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Introduction

Economic activity is spatially concentrated. Economists have speculated for at least a century that
the spatial concentration of economic activity may be explained by productivity advantages enjoyed by
firms when they locate near other firms (Marshall, 1920). The mere existence of clusters of economic
activity of the type exemplified by Silicon Valley has long been used to support the notion of such
agglomeration spillovers. Why would firms that produce tradable goods be willing to locate in areas
characterized by high labor and land costs if this type of locations did not provide significant productivity
advantages? Different hypothesis have been advanced to explain geographical concentration of economic
activity:' better quality of the worker-firm match in thicker labor markets; lower risk of unemployment
for workers and lower risk of unfilled vacancies for firms following idiosyncratic shocks; cheaper and
faster supply of intermediate goods and services; and knowledge spillovers.’

Beside its obvious interest for urban and growth economists, the magnitude of agglomeration
spillovers has tremendous practical relevance. Increasingly, local governments compete by offering
substantial subsidies to industrial plants to locate within their jurisdictions. The main economic rationale
for these incentives rests on whether the attraction of new businesses generates positive agglomeration
externalities. While the attraction of a new business may generate local jobs, in the absence of positive
externalities it difficult to justify the use of taxpayer money for subsidies, at least based on efficiency
grounds.’

How large are productivity spillovers in practice? Despite its enormous theoretical and practical
relevance, the exact magnitude of agglomeration spillovers is still largely an open question. The empirical
challenge in measuring and explaining agglomeration spillovers is that plants choose to locate where their
expected profits are highest, and their profits are a function of their location-specific costs of production.
Local factors that might affect cost of productions include everything from availability of transportation
infrastructure, to labor and environmental regulations, to the availability of workers with particular skills,
to local culture and institutions. Not only are these factors typically difficult to measure, but their relative

importance is likely to vary across firms based on firms’ unobserved production functions.

' See for example Ellison, Glaeser and Kerr (2007), Ottaviano and Thisse (2004), Rosenthal and Stange (2004),
Duranton and Puga (2004), Audretsch and Feldman, (1996 and 2004), Davis and Henderson (2004), Henderson and
Black (2003), Henderson (2003), Moretti (2004c), Henderson (2001a, 2001b and 2003), Dumais, Ellison and
Gleaser (2002), Rosenthal and Stange (2001), Ellison and Gleaser (1997), Glaeser (1999), and Krugman (1991a and
1991b).

2 Of course, natural production advantages of some areas could be in part responsible for agglomeration. But
Elllison and Glaeser (1997) show that natural advantages can not account for the total amount of agglomeration
observed in the data.

? See also Card, Hallock and Moretti (2007) and Glaeser, (2001).



It is therefore difficult to properly account for all possible factors that determine production costs
and that might be shared by all firms in the same location. As a consequence, it is hard to determine
whether firms cluster in some areas because proximity increases their productivity or because those areas
are simply more attractive than others. For local governments, it is difficult to determine the magnitude of
the optimal incentive package.

In this paper we have two goals. First, we aim to test for and quantify agglomeration spillovers by
estimating how the productivity of incumbent manufacturing plants in a county varies when a new plant
opens in that county. To do so, we estimate production functions using plant-level data from the Annual
Survey of Manufacturers. We augment standard Cobb-Douglas or Translog production functions for
incumbent establishments by allowing total factor productivity to depend on the presence of the new
plant.* Having found evidence that the opening of a new plant is associated with significant productivity
gains for the incumbent establishment, we then attempt to shed some light on the degree to which the
agglomeration economies are due to alternative channels. To do so, we test whether the spillovers
between two establishments that are in the same county and are economically close are larger than the
spillovers between two establishments that are in the same county but are economically distant. We
perform this test using four alternative definitions of economic proximity in order to identify the
transmission channels of the spillover.

Heterogeneity in the factors that determine variation in costs of production across counties is
likely to bias standard estimators. Valid estimates of the impact of a plant opening require the
identification of a county that is identical to the county where the plant decided to locate. We rely on the
revealed rankings of profit-maximizing firms to identify a valid counterfactual for what would have
happened in the absence of the plant opening. These rankings come from the corporate real estate journal
Site Selection, which includes a regular feature titled the “Million Dollar Plants” that describes how a
large plant decided where to locate. When firms are considering where to open a large plant, they
typically begin by considering dozens of possible locations. They subsequently narrow the list to roughly
10 sites, among which 2 or 3 finalists are selected. The “Million Dollar Plants” articles report the county
that the plant ultimately chose (i.e., the ‘winner’), as well as the one or two runner-up counties (i.c., the
‘losers’). The losers are counties that have survived a long selection process, but narrowly lost the
competition.

Our identifying assumption is that the losers form a valid counterfactual for the winners, after

adjustment for differences in pre-existing trends. Compared to the rest of the country, winning counties

* The idea of identifying spillovers by estimating plant level production functions is similar to the approach taken by
Henderson (2003) and Moretti (2004).



have higher rates of growth in income, population and labor force participation. But compared to losing
counties in the years before the opening of the new plant, winning counties have similar trends in most
economic variables. This finding is consistent with our identifying assumption that the losers form a valid
counterfactual for the winners.

We first measure the effect of the new plant on total factor productivity of all existing plants in
the county. We find that in the 7 years before the new plant opening, trends in total factor productivity of
incumbent plants in winning and losing counties are remarkably similar. But after the opening of the new
plant, incumbent plants in winning counties experience a sharp increase in total factor productivity. The
effect is statistically significant and economically substantial. Our models indicate that the plant opening
is associated with a 13% increase in incumbent plants TFP five years later. We interpret this finding as
evidence of existence of significant productivity spillovers generated by increased agglomeration. As one
might expect, this effect is larger for incumbent plants that are in the same 2-digit industry of the new
plant, and smaller for incumbent plants that are in a different 2-digit industry.’

These increases in productivity do not necessarily translate into higher profits. Using a simple
model, we show that incumbent firms in winning counties are expected to face higher prices for land,
non-traded local inputs and, in the case of a not infinitely elastic local labor supply, for labor as well.
Indeed, we find evidence of increases in the quality-adjusted cost of labor following MDP plant openings.
Given that the plants in our sample produce traded goods, it is unlikely that they can raise the price of
their output. Thus, while we can not directly measure it, the increase in profits is likely to be smaller than
the measured gain in TFP. We do find some evidence of positive net entry of manufacturing plants in
winning counties, which is consistent with a positive effect on profits.

Having found evidence in favor of the existence of agglomeration spillovers, in the last part of the
paper we try to shed some light on the possible mechanisms. To do so, we follow Moretti (2004b) and
Ellison, Glaeser and Kerr (2007) and investigate the relationship between economic distance and
spillovers using four direct measures of economic distance. First, we use input-output tables and assume
that the economic distance between two industries is proportional to the value of inputs or outputs that
they exchange. Second, we use an index of technological distance based on the distribution of patents
across technological fields.® According to this metric, two industries are close if the distribution of patents
across technologies is similar. Third, we use a metric based on linkages revealed by patents citations.’
According to this metric, two industries are close if they often cite the other industry's patents. Finally, we

use a measure of workers mobility across industries that is intended to capture how likely is that a worker

> Notably, naive estimates that control for observables but do not use our Million Dollar Plant research design find
negative productivity effects.

® This measure was first proposed by Jaffe (1986).

’ This measure was first proposed by Jaffe and Trajtenberg, 2001.



in a given industry moves to another industry. The idea is that we want to see which measures of
economic distance are associated with large spillover effects. For example, finding that the interaction
with the measure of proximity based on workers transitions is large, suggests that spillovers occur
through the flow of workers across firms. On the other hand, finding that the interaction with proximity as
measured by input-output tables is large, suggests that spillovers occur through the exchange of local
goods and services. Of course, these explanations are not mutually exclusive, and it is possible that more
than one is at play.

We find that spillovers are larger for pair of industries between which there is intense flow of
workers. A one standard deviation increase in our measure of workers mobility between incumbent
plants’ industry and the new plant industry is associated with a 7.5% increase in the magnitude of the
spillover. Similarly, the measures of technological linkages indicate statistically meaningful increases in
the spillover. Surprisingly, we find little support for the importance of input and output flows in
determining the magnitude of the spillover. Overall, this evidence provides some support for the notion
that spillovers occurs between firms that share workers and use similar technologies. The evidence seems
less consistent with the hypothesis that agglomeration occurs because of geographical proximity to
customers and suppliers.

The rest of the paper is organized as follows. In Section I we present a simple model. In Section
II we discuss our identification strategy. In Section III we present the data sources. In Section IV, we

present the econometric model. In Section V we present our empirical findings. Section VI concludes.

I. A Simple Theoretical Framework
We are interested in identifying how the opening of a new plant in a county affects the
productivity, profits and input use of existing plants in the same county. We begin in this Section by
presenting a simple theoretical framework that might be useful in interpreting the empirical evidence that

we describe in Section V.

A. Model

We begin by considering the case were incumbent firms are homogenous is size and technology.
Later we consider what happens when incumbent firms are heterogeneous. Through the paper we focus
on the case of factor-neutral spillovers.

(a) Homogeneous Incumbents. We assume that all the incumbent firms use a production
technology that depends on labor, capital and land to produce a nationally traded good whose price is
fixed and is normalized to 1. Incumbent firms choose the amount of labor, L, capital, K, and land, T, to

maximize the following expression:



Max 1 xr{ fIA,L, K, T|-wL-1rK-qT}

where w, r and q are input prices and A is a productivity shifter (TFP). Specifically, A includes all factors
that affect the productivity of labor, capital and land equally, such as technology and agglomeration
spillovers, if they exist. In particular, to explicit allow for agglomeration effects, we allow A to depend on
the density of economic activity in an area:
(1) A =A(N)
where N is the number of firms that are active in a county, and all counties have equal size. We define
factor-neutral agglomeration spillovers as the case where A increases in N:

OA /6N >0
If instead (A /6N) =0, we say that there are no factor neutral agglomeration spillovers.

Let L'(w,r,q) be the optimal level of labor inputs, given the prevailing wage, cost of capital and
cost of industrial land. Similarly, let’s call K'(w,r,q) and T"(w,r,q) the optimal level of capital and land. In
equilibrium, L*, K" and T" are set so that the marginal product of each of the three factors is equal to its
price.

We assume that capital is internationally traded, so that its price does not depend on local demand
or supply conditions. But we allow for the price of labor and land to depend on local economic
conditions. In particular, we allow the supply of labor and land to be less than infinitely elastic at the
county level.

We think of an upward sloping labor supply curve as the result of moving costs. Like in the
standard Roback (1982) model, we assume that workers’ indirect utility depends on wages and cost of
housing, and that in equilibrium workers are indifferent across locations. Workers are mobile across
locations, but unlike the standard Roback (1982) model we allow for moving costs. For simplicity, we
ignore labor supply decisions within a given location, and assume that all residents provide a fixed
amount of labor.

Why is labor supply upward sloping? It is because of mobility costs. The number of workers in
county ¢ before the opening of the new plant is m. This number is determined by the distribution of
moving costs of workers in counties other than c. In particular, m is such that, given the distribution of
wages and the housing costs across localities, the marginal worker in a county different from c is
indifferent between moving to county ¢ and staying. When a new plant opens in county ¢, wages there
start rising, and some workers find it optimal to move to ¢. The number of workers who move, and

therefore the slope of the labor supply function, depend on the shape of the mobility cost function. Let



w(N) be the (inverse of the) reduced form labor supply function, that links the number of firms active in a
county, N, to the local nominal wage level, w.

Similarly, we allow the supply of industrial land to be less than infinitely elastic at the county
level. It is possible that the supply of land is fixed by geographical constraints. Alternatively, it is possible
that it is fixed, at least in the short run, because of land regulations. Alternatively, it may not be
completely fixed, but it is possible that the best industrial land has already been developed, so that the
marginal land is of decreasing quality or more expensive to develop. Irrespective of the reason, we call
q(N) the (inverse of the) reduced form land supply function that links N, to the price of land.

We can therefore write the equilibrium level of profits, IT', as

I = [ A(N), L'(W(N), r, qN)), K'(W(N), , q(N)), T"(W(N), -, q(N)) ] -

- w(N) L' (W(N), 1, q(N)) — r K'(W(N), , q(N)) — g(N) T'(W(N), 1, q(N))
where we now make explicit the fact that TFP, wages and land prices depend on the number of firms
active in a county.

We are interested in determining the short run effect of adding an additional firm in county ¢ on
the profits of incumbent firms:

SIT' /6N = (8f /8A SA/SN) +

(2) +Ow/ON { [6L/dw (Sf/0L — w) —L] + [8K/ow (8f/0K —r)] + [8T/ow (3f/8T — q)]}+
+0q/0N { [6L/8q (/6L — w)] + [6K/dq (8f/6K —1)] + [6T/dq (8f/6T —q) - T] }

Intuitively, the effect of an increase in N on profits is the sum of two opposite forces. First, if
there are agglomeration spillovers, the productivity of all factors increases. In the equation above, this
effect on TFP is represented by the term (5f /6A 0A/ON). This effect is unambiguously positive, because it
allows an incumbent firm to produce more output using the same amount of inputs. Formally, df /A >0
by assumption, and 3A/0N >0 if there are agglomeration spillovers.

Second, an increase in N affects the price of the factors of production that are not supplied with
infinite elasticity. Intuitively, an increase in N generates an increase in the level of economic activity in
the county, and therefore an increase in the local demand for labor, capital and land. If the supply of labor
and land is not perfectly elastic at the local level, the price of labor and the price of land will increase. Of
course, the increase will depend on the elasticity of supply of labor and land.

Unlike the beneficial effect agglomeration spillovers, the increase in factor prices is bad news for
incumbent firms, because they have now to compete for locally scare resources with the new entrant. The
increase in wages and land prices has two effects on incumbents. First, for a given level of input
utilizations it mechanically raises production costs. Second, it leads the firm to re-optimize and to change
its use of the different production inputs. In particular, given that the price of capital is not affected by an

increase in N, the firm is likely to end up using more capital than before:



SK'/SN =>0.

The effect on the use of labor and land is ambiguous. On the one hand the productivity of all
factors increases, but on the other hand the price of labor and land might increase. The net effect depends
on the magnitude of the factor price increases, as well as on the exact shape of the production function
(i.e. technological complementarities between labor, capital and land):

In equilibrium, if all firms are price takers and all factors are paid their marginal product,
equation (2) simplifies considerably and can be re-written as:

3) SIT/3N = (3f /8A SA/SN) - [ dw/SN L + 3q/0N T]

Empirically, the short-run effect of the opening of the new plant on incumbent plants can be
either positive or negative, depending on the strength of agglomeration spillovers. Equation (3) makes
clear that the effect of the new plant is the sum of two opposite effects. The first term represents the
positive effect on TFP that stems from agglomeration spillovers. The second term represents the negative
effect that stems from increases in the cost of labor and land. All the other terms in equation (2) drop
because in equilibrium the firm is choosing its input level optimally, irrespective of the price of inputs. Of
course, if the supply of labor is infinitely elastic at the local level, and if the supply of land is also very
elastic, the effect of a plant opening on incumbent can only be positive.

In the long run, if the net effect on profits is positive, one may expect entry of new firms in the
area. These new firms are willing to pay higher wages and higher land prices to enjoy the benefits of
increased agglomeration spillovers in the county. On the other hand, if the net effect on profits is
negative, one might expect exit of incumbent firms."

(b) Heterogeneous Incumbents. What happens if the population of incumbent firms in non-

homogeneous? Consider the case where there are two types of firms, high tech and low tech. Assume that

¥ In the paper we focus on the case where the productivity benefits of the agglomeration spillovers are distributed
equally across all factors. What happens when agglomeration spillovers are factor biased? Assume for example that
agglomeration spillovers raise the productivity of labor, but not the productivity of capital. Like before, the
technology is fTA, L, K, T], but now L represents units of effective labor. In particular, L = 6H, where H is the
number of physical workers and 0 is a productivity shifter. We define factor-biased agglomeration spillover the case
where the productivity shifter 6 depends positively on the density of the economic activity in the county 6 = O(N)
and 60 /0N >0. If 6A /0N =0 and factors are paid their marginal product, then the effect of an increase in the density
of the economic activity in a county on incumbent firms simplifies to 3IT /6N = (5f /6H 80/6N) H - [ w/0N H +
8q/0N T]. The effect on profits can be decomposed in two parts. The first term represents the increased productivity
on labor. It is the product of the sensitivity of output to labor (6f /6H >0), times the magnitude of the agglomeration
spillover (66/6N > 0 by definition), times the number of workers. The second term, is the same as in equation (3),
and represents the increase in the costs of locally supplied inputs. The increase in N changes the optimal use of the
production inputs. Labor is now more productive, and its equilibrium use increases: 5L/6N <=0. Land is equally
productive but its price increases. Its equilibrium use declines: 8T*/6N <=0. Neither the price nor the productivity of
capital is affected by an increase in N. Its equilibrium use depends on technology. Specifically, it depends on the
elasticity of substitution between labor and capital.



for technological reasons, the type of workers employed by high tech firms, Ly, differs to some extent
from the type of workers employed by low tech firms, L, although there is overlapping. Assume that the
new entrant is a high tech firm. Equations (4) and (5) characterize the effect of the new high tech firm on
high tech and low tech incumbents:

4) Iy /0Ny = (f W/8Ay SAW/ONy) - [ Swu/ONy Ly + 8q/0Ny T]

®)) SII. /8Ny = (8f /SAL SAL/ONy) - [ dw /0Ny Ly +8q/0Ny T]

It is plausible to expect that the beneficial effect of agglomeration spillovers generated by a new high
tech entrant is larger for high tech firms than for low tech firm:

(6f w/0An SAn/ONy) > (8f /6AL SAL/ONE)

At the same time, one might expect that the increase in labor costs is also higher for the high tech

incumbents, given that they are now competing for workers with an additional high tech firm:
dwp/ONy > dwi /0Ny

It is plausible to expect that the effect on land prices is similar for both types of firms.

B. Empirical Predictions
The simple theoretical framework above generates several empirical tests and predictions that we
bring to the data.

1. We will test whether the opening of a new plant increases the TFP of incumbents.

2. If there are agglomeration economies, we will test whether they are larger for firms that are
economically “closer” to the new plant. We expect firms that economically closer to the new
entrant to experience a larger effect on productivity and a larger increase in labor costs than firms
that are economically more distant.

3. The overall effect on profits of incumbent firms is ambiguous. It depends on the relative strength
of agglomeration spillovers (if any) and input prices increases. To shed some light on the effect
on profit we will

- test whether the price of quality-adjusted labor increases
- test whether the plant opening induces positive or negative net entry
4. The equilibrium utilization of inputs is likely to change. Incumbent firms should use more capital.

The effect on labor and land is ambiguous.

C. Theories of Agglomeration
Economic activity is geographically concentrated (Ellison and Glaeser, 1997). What are the
forces that can explain such agglomeration of economic activity? In the model above, we assume that

productivity of incumbent firms depends on the density of economic activity in an area (equation 2).

10



Different explanations have been offered for this type of spillovers in the literature. See for example,
Krugman (1991), Ottaviano and Thisse (2004), Rosenthal and Stange (2004), Duranton and Puga (2004),
Audretsch and Feldman, (2004), and Ellison, Glaeser and Kerr (2007).” Here we summarize 4 alternative
reasons for agglomeration, and briefly discuss what each of them implies for the relationship between
productivity and density of economic activity.

(1) First, it is possible that firms (and workers) are attracted to areas with high concentration of

other firms (and other workers) by the size of the labor market. There are at least two different reasons

why size of the labor market may be attractive. First, a thick labor market is beneficial in the presence of
search frictions, if jobs and workers are heterogeneous. In the presence of frictions, a worker-firm match
will be on average more productive in areas where there are many firms offering jobs and many workers
looking for job.'’

Alternatively, it is possible that large labor markets are more desirable because they provide
insurance against idiosyncratic shocks, either on the firm side or on the worker side (Krugman 1991a). If
workers mobility is costly and firms are subject to idiosyncratic and unpredictable demand shocks that
lead to lay-offs, workers will prefer to be in areas with thick labor markets to reduce the probability of
being unemployed. Similarly, if finding new workers is costly, firms will prefer to be in areas with thick
labor markets to reduce the probability of having unfilled vacancies."'

These two hypotheses have different implications for the relation between concentration of
economic activity and productivity. If size of labor market results only in better worker-firm matches, we
should see that firms located in denser areas are more productive than otherwise identical firms located in
less dense areas. The exact form of this productivity gain depends on the shape of the production
function. For example, it is possible that the productivity of both capital and labor benefits from the
improved match in denser areas. In this case, we should see an increase in total factor productivity. For
the same set of labor and capital inputs, the output of firms in denser areas should be larger than the

output of firms in the less dense area. On the other hand, it is also possible that the improved match

? The literature on agglomeration spillovers is too large to be exhaustively summarized here. Examples include, but
are not limited to, Rosenthal and Stange (2001) and Henderson (2001 and 2003), Dumais, Ellison and Gleaser
(2002), Ellison and Gleaser (1997), Audretsch and Feldman (1996 and 2004), Davis and Henderson (2004),
Henderson and Black (2003), Duranton and Puga (2001), and Krugman (1991a and 1991b).

" For a related point in a different context see Petrongolo and Pissarides (2005).

' A third alternative hypothesis has to do with spillovers that arise because of endogenous capital accumulation. For
example, in Acemoglu (1996) plants have more capital and better technology in areas where the number of skilled
workers is larger. If firms and workers find each other via random matching and breaking the match is costly,
externalities will arise naturally even without learning or technological externalities. The intuition is simple. The
privately optimal amount of skills depends on the amount of physical capital a worker expects to use. The privately
optimal amount of physical capital depends on the number of skilled workers. If the number of skilled workers in a
city increases, firms in that city, expecting to employ these workers, will invest more. Because search is costly, some
of the workers end up working with more physical capital and earn more than similar workers in other cities.

11



caused by a larger labor market benefits only labor productivity. This would imply a non Hicks neutral
shift in the production function. Additionally, in this case we should see a relatively more intense use of
labor relative to capital in areas with larger labor markets, given that labor is relatively more productive
there. While the absolute amount of labor used would be unambiguously larger in denser areas, the effect
on the absolute amount of capital used would depend on the exact form of the production function.

Of course, in equilibrium, any productivity increase will be capitalized into land prices, given
that labor and capital are mobile, but land is not. This requires that land price adjust to make workers and
firms indifferent between locating in dense areas and less dense areas. Using Roback (1982 and 1988)
original language, this would be a case where density of economic activity is a “productive amenity” that
lowers production costs in dense areas.

On the other hand, if the only effect of thickness in labor market is lower risk of unemployment
for workers, and lower risk of unfilled vacancies for firms, we should not see any difference in
productivity between dense areas and less dense areas. While productivity would not vary, wages would
vary across areas depending on the thickness of the labor market, although the exact effect of density on
wages is a priori ambiguous. Its sign depends on the relative magnitude of the compensating differential
that workers are willing to pay for lower risk of unemployment (generated by an increase in labor supply
in denser areas) and the cost savings that firms experience due to lower risk of unfilled vacancies
(generated by an increase in labor demand in denser areas). Whatever its sign, a change in relative factor
prices will translate into changes in the relative amount of labor and capital used. But unlike the case of
improved matching described above, in this case the production function does not change: for the same
set of labor and capital inputs, the output of firms in denser areas should be similar to the output of firms

in the less dense area.

(2) A second reason why the concentration of economic activity may be beneficial has to do with

transportation costs (Krugman 1991a and 1991b, Glaeser and Kohlhase, 2003). Because in this paper we

focus on firms that produce nationally traded goods, transportation costs of finished products are not the
relevant costs in this respect. Only a small fraction of buyers of the final product is likely to be located in
the same area as our manufacturing plants. The relevant costs are the transportation costs of suppliers of
local services and local intermediate goods. Firms located in denser areas are likely to enjoy cheaper and
faster delivery of local services and local intermediate goods. For example, a high tech firm that needs a
specialized technician to fix a machine, or a specialized lawyer to discuss an unexpected lawsuit, is likely
to get service more quickly and at lower cost if it is located in Silicon Valley than in the Nevada desert.
This type of agglomeration spillover does not imply that the production function varies as a

function of density of economic activity: for the same set of labor and capital inputs, the output of firms in
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denser areas should be similar to the output of firms in the less dense area. However, production costs
should be lower in denser areas. In Roback-style equilibrium, these lower production costs generated by

proximity to local suppliers will be fully capitalized in land values.

(3) A third reason why the concentration of economic activity may be beneficial has to do with

knowledge spillovers. There are at least two different versions of this hypothesis. First, economists and
urban planners have long speculated that the sharing of knowledge and skills through formal and informal
interaction may generate positive production externalities across workers. See for example Marshall
(1920), Lucas (1988), Jovanovic and Bob (1989), Grossman and Helpman (1991) Saxenian (1994),
Glaeser (1999) and Moretti (2004). Empirical evidence indicates that this type of spillovers may be
important in some high-tech industries. For example, patent citations are more likely to come from the
same state or metropolitan area as the originating patent Adam Jaffe et al. (1993). Saxenian (1994) argues
that geographical proximity of high tech firms in Silicon Valley is associated with a more efficient flow
of new ideas and ultimately causes faster innovation.'> Second, it is possible that proximity results in
sharing of information on new technologies, and therefore on faster technology adoption. This type of
social learning phenomenon applied to technology adoption has been first proposed by Griliches (1958).
If density of economic activity results in intellectual externalities, the implications of this type of
agglomeration model are similar to the implications of the search model described above. We should see
that firms located in denser areas are more productive than otherwise identical firms located in less dense
areas. Like for the search model, this higher productivity could benefit both labor and capital, or only one
of the two factors, depending on the form of the production function. On the other hand, if density of
economic activity only results in faster technology adoption, and the price of new technologies reflects
their higher productivity, we should see no relationship between productivity and density, after properly

controlling for quality of capital.

(4) Finally, it is possible that firms concentrate spatially not because of any technological
spillover, but because local amenities valued by workers are concentrated. For example, skilled workers
may prefer a certain set of amenities, while unskilled one may prefer a different set. This would lead firms
that employ skilled and unskilled workers to concentrate where the relevant set of amenities is available.

In Roback (1982) original language, this would be a case of pure consumption amenity. In this case we

"2 The entry decisions of new biotechnology firms in a city depend on the stock of outstanding scientists there, as
measured by the number of relevant academic publications (Lynne Zucker et al., 1998). Moretti (2004b) finds
stronger human capital spillovers between pairs of firms in the same city that are economically or technologically
closer.
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should not see any difference in productivity between dense areas and less dense areas, although we

should see differences in wages that reflect the compensating differential.

I1. Plant Location Decisions and a Research Design
To illustrate our research design, we describe how a particular firm selected a site for its new
plant. In particular, we use information from the “Million Dollar Plant” series in the corporate real estate
journal Site Selection to describe BMW’s 1992 decision to site a manufacturing plant in the Greenville-

Spartanburg area of South Carolina."

A second goal of this case study is to highlight the empirical
difficulties that arise when estimating the effect of plant openings on local economies. Further, we use
this case study to informally explain why our research design may circumvent these identification
problems.

After overseeing a worldwide competition and considering 250 potential sites for its new plant,
BMW announced in 1991 that they had narrowed the list of potential candidates to 20 counties. Six
months later, BMW announced that the two finalists in the competition were Greenville-Spartanburg,
South Carolina, and Omaha, Nebraska. Finally, in 1992 BMW announced that they would site the plant in
Greenville-Spartanburg and that they would receive a package of incentives worth approximately $115
million funded by the state and local governments.

Why did BMW choose Greenville-Spartanburg? It seems reasonable to assume that firms are
profit maximizers and choose to locate where their expectation of the present discounted value of the
stream of future profits is greatest. Two factors determine their expected future profits. The first is the
plant’s expected future costs of production in a location, which is a function of the location’s expected
supply of inputs and the firm’s production technology. The second factor is the present discounted value
of the subsidy it receives at the site.

The BMW case provides a rare opportunity to observe the determinants of these two key site-
selection factors. Consider first the county’s expected supply of inputs. According to BMW, the
characteristics that made Greenville-Spartanburg more attractive than the other 250 sites initially
considered were: low union density, a supply of qualified workers; the numerous global firms, including
58 German companies, in the area; the high quality transportation infrastructure, including air, rail,
highway, and port access; and access to key local services.

For our purposes, the important point to note here is that these county characteristics are a
potential source of unobserved heterogeneity. While these characteristics are well documented in the

BMW case, they are generally unknown and unobserved. If these characteristics also affect the growth of

" The use of the BMW case study should not be construed as an indication that this plant’s opening is part of our
data file. We discuss this case, because it illustrates our research design well.
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total factor productivity of existing plants, a standard regression that compares Greenville-Spartanburg
with the other 3000 US counties will yield biased estimates of the effect of the plant opening. A standard
regression will overestimate the effect of plant openings on outcomes, if, for example, counties that have
more attractive characteristics (e.g., improving transportation infrastructure) tend to have faster TFP
growth.

Now, consider the second determinant of BMW’s decision, the subsidy. The BMW “Million
Dollar Plant” article explains why the Greenville-Spartanburg and South Carolina governments were
willing to provide BMW with $115 million in subsidies.'* According to local officials, the facility’s
estimated five-year economic impact on the region was $2 billion (although this number surely does not
account for opportunity cost). As a part of this $2 billion, the plant was expected to create 2,000 direct
jobs and lead to another 2,000 jobs in related industries by the late 1990s.”” In fact, Greenville-
Spartanburg’s subsidy for BMW may be rationalized by the 2000 jobs indirectly created by the new plant
due to the extra economic activity.'® Thus, the higher level of economic activity is one reason for the
subsidies.

But, as the model highlighted, higher economic activity may lead to higher land prices and higher
wage rates faced by incumbent firms. In this case, the benefits to incumbent firms would need to come
through agglomeration economies or increases in total factor productivity. The fact that business
organizations such as the Chambers of Commerce support these incentive plans (as was the case with
BMW) suggests that incumbent firms expect such increases. Thus, the bid or subsidy may be determined
by the size of the expected impact on total factor productivity of incumbent firms."”

The difficulty for identification is that the magnitude of the spillover from a particular plant
depends on the level and growth of a county’s industrial structure, labor force, and a series of other
unobserved variables. For this reason, the factors that determine the total size of the potential spillover

(and presumably the size of the subsidy) represent a second potential source of unobserved heterogeneity.

' Ben Haskew, chairman of the Spartanburg Chamber of Commerce, summarized the local view when he said,
“The addition of the company will further elevate an already top-rated community for job growth” (Venable, 1992,
p. 630).

" Interestingly, BMW later decided to open a second plant in the Greenville-Spartanburg area and relocated its U.S.
headquarters from New Jersey to South Carolina.

'® As an example, Magna International began construction on an $80 million plant that was to produce roofs, side
panels, doors and other major pieces for the BMW plant in 1993. Although the Magna Plant was slated to hire 300
workers, state and local governments only provided about $1.5 million in incentives. Interestingly, the incentives
offered to Magna are substantially smaller (even on a proportional basis) than those received by BMW, implying
that local governments appear to be judicious in concentrating the incentives on plants that are likely to have the
largest spillovers.

'7 Greenstone and Moretti (2004) present a model that describes the factors that determine local governments’ bids
for these plants and whether successfully attracting a plant will be welfare increasing or decreasing. The model
demonstrates that the answer depends on the presence of agency problems between voters and politicians and the
extent of heterogeneity across counties in the plants’ local production costs and the benefits to counties of attracting
the plant.
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If this unobserved heterogeneity is correlated with incumbent plants’ TFP, standard regression equations
will be mispecified due to omitted variables, just as described above.

In order to make valid inferences in the presence of the heterogeneity associated with the plant’s
expected local production costs and the county’s value of attracting the plant, knowledge of the exact
form of the selection rule that determines plants’ location decisions is generally necessary. As the BMW
example demonstrates, the two factors that determine plant location decisions—the expected future
supply of inputs in a county and the magnitude of the subsidy--are generally unknown to researchers and
in the rare cases where they are known they are difficult to measure. In short, we have little faith in our
ability to ascertain and measure all this information. Thus, the effect of a plant opening on incumbents’
TFP is very likely to be confounded by differences in factors that determine the plants’ profitability at the
chosen location.

As a solution to this identification problem, we rely on the revealed rankings of profit-
maximizing firms to identify a valid counterfactual for what would have happened in the absence of the
plant opening. In particular, the “Million Dollar Plants” articles typically report the county that the plant
chose (i.e., the ‘winner’), as well as its 2™ choice (i.e., the ‘loser’). For example, in the BMW case, the
loser is Omaha, Nebraska. In the subsequent analysis we assume that incumbent firms” TFP would have
trended identically in the absence of the plant opening in winning and losing counties within a case. In
practice, we adjust for covariates so the identifying assumption is weaker. Subsequently, we provide
evidence that suggests supports the identifying assumption. Even if these assumptions fail to hold, we
suspect that this pairwise approach is preferable to using regression adjustment to compare the TFP of
incumbent plants in counties with new plants to the other 3,000 U.S. counties or a matching procedure

. 18
based on observable variables.

III1. Data Sources and Summary Statistics
A. Data Sources
We implement the design using data on winning and losing counties. Each issue of the corporate
real estate journal Site Selection includes an article titled the “Million Dollar Plants” that describes how a

large plant decided where to locate.”” These articles always report the county that the plant chose (i.e., the

'8 Propensity score matching is an alternative approach (Rosenbaum and Rubin 1983). Its principal shortcoming
relative to our approach is its assumption that the treatment (i.e., winner status) is “ignorable” conditional on the
observables. As it should be clear from the example, adjustment for observable variables through the propensity
score is unlikely to be sufficient.

' In 1985, the journal Industrial Development changed its name to Site Selection. Henceforth, we refer to it as Site
Selection. Also, in some years the feature “Million Dollar Plants” was titled “Location Reports.”
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‘winner’), and usually report the runner-up county or counties (i.e., the “losers”).”’ As the BMW case
study indicated, the winner and losers are usually chosen from an initial sample of “semi-finalist” sites
that in many cases number more than a hundred.”' The articles tend to focus on large plants, and our
impression is that they provide a representative sample of all new large plant openings in the US. One
important limitation of these articles is that the magnitude of the subsidy offered by the winning counties
is in many cases unobserved and the bid is almost always unobserved for losing counties.

In order to identify the new plants in the Standard Statistical Establishment List (SSEL)--which is
the Census Bureau’s “most complete, current, and consistent data for U.S. business establishment”*--we
took the matches and identified them in the microdata underlying the Annual Survey of Manufactures
(ASM) and the Census of Manufactures (CM) from 1973-1998. Of the 82 MDP openings in Greenstone
and Moretti (2004), we identified 47 genuine and useable MDP openings in the manufacturing data. In
order to qualify as a genuine and useable MDP manufacturing opening, we imposed the following
criterion: 1) there had to be a new plant in the manufacturing sector appearing in the SSEL within 2 years
before and 3 years after the publication of the MDP article; 2) the plant identified in the SSEL had to be
located in the county indicated in the MDP article; and 3) there had to be incumbent plants in both
winning and losing counties that were there for each of the previous 8 years. Among the 35 MDP
openings that didn’t qualify, roughly 20 were outside of the manufacturing sector.

To obtain information on the incumbent establishments in winner and loser counties, we use the
ASM and CM. ASM and CM contain information on employment, capital stock, total value of shipments,
plant age, firm identifiers, and whether the observation is due to a survey response or derived from an
administrative record. The 4-digit SIC code and county of location are also reported and these play a key
role in the analysis. Importantly, the manufacturing data contain a unique plant identifier, making it
possible to follow individual plants over time.” The sample that we use includes plants that were
continuously present in the ASM in the 8 years preceding the year of the plant opening plus the year of
the opening and don’t have the same owner as the MDP plants. In this period, the ASM sampling scheme

was positively related to firm and plant size. Any establishment that was part of a company with

% In some instances the “Million Dollar Plants” articles do not identify the runner-up county. For these cases, we
did a Lexis/Nexis search for other articles discussing the plant opening and in 4 cases were able to identify the
losing counties. The Lexis/Nexis searches were also used to identify the plant’s industry when this was unavailable
in Site Selection.

*! The names of the semi-finalists are rarely reported.

*> The SSEL is confidential and was accessed in a Census Data Research Center. The SSEL is updated continuously
and incorporates data from all Census Bureau economic and agriculture censuses and current business surveys,
quarterly and annual Federal income and payroll tax records, and other Departmental and Federal statistics and
administrative records programs.

3 See the appendix in Davis, Haltiwanger, and Schuh (1996) for a more thorough description of the ASM and CM.
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manufacturing shipments exceeding $500 million was sampled with certainty, as were establishments
with 250 or more employees.

There are a few noteworthy features of this sample of potentially affected plants. First, the focus
on existing plants allows for a test of spillovers on a fixed sample of pre-existing plants which eliminates
concerns related to the endogenous opening of new plants and compositional bias. Second, another
appealing feature of this sample is that it is possible to form a genuine panel. Third, a disadvantage is that
the results may not be externally valid to smaller plants that aren’t sampled with certainty throughout this
period. Nevertheless, it is relevant that this sample of plants accounts for 54% of county-wide
manufacturing shipments in the CM closest to the year before the MDP opening.

Besides looking for an average spillover effect, in the empirical part of the paper we also aim to
test whether the estimated agglomeration economies are larger in industries that are more closely linked
to the MDP based on some measure of economic distance. We have collected four measures of economic
distance. First, to measure supplier and customer linkages, we use data on the fraction of each industry’s
manufactured inputs that come from each 3-digit industry and the fraction of each industry’s outputs sold
to manufacturers that are purchased by each 3-digit industry. Second, to measure the frequency of worker
mobility between industries, we use data on labor market transitions from the CPS outgoing rotation file.
In particular, we measure the fraction of separating workers from each 2-digit industry that move to firms
in each 2-digit industry. Third, to measure technological proximity, we use data on the fraction of patents
manufactured in a 3-digit industry that cite patents manufactured in each 3-digit industry. We also use
data on the amount of R&D expenditure in a 3-digit industry that is used in other 3-digit industries.**

Finally, one further data issue merits attention. We have two sources of information on the date
of the plant opening. The first is the MDP articles, which often are written when ground is broken on the
plant but other times are written when the location decision is made or the plant begins operations. The
second source is the SSEL, which in principle reports the plant’s first year of operation. However, it is
known that plants occasionally enter the SSEL after their opening. Thus, there is uncertainty about the
date of the plant’s opening. Further, the date at which the plant could affect the operations of existing
plants depends on the channel for any agglomeration economies. If they are a consequence of supplier
relationships, then they could occur as soon as the plant is announced. For example, the new plant’s
management might visit existing plants and provide suggestions on operations. Alternatively, the source
of agglomeration may be a labor market one that depends on sharing labor. In this case, agglomeration
economies may not be evident until the plant is operating. Based on these data and conceptual issues,

there isn’t clear guidance on when the new plant could affect other plants. Our solution is to allow for

* We are deeply indebted to Glenn Ellison, Edward Glaeser and William Kerr for providing the data on R&D
expenditures
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this possibility by using the earlier of the year of the publication of the magazine article and the year that
the new plant appears in the SSEL. However, we will also report on the results from strictly choosing the

magazine or SSEL date.

B. Summary Statistics

Table 1 presents summary statistics on the sample of plant location decisions that form the basis
of the analysis. The starting point of the analysis is Greenstone and Moretti’s (2004) sample of 82 MDP
openings. As discussed in the previous subsection, 47 of these openings make it into this paper’s sample.
Only, 16 of these openings occurred in counties where there were plants in the same 2-digit SIC industry
in both winning and losing counties in the 8 years preceding the opening. There are a total of 110
counties in this sample.

The table reveals some other facts about the plant openings.”> We refer to the winner and

2

accompanying loser(s) associated with each plant opening announcement as a “case.” There are two or
more losers in 16 of the cases so there are a total of 73 losing counties. Some counties appear multiple
times in the sample (as either a winner or loser) and the average county in the sample appears a total of
1.09 times. The difference between the year of the MDP article’s publication and the year the plant
appears in the SSEL is roughly spread somewhat evenly across the categories -2 to -1, 0, and 1 to 3. For
clarity, the last category refers to cases where the article appears after the plant is identified in the SSEL.
The assigned date of the plant openings ranges from the early 1980s through the early 1990s.

The remainder of Table provides some summary statistics on the new MDP plants five years after
their appearance in the SSEL to provide a sense of their magnitude. TO COME.

Table 2 provides summary statistics on the measures of industry linkages and some further
descriptions of these variables. In all cases, the degree of linkage between industries is increasing in the
value of the variable. For ease of interpretation in the subsequent regressions, these variables are
normalized to have a mean of zero and a standard deviation of one.

Table 3 presents the means of county-level and plant-level variables across counties. These
means are reported for winners, losers, and the entire U.S. in columns (1), (2), and (3), respectively.”® In
the winner and loser columns, the plant-level variables are calculated among the incumbent plants present
in the ASM in the 8 years preceding the assigned opening date and the opening date. All entries in the

entire US column are weighted across years to produce statistics for the year of the average MDP opening

> A number of the statistics in Table 2 are reported in broad categories to comply with the Census Bureau’s
confidentiality restrictions and avoid disclosing the identities of the individual plants in the primary sample.

26 The losing county entries in column (2) are calculated in the following manner. First, we calculate the mean
across all the losers for a given case. Second, we calculate the overall loser average as the unweighted mean across
all cases so that each case is given equal weight.
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in our sample. Further, the plant characteristics are only calculated among plants that appear in the ASM
for at least 9 consecutive years. Column (4) presents the t-statistics from a test that the entries in (1) and
(2) are equal, while Column (5) repeats this for a test of equality between columns (1) and (3). Columns
(6) through (10) repeat this exercise among the cases where there are plants within the same 2-digit SIC
industry as the MDP plant. In these columns, the plant characteristics are calculated among the plants in
the same 2-digit industry.

This exercise provides an opportunity to assess the validity of the research design as measured by
pre-existing observable county and plant characteristics. To the extent that these observable
characteristics are balanced among winning and losing counties, this should lend credibility to the
analysis. The comparison between winner counties and the rest of the US provides an opportunity to
assess the validity of the type of analysis that would be undertaken in the absence of a quasi-experiment.

The top panel reports on county-level characteristics measured in the year before the assigned
plant opening and the percentage change between 7 years and 1 year before the opening. It is evident
that compared to the rest of the country, winning counties have higher incomes growth, population and
population growth, higher labor force participation rates and growth, and manufacturing accounts for a
higher share of labor. Among the 8 variables in this panel, 6 of the 8 differences would be judged to be
statistically significant at conventional levels. These differences are substantially mitigated when the
winners are compared to losers and this is reflected in the fact that 3 of the 8 variables are statistically
different at the 5% level but none are at the 1% level. Notably, the raw differences between the winners
and losers within the subset of cases where there are plants in the same 2 digit SIC industry are generally
smaller and none of them would be judged to be statistically significant.

The second panel reports on the number of sample plants and provides information on some of
their characteristics. In light of our sample selection criteria, the number of plants is of special interest.
On average, there are 18.8 plants in the winner counties and 25.6 in the loser ones (and just 8.0 in the
US). The covariates are well balanced between the winning and losing counties; in fact, there aren’t any
statistically significant differences either among all plants or the plants within the same 2-digit industry.

Overall, Table 3 has demonstrated that the MDP winner-loser research design balances many
observable county-level and plant-level covariates. In the subsequent analysis, we demonstrate that
across all industries trends in total factor productivity were similar in winning and losing counties prior to
the opening of the MDP, which lends further credibility to this design. Of course, this exercise doesn’t
guarantee that unobserved variables are balanced across winner and loser counties or their plants. The
next section outlines our full econometric model and highlights the exact assumptions necessary for

consistent estimation.
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IV. Econometric Model
Building on the model in section I, we assume that incumbent plants use the following Cobb-

Douglas technology:
) Y = Apige L pige K P K* P M Py

where p references plant, i industry, j case, and t year; Y. is the total value of shipments; A, is

total factor productivity; and we allow total labor hours of production (L , building capital stock

pﬂt)
B
pijt

), machinery and equipment capital stock (ngt ), and the dollar value of materials ((Mpij ¢ ) to

[
have separate impacts on output. In practice, the two capital stock variables are calculated with the
permanent inventory method that uses earlier years of the data on book values and subsequent investment
(see the Data Appendix for further details).

Recall that equation (1) in Section I allows for agglomeration spillovers by assuming that TFP is
a function of the number of firms that are active in a county: A = A(N,;;). Here we also allow for some
additional heterogeneity in A.. In particular, we generalize equation (1) by allowing for permanent

differences in TFP across plants (a,) and cases (A;), industry-specific time-varying shock to TFP (u;;) and

a stochastic error term (gpijt):
In(Api) = o + Wi + A5 + i+ A(Npiz)

The goal is to estimate the causal effect of winning a plant on incumbent plant’s total factor
productivity. To do so, we need to impose some structure on A(N,;;). In particular, we use a specification
that allows for the new plant in winning counties to affect both the level of TFP as well as its growth over

time:
(10) In(Apijt) = opt Wi + Aj + 0 1(Winner),; + y trend;; + A (trend * 1(Winner))y;;
+ v (trend * 1(T >= 0));; + 0, (I(Winner) * 1(t >= 0)),;
+ 0, (trend * 1(Winner) * 1(T >= 0))pc + &pije
where 1(Winner) is a dummy equal 1 if plant p is located in a winner county; and T denotes year, but it is

normalized so that for each case the assigned year of the plant opening is announced is T = 0.
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Equation (10) is quite general. Beside the spillover effect measured by 6, and 0,, equation (10)
allows for unobserved determinants of TFP that have nothing to do with plant opening, but could in
principle introduce spurious correlation if not properly accounted for. Specifically, equation (10) allows
for a differential intercept for all observations from winning counties, 8. It also allows for a common time
trend, y. The parameter A allows the time trend to differ for winning counties prior to the plant opening.
This will serve as an important way to assess the validity of this research design. Finally, y captures
whether the trend in TFP among plants in winning and losing counties differs after the MDP opening (i.e.,
when T >=0).

The paper’s focus is the estimation of the impact of the new plant on incumbent plants’ TFP. The
parameters of interest are 0, and 0,. The former tests for a mean shift in TFP among incumbent plants in
the winning county after the opening of the MDP, while the latter allows for a trend break in TFP among
the same plants. This unrestrictive method for measuring agglomeration economies allows for an
examination of whether any impact occurs immediately or evolves over time. This approach is
demanding of the data, because there are only 6 years per case to estimate 0, and 0, since our sample is
only balanced through T =5. We label this Model 2.

In some specifications, we also fit a more parsimonious model that simply tests for a mean shift.
In this model, we make the restrictions that yw = A =y = 0, = 0, which assumes that differential trends are
not relevant here. This specification is essentially a difference in differences estimator and we refer to it
as Model 1. Formally, after adjustment for the inputs, the consistency of 8;, which is the parameter of
interest in this model, requires the assumption that:

E[(1(Winner) * 1(T >= 0))yjc €l 0p, Livs A ] = 0.
Combining equations (9) and (10), and taking logs, we obtain the regression equation that forms

the basis of our empirical analysis:

_ B E

(1D ln(Ypijt)_ Blln(Lpijt)Jr B2In(Kpijt )+ B3In(Kpijt)+ B4In(Mpijt)
+op T it A
+ 6 1(Winner),; + y trend;; + A (trend * 1(Winner)),; + vy (trend * 1(t >= 0));,
+ 0, (1(Winner) * 1(t >= 0)),;; + 0, (trend * 1(Winner) * 1(T >= 0)),

+ Epijt
To account for unobserved heterogeneity, when we take equation (11) to the data, we include

separate fixed effects for each plant, a, so the comparisons are within a plant. We also include 2-digit

SIC industry by year fixed effects, L, to account for industry-specific shocks to TFP. Further, we include
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case fixed effects, A;, to ensure that the impact of the MDP’s opening is identified from comparisons
within a winner-loser pair; they are a way to retain the intuitive appeal of pairwise differencing in a
regression framework. We also control for a time trend, a time trend that differ for winning counties prior
to the plant opening, and a dummy for whether the trend among plants in winning and losing counties
differs after the MDP opening.

A few further estimation details bear noting. First, unobserved demand shocks are likely to affect
input decisions and this raises the possibility that the estimated B’s are inconsistent (see, e.g., Griliches
and Mairesse 1995). This has been a topic of considerable research and we are unaware of a bullet-proof
solution. We implement some of the standard fixes including alternative functional forms, using cost
shares at the plant and industry-level rather than estimating the ’s, and including region (or state) by year
fixed effects (Syverson 2004; Van Biesebroeck 2004). Our basic results are unchanged by these
alterations in the specification. Importantly, we stress that unobserved demand shocks are only a concern
for the estimation of the parameters of interest if they systematically affect incumbent plants in winning
counties in the years after the MDP’s opening.

Second, in some cases the sample is drawn from the entire country, but in most specifications the
sample is limited to plants from winning and losing counties in the ASM for every year from T = -8
through T = 0. When data from the entire country is used, the sample is limited to plants that are in the
ASM for at least 14 consecutive years. The smaller sample of plants from the winning and losing
counties allows for industry shocks to differ in the winning-losing county sample from the rest of the
country. Finally, for much of the analysis, we further restrict the sample to observations between in the
years between T = -7 and T = 5. Due to the dates of the MDP openings, this is the longest period for
which we have data from all cases.

Third, we focus on weighted versions of equation (11). Specifically, the specifications are weighted
by the square root of the total value of shipments in T = -8 to account for heteroskedasticity associated
with differences in plant size.

Fourth, the analysis also estimates models where the hourly wage of production workers, total
shipments, and the separate inputs are the dependent variables. These specifications aren’t adjusted for the
inputs as in equation (11). The intent is to explore the validity of the theoretical prediction that wages
will increase and more fully explore the source of the TFP results by contrasting the changes in output
and the inputs.

Fifth, all of the reported standard errors are clustered at the county level to account for the correlation
in outcomes among plants in the same county. We experimented with clustering the standard errors at the

2 digit SIC by county level but this occasionally produced variance-covariance matrices that weren’t
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positive definite. In instances where they were positive definite, these standard errors were similar to

those from clustering at the county level.

V. Results
This section is divided into four subsections. The first reports the baseline estimates of the effect
of the opening of a new plant on the productivity of incumbent plants in the same county. The second
subsection discusses the validity of our design and explores the robustness of our estimates to a variety of
different assumptions. The third subsection explores potential channels for the agglomeration effects by
using economic distance measures. The final subsection discusses the implications of our estimates for

the profits of local firms.

A. Baseline Estimates

Columns (1) and (2) of Table 4 reports estimated parameters and their standard errors from a
version of equation (11). Specifically, the natural log of output is regressed on the natural log of inputs,
year by 2-digit SIC industry fixed effects, plant fixed effects, and the reported dummy variables in a
sample that is restricted to the years T = -7 through T = 5. The dummy variables report mean TFP in
winning and losing counties, respectively, in each event year relative to the year before the MDP opened
(i.e., we have subtracted off the T = -1 parameter estimates for the winners (losers) from the winner (loser)
estimates for each event year). Column (3) reports the difference between the estimated TFP levels
within each year.

The top panel of Figure 1 separately plots the mean TFP levels for winner and loser counties
(taken from columns (1) and (2) of Table 4) against 7. The bottom panel of Figure 1 plots the difference
in the estimated winner and loser coefficients against T. Thus, it is a graphical version of column (3) of
Table 4.

Two important findings are apparent in these figures. First, the trends in TFP among incumbent
plans were very similar in the winning and losing counties in the years before the MDP opening. In fact,
a statistical test fails to reject that the trends were equal. This finding supports the validity of our
identifying assumption that incumbent plants in losing counties provide a valid counterfactual for
incumbents in winning counties. It is noteworthy that the TFP of incumbent plants was declining in both
sets of counties in advance of the MDP plant opening. This may well be related to these counties
decisions to bid for the MDPs.

Second, there is a sharp upward break in the difference in TFP between the winning and losing

counties beginning with the year that the plant opened. The top graph reveals that this relative
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improvement is due to the continued decline in TFP in losing counties and a flattening out of the TFP
trend in winning counties. The figures also serve to underscore the importance of the availability of
losing counties as a counterfactual. For example, a comparison of mean TFP in winning counties before
and after the opening would lead to the conclusion that the opening had a small negative impact on
incumbents’ TFP. Overall, these graphs reveal much of the paper’s primary finding; the relative increase
in TFP among incumbent plants in winning counties will be confirmed throughout the battery of tests in
the remainder of the paper

The first four columns of Table 5 present the results from fitting different versions of equation
(11). Models 1 and 2 are in Panels A and B, respectively. Panel A reports the estimated mean shift
parameter, 0;, and its standard error (in parentheses) in the “Mean Shift” row. Panel B reports the
estimated impact of the MDP on incumbent plants’ TFP at T = 5 in the “Effect after 5 years” row, which
is determined by 6, and 0, that are also both reported. The row “Pre-Trend” contains the coefficient
measuring the difference in the pre-existing trends between plants in the winning and losing counties. In
all of these specifications, the estimated impact of the MDP’s opening is determined during the period
where -7 < T <5 as the sample is balanced during these years.

In columns (1) and (2) the sample includes all manufacturing plants in the ASM that report data
for at least 14 consecutive years, excluding all plants owned by the MDP firm. In column (3), the sample
is restricted to include only plants in counties that won or lost a MDP. This forces the industry-year fixed
effects to be estimated solely from plants in these counties. Incumbent plants are now required to be in
the data only for -8 <1 < 0 (not also for 14 consecutive years, though this does not change the results).
Finally, in column (4) the sample is restricted further to include only plant-year observations within the
period of interest (where T ranges from -7 to 5). This forces the industry-year fixed effects to be
estimated solely on plant by year observations that identify the parameters of interest. This sample will
be used throughout the remainder of the paper. Estimation details are noted at the bottom of the table and
apply to both Models 1 and 2.

The entries in Table 5 confirm the visual impression from Figure 1 that the opening of the MDP
is associated with a substantial increase in TFP among incumbent plants in winning counties.
Specifically, Model 1 implies an increase in TFP of roughly 5.5%. As the figure highlighted, however,
the impact on TFP appeared to be increasing over time so Model 2 seems more appropriate. This model’s
results suggest that the MDP’s opening is associated with an approximately 13% increase in TFP five
years later. The estimates from both models would be judged to be statistically different from zero by
conventional criteria and are unaffected by the changes in the specifications. Furthermore, the entries in

the “Pre-trend” row demonstrate statistically that TFP trends were similar in winning and losing counties.
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Column (5) presents the results from a “naive” estimator that is based on using plant openings
without an explicit counterfactual. Specifically, a set of 47 plant openings were randomly chosen from
the Annual Survey of Manufacturers in the same years and industries as the M$P openings. The
remainder of the sample includes all manufacturing plants in the ASM that report data for at least 14
consecutive years. With these data, we fit a regression of the natural log of output on the natural log of
inputs, year by 2-digit SIC fixed effects, and plant fixed effects. In Model 1, two additional dummy
variables are included for whether the plant is in a winning county 7 to 1 years before the M§P opening or
0 to 5 years after. The reported mean shift indicates the difference in these two coefficients, i.e., the
average change in TFP following the opening. In Model 2, the same two dummy variables are included
along with pre- and post-trend variables. The shift in level and trend are reported, along with the pre-
trend and the total effect evaluated after 5 years.

This naive “first-difference” style estimator indicates that the opening of a new plant is associated
with a -6% to -8% effect on the TFP of incumbent plants, depending on the model. If the estimates from
the MDP research design are correct, then this naive approach understate the extent of spillovers by 14%
(Model 1) to 19% (Model 2). Interestingly, the parameter on the “pre-trend” indicates that the TFP of the
incumbent plants was on a downward trend in advance of the openings in the counties that attracted these
new plants. This is similar to what is observed in our MDP sample of winners. Overall, the primary
message is that the absence of a credible research design can lead to misleading inferences in this setting.

It is natural to wonder about the degree of heterogeneity in the treatment effects from the 47
separate case studies that underlie the estimates that we have presented thus far. Figure 2 explores this
heterogeneity by reporting results from a version of Model 1 that interacts the variable (1(Winner) * 1(t
>= ()) with indicators for each of the cases. Specifically, it reports the estimates of 8, for 45 cases. Two
cases were dropped for Census confidentiality reasons.

The figure reveals that there is heterogeneity in the estimated impacts on TFP of incumbent
plants. 27 of the 45 estimates are positive. 13 of the positive estimates would be judged to statistically
differ from zero at the 5% level, while the comparable figure for the negative estimates is 7. When we
test whether the estimated productivity effect is related to the size of the new plant, we fail to find a
positive association.”’

Ultimately, TFP is a residual and the labeling of a residual involves some leaps of faith. An

alternative way to look at how a plant opening affects productivity is to directly estimate the impacts of an

7 Regressions of the case specific effect on the new plant total output generate a negative coefficient, while
regressions of the case specific effect on the new plant output ratio generate a statistically insignificant coefficient.
However, the interpretation of these regressions is complicated by the possibility that the opening of larger new
plants has a larger impact on the quality of the workforce of incumbent plants relative to the opening of smaller new
plants. When we test whether the estimated productivity effect is related to foreign ownership of the new plant, we
fail to find any significant difference between US and foreign owners.
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opening on output (unadjusted for inputs) and inputs. This approach is less structural than the production
function approach, so the results won’t have such a clear interpretation. However, it will still be
informative about the consequences of a MDP opening for incumbent firms. Appendix Table 1 reports the
impact of a MDP opening on the outcomes from the Models 1 and 2 versions of equation (11), except that
these equations are not adjusted for the inputs. We use the Model 2 results to estimate the impact of the
opening 5 years afterwards. For comparison, column 7 reports the coefficient for output. Both sets of
results indicate that the MDP opening is associated with a 12% increase in output. It is striking that the
change in all of the inputs is smaller than this increase in output. In fact, the Model 2 results suggest that
the capital stock measures declined.

Overall, the results in Appendix Table 1 indicate that after the MDP’s opening incumbent plants
produced more with less. Put another way, they suggest that these plants became more productive and

this is consistent with the TFP increases uncovered in Table 5.

B. Threats to Validity

Estimates in Table 5 appear to be consistent with significant agglomeration spillovers generated
by MDP plant openings. Of course, an alternative explanation is that our models do not account for all
possible determinants of productivity. It is in theory possible that productivity of incumbent plants in
winning counties would have been higher than productivity of incumbent plants in losing counties even in
the absence of the new plant. We cannot completely rule out this possibility, but the comparisons in Table
3 and the similarity of the pre-existing trends in TFP in winning and losing counties would seem to
support the validity of our identifying assumption. Nevertheless, it is important to probe the robustness of
our results. In this subsection, we seek to investigate possible alternative interpretations of the
productivity effects and explore the robustness of our estimates to a variety of different assumptions.

Functional Form, Industry Shocks and Regional Shocks.  Table 6 reports on a series of
specification checks. We begin by generalizing our assumption on technology. Estimates in Table 5
assume a Cobb-Douglas technology. In column (2) of Table 6 the inputs are modeled with the translog
functional form. Results do not seem to be sensitive to the specific functional form of the production
function.

Column (3) is based on a Cobb-Douglas technology but allows the effect of each production input
to differ at the 2-digit SIC level, by interacting the inputs with indicators for 2 digit industry. This model
accounts for possible differences in technology across industries, as well as for possible differences in the
quality of inputs used by different industries. For example, it is possible that even if technology was
similar across different manufacturers, some industries use more skilled labor than others. By interacting

labor inputs by industry we control for this potential heterogeneity. Column (4) pushes the previous
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specification even further, by allowing for the effect of inputs to differ in winning/losing counties and
before/after the MDP opening (though not in winning counties and after a MDP opening).

Columns (5), (6) and (7) add census division by year fixed effects, census division by year by 2
digit industry fixed effects, and state by year fixed effects, respectively. These specifications are intended
to capture the possibility of unobserved region-wide, time-varying shocks to productivity that might be
correlated with the probability of winning.

The results in Table 6 are striking. All the specifications fail to contradict the findings from the
baseline specification in Table 5. This is true for both Models 1 and 2. Although many of the estimates
are smaller than the baseline ones in Panel A, the magnitude of the decline is modest and only as large as
one standard error of the baseline estimate in the demanding specification that includes state by year fixed
effects. Overall, these specification checks fail to alter the qualitative findings of a substantial overall
increase in TFP.*®

Endogeneity of Inputs. An important conceptual concern is that capital and labor inputs should
be treated as endogenous. Unlike the usual case of estimation of production functions, here the focus is
not on estimating the coefficients on capital and labor, but it is on estimating the parameters 0, and 0, in
equation (10). Endogeneity of capital and labor is an issue only to the extent that it results in biased
estimates of 0, and 0,. So far, we have assumed that, after controlling for all our covariates, endogeneity
of capital and labor does not significantly bias estimates of 8, and 6,.

Here we probe the robustness of this assumption in two alternative ways. First, in columns 7 and
8 of Table 6 we calculate TFP for each plant by fixing the parameters on the inputs at the relevant input’s
share of total costs. This method may mitigate any bias in the estimation of the parameters on the inputs
associated with unobserved demand shocks. In these two columns, the cost shares are calculated at the
plant level and the 3-digit SIC industry level over the full sample, respectively. Estimates do not seem to
be very sensitive to this restriction.

Second, in Table 7 we present estimates that explicitly take into account the possibility of
unobserved shocks by applying the methodologies proposed by Olley and Pakes (1996) and Levinsohn
and Petrin (2003). In particular, in column 1 we include 4™ degree polynomial functions of log
investment. In practice, since there are two different types of capital (building and machinery/equipment),
we include two separate polynomials. In column 2, we add a 4™ degree polynomial in capital to the
polynomial in investment. In column 3, we add all the interactions between polynomials in current
investment and capital. Column 4 includes a 4™ degree function of log materials. Column 5 includes

polynomial functions of materials and capital. For both building capital and machinery capital, fourth-

 We continue to find evidence of even larger impacts on TFP in the MDP’s 2-digit industry from the Table 6
specifications.
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degree polynomial in current materials is fully interacted with fourth-degree polynomials in current
capital. Column 6 includes log investment, materials, and capital (not interacted). Finally, column 7
includes both sets of controls from columns 3 and 5.

Results in Table 7 are generally consistent with the findings from the baseline specification in
Table 5. This is true for both Models 1 and 2. Overall we conclude that endogeneity of labor and capital is
unlikely to introduce a major source of bias in our estimates of productivity spillovers.

Public Investment. State and local governments frequently offer substantial subsidies to new
manufacturing plants to locate within their jurisdictions. These incentives can include tax breaks, worker
training funds, the construction of roads, and other infrastructure investments. It is possible that some of
the public investment in infrastructures benefits firms other than the beneficiary of the incentive package.
In particular, one concern is that the productivity gains uncovered in Table 5 may be explained not by
agglomeration spillovers, but by the direct effect of this public investment on incumbent productivity. For
example, the construction of a new road intended for a MDP plant may also benefit the productivity of
some of the incumbents firms.

To investigate this possibility, we have estimated the effect of MDP openings on government
total capital expenditures and government construction expenditures. Using data from the Annual Survey
of Governments, we find that the opening of MDP plants is not associated with significant increases in
capital expenditures or construction expenditures. Even if one was to take our point estimates literally,
there is no plausible rate of return of public investment that could generate the productivity gains
uncovered in Table 5.

Changes in Price of Output. One final concern is due to the fact that in estimating production
functions, the correct dependent variable should be quantity of output. Instead, because of data limitations
and consistent with the rest of the literature, the dependent variable in our models is value of output. One
might be concerned about the possibility that incumbent plants raise their prices as a result of the opening
of a new plant. In this case, part or all of the estimated effect in Table 5 could reflect higher prices, not
higher productivity.

We do not expect this to be a major factor in our context. First, the plants in our sample produce
nationally traded goods, and therefore it is unlikely that they can raise the price of their output over and
above their competition price. Second, we have tested whether the size of the estimated productivity
effect is larger in industries that are more regional or more concentrated (or both). The idea is that if there
is any merit to the possibility of a price increase associated with MDP opening, such increase should be
more marked in industries that are more local and in industries that are less competitive. In the extreme
case of a perfectly competitive industry that produces a nationally traded good, there should be absolutely

no effect on prices. To implement the test, we have interacted our indicator for winning counties with an
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industry specific measure of average distance traveled by output between production and consumption,
and with a measure of industry concentration.”’ We do not find any evidence that suggests that our

estimated effects are larger in more local industries or more concentrated industries.

C. Estimates of Spillovers by Economic Distance

We have found evidence of large agglomeration spillovers. What can explain the productivity
gains uncovered above? In Section IC, we discussed some possible mechanisms that may be responsible
for agglomeration spillovers. Tables 8 and 9 present our efforts to shed some light on the possible
mechanisms by investigating how the measured spillover effect varies as a function of economic distance.

By Industry. We begin in Table 8 by showing estimates of our baseline model for separately for
the MDP’s 2-digit industry and all other industries. In general, each of the channels discussed in Section
IC suggests that the effect of spillovers should decline with economic distance. Although looking within
industry doesn’t shed direct light on which channel is the source of the spillovers, it seems reasonable to
presume that spillovers would be larger within an industry. Specifically, we expect incumbent plants that
are in the same county and industry of the new MDP plant to experience larger productivity spillovers
than incumbent plants that are in the same county but a different industry than the new MDP plant.

In examining the 2-digit SIC MDP industry results, it is important to recall that just 16 of the 47
cases have plants in the MDP’s 2-digit industry. We also note that there can be substantial heterogeneity
in technologies and labor forces among the industries within a 2-digit SIC industry. However, this
research design and the available data do not permit an examination at finer industry definitions.

In column 1 of Table 8, we show estimates of our baseline model for all industries (from column
(4) of Table 5), while in columns 2 and 3 we show estimates of our baseline model separately for the
MDP’s 2-digit industry and all other industries. The numbers in square brackets convert the parameter
estimates into millions of 2006$ so that the value of the spillover to incumbent firms is evident; this
figure is calculated by multiplying the estimated impact by the mean value of total shipment in winning
counties in T = -1. Across all industries, the baseline results indicate that for incumbent firms the increase
in TFP was worth about $200 million per year in Model 1 and roughly $450 million at T = 5 in Model 2.
Column 2 reveals that in percentage terms the impacts are substantially larger in the own 2-digit industry.
For example, the estimated increase in TFP is nearly 19% in Model 1 and 36% at T = 5 in Model 2
although this estimate is poorly determined. The key finding is therefore that the spillovers appear larger
within the MDP’s 2-digit industry.

2% The information on distance is from Weiss (1972). Distance varies between 52 and 1337 miles, with a mean of
498. Examples of regional industries are: hydraulic cement, iron and steel products, metal scrap and waste tailings,
icecream and related frozen desserts, and prefabricated wooden buildings. The information on industry
concentration is from the Bureau of Census (“Concentration Ratios”, 2002).
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To graphically appreciate the effect by industry, Figures 3 and 4 provide 2-digit MDP industry
and other industry analogues to Figure 1. Importantly, there isn’t evidence of differential trends in years
before the MDP’s opening and statistical tests confirm this visual impression. The 2-digit MDP industry
estimates are noisy due to the small sample size, which was also evident in the statistical results. Just as
in Figure 1, the estimated impact reflects the continuation of a downward trend in TFP in losing counties
and a cessation of the downward trend in winning counties.

By Explicit Measure of Economic Distance. In Table 9 we turn to more articulated measures of
economic distance. We estimate models similar to the one in equation (11), but we now include an
explicit measure of economic proximity between the relevant plant and the new MDP plant, as well as the
interaction between winning county status and economic proximity. The coefficient of interest is the one
on the interaction. We have four alternative measures of economic proximity. The idea is that we want to
see which measures of economic distance are associated with large spillover effects. For example, finding
that the interaction with the measure of proximity based on workers transitions is large, may suggest that
spillovers occur through the flow of workers across firms, possibly because workers brings with
themselves new ways of organizing production or information on new technologies learned with the
previous employer. On the other hand, finding that the interaction with proximity as measured by input-
output tables is large, may suggest that spillovers occur through the exchange of local goods and services.

The first 6 columns in Table 9 report on the interaction of the parameter of interest from Model
1, that is (1(Winner) * 1(t >= 0)),;, with standardized versions of the six industry linkage variables.
These six specifications put these interactions in one at a time, while columns (7) and (8) conduct “horse
races” that include all but the labor pooling variable and all of them, respectively. Throughout this
analysis, the variables are standardized to have a mean of zero and standard deviation of one to ease the
interpretation of the associated parameters.

The specifications that put these interactions in one at a time are supportive of nation that
spillovers are associated with flow of workers and with technological proximity. For example, column
(1) suggests that a one standard deviation increase in the CPS Worker Transitions variable between
incumbent plants’ industry and the MDP’s industry is associated with a 7.5% increase in the spillover.
This measure tends to be especially high within 2-digit industries, so this finding was foreshadowed by
the own 2-digit results in Table 2. Two of the three measures of intellectual or technological linkages
indicate statistically meaningful increases in the spillover. Columns (5) and (6) provide little support for
the flow of goods and services in determining the magnitude of spillovers.

In the column (8) specification, the labor flow, the citation pattern, and the technology input
interactions all remain positive but now would be judged to be statistically insignificant. The interactions

with proximity to customers and suppliers are now both negative. Overall, this analysis provides some
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support for the notion that spillovers occurs between firms that share workers and between firms that use
similar technologies. In terms of Section IC, this evidence is consistent with intellectual externalities, to
the extent that they are embodied in workers who move from firm to firm, and to the extent that they
occur among firms that use technologies that are reasonably similar. Table 9 seems less consistent with
the hypothesis that agglomeration occurs because of proximity to customers and suppliers. However, we
caution against definitive conclusions based on Table 9. The tests presented are very indirect, and it is

impossible to rule out alternative hypotheses with certainty.

D. Profits

In Tables 5, 6 and 7 we have uncovered significant productivity gains for incumbent
establishments following the opening of a new establishment. These productivity gains appear to be
economically sizable. A MDP plant opening is associated with a 13% increase in TFP five years later.
This effect is even larger for incumbent plants that are in the same 2-digit industry of the new plant, and
for plants that tend to share technology and labor force.

Do these increases in productivity translate into equally large increases in profits? Not
necessarily. Equation (3) in Section I clarifies that the effect on profits is likely to be smaller than the
effect on productivity. The reason is obvious from in equation (3). The effect on profits can be
decomposed in two parts. The first term, (6f /0A 0A/3N), is the productivity gain uncovered in Tables 5,
6 and 7. The second term, -[ Sw/ON L + 6q/0N T], is the effect of higher labor and land costs induced by
the increases in input demand generated by the opening of new plant. This second term is negative, as
higher inputs costs lower profits.

While we believe that the increase in profits is smaller than the measured gain in TFP, we can not
conclusively measure the effect on profits, because we do not observe the quality-adjusted price of all
inputs. Instead, we provide some pieces of evidence that might help in characterizing the effect on profits.

In column 1 of Table 10 we show how wages change in response to a MDP opening. Specifically,
the dependent variable is log wage and controls include dummies for age*year, age-squared*year,
education*year, sex*race*Hispanic*citizen, and case fixed effects. The entry is the county-level
difference in difference estimate for winning a MDP, based on Census of Population data.’® We use

Census data, instead of labor costs reported in the Census of Manufacturers, because the latter only report

30 The pre-period is defined as the most recent census before the MDP opening. The post-period is defined as the
most recent census 3 or more years after the MDP opening. Thus, the sample years are 1 — 10 years before the MDP
opening and 3 — 12 years after the MDP opening. The sample is limited to individuals who worked last year,
worked more than 26 weeks, usually work more than 20 hours per week, are not in school, are at work, and who
work for wages in the private sector. One important limitation of Census data is that they lack exact county
identifier. Census provides instead PUMA’s, which in rural areas can include several counties. This introduces
significant measurement error, which is partly responsible for the imprecision of the estimate.
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aggregate wage bill for production and non-production workers, and therefore does not allow to properly
account for changes in the quality of labor. The estimate indicates that after adjusting for observable
heterogeneity, labor cost increases by 2.6% in counties that receive a new MDP plant. This effect appears
quantitatively sizable. As discussed in Section I, it is consistent with an upward sloping labor supply
curve, probably due to imperfect mobility of labor, at least in the short run. While not explicitly included
in the model, any intermediate input or service that is locally purchased might also experience upward
price pressure, at least in the short run. Unfortunately, the existing data do not allow us to measure this
additional effect.

In Panel 2 of Table 10 we seek to determine whether the opening of an MDP plant is associated
with entry of new establishments or exit of incumbent establishments. The finding of positive net entry
may indicate that the plant opening is associated with an increase in profits, at least in the manufacturing
sector. In terms of equation (3), it would indicate that the first term is larger than the second term. Of
course, this estimate refers only to manufacturing firms, and therefore do not tell us about how profits in
other parts of the local economy may be affected. However, we note that the manufacturing sector should
be the sector most sensitive to increased in local costs generated by the plant opening. The reason is that
manufacturing produces traded goods, and therefore can not raise prices to pass cost increases to
consumers. By contrast, local services can raise prices when the cost of inputs increases. This implies that
the finding of some positive net entry in the manufacturing sector may indicate an increase in profits in
other sectors as well.

The dependent variables in column 2 and 3 are the log of number of establishments and the log of
total manufacturing output in the county, respectively. Controls include case effects, county, and year
fixed effects. Entries are the county-level diff in diff estimates for winning a MDP, based on data from the
Census of Manufacturers.”’ Column 2 and 3 indicate that the opening of a new plant may be associated
with positive net entry, although the estimates are too imprecise to draw firm conclusions.

Finally, we have also attempted to estimate accounting profits directly. Specifically, we have run
regression where the dependent variable is value of shipments minus the total wage bill, the cost of
materials and the user cost of capital based on BLS capital rental rates. A mean shift model of the type of
Model 1 in Panel A of Table 6 yields a coefficient equal to .1187 (.0773), not very different from the
equivalent effect on TFP. A regression similar to Model 2 in Panel A of Table 6 yields a 5-years effect
equal to .0952 (.0874). However, we note that due to data limitations, this accounting measure of profits

is not fully satisfactory. First, it does not include the value of intermediate local goods or services. As

3! Because data is available every 5 years, depending on the Census year relative to the MDP opening, the sample
years are 1 — 5 years before the MDP opening and 4 — 8 years after the MDP opening. Thus, each MDP opening is
associated with one earlier date and one later date. Models are weighted by the number of plants in the county in
years -6 to -10 and column 4 is weighted by the county’s total manufacturing output in years -6 to -10.
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discussed above, their price is likely to vary in response to a MDP plant opening. Second, it requires
assumptions on the interest rate to determine the user cost of capital. Third, as for the entry and exit
analysis above, these estimates refer only to manufacturing firms, and therefore do not tell us about
profits in other parts of the local economy. For these reasons, we caution against reading too much into

this specific result.

VI.  Conclusion

Estimation of agglomeration spillovers is challenging. Localities differ in so many dimensions
that it is difficult to draw firm conclusions on the existence and magnitude of spillovers simply based on
the observed agglomeration of economic activity. In our sample, naive estimates that control only for
observable characteristics fail to detect any spillover effects. By contrast, when we use a more credible
identification strategy based on Million Dollar Plant openings, we find evidence of the existence of
substantial agglomeration spillovers.

Following the opening of a new plant in a county, incumbent plants appear to be able to produce
more with the same inputs. Specifically, the opening of a new plant is associated on average with 13%
increase in incumbent plants total factor productivity five years later. This effect is even larger for pair of
industries that are linked by intense flows of workers mobility and pair of industries that employ similar
technologies.

While these productivity effects are large, they do not necessarily translate into higher profits.
After the opening of the new plant, the incumbent plants as well as non-manufacturing firms in the same
county face more intense competition for labor and other local inputs that are inelastically supplied.
Indeed, standard wage regressions suggest that the price of quality-adjusted labor does in fact increase in
affected counties. While we can not exactly quantify the effect on profits, we do find some evidence of
increased entry in the manufacturing sector following the opening of a new plant.

Overall, our estimates support the notion that firms agglomerate in certain localities at least in
part because they are more productive for being close to other firms. Moreover, our analysis lends some
support for the notion that such spillovers are driven by intellectual externalities, to the extent that they
are embodied in workers who move from firm to firm, and occur among firms that use technologies that
are reasonably similar. Our evidence is less consistent with the hypothesis that agglomeration spillovers

occurs because of proximity to customers and suppliers.
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Figure 1: The Effect of a “Million Dollar Plant” Opening on TFP of All Manufacturing Plants in

Winner and Loser Counties.

All Industries: Winners Vs. Losers
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Notes: These figures accompany Table 6, Column 1, Panel A (All Industries).
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Figure 2. Distribution of Case-Specific Mean Shift Effects from the Opening of a “Million
Dollar Plant”

| o

-05 L

Notes: The Figure reports results from a version of Model 1 that estimates the parameter 0, for each of the 47 MDP
cases. The figure reports only 45 estimates because two cases were dropped for Census confidentiality reasons.
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Figure 3: The Effect of a “Million Dollar Plant” Opening on TFP of Manufacturing Plants in
MDP’s 2-Digit Industry in Winner and Loser Counties.

2-digit M$P Industry: Winners Vs. Losers
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Notes: These figures accompany Table 6, Column 1, Panel B (2-digit M$P Industry).
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Figure 4: The Effect of a “Million Dollar Plant” Opening on TFP of Manufacturing Plants in
Other Industries (excluding plants in the same 2-Digit Industry) in Winner and Loser Counties.

Other Industries: Winners Vs. Losers
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Notes: These figures accompany Table 6, Column 1, Panel B (Other Industries).
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Table 1. The “Million Dollar Plant” Sample

@)
MDP Magazine Openings 82
Sample MDP Openings':
Across All Industries 47
Within Same 2-digit SIC 16
Across All Industries:
Number of Loser Counties per Winner County:
1 31
2+ 16
Reported Year — Matched Year: 2
-2 to -1 20
0 15
1to3 12
Reported Year of MDP Location:
1981 — 1985 11
1986 — 1989 18
1990 — 1993 18
MDP Characteristics, 5 years after opening:?
Output ($1000) 452801
(901690)
Output, relative to county output 1 year prior 0.086
(0.109)
Hours of Labor (1000) 2986
(6789)

! Million Dollar Plant openings that were matched to the Census data and for which there were incumbent plants in
both winning and losing counties that are observed in each of the eight years prior to the opening date (the opening
date is defined as the earliest of the magazine reported year and the year observed in the SSEL.) This sample is then
restricted to include matches for which there were incumbent plants in the Million Dollar Plant’s 2-digit SIC in both
locations.

2 Only a few of these differences are 3.

3 Of the original 47 cases, these statistics represent 28 cases. A few very large outlier plants were dropped so that
the mean would be more representative of the entire distribution (those dropped had output greater than half of their
county’s previous output and sometimes much more). Of the remaining cases: most SSEL matches were found in
the ASM or CMF but not exactly 5 years after the opening date; a couple SSEL matches in the 2xxx-3xxx SICs were
never found in the ASM or CMF; and a couple SSEL matches not found were in the 4xxx SICs. The MDP
characteristics are similar for cases identifying the effect within same 2-digit SIC. All monetary amounts are in
2006 US dollars.
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Table 2. Summary Statistics for Measures of Industry Linkages

Mean
Measure of Industry Only 1* Only 4™ Standard
Linkage Description All Plants Quartile Quartile  Deviation
Labor Market Pooling:
CPS Worker Proportion of workers leaving a 0.119 0.002 0.317 0.249
Transitions job in this industry that move to
the MDP industry (15 months
later)
Intellectual or Technology Spillovers:
Citation pattern Percentage of manufactured 0.022 0.001 0.057 0.033
industry patents that cite patents
manufactured in MDP industry
Technology R&D flows from MDP industry, as 0.022 0.000 0.106 0.084
Input a percentage of all private sector
technological expenditures
Technology R&D flows to MDP industry, as a 0.011 0.000 0.042 0.035
Output percentage of all original research
expenditures
Proximity to Customers and Suppliers:
Manufacturing Industry inputs from MDP 0.017 0.000 0.075 0.061
Input industry, as a percentage of its
manufacturing inputs
Manufacturing Industry output used by MDP 0.042 0.000 0.163 0.139
Output industry, as a percentage of its

output to manufacturers

Notes: CPS Worker Transitions was calculated from the frequency of worker industry movements in the rotating
CPS survey groups. This variation is by Census Industry codes, matched to 2-digit SIC. The last 5 measures of
cross-industry relationships were provided by Ellison, Glaeser, and Kerr (NBER Working Paper 13068). These
measures are defined in a 3-digit SIC by 3-digit SIC matrix, though much of the variation is at the 2-digit level. In
all cases, more-positive coefficients indicate a closer relationship between industries. Column 1 reports the mean
value of the measure for all incumbent plants matched to their respective MDP. Column 2 reports the mean for the
lowest 25% and column 3 reports the mean for the highest 25%. Column 4 reports the standard deviation across all
observations. The sample of plants is all incumbent plants, as described for Table 1, for which each industry linkage
measure is available for the incumbent plant and its associated MDP. These statistics are calculated when weighting
by the incumbent plant’s total value of shipments eight years prior to the MDP opening.
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Table 4. Incumbent Plant Productivity, Relative to the Year of a MDP Opening

Relative Year In Winning In Losing Difference
Counties Counties H-2)
€)) 2 3
t=-7 0.067 0.040 0.027
0.058 0.053 0.032
T=-6 0.047 0.028 0.018
0.044 0.046 0.023
T=-5 0.041 0.021 0.020
0.036 0.040 0.025
T=-4 -0.003 0.012 -0.015
0.030 0.030 0.024
T=-3 0.011 -0.013 0.024
0.022 0.022 0.021
T=-2 -0.003 0.001 -0.005
0.027 0.011 0.028
T=-1 0 0 0
=0 0.013 -0.010 0.023
0.018 0.011 0.019
=1 0.023 -0.028 0.051
0.026 0.024 0.023
=2 0.004 -0.046 0.050
0.036 0.046 0.033
=3 0.003 -0.073 0.076
0.047 0.057 0.043
=4 0.004 -0.072 0.076
0.053 0.062 0.033
=5 -0.023 -0.100 0.077
0.069 0.067 0.035
R-squared 0.9861
Observations 28732

Notes: Standard errors are clustered at the county level. Columns 1 and 2 report coefficients from the same
regression: the natural log of output is regressed on the natural log of inputs (all worker hours, building capital,
machinery capital, materials), year x 2-digit SIC fixed effects, plant fixed effects, case fixed effects, and the reported
dummy variables for whether the plant is in a winning or losing county in each year relative to the MDP opening.
When a plant is a winner or loser more than once, it receives a dummy variable for each incident. Plant-year
observations are weighted by the plant’s total value of shipments eight years prior to the MDP opening. Data on
plants in all cases is only available 8 years prior to the MDP opening and 5 years after. Capital stocks were
calculated using the permanent inventory method from early book values and subsequent investment. The sample of
incumbent plants is the same as in columns 1 — 2 of Table 3.
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Table 5. The Effect of the Opening of a MDP Plant on the Productivity of Incumbent Plants

All Counties

MDP Counties

All Counties

MDP Winners — MDP Winners — Random
MDP Losers MDP Losers Winners
(1) (2) (3) “) (5)
Model 1:
Mean Shift 0.0442 0.0435 0.0524 0.0477 -0.0824
(0.0233) (0.0235) (0.0225) (0.0231) (0.0177)
R-squared 0.9811 0.9812 0.9812 0.9860 0.9828
Observations 418064 418064 50842 28732 426853
(plant x year)
Model 2:
Effect after 5 years 0.1301 0.1324 0.1355 0.1203 -0.0559
(0.0533) (0.0529 (0.0477) (0.0517) (0.0299)
Level Change 0.0277 0.0251 0.0255 0.0290 -0.0197
(0.0241) (0.0221) (0.0186) (0.0210) (0.0312)
Trend Break 0.0171 0.0179 0.0183 0.0152 -0.0060
(0.0091) (0.0088) (0.0078) (0.0079) (0.0072)
Pre-trend -0.0057 -0.0058 -0.0048 -0.0044 -0.0057
(0.0046) (0.0046) (0.0046) (0.0044) (0.0029)
R-squared 0.9811 0.9812 0.9813 0.9861 0.9828
Observations 418064 418064 50842 28732 426853
(plant x year)
Plant & Ind-Year FEs YES YES YES YES YES
Case FEs NO YES YES YES N/A
Years Included All All All -7<1<5 All

Notes: Standard error clustered at the county level in parenthesis. The table reports results from the fitting of several versions
of equation (11). Specifically, entries are from a regression of the natural log of output on the natural log of inputs, year x 2-
digit SIC fixed effects, plant fixed effects, and case fixed effects. In Model 1, two additional dummy variables are included
for whether the plant is in a winning county 7 to 1 years before the MDP opening or 0 to 5 years after. The reported mean
shift indicates the difference in these two coefficients, i.e., the average change in TFP following the opening. In Model 2, the
same two dummy variables are included along with pre- and post-trend variables. The shift in level and trend are reported,
along with the pre-trend and the total effect evaluated after 5 years. In columns (1), (2), and (5), the sample is composed of all
manufacturing plants in the ASM that report data for 14 consecutive years, excluding all plants owned by the MDP firm. In
these models, additional control variables are included for the event years outside the range from t = -7 through T =5 (i.e., -
20 to -8 and 6 to 17). Column (2) adds the case fixed effects that equal 1 during the period that T ranges from -7 through 5.
In columns (3) and (4), the sample is restricted to include only plants in counties that won or lost a MDP. This forces the
industry-year fixed effects to be estimated solely from plants in these counties. Incumbent plants are now required to be in
the data only when the MDP opens and all 8 years prior (not also for 14 consecutive years, though this does not change the
results). For column (4), the sample is restricted further to include only plant-year observations within the period of interest
(where 7 ranges from -7 to 5). This forces the industry-year fixed effects to be estimated solely on plant by year observations
that identify the parameters of interest. In column (5), a set of 47 plant openings in the entire country were randomly chosen
from the ASM in the same years and industries as the MDP openings. For all regressions, plant-year observations are
weighted by the plant’s total value of shipments eight years prior to the opening. All plants from two uncommon 2-digit SIC
values were excluded so that estimated clustered variance-covariance matrices would always be positive definite.
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