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Abstract

We develop a dynamic general equilibrium trade model in which the economy is a collection of
spatially separated competitive markets and agents (workers/consumers) choose optimally where
to locate and seeking for a job. Agents are heterogeneous based on (i) their pre-determined choice
of a region, sector and occupation and, also, on (ii) a non-insurable risk of aging, that implies
a lower option value when changing region and job characteristics.

By solving for the resulting dynamic spatial quantitative model with labor mobility under
uncertainty we show that rational households behave differently compared to a setting with
perfect foresight (e.g. Caliendo et al., 2019). In particular, adjustment to shocks slows down,
with more people being stuck in poorer regions and higher inequality across regions and sectors
in the long run. Furthermore, greater volatility in the productivity of a job (holding constant
the mean) results in a strong decline in the attractiveness of those jobs. Using detailed admin-
istrative French data, we quantify the productivity-loss-equivalent of a rise in uncertainty and
we document that the impact on the individual lifetime welfare of an increase in uncertainty is

comparable to the one of a medium-large negative productivity shock.

JEL Codes: F12, F16
Keywords: Trade and Labor, Economic geography.

*Acknowledgments: This paper is based on data from Eurostat (ERFT 2011-2017). The responsibility for all
conclusions drawn from the data lies entirely with the authors.

YETH Zurich, CEPR, CESifo, GEP, WIFO, Address: ETH Zurich, KOF, LEE G101, Leonhardstrasse 21, 8092
Zurich, Switzerland; E-mail: egger@kof.ethz.ch

{Corresponding author. Heinrich-Heine-University Diisseldorf, Diisseldorf Institute for Competition Economics
(DICE), CESifo, Address: Universitatsstr. 1, 40225 Diisseldorf, Germany; Email: erhardt@dice.hhu.de;

SETH Zurich, CAREFIN Bocconi University, Address: ETH Zurich, KOF, LEE G101, Leonhardstrasse 21, 8092
Zurich, Switzerland; E-mail: suverato@kof.ethz.ch.



1 Introduction

A long-standing and large body of research shows that the reallocation of workers and consumers in
space is a driver of welfare gains. But recently and strongly a concern emerged that an increasing
number of people fail to benefit from the opportunities offered by a spatially more integrated world.
This concern is nourished by the growing fraction of the population which supports protectionist an
nationalistic political sentiments in elections. The same people tend to be trapped in bad locations
and low-paid jobs and view globalization at large (including the mobility of workers and consumers)
as a source of risk rather than one of good opportunities.!

Both technological change and increased openness at large create incentives of reallocation be-
tween jobs and spatial units. The faster technology and openness change, the stronger the incentives
to reallocate (to leave jobs and places becoming increasingly worse in relative terms). However,
theories of international trade and economic geography provide rationales why the reallocation of
factor owners and consumers may be imperfect. Key obstacles to such reallocation are related to
technology (in the sense that factor owners may have, e.g., nontransferable job- or sector-specific
abilities) or to finite moving costs between jobs or locations (associated with training costs or mov-
ing expenses) or preferences and tastes (related to both jobs and locations through amenities).?

However, there is a striking gap between the magnitude of measured changes in technology,
trade costs and also moving costs, and the slow mobility of people between jobs and locations.?
Hence, there is a lacuna in our understanding reasons for inertia in multi-type and multi-location
employment and residence data.

The reason beyond the standard obstacles to mobility that we focus on in this paper is un-
certainty. People — workers as well as consumers — tend to be risk-averse and when prompted to
change jobs and locations they are exposed to compare future uncertain returns to job with the
value of their current residence and occupational status. On these premises, there is a component
of inaction nested in choices made by rational and forward-looking people. Moreover, this source
of inertia is associated with welfare losses rooted in the fact that economic agents “get old” in a
broad sense. The latter means that people literally age, which involves a change in their opportu-
nity costs, a shortening of the time horizon, a weakening of their employment capabilities as their
knowledge depreciates. This process of aging entails a risk which agents cannot insure against.

To understand and quantify how global uncertainty (i.e. the component of aggregate uncertainty

See Colantone et al. (2021) for a recent survey of the literature on the backlash against globalization.

Artuc et al. (2010) document the slow labor market adjustment in response to trade liberalization, estimating large
and heterogeneous moving costs of switching sectors. The consequence is a sharp movement of wages in local labor
markets, segmented by regional, sectoral and occupational characteristics. Along these lines Caliendo et al. (2019)
document the short-run response of US local labor markets to import competition from China. Furthermore, the
effects of an imperfect reallocation on local labor markets remain strong in the long run, as explained in general
equilibrium analysis and documented by Moretti (2011).

See Bilal and Rossi-Hansberg (2021) for a critique of the limits of traditional theories addressing the causes and
consequences of an imperfect reallocation.



channeled through movements of goods and people across regions) affects the evolution of the spatial
distribution of people and economic activity, we develop a dynamic stochastic general equilibrium
open economy model with interregional and intersectoral movements of goods and people, who also
might choose at any period to change occupation or enter voluntary unemployment. Within each
period, the economy works as an Eaton-Kortum production equilibrium augmented with labor
mobility frictions. The specific feature of our framework relies on the inter-temporal allocation
of labor: Worker-consumer agents make decisions on jobs and locations under uncertainty about
technology and trade policy changes happening worldwide, being aware of their expected lifetime.

As time marches on, the value of reallocation deteriorates since both the cost of changing
increases and the remaining lifetime is reduced. By considering rational, aging, forward-looking,
and risk-averse households in a dynamic stochastic general equilibrium model with realistic spatial
linkages due to the moving costs of both goods and people, our theory provides a rich understanding
of the way in which uncertainty impacts reallocation in the spatial economy, that we illustrate in
a stylized simulation exercise.

Rational households behave differently in a setting with uncertainty compared to a setting with
perfect foresight. In particular, adjustment to shocks slows down and a different long run spatial
distribution of labor will result in more people being stuck in bad region and in higher inequality
across regions and sectors. Adding volatility to the expected productivity of a given job results in a
strong decline in the attractiveness of those jobs. We organize these patterns in four main results.
(i) In terms of measurement of fundamentals, when ignoring existing uncertainty about future
outcomes with risk-averse agents, one would inflate the role of preferences or mobility costs in
order to explain residence and employment patterns in the data.

(#i) Accounting for uncertainty our model leads to a greater degree of inertia in reallocation patterns
than a model without uncertainty, at given fundamentals. We show that with an increased incentive
to reallocate, uncertainty is responsible for a larger number of losers, lower welfare gains (bigger
welfare losses), and greater degree of dispersion in the fate of households across jobs and locations.
(ii1) As uncertainty mitigates reallocation in the transition phase after aggregate shocks, it reduces
the extent to which worker-consumer households escape bad jobs and locations and move to good
or at least better ones.

(iv) In the long-run, uncertainty raises the duration of lifetime which rational households spend in
relatively bad locations and jobs, thereby reducing lifetime earnings.*

We bring the model to the data on the French population considering 4 lifetime spans, 2
occupational categories, 49 sectors, 22 regions of residence within France, with spatial linkages plus

a rest of the world. The (preliminary) results from the quantification of our model deliver the

The latter demonstrates that fewer people end up in good jobs and places and more end up in bad jobs and places
than this would be the case in a model with perfect foresight. Hence, uncertainty is a source of inertia, that generates
a misallocation of individuals relative to a world with perfect foresight in response to shocks. Specifically, uncertainty
generates less reallocation as a level effect, and it leads to a more sluggish adjustment to the long-run equilibrium
than this would be the case in a dynamic model with perfectly-foresighted individuals.



message that the impact on the individual lifetime welfare of an increase in uncertainty, measured
as a change in the volatility of total factor productivity holding the expected value constant, has a
magnitude that is comparable to a medium-large negative productivity shock.

Our model builds on the central idea in Artuc et al. (2010): Labor market flows can be explained
by aggregating the Euler equations of individual location problems, where each worker faces id-
iosyncratic shocks about the option value of being in a certain job in the future. We further develop
this approach in two directions. First, in our theory locations are linked not only through peoples’
mobility but also goods transactions. This is a fundamental mechanism to address global uncer-
tainty, since the wage and price dynamics are channeled by spatial linkages. Second, we consider
uncertainty about future outcomes of an aging population, meaning that agents take into account
not only that moving cost change with age, but also, that after adulthood there is death. This
second feature implies that agents value the opportunity of changing jobs and locations differently
as their lifetime horizon becomes shorter.®

Investigating the role of global uncertainty in shaping the spatial economy has required advanc-
ing the typical tools for solving quantitative trade and regional models. The popularity of those
frameworks stems from the fact that they can be portrayed in what has been dubbed the hat nota-
tion introduced by Dekle et al. (2008), where small changes in equilibrium outcomes between two
periods can be specified as a function of outset observable outcomes and contemporaneous changes
in fundamentals only.® But the latter convenient property is lost when uncertainty of risk-averse
agents about the future needs to be taken into account. Thus, our solution strategy couldn’t rely
on the hat algebra approach.”

Instead, we write the inter-temporal equilibrium of the model as a system of two difference
equations: a backward Bellman equation describing the dynamic optimal control problem; and a
forward Kolmogorov equation describing the evolution of the labor force distribution as implied by
aggregation of individual policies. This shows that the equilibrium of the model can be described
as a mean field game, and we build on finite difference solution methods for this class of problems
based recently developed in the macroeconomic literature on heterogeneous agents; see Ahn et al.
(2018) and Achdou et al. (2021). In doing so, we extend the existing macroeconomic applications

to account for spatial dependence in the state space.

This is not the same argument than claiming that workers are of different types, which is indeed accounted for in
Artuc et al. (2010). In fact, aging introduces a source of non-insurable risk which is independent on workers’ type.
This is important conceptually, because it allows to explain why rational agents might find themselves trapped in
bad outcomes as time goes by. But it is also important for quantification purposes, otherwise, the estimates of
contemporaneous certain switching costs are inflated to capture the inaction due to uncertainty on future outcomes.
The distinctive feature of this approach is that it does not require a solution of the model in levels. This is a
considerable advantage, as the needs of parameter estimation in spatial models grow with curse of dimensionality.
However, this advantage comes at the cost of high dependence on functional forms and constrains the validity of
counterfactual exercises to within-country over-time comparisons.

Moreover, the typical challenge posed by keeping track of goods transactions with bilateral spatial linkages is further
amplified by the introduction of labor mobility, with agents that are faced with a large menu of options regarding
their employment and residence choices.



The paper relates to two strands of earlier work. First, we build on the modern quantita-
tive, multi-country, multi-sector general-equilibrium literature in trade and regional economics,
which started out with Ricardian models (see, e.g., Eaton and Kortum, 2002; Dekle et al., 2007;
Alvarez and Lucas, 2007; Caliendo and Parro, 2015) and it is developing to include commuting,
migration and a deeper understanding of spatial linkages (see, e.g. Monte et al., 2018; Adao et al.,
2020). Despite their usefulness for counterfactual analysis, these frameworks are static, thus, they
are not suited for addressing the dynamics intrinsically rooted in job and location decisions under
uncertainty. To accomplish this goal while preserving the richness of the aforementioned quantita-
tive models, we design a multi-region, multi-sector, multi-occupation Ricardian trade model in a
dynamic programming setup.

Thus, within the quantitative trade and regional literature, our paper directly speaks to a recent
line of research accounting for dynamic adjustments (see Desmet et al., 2018; Caliendo et al., 2019;
Allen and Donaldson, 2020; Bilal and Rossi-Hansberg, 2021). However, existing works in this field
are not designed to explain how global uncertainty affects the spatial distribution of people and
economic activity.® To answer this research question, in our model agents make rational forward-
looking decisions under uncertainty about the future degree of openness and economic conditions
in spatially linked regions.

The second stream of research that we contribute to is the quantitative structural literature
on labor market adjustments following trade shocks (see Artuc et al., 2010; Dix-Carneiro, 2014;
Dix-Carneiro and Kovak, 2017; Dix-Carneiro et al., 2021 and the review on local labor market ad-
justment by Moretti, 2011). Also in this field, existing frameworks are based on agents with perfect
foresight on aggregate shocks.” An exception is the work by Artuc et al. (2010), which develops a
rational expectations model of dynamic labor adjustment following trade liberalizations.'°

The remainder of the paper is organized as follows. In the next section we model the inter-
temporal allocation of labor among jobs (i.e. region, sector and occupation) as a system of individual
dynamic optimal control problems augmented with a law of motion for the distribution of labor
force. In the third section we describe the within-period equilibrium of the competitive multi-
country multi-sector economy, given the pre-determined allocation of labor. In the fourth section
we discuss the numerical solution of the model, featuring discrete time and discrete state space,
and conduct a structural estimation of the model’s parameters. Section five outlines the results

from simulation and quantification. Section six concludes.

In Desmet et al. (2018) location choices do not depend on future economic conditions; in Caliendo et al. (2019) agents

are assumed to be perfectly foresighted; in Allen and Donaldson (2020) the driving force of reallocation (together

with technology) is the accumulation of amenities; and in Bilal and Rossi-Hansberg (2021) agents’ location decisions
respond to income shocks which are not channeled through spatial linkages.

9 The contributions Dix-Carneiro (2014), Dix-Carneiro and Kovak (2017) and Dix-Carneiro et al., 2021 carefully model
switching costs, sector and occupation specific human capital, local amenities and search frictions in labor market,
but agents face (at most) uncertainty about idiosyncratic shocks only.

19 However, Artuc et al. (2010) simulate the perfect-foresight path of adjustment following the liberalization announce-

ment. Thus, that work does not offer a quantification of the importance of uncertainty under rational expectations.



2 Inter-temporal allocation of labor

In this section we describe a dynamic general equilibrium model with spatially segmented markets,
both for products and labor. We build along the lines of Caliendo et al. (2019) to characterize the
spatial equilibrium and we follow Artuc et al. (2010) to model how households of different type
make forward looking decisions on their job. We extend these previous frameworks to allow for

households facing aggregate uncertainty under rational expectations.

2.1 Endowments, market structure and lifetime age spells

We consider a world economy with regions r = 1,..., R. In each region a large number of perfectly
competitive firms produce goods that are horizontally differentiated by region of origin and sector
s =1,...,.5. Firms located in region r producing in sector s demand labor located in the same region
and differentiated by occupation k = 1,2, ..., K. The triplet of region, sector and occupation defines
a job j = {r,s,k}. Every job is filled by one and only one household. Following Caliendo et al.
(2019), we denote sector s = 0 in each region as the status of unemployment. Unemployed house-
holds enjoy a value of home production and they are not distinguished by sector or occupation.
Thus, the number of job types in the economy is given by J = R x S x K + R.

Time is discrete and denoted by ¢t = 0,1,2,... for an infinite time horizon. Within every
period t, competitive output and labor markets open: goods are traded at their marginal cost in
region-segmented output markets, and jobs are allocated at the value of their marginal product in
job-segmented labor markets. Between time periods, households reallocate optimally across jobs;
as we will describe below. The measure of households in each job at the beginning of a period ¢ + 1
is a predetermined outcome of the choice made by households before the end of period t about
which region, sector and occupation locate into in the next period.

Every household goes through four age spells a = {b,y,0,d} during her lifetime. A new born
a = b from households currently in a certain job does not consume or supply labor, but prepares
herself to start next period as a young household a = y that will supply labor in a certain job.
With probability AY € (0,1) a young household becomes old a = o at the beginning of the next
period. Both young and old households supply labor in the job in which they start the period,
they consume by purchasing goods in the same region where their job is located (i.e. there is no
commuting). By the end of each period both young and old households make a decision on the job
they will start with in the next period. However, old households face a probability A° € (0,1) to
die a = d and drop out of the population at zero value. Therefore, older households have a shorter

expected lifetime than young households.!!

"' New born do not account for consumption (implicitly counted in the one of their household) and by construction
there is no consumption from those who die.



2.2 Benefits and costs from reallocating across jobs

Households enjoy two sources of value: utility from consumption of goods in the current period ¢
and satisfaction from the job that they will start with in the next period t + 1. Preferences across
consumption bundles are the same for every household. Instead, households are heterogeneous
in their individual satisfaction from being in a certain region, employed in a certain sector and
occupation. Households’ objective is to maximize the sum of utility from consumption and job
satisfaction over their lifetime.

Heterogeneity about job satisfaction captures in a reduced form not-modeled characteristics
that make a difference independently on earnings, and indeed on consumption granted by a job. To
model heterogeneity with respect job satisfaction, we assume that every period households draw
i.i.d. realizations of taste shocks for every job, independently from other households or from other
characteristics of the economy.

Idiosyncratic tastes are confronted with costs for changing job that vary by age, job of origin,
job of destination and time. Households of age a = {b,y,0} face a cost (}’ 7' > 0 of changing from
the current job j at time t to a future job j’ at time ¢ + 1. Moving costs are measured in terms of
utility loss. This implies that the net benefit for a household A of moving from a job j at time ¢
to a job i at time ¢ + 1 is given by (g}, , — apty (sfm — ¢7), hence it consists of an idiosyncratic
taste and a moving cost that is common to all households with the same age moving between the
same jobs.

The distribution of taste shocks, with c¢.d.f. F(¢) and p.d.f. f(e), is invariant to time, household
or job characteristics such that Efli ~ F(e). Instead, moving costs evolve over time following a

. . . Q
multivariate stochastic process (;

LN ij g (¢) that combines variation along the dimensions of age
and job pairs (i.e. age, region, sector and occupation).!? Frictions captured in the moving costs
are exogenous to the model, but with respect to the dimension of age we impose a restriction. In
our interpretation, aging goes beyond the meaning of “getting old”. It also embraces becoming less
mobile across regions (e.g. because of family linkages) and facing higher costs when switching sector
and occupation (e.g. because competences in the labor market are evolving while education stopped
at a young age). Following this conjecture, moving costs are sorted by age spell ¢ 3:d’ > ij 7’ > ij 7’
within the same job pair and time period. Without loss of generality, we normalize the cost of

remaining in the same job to be null (fj’j = 0.

2.3 Household’s inter-temporal problem

At the beginning of every period t, production starts given the current distribution of labor across
jobs Ly = {LJ }jes and the current state nature of the economy Z; = (Z]} jeJg, which includes the

distribution of productivity across jobs and also the fundamentals of the economy that are subject

12 An invariant distribution of idiosyncratic taste shocks is convenient for tractability. Nevertheless, the model allows
for systematic patterns in the reallocation of households across jobs as channeled by the structure of moving costs.



to exogenous changes (such as moving costs). Before the end of every period t a certain household
h realizes the vector of idiosyncratic tastes for all jobs ¢, ; = {6%,t}j€ J- Given the endogenous state
Ly, the realization of the stochastic state Z; and the realizations of job specific shocks €, each
household makes individual and independent forward looking decision about the optimal job where
to end the end the period.

Let W% (L, Zyi,eny) be the lifetime welfare of a household of age a in job j with a vector of
idiosyncratic values €, 4. Let V4 (L, Zy) = By, [Waj (L, Zy, 5h,t)] be the average lifetime value of
a household in age spell a and job j at time ¢, where the operator Ej [-] yields the expectation
taken over the idiosyncratic realizations of the value E{ht across all households. Let w’ (Ly, Z;) be
the utility from current consumption when the household is in a job j and the aggregate state is
{Ly, Z;}. We assume that future values are discounted at a rate § € (0,1). The lifetime value of a

rational household h conditional on its age-and-job status is given by:

W (Li, Zoyeng) = max {veft, — (7" + BE, (VP (Lisa, Zeon)]} (1)
Wyj (Lt7 Ztv Eh,t) = wj (Lt7 Zt) + I??Ea}( {VEZ,t - ;/]m + ﬁ]Et [Vyn (Lt+1, Zt+1)] }

W (L, Zyyeng) = w! (L, Zy) + max {ng,t - Ctoj’” + BE: [V (Li41, Zeg1)] }
where we denoted averages across future age spells as

VY (Lis1, Zi1) = (1= X)) VY (Ligr, Zipr) + NV (Lysr, Zigr)
VO (L1, Zis1) = (1=X)VY (Liga, Zig)

where E;[-] is the expectation operation given the information available at time ¢. Our goal is
to characterize the average of values W% (Ly, Zy,ep, ) across households, by job and age groups.
To this purpose, let F(¢) be the c.d.f. of the ii.d. idiosyncratic shocks e+ and f(e) be the
corresponding p.d.f., then the average option value of moving when starting from a job j is given
by:

Z/ (ve + vaW" HF5+5 P g8 e | (2)

icJ m#i
for age spells a = {b,y, 0} where

b
ve"

BE, [V (Lit1, Zeyr) — VY (Lisa, Zegr)] — ¢ (3)
ve!™ = BBy [V¥™ (Lit, Zesr) — V¥ (Ligt, Zegr)] — GO
Ve = B, (VO (Lis1, Zigr) =V (Liga, Zea)] — o

are the present value changes in the continuation value net of the moving cost. Taking the average



of (1) across households yields the expected lifetime value of a representative household in each

group by age and job:

VY (L, Z) = BB [VY (Lit, Zir)] + vQUEY) (4)
Vyj (Lt, Zt) = wj (Lt, Zt) + ﬁEt [Vy] (Lt+1, Zt+1)] + VQ(E%”)
VO (L, Zy) = W (L, Ze) + BBy [V (Ligr, Zigr)] + vQUEY)

Iterating forward, taking first difference with respect to the value of being in another job, substi-
tuting for yé?j_? + (f_f_’l = BE441 [V‘m (Lis2, Zyyo) — VY (Lyio, Zt+2)} and taking the expectation
at time t, hence substituting for yefj’" + ij’" = BE; [V (Liy1, Zis1) — VY (Lig1, Zig1)) yields

the Euler equation:

Ve = BE [vat + QI + vt —veEn)) }
VEWT I = ﬂEt{[w" (Lts1, Zi1) — ! (Lig1, Zeer)] + {W?ﬁ + Cy]’ } { vQ(EL) — 5t+1 }
VEPT 4 (PP = BE, { [w" (Li+1, Zig1) — W’ (Lig1, Zes)] + [V5t+1 + Cfif] [ VQ(E ) — vQUEY }

Equation (5) is an inter-temporal optimality condition which says that for the marginal mover from
a job j to another job n the total cost of moving is equal to the discounted expected benefit from
being in n instead of in j in the following period.

For the sake of tractability, we assume that ¢ ~ Gumbel(—~, 1) where v & 0.5772 is the Euler-
Mascheroni constant. The probability that when moving from job j, a certain job 7 is preferred to

any other job k is given by

—aj,i
ajyi ect
mt = _u,] — —ajk (6)

> ke €

and the option value of moving starting from a certain job j is given by:

Q) =~ (mf?) (7)

]Z

for a = {b,y,0}. By the law of large numbers, m;”" € (0,1) is the fraction of households in job j

who move to job i at the end of period ¢. Given (3), the fraction of movers of a certain age a from

(5)

}
}



job 7 to job i results into a function of the expected future values of being in a job:

i by
bj,i 6%<6Et [V¥(Lty1,Ze41)] ¢ )
my = l(ﬂIEt [Vyk([,t_,_1 ZH_I)]iij,k) (8)
D okes€” ;

6% (BE: [(I—Ay)Vyi(LHl,Zt+1)+)\yV°i(Lt+17Zt+1)]—ij’i)

Y3t
i B %(BEt[(1_>\y)vyk(Lt+1,Zt+1)+>\yvok(Lt+17Zt+1)]_ i”k)
2 ket €
0ji v (BE(A=X)V O (Let1, Zea)]=¢7)
my

ZkeJ e% (,BIEt[(1*)\0)Vok(Lt+l7Zt+l)]7 to;k)

The fractions of movers (8) determine the actual reallocation of households over jobs between time
t (in which some households leave their current job j) and the next period ¢ + 1 (in which these
households are in their new job ¢). This information is what will be sufficient to characterize - in
a deterministic way - the new spatial allocation of households L.

Rewriting the Bellman equations (4) making use of the equilibrium conditions (8) evaluated for

the fraction of those who do not change job yields:

VY (L, Z) = —vin(mp?) + BB, [VY (Lis1, Zisr))] (9)
VY (L, Z) = o (Ly, Z0) — vIn(mi?™) + BE; [(1 = N) V¥ (Liga, Ziga) + NV (Liga, Ziga)]
VO (L, Z) = W (L, Ze) — vin(m{7) + BE, [(1 — A\°) VY (Lys1, Zer)]

The Bellman equations (9) generalize the spatial dynamic problem of Caliendo et al. (2019) in two
directions: households have rational expectations; and they are heterogeneous with respect to a
not-insurable source of uncertainty, that is aging. The form of Bellman equation (9) provides also
a clear advantage in tractability. The value of a certain job is given in terms of information on the
same job only. Knowledge on the fraction of households remaining in the same job is sufficient to

characterize the rich underlying structure of optimal choices among a large number of jobs.

2.4 Law of motion of the labor force

Let Ltyj be the population of young households in j at time ¢. Then (1 — m?gj J )L‘qjj is the measure
of young households that leave job j by the end of time ¢ and mtyj’j L%’j is the measure of young
households that remain, but a share A\Y of them become old. Symmetrically, >, 4 j(mtyi’j ngﬂ) is the
measure of households that move to job j and only a share 1 — AY of them will be young at the
beginning of period ¢t + 1. In addition, the cohort of young households at time ¢+ 1 in a certain job
j includes new born at time ¢ who made the decision to enter the labor market next period in job
j. These “new young” are the offspring of young parents that are employed in any job¢=1,...,J

at time ¢t. Although the relationship between parental choice and employment is an empirically

10



relevant aspect of job reallocation, its microfoundation is outside the scope of this paper. Therefore,
we simply model a process for the birth rate that guarantees no aggregate population growth while
labor allocated to each job changes endogenously over time.

Let A\? > 0 be the birth rate describing the number of offspring per young households at time
t. Thus, the young population in a job j at time ¢ generates a measure of )\i’L%j new born starting
next period in a certain job as young. The actual allocation of these new young across jobs is an
optimal endogenous outcome. The measure of offspring generated at time ¢ by young population
with a job ¢ making the optimal decision to start in job j at time ¢ 4+ 1 is m, bij )\bLt ; as implied
by solving the Bellman equation (9) for a new born. Summing the reallocation of young and new

born across jobs yields the law of motion for young households:

J J
iy bij i
Dy = (= a0 3 (m ) + a0y (mi ) (10)
i=1 i=1
Accounting for the mass of old households follows the same argument, with the distinction that the
population of old households consists of previous old households who decided to remain or move
in job 7 and did not die, plus the young households who decided to remain or move in job j and

became old. The law of motion for old households is given by:

J J
Ly = (=AY (mf ) + a3 (mf L) (11)

i=1 i=1
The factions of movers has to sum to 1, thus, after reallocation, the total endowment of old
incumbents L§ = ijl EZJ:l(mf”Lfl) and young incumbents LY = Z] 1 El 1(m VLI LYY are
equal to their respective initial measures. The measure of new born is proportional to the young
incumbent population \?LY as LY = Z}I 1 Z;-]:l(mi’i’j LY"). The measure of houscholds that die at
time ¢ is A°L¢. Tt follows that Z‘] L = ijl LI + XPLY — L2, Since the measure of labor
is expressed in terms of fraction of world population then ijl L{ = 1. The birth rate at which
there is no growth in world population is A} = \°L?/(L — L¢), where L is the aggregate population.
The aggregate measure of young households in period ¢ + 1 is LY =11 =M) + MLY. The
aggregate measure of old households in period ¢ + 1 is L{,; = AWL] 4 (1 — A°)L§. The first order
difference equation L§, | —L{ = NV L—(NY+\°) L holds and shows that the composition of aggregate
population by age group is constant over time if and only if the initial fraction of old population
is equal to L§/L = \Y/(\Y + X°) that implies A> = A’ = \¥ in every period t. We assume that this

initial condition holds,

J y \Y
> = (12)

=1
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to avoid that our results were driven by either aggregate population growth or changes in the
aggregate composition by age group. However, population size and age composition can vary by

job, thus, by region, sector and occupation.

2.5 Role of uncertainty

The inter-temporal optimality condition (5) implies that for the marginal mover from a job j to a
job n the cost of moving is equal to the discounted expected total gain from moving, that consists
of current value plus option value. In the light of this optimal behavior, four channels describe the

role of uncertainty:

1. Do not accounting for uncertainty, systematically over-estimates the speed of real-
location. Call x?jﬁl for ' = {a,a + 1} the realization at time ¢ + 1 of the stochastic process faced
by a household of age a in job n at time ¢ (it contains aggregate shocks as well as the realization
of the idiosyncratic age shock). Call V" (x?jﬁ) the value of being at time ¢ + 1 in job n contingent
on the realization x?fl Now, consider a change in the realization of the stochastic own-state of
job n, for instance the TFP of producing in job n increases while it remains constant elsewhere.
If the function V™ is strictly concave with respect to updates in the own-state variables then the

Jensen’s inequality implies:
E, [(1 — ATV (28) 4 AV (xgﬂ””ﬂ <ym (Et [xg’ﬁlD
where the equality holds if and only if there is perfect foresight. B

2. Not-insurable risks make the bias in assessing the speed of reallocation more severe
and heterogeneous. Call z; 1 the realization at time ¢+ 1 of aggregate shocks and call V™ (z;41)
the contingent value of being at time ¢t + 1 in age a job n. Then, the sorting in moving cost
¢oFm — ¥ > ( implies that the value of being in a job for young households is greater than for
old households'3

VI (2) = VO (2) = ¢ = ¢ 4 B{(1 = M) V™ (z41)] + (1= A = A) By [V (2041)]} > 0.

As a result, the continuation value for a young household is greater than the continuation value for

a old household in the same job

(1= M)E [V (ze42)] + AE: [V (2041)] > (1= A%)Eq [V (2041)] -

13 Note that sorting in moving cost is sufficient but not necessary, since young households live longer in expectation.
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To prove this we proceed by contradiction. Assume that this is not true, then
(1= M)E¢ [V¥" (2e41)] + ME [V (z41)] < (1= A%)Ee [V (2041)]

and

(L= M)E; [V (z0)] < (1= AV = X)E; [V (2441)

For every positive value function, if (1 — AY — A\?) < 0 the above statement is falsified because the
RHS becomes negative. If (1 — AY — \°) > 0 then (%" — (%" > 0 implies V¥ (2;) — V% (z) and
so in expectation E; [VY" (z¢41)] > E¢ [V (2¢41)]. But then the LHS is greater than E; [V (2441)]

which is a contradiction with the initial statement. W

3. During the transition that follows aggregate shocks, uncertainty smooths incentives
for reallocation in a systematic way: less outflow from bad outcomes and more inflow
toward bad outcomes. Jobs are characterized by different fundamentals. However, over time,
the attractiveness of jobs changes because of region & sector specific shocks. Consider two jobs
{n,j} with the same fundamentals and identical shock realizations at time ¢.

Assume that at the turning point with time ¢ + 1 a positive productivity shock occurs in job n
while nothing changes in job j. Households made their reallocation choices looking at comparing

expected future gains

Under perfect foresight: Vo (z41) — V9 (241) = A > 0

Under rational expectations: [E; [V“" (zt41) — Vv (zt+1)] <A,

therefore, under rational expectations there are more households remaining in the worse region

than under perfect foresight. A similar hysteresis occurs for negative shocks as well

Under perfect foresight: Vo (z41) — V9 (241) = A < 0

Under rational expectations: [, [V‘m (241) — VY (th)] > A

thus, under rational expectations there are more households reallocating to the region that becomes

worse than under perfect foresight. W

4. Looking at the long-run equilibrium after a permanent shock, uncertainty is re-
sponsible for more households making the rational choice to spend a greater portion
of their life trapped in relatively bad jobs. Given an initial distribution of households across
jobs, the law of motion is shaped by the Markov matrix of the fractions of movers mapping the cur-

rent densities into future densities. The previous result has shown that, after a shock, the fraction

13



of movers is systematically lower toward jobs that becomes better and systematically greater for
remaining at jobs that become worse, than under perfect foresight. Thus, after a permanent shock,
the new long-run distribution of households is characterized by a greater measure of households in

worse jobs under uncertainty than under perfect foresight. H

In section 5 we will simulate a calibrated version of the model to quantify the strength of these

four results.

3 Within-period spatial allocation of output

In this section we model the production side of the economy. As in Caliendo and Parro (2015),
intermediate goods are traded across regions. Within each region, production in a certain sector
employs intermediate goods from other regions and sectors to deliver a composite sectoral good,

which is consumed by households located in the region.

3.1 Production

Firms in each sector and country produce varieties of an intermediate good hiring labor in different
occupations k = 1, ..., K and employing final goods as material inputs from many sectors s =1, ..., S.
Firms producing in region r employ labor located in the same region and final goods only after
they are made available in that region; thus, foreign final goods are employed in the production of
domestic intermediate goods at a price that includes the cost to made these goods available in the
domestic region.

Total factor productivity in the production of intermediates is a composite of a sector-region
fundamental productivity A7° and a variety-specific efficiency 2"®; we refer to each variety by its
efficiency. The output of a variety z"* of intermediate good ¢;* (2"*) produced in country r sector
s is given by

s
S rs,'rs/

K 1
AT U (lzsk> S’“] H (Mtrs,rs’>’y 7 (13)

s'=1

q;S( rs _

where [7°¥ denotes the labor input of occupation k and M;* s’

denotes the input of final goods
of sector s’ available in region r employed in the production of varieties in region r sector s. The
coefficient ez, € (0, 1) governs which share of labor is of occupation k in sector s and Zszl €5 = 1.
The coefficient v"® denotes the share of value added by labor as a composite input in the production
of intermediate goods of region r sector s. The coefficient 45" € (0,1) yields the share of value
added by material inputs sourced in sector s’ in the production of intermediate goods of region r

S /!
sector s. In order to ensure constant returns to scale, we assume that ) 7, _, 7™ =1 — 4",
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Let w}** be the wage earned by a worker of occupation k in sector s of region r and let P/® be
the price of material inputs in region r sector s. A firm producing intermediate goods in region r

and sector s employs the input bundle whose unit price is given by:

T8

K € k ,y S ,YT’S,T'SI
k S !/
ai =B | T (wi™) II(e)" . (14)
k=1 s'=1
where B"® = Hszl (68k,ym)—sswrs Hf,:l (’yTS’TS/) - is a constant. The total factor productivity

of a firm z producing in a region and sector pair (r,s) is given by the product 2" (A7%)?". The
marginal (and average) cost to produce a variety z"* is given by x}*/[2"* (AZ{S)WTS].

Production of intermediate goods employs labor and material inputs sourced from the same
region in which production takes place. Then, variety of intermediate goods that are produced in
a certain region can be traded across regions at a certain cost. Shipping goods from the region

where they are produced, say r’, to another region where they are employed, say r, implies a an

rs,r’s

iceberg-type trade cost, denoted by 7, > 1.4 The marginal cost of a variety 2"

in sector s
produced in a region r’ gross of the delivery at a destination region r is given by (M) The
procurement of inputs is perfectly competitive, such that in every destination region r producers
source from the cheapest input supplier in the economy, gross of the bilateral trade cost. The price
of a specific variety of intermediate good z° of sector s in region r is given by the lowest marginal

cost at which the good is available in the region:

TTS’TIS:L‘T,S
S S\ __ : t t
i’ (%) = min 7ZT’S(A;/5)7TIS (15)

The distribution of productivity 2™ in a region and sector follows a Frechet distribution with

cumulative density function F (2"¥) = exp (— (z’”s)_gs>. The joint distribution across regions is

given by F (2%) = exp (— ZR (278 )_95> . The implied distribution of prices in region r for varieties

r=1

of intermediate goods used in sector s at time ¢ is given by:!®

/ r's s R
Grs —1_ _Prspls rs,r's _ (A%" s)'y Prs — rs,r's 16
°(p) = exp t P ) t = rsr’s i ) t = Z ol ‘ (16)
t t r'=1

14We follow the notation in Caliendo et al. (2019), the superscript of trade costs is labeled as {destination, source}.

!5 The distribution of the price at which region r’ serves region r is given by G'ore (h)y=1-F (%) The
t

distribution of the minimum price is Pr (min{...,prls’”, -3 < p)7 thus it is the distribution of the event that at least

a price value out of ' = 1,..., R is lower than p. This is the complement at 1 of the probability that all price values

rs,r’s _rls

are greater than p, that is Pr (min{‘..,pr/s”"s7 L} < p) =1-I1%, [1 - GT/S’TS(p)] =1-[1%,F (u>

7
Al °p
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We call ¢;° (2°) the quantity of intermediate good that is an input for sector s demanded in region r
and sourced from the supplier of the cheapest variety, at the price p}® (™) in (15). The distribution
of prices for intermediate goods (16) takes into account all intermediates varieties of goods in sector
s that are available in region r, whether domestically produced or imported.

Single varieties of intermediate goods that are available in a certain region are not directly
consumed or employed in production; they are aggregated into a sectoral composite good. Varieties
of intermediate goods of sector a available in region r are aggregated into a local sectoral good Q}*

according with a C.E.S. technology with elasticity of substitution ™ > 1

n" /(e =1)

p = | [ e are) . a7)

The C.E.S. structure in input demand and the Frechet distribution of productivity, imply that the

price index of the composite good of sector s in region r is given by:

1
CE

pro s (XR: (7)™ Az@)“’f"‘) _ s (@) as)
=1
where I'"* = T' (1 + (1 — 1" /6°)) and I'(-) is the Gamma function and we assume 1+ 6° > 5.
The sectoral composite good @Q;° has two uses: it is consumed by households in region r, and it
is employed by producers of intermediate goods located in region r. The price index P/ is indeed
relevant for consumption choices of households in region r, and it is the price of material inputs for
sector s sourced from region r.
Households allocate consumption across sectoral goods according with Cobb-Douglas prefer-
ences, such that they spend a share a® > 0 of their income on the consumption of local good from
sector s and 2;9:1 as = 1. The consumption based price index that applies to households located

in a region r is given by:

pr— ﬁ <Iz>a . (19)

s=1

The indirect utility of a household earning a wage w}** is equal to w}**/Py.

3.2 Optimal sourcing policy

Call X} = P/°Q7° the sales of sectoral good s in region r. Since the output market is competitive,
sales are equal to costs. Sectoral good producers combine intermediate inputs (they do not directly
employ any labor), thus, total sales are equal to the total value of purchased intermediate inputs
from all sectors and regions.

Let pzl’T be the number of units of currency of region r needed to buy one unit of currency of
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7’ S in units

region r’. Thus, a price x} 's denominated in the currency of region 7/ is equal to A r
of currency of region r. The probability that producers of intermediates from region r’ sector s
(source) are the best supplier for sectoral good producers in region r sector s (destination) yields

the share of total expenditure of region r sector s on intermediates sourced from region 7’ sector s

95 s

—_0s
7,7 r s rs,r's r’'s ’
/ (Pt T ) (At ) TS
ﬂ_:s,r s _ ) = d)t (20)

— s 1" TS
R vl s Ts,r!'s s\ 05 (I)t
Zr”:l (Pt Ly " Ty (At )

The equilibrium condition (20) illustrates within-sector bilateral trade patterns between regions.
Since only intermediate goods are traded, while composite sectoral goods are not, this equation

fully characterizes composition and direction of trade flows.

3.3 Output market clearing

Out of total sales X;® of a certain sectoral good, a fraction is due to its purchase as an input
in the local production process of intermediates; the remaining fraction is due to its purchase
as consumption good by local consumers. We now perform an accounting exercise of these two
components.

Consider an arbitrary region 7’ and sector s’. The fraction of expenditure of region r’ sector s’
on intermediates produced in region r sector s’ is given by 77{ s'rs’ . The value of expenditure of
region r’ sector s’ on 1nterrned1ates produced in region r sector s’ in terms of the currency of region
ylelds the

global sales of 1nterrnediates produced in the sourcing region r sector s’, in currency of country r.

T’T‘ 7‘81”8

,T 7"8 T’S
r is given by p; ’

', Summing over regions of destination Z p:

The total cost of producing intermediates in region r sector s’ is equal to global sales minus a tax
' 7, where T} > 0, ¢* € (0,1) and Zf:l ¢ =1, collected by the region at the expenses of local
producers of intermediates Therefore, the total cost of production in region r sector s is equal to
<ZR T T s'srs’ A TT). The coefficient 77"5/“ yields the fraction of total cost in region r

sector s’ that pays for materials M, 75" sourced from the same region r and sector s; as irnplied by
the technology for intermediate goods (13). Thus, the value 4" (Zfﬁ pz " r A — (3 TT)
the purchase of sectoral good of region r sector s used as an input in the production of intermediates
in (the same) region r and sector s’. Summing over sectors of destination yields the component
of sales of the sectoral good of region r sector s due to its use as an input in the local production
process of intermediates, that is 325 475" (Zﬁ pr s — ¢ Tt)

The remaining source of sales is due to consurnption in region r. Households allocate consump-
tion across sectoral goods according with Cobb-Douglas preferences, such that they spend a share
o® > 0 of their income on the consumption of local good from sector s. To the goal of computing

. . . . . . K
total income in a region-sector pair we sum employment across occupations L}* = > LI** and
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there are L7” units of unemployed labor.

define w;® = such that w;®L}® is the labor income in region r sector s. In every region r

Workers who are unemployed consume the value of home production, which we refer to as
the element w!" of the vector of wages. The value of home production can be interpreted in two
alternative ways. One option is to assume that unemployed workers earn an unemployment benefit,
which is income financed entirely through taxes collected in the region. The alternative option is to
assume that unemployed workers consume an exogenous bundle of goods that are not produced. The
value of labor income in a region is the same in both cases, the difference consists in the accounting
of output market clearing. In the case of unemployment benefit, the expenditure on final goods
produced in a certain region r includes the purchase by unemployed workers w;°L;°. This source
of expenditure is not present when the value of home production consists of an exogenous bundle of
goods which are not produced. We will keep both cases in our notation: the indicator function 1[u]
takes value 1 in the case of an unemployment benefit (jointly with a strictly positive tax revenue in
the region); instead 1[u] = 0 captures the case of w}" corresponding to the value of an exogenous
bundle of goods (jointly with no tax revenue).

Total income in region r is given by Z WS L7+ 1[u]@}°L}°. There are no means of saving,
therefore total purchase of consumption goods from sector s in region r is given by the expression
o’ (ZS, LOrS LY 4 1[u]wy OL;"O). The following accounting identity (which also serves as output

market clearing) holds:

X{S _ Z,yrs ;TS (Z p'l‘ )T 7’5 TS Xtr’s’ _zs’Ttr> (Z TS L:s’ + 1[u]u—)§0L7t”0> . (21)

purchase as input purchase as consumption good

3.4 Labor market clearing

Local labor markets are spatially separated and clustered by type of occupation. Within each
local labor market there is perfect competition. Therefore, total wages are equal to the com-
ponent of value added by the corresponding labor types. Consider an arbitrary region 7’/ and
sector s’. The fraction of total expenditure of region 7’ sector s’ on intermediates produced in

T‘T ’I“S?”S
X

! . . .
region r sector s is equal to p; {9, expressed in currency of region r. Summing over

all regions E p:
tor s’. Sales net of taxes 05 T7 yields the total cost of production in region r sector s, that is
(ZR T T s XS ESIT[>. A fraction ey,y" is the value added in region r by labor with

" T s'irs! X ylelds the global sales of intermediates produced in region r sec-

occupation k in sector s, that is w{s/kaslk. Summing over occupation yields the value added in

region r sector s, that is wy SIL{S/. The labor market clearing condition at the level of region and
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sector pair is given by:

R
o1y = 7( oy e X;"S’—es’Tz") . (22)

3.5 Equilibrium

Labor markets {r, s kz}fslf 1.k—1 and output markets {r, s}f’éi s—1 Clearing determines competitive
wages and prices. Unemployed labor units {LTO} * ; do not participate in production, but they
participate to the equilibrium as consumers spending non-labor income financed by tax revenue in
the region.

Since the output market of each sectoral good clears in every region (and there are no means
of saving), the value of expenditure by consumers in a certain region is equal to their total income,
which is the sum of labor income (of those who are employed) and non-labor income (of those
who are unemployed). Production costs consist of the value of labor directly employed as input,
or indirectly embedded in the value of intermediate inputs. But production costs do not add
up to sales, the wedge between sales and production costs consists of tax revenues collected at
the regional level. This value, indeed, pays for non-labor income in the region. To complete
the analysis as simply as possible, we assume that taxation takes the form of a value added tax
5Ty = SR prT Rl ST XT'S for an average tax rate Y € [0,1).

The equilibrium of the intra- temporal allocation of output consists of five sets of variables: wages

TSTS}R,S,R
r=1,s=1,r'= 17

, and relative local prices of intermediate goods {z}* }T Ls=15

{w{s’“}f’ﬁ’f 1 k=1, Sales {X’“S}T Lot bilateral fractions of expenditure {m; local

prices of aggregate goods {P;* }

r=1,s=

that solve the system of five equilibrium conditions:

K A/ S 78,78
rs TS rsk ) ok rs'\ 7
z,° = B H wy H P (23)
k=1 s'=1
R _ 1
S S T/S 95
e e (S ) )
t = Ty Ty t
r'=1
’
—05 as,yr s
/s _rs,r's ’
rs,r's (l’; STt ) (AZ? S)

/g

1" _05 17 ST

25/:1 (.T};;"STZS’T s) (AZ; 5)9 o
S ,yrs’,rs Lrs 'k

Xreo= Y S o wiF = )+ 1u]etw; Ly

o €s'k

R
rsk GSkVTS 1 - W r's,rs
wy - Lrsk Z
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where we have substituted back for the definition wj** LI** = e w}*L}*, that are the price index
of intermediates (14), price index of sectoral goods (18), bilateral trade patterns (20), output
market clearing (21) and labor market clearing (22); given a spatial distribution of employment
{L}”Sk}ﬁjﬁ:m:l and L}° = Zk:l L;% and aggregate productivity {Ar*}1S5 =1

When solving the model with unemployment, we shall discuss two approaches. If the value
of home production is given in terms of unemployment benefit then the latter is financed by tax
revenue and this implies the tax rate ¢" € (0, 1) in the region, given the pre-determined allocation
of labor. If the value of home production consists of an exogenous bundle of not-produced goods

0

then wj" is a given parameter and there is no tax to be collected, i.e. ¥" = 0. Both scenarios

can be handled assuming that the value of home production is a constant and exogenous fraction

rsk,, rsk

h"® € (0,1) of the average labor income in the same region w}" = h"° Zs Dy (%)
s 1 k=1"t

4 Solving the model and taking the solution to the data

Given a certain distribution of labor force L; and realizations of aggregate productivity Z, the Sys-
tem (23) solves for the intra—temporal equilibrium wages {w} Sk}f’sl’f:L w1 final prices { P} S}T 1 s=1»
prices of intermediates {z}* }T 1.s=1, expenditure shares {r,”" S}f:’“?’fzu,:l and sales { X'® }T Ls=1s

for an arbitrary choice of a numeraire.

4.1 Solution of the inter-temporal optimal spatial allocation of labor force

The predetermined endogenous state is a column vector L; = {Laj 37 La—oy With 2X (RxS* K + R)
elements, where Ly’ is the fraction of world population that is of age a and allocated to a certain
job j at time t. The aggregate stochastic state is a column vector Z; = {ZJ _, with (R+S*K+R)
elements, where Z;Z = A7s¢l for j = (r, s, k) is the joint stochastic process of total factor productivity
in a certain region and sector A}® and a mean-1 shock & to the productivity of an occupation,
at time t. We assume that total factor productivity evolves according with a Markov switching
process between two regimes of volatility.

“ 77

Let ¢,p be the probability that the state of the economy will be in the next period,
conditional on the current state being “b”. Consider the Bellman equations (9). We assume that
the stochastic process is stationary and Markovian, defined over a finite grid of points. Let ¢q;
“ 77

be the probability that the state of the economy will be
the current state being “b”. Let {s;, }.2

in the next period, conditional on

be the grid of points for the exogenous state, then the

io=1
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contingent value functions are given by:
. . . ns .
VY (Ly,s,) = —vin (mb“ (Ly, 3i2)) 18 0ater, VY (Liga, 50) (24)
i=1

%% (L¢, siy) = W’ (L¢, siy) —vin ('myj’j (L, siQ)) + BZ Psilsi [(1 —\) VY% (Liy1, 8i) + AV (Lyyq, sz)]
i=1

VOj (Lt7 Siz) = (Ltv Siz) —vin (moj’j (Lt’ si2)) + 5 Z 9081'|8¢2 (1 - )‘0) VOj (Lt-i-l’ Si)
i=1

where m®7 = mJ (L,, Z;) is the fraction of households that remain in the same job (8), defined
on the endogenous and exogenous state. The system (10)-(11) given the initial condition (12)
define the aggregate law of motion. The coupled system of (24) and aggregate law of motion yields
backward-forward mean field game of J-many agents. This is a discrete-time and discrete-state
analogous to the class of models introduced in the macroeconomics literature by Achdou et al.
(2021), but with aggregate uncertainty. In a recent working paper, we develop an algorithm that
converges to the unique numerical solution (in the viscosity sense) for this class of models for an
arbitrarily large number of agents’ type, i.e. jobs J in this paper. Thus, we compute the numerical
solution of the model as an application of that algorithm given the intra-temporal equilibrium
allocation (23).

4.2 Taking the model to the data

In taking the model to the data we follow Caliendo and Parro (2015) and Caliendo et al. (2018),
whose production equilibrium is fully consistent with the one that we develop in this paper.'® With
respect to their approach, however, we must overcome a further challenge. We aim to solve the
model in levels, instead their approach provides a calibration that is sufficient to solve the model
in changes, but not in levels.

The critical step for solving the model in levels is to estimate the region and sector price index
P/?. This is an endogenous variable of the model which does not have a counterpart in the data,
since it is an artifact price implied by the aggregate production function (17). The price index is
disciplined by a Frechet distribution F(z) with a certain dispersion parameter §° and by the elas-
ticity of technical substitution across varieties 7. Caliendo and Parro (2015) offers a convenient
methodology to estimate the dispersion in efficiency across intermediates. Caliendo et al. (2018)
show how changes in the fundamental productivity Aj*, which are not observable, are related to

changes in measured total factor productivity of the aggregate production function at the region

and sector level. We build on their results, to estimate the moments of the distribution of aggregate

161n particular, we define trade flows and value added shares as in Caliendo and Parro (2015), sections 3.3 and 4 in
their paper; and we follow Caliendo et al. (2018) in the measurement of total factor productivity, section 4 in their

paper.
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productivity across regions.

Measuring value added shares €., ¥, ¥"*"%. The level of observation in our data consists
of NUTS2 region in France and a rest of the world (ROW), WIOD sector classifications and 2
different occupations, over twelve years, from 2005 to 2016. We observe hours of labor L}** and
hourly wage w}**. The value added shares e, are indeed computed as the average of the fraction of
labor cost of occupation k on total labor cost by region and sector over the time horizon (excluding
the minimum and maximum values to mitigate measurement error). Total employment of labor in
a region and sector is Lj® = Zszl L;** and the average wage by region and sector w}* is computed
such that wl*FL}s% = e LY.

For every triplet of region, sector and year we observe value of gross output Y,*, value added

vs, value of imports N, 7" from region r’ sector s’. From the Trade Analysis and Information
System (UNCTAD-TRAINS) we obtain bilateral ad valorem tariff rates r}>"* > 0, which are set
to zero for regions within France. Regional and sectoral imports N, 7' are computed aggregating
firm level French customs data.

The expenditure (c.i.f.) of region r sector s on goods from region r’ sector s is X[S’T/s =
(1+7r; S’T,S)Ntr s7's Expenditure in region r and sector s on goods from the same region and sector
is given by gross output minus spending on imported goods X;*"* = Y;$ — Zr,# XtTS’TIS. Total
expenditure of region r sector s is equal to gross output X;* = Y;*.

From WIOD and OECD input-output tables we obtain the fraction x°** of spending of sector
s in goods from sector s’ over total spending in intermediates of sector s, for a certain country c,
which coincides with a region in the case of other countries than France. For France we attribute
the fraction of spending by region using the observed fraction of that region on national spending
between two sectors S5 X/ sr's' S France B s7's" times the number of regions in France with
positive bilateral spending of sector s from sector s’. We take the average over time periods,
again excluding the minimum and maximum values to mitigate measurement error. The computed

5" is now defined at the regional level in France and at the country level outside France.

measure x"*

The share of value added 7" is computed as the average of the ratio G}*/Y;® over the time
periods (excluding the minimum and maximum values to mitigate measurement error). The share
of value added for sectoral intermediate inputs is computed as the product of sectoral spending and

value added in intermediates 475" = x5 (1 — 7).

Estimation of the trade elasticity @%. The share of total expenditure of region r sector s
on intermediates sourced from region r’ sector s, that is X"*"'$/X[®, corresponds to the share

rs,r's

m defined in equation (20). Substituting for the equilibrium sectoral price index (18) yields the
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fraction of spending of (r, s) in goods from (7’ s):

er,r’s o ¢7t"8,7'8 XS (25)
N D

We use the triple ratio methodology proposed in Caliendo and Parro (2015) to obtain estimates for
the trade elasticity.!” Using (25) to compute the two-ways ratio of the trade flows triplet of regions
r =1,n,h yields:

Xz's,nthns,thths,is TZs,nsTZzs,hsTths,is —0° (26)
i h is,h o is__h is,h
ths,stt s,nsXZ,s, s Ttns,stt s,nsths, s

which has the advantage that unobservable components (such as productivity A}*, cost of an input
bundle zj®, price index P/*) cancel out from the expression of trade flows, making the trade

elasticity 6° identified by bilateral tariff rates.

We model (log) trade costs as a linear function of (log) gross tariff rates In7; sr's — In(1 +
TIS’TIS) + fe™s + fe's + fersr's 4 ¢s7's plus importer fixed effect fe™s, exporter fixed effect fe's,

/ / /
TS = fe"s"S and an error g, ° assumed to be orthogonal

symmetric bilateral fixed effect fe
to tariff rates and trade policy. Substituting the modeled trade cost in (26) yields the estimating

equation

: Xtis,nthns,thths,is 51 (1 + Tzs,nS)(l + T?S,hS)(l + T?S’is) N > (27)
n - A = — n - - &
ths,stths,nthzs,hs (1 + T’?S’”le + rths,ns>(1 + T;S,hS) 3

which assumes that the error €° is orthogonal to tariff rates and trade policy. Thus, sectoral trade
elasticity (which coincides with the dispersion in efficiency) is estimated exploiting the co-variation

in a triangle of bilateral trade flows and corresponding tariffs rates.

Computation of the technical elasticity of substitution 7"%. Optimal factor demand func-

tions of intermediate producers are given by:

k pi*(2)qi"(2) s’ P (2)q;"(2)
lgs (Z) — Esk'YTS t w{si Mtrs rs (Z) — ,yrs,rs t Ptrst, )

Aggregating over varieties yields

rs rs
Lrsk: _ rs Y‘t MTS,TS' __ .rsrs th
t = Csk7Y rsk t - Prs’ :
wy t

'"For details on this approach see the discussion in footnote (38) in Caliendo and Parro (2015).
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Thus, optimal factor demands can be expressed in terms of aggregate inputs:

. P (2)4i°(2) ;rsk s’ P (2)ai°(2) 3 rsrst
) = PR ) = P e
Substituting in the production function of intermediate varieties (13) yields the value of gross

output in region r sector s, that we call Y;"®, which scaled by the region and sector specific price

index, yields real gross output:

YtT‘S x:s K i GSk’yrs S , ,yrs,'rs/

78,18
= (T IT (a) (28)
t t k=1

s'=1

where we have substituted for the competitive price p;*(z) = W' The equation (28) shows that
the model implies a region-and-sector specific production function with total factor productivity
given by the input bundle price relative to the output price z°/P/®. In the terminology by Caliendo
et al. (2018), we call this ratio measured total factor productivity. By expressing the sectoral price
index (18) using the domestic expenditure share (20), the measured total factor productivity of
region r sector s is given by:

L:;s ( Ars)'y”

PtTS - I‘\rs( rSs, ’I"S)% ’ (29)

Substituting for (29) and the optimal input demand functions in the production function of inter-
Pe/z

mediates (13) and then in the aggregate production function (17) yields pj®(z) = W,
Irs W:S’TS

where we are exploiting the fact that Y,/® = P/*Q}® and zp;*(z) does not depend on z, as
2p}S(z) = at$/ (AT%)?"". Therefore, prices are distributed as the reciprocal of a Fréchet random
variable, indeed prices are distributed as a Weibull with shape parameter #°. The average price
s — _LA+1/6°) pre.

Trs ﬂ_:s ,TS 0

across varieties given by pj

The identifying assumption is that the price index P/* is proportional to the average price

among producers of intermediates in region r sector s, that is P, (57’5)65 p;°, that implies

m,m:( I (1+1/6) >98 s
t DL+ —ys/6)) >

Taking the average over time shows that the parameter 7" is estimated by the unique solution to
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the equation:'8

r (1 + 1/é8)

r (1 + (1 - 777"8/@8))

— 7—I_T‘S,T‘S (30)

where 77" is the average over time of the fraction of spending of region r sector s on own goods
7, ", as before we drop the minimum and maximum value to mitigate measurement error. The

condition (30) implies I"® =T (1 + 1/95) (ﬁrsﬁrs)_l/és.

Estimation of TFP central moments AIS. Given trade flow data and estimates of trade

elasticities, we use (25) to reproduce the normalized import share as defined in in Eaton and Kortum
(2002):19

s

rs,r's rs rs,r'strs pris \

arsrs — X /X (n 7 TR

t — risrls / - s rs
Xy /X I B

(31)

!
/ T S
™8
(A7)
! /
rs,r's_yls
t Tt

05
where we have substituted for ¢]*"* = < ) and the left hand side is bounded within

the positive unit interval. With estimates of trade elasticity 6% in hands, the left hand side can be
1

transformed into a variable that does not depend on sectoral trade elasticity ﬁ:S’T,S = (n:S”JS> "
With respect to Eaton and Kortum (2002) the only difference consists of region-specific elasticities
,',]7'3
well as the component of trade costs 7, 7'S but for tariff rates. The normalized import share net

in the aggregate production function (17). However, this pattern is constant over time, as

of estimated trade elasticity and observed tariff rates is the product of a region pair and sector

/
. . . . . ! ~ / F'r El 1“7‘.5 PTS
specific constant component and time varying relative prices (1 + 7" s) prevs = L/ B

t - 77—7’8,1"/3 PtT/S
—rs;r’s — _rs1's rs,r's\ . . .
where 779"% = 1, /(1 4+ r;7" ") is the component of trade costs that is constant over time.

Substituting for the estimated price index, yields the following system of estimating equations:

~rs,r's ) )
In (1 + " s) 1%3] = fe" T+ fept — fel T+ W ingPT >0 (32)
r's,rs ’Flz o _ r's,rs r's rs r's,rs . r'srs
ln ]. —+ Tt W = fe + fet — fet -+ Ct VT . nt > 0

18 The Gamma function is continuous on the positive real line, with one stationary point that is a global minimum at
~ 1.4616. For 7"* < 20° the left hand side in (30) is real and positive. For §° < 2.1664 and 7" < 6° — 1 or for
6° > 2.1664 and 7"* > 6° — 1 the left hand side in (30) is bounded within the unit interval. It can be verified that
there exists a range of values within 1 < #™® < 20° that satisfies both the theoretical restriction #° > 7"* —1 > 0 and
the field of existence for condition (30).

19See equation (12) in Eaton and Kortum (2002).
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where fe"s"'s £ fe’'$7 are region-and-sector pair directional fixed effect, f e;® and fe{ls are region-
sector-and-time fixed effects, ¢/ 7's and ¢ 7S are ii.d. error terms. The price index that is
consistent with the theory is given by the region-sector-time fixed effect ]5[5 = exp(fe}?).

The price index ]5[5 is identified using the info on all trade flows in which the pair of region r
and sector s appears as importer or exporter. Thus, we are exploiting the variation in normalized
trade flows between different import origins (or export destinations) within the same year, sector

rsk

and region. With region and sector specific price index ]5[ in hands, with wages w;*" and value

added shares {eg, v, 75"}, the cost of an input bundle x}y® is computed as in (14), that is

(o]

K v S rs,rs/
Ars — B H( TSk) ] H (I:,trsf)7 7 <33)
k=1 s'=1
s , ,Yrs,rs/
where B = [[E_| (eay™) ™" I3, <’y”’”’) . Substituting for (30) in (29) allows the
fundamental productivity to be computed as implied by the theory:
1
. T (1 —+ 1/98> rhs aTSTs é%‘ e
p = (2) (34)
Ptrs 7-(-7"877"8

given the estimated values of price index P, 7“5 , input bundle price xt , trade elasticity 6% and the
observed share of value added 4"* and consumption of own goods 7;*"* in a certain region r and
sector s. Given the sequence over time of computed values A{S the stochastic process driving the

fundamental productivity can be estimated.

Structural estimation of bilateral moving costs. Substituting for &' = ln( ?“) —

In (mfj’j ) and Q(EY) = —In <mfj’j ) in (5) yields the Euler equation expressed in fraction of

movers relative to the fraction of stayers, by group of households:

bj,i b]z bji _ ~bji
m( ) = B pm | T (PG (35)
75J bi,i v
my myy

myj,i . ) y% ﬂCyj’i Y
In ( ij> = E {B (W' (Lig1, 5041) — @ (Legr, se41)] + S1n ( ;rll t+1 — G
7 m

my v t+1 v
07,0 0] % 07,1 07,1
m B, ; My Byt — G
In ij = B¢ = [ (Lig1, 5e41) — W (Leg1, se41)] + B1n Ojl + =
my v My v

Actual moving decisions are determined by the expectation on future utility gains from consump-
tion, plus the expectation on the value of waiting; that is given by moving next period to a certain

job instead of moving in the current period and remaining afterward in such a job.
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The fraction of movers and real wages are observable, by age and job characteristics. The

indirect utility is increasing in nominal wages {wfj 5]:1 for a = {b,y, 0}, which vary at the level

g

of age and job, and it is decreasing in prices {p; which vary at the regional level. Moving

j=1’
costs are not observable. We model them as an AR(1) process, such that (BIEt {(t“ j_ﬂ — f“) Jv =
92” = Gz(j)’r(i) + 9f(j)’s(i) + Gfk(j)’ak(i) where 9:(j)’r(i) is region pair & time fixed effect, Qf(j)’s(i) is
a sector pair & time fixed effect, 6 k(3)ak() s an age class & occupation pair & time fixed effect.

The parameters {8, v, 0} J } can be estimated by regressing current flows of movers on future flows

and future real wages with an age & job specific intercept:

m" mly bj | bji

_ ] i

In| =] = fn b 0 4 1 (36)

t+1

In wiﬁ,l —1In wtyi.l
(1) r(j)
Pey1 yLs}

In wgi.l —1In wtoi.l
7 (1) r(j)
Py Dt

where ,u?ﬁ for a = {b,y, 0} is a random event revealed at time ¢ + 1 such that E; [,u?iﬂ = 0. The

Yi,i
t+1

=
T~
[ e
~

1
R

ML el It

=3
VR
3 |3
TRIT8
[
~
Il
R ™

moj’i . ..
+1n (mf{ﬁ ) + 07+ ulhh
t+1

theory implies that past flows of movers and past real wages are valid instruments since they are
correlated with future flows and wages but they are not correlated with the residual. This is the

identification argument in Artuc et al. (2010), that we build on to estimate bilateral moving costs.

5 Simulation results

In this section, we conduct simulations that serve as comparative statics exercises to illustrate what
we gain from explicitly taking into account uncertainty. In particular, there are two core differences
to a perfect foresight setup that can be illustrated by restating the value function of an agent in

age group a living in j:
VY = u(d) +Ey [I}ng}( {V&‘ﬁt — (" + BE, [(1 —AVEL + Aa‘/;t(f;rl)n} }] (37)

First, there exist shocks that households can insure against by choosing optimally location, sector
and occupation — these shocks are summarized in the expectation operator. Second, there exist
shocks that households cannot insure against which in our setting is aging (A%).

In order to understand how these shocks matter, we will model uncertainty as a mean-preserving

increase in volatility of region-sector-specific productivity and consider two settings:

1. Perfectly correlated uncertainty (aggregate uncertainty)
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2. Uncorrelated uncertainty (uncertain versus certain jobs)

We will illustrate these shocks in a setting with two regions, ‘good’ and ‘bad’ that vary in terms of
the stochastic process governing their productivity draws. In the case of aggregate uncertainty, the
evolution of productivity is governed by the same stochastic process but the mean of productivity
draws varies between the good and the bad region where the bad region has a mean productivity
that lies below the one in the good region. The stochastic process governing the draws is, however,
perfectly correlated: Hence, whenever the bad region has a draw below its expected value this is
also true for the other region.

Aggregate uncertainty illustrates how the optimal behavior of agents adjusts in a general envi-
ronment of increased uncertainty that affects all jobs equally. The implications are summarized in
Figure 1. As can be see from Panel A, if we do not account for uncertainty we are systematically
over-estimating the speed of reallocation. The intuition is that while the cost from changing jobs
and the current value from changing jobs is certain, the option value from changing jobs is lower
under uncertainty as opposed to the case with perfect foresight: Call x?-lﬁ for a’ = {a,a + 1} the
realization at time ¢ 4 1 of the stochastic process faced by a household of age a in job n at time ¢.

If the function V™ is strictly concave then Jensen’s inequality implies
By (1= XV (agfy) + AV (af3") | < v (B [255])

where the equality holds if and only if there is perfect foresight.

Panel B illustrates that under rational expectations there are more people remaining in the worse
region and there are less people reallocating to the better region than under perfect foresight. This
leads to a different spatial allocation of labor despite realizations as well as expected values of
productivity being identical to a situation with less aggregate uncertainty. To see that consider
two jobs {n,j} with the same fundamentals at time ¢. A positive productivity shock occurs in
job n while nothing changes in job j. Moving decisions under perfect foresight are governed by
V% (241) — VY (z41) = A > 0 and rational expectations E; [Va” (2041) — VY (zt+1)] < A under
rational expectations.

This has also long-run implications for inequality as can bee seen from Panel C since the fraction
of movers towards better jobs is systematically lower and greater in (remaining at) worse jobs.
Therefore, the long run distribution of households across jobs is systematically different between
uncertainty and perfect foresight. More people being crowded in bad regions lead to even lower
wages there while they lead to even higher wages in good regions.

Finally, as can be seen in Panel D, also the distribution of age groups differs and relatively more
old people end up in bad regions. This is because non-insurable risks make the cost from changing
job turn suddenly higher for some agents. With heterogeneous moving costs, both the current value

and the option value from changing job are lower for agents with higher costs of changing job.
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People who move across jobs
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Figure 1: Implications of aggregate uncertainty
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Inequality: Utility differences in best versus worst region
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Figure 1: Implications of aggregate uncertainty (cont.)
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In the second exercise, we consider two jobs that have the same expected value of productivity
draws but one region is subject to a higher level of uncertainty (which implies also a potential for
higher draws). As we can see this uncertainty results in a strong decline in jobs’ attractiveness at

the same level of productivity.

Figure 2: Implications of uncorrelated uncertainty

0.75 T T T T T T T T T

Uncertainty region -
===== NO-uncertainty region

g - -

0.7

[}

5

S 0.65 i
o

s

o

Qo

E 06 i
=)

=z

0.55 4

0 20 40 60 80 100 120 140 160 180 200

6 Conclusion

We deviate from the standard dynamic spatial general equilibrium model by explicitly allowing for
uncertainty and risk. People — as workers as well as consumers — tend to be risk-averse and when
prompted to change jobs and locations they are exposed to compare future uncertain returns to
job with residence and occupational choices. On these premises, there is a component of inaction
nested in choices made by rational and forward-looking people. Moreover, this source of inertia
is associated with welfare losses rooted in the fact that economic agents “get old” in a broad
sense. The latter means that people literally age, which involves a change in their opportunities, a
shortening of time horizon to enjoy those and knowledge depreciation. This process of aging entails

a risk which agents cannot insure against.
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To understand and quantify how global uncertainty (i.e. the component of aggregate uncertainty
channeled through movements of goods and people across regions) affects the evolution of the spatial
distribution of people and economic activity, we develop a dynamic stochastic general equilibrium
open economy model with interregional and intersectoral movements of goods and people, who also
might choose at any period to change occupation or enter voluntary unemployment. Within each
period, the economy works as an Eaton-Kortum production equilibrium augmented with labor
mobility frictions. The specific feature of our framework relies on the inter-temporal allocation
of labor: Worker-consumer agents make decisions on jobs and locations under uncertainty about
technology and trade policy changes happening worldwide, being aware of their finite lifetime. As
time marches on, the value of reallocation deteriorates since both the cost of changing increases and
the remaining lifetime is reduced. By considering rational, aging, forward-looking, and risk-averse
households in a dynamic stochastic general equilibrium model with realistic spatial linkages due to
the moving costs of both goods and people, our theory provides a rich understanding of the way in
which uncertainty impacts reallocation in the spatial economy. We quantify the role of uncertainty

and risk using detailed data on the French economy.
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7 Appendix

7.1 Derivations of the inter-temporal problem
7.1.1 Value functions

Rearranging the Bellman equations (1) yields
WY (L, Zyyeng) = BBy [V (Liga, se1)] + v max {5h &S n}
WY (Le, Zeseng) = ule]) + BB [V (Lisr, se1)] + v max {epe+epm}

W (Ly, Zy,eng) = ulcl) + BE [V (Lita, se01)] + v max {gﬁ,t + 5§j’n}
n

where:
g = % (BEt (VY™ (Lig1, s141) — V¥ (Lysgr, se41)] — ij’n)
g = % (mEt (VY (Lysa, s041) — V¥ (Liga, s041)] — (tyj’">
&g = : (mEt [V (Lt se1) = V7 (Ligrs s141)] — Ctoj’n) :

Suppose that for a given household h the new job which maximizes the expected future value
starting from j is 7; that is ¢ = argmax, ¢ {5’,"{715 + éf]n} and max, ¢ {eht + etj "} = sht + € _a”
This is true if and only if 5% +t gt > €t +&;7™ for every m # i. The realizations of idiosyncratic

values are assumed to be independent across jobs, and this implies that the event sht < 6h +TE 990 _

™ for every m # i occurs with the joint probability density f(e} ,) || F(sht + g 54;] ™).
Taking the expectation over the continuum of households, hence for E;L , that takes any Value € over

the real support, yields [* (e + EN f(e) [ F(e+e =000 _ g9 e which is the contribution
of a single job to the value of Ey, [maxnej {627,5 + &9 "H Summing over all candidate jobs yields
the average option value among households of age a of choosing the next period job starting from

being at job j in the current period ¢

Z/ (e + ¥ f HFE—FJI]Z—JU’ Yde , a={b,y,0} .

e m##i

7.1.2 Parametrization of the distribution F(¢)

Assume that € ~ Gumbel(—~,1) where v &= 0.5772 is the Euler-Mascheroni constant. The first

moment is equal to zero and the variance is equal to %2. The c.d.f. and p.d.f. are given by

Fe) = e and f(e) = e ©*)F(e). Define the auxiliary variables 62" = 900 _ g9+

aj ik

AT — In (Zke Se 0 ) The probability that when moving from a certain job j, a given job i is
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preferred to any other job k is given by

/ O FE+07")de = e =mg (38)
—o© ki

where we proceeded with a chgnge of variable y = & — A% and 1= e_(y+7)e_[ei(yﬂ>]dy —1. By
the law of large numbers, m;”" € (0, 1) is the fraction of households in job j who move to job i at

the end of period t. The option value is given by:

) = 3 [ (e + €9 f(e) T] Fle + 609 de

ices maki
pYC (m?j’j ) (39)

5*(y+7)]

where ffooo(y+7)e_(y+7)e_[ dy = v and ffooo()\?j’j—7)6_(?/‘*‘7)@_[67(“7)](@ = )\?j’j_% and we
have substituted back for {77 = In ($,c, e~ ). Substituting for {7 = In (e, e~ ) and

.. .. 1 . . . . ~aj,i —aj,k
then 6%7% = g09 _z97F i) the expression for the fraction of movers yields m$’* = " / {Z ey €7t ]
for a = {b,y, 0}.

7.1.3 Rewriting the value functions

Substituting for vQ(£%7) = vA%" in the Bellman equation (4), given the definition A}’ = In (ZkeJ eégj’k),

Jsk

the equilibrium expression for £”" in (3) and the equilibrium option value (7), yields the set of

Bellman equations:

Vi (L, Zy) = vin <Z ei(ﬁEf[Wk(LtH’stH)]ijyk)) (40)

keJ

VY (L, Z) = &’ (Ly, Z) +vn (Zei(ﬁﬂft[<1—Ay>Vy’“<Lt+175t+1>+AyV°’“<Lt+1,wlﬂ‘ fj,k))
keJ

) ] 1 _)\o o s _ ~0j,k
Vo‘j (Lt, Zt) - w] (Lt7 Zt) —|— ]/ln (Z ev (ﬁ]Et[(l A )V k(Lt+17 t+1)] t] ))
keJ

Rewriting the Bellman equations (40) making use of the equilibrium conditions (8) evaluated for

the fraction of those who do not change job yields (9).
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