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Abstract

A few large firms dominate many local labor markets. How does that granularity af-
fect the geography of economic activity? And what does it mean for the efficiency of
firm entry? To answer these questions, we propose a new economic geography model
featuring granular firms subject to idiosyncratic shocks. We show that average wages
increase in the size of the local labor market due to that granularity, and provide a suf-
ficient statistic for the contribution of our mechanism. We further prove that too few
firms enter in equilibrium. Using Japanese administrative data on manufacturing, we
provide evidence consistent with our mechanism and quantify it. Our mechanism
implies that markets with around 2 firms per sector have an elasticity of wages to
population of 0.05 and firms capture only 85% of their contribution to production in
profits. In large markets like Tokyo, the elasticity is around 0.001, and firm entry is ap-
proximately efficient. Enacting optimal place-based industrial policy would increase
the number of firms in modest-sized cities by more than 30% and actually decrease
the number of firms and people in Tokyo.
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1 Introduction

A few large firms dominate many local labor markets. Kodak accounted for almost a
quarter of Rochester, New York’s city payroll at its peak. Toyota hires a large proportion
of the workforce in its headquarter-city Toyota. And even in a large city like Seattle,
software engineers are at the mercy of Microsoft. With these giants, a shock to a single
firm can hurt the entire market. If Microsoft has a bad year and lays off a large proportion
of its software engineers, those workers might end up unemployed or at a low-wage job
in another industry. How does this exposure to firm-specific shocks shape where workers
and firms are located? And is there room for place-based policies to insulate labor markets
from a single firm’s influence?

In this paper, we study these questions both theoretically and empirically. Our analy-
sis builds on the basic idea that in a small market, if an individual firm has a bad shock,
the workers have nowhere else to go. They are stuck at that unproductive firm. By con-
trast, in a large market, when a single firm becomes less productive, workers can move
to another firm that is doing better and use their skills more effectively. Thus, large mar-
kets provide a “constant market for skill” as Marshall (1920) said and Krugman (1992)
formalized. This labor market pooling mechanism implies that larger markets use labor
more effectively than small markets, so that there are benefits to agglomeration when
individual firms matter.

Central to our contribution is a new economic geography model with a continuum
of sectors, each of which have a finite number of (heterogeneous) firms, and workers
that are imperfectly mobile across both firms and sectors. With this general model, we
can derive a sufficient statistic for the contribution of granularity to the wage premium
of large cities. We can then transparently tie the theoretical mechanism to the empirical
evidence and policy implications.

We start by showing that, in a granular world, there are increasing returns to scale
because firms use labor more effectively in large markets. In particular, firms in large
markets expand their employment more in response to productivity shocks, and so they
use more workers while they are productive. Therefore, average labor productivity is
higher. To see why that is, consider a sector with only one firm. To expand after a good
productivity shock, that firm will need to attract workers from other sectors. Since work-
ers have sector-specific skills, and there are costs to attracting people from other back-
grounds, this will be very difficult. Microsoft in Seattle would need to offer jobs to people
who do not have a strong background in software engineering, for example. By contrast,

if a firm hires a small share of the market because the market is very large, it can ex-



pand by poaching workers from other firms in the same sector. We also show that the
externality disappears as the region becomes very large. That is because, once a market
is sufficiently large, firms no longer have any difficulty finding the workers they need.
Therefore, adding more firms will not improve efficiency.

We go beyond this intuition and show that a sufficient statistic for how effectively a
single firm uses labor is the covariance of that firm’s log productivity and its log em-
ployment. Then the productivity of the entire market is just the average (employment-
weighted) value of that covariance across firms. Thus, we can confirm our intuition of
how the mechanism operates and quantify the contribution of granularity to the wage
premium of large cities in a transparent, theory-consistent way.

Our last theoretical result considers the implications for policy. We show that when
there are region-wide increasing returns to scale, too few firms enter in equilibrium. That
is because, when firms are granular, they know their entry affects wages. Not only will
their entry increase average wages in a region, but it will increase wages precisely when
the firm would like to hire more workers because their own attempt to increase their
employment drives up the wage. That induces a correlation between wages and idiosyn-
cratic firm shocks, which further depresses firm profits conditional on entry since profit
functions are convex in wages and productivity. Thus, there is room for place-based sub-
sidies on firm entry, especially in locations where granularity matters. Our result also
derives the implied size of the subsidy as a function of the sufficient statistic for increas-
ing returns to scale.

Our empirical analysis focuses on Japan, where we have a panel of all manufacturing
establishments with at least 4 employees every year. This data includes employment,
payroll, and shipment by 6-digit product category. We define a sector as a 2-digit JSIC
industry and a region as a commuting zone. Throughout the paper, we will use the term
labor market to refer to a commuting zone and sectoral labor market to refer to the sector
in a single commuting zone. Half of all sectoral labor markets have 13 or fewer firms,
and the median HHI is 1860.91, which suggests that larger firms play an important role.
There would need to be 5.5 firms of the same size in a single market to imply an HHI that
large.

We start by providing evidence that granularity matters. We show that the variance of
log payroll in a sectoral labor market is decreasing in the number of firms in that sector,
suggesting, consistent with Gabaix (2011), that individual firms are subject to idiosyn-
cratic shocks. And those shocks average out in larger markets. We also show that average
wages have a large variance, suggesting that the extra payments from firms are not arbi-

traged away by workers moving in and out of the sector. Thus, moving sectors must be



costly.

We then provide evidence consistent with our mechanism as suggested by the suffi-
cient statistic. We begin by showing that the variance of log employment at a single firm in
a large sectoral labor market is larger on average than a similarly situated firm in a small
sectoral labor market. That suggests, if those firms are subject to similar shocks, that the
tirm in the larger market has an easier time expanding in response to good shocks and
shrinking in response to bad ones. To provide more direct evidence, we construct revenue
productivity shocks to each firm using that firm’s exposure to real exchange rate move-
ments. A great benefit of our Japanese data is that we have access to product-specific
shipments at the establishment level so this is possible. Consistent with our mechanism,
firms that already hire a large portion of the sectoral labor market expand their employ-
ment less in response to these shocks.

Finally, we calibrate our geography model to match the manufacturing activity in the
256 commuting zones in Japan. Ideally we would directly estimate the average covariance
between log productivity and log employment by market size, but we do not observe the
productivity of every firm. Instead, we use our empirical results to infer the distribution.
We start by setting labor mobility costs of moving across firms and sectors to match how
firm employment responds to the revenue productivity shocks. Intuitively, we find the
cost of moving across firms by how much employment of a firm small relative to its sector
responds to the shock. We determine the cost of moving across sectors by observing how
much employment at firms large relative to their sector responds. We then calibrate the
size of the idiosyncratic and sector-wide shocks to match the variance in log payroll by
sectoral labor market across different regions. The size of the idiosyncratic shocks are
determined by how quickly the variance of log payroll falls with the size of the region.
We solve the model using the exact hat algebra of Dekle et al. (2008) to avoid explicitly
calibrating location-specific parameters on entry costs, productivity, and amenities.

Granular labor market pooling implies that markets with an average of 1.9 firms per
sector have the highest elasticity of wages to population at 0.051. Furthermore, firm prof-
its are only 84.0% of the firm’s marginal contribution to production. For context, Combes
etal. (2011) argue that agglomeration externalities together imply an elasticity somewhere
between 0.02 and 0.05, while more recent research like Kline and Moretti (2014) suggest
the elasticity in manufacturing sectors could be as large as 0.4. Granularity matters less
for large regions like Tokyo. There, the elasticity of wages to population is around 0.001,
and firm entry is approximately efficient. We simulate our model with the optimal sub-
sidy on firm entry and find that the number of firms in modest-sized cities increases by
more than 30%. The number of firms in Tokyo actually decreases, even though there is a



small positive subsidy. That is because workers leave Tokyo for smaller cities in response
to the subsidies.

The rest of the paper is organized as follows. We give a short review of the literature
below. In section 2, we present the model of a single location and show our theoretical
results. We provide empirical evidence for the mechanism in Section 3. We embed the
model of a single location in a quantitative model of economic geography in Section 4
which we then quantify in Section 5. We present the quantitative results along with the
implications of implementing the optimal policy in Section 6 before concluding in Section
7.

Related Literature

The literature on the spatial agglomeration of economic activity is rich and varied.
In an early contribution, Marshall (1920) proposed three reasons why firms might locate
around other firms: labor market pooling, access to intermediates, and the sharing of
ideas. Subsequent theory papers have formalized these ideas and offered other poten-
tial mechanisms (Miyauchi, 2018; Davis and Dingel, 2019). Duranton and Puga (2004)
provide a new way to think about all of the mechanisms in their review. Many empiri-
cal studies have shown that there are benefits from agglomeration (Andersson et al., 2014;
Kline and Moretti, 2014; Greenstone et al., 2010) and have also analyzed the coagglomera-
tion patterns of sectors to infer the relative importance of different theoretical mechanisms
(Ellison and Glaeser, 1997; Ellison et al., 2010). Rosenthal and Strange (2004) review the
evidence.

Our paper focuses on a particular mechanism that would fall under the broad um-
brella of labor market pooling. There are many microfoundations with different mecha-
nisms of how labor market pooling can lead to agglomeration benefits (Andersson et al.,
2007; Papageorgiou, 2022). Our model builds on the basic theoretical framework of Krug-
man (1992). Krugman considers a setting with a finite number of ex-ante identical firms
where labor is perfectly mobile within a labor market but not across.! Overman and Puga
(2010) extend Krugman’s model to include multiple sectors and then test the predictions
about where those sectors should be located. Other papers test these predictions in differ-
ent settings (de Almeida and de Moraes Rocha, 2018; Nakajima and Okazaki, 2012). We
provide a new theoretical model with ex-ante heterogeneous firms and imperfect labor
mobility across firms and sectors. This allows us to derive a general sufficient statistic

for the strength of this mechanism. Then we can provide evidence consistent with the

!Duranton and Puga (2004) also reviews and discusses the model.



mechanism and quantify its importance.

More recent work looks for direct evidence of the labor market pooling mechanism.
Moretti and Yi (2024) show that workers who are laid off in large labor markets have an
easier time finding work as compared to workers in small markets. This is consistent with
the basic theory we lay out, though our evidence focuses on the firm response rather than
the worker side. Conte et al. (2024) shows that when firms in large markets can more
easily expand in response to productivity shocks, more volatile firms will sort into larger
markets. We abstract from firm sorting but demonstrate how granularity could explain
why firms in larger markets can expand more in response to productivity shocks.

We build on a large literature recently inspired by Gabaix (2011) that looks to quan-
tify what the granular nature of firms means for economic activity and optimal policy.
Gabaix (2011) shows that shocks to individual firms could explain nationwide fluctua-
tions. Bernard et al. (2018) gives a framework for thinking about how a few important
tirms could shape the nature of international trade. Gaubert and Itskhoki (2021) dis-
cuss what granularity means for the observed comparative advantage of countries, and
Gaubert et al. (2021) studies what that implies for optimal policy. We contribute to this lit-
erature by considering granularity’s implications for the geography of economic activity
and optimal place-based policy.

Finally, our quantitative model builds on the computational geography literature re-
viewed in Redding (2022). Two notable early contributions are Allen and Arkolakis (2014)
and Redding (2016). We demonstrate how these models can be extended to include gran-
ular firms subject to idiosyncratic shocks in a tractable way. We also consider how the

optimal policy changes in that setting (Fajgelbaum and Gaubert, 2020).

2 How Does Granularity Lead to Agglomeration?

The goal of this section is to demonstrate how granularity leads to higher wages
in larger markets through the labor market pooling mechanism discussed by Marshall
(1920). To focus on that, we model the sectoral labor markets of a single location with a
given population. We then endogenize where people live in Section 4 to demonstrate the
implications for agglomeration.

Our model in this section will allow us to identify the key mechanism through which
granularity implies agglomeration benefits. This will then guide our empirics as we look
for evidence consistent with that mechanism. In order to isolate the effects of granularity
most transparently, we focus on an environment that is neoclassical conditional on firm

entry and delay a discussion of how the results change with imperfect competition to
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Figure 1: Timing of model

section 2.5.

2.1 Environment

We focus on a region i with a mass ¢; of workers and a continuum of sectors s € S. The

sectors produce perfectly substitutable goods but hire in distinct sectoral labor markets.

Timing. There are three time periods t € {0,1,2}. In period 0, a mass m; of establish-
ments pay a fixed cost of the traded final good in order to enter. Each firm is randomly
assigned a sector s and then gets an ex-ante productivity draw z from some known dis-
tribution. Thus each sector ends up with a finite number of firms Nj; that differ in their
productivity. This captures the long run differences in firm size and will determine how
exposed different markets are to short-run idiosyncratic firm shocks in period 2.

After observing those initial productivity draws, a representative worker freely allo-
cates her labor L;,, across sectors s and firms 7 in period 1. This captures the long run
decision-making of a worker free to direct her search or make training decisions to work
at certain firms in certain sectors of her region.

Then, in period 2, the state of the world w € () is revealed. This determines the short-
run productivity shocks to each firm. The representative worker adjusts how much labor
she supplies to each firm, L;s,(w), subject to frictions of moving labor across firms and
sectors on the shorter time scale. Firms then produce and sell their goods. The model

timing is summarized in Figure 1.



Workers. The representative worker is risk neutral.” She gets utility U; from consuming
a freely traded final good, c;, and enjoying a location-specific amenity u;,

Ul' = U;c;. (1)

The representative worker is endowed with one unit of labor that she supplies to the
market inelastically and allocates among all the active firms. In period 1, the worker
can freely set her units of labor across sectors s € S and firms n € N, taking as given
each firm’s ex-ante productivity z;,. In particular, she chooses her vector of labor supply

L; = {Lisu}snx in the set of feasible labor allocations £, i.e.,
LeZz{Zﬂ/ ) f;sndsgl}. 2)
S neNi

The period 1 labor decision captures the long-run labor supply decision of a worker
who lives in this location. The perfect substitutability of labor across firms and sectors
captures that, in the long run, the representative worker can freely make education deci-
sions and direct her search to work at particular firms.

Then, at the beginning of period 2, the state of the world w is revealed. This deter-
mines ex-post productivity shocks for firms. In response, the representative worker can
reallocate her units of labor across firms and sectors subject to moving frictions. In par-

ticular, labor must be in some feasible set, £(L;),
L,-(w) - ,C(fz), (3)

where L;(w) = {Lis;(w)}s,n and L(L;) is defined by,

— — L
£(T) = { £ [[To-gs (2L )as <
Zis = Z zisnz

neNs

Lis(w) = ), Lisn-gn <%> }

nenN;

L;s is how much labor the worker assigned to sector s in period 1, Lis(w) is how much ef-

fective labor the worker assigns to sector s in state of the world w, and the functions gn(-)

2We explain how this model of a representative worker can map onto a model of heterogeneous workers
with comparative advantage for working at certain firms and sectors below.



Figure 2: Feasible Labor Allocations

This depicts the feasible labor set for a single sector when labor cannot move between sectors and
there are 2 firms in that sector. The set of feasible labor choices in period 2 is a function of the labor
choice in period 1.

(List, Lis2)

Firm 2 labor
Firm 2 labor

Firm 1 labor Firm 1 labor

(a) Possible allocations in period 1, £ (b) Possible allocations in period 2, £(L;)

and gs(-) summarize the costs of moving labor across firms and sectors, respectively.

Lis - ¢s(Lis(w)/L;s) is the amount of total labor that the representative agent needs
to supply to sector s to get Lis(w) amount of sector s labor when L;s labor is originally
supplied. Similarly, L, - ¢n(Lisn(w)/ Lis, ) is the amount of sector s labor that the repre-
sentative agent needs to supply to firm n to get L;s, (w) amount of effective labor when
Lisn labor was originally supplied. We assume that gn(1) = ¢s(1) = 1 so that the initial
allocation Ljs,(w) = Ljs, is feasible. ¢n and gs are increasing and convex to capture the
fact that the representative agent needs to give up time in order to supply labor to each
tirm and that moving a lot of labor between firms becomes increasingly difficult. We il-
lustrate an example two firm sector with no sectoral mobility in Figure 2. In period 1, the
worker faces a linear trade-off between supplying labor to firms 1 and 2. Then, in period
2, the initial allocation remains feasible, but moving labor between the two firms can lead
to a loss because the worker might have firm-specific skills or the worker might lose time
while searching for a job.

This model nests a number of standard models from the literature. While the original
model in Krugman (1992) features a single sector, we can nest a multi-sector version as
a limit case. In that setting, there is perfect mobility across firms within a sector, L;, -
¢N(Lisn(w)/Lisy) = Lisy(w), and no mobility across sectors, L;s - ¢s(Lis(w)/Lis) = Lis if
Lis(w) < L;s and infinity otherwise. Our assumption also allows for the nested constant



elasticity labor supply model in Berger et al. (2022) where workers have comparative
advantage working for certain firms and sectors. That comparative advantage takes a
particular form to keep the model tractable. More generally, we allow for any model of
the labor market as long as the deadweight loss from moving labor into a sector in the
second period is proportional to the percentage change in the size of that sector from the
initial allocation. The same must hold for moving across firms.

Firms. There is a continuum of potential firm entrants. To enter, a firm must pay a fixed
cost ¢; > 0 in terms of the freely traded final good in period 0. Those firms are then ran-
domly assigned a sector. Thus, while a mass of firms enter, each sector only has a finite
number of firms. We denote by Nj; = || the (finite) number of firms in sector s. We
denote the probability mass function of Njs by pn(-,m) when a mass of m firms enter.
The average number of firms across all of the sectors needs to equal the number of firm
entrants, i.e. m; = [¢ Nisds = Y3_o Npn (N, m;). We also assume that py (N, m) is differ-
entiable in m and for m’ > m, & pN (N, m’) first order stochastic dominates X pn (N, m).
This assumption rules out firm entry that is overly biased towards small sectors, and we
will have more to say about it below. Firm 7 in sector s then gets an ex-ante produc-
tivity draw zjg, from a distribution F;,(-) which we assume is continuous and regularly
varying.’

In period 2, each firm n gets an idiosyncratic productivity shock d;s, (w), a sector-wide

productivity shock A;(w), and produces the final good y;s, (w) according to,

Yisn (W) = ajsn(w) f (lisn(w)),

where a5, (W) = zispisn (w)Ajs(w) is the total productivity shock to firm n and £, (w)
is the total amount of labor firm n hires. We assume that f(-) is CES with elasticity of
production to labor 1 — 7 € (0,1), i.e. f(£) = ¢77. Throughout we assume that the ex-
pected number of employees at a firm is finite. The idiosyncratic productivity shocks are
independent and identically distributed with finite variance and E|[log d;s,(w)] = 0. Sim-
ilarly, sector-wide shocks are independent and identically distributed with finite variance
E[log A;s(w)] = 0.

L) ¢ R+ foralla > 0.

3Formally, L: (0,00) — (0,00) is regularly varying if lim,_,co 763
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Market Clearing. Total expected production in the location is

Y, =E

| X ainle@)f(tin))ds| @

neN

where expectations are taken with respect to w, the number of firms, and the initial pro-

ductivity draws. We assume that the law of large numbers applies across this continuum

of sectors so that realized production is always Y;. Therefore, goods market clearing re-

quires that total consumption plus the amount of the final good used as an investment
must equal expected production,

cili + i = Yi. (5)

In the labor market, labor demanded needs to equal the individual labor supplied by

each worker multiplied by the number of workers

Lisn (w) = Lisn (w)gi- (6)

2.2 Decentralized Equilibrium

Labor Supply. Workers choose their initial labor allocation L;, in period 1 and their
subsequent labor allocation L;s, (w) in period 2 to maximize expected utility, taking wages

as given. We normalize the price of the final good to 1, so workers solve the problem,
Li,{L;(w)} € argmax u;c;
LieLl, Li(w)eL(L))

s.t.c; < Z wisn(w)Lgsn(w)dS'
S neNi

(7)

where w;s, (w) is the equilibrium wage for firm 7 in sector s state of the world w.

Labor Demand. We normalize productivity so that the price of every good is 1. Then

tirms maximize profits taking wages and prices as given,

lisn(w) € argmax sy (w) f(Ligy (w)) — Wisn (W) iy (@) (8)
0 (w)

sn

Entry. We assume that firms enter up to the point that expected profits are equal to
the fixed cost of entering. Defining 7t;s, (w) = ajsp(w) f (Lisy(w)) — Wisy(w)lisy(w) as the

11



profits firm n earns in the state of the world w, we can write this,

E neN,, 'tisn d
i = /s Eneny, Tisn(w) S]_ 9)

m;

The numerator is the total amount of profits earned by firms in location i. The denomi-
nator is the total measure of firms that enter, so the ratio is a firm’s expected profit before

any firm realizes its sector or productivity shocks.

Definition 1. A local equilibrium consists of wages w;,(w), labor supply decisions L;,,

Lisy(w), entry decisions m;, and labor demand decisions ¢, (w) such that,

* Workers maximize utility taking wages as given, (7);
¢ Conditional on entry, firms maximize profits taking prices and wages as given, (8);

 Firms enter up to the point that expected profits are equal to the fixed cost of enter-
ing, (9); and

¢ Goods and labor markets clear, (5), (6).

2.3 Granular Origins of Agglomeration

We now demonstrate how granularity implies average wages increase in the size of the
market. We will proceed in two steps. First, we show that wages increase in population
if, in markets with more firms, the average firm can adjust its employment more easily
in response to shocks. This is the key mechanism, and our empirics in section 3 provide
evidence consistent with it. Throughout this paper, we will refer to this mechanism as
labor market pooling.

Second, we return to granularity. We provide sufficient conditions under which our
model leads to labor market pooling, and thereby agglomeration benefits. And finally, we
show that the mechanism disappears in the limit as the number of firms goes to infinity,
highlighting the fact that this is a fundamentally granular phenomenon.

We derive all of our results in this paper by doing a second-order approximation to
expected production around the point with no ex-post productivity shocks. This keeps
the model tractable and makes the mapping between theory and empirics easier and more
transparent.

Labor Market Pooling and IRS. As an intermediate step, we express region-wide pro-
duction as a function of the number of workers ¢ and the number of firms m,

12



Yi(g, TI’Z) =E

o X sin(@)f (tin())ds

S neN;

This object differs from equilibrium production since firm entry is not endogenized. How-
ever, in the next lemma, we confirm that understanding this object is sufficient for under-

standing agglomeration both qualitatively and quantitatively.

oy, . . .1 dYi(al,am)

Lemma 1. For small ex-post shocks, if Y;(£, m) has increasing returns to scale, i.e. 7 |M:1
. . . . . dlog w: .

1, then average wages are increasing in population, i.e. o8 &,' > 0. In particular,

dlog w; _ (%W{wzl_l)

dlog/; 1—5— (% in(Zi,am) |0¢:1 - 1) .

Thus, we can focus on the region-wide production function. Lemma 1 clarifies how
our estimates of increasing returns to scale map onto the benefits of agglomeration.

In our next proposition, we lean on the second-order approximation to find a suffi-
cient statistic for the strength of those increasing returns to scale. We will use this statistic
in three ways. First, we use it as a stepping stone in our proof that granularity leads to in-
creasing returns to scale. Second, it elucidates the mechanism through which granularity
causes increasing returns to scale. Thus, we will be able to look for evidence consistent
with that mechanism. Third, we use the statistic to quantify our mechanism. We can
determine how much of the urban wage premium is accounted for by granularity rather

than some other externality emphasized by the literature by focusing on this statistic.

Proposition 1. For small ex-post shocks, Y;(¢,m) features increasing returns to scale if the
(employment-weighted) average covariance between log employment and log productivity shocks

is increasing in the number of firms, i.e.
9 / Y. ZiﬂCov(loga- (w),log lisy(w))ds| > 0.
am S ne/\[is »61 isn 7 isn

In particular,
Yi(6,m) ~ z;0*"Tm"Qy(m),
where z; = IE[ZVU]W and

Q(m) = Elajs,(w)] + 1_—;7/ ) @COV (log a;sy (w),log Cisy (w)) ds. (10)
2 S”EMS gz
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The proof of proposition 1 is in the appendix, but we give a brief sketch here. The
proof proceeds in three steps. We introduce a variable f so that the productivity of firm n
is Zjsn (disn (w) Ajs(w))P. First, we solve the model when B = 0 so that there are no ex-post
shocks. Second, we do a second order approximation to regional production in  around
0. We find that Y; ~ z;/' Tm""Q)(m) where Q(m) is defined

Q(m) = Elajsy(w)] + (1 — 1) / Z % Cov (logajsy(w),log lisy(w)) ds

S neN (11)

1—
— = 1% ({Var(log fios (w))}, { Var(log (is(w))}),

and ¥(-,-) is the measure of deadweight loss that results from moving labor between
firms and sectors in the second period. In the third step, we note that when wages are set
competitively, they optimally trade off the deadweight loss with the productivity, leading
to the simplification

Y ({Var(log isn(w)) }, { Var(log ;s (w / ZJ\:{ Eg_ v (log asn(w), log isn(w)) ds,

completing the proof.
Proposition 1 provides a clear interpretation of how labor market pooling leads to
increasing returns to scale. Consider a firm n that never adjusts its worforce in response

to idiosyncratic productivity shocks so that
Cov(log lisy(w),log a;s, (w)) = 0.

That firm would hold onto a large number of workers when it has bad productivity
shocks and not expand to take advantage of good productivity shocks. Therefore, its
average labor productivity would depend solely on its average productivity shock. By
contrast, if the firm were to expand after a good productivity shock and shrink after a bad
shock, its average labor productivity would increase because it hires more workers when
its more productive. Thus, that firm could produce more goods on average while hiring
the same average number of workers simply by increasing its covariance.

Proposition 1 then says that there are increasing returns to scale if increasing the size of
the market improves how efficiently labor reallocates across firms in response to produc-
tivity shocks, properly weighted by the importance of each firm. Thus, if firms are better
able to expand their employment in response to good productivity shocks in a larger mar-
ket, then larger markets will be more productive. We will look for direct evidence of this

14



in Section 3.
Implicit in Proposition 1 is the fact that the average covariance is only a function of
the number of firms m. Thus, our empirics will use the number of firms as the relevant

measure of the size of the market.

Granular Labor Market Pooling. Here, we complete the proof that there are increasing
returns when firms are granular. The final assumptions are stated below.

Assumption 1. Labor is imperfectly mobile across sectors, i.e. g¢(-) > 0, and firms are

subject to idiosyncratic shocks, i.e. Var(log ;s (w)) > 0.
Then we have the following result.

Proposition 2. Suppose ex-post shocks are small, and Assumption 1 holds. Then average wages

are increasing in population, i.e. ‘zlllzgngf > 0. And as the population goes to infinity, these

agglomeration effects disappear, i.e. limy. 4, %ggzgf =
! i
We start by giving a basic intuition for why there are increasing returns to scale us-
ing Proposition 1. Consider how firm n in sector s responds to an idiosyncratic, ex-post
productivity shock Alog a;s, (w). To first order, employment responds according to

1 s Zzsn
Alog ¢, ~ —_— Al 12
0g lisn(w) N+ 1] 77+77N+775 7. 0g aisn (W), (12)
where 17y = gg I (( )) and g : % are the inverse of the supply elasticities across firms

within a sector and across sectors, respectively.

In a small region, where the mass of firms m; is small, chances are that there are very
few other firms in sector s. Therefore, firm n hires a large share of the labor force in sector
s, i.e. lisn/ s is large. In that case, the firm’s employment does not respond much after a
productivity shock because it already hires a large proportion of the sectoral labor force,
and to expand it would have to attract workers from other sectors. Therefore, the firm
does not effectively scale up in response to a productivity shock and ends up using labor
inefficiently. In other words, in a small market, workers are stuck working at the same
few firms whether or not they are productive in that state of the world. In a market with
a large mass of firms m, firm n’s share of the sector s labor force is smaller. Therefore, firm
n’s labor responds more in response to productivity shocks because it can take workers

from other firms in the sector, and labor is used more efficiently.
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Turning to the proof sketch, we now allow for productivity shocks to every firm. Then

labor at firm 7 in sector s is given by

s lisyr
Alogajs, (W) — ——————— —Aloga;q, (w)]| .
8 ion () 77N+775+17n,§/is lig g isw )]

Aloglisy(w) =

Then some tedious algebra, left to the appendix, shows that the employment weighted

average covariance is given by

Zz's Zisn 1 2
= — Cov(loga;s,(w),logl;s,, (w))ds = ————0
jQ King%g lis v{og (), 10g fisn () n+ian+ns

1
n+1N

1——1s / Y HHLds | | 02,
n+nn+ns \Js ¢

where 0% is the variance of log sector-wide shocks and ¢%; is the variance of the log

_|_

idiosyncratic shocks. This variance depends on the number of firms in the sector only

_ _\2
through the HHIjs =}, v, <€isn / Eis) . Thus, the degree of increasing returns to scale is

) z1'5 .
dlogO(m) 1y Man | s HHLS]
dlogm n+nyny+1n+1s Q(m) v

If the average HHI across sectors decreases as the number of firms m increase, Proposition
1is satisfied, and there are increasing returns to scale. The expected HH]I of a given sector
s is decreasing in the number of firms Nj;, so the last thing we need to check is that firm
entry across sectors is not too weird. For example, suppose that there were only two
sectors with firms in them: one with two firms and another with one firm. Then if all
future firm entry goes into unoccupied sectors, the average HHI would actually increase
as the average number of firms in occupied sectors decreases. Our assumption that the
distribution induced by % p(N, m) is increasing in first order stochastic dominance exactly
rules out these strange cases.

The speed with which average HH]I decreases depends on the distribution of entrants
across sectors, py(N,m), and the ex-ante productivity distribution Fi5(z). The shape of
p(N, m) especially matters for low m. As m becomes larger, the ex-ante productivity dis-
tribution matters more. As discussed in Gabaix (2011), if Fi5;(z) has thin tails, HHI;; de-
creases approximately at the rate of Nigl. Then the agglomeration externality is strong
when there are a small number of firms and the HHI falls quickly with new entrants.
However, the HHI quickly approaches zero, at which point the average HHI cannot fall
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turther. For example, if a sector has one firm and adds another ex-ante identical firm,
the HHI drops from 1 to 0.5. If a sector already has 100 identical firms, the HHI is 0.01,
and doubling the number of firms only decreases it to 0.005, not increasing productivity
much. Intuitively, that is because if there are already 100 firms in a sector, it is easy for any
firm to expand by attracting workers from the other 99 firms. Adding more firms does
not have much effect.

If F;;(z) has thick tails,* HHI;; decreases at a rate of N ;C where ¢ € (0,1). In that case,
the weighted HHI does not fall as quickly, and large firms continue to be constrained in
their ability to respond to productivity shocks. Thus, the externality is not as strong for
small markets, but continues to matter for medium-sized, and even large, cities. Nonethe-
less, the externality dies out as the number of firms becomes large, and the average HHI
approaches zero.

As suggested by Assumption 1, the preceding argument for increasing returns to scale
can fail for two reasons. The first possibility is that firms are not subject to idiosyncratic
shocks. In that case, 0%, = 0, and the average variance of log marginal product does not
change as the market gets larger. That is because, if all shocks are sector-wide, for a firm
to expand in response to a productivity shock, it will have to attract workers from other
sectors since every other firm in the sector is trying to expand as well. We can test this
explicitly in the data. If firms are subject to idiosyncratic shocks, then the variance of log
total payments to labor will decrease in the size of the sectoral market since the shocks to
each of the firms will average out. The other possibility is that workers are freely mobile
across sectors, i.e. 75 = 0. In that case, the firms are not really granular as the relevant

labor market is the entire commuting zone.

2.4 Under Entry of Firms

In this section, we consider what this force for agglomeration means for policy. Condi-
tional on firm entry, the model is competitive, so Y;(¢, m) is not only the equilbrium level
of average production for the market with ¢ workers and m firms. It is also the optimal

level of production given m. Therefore, the only possible source of inefficiency is firm

FB

entry. Rewriting the goods market clearing condition (5), the first best level of entry m;

4Formally, if Fi;(z) is a pareto distribution, i.e. Fis(z) =1 —az ¢, then1 < {(1 — ) < 2. Then
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solves the following problem,

miB ¢ argmax  Y;(¢;,m') — . (13)

m/

The following proposition demonstrates that the optimal policy calls for a subsidy on
firm entry when there are increasing returns to scale.

Proposition 3. Suppose that shocks are small, and Assumption 1 holds. Then the optimal policy

19log Q(m)

n  dlogm |m:m,-
(10) in Proposition 1. And as the population goes to infinity, the optimal subsidy converges to 0.

is an ad valorem subsidy on firm entry of > 0 where Q)(m) is given by equation

This result is the normative counterpart of Proposition 2. We sketch the proof here.
Taking the first-order condition associated with the net production maximization prob-
lem gives the requirement that the marginal product of another firm needs to equal the

marginal cost of entry in the first best,

Y;(¢;, mEB)
om

Pi.

In equilibrium, on the other hand, free entry implies that total profits divided by the
number of firms equals the marginal cost of entry. Total profits are simply the value of

total production less payments to labor, so with a subsidy of s,

Y;(4;, mE) — wil;
1 1 lE ll:(l—s)l[)Z,

m;

where w; is average wages and mF is equilibrium entry. To find the optimal subsidy, we
note that because wages are competitively set, workers are paid their marginal product

so that w; = %. However, there are increasing returns to scale so that
1

aY; aY;
Y;(4;, m;) < B_mlimi + a—dﬁi-
(0 mE)—w:
It follows that W < % = 1p; in equilibrium. Therefore, the optimal policy is a

subsidy on firm entry, i.e. s > 0. This subsidy then converges to 0 as the market becomes
infinitely large because the increasing retuns to scale of Y; disappear in the limit.

The first welfare theorem breaks in this setting because we do not have Walrasian
entry. In a competitive equilibrium, firms need to take prices and wages as given, but in
our model, we allow firms to ask what their profits would be conditional on entry. That

requires a firm internalizing the effect that their entry will have on wages. Firms know
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that by entering, wages will be higher. Not only will wages be higher on average, but they
will be higher precisely when the firm would like to hire more workers because their own
idiosyncratic shocks affect wages. This leads to under entry, especially in small markets
where adding one more firm will have a big effect on the distribution of wages.

A skeptical reader might wonder why we depart from competitive entry. The reason
is simple. An equilibrium with competitive entry does not exist. To illustrate this most
transparently, consider a special case of our model where workers are freely mobile across
firms within a sector s and all productivity shocks are idiosyncratic. A competitive firm
would then maximize profits taking the sector-wide wages w;;(w) as given. Solving for
the optimal labor choice and plugging that back into the profit equation (8), we find that
the profits a firm n would earn in state of the world w is

1-y 1
T Qisy (w) TWis (w)

isn(w) = 17(1 1)
Taking a second order approximation to profits around the no ex-post shock equilibrium
implies that
1—

]E[nisn(w)] N Tlisn | Qs — 17217 COV(log aisn(w)rlogwis(w))

where (; is some sector wide constant and 7t;;, are firm profits when the ex-post shocks
are 1. That is, profits are decreasing in the covariance between firm productivity and
equilibrium wages. This is because profit functions are convex, so firms appreciate the
variance that comes when productivity and wages are not correlated.

For a firm that is currently operating, wages are correlated with their shocks because
their attempt to hire more workers drives up the wage. On the other hand, a potential
entrant’s productivity shocks are not correlated with wages. Therefore, given the cur-
rent distribution of wages, the potential entrant expects strictly higher profits than the
operating firm. But in any competitive equilibrium, operating firms must expect weakly
positive profits while potential entrants must expect weakly negative profits. This is not
possible when potential entrants expect strictly higher profits than current entrants, and

therefore, no competitive equilibrium exists.

2.5 Extensions to Imperfect Labor Markets

Before turning to the empirical evidence for our mechanism, we briefly discuss how
our results change if labor markets are not perfectly competitive. Since there are a finite
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number of firms in each sectoral labor market, and they face upward sloping labor supply
curves in the short run, firms have market power that they could exploit. To shed light on
the novel aspects, we have ignored that conduct up to this point. But we characterize the
model when firms internalize that power and engage in Cournot competition in appendix
B, as in Berger et al. (2022). We assume that firms can commit to their wage offers. Thus,
tirms internalize that if they were to lower their wages, the representative worker would
decrease her time spent at that firm in the long run. Since labor is perfectly substitutable
in the long run, this implies that the average wage markdown is zero, but the markdown
could vary in response to ex-post productivity shocks.

Proposition 1 no longer holds because labor does not move between firms to efficiently
trade off deadweight loss with the productivity gains of moving workers to more pro-
ductive firms. In particular, a firm does not expand as much in response to productivity
shocks since it increases its markdown to exploit its increased market power. However,
equation (11) continues to hold. And we show that

¥ ({Var(log i ())}, {Var(log fi(@))}) < [, r 81 Cov (log i (@), og i (@) .

This implies that the covariance of log employment and log productivity understates how
productively firms are using workers. We further show that in the limit the equilibrium
converges to the competitive one, so the covariance accurately describes how efficiently
labor is used. Thus, the observed decline in the covariance between log productivity and
employment will overstate the productivity benefits.

However, for given parameters, the market will use labor less efficiently if firms com-
pete oligopsonistically. And in the limit, as the number of firms goes to infinity, they use
workers just as efficiently as the competitive case. Thus, for a given set of parameters,
monopsony increases the gains from being in a large market when interacted with our
mechanism. We include the exact assumptions necessary to recover an adapted proposi-
tion 2 in the appendix.

Proposition 3 then becomes more complicated. The first best policy would feature
subsidies on wages along with subsidies on firm entry. If the planner could not undo
the distortion on wages, then workers are paid less than their marginal product and the
efficiency of firm entry is ambiguous.
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3 Empirical Evidence

Section 2 showed how granularity can lead to increasing returns to scale. In this sec-
tion, we provide evidence that it does using administrative data from Japan. We start by
showing that large firms subject to their own idiosyncratic shocks dominate hiring within
a sector in many commuting zones. We also show that people rarely move across sectors,
confirming the conditions of Proposition 2. We then provide evidence of our mechanism
as presented in Proposition 1. In particular, we see how firm employment responds to id-

iosyncratic revenue productivity shocks constructed from exchange rates and trade data.

3.1 Data

In mapping the model to the data, we need to lay out what is a region and what is a
sector. We interpret a region i as a commuting zone and denote by 7 the set of 256 com-
muting zones in Japan.” We map sectors s € S from the theory onto 2-digit manufactur-
ing industries in the data.®” Then we interpret each establishment in the data as its own
independent firm in the theory as we do not allow multi-establishmet firms. Throughout

this section, we will use the term establishment.

Japanese Census of Manufactures Data. Our primary data source is the Census of Man-
ufacture (CoM) in Japan for the manufacturing sector. The Ministry of Economy, Trade,
and Industry (METI) conducts the Census of Manufacture annually to gather informa-
tion on the current status of establishments in the manufacturing sector. Specifically, this
census covers all manufacturing establishments in years when the last digit of the survey
year is 0, 3, 5, or 8. For other years, the census covers all establishments with at least
4 employees in Japan. The CoM survey was not conducted in 2012 and 2016, and in-
stead, another survey, the Economic Census for Business Activity (ECBA) was conducted
by METI and the Ministry of Internal Affairs and Communications for data in 2011 and

5To construct time-consistent commuting zones from municipalities in Japan, we first follow Kondo
(2023) to convert municipalities in each year into time-consistent municipality groups. Japan has 1,724
municipalities as of June 2023, including 6 municipalities in the Northern Territories. We drop these 6
municipalities as the CoM data does not cover them. We then use the converter in Adachi et al. (2020) to
convert these municipality groups into commuting zones.

®To construct time-consistent industries, we use a crosswalk provided by RIETI to convert categories
into the 2011 codes. For example, manufacturing of iron and steel industry is one of the 2-digit industries.

In the theory, we assume a continuum of sectors, but in practice, we only use 23 industries. We do this
because non-regular workers in Japan move freely within these broad sectors so that this is the best notion
of a labor market. By assuming a continuum of sectors, we abstract away from the granularity of sectors,
understating the influence of individual firms.
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2015.% We use the ECBA survey to substitute the CoM survey in 2011 and 2015. The
detailed sample construction is in Appendix E.

This data has two advantages. First, we observe panels of all the establishments with
at least 4 employees. This feature allows us to compute a variety of volatility measures
at the establishment level as well as commuting zone and sector-level variables.” Sec-
ond, we observe yearly shipment values by detailed product categories for each estab-
lishment. This enables us to construct establishment-level exposure to foreign exchange
rate changes using product shipment share and national, product-destination level export
data.

UN Comtrade Data We supplement the CoM data with bilateral trade flows by product-
year level from UN Comtrade data to compute the share of destination countries of the
Japanese export at the product-year level. See the Appendix E for a detailed data con-

struction.

Penn World Table Data We construct real exchange rates using data for the nominal
exchange rate (“xr”) and price level of exports (“pl-x”) from Penn World Table (Feenstra
et al., 2015).

3.2 Summary Statistics

Table 1 presents summary statistics for the sectoral labor markets. The average num-
ber of establishments is 53, but more than half of all sectoral labor markets have 13 or
fewer establishments. The employment HHI distribution suggests individual establish-
ments have an outsized role in many labor markets. The median HHI is 1860.91. There
would need to be 5.5 establishments of the same size in a single market to get an HHI that
large. Employment is similarly sparse, with half of sectoral labor markets having 346 em-
ployees or fewer. See Figure 3 for a histogram of the entire distribution of establishments
and employment.

We also report the summary statistics for a number of variables we use in our sub-
sequent analysis in Table 1. Log average wage is the average salary of workers in the
sectoral labor market. The variance of log wage growth and that of log payroll growth

are computed over time for each sectoral labor market. These measure the volatility of

8The ECBA survey covers all establishments, including establishments in non-manufacturing sectors,
but we focus on establishments in the manufacturing sector to be consistent with the CoM survey.

9One further advantage, compared to the US LBD data, is that we can separately identify single estab-
lishments within each of the 47 prefectures.
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wages and payroll of a single market, respectively. The log variance of log wage growth
is smaller than that of log payroll growth, suggesting that some of the variance of log pay-
roll growth is driven by workers moving between sectors to take advantage of economic
opportunities as they arise. However, the variance of log wages is not zero. This suggests
that economic opportunities are not completely arbitraged away by workers moving be-
tween sectors. Instead, workers in a sector that has a good shock see an increase in their
wages.

In fact, workers are slow to move across sectors. Only 6% of full-time workers switch

jobs within a year, and of those who switch jobs, 76.9% stay in the same industries.'” !

Table 1: Summary Statistics: Sectoral Labor Market

Mean Median Std. Dev.

Num. of Estab. 53.19 13.00 176.56
Employment HHI 322253 1860.91 3270.30
Employment 165148 346.50 4771.52
Log Avg. Wage 5.78 5.82 0.37
Log Variance of Log Wage Growth -4.40 -4.46 1.29
Log Variance of Log Payroll Growth = -2.97 -3.05 1.38
Sample size 4,800

Note: The tables show the summary statistics for sectoral labor markets. Each sectoral labor market is a
2-digit manufacturing industry, commuting zone pair. The variance of log wage growth, the variance of log
payroll growth, and the weighted sum of log employment growth are in log units. The variance of log wage
growth and log payroll growth are computed for a single sectoral labor market over time. The weighted
average of log employment growth is computed by first taking the variance of log employment growth for
each establishment. The variances are then averaged together weighted by each establishment’s average
payroll share.

3.3 Firms Are Subject to Idiosyncratic Shocks

In presenting the summary statistics, we showed that large establishments dominate
many sectoral labor markets and that worker movement across sectors does not arbitrage
away all wage differences. Here we check the final condition of Proposition 2: establish-
ments are subject to idiosyncratic shocks.

"Data is from the Japanese Panel Study of Employment Dynamics, which was provided by Recruit
Works Institute. The sample is the full-time workers in 2015, and the sample size is 22,965. When com-
puting the mobility across sectors conditional on changing jobs, we use the data for workers who have ever
changed jobs in their careers.

1The probability that a worker would stay in the same industry if she were randomly choosing a new job
is 48.4%. We compute this number using the HHI of 2-digit sectoral employment within each commuting
zone and take the weighted average using the total employment of each commuting zone.
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Figure 3: Histogram of Number of Establishments and Employment in each Secotral La-
bor Market
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Notes: The figures show the histogram of the number of establishments and employment in each local labor
market, respectively. The unit of observation is the local labor market, a pair of a JSIC 2-digit industry, and
a commuting zone. To be visible, I collapse all the local labor markets with the statistics larger than the top
5% percentile to be in the same bin. The top 5% percentile is 210 for the number of establishments and 7,107
for the total employment,
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Figure 4: Volatility of Payroll and Average Wage Growth and Number of Establishments
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Note: The panels show the binned scatter-plots and histograms of the relationship between volatility of
log growth in total labor payment (top) and in average wage (bottom) and the number of establishments
across local labor markets in Japan estimated by (15). We also show the histograms of both variables. The
unit of observation is the local labor market, a pair of JSIC 2-digit industries, and a commuting zone. The
vertical axis is the log variance of log growth in total labor payment (top) and average wage (bottom) over
1990-2016 in each local labor market. The horizontal axis is the number of establishments in log, averaged
over 1986-2016 in each local labor market.
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In order to do this, we construct a measure of volatility at the sectoral labor market
level. For each sectoral labor market, we start by computing the total labor payroll in
each period. We then compute one-year log growth rate and take its variance over time
to get our measure. We use the variance of the growth rate rather than the variance in
levels as a conservative estimate of the uncertainty in labor payments from one period to
the next. This differences out persistent differences in growth rates that workers could
expect.

We regress our measure of volatility in labor demand against the number of establish-
ments in the sectoral labor market to see if larger labor markets have less volatile demand

for labor. We use the specification,

log (Var <log ( Z wisn(w)ﬁisn(w)> )) = BIn Njs + p; + ps + €5 (14)

neNj

where y; and s are commuting zone fixed effects and industry fixed effects, respectively.
We show the bin scatter plot in Figure 4(a) . As one can see, there is a strong negative rela-
tionship, consistent with our story that establishments are subject to idiosyncratic shocks.
Small sectoral labor markets with few establishments have very volatile demand for la-
bor as a shock to a single establishment greatly affects the overall demand for labor. By
contrast, in a large market, there are many establishments, all subject to their own idiosyn-
cratic shocks. So the idiosyncratic shocks “average out” to some extent and the demand
for labor remains relatively constant.

We do a similar exercise with the variance in log wage growth at the sectoral labor mar-
ket level to ensure that this variance in labor demand is not arbitraged away by workers
moving between sectors. We compute the sector-specific average wage by dividing the
total labor payment by the number of workers. We then find the variance of log growth
in the same way we did for the total payroll. We run the regression,

log <Var <log (ZneNis Wisn () isn () ) ) ) = BIn Njs + p; + ps + €5 (15)

Znej\/is Lisn (w)

where y; and s are commuting zone fixed effects and industry fixed effects, respectively.
The bin scatter plot is in Figure 4(b). We find a similar negative relationship: the variance
of log wages is higher in smaller markets because there are fewer establishments and a
shock to one establishment will greatly affect labor demand and it is not arbitraged away

by worker movement.
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3.4 Firms in Larger Markets Expand Employment More Easily

Having confirmed all of the sufficient conditions of Proposition 2 for there to be in-
creasing returns to scale, we now look for explicit evidence of our mechanism. We do this
by looking for evidence of Proposition 1: the weighted covariance of log employment
and log productivity of establishments is larger in markets with more establishments.
This would provide evidence that larger markets are more productive because workers

can move to where their labor is most needed.

3.4.1 Observational Evidence

We start by providing observational evidence. If establishments have an easier time
tfinding the workers they need after a good shock in large markets, then an establishment
in a larger market should have a higher variance of log employment than a similar es-
tablishment in a small market. We check this by constructing a measure of establishment

employment volatility.

Figure 5: Volatility of Establishment-level Employment Growth and Number of Estab-
lishments
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Note: The figure shows the binned scatterplots of the relationship between the volatility of establishment-
level employment growth and the number of establishments across local labor markets in Japan. We also
show the histograms of both variables. The unit of observation is the local labor market, a pair of a JSIC
2-digit industry, and a commuting zone. The vertical axis is the average of establishment-level log variance
of log growth of employment over 1986-2016 in each local labor market. The horizontal axis is the number
of establishments in log, averaged over 1986-2016 in each local labor market.

First, we residualize each establishment’s annual employment by establishment and
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year-fixed effects.
Aln gn,t,t—}—l =ualn gn,t =+ 77t + Sﬁ,t

where AIn/, ;1 is the changes in log employment of establishment # from year ftot 41,
In?, ; is the log employment of establishment 7 from year ¢, and #; is a year fixed effect.
We control log employment to capture the fact that large and small establishments are
systematically different. Small establishments might be growing in an expected way as
suggested by some papers studying establishment dynamics, such as Hopenhayn (1992).

Second, we compute yearly changes of the estimates of sﬁ/t,t Ry A?fl,t,t 41 as follows:

This gives a measure of unexpected growth in employment for establishment 7.

=4 ~4
En,t,t+1’ (Var A‘c"n,t‘,if—l—l

ment # to get a measure of employment growth variance relative to expected growth pat-

Finally, we take variance of A ), over time within each establish-

terns. We then pool the establishments in a sectoral labor market by taking the weighted
average of Var(Ag!

ntt+1
the sample period. This gives a measure of employment volatility of establishments in

), weighted by each establishment’s median employment over

the sectoral labor market.

We estimate the following log-linear model

Y. bin - Var(Ag), 1) = 6108 Nis + pj + pis + € (16)
neN; gis
where log Nj; is the number of establishments in commuting zone i and industry s. y; and
s are commuting zone fixed effects and industry fixed effects, respectively.
Figure 5 shows the result in binned scatter plots. One can see the clear positive re-
lationship implying that comparing two similarly situated establishments, the establish-

ment in the larger labor market will have a higher variance of log employment.

3.4.2 Quasi-Experimental Evidence

Finally, we look for more direct evidence that establishments in large markets can ex-
pand more easily in response to productivity shocks. In particular, we construct establishment-
level demand shock from the establishment’s product mix, country-level destinations,
and destinations’ real exchange rates. We then examine how that “adjusted real effec-
tive exchange rate shock (AREER)” affects an establishment’s employment share within
sectoral labor markets.
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Specification Our econometric specification is an empirical version of equation (12). It

is as follows:

Anlyprer = B1Ountrr1 + B2 (Dpintir - Sui—1) + X5 T+ Tn + G + enr, (17)

where AIn /4, ;.1 is the log change in the employment of establishment n from year ¢
tot+1, Apytiq1 is the negative demand shock for establishment #, s, ;1 is the payroll
share of establishment 7 in year t — 1 within the sectoral labor market.'> X, is a vector
of covariates at the establishment level, including an establishment age and its square,
lagged payroll share, and lagged export ratio relative to total shipment.'® 7,, and {; are
tixed effects for establishments and year, respectively. ¢, ; is the error term.

Establishment-Specific Negative Labor Demand Shock We proxy the establishment-
specific revenue productivity shock Ay, ;11 by an establishment-level exposure to a real

effective exchange rate shock, which we define as follows,'*

App i1 = EXPy X (Zw_nc : AREXZ,I;,];]H) (18)
C

where EXP;, is the median export share relative to the total shipment of establishment n
over the period.'” @; . is the median exposure of establishment 7 to country c over time,
where the time-specific exposure wy, ¢+ = Zp Wny,p,t * Wyt 18 the share of product shipment
of establishment 7 to country c in year ¢. Since CoM does not report establishment-specific
export destinations, we use wy,pt, the share of shipment of establishment 7 in 6-digit

product category p in year t and wyt, the share of Japanese export to country ¢ out of
JPN
¢t t+
the change in the real exchange rate of Japanese Yen to the currency in the country ¢ from

total shipment in 6-digit product category p from the UN Comtrade data. AREX], " ; is

t to t + 1. Therefore, positive AREXZIZ];]H means JPY appreciation against the currency

12We look at the interaction between the shock and the payroll share of the establishment in the period
before because that is the specification suggested by equation (12). Noting that in larger markets, establish-
ments tend to have lower payroll shares then confirms statistic (ii) of Proposition 1.

13Establishment ages are not surveyed in the CoM data. [fill]

%Tn the context of Japan, there are several papers, which study the effect of exchange fluctuations on
employment responses(Hosono et al., 2015; Yokoyama et al., 2021). Some recent studies on the effect of the
exchange rate on employment using firm-level exposure to trade (Nucci and Pozzolo, 2010; Ekholm et al.,
2012; Yokoyama et al., 2021) using firm-level export share. Similar to ours, Dai and Xu (2017) use firm-level
heterogeneity of trade partners and the heterogeneous fluctuations of exchange rates across currencies in
the context of Chinese manufacturing sectors. Our specification leverages the establishment-level product
mix, product-country-level export, and country-level exchange rate fluctuations.

15The CoM survey asked the ratio of exports in each establishment only after 2001, so we use the median,
rather than the lagged value.
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in country ¢, so that Ay ;1 and Apy, 11 are negative demand shock for product and
establishment, respectively.

Definition of Employment Types We examine the effect of a JPY appreciation on em-
ployment across establishments. We define executives with compensation and perma-
nent employees (“sei-shain”) as regular workers who typically work full-time with an
indefinite contract. We define non-regular workers as the sum of part-time workers and

workers dispatched from temporary help agencies.

Sample Restriction We restrict the sample to 2001 to 2013 because the export share and
employment by employment types are available in the CoM data since 2001, and the
timing of the survey has changed from December in the previous year to June in 2014. We
drop the case where the shock is JPY depreciation, when the AREER shock is negative,
as we expect heterogeneity in responses of employment to positive and negative shocks.
Our final sample in this analysis is an unbalanced panel of 163,121 unique establishments
in the manufacturing sector from 2001 to 2013.

Table 2: Summary Statistics: Establishment

Mean  Std. Dev. pl0 p50  p90

Employment 51.11 155.86  6.00 18.00 104.00
Payroll (in millions JPY) 223.56 1029.06 11.71 56.22 408.77
Payroll (in log, JPY) 8.75 1.42 7.07 8.63 10.62
Share of Non-Regular Workers 0.34 0.23 0.07 029 0.70
Log Changes in Employment -0.01 0.19 -0.18 0.00 0.16
Log Changes in Regular Emp. -0.01 0.27 -0.22  0.00 0.20
Log Changes in Non-Regular Emp. -0.00 0.51 -0.51 0.00 0.51
Emp. Share within LLM 0.02 0.08 0.00 0.00 0.05
Payroll Share within LLM 0.02 0.08 0.00 0.00 0.05
Sample size 1,164,363

Note: The tables show the summary statistics for the data used in the analysis across establishments.

Summary Statistics: Establishment Panel Table 2 shows the summary statistics for
panels of the establishments in our analysis. The average and median establishments
have 51 and 18 workers. The average payroll is 224 million in JPY (in 2015 value). On
average, the share of non-regular workers is 34%. The changes in employment share are
symmetric with the median of zero, but the volatility comes from non-regular employ-

ment with a standard deviation of 0.51, rather than regular employment with a standard
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deviation of 0.27. This is consistent with the findings in the previous literature in Japan.'®
The average share of employment as well as payroll within a local labor market is 2%.

Results: No Interaction Before showing our main results on the role of the market size
in responses to shocks, we present evidence that our establishment-specific shocks have
an impact on establishment outcomes. Table 3 shows the result without the interaction
term. Column (1) uses log changes in sales, Column (2) uses log changes in total em-
ployment, Column (3) uses log changes in regular employment, and Column (4) uses
log changes in non-regular employment. Column (1) shows that the 1% of the negative
exchange rate shock decreases sales by 3.5%. Column (2) shows that the employment
declines by 0.3%. This decline is heterogeneous across employment types: Column (3)
shows that regular employment declines only by 0.3%, while Column (4) shows that es-
tablishments adjust non-regular employment by 2.6%. This is consistent with the findings
in Yokoyama et al. (2021) that a JPY appreciation reduces the sales and non-regular em-
ployment of exporters.

Table 3: Effects of JPY Appreciation on Establishment Sales and Employment

Dep. Var.: Log Changes

Employment by Types
Sales  Employment Regular Non-Regular
AREER Shock -3.46 -0.25 -0.29 -2.62
(0.17) (0.09) (0.12) (0.23)
Observations 1,164,363 1,164,363 1,164,363 1,164,363
Covariates v v v v
Year FEs v v v v
Establishment FEs v v v v

Notes: This table shows the relationship between JPY appreciation and various outcomes at the establish-
ment level. Column (1) uses log changes in sales, Column (2) uses log changes in total employment, Column
(3) uses log changes in regular employment, and Column (4) uses log changes in non-regular employment.
The running variable is the adjusted real exchange rate shock at an establishment level. All columns include
the following covariates: lagged share of non-regular workers, lagged payroll share within each local labor
market, the establishment’s age square, and the sum of the shock to other establishments within each local
labor market. All columns include establishment fixed effects and year-fixed effects. Standard errors are
robust against heteroscedasticity.

Results: Roles of Size in Response After confirming that our measure of shock does

actually affect the establishment’s sales and non-regular employment, we examine the

16Gee Morikawa (2010) and Kambayashi (2017) for the evidence that firms adjust labor more flexibly for
non-regular workers.
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Table 4: Effects of JPY Appreciation on Changes in Non-Regular Employment

Dep. Var.: Log Changes in Non-Regular Emp.

1) (2) (3) (4)
AREER Shock -2.62 -2.98 -0.31 -0.55
(0.23) (0.27) (0.44) (0.44)
AREER Shock x Log Payroll -1.08 -1.12
(0.14) (0.15)
AREER Shock x Payroll Share 3.35 8.26
(1.26) (1.41)
AREER Shock x (Payroll Share > 3%) 2.43
(0.50)
Observations 1,164,363 1,164,363 1,164,363 1,164,363
Covariates v v v v
Year FEs v v v v
Establishment FEs v v v v

Notes: This table shows the relationship between JPY appreciation and non-regular employment growth at
the establishment level. The dependent variable is the log growth of employment share within local labor
markets. The running variable is the adjusted real exchange rate shock at an establishment level. The log
payroll share is normalized by subtracting the average log payroll in the entire sample when it interacts
with the AREER shock. All columns include the following covariates: lagged share of non-regular workers,
lagged payroll share within each local labor market, the establishment’s age square, and the sum of the
shock to other establishments within each local labor market. All columns include establishment fixed
effects and year-fixed effects. Standard errors are robust against heteroscedasticity.
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heterogeneous responses by the establishment’s sizes. Table 4 shows the results. The
dependent variable is the log changes in non-regular employment. The running variable
is the adjusted real exchange rate shock at an establishment level. All columns include the
following covariates: lagged share of non-regular workers, lagged payroll share within
local labor markets, lagged log payroll, and the establishment’s age square. All columns
include establishment fixed effects and year-fixed effects. Regressions are weighted by
the establishment’s payroll. Standard errors are robust against heteroscedasticity.

Column (1) runs the regression without the interaction, which replicates Column (3)
in Table 3 that a JPY appreciation decreases non-regular employment. Column (2) adds
the interaction with payroll share within a local labor market. The positive estimate im-
plies that the establishments with higher payroll share respond less to the shock, which is
consistent with condition (ii) of Proposition 1. Quantitatively, if the plants differ in their
payroll share by 10% pt, the elasticity decreases by 0.34, which is about 11% (=0.34/2.98)
of the initial elasticity of 2.98.

However, we may find that the interaction between the shock and a establishments’s
payroll share is positive simply because larger establishments are different from smaller
establishments—independent of their size relative to the market. For example, larger es-
tablishments may adjust labor less because they can adjust other factors more easily.
Therefore, the estimate may pick up heterogeneity in responses by the absolute size,
rather than relative size.

To address this concern, Column (3) adds the interaction term with the lagged log
payroll of the establishment.!” This means that we compare the elasticities of employment
by payroll share within a local labor market, across establishments with the same absolute
sizes. The estimate is now 8.26, which is larger.

Column (4) uses the interaction of the shock with the dummy variable, which takes
one if the payroll share within a local labor market is larger than 3%. which is roughly
the 80% percentile value in the sample. Again, the estimate is positive and implies that
establishments with larger payroll share within a local labor market respond less to the
shock. Therefore, establishments in a larger market can expand their employment more

easily.

4 A Quantitative Model of Granular Economic Geography

In this section, we describe an empirical version of the model in Section 2 that al-

lows us to estimate the strength of the mechanism using the regressions in Section 3. We

7We normalize the log payroll by subtracting the average log payroll share.
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then embed this labor market model in a standard model of economic geography with
I locations i € 7 = {1,...,1} with imperfect labor mobility across regions, production
externalities independent of granularity, and amenity externalities. We do this by intro-
ducing a migration decision at time t = —1 allowing workers to choose where to live.
We then assume that workers are stuck in their region as moving in response to 1 year

productivity shocks is negligible in the Japanese context.

4.1 Parametric Restrictions

To fully specify the model, we need to specify the probability mass function of firm
entrants px (-, m), the distribution of the ex-ante productivity shocks F,(-), and the costs
to moving across firms and sectors, gn(-),gs(:). We continue to use the second order
approximation, so we do not need to fully specify the distribution of the ex-post idiosyn-
cratic and sectoral shocks F,(-), Fa(+).

Firm Entry Distribution. We assume that if a mass of m; establishments attempt to enter
in location i, the number of realized entrants in any sector s is distributed Poisson with

parameter m;. The probability mass function is

(m;)Ne—™i

Ex-ante Productivity Shock Distribution. Following Gabaix (2011), we assume that the
ex-ante productivity shocks, z;s, are distributed according to a Pareto distribution with
shape parameter A and scale parameter z;.

z; is the natural productivity of location i. It is subject to increasing returns to scale

independent of our granular mechanism which take the form,
zi = Z;(4)", (19)

where 7, is the agglomeration elasticity independent of our mechanism and z; is the fun-

damental productivity of location i.
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Labor Mobility Frictions. The labor mobility frictions take the CES form frequently
used in the labor literature.'® We have that

1+x
o (Bt - (titet)
= —/ 7
Lisn Lisn

for individual firms. For moving across sectors, we have

Itv _x

<L;s<w>) _ <L;S<w>> o

S\ Y= | =\ = .
Lis Lis

These imply that the elasticity of substitution across firms is « and the elasticity of substi-
tution across sectors is v. It is more difficult to move across firms in different sectors than

in the same sector if v < x.

4.2 Migration Decision

We allow the amenities in location i to be a function of fundamentals and spillovers.
In particular,
;= ui(4)", (20)

where 1; is the fundamental amenities in location i and <y, is a measure of the externality.
U, captures fundamental differences across locations like weather and the beauty of the
nearby area. <y, captures interactions between people like traffic.

Each worker has an idiosyncratic preference for each location i, ¢;. The utility that the
worker gets from living in location i is U;e;. Each worker can move freely and so lives
in her utility maximizing location. The preference shocks are distributed according to a
Fréchet distribution with shape parameter 6. Therefore, the number of workers who live

0
0 = (%) 0 (21)

in location i is

where / is total population, and,

— 0
u=|)_ ()
i€l

18Berger et al. (2022) use the same parametric restriction and show it is equivalent to a roy model with
Fréchet productivity draws across sectors and firms.

(22)
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Definition 2. A Decentralized Equilibrium consists of population ¢;, average wages w;, fun-
damental utility U;, and firm entry m; in each labor market, along with wages wjs, (w),

labor supply decisions L, L;s;(w), and labor demand decisions /s, (w) such that,

e Workers choose their utility maximizing location taking average wages as given,
(21), (22);

* Amenities and productivity are consistent with spillovers, (19), (20); and

* Average wages, firm entry, wages, labor supply decisions, and labor demand deci-

sions are part of a local equilibrium.

5 A Quantification of Granular Scale Effects

In this section, we calibrate the quantitative model economic geography model intro-
duced in Section 4 using accepted parameters from the literature and our empirical results
from Section 3. Proposition 1 makes clear that we would ideally match the covariance of
log productivity and log employment of individual firms. Unfortunately, we do not ob-
serve the entire distribution of productivity shocks to firms, so we infer it. In particular,
we calibrate the elasticity of employment to idiosyncratic productivity shocks using our
estimates of how firm employment responds to productivity shocks. We then calibrate
the distribution of sector-wide shocks and idiosyncratic shocks to match the distribution

of log payroll across different sectoral labor markets as described below.

5.1 Calibration

We summarize how we calibrate all of the parameters in Table 5. We discuss each

parameter in more detail below.

Labor Supply and Demand Elasticities. We calibrate the labor supply and demand
elasticities to match our estimates of how firm employment and sales respond to export-
ing productivity shocks. The details are in the appendix, but we go through the brief
intuition here. To calibrate the degree of decreasing returns to scale 1, we compare the co-
efficient on how labor responds interacted with the size of the market with the coefficient
on how sales responds interacted with the size of the market using the specification of
column (2) in Table 4. Intuitively, this identifies the degree of decreasing returns to scale
by finding how much more a firm in a large market can produce because it can expand
its employment more. We calibrate the supply elasticity across firms 7y to rationalize the

36



A. Labor Supply and Demand Elasticities

Parameter Value Description Source

K 7.54  Supply elasticity across firms

v 0.456  Supply elasticity across sectors Table 4

1 0.203  Decreasing returns to scale

B. Productivity Shock Parameters

Parameter Value Description Source

A 8.517 Ex-ante productivity Pareto tail

0% 0.191 Variance of log idiosyncratic shocks Variance of log sector payroll
02 0.019  Variance of log sectoral shocks

C. Migration and Spillover Parameters

Parameter Value Description Source

0 3 Migration elasticity Redding (2016)

Yu -0.25  Amenity spillovers Japanese housing share
Yz 0.03  Other productivity spillovers Combes et al. (2011)

Table 5: Calibration summary.

increase in labor in response to the shock for a firm small relative to its market. Finally, we
calibrate the elasticity of subsitution across sectors by comparing how much employment
in a firm small relative to its market responds compared to in a firm that is larger. This
measures how much harder it is to attract workers from other sectors. For this calibration,
we use the specification in column (3) of Table 4 to control for the overall size of the firm.
The results are in Panel A of Table 5. The firm substitution parameter is x = 7.54,
suggesting the workers move relatively easily across firms within a sector. However, it
is smaller than the value of 10.82 that Berger et al. (2022) estimate in the US context and
much larger than the 1.02 Felix (2021) finds in the Brazilian context. We find an elasticity
of substitution across sectors of v = 0.456 similar to the estimate of 0.42 that Berger et al.
(2022) find and smaller than the 0.80 Felix (2021) finds. And finally, we find 7 = 0.203.

Productivity Shock Parameters. We jointly calibrate A, 0%, and 03 to match the region-
wide average variance of log total payments to labor in sector s. This is matching Figure
4(b) on average. In the data, that is

Zis
/5 ZV(Z?’ <10g (;162/\/,5 Wisn (w)gisn (w))> ds.
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In the model, that is

1 (1—n)7s Dz 2 /Zis >
14y — —— s 2+ | [ Z5HHIds | 03 V.
(UN"‘U[ N n+nN+1s S s ¢ N

We choose the parameters to minimize a quadratic loss function of the log differences

weighted by population.

Migration and Spillover Parameters. We take the Fréchet parameter controlling the mi-
gration elasticity 8 = 3 from Redding (2016), which is consistent with the evidence from
Bryan and Morten (2019) in Indonesia and Hornbeck and Moretti (2020) in the United
States. We set 7, = —0.25 to match the average housing spending in Japan.

We choose the strength of other spillovers, ,, to match the estimated agglomeration
externality from Combes et al. (2011), 0.03.

5.2 Exact Hat Algebra

We avoid explicitly calibrating the location-specific entry costs, §,,, fundamental pro-
ductivities, z,;, and fundamental amenities, 1, by solving the model in percent changes
from the observed equilibrium in 2019 using the exact hat algebra method pioneered by
Dekle et al. (2008). This method implicitly calibrates those parameters to exactly match
the average wages, population, and number of firms in Japanese manufacturing sectors.
Details are in Appendix D.

6 Quantitative Results

In Section 5, we calibrated the model from Section 4. In this section, we present the
results. We start by plotting (), which summarizes the degree of increasing returns to
scale due to our mechanism. We then turn to demonstrating what the mechanism means
for the geography of economic activity. In particular, we calculate the implied elasticity
of wages to population and the degree of under-entry for each commuting zone. Finally,
we simulate how economic activity would change if the central government put in place

the optimal entry subsidy, which is a place-based industrial policy.
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Figure 6: log Q)(m)
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6.1 Increasing Returns to Scale

We plot Q)(m) in Figure 6. As suggested by Proposition 1, the slope of the line is
the degree of increasing returns to scale. And, in the data, this is determined by how
quickly the average covvariance of log productivity and log employment increases as the
number of firms increases. In the model, it is determined by how quickly the employment
weighted average HHI across sectors decreases. As emphasized by Proposition 2, the
curve levels off as the number of firms gets very large. At that point, granularity ceases
to be an important driver of agglomeration.

Perhaps more surprisingly, we see that the curve is relatively flat in very small regions
as well, i.e. where the average number of firms is less than 1. At that point, new firm
entrants are likely to enter sectors with no firms. Therefore, the employment weighted
average HHI does not change much. Instead, the new sector with an HHI of 1 is simply
averaged in with the other sectors with a high HHI. As the number of firms incrase, new
firms are likely to enter sectors that already have firms. Therefore, those sectors see a
precipitous decline in HHI, and the average HHI decreases as well.

6.2 The Geography of Economic Activity

Using this estimate of (), we can estimate the contribution of granularity to ag-
glomeration benefits for each labor market. We provide two ways of interpreting it in
Figure 7. Figure 7(b) captures the degree of under entry in each commuting zone in Japan
by plotting the ratio of firm profits to a firm’s marginal product. Large and small locations

with very little externalities see firms mostly internalizing their impact on the productive
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Figure 7: Strength of the externality

(a) Elasticity of wage to population (b) Firm Entry Wedge

I o o B I
®
° o
0.01 - ® o O
eo0 o® &° S
°® 0.85

. . . . . .
2.5 5.0 7.5 10.0 125 2.5 5.0 7.5 10.0 12,5
Log Population Log Population

capacity of the labor market. For example, firms in Tokyo capture 99.6% of their contri-
bution to production in profits. By contrast, in modest sized cities, adding another firm
will have a large impact on the distribution of wages in a sectoral labor market. Firms
are therefore less likely to enter. In fact, in commuting zones with an average of 1.9 firms
across sectors, profits are only 84% of the firm’s marginal product.

Figure 7(a) show the elasticity of the average wage to an increase in population if
the granular externality were the only reason for agglomeration (i.e. 7, = 0). This is
calculated according to lemma 1. The elasticity gets as high as 0.051 in locations with an
average 1.9 firms per sector. The implied elasticity is much smaller for larger locations.
For example, the elasticity is 0.001 in Tokyo. For context, Combes et al. (2011) find that
most causal estimates of the urban wage premium find an elasticity between 0.02 and
0.05 when pooling across locations of all sizes. Other more recent papers like Kline and
Moretti (2014) find that the elasticity could be as high as 0.4 in manufacturing industries.
Thus, this mechanism can explain a significant portion of the productivity advantage of
large locations, though it is not the whole story, especially for very large locations.

6.3 Optimal Place-Based Industrial Policy

As we know from Proposition 3, there is under entry in equilibrium. In this section,
we assess the degree of under entry, and see how the geography of economic activity
in Japan would change were the Japanese government to put in place the optimal entry
subsidy, paid for with a tax propotional to wages. We graph the results for the change in
the number of firms and the change in population in Figure 8.

For the modest-sized commuting zones where the labor market pooling externality is
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Figure 8: Optimal Policy
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strongest, the number of firms increases by 38%. This is driven in part by the direct sub-
sidy. But it also happens because of the reallocation of economic activity. Figure 8b shows
that those locations see an increase in population of 9.5%. Meanwhile, large locations like
Tokyo actually see a decrease in population. That decrease in population at the top of the
distribution is so large that even though there is now a subsidy on firm entry, the number
of firms also declines.

7 Conclusion

Individual firms shape the geography of economic activity around the world. In small
towns this often means that a single company hires a large proportion of the workforce,
and many of the other jobs exist to provide services to that firm and its employees. In
larger cities, the entire population might not depend on one individual firm, but within
narrow occupations and sectors a single company can determine the health of the labor
market.

Yet despite that, economic geography models have mostly abstracted from granular-
ity. Our paper tries to correct for this oversight. We provide a new, tractable model of
economic geography with free entry and granular firms that matter. And we further
show that that granularity matters for the geography of economic activity.

We leave many questions unanswered. What happens when firms are subject to cor-
related shocks, even within a sector? What if firms can direct their entry toward more
specialized sectors? Or workers can endogenously choose their degree of specialization?

We hope that future research will address some of these questions.
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A Proofs for Section 2

In this appendix, we go through and prove the theoretical results in Section 2. We start
by begin explicit about what we mean by second order approximation. In particular, we
introduce a variable B so that the productivity shock to firm n is z;, (Ais(w)disn(w))ﬁ )
Then production is

Yi(f,m,ﬁ) =F

/S Z Zisn (ﬁisn(w))ﬁf(gisn(w/ ,B)) ds] ,

neN

Ajs(w)djsy(w). We then do a second order approximation to this in B.

where a5, (W)

Lemma 2. To first order,

dlog Lisy(w,B) 1
B 7+1N

s -
_ Lisn o _
log @5, (w) — L’WJS < y = logaisn/(w))] :

T+ 55r \wen, Lis

Proof. We start by characterizing the worker’s problem. It is

max [E / Y wWisu(w)Lig, (w)ds
L, L (w) S neN;
such that
1= [ L.ds
S 18 4
_ L
1= [T -gs ) g,
1S g /
S Lis
—/ —/
L, = Z Lisn,
neNs
_ L/
L;S(C(J) = Z L;sn " 8N ( zs_n_/(w)) ’
neN Lisn

where we assume the inequalities bind since workers can always increase utility by
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working slightly more. Taking the first order conditions,

Wisn (W) = Ajs(w)gy (L:%;))

M) = M)} (%)

1s

ot o (52) e (1 ))
Ais = E | Ai(w) (85 (L%w)) — L;%sw)gs (L/Z(/ )>)

The wages are determined competitively so that

Wisn (w) = Zisn (Eisn (w))'B (Lisn (w)gi)_;7 .

We can then start by finding the solution when p = 0. Then notice that if Lis,(w) =

Lisn and wages are constant across all states of the world, we have

w = Ais(w)gn (1)
Ais(w) = (w)gs (1)
0=E [As(w) (1—gn(1)] + Ais
Ais = E [Ai(w) (1-g5(1))] + As

With ¢/, (1) = g5(1) = 1, we find that w = A;(w) = Aj(w), and A;s = A; = 0. Then,
Zisn ZSZEI T =w.

We take the derivative with respect to  and plug in for the value at § = 0. At that
point, L!_ (w,0) = L:.,(0). Then

logﬁisn(w) _ ﬂalog Lé'slg(w/ ﬁ) — alog /\ai;(w’ ﬁ) + 1N (alog Lé'sﬁn(w/ :B) _ alogazﬁisn(ﬁ))
olog Ais(w,p) _ dlogAi(w) (alog Lis(w, B) alogfis(ﬁ))
B B s B B '
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And for the next first order condition,

_ aXis(:B)
0= 9p

LE <$V<u%<>> ug<>g&(ug<>>>amggﬁq

+E |[—A; (w)L;S”( ( zsn ) 1 aL:sn )]
1S —/

L Llsn an lsn
8 [t g, (Bl ) o)
Llsn lsn lsn
8Xg(ﬁ)::”N,(Ez{alongn( ﬁ)} dlog Ly, (p) ),
9 9 9
Similarly,

MilB) ulB) _ (e [alogLQS(w,ﬁ)l _ 2logLis(B)
B p s 3B B

These go along with the constraints

_ [ 0logLi(p)
O—/SLIS 3B ds

alogfzs(ﬁ) _ Z gsnalogzisn(ﬁ)
813 neNs Lis aﬁ

0— / Llsalongs w, ,B) s

dlog Lis(w, B) _ Z f_lsnalongsn(w).
aﬁ HGMS L aﬁ

Then notice that if

0= aXz(;B) _ axis(ﬁ) _ alogzgs(ﬁ) _ alogzgsn(ﬁ)

B P B B
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the other equations can still hold. We would then have

_ dlog A (w, dlog L., (w,
l0g s (0) = ZBZELL) 1 g 208 L2 F)
dlogAjs(w,B)  dlogAi(w) n dlog Lis(w, B)
o op T op
B dlog L’ (w,pB)
O‘E[ op }
. [9logLi(w,B)
O‘]E[ 96 ]
— dlo Lis w,
0=/ L gaﬁ( P s
dlog Lis(w, B) @sn dlog L, (w)
alB nEMs LZS alB

_ Z Lis, 1 (1Ogﬁisn(w)—alog/§;(w'ﬁ))

_ 1 Z ES” log s, (w) | — L alog/\is(w,/ﬂ).
n+1n \,ex, Lis n+N 9B

Plugging in to the second equation

dlogAjs(w,B)  dlogAi(w) dlog Lis(w, B)

op B B Is op
8log /\z(w) 1s Zisn _ 1s alOg A (w,ﬁ)
- + B Jog Ajsn(w) | —
9P m+1N neZ/;v L, o8fm(@) | =T o
s —
1 dloghi(w) THIN ( Lisn ,
- + Y, = logsy(w)
1+ 771?71\1 9B 1+ 171?71\1 neN;, “is o
Therefore,
dlog Lix(w, ) 1 dlogh(w) 1 Lion | =
- + —loga;.,, (w) | .
dB n+1N+1s 9B n+1N+7s nezj\/}s L. gajsn(w)
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And we also get

dlog Lis, (w, B) 1 _ 1 dlogAis(w, B)
= logajs, (w) —
9P R R N T
]7 J—
= ! log Tisn(w) — ngs Z L—isn/ log i (W)
n+1n T+mn \wen, Lis

B 1 dlog Aj(w)
n+1Un+1s 9p '

Finally note that,

0— / LlsalongS w, [3) s

_ /szs 1 dlog Ai(w) 1 1 ( Z ES” logﬁisn(w)>] ds

St ts 9B 7+ 08 +1s \ 5% Lis
dlog Ai(w _
2108 %) _ Bf1og e, (w)] = 0.
p
O
Next, we move onto the second order.
Lemma 3. For small ex-post shocks, Y;(¢, m, B) is approximately given by
(p2)" (€)'~ (i) Qo (my),
for
Q(m;) = Elajon (w)"]
Lisn (0) 3108 Lisn (w/ ﬁ) - 2
+(1—-7) /SHGZ:N& ‘, E [ 2B log a5, (w) B | ds
1—19 Lisn(0) <310g lisn(w, ﬁ))z 2
- —t E d
2, P op dh 23)

1—77 gisn(o) aloggisn(wrﬁ) 2 2
BRIV E[(aﬁ) 5]”15

1—7 4i5(0) dlog lis(w) 2
- [ E[( %P )ﬁzlds'

1
where p, = E[z ].
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Proof. We start by solving the model at B = 0. There is then no uncertainty so we propose
a solution where L;s,(w) and wjs,(w) is constant across all w. Firms maximize profits
taking wages as given. Therefore

Zisn(l - 77) (Lisngi)_;7 = Wisy.

The worker then maximizes utility taking wages w;, as given. Since labor is freely mobile
in the first period, the worker will only work for firms that offer the highest wages. Thus,
wages must be equalized across all firms, so that

1 (ziga(1— )\ "
b =0\ "0 )

Labor market clearing requires that

1= / Y Ligyds

S neNi

1:/ ZN %(Zisn(iu_n))}?ds

( LT z;;nds>

nenN; is

We can then plug this into production. This gives

Yi(g, m, 0) = / 2 Zisn (Lisnéi)lil7 ds

S neN;

1 1 1\ 1=71
:[SHGZMszisn <w W(zisn)'?(l—n)'?) ds

where y, = IE[ which we can plug in since we assume that the law of large numbers

isn ]
holds across the continuum of sectors, and the number of firms is m;.
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We then take the first derivative. That is

Y,

% =k /3 Z Zisnﬁisn(w)ﬁgisn(“)r/3)1717 log(ﬁisn(w))dsl

neNi

+E

[ T w1 )i, B)_”Mds] |

neN op
We can then take the second derivative. That is

% = /S Z Zisnfisn (w)ﬁgisn (CU/ 16)1_77 log(aisn (a)))zdS]

neNj

P28 | [ 8 st (@) (1= 1) (0, )1 2N E)

neN; 9p

log (@isn (w))dS]

“E| [ ¥ zoli(@) (L= )t (@, )71 <M>2d]

L S ”GMS a’B
- 2,

+E / Z Zisn@isn (w)ﬁ(l —1)lisn(w, ﬁ)_ﬂwds
L S neNj aﬁ

Then we plug in at B = 0. We use the fact that

_ _ 1
Zisnfisn (w)'gﬁz’sn(w/ ,B)l "= ﬂwi(o)gisn(w/ 0).
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Then, to second order production is approximately given by,

Yi(€,m, B) ~ (uz)" (€)' (m)"
_}_Lwi(O)/S Z Kisn(O)]E[log(ﬁisn(w))]ﬁds

neNi

0 (0) [ Yt (08 [ 1B O] g

SnGMS alB

11 i
+ 57— wi(0) /snezjlv fin O)E [1og (A () ] pds

+wi(0) /S Zj\/ 4qisn (O)E {alog gsg(w’ﬁ) log(ﬁisn(w))} :BZdS

<a10g fisn(w,m)z] g

—1500) [ T tnlO)E o

2.
+50i0) [ ) E [‘”@Sg—é;‘]’ﬁ)] Bds.

Then we can make a few substitutions. First, note that
B0 (@)F] = 1+ E[log Aion ()] + 5 Ellog(disn (@) P8 + 0(6°)
Then we also note that
w;(0)0 = (1 —1) (uz)" (€)'~ (m)".

We also know that to first order

/S Y Lin(0)E [aloggis”(“”ﬁ))} ds = 0.

neN;s 8[3
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Therefore, we can write,

Yi(¢,m,B) ~ (yz)”(f)l_”(m)”{l + E[ﬁisn(w)ﬁ] -1

/ nezjv zsnl -alog Ezasg(w’ 'B) log(aisn (w))l ﬁZdS

y 217 /%N (3105553;(%5))252]

+1%;7%/ Y [aw,sgéza ﬁ)} ﬁzds}

HGMS

- <uz>"<e>1—"<m>'f{E[aisnw)ﬁ]
(1—y / Z {alog&sn(w,ﬁ) (log(aisn(w))_Qalog&sn(w,ﬁ))ﬁz}

S neN 9p 2 9p
S {_a%g;;wq i)

Next, we turn to transforming the last line. We do this by noting that labor needs to

1 —/Llsds

ZS}’l

neMS
— Li w
1:/SL1'5'85( Sf( ))ds

Lis(w) =} Lisn- &N (LL(w))

neNj

satisfy,

:
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Then taking the derivative, we find that,

oL .
aﬁ

_Z E)En

neN

A SN SAS

O_

We then take the second derivative, substituting in L;s(w) = Ly, aaLés =0,95(1) =

gn(1) = g5(1) = gn(1) = 1,85(1) = 55 and g, (1) = #7n at B = 0. Then

2 azLisn(w) _ aZLis(w) — N Z Tias (alog Lisn(w)>2.

2 2
neN; a‘B aﬁ neNj

Therefore,

B () e

1y [ (alogaL;w)) s

Plugging this back into the second order approximation to the production function gives
(23). O

Then we can come back and prove lemma 1.

1 dY;(al,am) |
Y; du a=1

Lemma 1. For small ex-post shocks, if Y;(¢, m) has increasing returns to scale, i.e.

55

ds
oL;s (w) (Lisn ((U)) azz'sn / (Lzsn( )) aLzsn( zsn( ( zsn( )) 0
- sn + Bl S £l
a:B nezj\/'is N Lisn aﬁ N Lzsn aﬁ L Lzsn

Lisn
p

>



. . . . . d log w: .
1, then average wages are increasing in population, i.e. Wg&’ > 0. In particular,

dlogwi _ W azl_l
. dY;(at, )
dlogﬁl 1_17_ < (f;atxm)‘“:1 _1>

Proof. Production is approximately given by Y (¢,m) = ¢'=1mQ)(m). Since wages are
competitively set, they are equal to the marginal product of labor. Thus, w{ = (1 —
7)Y (¢, m). Then free entry implies

b= Y(£,m)—wl ﬂY(E,m).

m m

Thus, we can take the total differential to get

B dlog O)(m)
dlogY = (1 —n)dlog{ + ndlogm + Wdlogm
dlogw = dlogY —dlog/

0=dlogY —dlogm.
Solving, we get
dlog O(m)
. dlogm
dlogw = ) alogQ(m)dlogé.
1~ “Flogm

We complete the proof by noting that

ay(al, am) dlog Q)(m)

—_— —1=—"-"

do a1 dlogm

Then we can return to prove Proposition 1.

Proposition 1. For small ex-post shocks, Y;(¢,m) features increasing returns to scale if the
(employment-weighted) average covariance between log employment and log productivity shocks
is increasing in the number of firms, i.e.

d 7
Im /S Y, 7 Cov (10g aion(w), 10g Lis(w)) ds| > 0.
neN;s

In particular,
Yi(4,m) = O Tm1Q(m),
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where

Q(m) = Elaje,(w)] + / L;\:{ Eg— v (log a;e, (w), log Lis, (w)) ds.

Proof. We know from Lemma 3 that
Q(m;) = Elaje, (w)P]
+ (1 - 77)/5 Z Eisn(O)]E alogéisn(w,ﬁ) 1085isn(w)ﬁ2] as

neN Ei L a:B
1-7g Cisn(0) _ [ /108 Lign(w, B)\?

2 "/s;v f E( 9p by
1—7 Cisn(0) <alogeisn<w,ﬁ))2 2]
——5—7IN ———E p*| ds

2 SHEZ/\/,'S éi 8’3

1—7 0;5(0) dlog lis(w)\?
- [ ]E[( 9 )52]”“'

And recall from Lemma 2 that

_fs -
0 10g Eisn (w, ﬁ) _ n+1n Ligy —
— log a: _ =" logd;./(w .
0B n+1N B fisn () = 1+ 171?71\] nlezj\:/is is B s (1)

2
We then solve for [E {(%M) ﬁz] . Defining Xn = [¢ Ynen, gis’éi(o)]E [(abgf’s” wp) ) ,32}
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we get

gisn (0) (a 108 Eisn ((U, ﬁ) ) 2 2
Xy = / E d
N Snezf\/is ¢ 9B Pl e
[ s - 2
B / li5n(0) = n+iIN Lisw
= — —FE lo lflisn( ) T lo azsn (C(J) ds
(7 + 11n)? SneZMS b 5 1+ 0 n'gv Ly
:32 / Eisn(o) _ — 2 1s — zzsn/
= ———F |loga;s,(w) —2————=——loga;s,; (w loga;s, (w
(7 +1n)? SneZN,.s G| B o () NN s o @) HGZMS Ly )

- 2
+ —‘32 / E _gisn (0) E ( s ) 2 Liy —
+ e Lo — log a5, (w
(n 77N)2 S neN;, 4 n+HN+1s n’ez./\/}s Lis 08 djsy (W)

_ /3_2)2 [ % 5% [loga, (w)?] ds

(7 +1n)* Js 55
2 ' — 2
-2 P 5 s <1 s ) / éIE Y. Lisw log g, (w) ds.
(7 +1N)> 1IN + 1N+ 17 2N+ +is) Js 4 wex. Lis

Moving onto the variance in sectoral labor, we have Xg = [ fz-sé('o) E [(abg bis(w ) 52}

Then

4is(0)
Xs = /g ‘; B

2
;52 /gis(o) gisn’ —
= E loga;g, (w ds
(n+un+ns)?Js 4 ;&s 8 isn ()

(alogﬁz‘s(w))z 52] i
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Defining X, = (7 + n7n) XN + 175X, we have

X, = 5—2/ ) %I}E [logﬁisn(w)z] ds

THINJS pexs,
2 ' _ 2
2 P s (1_1_’75 ) LR (T B g (w) ) | s
n+1un1m+10N+1s 2n+nn+us) Js ¢ wen, Lis

2
isn'
(Xzasbg%” )>]ds

— ﬁ—z/ Y %IE [logﬁisn(w)z] ds

77+17N Snej\[is

2
:BZ s /f isn
— lo ds.
n+nNn+1uN+1s ¢; Zézs 08 ion (<) ?

Next, we solve for the weighted covariance. Define X; = f S LneN,, ’s‘” E [alOgﬁe’s” log a5, (w) ,82} ds

l

B1s
+(’7+77N+’75)2/

Then we can write

lisn . [log £
X1=/ y Z”]E[ & i Jog wn(w)ﬁz] ds

SneMs aﬁ
[32 Cisn U‘IZ;N zzsn’
= —FE ||logaj,(w) — ——F— loga;, (w loga;s,(w)| ds
ﬂ+nN[sn§MS l; 8 fisn () — 1+ n,gf L. 8 Bisn (@) 8 fisn ()
:32 / gisn(o) — 2
=—— S [loga d
N+ 1N SnGZNiS 7 [Ogazsn(w) ] S

2
pB? 1s / 0;5(0) Cr
N E 10g @i ds.
n+yny+uyn+nsts 4 ; ls 08 Aisn (w) S

In particular, X; = X;. Therefore,

O(m) = Elaig(@)f] + (1= )% — 1%,
=Ewm«wﬂ+1;”xl
— Elaia (@) + 757 [ F 2 Cov (logag (), log fn(w)) s,

neNis

completing the proof.
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O]

Proposition 2. Suppose ex-post shocks are small, and Assumption 1 holds. Then average wages

are increasing in population, i.e. i > 0. And as the population Qoes to infinity, these
] ing in population, i ‘fillgggzg’ 0. And as the population goes t ty, th

agglomeration effects disappear, i.e. limy._,, tleloO_ggzg; =
1

Proof. In order to prove this result, we need to show that | S LneN, % Cov (logajsy(w),log lisy(w)) ds
is increasing in the number of firms. Notice, from the proof of the previous proposition,

- [3_2/8 ) %]E [10851-5,1((4])2] ds

N U + N neNj

2
162 s / Cis (0) Cisw —
— E E loga;s, (w ds,
n+unn+un+nsts 4 — s & (w)

where X = fS Ynen;, %Cov (logajsy(w),log lisy(w)) ds. Then we compute the vari-

ances.

E [logﬁisn(w)zﬁz] =E [logﬁisn(w)]z 52 + Var(Blogajs, (w))
= E [Blog fisn(w) + Blog Ajs(w)]* + Var(Blog sy (w) + plog As(w))
=%+,

where the last line follows from the fact that the idiosyncratic shock and the sector shock
are independent and their log means are zero. Similarly,

L _
Z ﬁﬁ logaisn’(w)

n'eN; s

E

n'eN; s

2 _
—i—Var( ) L_isn/‘[%logﬁisn/(w)>

neN; Tis

_ 2
( Y Lz logﬁisnww)ﬁ) ] =E

= Var (ﬁ log Ajs(w) + ) ﬁﬁlogﬁisn/(w)>

nle./\/;»s LlS
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Therefore, we can write

1 1
R (U§+UI2V) 77+77N77+7Z\f+775(5+/ BHHI‘SdSUIZV)

1 ) 1 is 1
= s+ / —HH]I;ds o3,
n+nun+ns ° 0 n+nN N

’7+77N+775

where HHI;; = [Zn TN, (L“”’>2] )

Then, to complete the prooof, we need to show that [ %H HI;sds is decreasing in m.
Then we also need to show that its derivative converages to a constant. Recall that,

I. 1% 1—7 %
isn K Zisn Y )

Lot ()"

where

4

1 1
and p. = E[z]. |. Therefore, Lis, = z!. /(mp-). And we can write

] ] o T (Eisn)2
LisHHIsds = | Lis ) —=Rds
S S uEN, (Lis)

2
:[S< lsn//(m}/lz)> Z ( isn (m]’lZ)) zds
n' €N

neN (Zn IeN;, 2 ZSn//(m}l’lz)>

1/
Z” GMs zsn’ ZneMs( zsnn) dS
m 1/
e 15 (Z” eMs zsnﬂ)
1 | & N Yo e/\/z i Ynen(z 1/;7)2
—_ Z ]E N isn zsr/z 5 p(N,m)
Hz N_O <Zn’€/\/ Zisr:’?)

1/n 1/
ZHIEN Zisn ZTLEN( 15)1’7)

(Zn’ef\f 115217)
I will also define F(N,m) = Y ;7 &-p(n,m). Notice that because m = } J_y Np(N,m),
this is 1 minus a CDF. Furthermore, F(1,m) = 1 for all m.

I will denote by Yy = E

] By assumption, i is decreasing in N.

Then consider m’ and m” with m’ > m". By our assumption on FOSD, F(N,m') >
F(N,m") for all N. Notice that this must be strict for some N. If not, then 2p(N,m’) =
Np(N,m"), ie. p(N,m') = ;”—;p(N,m”). This is contradiction for m’ > m’ because it
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would be impossible for both p(N,m’) and p(N,m") to sum to 1 across all N.

Notice that we can write

> N
/ LiHHlids = - NZ:;Oma(z\r,m)sz
1
= P F(1,m) + (2 — ¢1)F(2,m) + (3 — o) F(3,m) - - -)
Therefore,
1 & , 1 & N y
X=—73Y —pNm)pn—— Y —p(N,m")py
Hz N0 z N=o
1

= — (Y1 (F(1,m") = F(1,m")) + (2 — 1) (F(2,m") — F(2,m")) + ---)

Then F(1,m') = F(1,m"), ¢, — ¥,_1 < 0, and F(n,m’) — F(n,m") > 0 for n > 2, with
one strict. Thus,

1N New — Ly N Z
" NZ_:() PN, m )y . NZ_:O —P(N,m")py <0.

It follows that average HHI is decreasing in the number of firms.
To complete the proof, we need to show that as the population goes to infinity, these

agglomerations effects disappear. In particular, we need to show that
{:
b | s S HHIds| o}

) 1-7 1 2 1 i s . 2
Elajon(w)] + =+ [,7 0% (1 — i s TiHHIZSds> O'N}

— 0.

We start by showing that ¢y — 0 as N — oo. Then we will show that that implies
f S Li;HHI;;ds — 0. Note that because 1 — F, is regularly varying, there exists & and
slowly varying function L'” such that 1 — F,(x) = x~*L(x). Starting with ¢y, note that
we can rewrite it,

1/
aN ZI’ZEN(ZisnT])2 1

N2 an N—1< 21/77) ’

yn =E
n “isn

2/n

where ay is defined so that P(z;/” > ay) = Nl Then by the strong law of large

number, N~} ( " z}ﬁ) — lE[z}S{f] a.s.. If E[(zjs,)%/"] exists, then we can cancel ay and

9 A function is slowly varying if for every a > 0, LL((a;)) — lasx — oo.
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use the strong law of large numbers to note that N~1 ( " z?ﬁ) — E[z?ﬁ]. Then that is
multiplied by N~! and the part in expectations converges to 0 almost surely.
If the variance does not exist, we need to use Levy’s Theorem.”’ By Lévy’s theorem,
1/y

2
% converges in distribution to a non-degenerate distribution. That simply leaves

an/N2. Note that
aNn _ 2/n 2
N anP(z;.,' > an)
= aNa;]"‘L(a}\,/z)z.
This converges to 0 as ay — oo if & > 1. But note that since the mean exists, x must be
greater than 1. Further note that ayy — o0 as N — oo otherwise the variance would exist.
Thus, the part in the expectations must converge to 0 in distribution.
Note that p(N,m) < 1 for all N and m. Therefore, X p(N,m) — 0 as m — 0. Then
take € > 0. Since ¢y — 0, there exists a N such that ¢y < p.§ for all N > N. Next note
that for every N’ < N, there exists a n,y such that %’p(N "m) < u,

78
2N

forall m > mpyy.

Take m = max,, 5 mpr. Then for m > i,

1 & N
/S LiHHlids = - NZOE;?(N,m)gDN
1 &N 1 ad
< — ) —p(Nm)yn+ —yy ), p(N,m)
Hz =0 M Hz N
1 &N 1
< — —p(N,m)Yny + — =7
i o V(NN 9y
<L % NN, mypy + £
> 11 = mP ’ N 2
N
& &
< <. YNt 5
NZ_ZO 2NYN 2
= S’
completing the proof.

208ee Durrett (2019).
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B Oligopsony

B.1 Environment

Under oligopsony, we assume that firms no longer take as given the wages in every
state of the world. Instead, firms maxmize profits taking as given the labor demanded by
the other firms in its sector and the worker’s opportunities in other sectors. For simplicity,
we use the constant elasticity version of the model, i.e. gs(x) = x!*7s and gn/(x) = x1+v.
The problem of firm n is then

_ nax _ E [ajsn(w) f (Lisn(w)i) — Wisy(w) Lisn (w) L]
Lisn(w)/Lisn/Lis(w)/LiS/wisn(w)
where s N
Lis(w Li w
(@) = M) (14 ) (14 ) (E5D ) (L)
Lis Lisn
< el %(w))ﬂs Lisn«u))”’m Lisn () (Lisnw))’m
—Ais =E [A; 1 = = - —= 1 =
L (w)( +175)( Lis Lisn Lisn ( +77N) Lisn
- Lis(@)\ " Lis(w) (%(w))"s N
Ais = E | A; —_— —_— 1 = A,
L (w) << Lis ) Lis ( +175) Lis "
and
Izs: Z Zzsn’
n' €N
1= fisds
S
. . 14+nN
Lis(w) = Z Lisy' - Lls_” (CU)>
n'eNis Lisn’
. 1475
1= [T, (LIS_(“’))
s Lis

B.2 Linear-Quadratic Approximation

We do a quadratic approximation to the profit function and linear approximation to
the constraints around the point with no ex-post shocks just as we did in the competitive

environment.
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B.2.1 Profit Function

Define
[sp (w) = Oisn (w)f (Lisn (w)gi) — Wisn (w)Lisn (w)gi-

Then, starting with the first order, we have

aITisn o | |
W = djsp(w) f (Lign(w)¥;)
81—1¢_a, (w) ’(L~ (W) ;) Lisp(w)l; — Wigy (W) Lisy (w)¥;
alOgLiS”(w) oo f sn i) Hisn i — Wisn\W ) Ljsu W )E;
aHisn o | |
W =~ Wisn (w)Lzsn (w)ﬁl.

Then the second order derivatives are

SPU) | — ) (L))
) (@) (Lin()6) L)
St (@) Lin )8 L @)+ 10 (@) (i@ (L)
() L)1,
dlog Lijig;sg ff)‘;) (@)~ Wisn(@)Lisn(w)bs
g = o)

Then the second order approximation around g = 0 is then

. R A 1 . A . 1,
Il < E | =g, (w) + djsp (W)Lisn (w) — =N Lisy (w)Z — Lisy (w)wisn (w) — 5 Wisn (w)Z
2 2

where £ denotes log deviations from f = 0 value. In order to get a quadratic-linear

approximation, we need to transform this function to be completely second order. Thus,

we need a new form for @;y, (w). Note that the first constraint is already log-linear, so that

Z@isn(w) = ;\i(w) +1s (iis(w) - fis) + N (iisn(w) - fisn) .
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Meanwhile, the other two equations determining labor supply give

o (542) ™

Ais = n(1+75)E

and

Ai =1nsE

Substituting out Ais We can write

s (o= 2i) + 1753 (o= A’

=E [175(1 +1n)(1+75) (tis(w) - fis> +nn(1+75)(1+71N) (tisn(w) -

+E {—;75(1 ;L 1s)" (tis(w) - fis)z

Then dropping the A;(w) and A; as the firm has no effect on it, profits are given by

_ 1 ns(1+1s)* (s 22
I, = (1 + qN)(l + qs)]E [ > <Lzs(w) Lzs) ]
+ (1+ 17N)1(1 + qs)]E ﬂN(l; 1s) (775 <ﬁis(w) - fis> + (1+9nN) (iisn(w) -1

R 1 . a N N
+E {ﬁisn (w)Lisn(w) — EWLisn (w)z — Lign (w)Wisy (w) — 5Wisy (w)z}

Then we can do a first order approximation to the constraints

B.2.2 Constraints

We have

Dion (@) = Ai(w) + 715 (Lis(@) = Ls ) + 1 (Lisn(w) = Lio)



A

(A= Ai@)) = (1 4+ 7) (1 + 1) |75(Lis(@) = Lis) + v (Bisn(@) = Lign)]

Ai(w)
along with
e Z -
Lis = Z _lsn Ll'sn/
n' eNis Lis
0= / i,’sds
S p—
# _ Lisn #
Lis(w) - Z T Lisn’(w)
n'eN;s s
0= /Siis(a))ds.

B.2.3 Combining Things

Then to first order, A; = )A\i(w) = L;; = L;s;, = 0. We can then make those substitutions

and also substitute in for W;s, (w). We can then get

isn = %77 111_:77;]]5 [tzs( )2] %1 ZI\;NIE [(wz’sn(w) + tzsn(w))ﬂ
+ E[ajsn (w)tzsn (w)] = 2’71E[tzsn (w)z] - IE[tzsn (W) Disn(w)] %E[Z@isn (w)z]
- lE[ﬁzsn (w)iisn (w)] + %77511_7__ 15 [tzs( )2] - W%]E [izsn (w)z}
4o [ (0 (@) + Li(@)?] = FE[ion(@) + Lign(@))?] + 3Bl Lisn ()]
1 1+

and
Wisn(w) = WStis (w) + 77Ni‘isn-
Taking the first order conditions, gives

! (Disn(w) + Lign(w)) + A (w) =" + Aw(w)yn

0=ajsn(w)+(1— t’isnw_—
@)+ (1 =) Linfe0) = 757 .
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1 —|— 175 N
0=
’751 N
1
0=—
1+uNn
Substituting in
. A 1
0= aisn(w) +(1- 77) Lisn(w) 1 s
1+7s - Zisn
L; — A
+ 7751 N is(w) L. + Aw(w)7s
. A 1
= aisn(w) + (1 - 77) Lisn(w) 1 iy
1+ s » Zisn
L; —
+;751+77N zs( )Lis

Then we will substitute in for @;s, (w) = Ly + 75Lis. This gives

. A 1
0 = djsy(w) + (1 - 1) Lisy(w) — 1+ 7y
1"’775 # Zzsn
+ Li(w)=
1751+77N zs( )Lis

, Lisn \ »
= i) = (1 1+ 1522 ) L)

15

+ [ —ns — 77% Zisn s 1+ s Zisn
L+nN Lis T+1N Lis

~ Zisn 7
0 = () = (1 -+ 172 ) L) =1 (1-

1s

Then we define

——— (Wjsn(w) + Lign(w)) (1 + 1N +1s
N L

(7sLis(w) + (1 + n) Lign(w)) (1 + 1N +1s

) tis (w)
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Then some tedious algebra implies

iisn (w) = Yisnlisn (w) - 77501'571

Then summing up

2 Zisn’ 11Iisn’
Lis(w) - Z T Zisn//

n' LIS 1 —|— 175 Zi’l” Zis QiSi’l”

ﬁisn’(w)

B.3 Adapted Propositions

Next, we need to compute Q)(m). While the final covariance form no longer holds, the

formula

L; -
;” Cov (Lisn(w), djsn(w)) ds
15

) = Elf@)] + (=) [[To T

_1_717(17+17N)/3Zi5 ) L_isn Var(Lis, (w))ds (24)

nej\/'is is

1—17 — -
- > US/SLzsvar(Lzs(w))dS

still holds. This is our adjusted Proposition 1.

Proposition 1. For small ex-post shocks and oligopsonistic firms, Y;(¢, m) features increasing
retuns to scale if ()(m) is increasing in m, where Q) (m) is defined as in equation (24). In particu-
lar,

Yi(4,m) = 7 1m1Q(m).

Next, we need to go through and calculate each of the statistics in order to recover a
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version of proposition 2. We have

L; A ”
X, = Z _on COV(Lisn(w)/ﬂisn(w))

neMS is
. Zisn ) 4.
= Z ——Tzsn Var(azsn(w))

neMs LZS

T L, Y. , ~ ~
— s Z %Qisn ZZS” lsnL, COV((ZZ'S” (w)/ Aisn! (w))
neN; is n’ is 14 s En” %_.HHQZ'S”N

Note that Var (85, (w)) = 02 + 0%. Forn # n’

Cov(ﬁisn (w)r Aisp' (w)) = Cov (log Ais (w) + log disn (w)/ 10g Ais (w) + log disp' (w))

_ 2

Therefore,

L
Xy = (‘712\1 +0§) ( Z fﬁnwisn>
is

neN

L L v,
— 1503 ( X = Q) Z B
neN;, His n is 1+ s Zn” IZTIN Qisn”
= 2
_ ;750-]2\] Z (L‘Zisn’) Qisn"iisn’
n' is 1 + 1’]5 Zn// %Z// Qisn//
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Next we do the variances.

Lisn

Xy = Z = Var(iisn(w))
neN; Lis
Z' ~ ~ ~ N
- Z _zsn COV(Tisnaisn (w) - WSQisnLis (w)/ LIIisnaisn (w) - 775()1'511141'5 (w)o
neN Lis
L . .
= Y =Y, Cov(disn(w), disn(w))
ne_/\fl-s is
L A .
- 2775 Z —l_snTianisn Cov(aisn (w)r Lis (w))
neMS is
Z' N N
+77§ Z —l%ngzzsn COV(Lis(w)rLis(w))
neN; *—is
Z.
(L o) e
nGMS is
L . Lig, Y. .
_2775 Z ﬁl}risnﬂisn Cov aisn(w)/ len 15% B aisn’(w)
neNs Lis n' s 1+775 Yo %n QP

L; .
SR T 02, var(l ()

neN; “is

L Lisy Y.
— 27750:% ( Z gwisnﬂisn> Z zzsn lsnz .
neN is n! is 1+ Ns Zn” ’f” Qisn”

T 2
(z()
1S

L.
1+ 7s Zn” i,zﬂ Qisn”
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We next need to find Var(L;;(w)). We have

X3 = Var(Lj(w))

Lios Y. Lio Y.
= Cov _on L Aigy (W 18 L Aigr (W
Z/ L; 1 Lisn”Q o ( )’Z/ L'S 1 Lisn”Q o ( )
n s 1+7s Yo Lic isn! n ! +1s Yo L isn’!
2
2 Lisn’ 1Yisn’

5 7 L; 1 Lignr 0.
n is 1415 ) . isn'!
1S

2 Lisn’ II[isn’
/ Zis 1 fisn” (@)
n'eN; + 15 Zn” Lis isn'!
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Putting everything together

_ - L;
Q) = Effon(w)] + (1- 1) (o + oB) [ T ( 3 z‘*’) as
S neN;, s
— L; Lisw Yisnr
—(1 —’7)’75(75/ Lis ( P Qisn> o = ds
§  \neny, Lis o Lis 1 yg X 2 O
L\’ Qi Y
_ (1 _ 77)1750-12\]/ Zis Z( isn ) isn’ Lisn’ ds
N n' LIS

1—
— 5L +mE+ ) [,

_ L
L ( Y. %\P?SH) ds

neN;, “is
_ L: Li Yo
+ (=) +nn)ns? [ T ( )3 fs”‘fisnﬂisn> LT L
S neN; Lis n Lis 1+ s Zn” f?// Qi
2 T Zisn’ ? QiS”/T?sn’
+ A=)+ ’7N)775‘7N/ Lis T I, ds
S n’ is 1+ s Yo i’z Qs
2
1— — L. Y.
— 5 1s (7 +1n)ms —1) ‘75/ Lis = T ds
S n! is 1 + s Zn/ ﬁz QlSl’l”
2
1 — — Z l Y. .
- Tnﬂs (7 +7n)ys — 1) ‘712\1/ Lis ) flsn T as.
S n' €N s 1415 Yy fn Qg
(25)

Then instead of the assumption that average HHI is decreasing in the number of firms,
we need to assume that the market power adjusted HHI is decreasing in the number of
firms.

Proposition 2’. Suppose equation (25) is decreasing in m. Then average wages are increasing in

population, i.e. ’lezggzi > 0. And as the population goes to infinity, these agglomeration effects

, - dlog w;
disappear, i.e. limy, 0 iy’ =0
1
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C Calibration

We calibrate the model using observed variance of log earnings. We calculate those
values in the model here. Throughout this section we will use £ for log deviations.

C.1 Competitive Equilibrium

A

Recall that @js, (w) = 8jsy(w) — Hlisy (w). Therefore

Zisn A ?
Var <10g ( Z wisn(w)ﬁisn(w)>> ~ Var ( Z — (wisn(w) +£isn(w)>>
neN;s neN; Lis
= Var ( Z K—lﬂ <ﬁisn(w> +(1- 77)&571(‘”)))
neNi Cis
ZlSi/l A
= Var ( Yy, = (uisn(w)
neN fzs
1—7n |, fls Zzsn’ A >>
+ Aign —— i (w
n+1N S( ) n+1N-+1s (n/ezj\/’is lis (@)

- e 15 Z Eisn/ ﬁisn’(w) ))
NHINT+1IN+1s \ e, s

:Var |i1+17N — 1_17 775 :| Z gisn/ﬁisn/(w)
n+uNn AN TN 8]\ ienr, s

Then we break this up using covariances. Notice that

Var <log( Z wisn(w)f,-sn(w))> _ {1—#771\1 11—y s r .

n+1un N+ +un—+1s
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C.2 Oligopsony

Note that

= = <7752is (CU) + 77N£z'sn (w) + 2isn (w)>

Therefore,

2
- 7 71’ n ‘Yi n
/ Ljs Var (log ( Z wisn(w)gisn(w)>> ~ (1 + N +775)2 / Ljs 26775 SZ ds 0'5
S neN; § s 1+ns ) 2 Oy

D Solving the Quantitative Model

D.1 Summarizing the Equations

As shown above, production is given by
Y; = z;(€:) 7 (m) 1Q(my), (26)

where () depends on if it is a competitive equilibrium or oligopsony. As payments to
labor are given by
wili = (1=1)Y; (27)

and firms get the remaining production. Average profits must be equal to the fixed cost

of entering, therefore
_ 1Y
i = (28)

m;

75



Utility of living in location i is,
Ul- = U;w;. (29)

People are free to move wherever they would like so that

u\’
a= () ¢ (30
where
7
U= () (31)
i€
Then spillovers in amenities and production are
uy = i (4;)7, (32)
and
zi = Z; ()" (33)

D.2 Exact Hat Algebra

Rewriting the model into changes from an initial equilibrium, we get the following.

A N _ ~ Q 7’?177’1
T = (0 i ) en
1
il = Y; (35)
LY
A 36
(0 . (36)
U; = u;(0;) " ab; (37)
~ B
a:(ﬁ ? (38)
g
N {:
U= ijﬁ] (39)
icl

D.3 Counterfactual Computational Algorithm

We choose the equilibrium that has the most number of locations with a nonzero
amount of labor. We take as given U, and we find what that implies for labor and en-
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try in location 7. Notice that, combining the equations, we can write

Il
NI)
=b
m>
:9
:
+
2
™
—~
§>
v
=
@,
—~
2
3
N
N———
5
<
&
~>

Then solving for 7,

~ A A Q(mm) A_ 151 l*’)’u#‘ -7z
- PAYi 177k 1 9 Ul
l; (zlu (#1;) —(ml) u 69) .

We then return to the free entry condition,

Y
b=t
2 BN n Qs
_ BB o) S
s
=7z ﬁﬁ(m)rlﬂ(mmz)a 175 %mqlﬂ(mimi)
SOV atm) " 00
l 1
T () [ R dewrn
s (2o g o o e QUM P
=7z (za:U 1€e>9 Ttz gy 0 0
1( 11 i Q(ml)
gty M C leqen
:gi (Zﬁia—lz%>%fﬂru+qwz m, 9 —Yutn—"7z Q(mz) %wuﬂywz

-§)a=-n+ %*’nﬂrl
—Yuti—"7z Q(Wl m: ) —Yuti—7z

Then we set up the algorithm.
(i) Guess U.
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(ii) For each location i, find rz; such that

~

i
1)
1-n+7z ——(Wl ) gutl
A 2a gy gl 10 _ F—rutn—"7z 1l _
Yu+1n—7. 0 , Yut+—z
<zuu €9>9 T m Q(m;) o

(wf%)(lﬂﬁﬂz G-l

— (mimi) %*’YquU*’Yz Q(ﬁ’llml) %7'Yu+’77'72 .

(iii) Then we can find the implied labor in location i,

1

5 A a Q(;m;) ~ 121\ Tyuin—z
b = (Ziﬁi(ﬁii)ﬂ—(mlrﬁl)u_lﬁé) g

and the implied utility

N

U; = u;(4;

~>
N—
)
=
=
+
)
™~
N
VS
N—
=

(iv) Then we can back out how U’ must have changed based on those implied changes
in utility

(v) Update the guess of U and iterate until convergence

are” = o' + (1 — a)U.

D.4 Optimal Policy - Exact Hat Algebra

In the first best, profits should not equal the fixed cost of entering. Instead, the marginal

product of another firm should equal the fixed cost. That is

[zzw )1 ()1 Q)|

()T () + zi(6) T ()Y (my)

£
1 10dlog Q(m;)
17 “ologm; )’

i =

Z
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We use ¥ to denote differences from the original equilibrium. We assume that this is paid

for using a tax proportional to income. Therefore, the wages derived here are correct but

the utility needs to be adjusted to take into account the taxes necessary to subsidize firm

entry.

D=

gi(flz‘)g

]
~|

i€l

D.5 Optimal Policy Computational Algorithm

Algebra similar to that for the counterfactual exact hat algebra gives

1y
1-1+7; _—(%; p) 1 s

—Yut+n—7z m; g YUtz Q(mz) %Jwﬂrvz

&=
I
i
/N
D
=h
-

L

S
D=
N—
S

(vu=§)a-m+1z F—rutl

1 dlog Q) (rit;m;)

. (mimi) %*Wﬂ]*% Q(mlmz) %*wﬂﬁ% <1 + =

n  dlogm;

(40)
(41)
(42)
(43)

(44)

(45)

The computational algorithm then follows the counterfactual one closely, but with the

adjusted entry condition.

(i) Guess U.
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(ii) Find #1; such that

Pi

1
—1yn=
1—-n+7z _ (,h; 0 )( n+rz . %—’Yu +1

= [z~ e 21\ T +17— 1_ _
Z; (ziuiu—lgg A A Tz Q(m;) a1t

(WH*%)(1*W)+’YZ %—'yu-&-l 5
- T i R 1 dlog Q) (ri1;m;
— (mimi) g Tutn—"z Q(mimi) g Yutn—z (1 _i_ﬁ aglog( mli 1)) .

(iii) Then we can find the implied labor in location i,

(iv) Then we can back out how U’ must have changed based on those implied changes

in utility

0

' =

Ei ~ 0
Y (W)
i€l ¢
(v) Update the guess of U and iterate until convergence

{7 — 01’ + (1 — o).
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E Data Appendix

E.1 Comtrade Data

First, we take the annual value of traded goods from 1980 to 2016 across 4-digit prod-
uct categories in SITC Rev. 2. Second, we convert them into the HS code, using a cleaner
provided by Feenstra and Romalis (2014). Their cleaner resolves inconsistencies in favor
of importer’s reports, corrects values known to be inaccurate, accounts for re-exports of
Chinese goods through Hong Kong, and includes Taiwan as a trading partner.”! Third,
we combine countries that unify or report jointly for subsets of years in the database.””
Fourth, we convert these SITC Rev.2, 4-digit industrial categories into HS 2007, 6-digit
using the crosswalk provided by the United Nations.”® Finally, we convert these data in
the 6-digit HS 2007 product code into 6-digit product categories used in the CoM data.

We construct new crosswalk files based on the crosswalk provided in Baek et al. (2021).

Sample Construction of Establishment-level Panel Data Our main sample in the re-
gression is a panel of establishments in Japan. First, We drop establishments with less
than 4 employees since they are not sampled at an annual frequency.”* Second, we use a
converter provided by RIETI to link establishments across time starting in 1986. Finally,
we keep establishments that appear at least 5 years consecutively. This is because we
compute variance over time within establishments and need sufficient observations for
each establishment.”” Our final sample is an unbalanced panel of 724,417 unique estab-
lishments in manufacturing sectors from 1986 to 2016.

2 Their cleaner is available here.

22The countries combined are East and West Germany; Belgium and Luxembourg; the islands that
formed the Netherlands Antilles; North and South Yemen; and Sudan and South Sudan.

2The crosswalk is available in the UNSD web page here.

24The results are robust when we use all the establishments with at least 30 employees.

B Changing this threshold to a minimum of 10 years does not change our results.
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