estimate TFP spillovers. To illustrate the identification strategy, consider Figure 5. In this
diagram, firms are represented as nodes, and lines are drawn connecting them. Firms A, B, C, D, E, and
F form a fully connected sub-graph because they are all located in the same city, Jakarta. Firms G, H, and
I also form a fully connected sub-graph, being located in a different city, Bandung. Firm nodes are also
colored to reflect the different industries to which they belong; firms B and C belong to industry 1, firm
A belongs to industry 2, firms D and G belong to industry 3, firms F, E, and I belong to industry 4, and
firm H belongs to industry 5.

Notice that firms D and G form a cross-city connection through their industrial relationship, as do
firms F, E, and I. Because we ignore inter-industry connections in this diagram, this network corresponds
to G (s, d = 0) if we let s approach ∞. If each industry had been entirely contained in a single location,
and if we had let gii = 1, this would correspond exactly to Manski (1993)’s setting, where identification
is impossible because of the reflection problem. However, in Figure 5, we highlight how observing firms
from the same industry who appear in different locations creates intransitive triads that are useful for
identification.

Focusing on firm H, the set of neighbors of H are the other firms located in Bandung (N (H) =

{G, I}), while the second and third-order neighbor sets are given by N2(H) = {D,E, F} and N3(H) =

{A,B,C}. Notice that firm H appears in several intransitive triads, such as H-I-F and H-G-D; these
triads span cities and are formed through industry relationships. Bramoullé et al. (2009) characterize the
set of networks in which identification can be achieved; in such networks, it must be possible to find
intransitive triads like those involving firm H.

The Z’s that appear in Figure 5 represent industry-specific exchange-rate shocks. To find an instru-
ment that is correlated with H’s neighbors’ productivity (ωH(i) = 0.5ωI + 0.5ωG) but only affects firm H
through its effect on H’s neighbors’ productivity, consider the following:

Zω
N2

(H) =
1

3
Z3 +

2

3
Z4

Zω
N3

(H) =
2

3
Z1 +

1

3
Z2

These two variables are appropriately weighted averages of industry-level Z’s. The differences in weights
reflect differences in the numbers of firms in each industry who are in different neighbors’ sets. Because
we have several possible instruments, we use GMM to appropriately weigh the instruments and account
for the natural heteroskedasticity and clustering in the data.11

11Note that Bramoullé et al. (2009) propose to use a generalized 2SLS procedure for estimating θ̂, that uses moments from both
the structural and reduced form equations. Such an approach may be pursued in future work, but ultimately, our standard
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In our empirical work, we can vary s and d to look for different spillovers at different levels of con-
nectedness, but only up to a point. As discussed in Section 2, when s increases in the firm network, this
reduces the number of industrial connections, and this leads to greater transitivity and fewer intrasitive
triads. However, as long as firms in different industries appear in different locations, identification can
still be achieved. On the other hand, if we were to increase d to ∞, so that all firms in Indonesia inter-
acted together, all firms would be directly connected and there would be no possibility for identifying
spillovers between them.

3.1 Exchange Rate Shocks

We measure exchange rate shocks for industry i in year t as follows:

ERit =

∑
cwictERct∑

cwict
(7)

This is a weighted average of country-specific exchange rates, measured as the local currency units per
Indonesian Rupiah (IDR), where the weights wict measure the share of industry i’s exports from Indone-
sia that go to country c in year t. The country-industry weights are calculated from the United Nations’
COMTRADE database and are based on 6-digit products mapped to the 5-digit industry codes we work
with in the SI data. The exchange rate data are from the International Monetary Fund’s International
Financial Statistics. As an industry’s trade-weighted exchange rate falls, the currency depreciates and
exports become cheaper. This generates an increase in export demand and can lead to increased produc-
tivity through standard terms-of-trade and trade opening effects (Melitz, 2003).

Figure 6 plots ERit in logs across years; each line drawn represents a separate industry exchange-rate
path. The variation across industries and time is substantial, and the peak in 2008, reflecting the global
recession, is easy to discern. Note that only 45 percent of the variation in these data can be explained by
industry and year fixed effects.

3.2 Threats to Identification

A key reason for using the ER of neighbors-of-neighbors as a shock is to address the reflection problem—
the challenge of separating out endogenous effects (how a firms productivity is affected by its neighbors
productivity) from contextual effects (how common characteristics or institutional factors affect both
the firm and its neighbors). Our identification strategy relies on the exclusion restriction that an ER
shock to Firm As neighbors-of-neighbors only affects Firm A through its impact on Firm As neighbors
productivity (conditioning of observable characteristics of Firm A and its neighbors). In this subsection,
we discuss potential threats to this exclusion restriction.

3.2.1 Network Selection

One potential threat to our identification strategy is the fact that firms may select into the networks that
they belong to. If more productive firms have supply chain linkages to other relatively productive firms,

errors need to be corrected to account for the fact that ωit and its local averages are generated in a first-step procedure.
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our estimates of productivity spillovers could reflect this selection and not endogenous productivity
spillovers, per se. Since we use a country-level input-output table to identify inter-industry linkages,
this concern is less salient for the industry-level links. That is, the industry-level links are determined by
the overall input requirements of each industry, rather than by any individual firms selection of specific
trading partners. However, at the firm-level, geography is a primary driver of network selection, and a
long theoretical and empirical literature discusses how firms select into cities based on productivity (see,
for example, ?). The time-invariant component of this selection is largely addressed by the use of district
fixed effects. However, consider a case in which an ER shock changes causes firms to relocate from one
city to another. These firms are now geographically connected with firms that they were not previously
connected with, and may thus directly affect their productivities.

• Test: How do ER shocks affect opening and closures of firms in different locations? (To do.)

3.2.2 Common Shocks

Another potential threat to identification is common shocks that affect both the firm and its neighbors,
and are somehow correlated with (potentially caused by) ER shocks to the firms neighbors-of-neighbors.

For example, consider an ER shock that hits Firm C, which is located in the same city as Firm B,
which in turn is directly linked in a supply chain relationship to Firm A. If the ER shock causes Firm
C to hire more labor, this could drive up wages for Firm B, which could affect its revenue productivity
(although not necessarily its physical productivity). In this case, it may still be appropriate to interpret
the effect on Firm A as an endogenous effect of changes in Firm Bs productivity.

Alternatively, in the case above, suppose that Firm D is located in the same industry as Firm B, and
in the same city as Firm A. As Bs wages go up, Firm D may need to raise its wages to retain workers
(if wages are equalized across industries), thus raising wage costs for Firm A. If Firm D does not raise
wages, workers located near Firms A and D could decide to migrate to the city where Firms B and C are
located, because of higher wages. In either case, these changes affect Firm As productivity through the
labor market channel.

• Test: Look for migratory responses to ER shocks, both from the perspective of firms and workers.
(To do.)

4 Results

We begin our investigation of productivity spillovers by focusing on the network GA (s = 0.01, d = 0).
As discussed in Section 3, we estimate productivity by first estimating firm-level production functions
using the Olley and Pakes (1996) investment control function approach. In Table 4, we report parameter
estimates from a regression of neighbors’ average TFP residuals, Hω, on second-order and third-order
neighbors’ average exchange rate shocks. This is the first-stage relationship in our investigation of pro-
ductivity spillovers.

In order to identify productivity spillovers, we need a strong relationship between second and third-
order neighbors’ average ER shocks and neighbors’ average TFP. Columns 1 and 2 use district and in-
dustry fixed effects, in addition to year fixed effects, while columns 3 and 4 focus on firm and year

13
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fixed effects, thereby restricting the identification to incumbent firms. These regressions show a strong,
negative, and statistically significant relationship between the ER shocks of neighbors-of-neighbors and
neighbors’ average productivity. As the trade-weighted exchange rates of neighbors-of-neighbors de-
preciate, average productivity of neighbors increases. Although we find significant impacts of the third-
order ER shock, the F -stat of the regressions fall somewhat, leading us to just use the second-order ER
shock as the primary instrumental variables specification.

Table 5 reports the baseline spillover regression estimates using firm-level panel data. Here, we are
estimating (6), and columns 1 and 2 report fixed-effects least squares regressions, while columns 3 and 4
report IV-GMM regressions, where Hω is instrumented using H2z. All regressions include firm and year
fixed effects. In Columns 1 and 3, we just report regressions of productivity on the purely exogenous
ER shocks, while in columns 2 and 4, we include a few selected time-varying firm-level controls (and
neighbors’ averages of those controls) as exogenous characteristics. Note that we do not use second-
order averages of these firm-level characteristics as instruments. Robust standard errors, clustered at the
district-by-industry level, are reported in parentheses.12

Overall, the results point to significant productivity spillovers albeit smaller than comparable esti-
mates in the literature. In general, the fixed-effects least squares regressions show a positive, statistically
significant relationship between own productivity and neighboring firms’ average productivity. Once
we instrument for average productivity using the neighbors-of-neighbors ER shock, the coefficient esti-
mates increase slightly and remain statistically significant. The Kleibergen-Paap Wald Rank F -Stat and
other identification tests also suggest a well-identified first stage; not to mention, key insights hold up to
weak instrument robust inference. However, the point estimates themselves are relatively smaller than
similar estimates in the literature. From column 3, a one standard deviation increase in firms’ average
productivity (σ ≈ 0.85) leads to a 1.2 percent increase in own productivity on average. This is much
smaller than the approximately 10 percent increase in own productivity reported by Greenstone et al.
(2010) and is an order of magnitude smaller than the estimate reported by Serpa and Krishnan (2017),
both of whom focus on U.S. data.

The results in Table 5 provide suggestive evidence that TFP spillovers in Indonesia, and possibly in
other developing countries, are much smaller than productivity spillovers in the U.S. and Europe. Our
findings also stand in contrast to Chauvin et al. (2016), who argue that compared to the U.S., human
capital spillovers and the relationship between wages and density are even stronger in China and India.
Nevertheless, more research is needed to determine whether these differences with other studies are due
to the different sources of identification or different settings or both.

Robustness. In Table 8, we report estimates of θ1 after varying the network definition. As in Table 7,
each entry reports a separate estimate of θ1 from a different regression, but here, we fix the any connec-
tions network and vary s along the columns and d along the rows. Looking across all specifications of the
network structure, θ1 appears to be positively estimated, but the results vary in terms of their precision.
When s = 0, there are probably too many industrial connections, so the point estimate, while positive,
is only marginally significant. However, as s increases, the point estimates tend to fall slightly, but the

12In Appendix Table B.1, we show that these main results are robust to two-way clustering at the district and industry-level,
but the significance falls slightly.
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confidence intervals overlap across all of these different specifications.
In Table 6, we explore the robustness of these main regression results to different TFP estimates.

Row 1 reports the main estimates of θ1 from Table 5, Column 3, where the TFP residual was estimated
using the Olley and Pakes (1996) investment control function approach. Rows 2-4 use the intermediate-
inputs control function approach of (Levinsohn and Petrin, 2003) but vary the proxy variable used as the
intermediate input. Row 5 uses the Wooldridge (2009) GMM approach, row 6 uses the Ackerberg et al.
(2015) conditional control function approach, and row 7 uses the index number approach of Aw et al.
(2001). With the exception of the Wooldridge (2009) TFP residual, all spillover estimates are positive,
statistically significant, and similar in magnitude as those reported in Table 5.

Mechanisms. In order to shed light on the mechanisms driving our results above, we separately es-
timate productivity spillovers, θ1, by network type (upstream, downstream, or all connections), and
2-digit industry. In Table 7, each entry is a separate estimate of θ1 from a different IV-GMM regres-
sion with firm fixed effects. In the first row and first column, we again report the main estimate of θ1
with the network given by GA (s = 0.01, d = 0). Column 2 uses the network of upstream connections,
GU (s = 0.01, d = 0), to construct all network variables in the regression, while column 3 uses the net-
work of downstream connections, GD (s = 0.01, d = 0).

In row 1, we find that the overall productivity spillovers are driven by both upstream and down-
stream connections. However, we find more precisely estimated spillovers form downstream connec-
tions suggesting that as your network of suppliers grows more productive, so does your productivity.
The slightly more limited spillovers from upstream productivity improvements suggests that forward
linkages may be slightly weaker than backward ones in Indonesian manufacturing.

Rows 2-10 report separate estimates of θ1 for each of broad 2-digit industries. We find the largest
and most significant spillover impacts for furniture and wood products (ISIC 33) and for finished metal,
machines, and electronics (ISIC 38); the other industries do not seem to have significant TFP spillovers.
The importance of downstream spillovers for the finished metal, machines, and electronics is consistent
with this industry having some of the strongest backward linkages as seen in Table 1. Moreover, this
industry is particularly susceptible to competitive effects of trade openness (Amiti and Konings, 2007),
which is precisely the source of variation identifying changes in neighbors’ productivity.

In summary, we find that productivity spillovers between Indonesian manufacturers are positive
and significant, but substantially smaller than similar estimates from firm-level data in the U.S. and
Europe. We also find that the overall TFP spillovers tend to be driven by spillovers that come from
downstream connections, and we find that finished metals, machines, and electronics as well as furniture
and wood producers tend to be the most amenable to productivity spillovers.

5 Conclusion

In this paper, we have developed and implemented a new identification strategy that uses information
on the network structure of producer relationships to provide estimates of the size and scale of produc-
tivity spillovers. Our strategy builds on that proposed by Bramoullé et al. (2009) for estimating peer
effects, and is one of the first applications of this idea to the estimation of productivity spillovers. We
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clarify the identification arguments required for implementing this strategy, use panel data, and validate
it using external, trade-weighted exchange-rate shocks.

Our results, which are based on data from Indonesia, suggest positive productivity spillovers be-
tween manufacturers. However, our estimates of TFP spillovers in Indonesia are considerably smaller
than similar estimates based on firm-level data from the U.S. and Europe, and positive effects are only
observed in a few industries. These relatively small estimates of TFP spillovers are consistent with other
work on Indonesia’s agglomerations. For instance, Amiti and Cameron (2007) find relatively small im-
pacts of labor market pooling on wages, at least when compared to effects estimated using U.S. and
European data. In a companion paper, we also find that the spatial concentration of Indonesian man-
ufacturing firms is not consistently related to an industry’s use of highly skilled workers (Rothenberg
et al., 2016a). This may suggest that one of the most important drivers of agglomeration externalities,
knowledge spillovers, may not be operating well in Indonesian cities.

One advantage to our identification approach is that it is broadly applicable to other contexts. Re-
searchers with access to both input-output data, physical distance data, and firm-level panel data would
be able to use this strategy in other contexts. More research is needed to determine whether the TFP
spillovers estimated from this approach are similar to other TFP spillover estimates; implementing this
approach with firm-level panel data in many countries would allow us to cleanly study differences be-
tween TFP spillovers in developed and developing countries.
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Table 1: Most Connected and Clustered Industries, gU(s = 0.01)

IN OUT BETWEEN
PANEL A: TOP-5 IN DEGREE (DOWNSTREAM CONNECTIONS) DEGREE DEGREE CENT.

38120. MANUFACTURE OF FURNITURE AND FIXTURES PRIMARILY MADE OF METAL 51 31 0.028
38433. MANUFACTURE OF MOTOR VEHICLE COMPONENT AND APPARATUS 41 55 0.068
38232. MANUFACTURE OF WOOD WORKING MACHINERIES 39 1 0.000
38113. MANUFACTURE OF KITCHEN WARE MADE OF ALUMINIUM 38 19 0.032
38514. MANUFACTURE OF INSTRUMENTS FOR PRACTICUM PURPOSES 37 6 0.004

PANEL B: TOP 5 OUT DEGREE (UPSTREAM CONNECTIONS)

38194. MANUFACTURE OF WIRE 18 73 0.021
35118. MANUFACTURE OF BASIC ORGANIC CHEMICALS RESULTING SPECIAL CHEMICALS 20 71 0.028
35606. MANUFACTURE OF PLASTICS BAGS, CONTAINERS 25 70 0.029
35210. MANUFACTURE OF PAINTS, VARNISHES AND LACQUERS 10 67 0.009
35131. MANUFACTURE OF SYNTHETIC RESINS 17 65 0.036

PANEL C: TOP 5 BETWEENNESS CENTRALITY

38433. MANUFACTURE OF MOTOR VEHICLE COMPONENT AND APPARATUS 41 55 0.068
32411. MANUFACTURE OF FOOTWEAR FOR DAILY USE 32 43 0.044
35131. MANUFACTURE OF SYNTHETIC RESINS 17 65 0.036
33211. MANUFACTURE OF FURNITURE AND FIXTURES MAINLY MADE OF WOOD 34 39 0.033
38247. ALTERATION AND REPAIR OF SPECIAL INDUSTRIAL MACHINERIES 33 26 0.033

Notes: Authors’ calculations. Network connections are based on data from the 2000 products produced and raw materials used
datasets.

Table 2: Industrial Connections: Network Statistics, gA(s)

s = 0 s = 0.01 s = 0.02 s = 0.03 s = 0.04 s = 0.05

NUMBER OF NODES 261 261 261 261 261 261
NUMBER OF EDGES 19368 8763 7366 6561 5865 5384

COMPLETENESS 0.285 0.129 0.109 0.097 0.086 0.079
TRANSITIVITY (PERCENTAGE OF ALL POSSIBLE 3-WAY TRIANGLES) 0.536 0.357 0.333 0.314 0.294 0.282

DIAMETER OF LARGEST CONNECTED COMPONENT 4 4 4 5 5 5
AVERAGE SHORTEST PATH LENGTH OF LARGEST CONNECTED COMPONENT 1.760 1.910 1.954 1.991 2.035 2.065

Notes: Authors’ calculations. We report statistics on the networks defined by gA (s), where this family of networks is defined
in (2). Different network statistics appear in separate rows, and we vary s along the columns. Network connections are based
on data from the 2000 products produced and raw materials used datasets.

Table 3: Firm Connections: Network Statistics, GU(s, d)

PANEL A: GU (s, d = 0) s = 0 s = 0.01 s = 0.02 s = 0.03 s = 0.04 s = 0.05

NUMBER OF NODES 21834 21834 21834 21834 21834 21834
NUMBER OF EDGES 2068307 1087461 955728 904535 870895 830650

COMPLETENESS 0.004 0.002 0.002 0.002 0.002 0.002
TRANSITIVITY (PERCENTAGE OF ALL POSSIBLE 3-WAY TRIANGLES) 0.881 0.884 0.914 0.928 0.938 0.950

DIAMETER OF LARGEST CONNECTED COMPONENT 3 4 5 6 6 6
AVERAGE SHORTEST PATH LENGTH OF LARGEST CONNECTED COMPONENT 1.286 1.810 2.062 2.110 2.175 2.353

PANEL B: GU (s, d = 10) s = 0 s = 0.01 s = 0.02 s = 0.03 s = 0.04 s = 0.05

NUMBER OF NODES 21834 21834 21834 21834 21834 21834
NUMBER OF EDGES 3304546 1584033 1349266 1271461 1221146 1147757

COMPLETENESS 0.007 0.003 0.003 0.003 0.003 0.002
TRANSITIVITY (PERCENTAGE OF ALL POSSIBLE 3-WAY TRIANGLES) 0.769 0.764 0.816 0.838 0.852 0.873

DIAMETER OF LARGEST CONNECTED COMPONENT 4 5 5 6 6 6
AVERAGE SHORTEST PATH LENGTH OF LARGEST CONNECTED COMPONENT 1.656 2.047 2.216 2.284 2.345 2.477

Notes: Authors’ calculations. We report statistics on the networks defined by GU (s, d), where this family of firm-level networks
is defined in (3). Different network statistics appear in separate rows, and we vary s along the columns. Industrial relationships
are based on data from the 2000 products produced and raw materials used datasets, while the physical relationships are drawn
using district information based on the 1990 census.
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Table 4: First Stage Regressions; Dependent Variable: Hω

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

2ND-ORDER NEIGHBORS ER SHOCK (GA (s = 0.01, d = 0)) -0.108 -0.072 -0.109 -0.072
(0.021)*** (0.009)*** (0.018)*** (0.008)***

3RD-ORDER NEIGHBORS ER SHOCK (GA (s = 0.01, d = 0)) -0.060 -0.065
(0.029)** (0.028)**

N 347672 347593 341238 341154
F STAT 98.64 72.92 89.81 66.19
ADJUSTED R2 0.361 0.362 0.482 0.483
ADJUSTED R2 (WITHIN) 0.041 0.042 0.036 0.037

YEAR FE YES YES YES YES
DISTRICT FE YES YES . .
INDUSTRY FE YES YES . .
FIRM FE . . YES YES

Notes: This table reports first-stage regression results of firms’ average TFP, Hω, on neighbors-of-neighbors and 3rd-order
neighbors average ER shocks. Own ER shocks and neighbors ER shocks are also included in the specification, but coefficient
estimates are not shown. Columns 1 and 2 include district and industry fixed effects, in addition to year fixed effects, while
columns 3 and 4 include firm and year fixed effects. Robust standard errors, clustered at the district-by-industry level, are
reported in parentheses. */**/*** denotes significant at the 10% / 5% / 1% levels.

Table 5: Spillover Regressions

FELS GMM

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

NEIGHBORS AVG TFP (OP, GA (s = 0.01, d = 0)) 0.074 0.071 0.120 0.127
(0.009)*** (0.009)*** (0.040)*** (0.052)**

ER SHOCK 0.006 0.007 0.010 0.010
(0.004)* (0.004)* (0.005)** (0.004)**

NEIGHBORS ER SHOCK (GA (s = 0.01, d = 0)) -0.002 0.000 -0.008 -0.006
(0.004) (0.004) (0.008) (0.007)

TOTAL WORKERS (PAID AND UNPAID) -0.059 -0.059
(0.009)*** (0.009)***

EXPORTER (0 1) 0.057 0.058
(0.011)*** (0.011)***

FOREIGN OWNED (0 1) 0.138 0.137
(0.028)*** (0.027)***

N 198593 189322 197281 188017
ADJUSTED R2 0.632 0.643 0.632 0.643
ADJUSTED R2 (WITHIN) 0.004 0.005 0.002 0.003
KLEIBERGEN-PAAP WALD RANK F STAT 65.534 52.090
UNDER ID. TEST (KP RANK LM STAT) 99.763 80.550
P-VALUE 0.000 0.000
ANDERSON-RUBIN WALD TEST (WEAK IV ROBUST INF.) 8.230 5.664
P-VALUE 0.004 0.017

FIRM FE YES YES YES YES
YEAR FE YES YES YES YES
FIRM CONTROLS . YES . YES

Notes: Each cell reports the coefficient from a regression of the given dependent variable (listed in the left-most column). Robust
standard errors, clustered at the district-by-industry level, are reported in parentheses. */**/*** denotes significant at the 10%
/ 5% / 1% levels.
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Table 6: Spillover Regressions: Robustness to Different TFP Measures

(1)

OLLEY-PAKES (1996) (INVESTMENT PROXY) 0.120
(0.040)***

LEVINSON-PETRIN (2003) (ELECTRICITY AS PROXY VARIABLE) 0.141
(0.050)***

LEVINSON-PETRIN (2003) (RAW MATERIALS AS PROXY VARIABLE) 0.113
(0.042)***

LEVINSON-PETRIN (2003) (ELECTRICITY AND RAW MATERIALS AS PROXY VARIABLES) 0.117
(0.045)***

WOOLDRIDGE (2009) -5.041
(11.510)

ACKERBERG, CAVES, AND FRAZER (2015) 0.075
(0.030)**

AW, CHEN, AND ROBERTS (1991) INDEX-NUMBER METHOD 0.175
(0.077)**

YEAR FE YES
DISTRICT FE .
INDUSTRY FE .
FIRM FE YES

Notes: Each cell reports the coefficient from a regression of the given dependent variable (listed in the left-most column). Robust standard
errors, clustered at the district-by-industry level, are reported in parentheses. */**/*** denotes significant at the 10% / 5% / 1% levels.
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Table 7: Spillover Regressions: By Industry and Network Type

ALL UP DOWN

(1) (2) (3)

ALL FIRMS 0.120 0.076 0.093
(0.040)*** (0.051) (0.039)**

31 - FOOD PROCESSING 0.100 0.154 -0.011
(0.072) (0.100) (0.073)

32 - TEXTILES AND GARMENTS -0.021 -0.056 0.010
(0.065) (0.077) (0.075)

33 - FURNITURE AND WOOD PRODUCTS 0.340 0.333 0.346
(0.067)*** (0.071)*** (0.077)***

34 - PAPER PRODUCTS -0.017 -0.053 0.006
(0.076) (0.075) (0.068)

35 - CHEMICAL PRODUCTS 0.107 0.078 0.043
(0.075) (0.088) (0.067)

36 - CERAMICS, GLASS, CEMENT, AND CLAY PRODUCTS 0.084 0.135 0.010
(0.156) (0.361) (0.145)

37 - IRON AND STEEL -0.037 0.632 -0.039
(0.368) (0.632) (0.282)

38 - FINISHED METAL, MACHINES, AND ELECTRONICS 0.166 0.179 0.167
(0.072)** (0.082)** (0.072)**

39 - OTHER MANUFACTURING 0.112 0.042 0.766
(0.139) (0.133) (0.587)

YEAR FE YES YES YES
DISTRICT FE . . .
INDUSTRY FE . . .
FIRM FE YES YES YES

Notes: Each cell reports the coefficient from a regression of the given dependent variable (listed in the left-most column). Robust standard
errors, clustered at the district-by-industry level, are reported in parentheses. */**/*** denotes significant at the 10% / 5% / 1% levels.

Table 8: Spillover Regressions: By Network Definition

GMM

s = 0 s = 0.01 s = 0.02 s = 0.03 s = 0.04 s = 0.05

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

NEIGHBORS’ AVERAGE TFP (D = 0) 0.092 0.120 0.078 0.083 0.082 0.073
(0.052)* (0.040)*** (0.044)* (0.045)* (0.044)* (0.042)*

NEIGHBORS’ AVERAGE TFP (D = 10) 0.092 0.110 0.078 0.083 0.087 0.074
(0.049)* (0.038)*** (0.041)* (0.043)* (0.042)** (0.042)*

YEAR FE YES YES YES YES YES YES
FIRM FE YES YES YES YES YES YES

Notes: Each cell reports the coefficient from a regression of the given dependent variable (listed in the left-most column). Robust standard
errors, clustered at the district-by-industry level, are reported in parentheses. */**/*** denotes significant at the 10% / 5% / 1% levels.
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Figure 1: Definitions: Upstream and Downstream Connections

Notes: This image depicts the upstream and downstream connections between industries A, B, and C. Relative to industry A,
industry B is an upstream connection, while industry C is a downstream connection.
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Figure 2: Network of 5-Digit Industries, Any Upstream or Downstream Connection;
gA (s = 0.01)

Notes: Authors’ calculations. Network connections are based on data from the 2000 products produced and raw materials used
datasets. Visualization uses the force-placement algorithm of Fruchterman and Reingold (1991). To simplify the image, we do
not draw the direction of the connections between firms.
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Figure 3: Network of 5-Digit Industries: Degree Distributions of gU (s = 0.01)

(A) IN DEGREE DISTRIBUTION (NUMBER OF DOWNSTREAM CONNECTIONS)

(B) OUT DEGREE DISTRIBUTION (NUMBER OF UPSTREAM CONNECTIONS)

Notes: Authors’ calculations. Network connections are based on data from the 2000 products produced and raw materials used
datasets.
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Figure 4: Network of Firms (GU(s = 0.01, d = 0))

Source: Authors’ calculations. Visualization uses the force-placement algorithm of Fruchterman and Reingold (1991).

26



www.bu.edu/gdp                  27
HCI@GDPCenter
Pardee School of Global Studies/Boston University

Figure 5: Identification Diagram

Notes: This image depicts two cities, Jakarta and Bandung, and 9 firms belonging to 5 different industries. Firms are depicted
as nodes in the network, and lines drawn between nodes form network connections. There are distance-based connections (in
gray) and industry-based connections that span cities (in red and black).

Figure 6: Variation in Exchange Rates

Notes: This image depicts ERit across industries i and years t, where ERit is defined in (7). A separate line is drawn for each
industry history.
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A Production Function Estimation

Wooldridge (2009) shows how to recast the control function approach for estimating production functions (e.g.
Ackerberg et al., 2015; Levinsohn and Petrin, 2003; Olley and Pakes, 1996) in a generalized method of moments
(GMM) framework. Following his notation, we write the firm-level production function as follows:

yit = α+w′
itβ + x′

itγ + vit + eit, t = 1, ..., T (8)

where we define:

• yit: Log Value Added

• wit: a (J × 1) vector of “adjustable” inputs, including:

– LPit: Log Total Production Workers

– LNPit: Log Total Non-Production Workers

• xit: a (K × 1) vector of state variables, including:

– kit: Log Capital (book value, but estimated if missing)

• vit: transmitted component of the error term. This is a state variable, observed by the firm before its decisions
about labor and capital are made.

• eit: an i.i.d. error, not observed by the firm before decisions are made.

A major concern with estimating (8) directly, either with OLS or fixed effects, is that because the firm observes
vit but we do not, vit is an omitted variable correlated with choices of labor and capital. This will lead to biased
estimates of the production function parameters, and by implication, biased estimates of firm-level productivity
residuals.

To resolve this, Levinsohn and Petrin (2003) use a (M × 1) vector of proxy variables, mit, to control for the
correlation between input levels and unobserved productivity. They assume that intermediate input demand is
given by:

mit = m (xit, vit) , t = 1, ..., T

and that this vector of functions is monotonic in vit. Monotonicity allows you to invert this function and solve for
vit:

vit = g (xit,mit) , t = 1, ..., T

This gives us our first equation for identifying the production function parameters:

yit = α+w′
itβ + x′

itγ + g (xit,mit) + eit, t = 1, ..., T (9)

where Wooldridge (2009) assumes that eit is sequentially exogenous (Chamberlain, 1992), mean zero conditional
on the history of w, x, and m up to this point:

E
[
eit

∣∣ (wit,xit,mit) , (wit−1,xit−1,mit−1) , ..., (wi1,xi1,mi1)
]
= 0, t = 1, ..., T (10)

According to Olley and Pakes (1996) and Levinsohn and Petrin (2003), (9) and (10) identifies β, but Ackerberg et al.
(2015) argues that this equation has no identifying information if intermediate inputs and labor are chosen at the
same time.

To identify γ (or, if you believe the critique of Ackerberg et al. (2015), β and γ together), we need to make
stronger assumptions on the dynamics of the productivity process. Define the current period’s innovation in
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productivity as:
ait ≡ vit − E [ vit | vit−1 ]

where we have:

E [ vit | vit−1 ] = f [vit−1]

= f [g (xit−1,mit−1)]

Adding and subtracting this term in (9), we write:

yit = α+w′
itβ + x′

itγ + f [g (xit−1,mit−1)] + uit, t = 1, ..., T (11)

where uit ≡ ait + eit. Wooldridge (2009) argues that to identify α, β, and γ, we need to assume:

E
[
uit

∣∣xit, (wit−1,xit−1,mit−1) , ..., (wi1,xi1,mi1)
]
= 0, t = 1, ..., T (12)

Equations (9) and (11), together with their respective moment restrictions (10) and (12), identify α, β and γ.
Wooldridge (2009) proposes a GMM approach to estimate α, β, and γ that involves approximating f and g with
flexible polynomials and stacking sample versions of the moment restrictions 10 and 12 in a GMM objective func-
tion.
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B Robustness Tables and Figures

Table B.1: Spillover Regressions (2-Way Clustering)

FELS GMM

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

NEIGHBORS AVG TFP (OP, GA (s = 0.01, d = 0)) 0.074 0.071 0.120 0.127
(0.009)*** (0.009)*** (0.040)*** (0.052)**

ER SHOCK 0.006 0.007 0.010 0.010
(0.004)* (0.004)* (0.005)** (0.004)**

NEIGHBORS ER SHOCK (GA (s = 0.01, d = 0)) -0.002 0.000 -0.008 -0.006
(0.004) (0.004) (0.008) (0.007)

TOTAL WORKERS (PAID AND UNPAID) -0.059 -0.059
(0.009)*** (0.009)***

EXPORTER (0 1) 0.057 0.058
(0.011)*** (0.011)***

FOREIGN OWNED (0 1) 0.138 0.137
(0.028)*** (0.027)***

N 198593 189322 197281 188017
ADJUSTED R2 0.632 0.643 0.632 0.643
ADJUSTED R2 (WITHIN) 0.004 0.005 0.002 0.003
KLEIBERGEN-PAAP WALD RANK F STAT 65.534 52.090
UNDER ID. TEST (KP RANK LM STAT) 99.763 80.550
P-VALUE 0.000 0.000
ANDERSON-RUBIN WALD TEST (WEAK IV ROBUST INF.) 8.230 5.664
P-VALUE 0.004 0.017

FIRM FE YES YES YES YES
YEAR FE YES YES YES YES
FIRM CONTROLS . YES . YES

Notes: Each cell reports the coefficient from a regression of the given dependent variable (listed in the left-most column). Robust standard
errors, two-way clustered by district and industry, are reported in parentheses. */**/*** denotes significant at the 10% / 5% / 1% levels.
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