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Abstract

This paper studies the efficiency of job creation across space and job types. Because labor
market dynamics differ systematically across locations and jobs, the magnitude of externalities
associated with vacancy creation in a frictional labor market also varies, leading to misallocation
in the spatial distribution and the composition of jobs. I quantify these inefficiencies using
a frictional labor market model with multiple locations and ex ante job heterogeneity that is
flexible enough to replicate observed heterogeneity in labor dynamics. Calibrating the model
to match patterns of job-finding and job-to-job mobility in U.S. metropolitan areas, I find that
a social planner would reallocate vacancy creation away from metropolitan areas with heated
labor markets (by up to —27%) toward those with frozen ones (by up to 18%), and, in particular,
from moderately productive jobs toward less productive ones. Aggregate welfare rises by about
1.1%, providing an efficiency-based rationale for place-based policies that support weaker labor

markets.
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1. Introduction

Labor market conditions differ substantially across space: in some places, workers can easily find jobs, while
in others, job opportunities are scarce. Such spatial disparities have motivated many real-world place-based
policies aimed at stimulating local job creation. Kline and Moretti (2013) theoretically show that when
unemployment rates differ across regions, place-based policies can not only narrow these disparities, but
also improve efficiency. However, little is known about the quantitative importance of such policies and
how broader dimensions of heterogeneity in labor market dynamics—such as job-finding and job-to-job
transition rates—affect policy implications. How does this multidimensional heterogeneity map into optimal
place-based policy? Specifically, where should governments target job creation subsidies, and what kinds of
jobs should these policies aim to create?

This paper addresses these questions by characterizing how the externalities associated with vacancy
creation in a frictional labor market vary across locations and job types, and by quantifying how such variation
gives rise to systematic inefficiencies in the spatial distribution and composition of jobs. To this end, I
develop a frictional labor market model with ex ante heterogeneous job creation—defined by region, sector,
and productivity—that is flexible enough to replicate the observed heterogeneity in labor market dynamics.
The estimated model implies that a social planner would implement a sizable reallocation of job creation,
shifting jobs away from metropolitan areas (MSAs) with heated labor markets toward those with frozen ones,
and, in particular, away from moderately productive jobs to less productive ones.

I begin by documenting two empirical patterns that discipline the model, using data from the U.S. Current
Population Survey and the National Longitudinal Survey. First, labor market conditions vary widely across
metropolitan areas, with job-finding and job-to-job transition rates positively correlated: some local labor
markets are “heated,” characterized by high job-finding rates, low unemployment, and frequent job-to-job
transitions, while others are “frozen,” displaying the opposite conditions. Second, within a given labor
market, low-wage jobs rely more heavily on hiring from unemployment and experience frequent poaching,
whereas high-wage jobs hire mainly from other firms.

To characterize how these empirical patterns translate into job misallocation, I build a continuous-time
frictional labor market model with ex ante heterogeneous job types and on-the-job search. Within each local
labor market, workers and firms engage in random matching under search frictions and bargain over the

match surplus upon meeting. The model has two key features. First, it specifies origin-destination-specific



matching functions whose matching efficiencies can differ freely across locations and job types, allowing
the model to replicate the observed heterogeneity in unemployment-to-employment and job-to-job transition
patterns. Second, vacancy posting decisions are made at the job-type level, so that free entry endogenously
determines the spatial distribution and composition of posted vacancies.

I then evaluate the efficiency of the decentralized equilibrium by comparing it with the socially optimal
allocation of job creation. The magnitude of two externalities differs across locations and job types. The
first is an opportunity cost effect, which arises because firms do not fully consider the fact that their workers
could have been employed elsewhere had they not been hired, generating profits for other firms. When a
firm hires an unemployed worker, it places insufficient weight on the possibility that the worker could have
continued searching and potentially matched with another job. Similarly, when a firm poaches an employed
worker, it neglects that the worker would have continued to work in her previous job had she not been hired.
Thus, jobs that hire primarily through job-to-job transitions or that hire workers from labor markets with
high job-finding rates tend to be created excessively, as their social value is low relative to their private return.
The second is the stepping stone effect. It arises because a job that loses its worker to another job does not
fully internalize the social gains generated by such job-to-job transitions, as it fails to take into account the
gains accruing to the poaching job. Therefore, jobs that are more frequently poached are created less than is
socially efficient.

To quantify the extent of misallocation, I calibrate the model to match labor market dynamics across
heterogeneous jobs in U.S. metropolitan areas. To bring the model to the data, I extend the baseline model
by introducing match-specific idiosyncratic shocks that generate bilateral job-to-job flows while preserving
tractability and the key externalities. I then calibrate the model by inverting it to match a broad set of
empirical moments: the MSA-level unemployment-to-employment (U2E) job-finding rates and employment-
to-employment (E2E) transition rates, the direction of job-to-job transitions across job types, separation rates,
and the wage distribution across jobs.

Using the calibrated model, I evaluate the magnitude and sources of misallocation in vacancy creation and
decompose the relative contributions of the opportunity cost and stepping stone effects. Across metropolitan
areas, the planner reallocates vacancy creation resources substantially, ranging from —27 percent to 418
percent. The reallocation pattern is tightly linked to local labor market conditions. In areas with high
job-finding rates and a high share of E2E transitions among new hires, many additional hires would have

been employed even without additional vacancies, implying a lower social value of vacancy creation due to



the opportunity cost effect. Although the stepping stone effect raises the social value of vacancies in markets
with active E2E transitions, its quantitative contribution is smaller and dominated by the opportunity cost
effect. Thus, the planner allocates more vacancy creation to metropolitan areas that exhibit either lower
job-finding rates or smaller E2E shares.

Because job-finding rates and E2E shares are positively correlated across MSAs, these spatial disparities
operate in the same direction, leading the planner to reallocate vacancy creation from heated labor markets
toward frozen ones. The resulting optimal allocation thus effectively mitigates regional disparities even though
the planner is indifferent to distributional concerns. This finding suggests that efficiency considerations alone
can provide a rationale for the place-based policies observed in practice: reallocating vacancy creation toward
less dynamic regions not only narrows spatial disparities in labor dynamics but also raises aggregate efficiency.
Such cross-regional differences can naturally arise from asymmetric shocks, such as trade liberalization or
automation, as well as broader structural changes that shift labor demand across regions. In such cases, the
analysis helps rationalize why governments may wish to direct policy support toward adversely affected labor
markets. Indeed, the estimated model implies that the planner would expand vacancy creation in structurally
challenged labor markets—such as Rust Belt cities including Cleveland, Detroit, and Indianapolis—and
reduce it in high-growth, innovation-driven areas like Minneapolis, Denver, Boston, and Austin.

Moreover, within a given MSA, the planner shifts vacancy creation away from moderately productive
jobs (by up to about 10 percent) toward less productive ones (by up to about 20 percent), while leaving high-
productivity jobs largely unchanged. This reallocation reflects the fact that low-productivity jobs primarily
hire from the unemployment pool and thus entail a low opportunity cost of hiring. It also reflects that
these jobs frequently lose workers to poaching, serving as effective stepping stones that generate substantial
dynamic gains through job-to-job transitions. In contrast, moderately productive jobs hire mainly from job-
to-job transitions but yield relatively small improvements in match quality compared with high-productivity
jobs. As a result, the decentralized equilibrium features excessive vacancy creation among these moderately
productive jobs in a given MSA.

Thus, improving efficiency requires reallocating vacancy creation simultaneously across and within
locations—expanding it in frozen markets, particularly among low-productivity jobs, and reducing it in
heated markets, especially among moderately productive ones. Under the planner’s optimal allocation of
vacancies, aggregate welfare increases by 1.06%. This aggregate gain, however, masks substantial spatial

heterogeneity in welfare changes. Welfare effects across MSAs range from about —20 percent to +20 percent,



with larger gains in MSAs suffering from high unemployment, as the planner shifts job creation toward these

weaker labor markets.

Literature. This paper builds on the literature that studies the efficiency of frictional labor markets with
random search. The seminal result by Hosios (1990) characterizes the inefficiency related to job search
by unemployed workers, showing that the aggregate level of vacancy creation is inefficient unless workers’
bargaining power equals the elasticity of the matching function, the well-known Hosios condition. A
related strand of research characterizes inefficiencies associated with on-the-job search (e.g., Gautier et al.,
2010; Coles and Mortensen, 2016; Fukui and Mukoyama, 2025). These papers show that on-the-job search
introduces an additional externality through the worker stealing effect—i.e., poaching firms do not internalize
the fact that they destroy existing matches—Ileading to excessive aggregate vacancy creation. This paper
departs from the literature by allowing for multiple labor markets and ex ante job heterogeneity, making the
spatial allocation and composition of jobs endogenous and enabling an analysis of inefficiencies in these
dimensions beyond the aggregate level.

Search frictions have long been recognized as a fundamental feature of labor markets and have been
extensively studied (e.g., Burdett and Mortensen, 1998; Postel-Vinay and Robin, 2002; Cahuc et al., 2006;
Menzio and Shi, 2011; Dey and Flinn, 2005). A growing body of empirical research documents that worker
employment dynamics are far richer than those implied by benchmark search models. Job-to-job transitions
are not exclusively upward in terms of ex-ante surplus, but often bilateral due to idiosyncratic shocks; search
intensity and mobility patterns vary systematically across employment status, types of jobs, and worker
types (e.g., Faberman et al., 2017, 2022; Berger et al., 2024; Lamadon et al., 2024; Bagger and Lentz, 2019).
Despite this mounting evidence on heterogeneous employment dynamics across jobs, the efficiencies of the
spatial allocation and composition of jobs remain largely unexplored.

A growing strand of research examines frictional labor markets across space. Heterogeneity in labor
market frictions—such as employment-to-employment wage growth or spatial search frictions—has been
widely recognized as a key driver of spatial wage inequality (e.g., Baum-Snow and Pavan, 2012; Heise and
Porzio, 2022). More recently, studies have emphasized the role of firm heterogeneity and local job creation in
shaping these differences across local markets. In particular, these mechanisms account for substantial spatial
variation in labor dynamics—such as unemployment rates, job finding rates, and vacancy filling rates (e.g.,

Kline and Moretti, 2013; Bilal, 2023; Kuhn et al., 2022)—as well as local wage ladders (e.g., Lindenlaub



et al., 2024). This paper also focuses on the firm side, but emphasizes spatial differences in labor market
dynamics and their implications on misallocation.

Finally, this paper is related to the literature on optimal spatial policies. Much of the earlier work evaluates
place-based policies in environments that abstract from search frictions. Depending on the framework, these
studies either caution that spatial interventions can distort the spatial allocation of labor (e.g., Albouy,
2009; Hsieh and Moretti, 2019) or argue that they can improve welfare when local productivity is shaped by
agglomeration externalities (e.g., Fajgelbaum and Gaubert, 2020; Rossi-Hansberg et al., 2019). Spatial models
incorporating search frictions highlight that such frictions can themselves give rise to additional externalities.
For example, several papers show that it may be optimal to subsidize job creation in low-income regions
when these regions have higher unemployment rates (e.g., Kline and Moretti, 2013), or when heterogeneous
workers and firms are endogenously sorted across local labor markets with random search (e.g., Bilal, 2023;
Oh, 2025). This paper also characterizes optimal spatial policies in a frictional labor market, but it focuses on
a distinct source of inefficiency. It quantifies how broader heterogeneity in labor dynamics generates spatial

variation in the magnitude of externalities, thereby calling for place-based policies.

Outline. The remainder of the paper is organized as follows. Section 2 documents key empirical facts
on heterogeneity in employment dynamics across job types and metropolitan areas. Section 3 develops a
frictional labor market model with multiple locations and ex ante heterogeneous job creation, characterizes
the decentralized equilibrium and the socially optimal allocations, and identifies two externalities. Section 4
describes the estimation strategy. Section 5 quantifies the extent of misallocation, decomposes it across job
characteristics and locations, and discusses implications for place-based and job-targeted policies. Section 6

concludes. The Appendix provides proofs and additional empirical details.

2. Labor Dynamics in Data

This section documents the heterogeneity in labor market dynamics across regions, sectors, and productivity
levels in the United States. These empirical patterns constitute the key input for the efficiency analysis that
follows, linking observed labor market heterogeneity to the misallocation of job creation across space and

job types.



Data. I use data from the Current Population Survey (CPS) from IPUMS (Flood et al., 2025), a monthly
rotating panel. The CPS reports detailed information on each worker’s employment status and history,
including industry, wages, and job changes. Local labor markets are defined at the Metropolitan Statistical
Area (MSA) level, and I pool data from 2013 to 2018 to ensure sufficient sample size for each MSA. 1
classify jobs into 30 job types by interacting three broad sectors—manufacturing, wholesale and retail, and
services—with deciles of residualized wages. Sectors such as agriculture, mining, and construction are
excluded because of their distinct labor market characteristics. Since productivity is not directly observed, I
use residualized wages as a proxy, which in the model corresponds one-to-one with productivity. Including
unemployment, this classification yields 31 distinct labor market states. For each job type, I compute
the employment share, average wage, separation rate into unemployment, and the job-finding rate from
unemployment. In addition, I compute the job-to-job transition rate across all pairs of job types.

To supplement the CPS, I use the National Longitudinal Survey of Youth 1979 (NLSY), a survey tracking
a nationally representative sample of individuals who were between ages 14 and 21 as of December 1978.
These individuals have been surveyed regularly since 1979. One limitation of the CPS is that it collects
wages only in the fourth and eighth interview months. Thus, I use the NLSY primarily to measure job-to-job
transitions across wage groups. Job types are defined analogously to the CPS, based on sector and residualized

wage. See Appendix A for additional details.

2.1 Heterogeneity in Labor Dynamics Pattern

I first document heterogeneity in labor market dynamics across local labor markets (Fact 1) and then across
job types (Fact 2).

In Figure 1, I plot cross-sectional patterns of monthly unemployment-to-employment (U2E) transition
rates, monthly employment-to-employment (E2E) transition rates, and unemployment rates across Metropoli-
tan Statistical Areas (MSA). The top panels show that U2E rates vary considerably, ranging from 0.2 to 0.4,
while E2E rates, though less dispersed, range from 0.015 to 0.022. The unemployment rate also exhibits
large spatial variation, ranging from 0.02 to 0.07, consistent with evidence from other countries (e.g. Bilal,
2023; Kuhn et al., 2022). The bottom panels plot E2E rates and unemployment rates against U2E rates across

MSAs. The left panel shows that U2E and E2E rates are positively correlated.! This positive correlation is

! Kuhn et al. (2022) document that E2E rates are largely uncorrelated with unemployment rates in pooled CPS data (2000-2019).
In contrast, I find greater cross-sectional variation in more recent years (2013-2018).
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Figure 1. Employment Flows across MSAs

Notes: Data source: CPS (2013-2018). Each circle represents an MSA, with its
size proportional to the size of the MSA’s labor force. The blue line shows the fitted
regression line, and the shaded area represents the 95 percent confidence band.

significant at the 1% confidence level, and a one-standard deviation increase in the U2E rate is associated
with a 0.38-standard deviation increase in the E2E rate. The right panel shows that the unemployment rate is
negatively correlated with the U2E rate, a relationship that is even more significant: a one-standard deviation
increase in the U2E rate leads to a 0.73-standard deviation decrease in the unemployment rate.
Accordingly, local labor markets can be broadly classified into two groups based on these correlations:
heated and frozen labor markets. Heated markets exhibit high U2E and E2E rates and low unemployment,
whereas frozen markets feature low U2E and E2E rates alongside high unemployment. Compared to frozen
markets, heated markets have up to 75 percent higher U2E rates and 40 percent higher E2E rates. Examples
of heated markets include high-growth metropolitan areas such as Minneapolis, Denver, Boston, San Jose,
Seattle, Salt Lake City, Dallas, and Austin, whereas frozen markets include many Rust Belt cities such as

Cleveland, Detroit, Indianapolis. I summarize this observation in Fact 1 below.

Fact 1: Labor markets exhibit substantial heterogeneity across MSAs. Heated markets display high U2E

and E2E rates and low unemployment, while frozen markets exhibit the opposite pattern.

Next, I turn to heterogeneity in labor market dynamics across job types. First, U2E transitions are

disproportionately concentrated in low-wage jobs. In the left panel of Figure 2, I plot the distribution of wage
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Figure 2. Employment Flows across Jobs

Notes: Data source: CPS and NLSY79. Jobs are classified into 30 groups by interacting three sec-
tors—manufacturing, wholesale and retail, and services—with deciles of residualized wages. The left panel
shows the distribution of job-finding probabilities across wage groups within each sector. The middle panel
presents the outflow rates of employed workers who are poached by other firms, and the right panel depicts
the share of new hires who were previously employed elsewhere.
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Figure 3. E2E Rate for Each Origin-Destination Pair

Notes: Data source: NLSY79. Each panel reports job-to-job transition rates from origin job type i to
destination job type j, where jobs are classified into ten residualized wage groups within each sector.

deciles for jobs obtained by unemployed workers when they find employment, conditional on the sector. In
both wholesale and retail and services, the probability of finding a bottom-decile job is roughly four times
higher than that of getting a top-decile job. Although less pronounced, the manufacturing sector displays a
similar qualitative pattern. In addition, low-wage jobs experience more frequent poaching. The middle panel
of Figure 2 shows that, across all sectors, the probability that a bottom-decile job is poached is about three
times higher than that for a top-decile job. Moreover, high-wage jobs rely more heavily on E2E transitions,
that is, hiring directly from other firms. The right panel of Figure 2 plots poaching share, i.e., the share of
hires drawn from the employed pool. For bottom-decile jobs, roughly 50-60 percent of hires come from

unemployment. In contrast, for top-decile jobs, nearly 80 percent of new hires are recruited from other firms.



Taken together, these findings suggest that low-wage employment is characterized by strong inflows from
unemployment and high turnover, whereas high-wage employment relies more on poaching workers from
other firms. These patterns are qualitatively consistent with standard on-the-job search models, in which both
unemployed and employed workers draw job offers from a common offer distribution and gradually move up
the wage ladder, and are also in line with existing empirical evidence documenting similar wage-conditional
mobility patterns. The data, however, reveal some quantitative departures from the benchmark model; for
example, the poaching share for bottom-decile firms exceeds 40 percent, whereas the standard model would
predict a much smaller value.

Having examined the intensity of job-to-job flows, I now turn to the directional pattern of job-to-job
mobility, focusing on the destinations of workers who leave each job. Figure 3 plots the E2E transition rate
for each origin-destination pair (i, j). The mass of transitions lies close to the 45-degree line, indicating that
most E2E moves occur between jobs with similar wage levels. This pattern is consistent with recent evidence
from Lentz et al. (2022), who document that employed workers tend to move to jobs with similar wages using
Norwegian data. However, it contrasts with prediction of canonical frictional search models, which assume
random job offers independent of a worker’s current position.

The discussion above can be summarized in the following fact.

Fact 2: Low-wage jobs rely more heavily on hiring unemployed workers and experience frequent poaching,

whereas high-wage jobs hire workers mainly from other firms.

3. Model

This section presents a model of frictional labor market with ex ante heterogeneous job creation, flexible
enough to match labor dynamics pattern documented in Section 2. Jobs are freely created for each type,
thereby endogenously determining the spatial distribution and the composition of jobs. I first present the
model and derive the equilibrium conditions. I then compare it with the optimal allocation to characterize

externalities in job creation.



3.1 A Model of Frictional Labor Market

Time ¢ is continuous. Locations are indexed by £ € L and sectors are indexed by s € S. Within each
location-sector pair (¢, s), jobs differ by their productivity. I discretize these productivity differences into a
finite number of levels, indexed by A € A(¢, s). Thus, the type of job is determined by the combination of
its location, sector and productivity level, which I index by j € 7 = {1,---,J}. A job of type j is therefore
characterized by the triplet (£ 728, A j), where £; denotes the location, s; the sector, and A the productivity

level.

Workers. In each location ¢, there is a continuum of infinitely lived, homogeneous workers with measure
LY. The measure of workers is exogenous and time invariant, and workers are immobile across locations.
All workers and firms are risk-neutral and discount the future at rate r. Workers maximize the net present
value of discounted utility. Let 7 = {j € J : ¢ i = €} denote the set of job types operating in location £.
At each time ¢, a worker in location £ is either employed in a job of type j € J¢, or unemployed. Let M it
denote the measure of workers employed in type-; jobs, and M{, denote the measure of unemployed workers
in location €. Thus, we have ) jegt Mji + M{, = L. Workers employed in type- jobs earn a flow wage of

w j;, while unemployed workers receive a location-specific flow utility of b¢ from home production.

Jobs. Jobs produce a homogeneous numéraire good using only labor. When matched with a worker, a
type-j job produces a flow output of A ;. Matches with type j jobs are exogenously destroyed at rate s; > 0,
sending the worker into unemployment. Posting and maintaining a type-j vacancy requires a type-specific
vacancy-positing service, the price of which, Pj;, is determined in the vacancy-posting service market and
increases with the total number of type-;j vacancies posted at time ¢. Firms are atomistic and therefore take
Pj; as given when posting vacancies. Vacancies are created under free entry, and thus they are posted until

their net value is driven to zero.

Vacancy-posting service market. The economy is endowed with a fixed aggregate supply R of a generic
resource that can be used for vacancy creation. This resource is competitively supplied by resource owners
at price PR .2 Competitive intermediaries use this resource to provide vacancy-posting service for each job

type. Posting V; vacancies of type j requires c (V) units of the resource. The cost function c;(-) is strictly

2 When comparing the decentralized equilibrium with the social planner’s allocation, my focus is not on whether the aggregate
level of vacancy creation is too high or too low, but rather on the allocation of vacancies across job types. The assumption of a fixed
resource supply allows us to isolate this compositional margin.
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increasing, convex, and continuously differentiable, with ¢;(0) = ¢’;,(0) = 0. Workers hold diversified

portfolios of claims on resource owners and intermediaries, so that all rents ultimately accrue to them.

Search. Search is random. Both unemployed and employed workers engage in job search. Matches
are formed through constant-returns-to-scale matching functions with a constant matching elasticity 7.
Importantly, matching occurs separately for each origin-destination pair, where the origin refers to the type
of job (or unemployment pool) a worker currently belongs to, and the destination refers to the type of
vacancy.? Specifically, unemployed workers in location ¢ contact type-j vacancies according to a Poisson
process with arrival rate fj; = a;(M,, ¢ )'7_'V ~ 7. Workers employed in type-; jobs contact type-k vacancies
atrate fjx = aj M}, 1V1 . Type-j vacancies contact unemployed workers at rate g, = a;(M%,)" Vi

and contact workers employed by type-k firms at rate g j; = ay;M ktV]tU .

Technology and wage. When a worker and a type-j vacancy are matched, they produce flow output A;.
A matched worker and firm split the surplus of the match according to Nash bargaining, with worker’s

bargaining power B € (0, 1). I assume that firms lack commitment and thus cannot match outside offers.*

3.2 Equilibrium

I assume that the economy is in steady state at t = 0. Thus, all equilibrium objects are time-invariant, and I

will drop the time subscript in this section.

Values of workers and firms. I first characterize the value functions of workers and firms. Let U’ denote
the value of an unemployed worker in location ¢, and let £; denote the value of an employed worker matched

to a type-j job. These values are given by

rUf =b" +1+ > fymax{E; — U’,0},
JjeTt

rEj—wj—i—H—i- Z fjkmax{Ek—Ej,O}—i—sj(UJ —Ej),
kel

? Most of the literature assumes a single aggregate matching function that encompasses all vacancies and workers. However,
aggregating the match technology mechanically introduces additional externalities when heterogeneous workers and firms search
randomly (e.g., Acemoglu, 2001), which are not the focus of this paper. I therefore specify origin-and-destination-specific matching
functions.

* This wage-setting protocol differs from the sequential bargaining framework in Cahuc et al. (2006). While assuming either full
or no commitment represents an extreme case, the main insights of the paper remain valid for intermediate degrees of commitment.
I discuss the implications of this assumption in greater detail in Section 3.4.
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where II denotes the profit from vacancy-posting service market. At rate f;, an unemployed worker meets a
type-j vacancy. If the offer is acceptable (i.e., E; > U ) her value jumps to E j. An employed worker earns
a flow wage w, which is endogenously determined through Nash bargaining, as will be discussed shortly.
With arrival rate fj, this worker receives an offer from a type-k vacancy and switches if doing so raises her
value. Matches are destroyed at rate s, in which case the worker becomes unemployed.

Similarly, let V" be the value of a type-j vacancy, and let J; denote the value of a type-j job matched

with a worker. Then, the Bellman equations are

rVi = —P;+(q;lg;syc + Z qxj - 1g;>E,) max{J; =V, 0},
SN

rlp=Aj—wi+(sj+ > fix-Lgeg) (V) = J)).
keg'i
Vacancy pays a flow cost of P;, meets an unemployed worker at rate ¢ ;, and meets a worker employed by
a type-k job at rate gx;. When matched, its value increases by J; — V. This gain is independent of the
worker’s previous employment status due to the lack of commitment. A matched job generates a flow profit
of A; — w; until the match ends, either through exogenous destruction at rate s; or through the worker’s
transition to another job at rate ) _, el Jik - 1g,>E;. Free entry implies that vacancies are posted until their

value is driven to zero:

VY =0.

I define the joint surplus of amatchas §; = J; + E; — U ¢. Then, the Nash bargaining has a well-known

solution, in which a worker and a firm receive constant shares of the surplus:
E; —U'=pS; and J; = (1 - B)S;.

Plugging these bargaining solutions into the definition of the surplus, I can characterize the type-specific

match surplus:

rSj=A;—b" —s5;Sj+ Y fir(BSk—S;) =B Y fiSk. 1

kegli kegli
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where fjk = fjk - Ls;>s,; and fk = fk - 1s, >0 denote the effective meeting rates of workers that result in

matches with k-type jobs. The bargaining rule implies that wages are determined by

wi=A;—(1=B)r+s;+ > fi)S;

keJbi

Flow-balance condition. For each location ¢, inflows into and outflows from unemployment must balance

in steady state:

> siMj = ( > ﬁ)M,f

jeJgt jeJt
Similarly, for each job type j, the inflow and outflow of workers must be in balance:
~ { ~ ~
fiMy' + Z JejMy = <Sj + Z fjk) M;.
kegti kegli

Type-j jobs hire workers both from unemployment, at rate ij,fj , and from other jobs, at rate ) ket ﬁ M.

They lose workers through exogenous separation s ;M and job-to-job transitions ) el fjkM iz

Vacancy-posting service market. Market clearing in the vacancy-posting service market determines the

price of each type-specific vacancy-posting service:

which is increasing in the number of type-j vacancies V;. The resource price PR is also pinned down by

resource market clearing:

> Vi) =R

JjeET

Therefore, the free-entry condition can be rewritten as

Q) = (a0 X )y @

keJbi

where g; = q; - Ls;>0 and gx; = qi; - Ls;>s, denote the effective meeting rates of firms that result in

successful matches.
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Equilibrium. A steady-state equilibrium consists of the measure of vacancies {V;};c7, unemployment
rates { M} s, employment shares { M i} jeg, the resource price PR the prices of vacancy-posting service
{P;}jes, and wages {w;};cs such that (i) free entry condition holds, (ii) wages are determined by Nash
bargaining, (iii) the markets for the resource and for vacancy-posting service clear, and (iv) employment

shares and unemployment rates satisfy the flow-balance conditions.

3.3 Social Planner Problem

The social planner maximizes the discounted sum of output, taking the initial labor allocation at time # = 0 as
given. The planner also discounts the future at rate r and is subject to search friction and resource constraint

as in the decentralized equilibrium. The problem can be formulated as

_max /0 {ZMﬁ A +Z }

{Vlt j/[}jG]t>0 _]Ej

s.t. Mj,:—sj it — Z a/]kM"V RS Z ak;i M Jt —i—a/](M[) V};",

keJ}, keJg?
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JjET
where M{, = L' =" .7 Mj;, Jf, C J% denotes the set of job types into which the planner reallocates
workers away from j at time ¢, and ‘7]? c J% denotes the set of job types from which the planner
reallocates workers toward j at time ¢ whenever feasible. The first constraint describes the law of motion of
the employment share of type-j jobs. The type-;j matches are destroyed either exogenously, at rate s;, or
endogenously, when workers transition to other jobs. At the same time, the employment share of type-; jobs
increases through poaching of workers from other jobs and through new hires from unemployment.

The planner’s optimal vacancy creation is characterized by the following conditions. Following Fukui and

Mukoyama (2025), I represent the planner’s solution in terms of the valuation margin (3) and the investment

margin (4).
rSS = Aj— b — ;S 40 Y F(SE =SS =0 > fFSE + S5 3)
kegb kegli
1—n - -
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Here, S ?f denotes the current-value costate variable, which measures the marginal value to the social planner
of an additional worker employed in a type-j job at time z. These costate variables are the planner’s analogue
of match surpluses in the decentralized equilibrium. The variable ﬁf is the Lagrange multiplier associated
with the resource constraint, representing the shadow value of the resource. The effective meeting rates, f5P
and ¢°F, are defined analogously to those in the decentralized equilibrium. They are equal to underlying
meeting rates, f and g, when forming a match is optimal for the social planner and are zero otherwise. See
Appendix for the derivations.

Comparing the equilibrium conditions (1) and (2) with the planner’s optimality conditions (3) and (4)
reveals that they differ along several dimensions. Consequently, the decentralized equilibrium does not, in

general, coincide with the optimal allocation, as summarized in the following proposition.

Proposition 1. The decentralized equilibrium is inefficient.

3.4 Externality in Vacancy Creation

In this section, I characterize two externalities and discuss how their magnitudes systematically vary across
locations and job types. In the remainder of this section, I assume that the Hosios condition is violated in
a manner consistent with empirical evidence in the literature. The opposite case would simply reverse the

direction of the associated inefficiencies.

Assumption 1 (Violation of the Hosios Condition). The bargaining power of workers is smaller than the

elasticity of the matching function: 8 < n.

Opportunity cost effect. The opportunity cost externality arises because firms do not fully consider the fact
that their hired workers could have worked in other firms had they not been hired.

First, when a firm hires an unemployed worker, it places insufficient weight on the fact that the worker
could have continued searching and potentially matched with another firm. This occurs because, unlike the
social planner, firms do not take into account the profits that would have been generated by another firm

that might have hired the worker. To compare the surplus and the marginal value of a match, I gather the
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equations (1) and (3) below:

rS;=Aj —bY —s;S;+> fiBSk = S;) = BY fiSk » (1)
k k
Stepping Stone Opportunity Cost
rSi = A; —bY =S5+ fa Sy —nSi) =0y fir Sip + S5 (3)
k k
Stepping Stone Opportunity Cost

Unemployed workers find a type-k job at rate fx and thus generate an expected flow value of ), fiSk
through their search activities. However, since the firm’s share (1—-) >, fxSk is ignored in the joint surplus,
the private opportunity cost is given by 8, fxSk, as shown in the last term of equation (1’). From the
social planner’s perspective, increasing the measure of unemployed workers by one unit raises matches with
type-k jobs by n/SF, implying a social (i.e., true) opportunity cost of 7 Dk kaPSSP, as shown in equation (3').
Therefore, under Assumption 1 (8 < 1), the opportunity cost term is smaller in the decentralized equilibrium,
indicating that firms in the decentralized economy fail to fully account for the opportunity cost of hiring. This
distortion is particularly severe in labor markets where the opportunity costs are high; for example, when
fx is high. In such markets, even without the creation of additional jobs, unemployed workers would have
been able to find high-quality jobs relatively easily. Consequently, the decentralized equilibrium features
excessive job creation in tight labor markets and insufficient job creation in slack labor markets. The nature
of this inefficiency is the same as the canonical inefficiency studied in the search literature (e.g., Hosios,
1990). However, that literature focuses on distortions in the aggregate level of vacancy creation. By contrast,
this paper emphasizes compositional distortions in job creation across local labor markets arising from
spatial heterogeneity in opportunity costs. Figure 1 suggests that there is indeed substantial heterogeneity in
opportunity costs across local labor markets.

Second, when a job poaches a worker from another match, it neglects the fact that the worker would have
continued to work in her previous job had the poaching not occurred. This again arises because the hiring firm
does not internalize the profits that would have accrued to the worker’s previous employer. Formally, from the
social planner’s perspective, the opportunity cost of such hiring corresponds to the value of the poached job,
S 2P. Accordingly, in the last term of (4), the social gain from poaching a worker from a type-k job is given

by S?P - Sip. In contrast, in the decentralized equilibrium, the poached firm’s loss is not internalized. As

shown in the free-entry condition in (2), the private value of a new match equals S, regardless of whether the
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worker is hired from unemployment or from another job. To further decompose the sources of inefficiency, I

rewrite the planner’s vacancy creation condition in (4) as

1+ (%)jt ’ Aﬂ
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It is without loss of generality to write this condition up to a constant, given the resource constraint.” The term
inside the parentheses in (4’) mirrors the decentralized equilibrium condition (2), while the ratio term in (4")
captures the distortion. The extent of this distortion depends on two key factors. It decreases with (%)] ,—the
relative reliance of hiring on job-to-job transitions—and increases with A ;;—the average surplus gain from
job-to-job transitions, expressed as a share of the surplus of the destination job. For example, job types that
hire primarily through job-to-job transitions with limited surplus gains are particularly excessively created
relative to those that hire workers mainly from unemployment or from low-surplus jobs. This externality has
also been studied in the literature and is often referred to as the worker stealing externality (e.g., Gautier et al.,
2010; Coles and Mortensen, 2016; Fukui and Mukoyama, 2025). These studies show that such an externality
leads to excessive aggregate vacancy creation in the decentralized equilibrium. In contrast, the focus of this
paper is again on the compositional dimension of this inefficiency—i.e., how it distorts the allocation of job

creation across locations and across job types with heterogeneous hiring patterns. Figures 1-3 suggest that

there is indeed substantial heterogeneity in hiring patterns across both locations and jobs.

Stepping stone effect. The stepping stone externality arises because when a worker moves from one job to
another, the firm that loses the worker does not fully internalize the social gain from this reallocation.

From the planner’s perspective, job-to-job transitions improve the quality of matches by reallocating
workers toward more productive jobs. An increase in employment at type-;j jobs raises the number of

transitions to type-k jobs by n ijP, thereby generating an additional social surplus of 1 fjs,f (SFF — S5F), as

> This is because the allocation of the fixed amount of resource R across job types depends solely on the relative size of
marginal costs cj() For example, suppose there are two job types subject to a resource constraint ¢ (Vi) + c2(V2) = R.
Suppose that i (Vl) : ¢5(V2) = 1 : k for some k > 0. Because c5(-) is strictly increasing, I can define a function ®(V;) =
c1(V1) + c2((ch) ™ (ke (V1)) — R. ®(-) is continuous and strictly increasing, with ®(0) = —R < 0 and ®(V;) — co as V; — oo.
Hence, there exists a unique V; solving ®(V;) = 0, which in turn uniquely pins down V,. Also, higher k implies higher V, and lower
Vi.
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shown in equation (3”). In this sense, jobs that are poached serve a stepping stone role: they temporarily
employ workers who will later move on to more productive jobs. In the decentralized equilibrium, however,
this dynamic contribution is insufficiently rewarded. Decomposing the stepping stone term in (1”) yields two

components,

Bfjk(Sk = S;) = (1= B) fixS;.

The first term represents the gain from job-to-job transitions accruing to the worker. Under Assumption 1, it is
smaller than the social gain represented by the stepping stone term in (3"). The second term captures the loss
borne by the poached firm. As a result, job types that are frequently poached—those that serve as stepping
stones—are created less than is socially efficient—mirroring, but in the opposite direction, the excessive job
creation that mainly poach workers from others. Figure 2 documents significant variation across jobs in how

frequently workers are poached by other firms.

The role of wage determination. The key source of inefficiencies in this paper lies in the limited sensitivity
of wages. To illustrate, consider a labor market in weak conditions. The social value of creating an additional
vacancy there exceeds that of creating an otherwise identical job elsewhere due to the opportunity cost effect.
If wages in this location were sufficiently low to reflect the low opportunity cost, firms would post more
vacancies, restoring efficiency. Similarly, when a firm mainly hires workers away from other jobs, efficiency
requires that the wage of such a job be higher to discourage their creation. Conversely, for jobs that are
frequently poached, efficiency requires wages to fall to reward their stepping stone role, providing incentives
for their creation.

Because inefficiencies arise precisely from this limited wage sensitivity, the extent to which wages adjust
is central for determining efficiency. To understand how much wage adjustment would be required for
efficiency, it is useful to establish a theoretical benchmark. Following the approach of Fukui and Mukoyama
(2025), I can show that the decentralized equilibrium of this model would be efficient if two conditions were
satisfied: the Hosios condition and sequential-auction style wage bargaining (e.g., Dey and Flinn, 2005;
Cahuc et al., 2006; Bagger et al., 2014). The Hosios condition ensures that wages adjust enough to internalize
the opportunity cost, eliminating the first channel of the opportunity cost effect. Sequential-auction style
wage bargaining, in turn, guarantees that the wage a poaching firm must offer is high enough relative to the

wage it offers to unemployed workers, thereby penalizing poaching firms while rewarding poached firms by
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allowing them to offer lower wages. These two assumptions are frequently made in the literature, mainly for
reasons such as tractability.

Empirical studies, however, consistently find that wage-setting behavior in practice falls far short of this
benchmark. First, wages respond only weakly to workers’ outside options, implying a bargaining power
parameter, 8, much smaller than the elasticity of matching function, n (e.g., Jiger et al., 2020; Lachowska
et al., 2022; Caldwell and Harmon, 2019). Second, wage-setting protocols in practice deviate substantially
from the sequential-auction style wage bargaining. Di Addario et al. (2023) shows that the contribution of
the previous firm to wage variation is an order of magnitude smaller than that of the new firm, a finding
inconsistent with the sequential-auction style wage bargaining.® Moreover, a considerable share of hiring
occurs under protocols that restrict firms’ ability to condition offers.” Evidence on counteroffers also suggests
that they are infrequently used. Faberman et al. (2022) report that only about 12 percent of employed workers
who received an outside offer were countered by their current employer—whether through a matching wage,
promotion, or job-related benefits— a frequency far below that implied by sequential-auction style wage
bargaining. In addition, See Kline (2024) for a more comprehensive review of the empirical evidence.

These empirical findings indicate that real-world wage setting is considerably less responsive than the
benchmark efficient case would require, making the model’s limited wage sensitivity—and the resulting

inefficiency—a quantitatively relevant feature of actual labor markets.

3.5 Misallocation Across Locations and Jobs

In Section 3.4, I analyzed the nature of the externalities by comparing the conditions that characterize the
decentralized equilibrium with those under the social planner’s allocation. In this section, I explicitly solve
these conditions to compare how resources are allocated across locations and across heterogeneous jobs
using two simplified versions of the model. To obtain analytical results, I consider the limit case in which
the matching elasticity 1 approaches one.® Throughout this section, I assume s j=sforall j € J. Detailed

derivations of the results in this section are provided in Appendix C.

 While some studies find that wages partly depend on past jobs or outside option values (e.g., Bonhomme et al., 2019), wages
generally do not adjust to the extent required for the sequential-auction mechanism to hold. Thus, the externalities highlighted in
this paper remain relevant, although their quantitative magnitude may differ.

7 For example, wage posting accounts for roughly one-third of hires, implying that a large fraction of jobs offer fixed wages with
little or no scope for adjustment (e.g., Hall and Krueger, 2012).

® Without this assumption, changes in job creation by the social planner would affect job-finding and worker-finding rates, thereby
altering employment shares and feeding back into the planner’s job creation decisions. This interdependence makes the comparison
of allocations analytically intractable.
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Across Locations. I begin with a simplified version of the model that abstracts from job-to-job transitions by
setting ajx = O for all j, k € J. This assumption shuts down all other externalities and allows me to focus
on the opportunity cost effect associated with hiring unemployed workers. The following result shows that,

in this environment, jobs are created insufficiently in weaker labor markets. In Proposition 2, let

_ Zkgjf fk : (Alf - b{))
Zkejf fk

(A=D)

denote the average net productivity of the jobs with which unemployed workers in location ¢ are matched,

and let f{ = D ket fx be the total job-finding rate of unemployed workers in that location.

Proposition 2. Consider two job types j and j' located in different locations € and ', respectively.

Suppose that c;(-) and cj (-) are constant-elasticity functions with the same elasticity. If (i) the relative
(A=b) _(A—b)"
A —bl Ay — bl

productivity of other job offers is lower in location ¢, i.e., while f ¢ = f - or if (ii)

A=D)Y (A=b)"
(A]. — b)f = 54 — b)"' = 1, but job-finding rates are lower in { (due to smaller aj’s or higher c;’s), i.e.,
J

f t < f ' then the social planner creates relatively more vacancies of type j than of type j' compared with

the decentralized equilibrium, i.e.,
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If a job type j is less productive than the average job in its location, or operates in a labor market
with a higher job-finding rate, it carries a higher opportunity cost and is therefore socially less valuable.
However, because the decentralized equilibrium does not fully consider this cost, such jobs tend to be created

excessively.

Within Location. I now consider another simplified version of the model that reintroduces job-to-job
transitions. The goal is to isolate the opportunity cost effect and the stepping stone effect associated with
job-to-job transitions. Accordingly, the next proposition imposes the Hosios condition and examines how
the social planner reallocates job creation across different job types within a location. To derive analytical
results, I assume that there are three job types in location £, and that job-to-job transitions occur only from

type-1 to type-3 jobs.

Proposition 3. Assume that the Hosios condition holds, B = n. Consider three job types 1, 2, and 3, and

suppose that a i > 0 only when (j, k) = (1,3). Suppose that c\(-), c2(-), and c3(-) are constant-elasticity
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functions with the same elasticity. Then, the social planner creates relatively more vacancies of type-1 than
of type-2, and fewer vacancies of type-3 than of type-2, compared with the decentralized equilibrium, i.e.,
sp spP SP
Vie (Vo Vi
Vi Va V3
Type-3 jobs entail a high opportunity cost because they destroy type-1 jobs when workers transition from
type-1 to type-3. Thus, the social planner view their creation as excessive relative to type-2 jobs. At the same

time, type-1 jobs generate a stepping stone value by facilitating job-to-job transitions toward more productive

type-3 jobs, leading the social planner to create more type-1 jobs than type-2 jobs.

3.6 Preference Heterogeneity

In this section, I extend the baseline model by introducing idiosyncratic mobility shocks. This extension is
motivated by the need to better align the model with empirical patterns of job-to-job transitions. As shown
in Figure 3, these transitions exhibit substantial bilateral flows in the data. In contrast, the baseline model in
Section 3 allows job-to-job transitions only from lower- to higher-surplus jobs. If we were to assume that
workers are occasionally forced to move from higher- to lower-suplus jobs, such transitions would reduce total
match surplus and thus be costly from the perspective of the social planner. Under such an assumption, the
model would overstate the extent of excessive job creation among job types that primarily rely on poaching.

To address this issue, I assume that when a worker contacts a vacancy, a match-specific idiosyncratic
shock ¢ is realized. After observing the realization of this shock, the worker decides optimally whether to
switch jobs, ensuring that all job-to-job transitions are surplus-increasing, while still allowing for positive
bilateral flows between any pair of job types. Idiosyncratic taste or amenity shocks are standard in quantitative
search models, and their quantitative importance in explaining employment flows has been emphasized in
recent studies (e.g., Faberman et al., 2022; Berger et al., 2024). For tractability, I impose two simplifying
assumptions. First, both the worker and the firm derive flow utility that is proportional to the realized shock,
with exogenous scaling factors. Specifically, a worker obtains flow utility g%, while a firm obtains flow

utility g{s, where

gy =B (r+s;), g =(1—=B)r+s;+ 1), )
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and fj denotes the rate at which workers in type-;j jobs move to other jobs in the decentralized equilib-
rium.” Although it is typically assumed that only the worker directly values the idiosyncratic shock, even in
that case, the firm also benefits indirectly because a higher realization of the shock leads to a lower wage
through Nash bargaining. This assumption, however, weakens the link between wages and productivity
compared with Lemma 1. Second, I assume that the idiosyncratic shock accumulates over successive
job-to-job transitions until the worker is exogenously separated. Specifically, when an employed worker with
an existing shock realization € meets a new vacancy, she draws an additional random component £ from the
distribution ¢ (), and, upon moving, her new match-specific shock becomes &’ = & + £. This assumption
eliminates the need to track the distribution of shocks within each job type when characterizing job-to-job
transitions (see Lemma 1), similar in spirit to Desmet et al. (2018) and Lamadon et al. (2024).

Let E;(¢) and J; (&) denote, respectively, the values of a worker and a type-j matched job with a shock €.
Likewise, let Sj(&) and w (&) denote the match surplus and the wage. With idiosyncratic shocks, workers
move probabilistically upon meeting a new job. A worker matched with a type-; job meets a type-k job at

rate fj, but the effective job-to-job transition rate is given by
fik(e) = fi - Prs[Ex(e + &) > E;(e))-

If the random component £ is always zero, this expression collapses to the baseline case, i.e., f] k = fiklE>E;-
Finally, let fj.(¢) = 3 ket fix (&) denote the total rate at which the worker transitions to other jobs.

The following result characterizes the decentralized equilibrium of the extended model. The structure of
the equilibrium remains closely aligned with that of the baseline model. Detailed derivations are provided in

Appendix B.

Lemma 1. The wage w; and the job-to-job transition rate fjk are independent of . Moreover, the value

functions and the match surplus are additively separable in :

Ej(e) =E;+ e, Ji(e)=J;+ (1 —PB)e, and S;(e) =8, + &,

? Importantly, the firm factor gf is an exogenous parameter chosen for tractability. For example, in counterfactuals where vacancy
creation differs from the baseline, it is held fixed rather than recomputed
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where the match surplus satisfies

rS;=A; —bY —s;8; + Z fikEe[{B(Sk +&) = 8;} - Lsyrass,] — B Z fiEs[(Sk+8)"]. (©
kegli keg i
Under the sharing rule (5), a unit increase in the realized & raises the worker’s and the firm’s values
by exactly 8 and 1 — S, respectively. This ensures that the shock affects only workers’ mobility decisions,
without influencing wages. The assumption that shocks accumulate over transitions further guarantees that,
conditional on the current job type, the idiosyncratic shock does not introduce additional state dependence
into future mobility decisions, making the job-to-job transition rate independent of the current shock e.
Without this assumption—i.e., if &’ were independently drawn from ¢ . (-)—the model would feature richer
dynamics, such as a declining hazard of job-to-job transitions with job tenure, but at the cost of substantially
reduced tractability. The absence of such state dependence implies additive separability of the value functions
and the match surplus.

The free-entry condition determines the equilibrium number of vacancies V:

! _1=5 q;Es[(S;+8)T] + Z 4k Ese [(Sj + &k + &) Ls,qa5s] | (7
keJti

where g follows the steady-state distribution of idiosyncratic shocks among type-k matches. The complete

set of equilibrium conditions for E;, J;, fJ k» and w; is provided in Appendix B.

Social Planner Problem. The social planner maximizes the discounted sum of output and flow utility from
idiosyncratic shocks that workers and firms enjoy, taking the initial (# = 0) labor allocation and idiosyncratic

shock distribution as given. In Appendix B, I formulate the social planner problem and derive the first-order
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conditions for optimality. The result gives

rSi(e) = A; = b+ (gf +8]) e —s;Sir(e) +n Y fireEal(S (e +8) — S5 (e)"]
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where g, follows the distribution of idiosyncratic shocks among workers employed in type-k jobs at time ¢.

Compared to the equation (3), the planner’s condition includes additional terms capturing the idiosyncratic
utility shocks enjoyed by both workers and firms, while the overall structure in the first two lines remains
nearly identical. The new terms only appear in the third line. These arise because matches with type-j jobs
that differ in their realizations of & share a common matching function (e.g., Acemoglu, 2001; Fukui and
Mukoyama, 2025). Quantitatively, however, the magnitude of this effect is small and does not affect any of

the subsequent results.'”

4. Structural Estimation
4.1 Estimation Strategy

Functional forms. For each metropolitan statistical area (MSA), I define 15 job types by interacting three
broad sectors with five productivity groups. To construct these productivity groups, I partition residualized
wages within each sector into quintiles, such that | A(¢, s)| = 5. The analysis focuses on the 60 largest MSAs,
as smaller regions are more prone to small-sample bias. The analysis is restricted to employment flows within
each MSA.!! Idiosyncratic shocks & are assumed to follow a logistic distribution with scale parameter v; see

Appendix D for details on how it simplifies the equilibrium expressions. The vacancy creation cost function

10 This is because the entire term in the third line of the expression vanishes when S is additively separable. It is approximately
additive for the estimated model.

" The framework could be extended to incorporate interregional mobility if reliable cross-MSA migration data were available.

24



takes the constant-elasticity form

Cj 1+
V) =g Vi

where ¢; captures job-type-specific cost shifters, and & denotes the elasticity of vacancy creation costs.

Externally set or calibrated parameters. I first discuss the parameters that are externally set: the discount
rate p, the elasticity of the matching functions 1, worker’s bargaining power 3, the vacancy creation cost
elasticity &, separation rates s;, the matching efliciencies of off-the-job search «;, and region-specific
unemployment benefit b¢. The discount rate is set to p = 0.004, corresponding to an annual real interest
rate of 5%. The matching elasticity takes the standard value in the literature, = 0.4 (e.g., Petrongolo
and Pissarides, 2001). The bargaining power of workers, S, is calibrated using empirical estimates of the
elasticity of wages with respect to firm rents. These estimates vary across studies, ranging from nearly zero
to about one-half, depending on data sources, measurement of rents, and empirical strategies (e.g., Lamadon
etal., 2022; Card et al., 2014; Hagedorn and Manovskii, 2008; Kline et al., 2019). Comprehensive reviews
are provided by Card et al. (2018) and Alan (2011). I set 8 = 0.1, which implies an elasticity of wages of

about 0.15, a moderate value within the empirical range and consistent with Assumption 1.1

The vacancy
creation cost elasticity, &, is set to 2, which lies near the midpoint of the range of estimates reported in the
literature (e.g., Kaas and Kircher, 2015; Bilal et al., 2022; Berger et al., 2024).!* The type-specific separation
rate s; is calibrated to match the average monthly transition probability from employment to unemployment.
The matching efficiency of off-the-job search «; is normalized to one, consistent with the random search
assumption commonly adopted in search models. Unlike in those models, however, the vacancy contact rate

here varies with job-type-specific market tightness, which is endogenously determined in equilibrium. These

externally set parameters are summarized in the top panel of Table 1.

Internally estimated parameters. In the second step, I estimate the remaining parameters internally using
structural estimation combined with model inversion. These parameters include the dispersion of idiosyncratic
shocks v, the matching efficiencies of on-the-job search ay , the type-specific productivity levels A ;, and the
vacancy creation cost shifters ¢ ;. For a given value of v, the remaining parameters are obtained by inverting

the model. Although all parameters are jointly determined in equilibrium, it is useful to describe the moments

12 This value is also close to recent estimates that exploit firm-level (rather than market-level) and permanent (rather than transitory)
shocks, the source of variation most relevant for identifying this parameter in this paper.

13 These studies estimate the elasticity at the firm level rather than the market level. In this paper, however, a firm corresponds to a
job, so the parameter captures the elasticity of creating a particular type of job.
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Table 1: Parameter Values

Parameter Value Target
Discount rate p 0.00096 Interest rate
Worker’s bargaining power 3 0.1 Literature
Matching elasticity n 0.4 Literature
Vacancy creation cost elasticity & 2 Literature
Type-specific separation rate {s;}; Figure A.la U2E rates
Matching efficiency (Off-the-Job) {a;}; 1 Normalization
Scale parameter of idiosyncratic shock v 0.04 Share of downward transitions
Matching efficiency (On-the-Job) {e ik } .« Figure 4 E2E rates (Figure 3)
Type-specific productivity {A;}; Figure 5a Wages (Figure A.1c)
Vacancy creation cost {c; }; Figure 5b Free-entry condition

Notes: The top panel shows parameters that are externally calibrated, and the bottom panel shows

parameters that are internally calibrated.
that primarily identify each parameter. The matching efficiencies of on-the-job search are identified from
observed job-to-job transition rates. Type-specific productivity levels are inferred from wage data, and the
free-entry condition pins down the vacancy creation cost shifters. Finally, the dispersion parameter v is
calibrated so that the average matching efficiency for upward transitions equals that for downward transitions
across adjacent job types. Intuitively, frequent transitions of workers toward higher- to lower-productivity
jobs can result either from high volatility of idiosyncratic shocks or from high contact rates. Because these
two forces are not separately identified, I impose symmetry in matching efficiencies between upward and
downward transitions and choose v to match the observed share of downward job-to-job transitions. This
approach is analogous to targeting the share of downward transitions in a random-search model (e.g., Berger

et al., 2024). The internally estimated parameters are summarized in the bottom panel of Table 1.

4.2 Estimation Results

In Figure 4, I plot the estimated matching efficiencies for on-the-job search, . Since these parameters are
estimated separately for each MSA, I report their averages across MSAs. The estimated matching efficiencies
exhibit substantial heterogeneity across job types. The ratio of the third to the first quartile is about 12.
Efficiencies tend to be higher around the diagonal, indicating that workers are more likely to move to jobs

with similar productivity. Notably, the estimated efficiencies differ from the observed job-to-job transition
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probabilities. For example, the relative efficiency of moving to lower-productivity jobs is much higher than
the corresponding observed transition probability. This difference arises because workers endogenously
decide whether to accept an offer: they accept jobs with lower productivity only when idiosyncratic shocks are
sufficiently favorable. In particular, the value of jobs with the highest productivity is much higher than other
jobs, and hence the estimated matching efficiencies out of the top productivity jobs are substantially higher
than average. Although we report average matching efficiencies across job types, we also see substantial
spatial variation in matching efficiencies. The ratio of the third to the first quartile of the average MSA-level
matching efficiencies is about 6.

The estimated scale parameter of idiosyncratic shock is 0.04. The standard deviation of job-specific
amenity shocks is 1.1 times that of wages offered to unemployed workers, after scaling by expected job
duration for comparability. Although direct comparison is difficult due to model differences, this magnitude
is broadly consistent with the literature. For instance, Hall and Mueller (2018) report that the ratio of the
standard deviation of the non-wage component of job values (0.34) to that of offered wages (0.24), conditional
on worker productivity, is about 1.4. Thus, the relative importance of amenities in my estimated model is
slightly smaller but of comparable order.

Figure 5a displays the estimated productivities across the 15 job types, averaged across MSAs. As
expected, productivity increases monotonically within each sector. The dispersion in productivity is much
larger than that of wages, as only part of productivity differences are passed through to wages. Given the
relatively small worker bargaining power, productivity variation is an order of magnitude greater than wage
variation. Finally, Figure 5b displays the log of estimated vacancy creation cost parameters, averaged across
MSAs. The estimated costs rise steeply with job productivity, indicating that creating high-productivity jobs
is considerably more expensive. This pattern reflects the fact that such jobs generate greater surplus yet
are created less frequently than lower-productivity jobs, as reflected in the small share of hires into high-
productivity positions from unemployment. Average vacancy creation cost shifters are broadly comparable

across sectors.
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Figure 5. Estimation Results

Notes: The left panel plots the estimated productivity for each type of job, averaged across MSAs. I normalize
the minimum value of A; to zero since it is not separately identified from the mean of idiosyncratic shocks.
The right panel plots the log of estimated vacancy creation parameters log c;.

5. Misallocation of Job Creation

In this section, I use the calibrated model to quantify the extent of misallocation in vacancy creation by
comparing the decentralized equilibrium allocation with the optimal allocation. I then decompose the relative
contribution of the opportunity cost effect and the stepping stone effect to this misallocation.

I present the results along two dimensions to highlight clear and systematic patterns of misallocation.
First, by aggregating across sectors and productivity levels within each metropolitan statistical area (MSA),
I examine spatial patterns of misallocation. Second, by aggregating across MSAs within each sector and

productivity quintile, I study misallocation across different jobs. The pattern of misallocation across different
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Figure 6. Misallocation of Job Creation: MSA

Notes: The left panel shows the histogram of the ratio of vacancy-creation resources used in the planner’s problem
to those in the decentralized equilibrium across MSAs. The middle and right panels show scatter plots of this ratio
against the U2E rate and the share of E2E transitions among hires, respectively. Each circle represents an MSA,
with its size proportional to the size of the MSA’s labor force. The blue line shows the fitted regression line, and
the shaded area represents the 95 percent confidence band.

jobs within MSAs closely mirrors the aggregate pattern, and similarly, misallocation across MSAs for a given

sector and productivity quintile parallels the aggregate pattern across different jobs.

Across MSAs. The histogram in Panel (a) of Figure 6 shows the extent of misallocation in vacancy creation
across MSAs, aggregated over jobs within each MSAs. For each MSA, I compute the ratio of vacancy creation
resources that the social planner would allocate compared to the decentralized equilibrium %. Values above
one indicate the planner would expand vacancy creation relative to the decentralized equilibrium of a certain
MSA, while values below one denote MSAs where vacancy creation is excessive. Note that the total supply
of resources is fixed, so the weighted average of these ratios must equal one. The social planner substantially
reallocates vacancy creation resources across local labor markets, with values ranging from approximately
—27 percent to 418 percent relative to the decentralized equilibrium. To examine which MSA characteristics
drive this reallocation, Panels (b) and (c) plot the ratio g% against the unemployment-to-employment (U2E)
rate and the share of employment-to-employment (E2E) transitions among hires (hereafter, the E2E share),
respectively. These figures imply that the planner allocates more vacancy-creation resources to labor markets
with lower U2E rates and lower E2E shares. When the ratio % is regressed jointly on the U2E rate and the
E2E share, both coefficients are highly significant. Controlling for the other variable, a one-standard-deviation
increase in the E2E share (in the U2E rate, respectively) is associated with a 0.42 standard-deviation (0.42
standard-deviation, respectively) decrease in g%.

To better understand the sources of this misallocation, I decompose the contributions of the opportunity

cost and stepping stone effects. Panels (a) and (b) of Figure 7 show the results from a modified planner
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Figure 7. Misallocation of Job Creation: Decomposition

Notes: Panels (a) and (b) show the results of the modified planner problem that corrects opportunity cost effect,
while Panel (c) show the results of the modified planner problem correcting stepping stone effect. Each panel shows
a scatter plot of the ratio of vacancy-creation resources used in the planner’s problem to those in the decentralized
equilibrium against either U2E rate or the share of E2E transitions among hires. Each circle represents an MSA,
with its size proportional to the size of the MSA’s labor force. The blue line shows the fitted regression line, and
the shaded area represents the 95 percent confidence band.

problem that corrects only for the externality associated with the opportunity cost effect. In this modified
problem, I relax the aggregate resource constraint and instead allow the planner to purchase any amount of
the vacancy-posting resource at the decentralized equilibrium price, PR. This assumption enables the planner
to adjust total resource usage endogenously—spending less when vacancy creation is, on average, socially
less valuable and more when it is more valuable. The resulting level effect is negative, which is expected to
be stronger in MSAs with high U2E rates and larger E2E shares. In such areas, many of the additional hires
would have been employed elsewhere even without new vacancies, implying a low social value of vacancy
creation. Consistent with this interpretation, the graphs show that both the U2E rate and the E2E share have
negative effects on the ratio %. Panel (c) of Figure 7 focuses on the stepping stone effect by solving a
modified planner problem that corrects only this externality. This effect leads to insufficient vacancy creation
in MSAs with a high share of E2E transitions. While the opportunity cost and stepping stone effects work in
opposite directions with respect to the E2E shares, the right panel of Figure 6 indicates that the opportunity
cost effect dominates quantitatively. As a result, the planner would create more vacancies in local labor

markets with either lower U2E rates or lower E2E shares.

Implications. As documented in Section 2, the U2E rate and the E2E share are positively correlated across

MSAs: heated markets exhibit both high U2E and E2E rates, whereas frozen markets display low values of
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Figure 8. Misallocation of Job Creation: MSA

Notes: The map shows the ratio of vacancy-creation resources used in the planner’s problem to
those in the decentralized equilibrium across MSAs. Each circle represents an MSA, with its size
proportional to the size of the MSA’s labor force.

both. Therefore, these spatial disparities operate in the same direction, jointly shaping the planner’s spatial
reallocation of vacancies.

Interestingly, although the social planner is assumed to have a linear utility function that assigns equal
weight to all MSAs—thus being entirely indifferent to distributional concerns—the optimal allocation effec-
tively acts to reduce disparities across local labor markets. This result suggests that efficiency considerations
alone can provide a rationale for the place-based policies observed in practice: reallocating vacancy creation
toward less dynamic regions not only narrows spatial inequality but also raises aggregate efficiency.

Figure 8 illustrates how the social planner would reallocate vacancy creation resources across major
U.S. metropolitan areas. The pattern reveals a clear regional pattern. Many Rust Belt cities—such as
Cleveland, Detroit, and Indianapolis—feature frozen markets and display ratios above one, indicating that the
planner would expand vacancy creation relative to the decentralized equilibrium. These areas experienced
slower recoveries following the Great Recession and continued to face slack labor markets, where additional
vacancies would generate substantial social gains. In contrast, high-growth metropolitan areas—including
Minneapolis, Denver, Boston, San Jose, Seattle, Salt Lake City, Dallas, and Austin—exhibit ratios well
below one, implying the planner would like to reallocate vacancies away from these areas. These cities

maintained strong labor markets between 2013 and 2018, characterized by rapid job-to-job transitions,
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Figure 9. Misallocation of Job Creation: Sector and Productivity Level

Notes: Panel (a) plots the ratio of vacancy-creation resources used in the planner’s problem to those in the
decentralized equilibrium across job characteristics (sector, productivity). Panels (b) and (c) decompose the total
externality into the opportunity cost effect and the stepping stone effect, respectively.

low unemployment, and diversified, innovation-driven industries. From the planner’s perspective, vacancy

creation in such dynamic labor markets is relatively excessive.

Within MSA. Panel (a) of Figure 9 summarizes the extent of misallocation in vacancy creation across sectors
and productivity levels, averaged over MSAs. Misallocation is measured by the ratio of vacancy-creation
resources used by the planner to those in the decentralized equilibrium, RS?/RPE. The figure shows that the
planner shifts vacancy creation away from moderately productive jobs toward less productive ones, leaving
high-productivity jobs largely unaffected. To interpret this pattern, Panels (b) and (c) decompose the total
effect in panel (a) into the opportunity cost effect and the stepping stone effect, respectively.

In Panel (b), I plot the reallocation implied by the modified social planner problem that corrects only for
the externality arising from the opportunity cost effect. The level effect is negative: because the opportunity
cost effect arises mainly from firms’ failure to internalize (potential) loss of other firms, the decentralized
equilibrium exhibits excessive vacancy creation across all job types. This distortion is particularly severe
among moderately productive jobs, whose hires largely come from job-to-job transitions as shown in the
right panel of Figure 2. In contrast, low-productivity jobs mainly hire from the unemployment pool, while
high-productivity jobs—although relying even more on poaching—generate large increases in surplus relative
to the surplus of the poached jobs. Thus, excessive vacancy creation is less pronounced for both low- and
high-productivity jobs.

In Panel (c), I solve the modified social planner problem that corrects only for the externality from the

stepping stone effect. The level effect is positive: because poaching jobs not being fully rewarded for the
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Figure 10. Welfare Change: MSA

Notes: The left panel plots the distribution of welfare changes across MSAs under the optimal
vacancy creation. The right panel relates these welfare changes to the unemployment rate.
Each circle represents an MSA, with its size proportional to the size of the MSA’s labor force.
The blue line shows the fitted regression line, and the shaded area represents the 95 percent
confidence band.

social gain generated by job-to-job transitions, the decentralized equilibrium features insufficient vacancy
creation for all job types. The pattern of undercreation closely mirrors the pattern of poached outflow shown
in the middle panel of Figure 2, as the higher the rate at which a job loses workers to poaching, the stronger
its stepping stone effect. Therefore, the social planner that corrects this externality creates disproportionately
more vacancies among low-productivity jobs.

Panel (a) reflects the combined impact of these two forces. The planner increases the vacancy creation
of low-productivity jobs, mainly due to the stepping stone effect, reinforced by the opportunity cost effect,
while reducing vacancies for moderately productive jobs, primarily driven by the opportunity cost effect.

Summing up the results so far, improving efficiency requires reallocating vacancy creation simulta-
neously across space and job types—expanding vacancy creation in frozen markets, particularly among

low-productivigy jobs, and reducing it in heated markets, especially among moderately productive ones.

Effects on welfare. Under the planner’s optimal allocation of vacancies across MSAs, aggregate welfare—
defined as the discounted sum of aggregate output and the utility derived from idiosyncratic shocks—increases
by 1.06%. This aggregate gain, however, masks substantial spatial heterogeneity in welfare changes. As
shown in the histogram in Figure 10, welfare changes across MSAs range from about —20% to +20%.
Although more than half of the MSAs experience welfare losses, those with positive welfare gains tend to

be larger, so that when aggregating across MSAs, the overall effect on welfare is positive. These welfare
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changes systematically vary across MSAs. as illustrated in the right panel of Figure 10, MSAs with higher

unemployment rates benefit more, as the planner reallocates job creation toward these weak labor markets.

6. Concluding Remarks

Labor markets exhibit substantial heterogeneity along many dimensions, not only in wages and firm profitabil-
ity but also in unemployment rates and patterns of job-finding and job-to-job mobility. This paper shows how
such variation shapes the efficient allocation of job creation across locations and job types. In frictional labor
markets, these differences imply that the externalities associated with vacancy creation—the opportunity cost
and stepping stone effects—vary systematically across space and job types, generating misallocation in both
the spatial distribution and the composition of jobs. Specifically, I find that a social planner would reallocate
vacancy creation away from metropolitan areas with heated labor markets to those with frozen ones, and, in
particular, from moderately productive jobs toward less productive ones.

These findings suggest that policies that account for heterogeneity in labor market externalities can
improve efficiency, moving beyond purely distributive motives aimed at mitigating spatial inequality. When
shocks such as trade liberalization, automation, or broader structural changes reallocate labor demand
unevenly across regions and job types, workers and firms become differentially exposed depending on their
locations and job characteristics. In such environments, the results in this paper help explain why governments
may choose to direct policy support toward labor markets and workers that are most adversely exposed to

these shocks.

34



References

Acemoglu, Daron (2001) “Good jobs versus bad jobs,” Journal of labor Economics, 19 (1), 1-21.

Alan, Manning (2011) “Imperfect competition in the labor market,” in Handbook of labor economics, 4,
973-1041: Elsevier.

Albouy, David (2009) “The Unequal Geographic Burden of Federal Taxation,” Journal of Political Economy,
117 (4), 635-667.

Bagger, Jesper, Francois Fontaine, Fabien Postel-Vinay, and Jean-Marc Robin (2014) “Tenure, experience,
human capital, and wages: A tractable equilibrium search model of wage dynamics,” American Economic
Review, 104 (6), 1551-1596.

Bagger, Jesper and Rasmus Lentz (2019) “An empirical model of wage dispersion with sorting,” The Review
of Economic Studies, 86 (1), 153-190.

Baum-Snow, Nathaniel and Ronni Pavan (2012) “Understanding the City Size Wage Gap,” Review of
Economic Studies, 79 (1), 88—127.

Berger, David, Kyle Herkenhoff, Andreas R Kostgl, and Simon Mongey (2024) “An anatomy of monopsony:
Search frictions, amenities, and bargaining in concentrated markets,” NBER Macroeconomics Annual, 38
(1), 1-47.

Bilal, Adrien (2023) “The Geography of Unemployment,” Quarterly Journal of Economics, 138 (3), 1507—
1576.

Bilal, Adrien, Niklas Engbom, Simon Mongey, and Giovanni L. Violante (2022) “Firm and worker dynamics
in a frictional labor market,” Econometrica, 90 (4), 1425-1462.

Bonhomme, Stéphane, Thibaut Lamadon, and Elena Manresa (2019) “A Distributional Framework for
Matched Employer Employee Data,” 87 (3), 699-739, 10.3982/ECTA15722.

Burdett, Kenneth and Dale T Mortensen (1998) “Wage differentials, employer size, and unemployment,”

International economic review, 257-273.

Cahuc, Pierre, Fabien Postel-Vinay, and Jean-Marc Robin (2006) “Wage bargaining with on-the-job search:
Theory and evidence,” Econometrica, 74 (2), 323-364.

Caldwell, Sydnee and Nikolaj Harmon (2019) “Outside Options, Bargaining, and Wages: Evidence from
Coworker Networks.”

Card, David, Ana Rute Cardoso, Joerg Heining, and Patrick Kline (2018) “Firms and labor market inequality:
Evidence and some theory,” Journal of Labor Economics, 36 (S1), S13-S70.

Card, David, Francesco Devicienti, and Agata Maida (2014) “Rent-sharing, holdup, and wages: Evidence
from matched panel data,” Review of Economic Studies, 81 (1), 84—111.

Coles, Melvyn G and Dale T Mortensen (2016) “Equilibrium labor turnover, firm growth, and unemployment,”
Econometrica, 84 (1), 347-363.

35


http://dx.doi.org/10.3982/ECTA15722

Desmet, Klaus, Ddvid Krisztidn Nagy, and Esteban Rossi-Hansberg (2018) “The geography of development,”
Journal of Political Economy, 126 (3), 903-983.

Dey, Matthew S and Christopher J Flinn (2005) “An equilibrium model of health insurance provision and

wage determination,” Econometrica, 73 (2), 571-627.

Di Addario, Sabrina, Patrick Kline, Raffaele Saggio, and Mikkel Sglvsten (2023) “It Ain’t Where You're
from, It's Where You're at: Hiring Origins, Firm Heterogeneity, and Wages,” 233 (2), 340-374,
10.1016/j.jeconom.2021.12.017.

Faberman, R Jason, Andreas I Mueller, Aysegiil Sahin, and Giorgio Topa (2017) “Job search and the gender
wage gap.”

Faberman, R. Jason, Andreas I. Mueller, Aysegiil Sahin, and Giorgio Topa (2022) “Job Search Behavior
Among the Employed and Non-Employed,” 90 (4), 1743-1779, 10.3982/ECTA18582.

Fajgelbaum, Pablo D and Cecile Gaubert (2020) “Optimal Spatial Policies, Geography, and Sorting,”
Quarterly Journal of Economics, 135 (2), 959-1036.

Flood, Sarah, Miriam King, Renae Rodgers et al. (2025) “IPUMS CPS: Version 13.0 [dataset],” 10.18128/
D030.V13.0.

Fukui, Masao and Toshihiko Mukoyama (2025) “Efficiency in Job-Ladder Models,”Technical report.

Gautier, Pieter A, Coen N Teulings, and Aico Van Vuuren (2010) “On-the-job search, mismatch and efficiency,”
The Review of Economic Studies, 77 (1), 245-272.

Hagedorn, Marcus and Iourii Manovskii (2008) “The cyclical behavior of equilibrium unemployment and

vacancies revisited,” American Economic Review, 98 (4), 1692—-1706.

Hall, Robert E and Alan B Krueger (2012) “Evidence on the Incidence of Wage Posting, Wage Bargaining,
and On-the-Job Search,” 4 (4), 56-67, 10.1257/mac.4.4.56.

Hall, Robert E and Andreas I Mueller (2018) “Wage dispersion and search behavior: The importance of
nonwage job values,” Journal of Political Economy, 126 (4), 1594-1637.

Heise, Sebastian and Tommaso Porzio (2022) “Labor misallocation across firms and regions,”Technical
report, National Bureau of Economic Research.

E3]

Hosios, Arthur J (1990) “On the efficiency of matching and related models of search and unemployment,
The Review of Economic Studies, 57 (2), 279-298.

Hsieh, Chang Tai and Enrico Moretti (2019) “Housing Constraints and Spatial Misallocation,” American

Economic Journal: Macroeconomics, 11 (2), 1-39.

Jager, Simon, Benjamin Schoefer, Samuel Young, and Josef Zweimiiller (2020) “Wages and the Value of
Nonemployment*,” 135 (4), 1905-1963, 10.1093/qgje/qjaa016.

Kaas, Leo and Philipp Kircher (2015) “Efficient firm dynamics in a frictional labor market,” American
Economic Review, 105 (10), 3030-3060.

36


http://dx.doi.org/10.1016/j.jeconom.2021.12.017
http://dx.doi.org/10.1016/j.jeconom.2021.12.017
http://dx.doi.org/10.3982/ECTA18582
http://dx.doi.org/10.18128/D030.V13.0
http://dx.doi.org/10.18128/D030.V13.0
http://dx.doi.org/10.1257/mac.4.4.56
http://dx.doi.org/10.1093/qje/qjaa016

Kline, Patrick (2024) “Firm Wage Effects,” in Handbook of Labor Economics, 5, 115-181: Elsevier,
10.1016/bs.hesfab.2024.11.005.

Kline, Patrick and Enrico Moretti (2013) “Place Based Policies with Unemployment,” American Economic
Review: Papers & Proceedings, 103 (3), 238-243.

Kline, Patrick, Neviana Petkova, Heidi Williams, and Owen Zidar (2019) “Who profits from patents? rent-
sharing at innovative firms,” The quarterly journal of economics, 134 (3), 1343-1404.

Kuhn, Moritz, Iourii Manovskii, and Xincheng Qiu (2022) “The Geography of Job Creation and Job

Destruction.”

Lachowska, Marta, Alexandre Mas, Raffaele Saggio, and Stephen A. Woodbury (2022) “Wage Posting or
Wage Bargaining? A Test Using Dual Jobholders,” 40 (S1), S469-S493, 10.1086/718321.

Lamadon, Thibaut, Jeremy Lise, Costas Meghir, and Jean-Marc Robin (2024) “Labor market matching,

wages, and amenities.”

Lamadon, Thibaut, Magne Mogstad, and Bradley Setzler (2022) “Imperfect competition, compensating
differentials, and rent sharing in the US labor market,” American Economic Review, 112 (1), 169-212.

Lentz, Rasmus, Jonas Maibom, and Espen Rasmus Moen (2022) “Competitive or Random Search?/Searching

for Directedness in Search.”

Lindenlaub, Ilse, Ryungha Oh, and Michael Peters (2024) “Spatial Firm Sorting and Local Monopsony

Power.”

Lise, Jeremy and Fabien Postel-Vinay (2020) “Multidimensional skills, sorting, and human capital accumula-
tion,” American Economic Review, 110 (8), 2328-2376.

Menzio, Guido and Shouyong Shi (2011) “Efficient search on the job and the business cycle,” Journal of
Political Economy, 119 (3), 468-510.

Oh, Ryungha (2025) “Spatial sorting of workers and firms.”

Petrongolo, Barbara and Christopher A Pissarides (2001) “Looking into the black box: A survey of the
matching function,” Journal of Economic literature, 39 (2), 390-431.

Postel-Vinay, Fabien and Jean-Marc Robin (2002) “Equilibrium wage dispersion with worker and employer
heterogeneity,” Econometrica, 70 (6), 2295-2350.

Rossi-Hansberg, Esteban, Pierre-Daniel Sarte, and Felipe Schwartzman (2019) “Cognitive Hubs and Spatial
Redistribution,” 19 (16), 1-83.

37


http://dx.doi.org/10.1016/bs.heslab.2024.11.005
http://dx.doi.org/10.1016/bs.heslab.2024.11.005
http://dx.doi.org/10.1086/718321

Appendix

A. Data

CPS. I restrict the sample to labor force participants aged 21 to 63 and exclude workers who do not earn
salaries, e.g., self-employed or unpaid family workers. I limit the analysis to spells in manufacturing,
wholesale/retail, and services. Transitions involving other sectors, such as EE flows from agriculture to
manufacturing or unemployment spells terminating in non-target sectors, are dropped. If an unemployed
individual subsequently reports employment in a non-target sector within the four-month CPS window, I
exclude that observation from the analysis. I prepare wage data by first dropping the top and bottom 5% of
outliers and residualizing log wages on year, age, gender, race, and education. I then construct ten wage-based
groups. Combined with three sectors, this yields 30 job types and an unemployment state. In Section 5, I
construct five wage-based groups, yielding 15 job types.

The CPS rotates respondents over four consecutive months, followed by an eight-month gap, then
reinterviews for four months, corresponding to the basic monthly CPS. Wage data (usual weekly earnings)
are reported only during the fourth and eighth interviews, corresponding to the outgoing rotation groups.
Since the analysis requires detailed MSA-sector-wage group statistics, I pool data from 2013 to 2018 to
ensure sufficient sample size. I compute employment shares, average wages, and job-finding probabilities
at the MSA-sector-wage group level. The latter is constructed by combining sectoral transition rates from
the basic monthly CPS with relative transition probabilities across wage groups from the outgoing rotation
sample. For job-finding probabilities across wage groups, I pool the outgoing ration sample from 2001
onward to mitigate potential small-sample bias. To construct job-to-job transitions, I first compute the overall
MSA-level E2E rate. Job-to-job transitions across wage groups cannot be directly computed because the
CPS does not contain consistent wage information across consecutive months. To address this limitation, I
use the NLSY, which I convert into a pseudo—monthly panel by selecting observations from the first week
of each month. Specifically, I scale the national E2E rates across to account for differences in employment
shares across MSAs, ensuring consistency with the aggregate matching technology and matching the overall

MSA-level E2E rate. Similarly, since the CPS does not allow identification of separation rates by wage group,
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I estimate MSA-sector—level separations from CPS and apply relative within-sector separation rates across

wage groups derived from the NLSY. Finally, each MSA is scaled by the size of its labor force.

NLSY. I focus on male respondents, as female labor market behavior differs substantially for this cohort,
with notably lower labor force participation rates. I primarily follow the data-cleaning procedures of Lise
and Postel-Vinay (2020), organizing the data into a weekly panel. As in the CPS, I focus on observations in
manufacturing, wholesale/retail, services, or unemployment. To align with the infinite-horizon framework
of the model, sample exits, presumably driven by retirement, are coded as transitions into unemployment.
Before grouping jobs based on wages, I drop the top and bottom 1% outliers and then residualize wages on
gender, race, education, month, the interaction of year and education, the interaction of race and year. I group
jobs into wage deciles based on these residualized wages, which yields 30 job types and an unemployment

state. For regional analysis in Section 5, I divide jobs into wage quintiles.

B. Generalized Model

When an unemployed worker meets a vacancy of type j, the pair draws a match-specific idiosyncratic shock

!

€. The worker derives flow utility g7 - &, while the firm derives flow utility g; - &, where

gf =B (rts)). gf =1 =B)(r+s;+ ),

and f] denotes the rate at which workers in type-j jobs move to other jobs. I conjecture that this rate does
not depend on &, and verify this later in Lemma A.1.

If the match is formed, the worker’s value is E;(¢) and the firm’s value is Jj;(¢). Nash bargaining
implies

Eji(e) — U/ = BSji(e) and J;i(e) = (1 - B)Si(e),

where Sj;(e) = Eji(e) + Jji(e) — Uf(j) is the joint match surplus. A match is formed if and only if
Sji(g) > 0.

Consider on-the-job search where a worker evaluates offers from two job types, j and k, with match-
specific idiosyncratic shocks &; and gy, respectively, where one firm is the current employer and the other

provides a new offer.
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Without loss of generality, suppose that Sj;(¢;) > Sk/(ex). Let w € [0, 1] denote the degree of offer
matching, which determines how the value of the outside option enters the bargaining outcome.

If the worker forms a match with firm j, her value relative to unemployment is
_ AN 740 ) (e
Eji(er.85) —Up " = wSu(er) + B(S)i(e)) — wSki(ex)),

while firm j obtains

Jiji(er.e5) = (1= B)(Sji(e)) — wSki(x)).

Alternatively, if the worker were to choose firm k, the hypothetical continuation values would be

Ein(ejner) — U™ = BSia(er) + w(1 — B)Ske(er),

Tiki (7. 6) = (1 = B)Ski(e) — w(1 — B) Sk ().
Since Sj;(g;) > Sk¢(&k), these allocations are never observed in equilibrium.

In this setup, the value functions for the worker and the firm can be expressed as:
rUC =60+ > fuBs[(Eji(8) — U+ Uf
JjeT

rEj(e) = wji(e) + 89 & +5;(UY) — Eji(e))

(Ejke(&,6 + &) — Eji(&)) - Lsy (o4 8)>S;(e) .
+ Z fjkt Ez ‘ ! + Ejt(g)

kegtl) +(Exji(e + &) — Eji(e)) - Ly, (e+8)<Sji(2)

rlj(e) = A —wii(e) + gl & — s;Jji(e)

—Jjt(&) - Ly, (e/)>5:(e)

+ Y fiuEe +Jj(e)

kegtw +(kje(e +&,8) = Jji(€)) - Lsy, (e 6/)<Spu ()

PV = —Pi+quBal(J ()1 + D quji Baoliji(8 8 + &) - Ly, (s0)<Sy0 (x+-8))
kegt\)

(A.1)

o
rEji(g',e) = wiji(e,6) + 8¢ - e + 5, (U; U _ Erji(€.€))
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(Eji(e, &6+ &) — Erji(&'.€)) - L, (s48)>5,(e) .
+ Z fiit Eg ! + Exji(€, 8)

e +(Eiji(e + &,8) — Exji(€',€)) - Lg,, (e48)<Sje (&)

rdiji(e,e) = A;j —wiji (€, 8) —I—g{ e — sl (€ €)

_kat(g/,g) : ]ISi,(g+§)>S't(8) y
+ Z Jiit Eg ’ + Jiji(€€)
) +(Jiji (& + &.8) = Jiji (&', €)) - Ls,, (e4+8)<5;0 (o)

Thus, the joint surplus satisfies

rSji(e) == r(Exji(e' €) — ULV 4 Jiju(e'€)) = r(Eji(e) — ULV + T (e))
=A;—b Y )Jrgj e—5;Sj(g)

+ Z Sike Eg [{(a) —1)Sji(e) + B(Ske(e + &) — wSji(€))} - Ly, (e48)>5:(e)
ke gt

B Y fuEs[(Sk (@) +S)i(e),

ke gt

f

where g; = g% + g7, and the free-entry condition can be rewritten as

1-5

C}(Vjt) = pr |41t E&[(S;:(£))"] + Z qrjt Ba e [(Sji(er + &) — 0Ski (k) Ly, (81)<S)0 (s1+8)]

kegtl)

B.1 Special Case: the Steady-State Decentralized Equilibrium

The model nests the decentralized economy by setting w = 0. Together with the steady-state assumption, the

previous equations simplify to

rU"=b"+B ) fiEs[(E; () - U)T)

JET!
rEj(e) = wi(e) + g} o+, (UfY —Eje)) + Y fixBe |(Exlz+8) — Ex(e))*]
kegtl)
rJj(e) =A; —wj(e )+gj g—s;J Z fixrEs [ )']lSk(s+é)>Sj(a):|
kegt\)

= Aj —wje) +gl(e) — (s; + fr.(e))J;(e)
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rSi(e) = A; —b()+81 & —s;S;(e)

+ Y Sk [{BSk(E+8) = SieN}  Ls (a0 —B D i Eel(Sk(@)]

kegtl) ke gtw)

=A; = bVt gi-e— (57 + f1.(2))S(e)

B Y fkBe [Ske+8) Iserapsio)| —B Y SeEal(Sk(@)]

kegtl) kegeW)

C;‘(Vj) =(1-p8)|qy Es Z qrj Eeé, exl Sj(ex + &) ]]'Sk(b‘k)<s_,'(8k+§)] )
keJgtl)

where f,.(g) = S reqen fik Pra (Sk(e + &) > S;(¢)).

Under equation (5), we can prove the following result:

Lemma A.1. The wage w j (&) and the rate f;.(g) are independent of , (hence, I omit the argument and write

them simply as w ; and f] ) and the value functions are additively separable in the realization of idiosyncratic

shocks,
Ei(e)=E;j+Be, Ji(e)=J;j+ (1 -p)e, and Sj(e) =S, +¢,
where
wi=Aj—(1=B)r+s;+ f.)S;, (A2)
Z fixPra Sk +&>8;),
kegtl)
U'=b"+ Y fiEs[(E;+ps —U)T]
jegt
rEj=wi+ ;U —E)+ S fuBe |(Ec+ e - E))'
kegtl)
rJi=A; (sj—i—fj)
rSjIAj—b[(j)—SjSﬂ- > fixEs [{ﬁ(sk+é)_sj}'15k+é>sj}_B > fEs[(Sc+8)7].
kegtl) kegtl)

(A3)
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Finally, the free-entry condition can be rewritten as

-8
PR

C}(Vj): q;Es(S; +&)" Z qkjBae [(Sj + ek +€) - Lseesi+a] |- (A4)

kegtl)

B.2 Social Planner Problem

This section derives the optimality conditions for the social planner’s problem in the extended model with
idiosyncratic shocks. The planner maximizes the discounted sum of aggregate output and the flow utilities
obtained by workers and firms from idiosyncratic match-specific shocks. Formally, the planner solves:

max / e’ Z M (g)- (A —bg()+(g}-v+gf)-s)dt
0

{Vjt}jeg.>0

JjET, &
s.t. th( ) = —s;Mj:(e Z aJijl'yt Isz "M (&) Prg (Skt(8+‘§) > S-/t(g))
keJgtu)
Iy
S agM' ZMkt V(e = &) sy, (0550 (e')
keJtW
1
tay | LY = N My | Vi fe(e) - 1y, (o500
iegtw
D eiVi) =3 e (ViF)
JjeT JjeT

where M, = Zth(s), &~ fel-).

To solve this problem, we set up the current-value Hamiltonian and derive the associated first-order

conditions.

rSji(e) = A; — bV + (g7 + g{) &= 5Sji (&)

— >y =MV (/) Pra(Su (' + &) > 8,(£))

ke gt g’

> apM VS (8) Pra(Su (e + 8) > Sji(e))
kegtl)
2 1—

+ D - DM UZMﬁ )Y fel€)Skile +&") - Lsy, (o 6m)m550(e)

ke gt e’

1 l

+ Z a]an UZfs Skt 8+8)]]-Sk (e+&")>Sji ()

ke gt
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-n Z fkths )Ske(e 11s,‘,( )0+Sjt(8)

kegtl) &’

— 4= 0" 4+ (g7 + gl) -6 = 5,8,0(e)

—(1=n) > fixrBae, [(Skileje +&) = Sji(e0) ]

kegt\)
+ Y [k Eel(Sk(e+8) - Sii(e)"]
ke gt
-1 Y fuBasl(Su(8) ]+ S)i(e),
kegtlU)
(Vi) o< g B&[(Sie(E) 1+ Y arje Beey [(Sje(sre + &) — Swlene)) .

kegtl\)

where g, is drawn from the distribution of idiosyncratic shocks among workers employed in type-k jobs at

time ¢.

C. Limit Case withnp — 1

C.1 Without job-to-job transitions

Suppose that job-to-job transitions are not possible and s; = s for all j € J. Then, equations (1") and (3")

become

RS; = A;j =B c st fiSks (A.5)

SP _ 4 F oS
RSj :Aj—nzkejfj kakP,
where R = r + s and A i=Aj— b%i. This can be solved in terms of A’s as in the following lemma:

Lemma A.2. S; and Sf-P are given by

ﬂ Zkejfl kak

RS; =A; —
R +ﬁ2k€jfj fk
. N> e 70 JAk
SP keJ'J

R+nzk€jt’,~ fk
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Proof. We first multiply both sides of (A.5) by fj
Rf;S; = fiA; = Bfi Y fiS.
keJ'i
Next, summing over all j gives:
RY . fiSk=Y_ fihk =B fi- Y fuSk.
keJgt keTgt kegt keJt

Rearranging the term, we can isolate ) _, c 7¢ fiSk:

>SSk = > fiAx.

keJt R_'_BZkG]()fk keJt

Finally, substituting this result back into the original equation yields:

kS, — 4, P Tkegy i
/ / R+ﬁ2kej€j‘fk.

Similarly, by following the same steps and replacing S with 77, we obtain the expression for S ?P . O

Sest Ji(A—b")

. Thy
Zkejf fk en,

Define f¢ = D ket fr,and (A = b)¢ =
S;=S(B.R, f,A;,(A=D)Y) and S =S(n, R, f,A;, (A=D)Y),

where

S(k, R, f, A, (A=b)") = 1(““ W) _1RAt k(A (A-D))

R R+« ft R R+« ft

Holding fixed R, f¢, A, we can show that the mapping (x, (Tgb){)) — S(k, R, f¢, A, (A=D)!), is log-
(A—b) _(A-b)"
A —bC " Ay — b7

submodular. This means that, if we have

SR [ A5, (A—b)) _ S(B.R.[*A;, ( b)")
SR, f*, Ay, (A=D)") ~ S(B.R. f*, Ay,
or equivalently,
SP
Si . Si
S§/P S

(A.6)
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¢ y&tl
=il

Under the constant-elasticity assumption, vacancy creation cost functions are of the form ¢ ;(V;) =
Thus, we have

&+1 £;
CjVJ‘ o<ajUJSj,

implying
1
VP SSNT s\
J J J J\°
= and = . A7
Vit (S?fp Z <ij> (AP
SP oy
Combining (A.6) and (A.7), we immediately have i V;ﬁ

J
(A-b) _(A-b)"
A;j—bt Ay —b”
submodular. This means that, if fY < ff,, we have

Similarly, when = 1, the mapping (x, f"}) — S(k, R, fN‘}, A, (A — b)), is log-

SR, ", A (A=b)) _ SBR[ A;(A=D))
S, R f*', Ay, (A=D)") ~ S(B.R. f*', Ajr, (A=B)"")
ySP .
This again leads to V]SP > —L_ This proves Proposition 2.
J’ 7

C.2 With job-to-job transitions

Assume that @ > 0 only for (j, k) = (1,3) and B = . Write

RSi(w) = A1 + fis(n(S3(w) — S1(@)) = (1 = n)(1 — @)S1(@)) = n(fiS1(w) + frS2(w) + f353(w))
RS2(w) = Ay = n(fiS1(w) + f2S2(w) + f353(w))
RS3(w) = A3 = n(fiS1(w) + S2(w) + f353(w))

caVi(w)¢ o a1 US| (w)

cVa(w)é ! o apUSH (w)

c3V3(w)¢ T o< a3US3(w) + a3 M (S3(w) — wS(w)).

Then, the decentralized equilibrium is characterized by S; = S;(0) and V; = V;(0) for j = 1,2, 3, and the

socially optimal allocation is characterized by S?P = S;(1) and VJ-SP =V;(1) for j = 1,2,3. Consider an
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infinitesimal increase in w, dw, then

dV1 (w) N dS] (w)

M) T s T
dVa(w dS2(w
1+0%) = S
(1+¢) d‘?((ww)) =(1-n(w))- ds?((ww)) +n(w) - dgi)}((j))__;;l((ww))) +Q,
for some constant €2, where 7(w) = - US;ZB;T&‘T;I(V‘I‘;)(;‘("Q‘Y)‘)E‘“}SI (o))~ We have
R+ fs(1=n)(I —w)+n(fi+fiz) nfr nlBs-fis) || Si(w) A
nfi nf+R nf3 S(w) | = | A2 |
n/fi nh nfs+R |\ S3w) As
=Y (w)
which can be inverted to be solved for the surplus:
Si(w) X X X || A
1 .
Sa(w) | = detY(w) | X2t X2 Xo3 [ | A2 |
S3(w) X31 X X33 |\ Az
=X(w)
where X (w) is the transpose of the matrix of cofactors of ¥ (w):
nR(f2 + f3) + R? —nf2(R+ 1f13) n(Rfis = Rfs + nfis fo)
x—|  -nki (R(R R L f”) (R + nfis) + s + S — (1 — @) |
RS, —nfa(R+ nfis + fis(1 = m)(1 - w)) <R(f(; FAAVAR L v f2>
Thus,

dV] (w) de (w) sgn dS] (w) _ dSz(a))

Vilw) V(@) Si(@)  S(w)
YR+ nf3)Ar — nfiAs,
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which is positive by the following lemma:

Lemma A3. If S, > 0, then We have (R + 1f3)As > 1 f3As.

Proof. We have

(R+nf3)A2 > (R+nf3)n(f151(0) + £25:(0) + £353(0))
> nf3(RS3(0) +1(f151(0) + £252(0) + £353(0)))

= nf3As.

The first inequality follows from S,(0) = S, > 0, and the second inequality is obtained by expanding and

comparing the terms. O

Therefore, we have 418! fi‘”w)/ Va(@)) 5 0. Integrating this from w = 0 to w = 1, we obtain

=

v Vi) i) _vi

VST W) T Va(0) W,

We also have

dVa(w) B dVs(w) sgn dS>(w) ~ (1 - n(w)) - dSs(w) ~ n(w) - d(S3(w) — wS(w))
Va(w) V3(w) SH(w) S3(w) S3(w) — wS(w)
_dS(w) dSs(w) S3(w) dS3(w)
= o) T ey T S - e (@) Si(@)
wS1(w) dSi(w)  dw
O ) — wsi() ( Siw) w>

Asn — 1, we have dS j(w) — 0; hence, the effect of dw dominates, and this value is positive. Accordingly,

by the same line of reasoning as before, we can show that:

st W

> .
VP T Vs
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D. Computation

D.1 Equilibrium Conditions under the Distributional Assumption

In this section, we impose the distributional assumption that
& ~ Logistic(0, v)

whose cumulative distribution function is given by Pr(& < x) = or equivalently,

1
1+e—x/v B

where p, uj g Gumbel (0, v), whose cumulative distribution function is given by Pr(u < x) = exp(—e*/").

Under this assumption, the following results can be derived

e%skt
Tike = Pra(Ske +€>Sj’):7ls g =1—mjs,
evokt | gy ol
e%Sjt
l b
evSit 41

Ez [(Skt +é- Sjt)+] = vlog(e%(skt—sjr) + 1>’

Myjt = Prg(Sjt +é&> 0) =

1 1
~ lg. lg.
Egle - 15y, 4855, = V10g<ev Ko ev f’) — TjkeSke — Tk jeS i
Proof.

Es (St +&—Sj0) "] = E[(Ser + px — Sjr — j) 7] = E [max{Si + e, Sje + 1} — (Sje + ;)]
~ 1 _gq.
Bl 1,4 505,] = ylog(ey(skt Sie) 4 1) — Tke - (Ske — 1)
= vlog(e%S"” + e%Sf‘> — TjkeSke — TkjrSr- O

Using these results, the equilibrium conditions (A.3)—(A.4) simplify to

. 1 _g.
rSji=A;=b9 =S+ Y fik (ﬁv10g<ev(s"’ Si) + 1) -1 —B)Sjt”jkt)
keTi
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-B Y. fktV10g<e%Skt+l) + 81,

kegli
wir=A; — (1= B)(r+s;+ f11)S; + (1= B)Sjq,

1

. lg.
(Vi) = (1 - B) CIjtVIOg<€"S"' + 1) + D Clkjt{(Egk, [eke] + Ske) - 7icj + leg(ev(S“ Sia) 4 1)}
kegti

Substituting the second equation into the first, we obtain

(r+s;)Sj :ﬁfl(wj, — by + Z fjk,vlog(e%(s’“*s-”) + 1) — Z fk,vlog<e%sk’ + 1) + S‘jt.
ket keg'i

We can characterize the dynamics of M; and &;; = E¢,, [g)4]:

£ = ~ ~
Mj,t+dt = Utjf,'t dr + (1 - (SJ + .fjt) dt)th + Zkejé’j fkjt dtht’

_ i ~ _ X _ ~ _ _
Mj,t+dt “Ejt4dr = Utjfjt dr - Eujt + (1 — (Sj + f]z) dt)th *Ejt + ZkEJ[f fka dtht . (8kz + Skj,),
where

Eujt = E[8S; +&>0] = (v 1og(e%5-f' 4 1) _ nuj,sj,>/nuj,

_ _ 1g. 1
Ekjt = E[E]Sj + € > Sie] = (v log(evs-” + evSk’> — M jeSjr — ﬂ‘ik,Sk,>/7rkj,.

Steady State. Steady state requires

0=U"f — (s;+ fj.)M; + Dkesl fijMi

0=UY figu; — (sj + [1)Mi&; + it fuiMi - (8x + &)

E. Additional Figures
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Figure A.1. Targeted Moments

Data source: CPS, NLSY. I use the CPS (2013-2018) to compute separation and job-finding moments at
the sector—-MSA level. To obtain within—sector-MSA heterogeneity, I supplement these estimates with
the NLSY for relative separation rates and with the pooled CPS (2001-2018) for relative job-finding
rates across jobs.
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