GLOBALIZATION, TRADE IMBALANCES AND LABOR
MARKET ADJUSTMENT*

Rafael Dix-Carneiro, Duke University and NBER
Joao Paulo Pessoa, Sao Paulo School of Economics
Ricardo Reyes-Heroles, Federal Reserve Board

Sharon Traiberman, New York University

March 14, 2022

Abstract

We argue that modeling trade imbalances is crucial to understanding transition dynamics in
response to globalization shocks. We build and estimate a general equilibrium, multi-country,
multi-sector model of trade with two key ingredients: (a) endogenous trade imbalances arising
from households’ consumption-saving; (b) labor market frictions across and within sectors. We
use our model to perform several empirical exercises. We find that the “China shock” accounted
for 25% of the decline in US manufacturing between 2000 and 2014—twice the magnitude
predicted from models which fail to account for the growth of trade imbalances. A concurrent rise
in US service employment led to a small aggregate unemployment response. We then benchmark
our model’s predictions for the gains from trade against the popular “ACR” sufficient statistics
approach. We find that our predictions for the long-run gains from trade and consumption

dynamics significantly diverge. JEL Code: F16.
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“One major contrast between most economic analyses of globalization’s impact and those of the
broader public ... is the focus, or lack thereof, on trade imbalances. The public tends to see trade
surpluses or deficits as determining winners and losers; the general equilibrium trade models that
underlay the 1990s’ consensus gave no role to trade imbalances at all. The economists’ approach is
almost certainly right for the long run ... Yet in the long run we are all dead, and rapid changes in

trade balances can cause serious problems of adjustment ...”

Paul Krugman, “Globalization: What Did We Miss?”!

1 Introduction

A large body of evidence shows that globalization can lead to significant labor market disruption.
For instance, Autor et al. (2013) show that American workers in regions facing steeper import
competition from China are less likely to work in manufacturing and more likely to be unem-
ployed.? This work has generated considerable interest and research in understanding, modeling,
and quantifying the adjustment process in response to globalization shocks.? Yet, this literature
has abstracted from modeling trade imbalances, and has been silent on how they could influence
the labor market adjustment process.

This gap is puzzling in light of the size and persistence of trade imbalances in the last three
decades, coupled with an increased discomfort among American policy makers towards trade
deficits. Indeed, there is a pervasive concern among many policy makers and the public that
trade deficits are undesirable as they crowd out domestic production and are detrimental to jobs

4 When trade is balanced, equilibrium forces ensure that a contraction of import-

and workers.
competing sectors is met with a simultaneous expansion of export-oriented sectors. On the other
hand, if globalization shocks induce countries to run trade imbalances, these shifts are no longer
synchronized, affecting the dynamics of reallocation. Hence, the behavior of trade imbalances can
influence the dynamics of job losses and gains, especially in the presence of unemployment and
labor market frictions.

In this paper, we study how endogenizing trade imbalances influences the labor market adjust-
ment process in response to globalization. Does ignoring trade imbalances when we investigate the
labor market consequences of trade shocks matter at all? How much insight do we lose in doing so?

To address these questions, we build on existing models of globalization and labor market adjust-

ment and develop an estimable, general equilibrium, multi-country, multi-sector model with three

!See Krugman (2019).

2Other recent papers tying globalization shocks to labor market disruptions include Dix-Carneiro and Kovak (2017,
2019), Pierce and Schott (2016), Costa et al. (2016), Dauth et al. (2018), Utar (2018), among many others.

3See Artug et al. (2010), Dix-Carneiro (2014), Traiberman (2019), and Caliendo et al. (2019).

“For examples of recent policy discussions, see Scott (1998), Bernanke (2005), and Navarro (2019).



key ingredients: (i) Consumption-saving decisions in each country are determined by the optimizing
behavior of representative households, leading to endogenous trade imbalances; (ii) Labor market
frictions across and within sectors lead to unemployment dynamics, and sluggish transitions to
shocks; and (iii) Ricardian comparative advantage forces promote trade but geographical barriers
inhibit it.

In our model, trade imbalances arise from country-level representative households making con-

® These decisions give rise to an Euler Equation that dictates

sumption and savings decisions.
how countries smooth consumption over time in response to shocks in productivity, trade costs,
and inter-temporal preferences. Our approach relies neither on ad hoc rules for imbalances nor
on specifying the path of imbalances exogenously, which are common in the international trade
literature. Instead, our perspective builds on the workhorse model of imbalances in international
macroeconomics, providing a natural benchmark for understanding how they shape the labor mar-
ket adjustment process.’

Turning to production and the labor market, each household is comprised of individual workers.
These workers choose in which sector to work, taking into account how their choices affect the
household’s maximizing problem. Similarly, firms choose in which sector to produce, maximizing
expected discounted profits. Together, a firm and worker produce tradable intermediate varieties
that are aggregated into sector-level outputs used as inputs into production, or for consumption.
Goods markets are perfectly competitive, but international trade is subject to trade costs. Labor
markets feature two sources of frictions: (i) switching costs to moving across sectors a la Artug
et al. (2010); and (ii) matching frictions within sectors & la Mortensen and Pissarides (1994).
In particular, our framework allows for job creation and destruction to respond to trade shocks,
leading to rich unemployment dynamics and speaking to a key concern of the public’s anxiety over
globalization.”

We estimate our model using a simulated method of moments and data from the World Input
Output Database as well as several sources of microdata around the world. To ensure tractability
of the estimation procedure, we assume the economy is in steady state and we match data moments
from the year 2000. The procedure conditions on the observed trade shares and allows us to estimate
our parameters country by country, greatly simplifying the process.

To understand the main mechanisms at play in our model, we first consider a hypothetical

situation where China’s productivity steadily grows for many years before reaching a plateau. In

this case, China smooths consumption by consuming over production in the short run—generating

®See Obstfeld and Rogoff (1995) for a survey of this approach to imbalances in international macroeconomics.

5More recent work on global imbalances builds on the standard consumption savings model by adding financial
frictions (e.g., Caballero et al. (2008) and Mendoza et al. (2009)), or demographics (e.g., Barany et al. (2018)).

"Pavenik (2017) reviews survey data showing that only 20% of Americans believe trade creates jobs, while 50%
believe it destroys them.



trade deficits—and then below in the long run—generating a permanent trade surplus. These
patterns in trade imbalances lead to non-monotonic patterns of adjustment. In the short run,
China expands its non-tradable sectors and contracts its tradable sectors. However, in the long
run, it pays off its debt by permanently expanding its tradable sectors above their initial steady-
state levels.

These non-monotonic patterns of adjustment contrast with predictions of the model if trade
is imposed to be balanced across countries in all periods—an assumption commonly imposed in
this literature. In this scenario, sectors gradually and monotonically expand or contract until the
new steady state is reached. Importantly, we observe considerably less reallocation in this scenario,
both in the short and long runs. This exercise shows that the behavior of trade imbalances closely
dictates the pattern and the magnitude of sectoral reallocation. Next, we show that the exact path
of shocks affecting the global economy—and not just their initial and final levels—is critical for
the evolution of trade imbalances and their long-run consequences. Relevant for the policy debate,
trade surpluses (deficits) do not necessarily lead to lower (higher) unemployment.

China’s rise as a major international trade player has generated much attention in academic
and policy circles. Key concerns involve the effects China and its trade surplus have on the US
labor market and manufacturing. We revisit this event through the lens of our model. We consider
changes in Chinese productivity and trade costs with the rest of the world, as well as shocks to
China’s saving rate—the so-called “savings glut.” We first estimate that these changes in the
Chinese economy led to a deterioration of 36% of the US trade deficit between 2000 and 2014.
Next, we find that shocks accrued to the Chinese economy over this period accounted for 25% of
the decline in American manufacturing. Our model predicts fast job creation in services of the
same magnitude, leading to a zero effect on unemployment. If balanced-trade is imposed, we would
estimate that China accounted for 13% of the decline of US manufacturing. As before, we also have
simultaneous job creation in other sectors, leading to a muted unemployment response. However,
the model predicts a much smaller expansion in services, and a much larger one in Agriculture.

We estimate that shocks to Chinese productivity were responsible for the bulk of China’s effect
on the size of US employment in manufacturing. China’s savings glut had a significant short-run
negative effect, but this effect was completely undone by 2014. Finally, we find that the effect
of the “China shock” on US consumption was positive. Although small in absolute terms, these
consumption gains are larger than previously-estimated effects of large trade shocks such as NAFTA
and the US-China trade war (Caliendo and Parro, 2022).

Next, we study the implications of trade imbalances and labor market frictions for the gains
from trade, typically computed using the sufficient-statistics approach of Arkolakis et al. (2012) and
extended by Costinot and Rodriguez-Clare (2014). Differences in predicted long-run consumption

effects of trade are significant, with both imbalances and labor market frictions playing important



roles in these discrepancies. We also evaluate the relative performance of these approaches over
the transition path. We find that discrepancies are smaller once we focus on the comparison of net
present values of consumption, but the two approaches imply quite distinct paths for consumption.
Specifically, our model generates larger swings in consumption, whereas the formula in Costinot
and Rodriguez-Clare (2014) implies flatter dynamics.

As a final exercise, we compare outcomes of our model with an alternative popular approach
to trade imbalances. In this approach, trade imbalances do not arise from economic decisions.
Rather, each countries’ profits are pooled into a global portfolio and redistributed back to countries
according to country-specific shares that are calibrated to match observed cross-sectional imbalances
(Caliendo and Parro, 2022). We show that this approach leads to quite distinct behavior of trade
imbalances, and, in turn, for reallocation patterns and unemployment.

Our paper speaks to a large literature that investigates the labor market consequences of glob-
alization, both empirically and quantitatively. We make two contributions to this literature by
incorporating both involuntary unemployment and trade imbalances into the state-of-the-art Ri-
cardian trade model of Caliendo and Parro (2015). Broadly speaking, quantitative trade models
based on Eaton and Kortum (2002) have only allowed for a non-employment option (i.e., voluntary
unemployment) or have focused on steady-state analyses, ignoring transitional dynamics. Caliendo
et al. (2019) is an important example of a dynamic quantitative trade model in which workers
make a labor supply decision and face mobility frictions across sectors and regions. However, their
model does not feature job losses and unemployment. On the other end, Carrére et al. (2020) and
Guner et al. (2020) incorporate search frictions and unemployment into multi-sector extensions of
Eaton and Kortum (2002), but do not study out-of-steady-state dynamics. In a recent exception,
Rodriguez-Clare et al. (2020) incorporates wage rigidity into the model of Caliendo et al. (2019)
to investigate the unemployment effects of the China Shock on local labor markets in the United
States.®

Importantly, though, none of these papers model trade imbalances. We do so by incorporating
the workhorse model of imbalances used in the international macroeconomics literature allowing
for savings decisions by means of an international bonds market as in Reyes-Heroles (2016).7 In

that regard, our paper is closely related to Kehoe et al. (2018) who explore the implications of the

81n addition to these papers based on the Eaton and Kortum model, Helpman and Itskhoki (2010) add labor market
frictions to a two-country Melitz model, and Heid and Larch (2016) add labor market frictions to an Armington model
of trade. Cosar et al. (2016) incorporate search frictions and unemployment to an estimable small open economy
Melitz model with firm dynamics, but focus on steady-state analyses. Ruggieri (2019) extends that model to study the
transition in response to trade shocks. Similarly, Helpman and Itskhoki (2015) also analyze the dynamic behavior of a
two-country Melitz model with labor market frictions. Finally, Kambourov (2009), Artug et al. (2010), Dix-Carneiro
(2014), and Traiberman (2019) also study transitional dynamics, but through the lens of small open economy models.

9A few papers have analyzed the consequences of current account rebalancing on labor reallocation and unem-
ployment by considering changes in imbalances as exogenous, e.g. Obstfeld and Rogoff (2005), Dekle et al. (2007),
and Eaton et al. (2013).



increase in the United States trade deficit for the secular decline in manufacturing labor over the
last four decades. However, this paper does not incorporate sluggish labor market adjustment nor
unemployment dynamics.

This paper is structured as follows. Section 2 outlines our model. Section 3 describes the data
we use and our estimation procedure. In section 4, we present a detailed discussion of our model’s
mechanisms. Section 5 studies a series of counterfactual experiments, including an analysis of the
impact of the China shock on the US labor market, and comparisons between predictions of our

model and those from other popular approaches in the literature. We conclude and discuss future

research in section 6.

2 Model

Our model builds on existing workhorse models of globalization, trade imbalances and labor market
adjustment. Trade imbalances are modeled according to the inter-temporal approach of Obstfeld
and Rogoff (1995), and the trade bloc is based on Caliendo and Parro (2015). We adopt the
framework in Artug et al. (2010) to model labor mobility frictions across sectors and the structure
in Mortensen and Pissarides (1994) to model search frictions and job creation and destruction.
Sections 2.1 through 2.8 formalize our model showing how these different frameworks fit together.

The economy consists of 4 = 1, ..., N countries, each with a constant labor endowment given by
a continuum of workers with mass L;. Three different types of goods are available in the economy:
a non-tradable final good, K non-tradable sectoral composite intermediate goods, and tradable
intermediate varieties. All agents have perfect foresight over all aggregate variables, and we do not

consider aggregate uncertainty.

2.1 Technology

We start by describing the technologies available in every period t to produce the different types
of goods. The final non-tradable good is produced by identical, perfectly competitive firms in each
country. It is given by a Cobb-Douglas aggregate of the K sector-specific composite intermediate
goods. We denote country i’s share of expenditure on sector k goods by py ;, with Zle pgi = 1.

We assume that the sector-specific composite goods are produced by identical, perfectly com-
petitive firms operating in each sector k of each country i. Total output of sector k is given by a
constant elasticity of substitution (CES) aggregate over the output of a sector-specific, continuum
of varieties indexed by j € [0,1]. These sector-specific goods are solely used as intermediate inputs

for the production of the final good or as intermediates in the production of varieties. Like the final

°Tn International Macroeconomics, Kehoe and Ruhl (2009), Meza and Urrutia (2011), and Ju et al. (2014) are
examples of the scarce work studying the the interaction between the current account and labor market reallocation.



good, these composites are non-traded.

Units of variety j € [0, 1] for a particular sector k are produced by firms that combine the labor
of one single worker with composite intermediate inputs purchased from all sectors. For a given
variety j, a firm-worker pair engaged in production is associated with a particular productivity x
that we refer to as a match-specific productivity. In addition to the match-specific productivity,
firms producing variety j in sector k and country ¢ at time ¢ have access to a common technology

with productivity z,t“( j). Total output by a firm producing variety j in sector k with match-specific

K
productivity x, and employing composite intermediate inputs {M etz}e ) at time ¢, is given by:

(1 7k,’L)
Yk () = 24 (7) 27 (H M Vk“) , (1)

where vy, € (0,1), vge; > 0, and 25{:1 Vkei = 1.

2.2 Labor Markets

Workers and single-worker firms producing varieties engage in a costly search process. Firms post
vacancies, but not all of them are filled. Workers search for a job, but not all of them are successful,
leading to involuntary unemployment. We assume that labor markets are segmented by sector—
firms posting vacancies in sector k in period ¢ can only match with workers searching in that sector
in that period, and vice versa. More precisely, denote the sector-specific unemployment rate by
uk ;» and the vacancy posting rate as vk Both variables are expressed as a fraction of the labor
force Lt i» measured as the sum of employed and unemployed workers in sector k in country ¢ at
time t. In every period, the fraction of the labor force that matches with a firm is determined by
a function, m; (ufm, Uli,i)’ which is homogenous of degree 1, and strictly increasing and concave in
each argument. Given the homogeneity assumption, we can recast the matching process in terms
of labor market tightness, defined as: .

V.,

=, (2)

)

0L . =
ki t
g,

.

We denote the probability that a firm matches with a worker as ¢;(6}, ;) = m; <(9t O7h 1). Con-
sequently, the probability that an unemployed worker matches with a firm is Hk qu(GZ,i>' After
matching, firms and workers draw a match productivity, x, and firms choose in which variety j to
operate. We detail the choice of j in section 2.4.1. Before doing so, we describe the household’s

problem and the timing of events.



2.3 Households

Countries are organized into representative families, each with a household head that chooses
individual consumption, the allocation of workers across sectors, and aggregate savings to maximize
aggregate utility. We first describe the utility function and budget constraint of the household head.
Next, we outline the timing of events in the labor market. Finally, we obtain optimal decision rules
for each household head. For ease of notation, we temporarily omit the country subscript ¢ and let

¢ index individuals.

2.3.1 Utility and Budget Constraint

The household head aggregates individual-level utilities, Ué’ , across a continuum of workers/family

members of mass L and maximizes its expected net present value given by:

oo
By {Z oo [ uécw} , 3)
t=0 0

where ¢ is the discount factor, which we assume to be common across countries, and ¢! is a country-
specific inter-temporal preference shifter that the household head experiences in period ¢.!' Given
that agents have perfect foresight with respect to all aggregate variables, Ey denotes expectations
with respect to matching probabilities, exogenous match destruction, match-specific productivity
draws, and future worker-level idiosyncratic shocks. Some of these events are described below. For
future reference, we implement our model at a quarterly frequency, so that each period corresponds
to a quarter.

The utility for worker ¢ at time ¢ depends on her consumption level, ¢}, employment status,
e}, € {0,1} (with 1 denoting employment), her current sector, k} (determined in period ¢ — 1), and
her future sector of choice, k‘zﬂ (determined in period t). More specifically, the utility for worker

¢ at time ¢ is given by:
1
U (cj. ep. ki, by wi) = u(cg) + ey + (1 — €) (‘Ckf_,,k;“ + by + WZ;HJ) : (4)

All workers enjoy utility from consumption according to the strictly increasing and concave utility
function u. Employed workers (e¢/ = 1) enjoy an additional non-pecuniary sector-specific benefit,

sz-lz Unemployed workers in sector k) can switch to sector ké“, so that mobility cost Ckz7k§+1,

11 As will become clear later, inter-temporal preference shifters will be important for matching the observed time-
series behavior of final expenditures across countries. The use of these shifters is common in the international
macroeconomics literature (Stockman and Tesar, 1995; Bai and Rios-Rull, 2015). The fact that these shifters lead to
wedges in Euler equations implies that they can also be viewed as generated by asset markets frictions. Nevertheless,
these parameters do not respond to shocks in the model.

12These preference terms, also known as compensating differentials, primarily serve a quantitative purpose—as



utility of unemployment bkz+1 and idiosyncratic shock thH are incurred (during period t). Mo-
Z b)

bility costs Ckg,kz“ capture different frictions workers face io switch across sectors, and include
sector-specific human capital investments, geographical mobility costs (reflecting that sectors can
be concentrated in different regions), and information frictions. Importantly, these parameters are
critical to generate realistic inter-sectoral transition rates of employment. The utility of unemploy-
ment bkzﬂ reflects a taste for leisure or distaste for the unemployment status. As we describe later,
this parameter is an important driver of workers’ outside option, and consequently, of workers’ reser-
vation wages. wz = (wie, ...,w%y» are idiosyncratic sector-specific preference shocks received by
unemployed workers in period t. These shocks are assumed to be #id across individuals and over time
and play two important roles. First, they generate gross aggregate flows across sectors, in excess of
net flows, allowing the model to generate realistic worker transition rates. Second, they generate
smooth aggregate labor supply curves across sectors.'> One can also interpret C%kzﬂ — wliﬁl’ , s
an individual-level mobility cost.

In addition to consumption and employment decisions, the household head has access to in-
ternational financial markets by means of buying and selling one-period riskless bonds that are
available in zero net supply around the world. One can think of international bond markets in pe-
riod ¢ as spot markets in which a family buys a piece of paper with face value of B! in exchange
for a bundle of goods with the same value, and the piece of paper represents a promise to receive
goods in period ¢ + 1 with a value equal to R‘T! B!+, International bond markets are frictionless,

so that the nominal returns, R'*!, are equalized across countries. The budget constraint faced by

the household head is given by:
L
pht / chdt + Bt < vt 4TI + R'BY, (5)
0

where P denotes the price of one unit of the final good, YT represents aggregate wages across
all workers, and II' stands for aggregate profits across all firms—all measured at time ¢. In words,
equation (5) states that the family can purchase consumption goods or bonds for next period using

wage income and profits, net of interest payments (or collections) on past bonds.

2.3.2 Timing of Events

Figure 1 details the timing of the model. If a worker ended period ¢t — 1 unemployed in sector k

she realizes her vector of preference shocks, w’, (at interim period ¢,). At this point, the household

shown in Artug and McLaren (2015), matching observed wage differentials without these sector-specific non-pecuniary
benefits is difficult, and can lead to implausibly large estimated mobility costs.

13Given these attractive properties, these idiosyncratic preference shocks have been adopted in a variety of papers
modeling the labor market response to trade shocks. For example, see Artug et al. (2010), Dix-Carneiro (2014),
Traiberman (2019), and Caliendo et al. (2019).



decides whether the worker should search in sector k at time ¢ (at no additional cost), or incur the
moving cost, Cypr, and search in sector k’. Following Artug et al. (2010), we assume the w,tf ¢ shocks
are iid across individuals, sectors and time, and are distributed according to a Gumbel distribution

with mean 0 and shape parameter (.

Figure 1: Timing of the Model

Firms and workers Workers: consume Exogenous job

bargain over wages ty Firms: post vacancies ta destruction w/ prob. xx

| | | | |
I I I I

T
t—1 ta Matched Workers: Produce  tc New matches te t+1
Unemployed: learn shocks w}, occur and xfl ~ Gy,
choose sector where to search revealed

Workers who decide to search in sector k match with a firm with probability 6%¢(6%) (at interim
period t4). We follow Mortensen and Pissarides (1994) and assume that once a worker and a firm
match at £, a match-specific productivity for ¢ + 1 production, xZH, is randomly drawn from a
distribution Gy, with [0, 00) support. This productivity is constant over time from then on. At this
point, the household head or the firm can break a match if it is not profitable. Finally, at the end
of every period (interim subperiod t.), there is an exogenous probability xj that existing matches
dissolve (excluding new ones). Successful matches that occur at time ¢ only start to produce at
t + 1. Workers employed in sector k at time ¢ are paid wages denoted by w! (x%) and enjoy the

non-pecuniary benefit, 7;.'4 Section 2.5 describes the wage bargaining process that occurs at t,

and section 2.4.2 describes the decision of firms to post vacancies at time ..

2.3.3 Household’s and Workers’ Decisions

The allocation of workers follows a controlled stochastic process: while the household head can
choose workers’ sectors given knowledge of mobility costs and idiosyncratic preference shocks, em-
ployment status is a probabilistic outcome given the matching and exogenous job destruction pro-
cesses. Given an initial level of bond holdings, By, the head of the household chooses the path of
consumption allocations, ¢}, the path of sectoral choices, kf, the path of job continuation decisions,
and the path of bond holdings, B'*!, to maximize (3) subject to the budget constraint (5) and
the stochastic process governing employment status. The head of the household has perfect fore-
sight over all aggregate variables, and takes both the path of prices and aggregate profits as given.
Appendix A formalizes this problem.

To characterize the solution to this problem, let A be the Lagrange multiplier on the family’s

budget constraint (5).' The optimality condition with respect to cZ is u/ (cﬁ) = A\ pF * so that in-

1 an abuse of notation, we have preemptively assumed that the wage will depend on the sector and match
productivity, but not the variety, j, that the firm and worker produce. Below we will verify that this will be the case.
'5In an abuse of terminology we will continue to refer to A’ as the Lagrange multiplier. However, the correct

10



dividual consumption is equalized across individuals within the household: ¢}, = ¢! V¢. Henceforth,
we will refer to ¢! as per capita consumption. Armed with this observation, we show in Appendix
A that the labor supply decisions solving the household head’s problem can be decentralized and
written recursively for unemployed and employed workers. We now turn to this recursive formula-
tion.

From here on, we return to indexing countries by <. Moreover, since workers are symmetric up
to x and 7 in each country, we stop indexing individual workers. We denote by U };i(wt) the value of
unemployment in sector k, country i at time ¢ conditional on individual shocks w’, and by W,il (x)

t+1
¢A+

7

o

~

the value of employment conditional on match-specific productivity x. If we define gZ)EH

the sector choice, k' = k*+! solves:

—Clhr i + why + by
Ofalw) = max | +6fja (6,,) 667" J5* max (Wil (@), UL dGos (@) |, (6)
1 1
+ (1= 0 a (01,)) s0r U

and
Wi, (@) = Mk, (2) + ni + 061 (1 — xpi) max {Wéf (), U,ﬁfgl} + 00 kUL (D)

In equation (6), Uy ; = Eo, (ﬁ,’;l(wt)> is the expected value of ﬁé,i(wt), integrated over w!. The
first line in this equation corresponds to the costs of switching sectors, —Cl ; + w,tg,, and the value
of being unemployed in that sector, by ;. The second line is the probability of finding a match
Ht,,iq (Gt,7i> multiplied by the discounted expected value of the match. Note that for low values
of Wkt:,Jer (x), the household head dissolves the match so that the worker obtains U. ,27:1 Finally, the
third line is the discounted expected value of being unemployed next period if the worker fails to
successfully match. If we integrate the left hand side of (6) we obtain a Bellman equation in U ,fn

With Gumbel distributed w shocks, the optimal policy for sectoral choices can be aggregated
into a multinomial logit transition matrix, s%jl. This matrix measures transition rates from
unemployment in sector £ to search in sector k& between t and t + 1. According to the timing
described in Figure 1, only unemployed workers are allowed to move across sectors, implying that
inter-sectoral transitions can only occur through an unemployment spell. To be able to generate
realistic yearly employment transition rates across sectors, we implement our model at the quarterly
frequency.

In equation (7), wy,; (x) is the wage paid by a firm with match productivity 2. Note that it is
multiplied by the household head’s Lagrange multiplier on the budget constraint X§ To understand

shadow price associated with period’s ¢t budget constraint is given by 5t¢fit.

11



the role of the Lagrange multiplier, note that X’;w,’iz (x) = v (er) ¥ (w}il () /PiF’t), which is the
marginal utility accrued to the whole household from the additional consumption brought in by a
worker employed in sector k with match productivity . Therefore, individual workers internalize
the effect of their labor supply decisions on the whole family’s utility, allowing us to decentralize the
problem of the household. The second term of equation (7) is the non-pecuniary benefit of working
in sector k. The final two terms are continuation values: with probability (1 —x ;) the match does
not exogenously dissolve and the worker can choose whether to continue; with probability x;; the
match exogenously breaks and the worker exits to unemployment in sector k.

Our formulation, where household heads make consumption and aggregate savings decisions,
is attractive as it leads to a tractable numerical solution of the model. If we were to model
individual consumption and savings decisions, we would need to keep track of the evolution of the
full distribution of savings across individuals in the economy, greatly complicating the computation
of the equilibrium. The trade-off we face is that the formulation we adopt here leads to the
equalization of consumption across individuals, so that we cannot study how globalization and

trade imbalances impact consumption inequality.

2.4 Firms
2.4.1 Incumbents

Perfectly competitive firms produce according to (1) by combining the labor of one single worker
with composite intermediate inputs purchased from all sectors. Let p’,fm» (7) denote the price paid
for a unit of production of variety j in sector k and country ¢ at time ¢. A firm producing variety
j with match-specific productivity = obtains revenue Y,fﬂ. (J,2) = p; (4) y,tw (j, ).

Firms are price takers in product and intermediate-input markets. They choose intermediates,

K
{M;Z} , to solve:
") e=1

(1 Tk ’L) K
Sti (g, x) = {Iﬁﬁx}pz,i (7) 2k, (7) 7% <H Mj; Vk“) - ZPe{;th,ia (8)
2,1 /=1 /=1

where S};’i (j,x) denotes the revenue net of intermediate input payments generated by the match
between a firm and a worker with productivity x producing variety j, and PZI ;t is the price of one

unit of sector £’s composite intermediate good. One can show that:

where
1*%@' Mt kit 1
~ Yk .4 . . .
s () = e (L= ) 7 (BU) 75 (ph () 2k () (10)
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K It Vie,i
pl ;
and P,%’t = H < L ) is the price of one unit of the Cobb-Douglas bundle of intermediate

Vke,i
(=1
goods.

We assume that in any period ¢, both new entrants and incumbent firms are free to costlessly
choose what variety j to produce across all varieties within their sector. We refer to this property
as costless variety switching. With this assumption, no arbitrage across varieties will ensure that
wy,; (7) = wi,; (§') and p ()2 ,(5) = pp;(5)2,;(5") for all pairs j, 5 of varieties produced in
country i. Therefore, ﬁzﬂ- and p};zz,t“ do not depend on the specific variety that is produced. This
symmetry across varieties allows us to drop the index j identifying individual varieties. Given the
expression in, (9), we will henceforth refer to @ZZ as sectoral surpluses. As will become clearer
in section 2.6, these sectoral surpluses will play the same role as wages do in Caliendo and Parro

(2015).

We can now write the value function for incumbent firms, J};i (x), as:
T @) = X (@ = wh (2)) + (1= x0,0) 867 max { T4 (@), 0} (11)

The first term is the firm’s current profit, and the second is the firm’s continuation value of the

match.!6 If J,?Z- (x) < 0 the firm does not produce and exits.

2.4.2 New Entrants

Potential entrants can match with a worker by posting vacancies in sector k. We assume that posting

a vacancy costs kj; units of the final good, and so amounts to total cost Iik’iPiF’t. Vacancies are

posted at the interim period ¢. as illustrated in Figure 1. If a firm successfully matches with a

worker at t, production starts at ¢t + 1. If we denote the expected value of an open vacancy by Vlf,i?

then:

qi (021 fooo max {J,ﬁ;l (s) ,O} dGl.i (s)
+(1—g¢ (0};71)> max {V,fjl,O}

The first term on the right hand side is the cost of posting vacancies scaled by the Lagrange

Vi = Mk PP+ oot (12)

multiplier Xf The second term says that in the next period entrants match with probability
qi (0}5“) and obtain the expected value of max {J,ij;.l, 0} starting in the next period. If they do not
match, they can post another vacancy. To close the model, we impose free entry so that th’i <0
Yk, i,t.17

18Firm profits are multiplied by the multiplier on the family’s budget constraint in order to keep the units, utils,
consistent between the firm’s and worker’s problem. However, if one divides Jﬁ,(m) by Af, then from the Euler
Equation we derive below, it is clear that this formulation is equivalent to a risk neutral firm discounting profits using
the nominal returns R*™.

"In the equilibria we consider in this paper, we verify that this condition holds with equality, both in steady state
and along transition paths.
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2.5 Wages and Labor Market Dynamics

The surplus of a match between a worker and a firm, in a given sector k, is defined as the utility
generated by the match in excess of the parties’ outside options. The firms’ outside option is to post
another vacancy, which is zero under free entry. The worker’s is U ,iﬂ-, the value of search in sector k.
Hence, the surplus of the match with productivity x is given by S,tm» () = J};i () + W,ﬁZ (x) — U/};Z
If a match with positive surplus is formed, we assume that firms and workers engage in Nash
bargaining over this surplus, with the workers’ bargaining weight given by . ;. The resulting wage
equation is:
(UF, = 00 U — )

) - .

(2

wh; () = BriWy @ + (1 — Br (13)

This is similar to the standard wage equation in search models: the wage is a weighted average be-
tween the surplus and a function of their outside option. By integrating wages across all individuals
in the economy at time ¢, we obtain the family’s total wage income Y?.

Equations (7) and (11) imply that the surplus function is strictly increasing in x. This obser-
vation paired with the Nash bargaining assumption, implies that matches only remain active at ¢

if ¢ > gi/, ;» Where g}f“ solves:
Sltc,i (ﬁm) = Jli,i (ﬁm) = ngz (fltm) - Uli,i =0. (14)

Note that @}fm can respond to contemporaneous as well as future aggregate shocks, leading to
endogenous job creation and destruction and dynamics in the labor market. In the remainder of
this section we describe these dynamics in detail.

Since workers can switch sectors between periods t, and t., the sector-specific unemployment
rates differ at these two points in time within the same period. To this end, we first define the
beginning of period t sector-specific unemployment rate as ﬂfﬂ;l, and labor force as Lfﬂ;l. After
workers switch sectors, (measured before matching at t;), we define ufm to be the share of sector-k

workers searching for a job. It is given by:

K
t—1~t—1 tt+1
; lLé,i Upi Stk
t U=
uk,’i - Lt 9 (15)
ki

where S%ng denotes the transition rate from unemployment in sector ¢ to search in sector k& between

t and t+1—it aggregates the individual-level solutions of equation (6) across all unemployed workers
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at ¢. L! . is the number of workers in sector k at ¢ (more precisely at t.) and is equal to:

t _ rt—1 t—1~t—1 tt+1 t—1~t—1 tt4+1
Ly =Ly, + ZLM Up; Spei — Ly g, (1 — Skk,i )v (16)
ok g
~ Outflow
Inflow

where the second term on the right hand side is the flow of unemployed workers into sector k, and
the third term is the flow of unemployed workers out of sector k.

Only firms with x > gﬁl produce at t + 1. Therefore, the number of jobs created in sector k
is given by:

JChy = Lk 00 (01) (1= G (2551)) (17)

The rate at which unemployed workers find new jobs depends on two endogenous objects. First, it
depends on labor market tightness, 6’2, ;» which determines the probability of a match. Second, job
creation depends on g?;l, which determines the probability a match is successful.

In turn, the number of jobs destroyed is given by:
D} = (i + (U= xea) Pr (ghs @ < affllal, <o) ) 2t (175 (18)

where Pr (g’}m <z< gﬂl\ﬁ” < ac) is the share of active firms above the productivity threshold at
t but below at t + 1. After accounting for job destruction and creation, the rate of unemployment

at the end of period ¢, is given by:

t ot t Dt
ki = .

(19)
! Li,z‘

Equations (15)-(19) describe the evolution of labor market stocks over time. In any given period,

these stocks are bound by the labor market clearing condition:

K
> Li, =L (20)
k=1

Before discussing market clearing and equilibrium, we briefly discuss the value in our approach
to labor markets. In our model, the aggregate unemployment rate equals the labor-force weighted
average of sectoral unemployment rates. Consider, as an example, a shock to US manufacturing that
shifts labor demand to services. What will happen to aggregate unemployment? In equilibrium,
two forces act in tandem to determine the net effect. First, there will be reallocation across
sectors, which can differ in their unemployment rates. Second, there will be job destruction in
manufacturing, but there will also be job creation in services. The net effect of job creation and

job destruction will be mediated by the size of the change in labor demand in each sector, and the
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ease with which workers can move across sectors. Notice that the same forces come into play if the
shock had originated in US services. Succinctly, since both labor reallocation and search take time,
sectoral shocks—positive or negative—can have ambiguous impacts on unemployment. In sections
4 and 5, we demonstrate the quantitative significance of this interaction between labor reallocation,

job destruction, and job creation creation in the unemployment response to trade shocks.

2.6 International Trade

Our model of international trade closely follows Caliendo and Parro (2015). Varieties are traded
across countries, and given perfect competition and iceberg trade costs, the cost of variety j from
sector k produced in country o can be purchased in country ¢ at a price pfc, . (7) di,} oi» Where the first
term is the price of variety j in country o and the second term is the iceberg trade cost of shipping
from country o to country i at time t. From equation (10) and costless variety switching we can

write:

. Ch,i
Pri (i) = 4~ (21)

gt \ ki [ pMit \ 1Tk
for each variety j, where cfm. = < k'?) <1_'“ﬂ;m> acts like the unit cost in Caliendo and
Parro (2015).

We assume that in any country i, sector k and period t, the productivity component z};l(])
is independently drawn from a Frechet distribution with scale parameter A};J—Which is country,
sector, and time specific—and time-invariant shape parameter, A\.'® Consumers buy the lowest
cost variety across countries, treating the same variety from different origins as perfect substitutes.

Define @ ; = SN Ao (c}f€ o Oi) . With this notation in hand, Caliendo and Parro (2015)

—1/A Hk,i
: It ¢ Ft _ = K I,t\He
show that under our assumptions, P = I'y; (@,“) and P, " = E; [ [y (P,“) , where

I'x; and Ej ; are constants. Moreover, within-sector trade shares take the form:

-\
t t t
7rt . Eli,oi . Ak:,o <Ck,odk,oi>
k,0i — t t )
Ek,i cbk,i

(22)

where E,’; o is the total expenditure of country 7 on sector k varieties produced by country o and
E,t“ = Z(])V:l E,i,oi is the total expenditure of country 7 on sector k varieties. Market clearing
requires that total revenue th , coming from the production of varieties in sector k and country o

must be equal to sales to all countries i =1, ..., N, and so:

N N
th,o = ZEltc,oi = Zﬂ-z,oiEli,i‘ (23)
i=1 i=1

"®The CDF for the Frechet is given by Ff.,; () = exp (— A} ; x z_A).
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Define Eot =1, PFtct as total expenditure on final goods, and let E;/’f be the total expenditure

of sector k in country i on vacancy posting costs. We can write E} ; as:
b

K K
Eit“ = #k,iEiC’t + MMZEX; + Z (1 —e4) ka,iYZi- (24)
(=1 /=1
The right hand side represents total expenditure on sector k goods used in final consumption, va-
cancy posting costs, and as intermediate inputs, respectively. In turn, let I! denote total disposable
income in country ¢, which is given by the portion of revenue that is not devoted to intermediate
good payments minus vacancy posting costs, that is, I} = Zﬁil (WZY - E > Net exports are
then given by NX! = I! — El-c’t, and we can rewrite (24) as

K K
Ep; = ik <Zw,¢YZ¢ - NXf) + ) (= o) vena Y (25)
/=1 /=1

Finally, labor market clearing dictates that total revenues coming from the production of vari-

eties in sector k£ and country ¢ is given by:
o0
_ s
’Yk’ink ) wkz 1Lt ' ( aqlec,il) / deﬂ« (S) : (26)
sl = G (af,,)

2.7 Trade Imbalances

Note that equations (23), (25) and (26) can be solved for any given values of { NX!}, such that
Zfil NX! = 0. However, these are not necessarily consistent with the household’s optimal dynamic
behavior. To this end, we turn to the determination of net exports {N Xf} in equilibrium. The
solution to the household head’s problem described in section 2.3.1 must satisfy the following Euler

equation:
u () /B

W)/ P

_ 5$§+1Rt+17 (27)
and financial and goods markets in each country are linked according to:
NX!=1I!-E“" = B*' — R'B!. (28)

Finally, to close this part of the model, we impose that bonds are in zero net supply, Z,fil Bf =0,
and that the initial distribution of bonds is given by { BZQ}. If the model is initially in steady state,
it is easy to verify that R? = %.

To understand how trade imbalances arise in our model, it is helpful to impose u(c) = log(c)—

which we do in our quantitative analyses in subsequent sections. To simplify the exposition, assume
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further that there are no inter-temporal preference shocks, and so ggﬁ =1 for all ¢ and ¢. In this
case, equation (27) implies that EZC = 6Rt+1EZ-C ! for all i over the transition path. Normalizing
ZZJ\L 1 EZC ' — 1-—so that all nominal variables are expressed as a fraction of world expenditure on
final goods—we obtain that R' = 1/6 for all . In turn, this implies that individual countries’
expenditures on final goods are constant as a share of world expenditure following a shock. There-
fore, for any path of shocks, countries immediately smooth final expenditures as a share of global
expenditures. To fix ideas, suppose that China realizes that it will gradually become more produc-
tive and richer. In this case, our model predicts that China will consume above production in the
short run and then below in the long run, leading to short-run trade deficits and long-run trade
surpluses. Nonetheless, in the data, we rarely observe this stark version of expenditure smoothing
we have just discussed. The inter-temporal preference shocks $§ = 1 are wedges that reconcile our
model with the observed data.

It is also important to emphasize that our model can generate persistent trade deficits and trade
surpluses, even if the global economy is initialized at balanced trade across all countries. To see
that, start from an initial steady state. Suppose that at time ¢ = 1, the economy unexpectedly
experiences a series of shocks that end in finite time. In this case, the limiting behavior of the final

steady-state value of deficits is given by,

1-6 T-1 T-1 T-1
0o __ B : 0 T T t
e (Bl K ()

This equation shows that the behavior of long run imbalances is determined by initial wealth
allocations {B?} and the short-run behavior of net exports {N Xf} This second piece is key in
our model: if a country runs a series of trade deficits in the short run, even if they begin with a
zero bond position, they may run trade surpluses in perpetuity.'® In other words, given a positive
interest rate and an infinite horizon, debts that are accumulated in the short run can be rolled
over in perpetuity, leading to a persistent trade surplus. Our quantitative analyses show that these

persistent trade imbalances can be economically important.

2.8 Equilibrium

An equilibrium in this model is a set of initial steady-state allocations {L%i,gg’i,B?,}, a fi-
nal steady-state allocations {sz’i, gz?i, B®,} and sequences of policy functions for workers/firms
{szk,7i,§’;€7i,wz7i(x)}, value functions for workers/firms {Uf ;, Wy ;, J}. ;}, labor market tightnesses
{Gz,i}, bond decisions by the households { B!}, bond returns {R'}, allocations {L}‘/f’i,u};i,czi},

-1
9We invoke a transversality condition that lim7_ o [HST:1 RS} BiT — 0 Vi. Hence, running a surplus or deficit

in perpetuity would still involve paying down interest, while rolling over (or very gradually adjusting) the principal.
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profits and household consumption {II{, C!}, trade shares {W]i’io}, sectoral surpluses {@};i}, and

price indices {Pklf, Plf ;t} such that: (1) Worker and firms’ value functions solve (6), (7), and (11);
(2) Consumption and bonds decisions solve (3) subject to (5); (3) The free entry condition holds in
each country and sector: V,ii = 0 Vk,i,t; (4) The wage equation solves the Nash bargaining prob-
lem and is given by (13). (5) Allocations and unemployment rates evolve according to (15), (16),
(19); (6) Prices are set competitively and goods markets clear: (22)-(24); (7) Labor markets clear:

szl wa- = L;; (8) Bonds market clears: ZZ]\LI B! = 0; and (9) The initial and final steady-state
equilibria satisfy equations (B.1)-(B.22) in Online Appendix B.

3 Calibration and Data

3.1 Calibration

We calibrate our model to a global economy with six sectors and six countries. We consider a
world comprised of the United States, China, and four country aggregates: Europe, Asia/Oceania,
the Americas, and the Rest of the World. Each country’s economic activity consists of six sectors:
Agriculture; Low-, Mid- and High-Tech Manufacturing; Low- and High-Tech Services. Appendix
Tables C.1 and C.2 detail these divisions.

Table I summarizes the parameters we need to numerically solve the model. We split them into
three categories: (i) parameters that are fixed at values previously reported in the literature, as
they are difficult to identify given available data (Panel A); (ii) parameters that can be determined
without having to solve the model (Panel B); and (iii) parameters that are estimated by the method
of simulated moments. We calibrate our model using a variety of datasets from year 2000 or closest
year available.

We start by discussing parameters fixed according to values reported in the literature, which
are listed in Panel A. First, we calibrate the model at the quarterly frequency. In this case,
annual steady-state international bonds’ returns are given by 1/§%, so we set 6* = 0.95 implying
annual returns of 5%.?° The estimation of the dispersion of w shocks typically requires panel
data and instrumental variable strategies. As a result, we impose this parameter to be common
across countries and set (; = 6.52 based on the estimate Artu¢ and McLaren (2015) obtained
using US data.?!
(2000): ¢; () = (1+ 951')1/ . Flinn (2006) discusses the difficulty in identifying the parameters

Next, we parameterize the matching function according to den Haan et al.

20This choice is based on the fact that both the Federal Funds and T-Bill rates in 1999-2000 were between 5% and
6%: https://fred.stlouisfed.org/series/FEDFUNDS and https://fred.stlouisfed.org/series/DTB1YR.

210ne note of caution is that their estimate considers an annual model. In Appendix D, we argue that their
estimate must be multiplied by 4.05 to be suitable for a quarterly model. Therefore, we set {; = 4.05 x 1.61 = 6.52 for
all countries. This number is close to the estimate of 5.34 obtained by Caliendo et al. (2019) in a similarly quarterly
model.
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of matching functions without relying on data on vacancies, and the challenge in estimating the
bargaining power parameters without firm-level data. To this end, we impose US estimates from
den Haan et al. (2000), & = 1.27, for all countries. In addition, we follow a standard practice in the
search literature setting 5 ; = 0.5 (for example, see Mortensen and Pissarides (1999)). The Frechet
scale parameter A = 4 comes from Simonovska and Waugh (2014). Finally, we assume individuals
have log utility over consumption, u(c) = log(c), and that match-specific productivities x are drawn

from a log-normal distribution with standard deviation oy ;. That is, G; ~ log N (0, a,%’i).

Table I: Summary of Parameters

Panel A. Fixed According to the Literature

Parameter Value Description Source

o 0.9873 Discount factor 5% annual interest rate

i 6.52  Dispersion of w shocks Artug and McLaren (2015)

& 1.27  Matching Function den Haan et al. (2000)

A 4 Frechet Scale Parameter Simonovska and Waugh (2014)
Br,i 0.5 Worker Bargaining Power standard

Panel B. Estimated Outside of the Model

Parameter Description Source
ki Final Expenditure Shares WIOD
Vhi Labor Expenditure Shares WIOD
Vke,i Input-Output Matrix WIOD

Panel C. Estimated by Method of Simulated Moments

Parameter Description

Kk Vacancy Costs

Xk, i Exogenous Job Destruction Rates
ai’i G} i, distribution of x

Crr Mobility Costs

Mk, Sector-Specific Utility

br.; Value of Unemployment

Notes: Artug and McLaren (2015) estimate ¢ = 1.61 for the US using an annual model. The quarterly

version of their model requires a correction of 4.05 x 1.61 = 6.52, which is the value we use here. The

matching function is parameterized as ¢ () = (1 + 9&)1/&. As discussed in the text, we estimate Fr; =
pF
% The distribution of match-specific productivities is imposed to follow a log-normal distribution

Gr,i ~1ogN(0,0% ;).
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Turning to Panel B, we can directly calibrate final expenditure shares py, ;, labor expenditure
shares < ;, and input-output shares v} ;, without having to solve the model. To that aim, we
employ the World Input Output Database (WIOD), which compiles data from national accounts
combined with bilateral international trade data for a large collection of countries. These data cover
56 sectors and 44 countries, including a Rest of the World aggregate, between 2000 and 2014. We
refer the reader to our Data Appendix for details on how these different parameters are computed.

We estimate the parameters described in Panel C using the method of simulated moments
(MSM). Let © = (01, ...,0x) be the vector of these country-specific parameters. Our estimation

procedure assumes that the economy is in steady state in 2000 and conditions on observed trade

Data

shares m;"

and net exports N X,P atd__g0 these moments are perfectly matched.

A convenient aspect of our approach is that, by conditioning on observed trade shares and trade
imbalances, and normalizing total world revenues ), >, Y} ; = 1, we can solve for sector-country
revenues {Y};} independently of ©. Specifically, equations (23), (25), and the normalization lead
to a system of equations in {Y};}, which can be solved before starting the estimation procedure.
Consequently, the sector- and country-specific labor demand side of the model is fixed throughout
the estimation procedure, allowing the labor supply side in each country to be solved in isolation.
To see this, notice that equation (26) contains revenues on the left hand side, and the right hand
side only depends on country-specific sectoral variables and parameters. Therefore, in steady state,
observed trade flows and trade imbalances are sufficient statistics for international linkages. This
property allows us to estimate the model country by country, greatly simplifying the estimation
procedure.??

Another convenient aspect of conducting the estimation conditional on the observed trade shares
is that we do not have to estimate the technology parameters Ay ; and trade costs dj, ,;. We develop
algorithms to perform counterfactual responses to shocks to technology parameters and trade costs
relying on the exact hat algebra approach in Dekle et al. (2007), Dekle et al. (2008) and Caliendo
and Parro (2015).

However, because the estimation algorithm does not recover Ay, ; or dy, ;, we cannot recover ky, ;

pF
directly. Instead, we only recover the initial steady state value of K ; = %

and use exact hat
algebra to update Ky, ; in response to shocks. The complete definition of the steady-state equilibrium

and the full estimation algorithm is described in the online appendices B and J.1.

Data

k.oi and

For a given guess of ©, we solve for the steady-state equilibrium, conditional on 7w
NXPata o generate: (a) unemployment rates across countries; (b) the quarterly persistence rate
in unemployment in the US; (c) labor market tightness across countries; (d) employment alloca-

tions and average wages across sectors and countries; (e) yearly worker transition rates between

22The method of simulated moments objective function is highly non-linear and non-convex, so that global opti-
mization routines, such as Simulated Annealing, must be applied. Breaking a large parameter vector into smaller
subsets of parameters that can be estimated separately greatly simplifies the estimation procedure.
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sectors across countries; and (f) cross-sectional wage dispersion across countries. We obtain data

counterparts of these objects using several datasets, which we describe in the next section.

3.2 Data and Identification

To obtain unemployment rates, we use data from the Current Population Survey (CPS) in the US
and from ILOSTAT for the remaining countries. We use the CPS once again to measure quarterly
persistence in unemployment in the US. Labor market tightness in the US is obtained from the
Federal Reserve Economic Data (FRED).? For employment allocations in the US, we once more
use data from the CPS, but for the remaining countries, we use the WIOD. Average wages across
countries and sectors are similarly drawn from the WIOD.?* Given the difficulty in finding data on
labor market tightness for the remaining countries in the sample, we target the US’s labor market
tightness value for all countries. As we discuss below, targeting labor market tightness is important
in identifying the various parameters of the model.

To be able to identify mobility costs, job destruction rates and the dispersion of the worker-
firm matches, we make use of micro-data from several countries. Except for the US and China,
all the remaining countries are country aggregates. In these cases, we select one country or set
of countries as “representative” and from which we measure yearly worker transition rates across
sectors, and the cross-sectional coefficient of variation of wages. Panel A in Table II lists the
representative countries and the datasets we have used to obtain these statistics and Panel B lists
all the remaining moments used in our estimation procedure.?”

We impose a series of parameter restrictions either because they are needed for identification, or
because they reduce the parameter space, simplifying the estimation procedure. The non-pecuniary
benefits 1y ; can only be identified relative to a sector of reference. Therefore we set ny,; = 0 for
ko = Agriculture. Next, we impose that Cy, ;. ; = 0 for all £ and 7, that is, it is costless for workers to
remain in their current sector. We allow Cy i s to be fully flexible for k # £/, but we impose that
the mobility cost matrix for other countries is a re-scaled version of the US’s: Cy 1/ ; = ¥;Cy 1 v
for ¢ # US. The scale factor ¢; is estimated targeting transition rates for the various additional
countries. Finally, we save on the number of parameters to be estimated by imposing the following
equality across sectors within countries: by ; = b;, ki ; = R4, and o ; = o; Vk.

We conclude this section by discussing identification. Wage premia data relative to agriculture

238pecifically, we make use of the “Total Unfilled Job Vacancies for the United States” and “Unemployment Level”
series.

24Given that workers are homogeneous in our model, we adjust the wage data from WIOD to control for differences
in skill composition across sectors. We also adjust wages for differences in industrial composition across countries in
each of our four country aggregates. Our Data Appendix provides the details behind this procedure.

?»The Brazilian Relacido Anual de Informagées Sociais and the Turkish Entrepreneur Information System (EIS)
are administrative datasets. See Dix-Carneiro (2014) and Demir et al. (2021) for a description of these data. We are
extremely grateful to Wei Huang and Banu Demir for their very generous help with China’s Urban Household Survey
and with Turkey’s EIS data, respectively.
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Table II: Summary of Statistics Used in the MSM Procedure

Panel A: Yearly Worker Transition Rates and Coefficient of Variances of Wages

Country Aggregate (Representative Country) Source Year
United States Current Population Survey (CPS) 1999-2000
China Urban Household Survey 2004
Europe (United Kingdom) Labour Force Survey 1999-2001
Asia/Oceania (Korea, Australia) Korean Labor and Income Panel Study 1999-2000
Household, Income and Labour Dynamics
in Australia 2001-2002
Americas (Brazil) Relacdo Anual de Informagoes Sociais 1999-2000
Rest of World (Turkey) Entrepreneur Information Survey 2014
Panel B: Remaining Statistics
Statistic Source
Trade shares WIOD
Net exports WIOD
Unemployment rates ILOSTAT and CPS
Quarterly persistence in unemployment (US)  CPS
Labor market tightness (US) FRED
Employment allocations WIOD and CPS
Average wages WIOD

Notes: For Asia/Oceania, we target the population-weighted average of transition rates and coefficient of
variation of wages for South Korea and Australia. We were not able to gather information from the year
2000 for all the datasets we employ. In these cases, we selected the closest possible year from which the
relevant data are available.

identify the non-pecuniary benefits 7 ;’s. Yearly sector-specific worker transition rates conditional
on wage differentials and (; identify mobility costs—see Artug et al. (2010). The identification
of the remaining parameters (xxi, Ki, 0i, b;) is discussed in detail in Appendix E. There, we
show that there is a clear mapping from the data moments at the quarterly frequency to each
of these parameters in a one-sector version of model. In the multi-sector case with yearly data,
the proof is more complicated, but the essence remains. Sector-specific worker persistence rates
pin down X ;. In turn, the coefficient of variation of wages, persistence rate in unemployment
and labor market tightness 6y ; (which we target directly) are informative about the dispersion of
productivity draws o; and about the equilibrium cutoffs z; ;. To see this, note that the quarterly
persistence rate in sector k-unemployment is 64 ;q(6x,;)(1 — G i(zy ;; o)), which can be be inverted
to obtain x; ;, conditional on Gy ;. Through the free entry condition (i.e., steady state version of
equation (12) with V,f?i =0), Xk,i> Ok and z;; pin down F;. As for b;, note that, in steady state,
XZ@;“@,” = (1—=90)Uk; — nki- The value of the left-hand side is restricted by the moments we
target, as we discuss in in Appendix E. In turn, the value of 7, ; is informed by wage differentials

in the data. Finally, b; determines Uy ;, so it must adjust to ensure that the equality holds.?¢

26This connection is clearer in the one sector model as, in this case, (1—8)U = b+9ﬁx@%. Appendix E elaborates
on this argument.
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3.3 Estimates and Model Fit

The collection of all estimated parameters can be found in the Online Appendix F, in Tables F.1
through 1.3. We first discuss the parameters that are obtained outside of the model. Table F.1
displays the final expenditure shares py ;. We can separate the countries in this table in two groups
with similar expenditure shares: (1) United States, Europe, Asia/Oceania, and Americas; and
(2) China and Rest of the World. The most striking difference between these two countries is
that China and the Rest of the World spend a much larger share of their disposable income on
Agricultural goods and significantly lower share on High-Tech Services. The large Chinese share of
expenditures in Agriculture will drive some of the results we report on section 4.

Table F.2 displays the share of revenues devoted to labor payments. This share varies mostly
within countries and across sectors and ranges between 0.24 (in High-Tech Manufacturing in China)
and 0.68 (in High-Tech Services in Rest of the World). Finally, Table F.3 displays the average across
countries of the input-output matrices. As is well known, the diagonal elements tend to be larger
than the off-diagonal elements.

Estimates of mobility costs in the US are displayed in Table F.4. Given that we estimate our
model at the quarterly frequency, we report the values of mobility costs as a fraction of (, the
dispersion of idiosyncratic preference shocks for sectors. This allows us to contrast our estimates
with those in the literature, which were typically extracted from annual models. In addition,
to make our estimates more directly comparable to those in Artug et al. (2010) and Artug and
McLaren (2015), we express Cyg /(¢ relative to XUS X Wy g—as these papers normalize Wyg = 1 and
have XUS = 1. Table F.4 shows that values of individual components of Cyg/ (XUS X Wyg X () are
uniformly below 3.5, and, for the most part, between 0 and 2. We find that it is typically costly to
move into High-Tech Services and away from Agriculture. Comparing those values with estimates
from Artug and McLaren (2015), which gravitate around 4, we obtain lower mobility costs, but our
numbers are in the same order of magnitude. These differences are in large part accounted for by
search frictions, which are absent in their model.?” Table F.5 compares mobility costs around the
world, appropriately normalized, C;/ (Xiﬁi), to those in the US. It shows that, with the exception of
China and Asia/Oceania, (normalized) mobility costs are estimated to be similar across countries.
In China, however, normalized mobility costs are estimated to be almost twice those in the US,
whereas in Asia/Oceania they are half as large.

Sector-specific utilities are shown in Table F.6. The role of these parameters is to help the model
fit wage differentials across sectors, and more precisely, wage premia relative to Agriculture. Given
that workers choose sectors based on wages scaled by the Lagrange multiplier XZ (see equations (6)

and (7)) we compare our estimates of 7, ; to the model-implied values of i XW; across countries. We

2"We confirmed this conclusion by re-estimating our model without search frictions—se Appendix I.
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find that n;; typically falls between -0.6 and 0.3 times Xz x w;. The large negative values of 7, ; are
needed for the model to fit the often large wage premia associated with High-Tech Manufacturing
that is observed in poorer countries (China, Americas and Rest of the World).

Our estimates of exogenous job destruction rates xj; range from 0.003 to 0.08—see Table F.7.
Usually, these parameters are comfortably pinned down by sector-specific employment persistence
rates. However, for poor countries with a very large Agricultural sector, the model struggles to fit
the size of that sector given typically observed persistence rates. In poor countries such as China and
the Rest of the World, the model faces a trade off between fitting sector-specific persistence rates,
the size of the Agricultural sector and wage differentials. By assigning low job destruction rates
to Agriculture, the sector becomes relatively more attractive to workers, which partly compensates
the low wages paid in the sector. This allows the model to better match the large size of these
sectors in China and the Rest of the World, in detriment of a poorer fit of the persistence rate in
Agriculture.

Table F.8 shows that the values of unemployment b; are estimated to be negative across all
countries. Negative values of unemployment are not uncommon in the search literature. Typically,
a negative value of unemployment is necessary to generate the magnitudes of wage dispersion
typically found in the data (e.g., Hornstein et al., 2011; Meghir et al., 2015).2® In our model, negative
values of unemployment are important to rationalize a series of moments in the data, including
the persistence in unemployment and the unemployment rates in the data—the identification of
this parameter is discussed in greater detail in Appendix E. Table F.8 also shows the estimates
for the dispersion of match-specific productivities ¢;. These typically range from 0.5 to 1 and
are, unsurprisingly, in the same order of magnitude as the coefficient of variation of wages across
countries. Finally, the bottom row of Table F.8 display estimates of k;, which imply that vacancy
costs K; X PZF range between 4 and 8 times average wages across countries and sectors (with the
Americas having the largest estimates).

Figure 2 shows the model fit for the various moments we target: (a) average wages relative
to Agriculture across sectors and countries; (b) the cross-sectional coefficient of variation of wages
across countries; (c) labor market tightness across countries; (d) yearly worker transition rates
across sectors for all countries and quarterly persistence rate in unemployment; (e) employment
shares across sectors and countries; and (f) unemployment rates across countries.

Overall, the model provides a good fit of the data. However, there is a non-trivial tension
between fitting employment persistence rates across sectors, the aggregate unemployment rate and
labor market tightness. To see this, note that persistence rates in a sector pin down exogenous

job destruction rates x: larger destruction rates will lead to lower employment persistence across

281t is hard to directly compare the magnitude of our estimates of b to those in the search literature, as the full
value of being unemployed in our model also depends on switching costs, C', and cost shocks, w.
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sectors. In turn, steady-state unemployment rates directly depend on x, and on the job finding
rate 0q (0) (1 — G(x)) (see equation (B.7)). Conditional on y, for the model to be able to generate
relatively low unemployment rates, the job finding rate must be relatively large. The larger y is,
the larger the job finding rate must be. However, the job finding rate cannot be larger than 6q (),
which we target in the estimation by trying to match labor market tightness. This means that in
countries where persistence rates are low (large x) and unemployment rates are also low, there will
be a tradeoff between matching the unemployment rate and labor market tightness. This explains
why we tend to both overestimate labor market tightness and the unemployment rate for many
countries: the estimation procedure wants to increase 6 to produce a lower unemployment rate,
but we are simultaneously trying to anchor labor market tightness to its 2000 value of 0.86.

Figure 2: Model Fit
(a) Average Wages Relative to Agriculture (b) Coefficient of Variation of Wages
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4 Mechanisms

In order to understand the rich mechanisms at play in our model, we study its behavior in response
to two types of shocks. First, we simulate a slow linear increase in Chinese productivity Ay china,
uniform across sectors, reaching a plateau of a 5.5 times increase after 15 years. The magnitude
of this shock is in line with the size of actual changes in Chinese productivity that we recover in
section 5.1. Next, to illustrate that the exact path of shocks fed to the model is consequential not
only for short-run responses, but also for long-run outcomes, we feed the model with a 5.5 times
once-and-for-all increase in Ay cning at t = 1. These shocks are illustrated in Figure 3.2% In both
cases, the global economy is initially in steady state. The shocks are unanticipated at ¢ = 0, but
their paths are revealed at t = 1 and, from then on, fully anticipated. To highlight the quantitative
and qualitative importance of modeling trade imbalances, we study the behavior of the complete
model with international bonds as well as the behavior of the same model without these bonds,
where trade is balanced in every period—that is NX! = 0 Vi, ¢. All remaining parameters are fixed
at calibrated values and qgf = &3}“ =1 for all k, ¢ and ¢. From now on we focus on patterns in the
US and China to streamline the exposition. Appendix G contains figures for all countries.

~ AL
Figure 3: Shocks to Chinese Productivity A} -y, = jo- — Uniform Across Sectors
’ k,i
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We start with the slow moving shock depicted in Figure 3a. Before we study the behavior of the
full model with trade imbalances, it is instructive to start with an economy where trade is balanced
every period, that is, with no access to an international bond market. Figure 4a shows a smooth and
monotonic reallocation process towards a new long-run steady state, which is shaped by static trade
forces including differences in technology and preferences. There are two salient features of this
new steady state: a strong expansion of manufacturing in China and a similarly strong contraction
of Agriculture. Patterns in the remaining countries mirror these: they increase specialization in

Agriculture and downsize their manufacturing sectors. As is well known, these forces interact in

29We assume that the shock is unveiled at t = 0, but between t. and t4—see Figure 1. That is, the shock occurs
after production, after unemployed workers’ decisions of where to search and after firms post vacancies at ¢t = 0.
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Figure 4: Labor Market Dynamics in Response to Slow Productivity Growth in China (Figure 3a)
(a) Labor Allocations - Balanced Trade

(b) Labor Allocations - Full Model
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MTM: Mid-Tech Manufacturing; HTM: High-Tech Manufacturing; LTS: Low-Tech Services; HTS: High-Tech Services.

complex and often nuanced ways in multi-sector Ricardian models of trade.?® However, we highlight
two features that can help us understand this pattern of specialization across countries in response
to the shock. First, China becomes richer and that tilts world production towards its consumption
basket, which is heavily skewed towards Agriculture (see Table F.1). Second, China has initially
low revealed comparative advantage (Balassa, 1965) in Agriculture, which becomes even lower after
the shock. Put together, world production of Agriculture must increase to satisfy Chinese demand,
but China is relatively better in other activities and specializes accordingly.

With the above discussion as our comparison point, we turn to our full model with imbalances.
First, we consider the behavior of net exports, which are illustrated for China and the US in
Figure 5. Given perfect foresight, the growth path of productivity is fully anticipated by the
Chinese households, who internalize that their long-run income will greatly exceed their short-run
income. They respond by smoothing consumption, substituting future expenditures (when they are
relatively rich) towards increased expenditures in the short run (when they are relatively poor). In
doing so, they sustain trade deficits in the short run by borrowing from the rest of the world—selling

bonds. In the long run, China runs a permanent trade surplus as they must pay interest on their

30See, for example, Costinot and Rodriguez-Clare (2014) and Caliendo and Parro (2015).
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accumulated debt—see the discussion following equation (29). Meanwhile, all other countries’ trade
imbalances mirror China’s: they finance the Chinese short-run consumption boom by running trade
surpluses (purchasing bonds from China). This leads them to sustain permanent trade deficits in

the long run as they enjoy returns on their bond holdings.

Figure 5: Net Exports Over GDP in Response to Slow Productivity Growth in China (Figure 3a)
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These movements in trade imbalances lead to substantially different reallocation patterns com-
pared to the model with balanced trade, as can be seen by comparing Figures 4a and 4b. Most
striking are the non-monotonic patterns of reallocation that arise in the full model with imbalances.
To understand these patterns, note that consumption smoothing in China implies an immediate
increase in its expenditure above current production. Because preferences are homothetic, Chinese
expenditures expand proportionally in all sectors. Since trade in Services typically experiences
larger costs, Chinese households respond by quickly reallocating labor towards services. This ex-
pansion in services is amplified relative to the case without deficits, and must be accompanied by
a contraction in employment in physical goods sectors—which are easier to import. Consequently,
there is a short run expansion in services above the final long run level, and an initial decline in all
of the remaining sectors.

In the long run, China must repay its debt. To do so, China expands production (and exports) in
easy-to-trade goods, such as manufacturing, which occurs through the contraction of the previously
expanded services sectors. This need to pay its debt, alongside the aforementioned forces that
guide the balanced-trade long run steady state, shape China’s final patterns of production. Thus,
manufacturing expands while Agriculture contracts.

The behavior of reallocation in the remaining countries is symmetric. In the short run, other
countries lend to China by increasing their shipments of relatively tradable goods, causing realloca-
tion towards those sectors. In the long run, as China repays its debt, the other countries contract
their manufacturing sectors, consuming over production. This leads to an expansion of services, as
expenditures increase proportionally in all sectors, and services are most cheaply provided by local
labor.

The behavior of trade imbalances have important implications for the extent of reallocation in

the economy—as Figure 4c shows. First, it leads to non-monotonic patterns of adjustment, so that

29



short run reallocation is undone in the long run. Second, there are permanent shifts in consumption
driven by long-run imbalances, which amplify the magnitude of reallocation in the long run relative
to a world without imbalances. For example, US employment in High-Tech Manufacturing contracts
by 5% in the long run in the model with imbalances but only by 2% in model with balanced trade.
In China, High-Tech Manufacturing expands by 61% compared to 40% when balanced trade is
imposed. With these short and long run differences in mind, we now turn to the implications for
aggregate unemployment.

Figure 4d shows rich dynamic responses which are quite different across models (full model vs.
balanced trade). Importantly, it shows that Chinese unemployment spikes up in the short run if
balanced trade is imposed, but it instead declines in the model with trade imbalances. To better
understand these differences, it is useful to introduce the following decomposition in changes in

aggregate unemployment:

ALL . LY. ALL .
t_ 2 : 0 ki 2 : ki t } : ki t
Reallocation Job Creation/Destruction Covariance

where A refers to changes between time ¢ and initial steady-state values (indexed by time 0), and u!
is the aggregate unemployment rate in country ¢ at time ¢t. Aggregate unemployment responds to
shocks because labor is reallocated across sectors with different initial levels of unemployment u%i
(Reallocation Channel), because sector-specific unemployment rates respond due to within-sector
job creation or destruction (Job Creation/Destruction Channel), or because of a residual term that
interacts changes in sector-specific unemployment with changes in employment shares.

Figure 6 plots the decomposition in equation (30) for China. To understand the Reallocation
Channel, it is important to highlight that, in our model, sector-specific unemployment rates tend
to be larger in manufacturing sectors than in service sectors. This difference is partly driven by
relatively lower wages and exogenous separation rates in Services.?! Note that in both cases, the
Reallocation Channel tends to increase unemployment as labor is reallocated to high-unemployment
manufacturing sectors.

On the other hand, the contribution of the Job Creation/Destruction Channel differs markedly
across the two models, especially in the short run. To understand the Job Creation/Destruction
Channel, it helps to consider two opposing forces that come into play after a shock. First, shocks

triggering reallocation across sectors tend to contribute to short-run increases in unemployment as

3 ntuitively, lower wages make sectors less attractive to workers, which tends to reduce the number of searchers;
and lower separation rates lead to lower flows to unemployment. Both forces tend to lead to lower unemployment.
High-Tech Services pay a large wage premium in the US, yet its unemployment rate is relatively low. This is explained
by high mobility costs into that sector, which tends to increase labor market tightness and reduce the unemployment
rate in that sector.
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Figure 6: Unemployment Decompositions for China
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jobs are destroyed and workers must spend time searching for new opportunities. Second, positive
demand shocks tend to lead to a surge in vacancy posting, tightening labor markets and contributing
to a decline in unemployment.3?

Turning to the shock under consideration, in both models, there is substantial reallocation across
sectors, and this tends to increase unemployment in the short run. However, in the model with
trade imbalances, the second force dominates the first. In response to the shock, expenditures in
China immediately jump up, leading to a very rapid expansion of vacancies (especially in services),
and a reduction in unemployment in the short run. In contrast, in the balanced trade model,
consumption in China responds more gradually over time as there is no consumption smoothing
mechanism. In turn, vacancies also respond gradually, and do not offset the short-run increase in
unemployment driven by reallocation. In the long run, both models have similar predictions for
unemployment, albeit the magnitude is a bit different (with a difference of 0.5%). China is under a
strong growth path, which tends to reduce the productivity threshold for production, contributing
to reduce unemployment.

Having described how the global economy adjusts to slow productivity growth in China, we turn
to its behavior in response to a sudden productivity boost of 5.5 times at once at t = 1. These two
shocks have the same long-run values of productivity, yet they have different implications for how
the global economy responds both in the short and long runs. In the wake of a sudden permanent
shock, Chinese households are immediately and perennially richer and so want to instantly increase
consumption of all sectors. Absent reallocation frictions, output would immediately jump to its
new steady state and households would have no incentives to trade bonds. However, labor market

frictions lead to a slow convergence to the new optimal level of output. To smooth consumption,

32As an alternative to our decomposition as a way to understand unemployment dynamics, we re-estimated our
model (a) removing mobility costs; and (b) removing search frictions. We find that removing mobility costs leads to
amplified unemployment responses, while removing search frictions leads to a dampened response that also tends to
go in the opposite direction of our findings in this section. More details and explanations can be found in Appendix
1.
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Figure 7: Outcomes Following Once-and-for-all Shock in Figure 3b:
Full Model with Trade Imbalances
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Chinese households borrow from other countries—especially those with lower labor market frictions
such as the US. As Figure 7a shows, the response of trade imbalances is much more modest than in
the case of slow productivity growth. However, these responses are not negligible: China experiences
a trade deficit of over 4% of GDP in the short run and sustains a trade surplus of 0.7% after 25
years. This exercise shows that the exact path of shocks influences the equilibrium path of bonds,
long-run trade imbalances, and consequently, long-run outcomes.

Turning to a comparison of reallocation patterns, Figure 7b shows that the effects of the once-
and-for-all shock do not feature the non-monotonic patterns documented in Figure 4b. In addition,
these shocks also have distinct implications for the final allocation of labor across sectors in the
long run. High-Tech Manufacturing in China expands by 40% (61%) in the long run following the
once-and-for-all (slow growth) shock. In the US, Hich-Tech Manufacturing contracts by 2% (5%) in
the long run following the once-and-for-all (slow growth) shock. According to the same reallocation
index as in Figure 4c, there is 3 times more cumulative reallocation in the US and 20% more in
China in response to the slow productivity growth shock relative to the once-and-for-all shock.

To sum up, the main takeaways from this section are as follows. First, the exact path of
globalization shocks is key for the behavior of trade imbalances and long-run outcomes. Second, the
behavior of trade imbalances closely dictates patterns of sectoral reallocation, and can significantly
amplify the amount of reallocation in the economy. Finally, unemployment responses are rich
and nuanced. Importantly, trade surpluses (deficits) do not necessarily lead to lower (higher)
unemployment. This point is more comprehensively illustrated in Figures G.2 and G.1 in the
Appendix. Specifically, all countries experience lower long-run unemployment rates, irrespective of
the sign of their net exports. In addition, all countries sustaining trade surpluses in the short run

go through temporary increases in unemployment.33

33We have also simulated the impact of temporary productivity growth in China, which reverts to its initial
level. Importantly, we find that even temporary shocks can have permanent effects on labor allocations. This is
because temporary shocks can lead to permanent trade imbalances and, consequently, to permanent changes in labor
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5 Counterfactuals

Section 4 showed that the exact path of shocks shape the magnitude and evolution of trade im-
balances over time, directly influencing long-run outcomes through changes in the long-run global
distribution of bond holdings. For this reason, we conduct an empirical exercise in which we extract
the various shocks the global economy has actually experienced between 2000 and 2014. Given the
interest on the impacts of the “China shock” on the US’s trade deficit and labor market, we use
our extracted shocks to study this event through the lens of our model. We also use these shocks
to compare the consumption gains in response to changes in trade costs in our model to those
obtained in standard models of trade, as summarized by the sufficient statistic approach developed
by Arkolakis et al. (2012). Finally, we revisit the shock in Figure 3a to compare predictions of our
model relative to another popular approach in the International Trade literature to modeling trade

imbalances.

5.1 Extracting Shocks from the Data

Relying on the model’s structure and data from the WIOD, we extract three sets of shocks affecting
the global economy between 2000 and 2014: changes in trade costs (i}; oi» broductivity shocks g’}”,

and inter-temporal preference shocks QASf We measure changes in trade costs and productivity
t

~ dt . o~ At
relative to 2000 (which we label t = 0): dj, ,; = @, A} ; = o On the other hand, shocks to

0 0
dk,o Ak,i

~, t+1
§+1 = (z)’i As we recover these

inter-temporal preferences are relative to the previous period: ¢; " = o
three sets of shocks, we also allow parameters driving preferences (,u’;“) and technology ('y}il and
V};M) to evolve over time.

In essence, we make use of the gravity structure of the model to obtain shocks to productivity
and trade costs—the procedure we employ is similar to Head and Ries (2001) and Eaton et al.
(2016).3* For inter-temporal preference shocks, we follow Reyes-Heroles (2016) and back out &;
using the Euler equation and time-series data on aggregate expenditures. We leave the details of
the implementation to Appendices H and J.6.

The rest of this section summarizes the main patterns in these shocks. First, Figure H.1la
shows increases in productivity all over the world. In particular, China has experienced strong

growth in productivity across all sectors, but especially in manufacturing sectors.? Other emerging

allocation.

34We impose A%, = AlPete and dl, ,, = d'Pate for all t > T, where T’ is the last period for which we have

p kyi k,i k,0i k,o0i Data; Data p

data (Tpata = 14 years and refers to December 2014).

35While we plot changes in the productivity location parameters 2}5“7 this is not directly comparable to productivity
in the classic sense of a Solow Residual. In order to make sense of the magnitudes, note that TFP growth, defined
as /cil/ﬁ,ff, can be expressed as (gf“/%i“)l“ Therefore, using our recovered values for Ef”, data on changes in
trade shares, and imposing A = 4, the magnitude for actual annualized TFP growth in China ranges from 2.0 to 3.4%
per year, depending on the sector—which is in line with growth accounting estimates discussed in Zhu (2012).
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economies—which comprise the bulk of the Americas and the Rest of the World aggregate—also
experienced impressive productivity growth, while growth was more muted for advanced economies.

Turning to trade costs, Figure H.1b shows that import trade costs decline over our sample period
for the United States and Asia, and are approximately flat in Europe (with some heterogeneity
across sectors). Perhaps surprisingly, starting after the 2008 financial crisis, initially falling trade
costs begin to flatten out or revert in most countries. This more recent behavior of trade costs
likely reflect the slow down in global trade that occurred following the financial crisis (Bems et al.,
2013). The sources for these increasing frictions are myriad, and include policy changes in countries
like China, as well as changes in supply chain management, and other reasons.

Finally, we turn to our measure of shocks to inter-temporal preferences, which are presented
in Figure H.2. The most striking patterns are found in China, the Americas, and the aggregated
remaining countries (Rest of the World), which exhibit persistent shocks to their inter-temporal
preferences. These persistent deviations are often referred to as the “global savings glut” (Bernanke,
2005). It is important to recognize that there are rich dynamics to consumption in the real world,
reflecting preferences, frictions, and other factors. We are agnostic on the exact theory, instead
summarizing the effect of these channels with the $f shocks. This is useful because it allows us to
ask counterfactual questions about the dynamics of globalization shocks without the global savings
glut, without having to specify what policy or change in deep parameters to achieve this—a useful
benchmark to compare against the usual assumption in the International Trade literature of no

consumption smoothing whatsoever.

5.2 The China Shock

The impact of China’s emergence as a key international trade player on the US economy has
attracted much academic interest since the work of Autor et al. (2013) and Pierce and Schott
(2016). Armed with the various shocks accrued to the global economy between 2000 and 2014, we
investigate the role of the “China Shock” on the adjustment of the American labor market through
the lens of our model. However, before proceeding, we need to agree on how to measure the
“China Shock.” The constellation of shocks extracted in section 5.1 characterize the world “With
the China Shock.” As for the counterfactual world “Without the China Shock,” one possibility
is to neutralize all Chinese shocks to productivity, trade costs and inter-temporal preferences and
set A\Z,China = ‘/#Chma,d,k = &?),China,,k = %hm = 1 for all sectors and periods. However, this
counterfactual is too extreme because all countries in the world experience strong productivity
growth in almost all sectors, as we show in Figure H.la. It is therefore unreasonable to pursue
a counterfactual world where China experienced no changes to its fundamentals and at the same
time keep strong growth in productivity in the remaining countries. Consequently, we define our

counterfactual “Without the China Shock” as the constellation of all of the globalization shocks we
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recovered in section 5.1, with the exception of China’s. For China, we set productivity (‘Zﬁc,(]hma%
trade cost (gl?c,China) and inter-temporal preference shocks (AtChma) to be equal to the average of
shocks experienced by the remaining countries.?¢ Therefore, this section quantifies the impact of the
shocks accrued to China over this period above those accrued to the “average country”—excluding
China—over the 2000-2014 period. We refer to the consequences of these excess shocks as impacts

of the “China Shock.”

Figure 8: China Shocks Relative to World Average Shocks
(a) Productivity Growth (b) Changes in Import Costs
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Figure 8 shows realized shocks to China relative to the rest of the world’s average. Chinese
growth exceeds that of the average country in all sectors, but this pattern stands out for manufac-
turing sectors, and most strongly in Low-Tech Manufacturing. Relative import shocks are relatively
flat during the period we consider, although they first decline before recovering. In contrast, export
costs strongly decline over that period, highlighting a quite asymmetrical behavior of trade costs.
Finally, China experiences large inter-temporal preference shocks relative to the rest of the world,
reflecting the salient savings glut we discussed in the previous section.3”

We start by investigating the effect of the China Shock on trade imbalances. Figure 9a shows

that the observed evolution of Chinese fundamentals (productivity, trade costs and inter-temporal

36Technology and preference parameters ,uﬁm, 'y};i, and 1/,2“ vary over time but are imposed to be the same across
the two simulations and equal to the values obtained in section 5.1. All the remaining parameters are fixed at
calibrated values.

37The large trade surplus that China has been running since the early 2000s is a puzzle for models in which the
main driving forces are productivity shocks. For instance, as argued by Song et al. (2011), financial frictions within
China are key drivers of the Chinese savings glut. Our inter-temporal preference shocks constitute a reduced-form
way to allow the model to match the time series behavior of Chinese aggregate expenditures and the rest of the world.
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Figure 9: The China Shock: Net Exports
(a) US (b) China
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Notes: The solid blue line (“With China Shock”) depicts the evolution of Net Exports once we feed the model with all

recovered shocks from section 5.1. The dashed red line (“Without China Shock”) depicts the evolution of Net Exports if we

feed the model with all recovered shocks but the productivity (A\Z ;), trade cost (&\‘IZ ;) and inter-temporal preference shocks

1) to China are imposed to be equal to the average of the shocks received by all other countries. The evolution of preference
H p q g y p:

ut ) and technology parameters (y¢ . and v?, .) is imposed to be the same across the two counterfactuals.
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preferences) contributed significantly to the deterioration of the US Trade deficit over the 2000-2014
period. If Chinese fundamentals had followed the average path of the rest of the world, the US
trade deficit would have been of 2.5% of GDP in 2014 (red dashed line) as opposed to 3.4% (blue
solid line). This implies that the China Shock, as we define it, led to a deterioration of 36% of the
US trade deficit between 2000 and 2014. In parallel, China’s surplus would similarly be much more
modest by the end of 2014 (4% against 11% of GDP).

Autor et al. (2016) hypothesize that the behavior of trade imbalances could have significantly
influenced the American labor market response to changes in Chinese fundamentals. Specifically, in
a balanced-trade environment, a surge in imports must be synchronized with an offsetting expansion
of exports, leading to significant reallocation within tradable sectors. On the other hand, if the
import surge is concomitant with a deterioration in the trade deficit, there are no equilibrium forces
propelling export-oriented industries. Instead, labor displaced from import-competing industries
are reallocated to non-tradable sectors or remain idle in unemployment—at least in the short run.
We use our model to rigorously examine these hypotheses.

Figure 10a investigates the impact of the China Shock on the American labor market and on
the decline of manufacturing. We observe a reduction in all manufacturing sectors—the solid blue
line is consistently below the red dashed line across all these sectors. To quantify the effect of the
China Shock on the decline of manufacturing, we first estimate that the global shocks (including
the China Shock) led to a total of 1,917k manufacturing jobs lost over this period. Next, Table III
computes the decline in manufacturing “With the China Shock” minus the decline in manufacturing
“Without the China Shock” and shows that the China Shock accounted for 451k/1,917k=23% of

the manufacturing decline over that period. However, this decline in manufacturing was mirrored
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Figure 10: The China Shock: Labor Allocations and Unemployment in the US

(a) Reallocation
(b) Unemployment
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by an offsetting expansion in services, as we show in Figure 10a.?® More precisely, Low-Tech
Services expand by 184k jobs and High-Tech Services expand by 240k jobs. This implies that
(184k+240k) /451k=94% of the destroyed manufacturing jobs were re-created in services, and the
China shock had a virtually zero impact on unemployment, as we illustrate in Figure 10b.%?

To gauge the importance of trade imbalances for the estimates above, we reconduct the exercise
imposing balanced trade in our model. Such a model predicts 264k jobs lost in manufacturing
caused by the China Shock over the period we consider, and therefore the China Shock would
explain only 13% of the decline in manufacturing.*® Similarly to what we reported in the model
with trade imbalances, we find that the China shock also had a negligible impact on unemployment.
However, the pattern of reallocation is broadly in line with the predictions of Autor et al. (2016):
65% of the jobs destroyed in manufacturing are created in services (mostly in Low-Tech), and the

rest of the jobs are reallocated to other tradable sectors—agriculture.

38Bloom et al. (2019) find similar reallocation patterns towards services, induced by the China shock, using US
firm-level data.

39In the long run, though, the size of services does not respond to the China shock. The bulk of reallocation is
from manufacturing to agriculture, a pattern that is also consistent with the hypothesis put forward by Autor et al.
(2016).

“9The model with balanced trade predicts a decline of manufacturing of 1,991k jobs in response to all global
shocks—a similar decline we obtain with the model with trade imbalances.
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The lessons we draw thus far from this exercise are threefold: (a) China accounted for a quarter
of the decline in American manufacturing from 2000 to 2014; (b) this estimate is halved in a
balanced-trade world, which underestimates reallocation to services; (c) unemployment did not
respond to the China shock.

Table I1I: Effect of the China Shock on Manufacturing Employ-
ment in the US (2000-2014)

LTM MTM HTM  Total
Jobs Lost in "000s 63.14 59.73 327.72 450.59
Employment Change in % -1.19 -1.46  -3.69  -2.47

Notes: Effects of the China Shock computed between 2000 and 2014 as
the change in employment “With China Shock” (all shocks) minus the
change in employment “Without China Shock” (China receives average
world shocks). LTM: Low-Tech Manufacturing; MTM: Mid-Tech Manu-
facturing; HTM: High-Tech Manufacturing.

The “China Shock” we have studied in the previous paragraphs reflects changes in productivity,
trade costs and inter-temporal preferences. We now use our model to evaluate the relative contri-
bution of these shocks for the decline in US’s manufacturing sector, although it is important to keep
in mind that they interact in complex and non-linear ways. We compute changes in manufacturing
employment “With the China Shock” minus changes in manufacturing employment under three
different scenarios (keeping everything else constant): (a) productivity growth in China is set to
the world average (“Without ;{C’hina”); (b) changes in trade costs from and to China are set to
the world average (“Without C/l\China”>; (c) shocks to inter-temporal preferences in China are set
to the world average (“Without $Chma”)- Our results are shown in Table IV, with the first row
reproducing the first row of Table III for convenience. We find that changes in trade costs appear
to have played the most important role for the decline in US manufacturing over 2000 and 2014,
followed by changes in productivity. Interestingly, we find a modest role for the Chinese savings
glut. However this small effect masks quite a sizable negative impact in the short run.

Having analyzed the labor market, we now study the welfare impacts of the China Shock. The
household’s utility in equation (4) can be decomposed into (1) consumption, u(c) = log(c), and
(2) parameters and shocks driving labor supply b, C, n and w. We focus on the first piece as it
is the typical object of study in the International Trade literature. In order to take account of
transition dynamics, we thus define the consumption gains from trade as the ratio between (a) the
level of constant consumption that yields the same net present value of consumption utility along

the transition path and (b) the initial steady-state consumption. Mathematically:

W; = exp {(1 — ) iat log(C?) — 1og(0550)} , (31)

t=0
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Table IV: Effect of the China Shock on Manufacturing Employment
in the US (2000-2014): Contribution of Different Shocks

Change in Manufacturing Employment

LTM MTM HTM Total
Without China Shock 63.1 59.7  327.7 450.6
Without Acpina 80.4 249 245.7 351.0
Without dcpina 43 464 2309 281.5
Without dchina 173 6.9  -29.8 -54.1

Notes: Effects of the China Shock computed between 2000 and 2014 as the
change in employment “With China Shock” minus the change in employment
“Wlthout China Shock”, “Without Acmna”7 “Without dc;mm 7, or “Without
¢0hma See text for details. LTM: Low-Tech Manufacturing; MTM: Mid-Tech
Manufacturing; HTM: High-Tech Manufacturing,.

where CZS 50 is the level of consumption in country ¢ in the initial steady state, before the shocks. We

. . 7/ With China Shock ~xr .
compute the gains from the China shock as where I/Vzwlth China Shock 1) easures the

W_V\;ithout China Shock ’
consumption effects of global shocks includinig the China shock, and WiWithout China Shock 1yeagures
the consumption effects of global shocks excluding the China shock. The first row of Table V
displays these gains. Consonant with the effects reported by Caliendo et al. (2019) for the US, we
find modest welfare effects of the China shock for the US (gain of 0.17%) and around the world
(the effects are positive, but uniformly below 0.7%).

The gains from trade in the class of trade models we build on are often small in magnitude
(Arkolakis et al., 2012). Therefore, it is more fruitful to make comparison across models, rather
than interpreting our estimates in an absolute sense. This needs to be done with some caution, as
different models contain different ingredients, and so we focus on models that contain the input-
output and gravity structure that our model exhibits. With this in mind, Caliendo and Parro
(2015) find that NAFTA led to US consumption gains of .08%, while Caliendo and Parro (2022)
find that the US-China trade war lowered US real incomes by only .01%. Therefore, our model
suggests that the consequences of the China Shock for US consumption were larger than those from
NAFTA and the recent trade war.

As a final word of caution, we stress that our model is best suited to discussing aggregate
welfare, given our assumptions implying within-country consumption equalization. There may
yet be distributional consequences to the “China Shock” that are different in a world with and
without endogenous imbalances. Given the quantitative importance of trade imbalances we have

documented so far, we believe this is fertile ground for future work.
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Table V: Consumption Gains of the China Shock
(2000-2014) in %

US Europe Asia/Oceania Americas RoW
0.169 0.128 0.440 0.167 0.701

Notes: Consumption gains computed as 100 X

WWlth China Shock
WWlthout China Shock 1) %.

5.3 Comparison with Existing Approaches
5.3.1 Sufficient Statistic Approach to GGains from Trade

This section studies the implications of both trade imbalances and labor market frictions for the
consumption gains from trade, and for how these compare with the widely used sufficient-statistics
approach based on Arkolakis et al. (2012), henceforth ACR. ACR show that, across a large class of
International Trade models, the consumption gains from trade can be computed based on just two
statistics: changes in the share of expenditure on domestically-produced goods and the elasticity of
trade.*! This conclusion led to an explosion in the use of the ACR formula to assess the consumption
gains from trade in a variety of contexts. Our model nests the Ricardian model considered in ACR,
but violates two of their key assumptions: (i) no labor market frictions; and (ii) no trade imbalances.

We consider the changes in trade costs cﬁ,“ between 2000 and 2014 we obtain in section 5.1,
purging the model of shocks to inter-temporal preferences and to productivity (g}f“ = (}Ef =1 for
all k, 4 and ¢). Similarly, we impose that preference and technology parameters are fixed at the
calibrated values in Tables F.1, F.2 and F.3. In this case, the implied consumption gains from
trade following Costinot and Rodriguez-Clare (2014), who extend the ACR formula to allow for

input-output linkages, are given by:

/WZACR’ Static HHAk—ZJ NGk, l/)\ (32)
j=1k=1

where all of the changes (denoted by hats) are between final and initial steady states, and Rjj ;
is the j, k" element of the Leontief Inverse of the input-output matrix in country i. We obtain
T4 solving our full model, which starts from a balanced-trade steady state (NN XZQ = 0 for all 7).
To perform the comparison between consumption gains in our model and those using the ACR
formula, we first focus on the change in steady-state consumption given by our framework. Given
the static nature of ACR’s framework, this is a more direct comparison.

Figure 1la displays the comparison between the long-run ACR gains in consumption (blue

41 This class of models includes the workhorse frameworks in modern International Trade, including Eaton and
Kortum (2002), Melitz (2003), and the Armington model.
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bars) and the long-run gains we obtain in our model (red bars). Overall, these gains are quite
different. For example, the ACR formula predicts a 0.5% decline in long-run consumption in the
US, whereas our model predicts that the US experiences a long-run gain of 1.6%. Our conclusions
differ starkly in China, where the ACR formula predicts a gain of 2.5%, but our model predicts a
long-run loss of 3.7%. To give a better sense of the magnitude of these discrepancies, we compute
the mean (maximum) of the absolute value of the deviation in predictions between our full model
and ACR’s prediction: 2.8 (6.1) percentage points. These deviations are large if compared to the
mean absolute value of consumption gains across countries predicted by the ACR formula: 1.3%.42

These numbers differ on account of both labor market frictions and long-run trade imbalances
that arise in our model. As we discussed in section 4, long-run trade imbalances, and thus long-run
consumption levels, depend on the full path of shocks fed into the model, and not just on the initial
and final levels of trade costs. In contrast, the ACR formula is based on a static model so that
the exact path of shocks is irrelevant for the (long-run) gains from trade. We plot the long-run
imbalances resulting from our model in Figure 12. They are particularly large in China and the
Rest of the World, who sustain long-run trade surpluses exceeding 4% of GDP. These large long-run
trade surpluses imply long-run levels of consumption that are substantially lower than the initial
ones, explaining some of the losses in Figure 11a. This long-run comparison masks the fact that
our model predicts strong consumption growth (and trade deficits) in these countries in the short
run, as we illustrate in the red dashed line of Figure 13b—a finding we revisit a few paragraphs

below.

42The ACR formula predicts long-term losses in some countries, as shown in Figure 11a. Note that, as shown in
Figure H.1b, some countries are becoming more protected, which can negatively affect their own welfare but also the
welfare of their trading partners. In addition, changes in trade costs across the globe can increase competition among
countries with similar comparative advantage patterns, leading to some negative effects. Finally, the relatively large
predicted long-run losses by our model for China, the Americas, and the Rest of the World are explained by a trade
off between short-run increases and long-run declines in consumption, as is illustrated in Figure 34.
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Figure 11: Shocks in Trade Costs and the Long-Run Consumption Gains from Trade
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Notes: In Panel (a), the blue bars, “ACR Prediction,” refer to the consumption gains computed using equation (32); the red
bars, “Full Model,” refer to the change in steady-state consumption given by our full model with trade imbalances. 7r,c i s

obtained by simulating our full model initialized with NXt = 0Vi at t = 0. In Panel (b), the blue bars, “ACR Prediction,”
refer to the consumption gains computed using equation (32); the red bars, “Balanced Trade,” refer to the change in
steady-state consumption given by our model imposing Balanced Trade. %\k . is obtained by simulating our model with

Balanced Trade (NX}! = 0Vi for all ¢). Blue bars differ across panels because 7 TI'k . differs across scenarios.

Figure 11b investigates the separate role of trade imbalances and labor market frictions behind
the discrepancies for long-run consumption. To that end, we simulate our model under balanced
trade, removing one source of discrepancy between our model and the framework leading to the
ACR formula. We still find significant differences between the gains predicted by our model (under
balanced trade) and those by the ACR formula, although the magnitude of these discrepancies is
now smaller. To quantify the extent of these discrepancies, we again compute the mean (maximum)
of the absolute value of the deviation in predictions between our model under balanced trade and
ACR’s formula: 0.7 (1.3) percentage points. These deviations are still economically important if
compared to the mean absolute value of consumption gains predicted by the ACR formula: 1.3%.
We conclude from these exercises that trade imbalances and labor market frictions both contribute
substantially to the divergences we document.

An alternative way of comparing our welfare predictions with those from ACR’s formula, is to
take the full transition path into account. We compute the present value of consumption gains
implied by our model as described in equation (31). Similarly, we can calculate “ACR Dynamic”
gains from trade, by taking the net present value of the static gains calculated by (32) in every

period. More precisely, the static ACR formula implies predicted changes in consumption between
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Figure 12: Steady-State Changes in Net Exports in Response to Shocks in Trade Costs

% of GDP

period 0 and period ¢ given by:

ot K K
1 :HH(%Z,ii)_W’iNjk’i//\a (33)

SSo
&5 j=1k=1

where 7?}; ;i is the change in trade shares between periods 0 and ¢, which is computed using our full
model. Applying equation (31) to this path of consumption we obtain the following formula for the
“ACR Dynamic” gains from trade:

00 K K
WZ.ACR’ Dynamic _ oxp { (1 — 0) Z §'log HH(ﬁz’ii)*uj,iNjk,i/A ) (34)
t=0 j=1k=1

Figure 13a compares the consumption gains predicted by the “ACR Dynamic” formula (34) to
the dynamic gains computed according to our model (31). Although predictions are now similar
for China and Europe, they are still quite different for the remaining countries. For example,
Asia/Oceania enjoys a consumption gain of 2.1% according to the dynamic ACR formula, whereas
our model predicts a gain of 0.4%. Also noteworthy, the Americas lose by 1.4% according to our
model, but by less than 0.3% according to the dynamic ACR formula. The mean (maximum) of the
absolute value of the deviation in predictions between our model under balanced trade and ACR’s
prediction is given by 0.7 (1.1) percentage points. These magnitudes are still important compared
to the average absolute value of growth in consumption: 1.7%.

We conclude pointing out that the similarity in the dynamic gains calculations (compared to
long-run comparisons) mask differences between the short- and long- run behavior of consumption in
our model compared to ACR’s prediction (33). These patterns are illustrated in Figure 13b, which
show that the evolution of consumption predicted by ACR’s formula is relatively stable. On the
other hand, our model generates large swings in consumption around the ACR prediction. The net
effect is that the dynamic ACR gains are closer to our model’s dynamic predictions than the long-

run predictions. These results suggest that if a researcher is interested in quantifying consumption
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changes between two points in time, our model will deliver different predictions compared to ACR’s
formula, which are economically important. However, this discrepancy will not be as large—
although still important—if the researcher is only interested in computing the net present value of

gains over the full transition.

Figure 13: Shocks in Trade Costs and Dynamics Consumption Gains from Trade
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Notes: In Panel (a), the blue bars, “ACR Prediction,” refer to the present value of gains calculated by using equation (34);
the red bars, “Full Model,” rrefer to the present value of gains over the transition in the full model with trade imbalances,
using equation (31). In both cases, %Z” is obtained by simulating our full model initialized with NX;5 =0Viat ¢t =0. In
Panel (b), we depict the evolution of consumption implied by our full model and the evolution of consumption as implied by
the ACR formula perid by period (33).

5.3.2 Trade Imbalances Resulting from a System of Transfers

A commonly used approach to model trade imbalances in the literature is to create a system of
transfers across locations to match observed imbalances at a given point in time.*3 We implement
this approach in the context of our model by imposing that all firm profits of each country, net
of vacancy posting costs, are sent to a global portfolio. This global portfolio is then redistributed
proportionally to countries in a way that matches the initial observed trade imbalances in the data.

Formally, net exports are given by:
NXf = Hg - LiH%/Vorldv (35)

where II! aggregates profits across all firms in country i at time ¢ and H’{/V orlq @ggregates all profits
all over the world. The share ¢; is calibrated to match the initial level of trade imbalances in the
data.

To compare our approach with this popular alternative, we revisit the counterfactual we studied

in Section 4 and subject the global economy with the slow Chinese productivity growth depicted in

“3Prominent examples of this approach include Caliendo et al. (2017), Fajgelbaum et al. (2018), Caliendo et al.
(2019), Fajgelbaum and Gaubert (2020), and Caliendo et al. (2021).
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Figure 3a. We then compare predictions that arise from our complete model with trade imbalances

to those that arise following the procedure described in equation (35).

(a) Reallocation Indices
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Figure 14c¢ shows that the implications for the behavior of trade imbalances is quite different
across specifications. In particular, the model following equation (35) predicts that China runs a
trade surplus every period, different from the large short-run trade deficit implied by our model. In
turn, our model predicts a twice as large trade surplus for China in the long run. This behavior of
trade imbalances has implications for the amount of reallocation in response to the slow productivity
growth in China and for unemployment responses. Figure 14a shows that our model leads to more
reallocation than the system of transfers model-—more than 2 times more in the US and 20%
more in China. Figure 14b shows that the behavior of unemployment dictated by this alternative
procedure is similar to the behavior we would have obtained with a balanced trade model—see
Figure 4d. However, both models have similar implications for long-run unemployment.

Finally, we compare the implications of both models for the dynamics of reallocation. Figure
15 shows considerably distinct US labor market dynamics across sectors. Under the system of

transfers, we predict a long-run decline of manufacturing in the US of 528k jobs—25% smaller than
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the predicted 697k jobs lost under our baseline model.

Figure 15: Reallocation Across Sectors in the US
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Notes: Labor market responses to slow productivity growth in China (see shock in Figure 3a). Comparison between
predictions of our “Full Model,” and “Trasfers”—model with imbalances given by equation (35). Ag: Agriculture; LTM:
Low-Tech Manufacturing; MTM: Mid-Tech Manufacturing; HTM: High-Tech Manufacturing; LTS: Low-Tech Services; HTS:
Hgh-Tech Services.

6 Concluding Remarks

Our work shows that carefully modeling trade imbalances can have quantitatively important impli-
cations for the adjustment process in response to globalization shocks and opens important ques-
tions for future work. Given the importance of imbalances for the reallocation process, it is natural
to extend the model to allow for heterogeneous workers and speak to the inequality effects of trade
within this framework. Incorporating endogenous capital accumulation is an equally important
extension: aside from its role in shaping global imbalances (Jin, 2012), capital can have important
implications for inequality through capital-skill complementarity (Parro, 2013; Reyes-Heroles et al.,
2020).

An additional valuable extension of our framework would allow workers to make borrowing and
savings decisions at the individual level, which will aggregate into global imbalances. Even though
this is a hard problem, especially regarding estimation, we believe that our method of simulated
moments that can be performed country by country (conditional on trade shares and imbalances)
can be applied to this situation. Finally, our model imposed perfect foresight on aggregate variables.
This approach is appropriate to study the consequences of long-run trends in various fundamentals.
However, it would be worthwhile investigating a version of our model with aggregate uncertainty

and study the role of precautionary savings in trade imbalances.
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A Decentralizing the Labor Supply Decision in the Household

Problem

Section 2.3.3 states that the allocation of workers follows a controlled stochastic process. Indeed,
while the household head can choose workers’ sectors given knowledge of switching costs and shocks,
employment itself remains a probabilistic outcome. To this end, let é}; (I‘E_H) € {0,1} indicate
whether the household head continues on with a match at time ¢ given a match productivity of

wZ'H in sector k. In this case, the probability that worker ¢ is employed in sector k at time ¢ 4 1,

conditional on match productivity xZH and time ¢ information (kzé, ez) is given by:
Pr (ki = kel = 1|2kl eh) = T (k) = k) ) (1 — xp) €, (a4™) (A.1)
+ (1= el) T (kg™ = k) Oq (01) &, (=7") -

In words, if 7 (kﬁ = k:) e = 1, then worker ¢ is employed in sector k at time ¢ and the match
survives with probability (1 — xy) if the family planner decides to keep the match (e, (azzﬂ) =1).

If e, = 0, that is, the worker is unemployed at ¢, and the planner chooses k‘é“ = k, then the worker

is employed in sector k at time ¢ + 1 with probability 8¢ (6!) €} (mﬁ“).

sector and employment status at ¢ + 1, kﬁ“ and ezﬂ, are determined by actions taken at .

Importantly, workers’

We are now ready to formalize the problem that the household head solves. The household
head chooses the path of consumption, cz, the path of sectoral choices, kz, continuation decisions,

et (z), and bonds, B, to solve:

00 z
max EO{ ()" ¢ / u;dz}, (A.2)
t 0

{kzvé_z(')rBtzcz} :0

subject to the budget constraint (5) and (A.1). We show that the solution to this problem can be

decentralized to individual workers solving equations (6) and (7).

The Lagrangian of problem (A.2), (5) and (A.1) is

> [0t (Tu (cf) — M (TPt + B 11— RBY) )| +
t=0

(1 — 62) (_Ckz7kz+l + wzszd + bkz+1> + (A3)

~ K
cong + 3 (T4 = ) et (o) )

L=E,

L | <= |5t
Jo |2 |9
t=0
Because each worker is infinitesimal, and the allocation of one worker does not interfere with the
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allocation /utility of other individual workers (conditional on aggregates), maximizing

7 | oo (1 — 62) (—th L+l + wé it + bkt+1> +
/ Y otet K o ‘ de (A.4)
o |5\ e+ ¥ (ST =) el ()
k=1

means maximizing each individual term. Therefore, the planner solves, for each individual, the

recursive problem:

(1 — ez) <_C’f§ ki + w;f it + bk?’l) + 6277@
) Ky
Ly (kf,ep,x), wp) =  max XKI kL = k) ebw? (2} (A.5)
w e o To @) = N85 +tZ (kg = k) epwy, (zf) + ’ '
4 "k :
1 1 L gt 1
5¢)t+1E £t+ (kt+ t+ er 7 Z+ )

-~ t+1
where ¢!t = ¢ it

Denote by F* the set of information at t. So, F; (.) = F (\]—" t). For an unemployed worker in sector
k at time t, ké =k, ez =0:

Cly (1 = ke =Ouwhol) = | max = Ol b+ 00 B (el ).
LR CANE!
(A.6)

Using the law of iterated expectations we obtain:
to(pt 1t tooty _ , t )
EW (ké = k, 6@ = O,l’g,(dg) = k,7{I§?:¥ } Ckk + (A)e’k + bk-
4 6¢t+1E {E [£t+1 (:IC/, ’ Z—i-]. t—l—l) ‘ z-ﬁ-l Ft] % Pr (k;t—‘r]_ — k/ t+1 1’xt+1 f’t) |Ft}
+oo M E (B [Li (k’ et Wit (2l F < Pr (kT = et = 02 FY) | FT)

G B
+00! 0L q (01,) B {LG (K, 1,2l wit) et (o) |71
+ 00 B {(1— 0q (0) €t («f™)) L5 (50,28 Wiy |71 (A7)
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For an employed worker in sector k, ké =k, 62 =1:

Ly (k) =k,ef =1,2),w)) = max thk (zf) + e + SQHE, Et'H (k, et+1 xﬁ,wﬁl)

O}
_ t
= {grl;?z%z()})\ wy, (.’L’@) + Nk
N 5$t+1E E [ﬁ%rl (k, 1"%%’ t+1) |]€t+1 — k €t+1 -1 $é+1 ]:tj|
Pr (k‘z+1 = k,etH = llth, ) | Ft

E [5%1 (k,O,:Ez, t+1) |k:t+1 k) Z+1 — 0,2 t+1 f’t] y
Pr (k:ﬁ+1 =k, eé“ 0|z t+1, ) ]]:t

a0}
I 5$t+1 (1= xx) A?l (xe) UH (k:, L aj,w tH)
4 (1 _ ”"]Z—‘rl (xe)) £t+1 (k 0 xe7 t+1) ‘f’t
+ 00 B (L (K, 0,20, wl ) | F1) (A.8)

Make the following definitions
[712 (wﬁ) =Ll (ké =k,el = O,wz,wz) , and

Wi (z) = Liy (kf =k, e) =1, 2,w)) . (A.9)

(7}; (w%) is the value of unemployment in sector k, conditional on the preference shocks wz, and
W,f, (x) is the value of a job with match productivity x. Note that /J%,V (ki =k, ez =0, 3327 wZ) does

not depend on mfg and L”{/V (kg =k, 62 =1,z ‘*’2) does not depend on w%. Rewrite 17,2 (wi) as

Uy (wi) = y {IE% 01 Crrr + Wy pr + i
409 0hq () [ W @) (2) dGi (o)
+ 00" (1= 0q (0)) Pr (@ (o) = 1)) B (T (7)) (A.10)
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and so:
U} wt = max - Ckk’ wt / +bk/
Uy (wp) w0} + Wik
WhH (z) et (z) +

Fas o ) | ( B (0 () (1~ 4 @) ) o

+ 00 (1= 0q (0))) B (T (i)

Now, wewrite W} (z) as:
tooN Nt ot
Wi (z) = ;,H?f)})‘ wy, () + 1
L
+ 5$t+1 (1 _ Xk) ’éﬂlf:-l (l‘) W]z-i-l (Jj)
s (1-(1—xp)e (@) E (fj}iﬂ (wzﬂ)) 7

and so:

Wi () = {E??é}ktwi (zh) + m

00 (1= xe) (A7 (@) Wi (@) + (1= 8 (@) B (T (w0)))

+ 0T ILE, <ﬁ£+1 (wzﬂ)) .
It is now clear that the optimal policy EZH (.) is:

e T+l Tl (ot
= ! it W (@) > B (O (W) |
0 otherwise

(A.11)

(A.12)

(A.13)

(A.14)

Define U} = E, (ﬁ}é (wﬁ)) . We conclude that equations (A.11), (A.13) and (A.14) imply equations

(6) and (7).
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B Steady State Equilibrium

In this section we derive the equations characterizing the steady state equilibrium. The key con-
ditions that we impose is that variables are constant over time, inflows of workers into each sector
equal outflows, and job destruction rates equal job creation rates. We also impose that the prefer-

ence shifters {(;Sf} are constant and equal to 1 in the long run.

Wage Equation

(1= Bryi) (1 —9) Uki — (1 = Brsi) Mk

Wi (.’L‘) = ﬁk’ﬂfljkﬂw + (B.l)
Ai
Firms’ value function
1= Bri ~ ~
Jei () = —————NjWi; (T — Ty B.2
kvl ( ) 1 o (1 o Xk’z) 5 Q k:Z ( —k,’L) ( )
Probability of filling a vacancy
ki PE 1—8(1— Xk
q; (Qk,l) = ~7, tox ( Z) (B.3)
Wi 6 (1 = Bri) Ini (z44)
where
Tmax
Iy ; (ﬁkz) = / (3 - &]w‘) de‘,i (s) (B.4)
L,i
Unemployed workers’ Bellman equation
re PU Y~ By i
—Cbr i + bir i + O i == % /\iwk’,im + 00U 4
Uri = Gilog [ D exp = : (B.5)
K’ v
Transition rates
pF ,
—Che,itbe,i 4005 Wulf;,’ XNy ; (12’1 ) +6Uq;
exp . @ L
Skt = maPE 5 PR (B-6)
—Crgitbg,i 05 “%Ei XAin,im+6UE,i
2 exp G
k
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Steady-state unemployment rates

_ Xk,i
Or.iti (Or,i) (1 — Gri (2x4)) + Xk,

Uk,i

Trade + Price System
Input Bundle Price

Domestic Sectoral Output Price

~ ; M 1=k,
. (wk,z')%’ D
ki = | —— —
Vi, I — Yk

Price of Composite Sector-Specific Intermediate Good

—1/A
PI =T Y AkJ
ki — L ki d B
i (cr g, i)
where I'y, ; is a sector and country specific constant.
Price of Final Consumption Good
K PI Hki
? .
el Mk g
Trade Shares
-2
T — Ak,o (Ck,odk,oi)
k,oi (I)k,z' )
where
N
by = ZAk,o (chodror)
o=1
Zero net flows condition
K K
(Liu;) = <Zsék,iL€,iué,i> = 53 (Li.uq)
=1 k=1

Product market clearing

o8

(B.7)

(B.8)

(B.10)

(B.11)

(B.12)

(B.13)

(B.14)



Gross Output

Tmax s

’Yk,on,o = 7:Ek,oLk,o (1 - uk,o) /

———dG, (s
o T G () o )

= wk,oLk,o

Ezxpenditure with Vacancies

v P
Ey o = bkoPy Ok otk oL o

Market Clearing System

N
Yio =Y ThoiEni
i=1

K K
Eri = (Zwﬁ%) + Z (1 —~e4) veriYei — i N X
=1 =1

Normalization: World total revenue is the numeraire

N K
HRAEY

i=1k=1

Final Good Consumption Fxzpenditure

K K
EY =) wiYii— > By, — NX;
k=1 k=1

Lagrange multipliers

IS
Q
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C Country and Sector Definitions

Table C.1 displays how we divide the world according to the country divisions in the World Input

Output Database. Table C.2 details how we define the six sectors we consider in our quantitative

exercises.
Table C.1: Country Definitions
1 USA
2 China
3 Europe
4 Asia/Oceania
5 Americas
6 Rest of the World (ROW)
Notes: Asia/Oceania = {Australia, Japan, South
Korea, Taiwan}, Americas = {Brazil, Canada,
Mexico}, Rest of the World ={Indonesia, India,
Russia, Turkey, Rest of the World}. This parti-
tion of the world was dictated by data availability
from the World Input Output Database.
Table C.2: Sector Definitions
1 Agriculture/Mining Agriculture, Forestry and Fishing; Mining and quarrying

Low-Tech Manufacturing  Wood products; Paper, printing and publishing;

Coke and refined petroleum; Basic and fabricated metals;
Other manufacturing

3 Mid-Tech Manufacturing  Food, beverage and tobacco; Textiles;
Leather and footwear; Rubber and plastics; Non-metallic
mineral products

4 High-Tech Manufacturing Chemical products; Machinery;
Electrical and optical equipment; Transport equipment

5 Low Tech Services Utilities; Construction; Wholesale and retail trade;
Transportation; Accommodation and food service activities;
Activities of households as employers

6 Hi Tech Services Publishing; Media; Telecommunications; Financial, real estate
and business services; Government, education, health
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D Dispersion of Idiosyncratic Preference Shocks

The model in Artug et al. (2010) implies the following steady-state relationship:

st st 1—=0 i 0, ~
2 S R L A Ty OO R
log<sii) 0 log <sjj> R C —i—C(w w’)
Where w; is the wage in sector i, s¥ is the share of workers employed in sector i in period ¢ who
choose to be employed in sector j in period ¢ 4 1, C% is the mobility cost between sectors i and 7,

¢ measures the dispersion in idiosyncratic preferences for sectors, and ¢ is the discount rate at the
QUARTERLY frequency.

Approximate the transition rate matrix s as:
s =1+ As,

where the As terms are small. This is a low-mobility approximation, meaning that the diagonal of

matrix s is close to 1 and that off-diagonal elements are close to 0.

In that case, the matrix for ANNUAL transition rates s can be approximated as:

S=s'~I4+4As~T+4(s—1)=4s—3I.

Therefore, 59 ~ 459 if i # j and 3" ~ 45 — 3 ~ 1. In turn, log <§TJZ) ~ log (%j), log (sij) R~

si7
5 _
log (T) and.
ij ij ~ij
log <S”> —dlog (Sjj> ~ (1—96)log <84 )
s s

¢
This implies:
(1—0)log (57) = (1 —6)log (4) + 1250” + g (w' — w?)
. 1 6 -
= log (5) =log (4) + =CY + iie (w' —w’)
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Given that the annual discount rate is §* we multiply both sides by (1 — 64):

4 ~ij 4 (1_54) ij 1 6 4 i J
(1—5)log(s): (1—5)log(4)+#c —1-617_6(1—5)(10 —w)
1—6%) . § (1-—¢6* ,
:[(1—64)log(4)+( c )C'” +1_5( c )(wz—wj)
So, the coefficient on wage differentials at the yearly frequency is %(1115; ) compared with % at
M

the quarterly frequency. In turn, the ACM coefficient on wage differentials is given by: =
-6t Lo . —o*
g(lli 5 ) This implies that ¢ — at the quarterly frequency —is { = %(;ATM)

4 1-64 1-64
In ACM, ¢Annual — ﬁfCM. As we saw above, (94Tt = %5 (BACM)' And so ¢auart = 1‘%5( 5 )CA"”“al.

With §* = 0.97, the value used in Artug et al. (2010), we get (9%t = 4.05 x (Annual,
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E Discussion of Identification

To obtain intuition about identification of the various parameters in the model, we focus on a
simplified one-sector model. To further simplify the exposition, assume we match quarterly transi-
tions. Finally, given that our estimation procedure allows the estimation to be conducted country
by country, we focus on a single country and omit the country index. Consider the following data:

labor market tightness, P%¢; (quarterly) persistence in unemployment, pg?}a; (quarterly) transi-

tion rate from employment to unemployment, pg(a}a; coefficient of variation of wages, (0'3} /@) Data
We will show that the model implies a mapping from these data to the job destruction rate y;,
vacancy costs k, dispersion of match-specific productivities ¢ and unemployment value b. In the
one sector model, inter-sectoral mobility costs and sector-specific utilities are absent, so the current

discussion is not relevant for the identification of this set of parameters.

In the one-sector model, quarterly transitions from employment to unemployment is given by:

Pr(FE — U) = x. Therefore, we can recover y directly from from the data: y = pD ata,

The model implies that quarterly transitions from unemployment to unemployment are given by:

Pr(U —-U)=1-0q(0) (1 —G(x;0)). Therefore, data on labor market tightness and persistence

9Data Data )

rate in unemployment pin down z, conditional on ¢. That is, x = fl ( N ity

The coefficient of variation in the model is given by o, /W = f; (z,0) = fg (fl (HDam pgf]t“, o) , J)—
see sections J.2.3 and J.2.4. This implies that the dispersion of shocks can be pinned down by the

coefficient of variation in the data, labor market tightness and the persistence rate in unemployment:
o Data
o= f3 <0Data 5%&1, (jw> > )
w
Plugging this back on the equation determining z, we obtain:

~ o\ Data 0.\ Data
z= fl <0Data’p5[a]ta’ f3 <0Data D[(}ta7 (%) )) — fl <9Data’pData (%) > .

In turn, the Free Entry Condition dictates that Kk = ¢(0) %I (z). This implies that we
can recover k given data on labor market tightness, the job destruction rate and knowledge of
x. However, as we have shown above, there is a mapping from the data to each of these objects,

leading to the following chain of equalities:

~ s ~ o..,\ Data
R (07 ) = B (07 e (07 e, (%)) ) = o (07 e o).
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In other words, % is pinned down given data on labor market tightness, the transition rate from

employment to unemployment, and the persistence rate in unemployment.

2\ Data
The conclusion so far is that there is a mapping from P pgl"f“, pg(‘}m, (%) to x, K, and
o. b is then pinned down by the following equilbrium relationship:**
b p

z==+0k——:.
S 1-p

This is because z is pinned down by #P%e, pggfa, K is pinned down by data, and we argue below

that \@ is also determined by data.

According to Steps 7 and 8 of the estimation algorithm (Appendix section J.1), w = X o

L
# = h(z,0,0)—as u is a function of # and z, and Y is fixed outside of the estimation
g9(z,0)
procedure. Remember that there is a mapping from data to z, kK and o, and so there is a mapping
from data to w. In turn, A= E—LC = f(R,0,w,u)—see Steps 9 and 10 of the estimation algorithm—

and again, there is a mapping from data to X and A\@.

*4Note that the steady-state version of the wage equation (13) and W (z) = U imply Advz = (1 — 6)U — 1. Then,
note that in a one-sector model, the present value of unemployment given by equation (B.5) becomes (1 — §)U =
b+ OR w25
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F Parameter Estimates

In this section, we display the complete set of parameter estimates we discuss in section 3. Specif-

ically, those highlighted in Panels B and C of Table I.

Table F.1: Final Expenditure Shares i ;

Country
Sector US China Europe Asia/Oc. Americas RoW
Agr. 0.01 0.12 0.02 0.01 0.02 0.09
LT Manuf. 0.03  0.02 0.04 0.03 0.04 0.03
MT Manuf. 0.05 0.11 0.08 0.07 0.10 0.11
HT Manuf. 0.10 0.15 0.11 0.10 0.11 0.10
LT Serv. 0.30 0.35 0.34 0.38 0.33 0.39
HT Serv. 0.51 0.25 0.41 0.41 0.40 0.29

Table F.2: Labor Shares in Production ~; ;

Country
Sector US China Europe Asia/Oc. Americas RoW
Agr. 0.45 0.58 0.56 0.54 0.62 0.67
LT Manuf. 0.37 0.25 0.32 0.35 0.28 0.27
MT Manuf. 0.33 0.28 0.31 0.37 0.32 0.28
HT Manuf. 0.39 0.24 0.33 0.32 0.31 0.25
LT Serv. 0.61 0.37 0.49 0.54 0.56 0.48
HT Serv. 0.62 0.55 0.63 0.67 0.67 0.68
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Table F.3: Input-Output Table — Average Across Countries % Zf\il Vke,i» Standard Dev. across
Countries in Parentheses.

User | Supplier - Agr. LT Manuf. MT Manuf. HT Manuf. LT Serv. HT Serv.

Agr. 0.27 0.08 0.12 0.14 0.26 0.14
(0.05)  (0.02) (0.03) (0.03) (0.05)  (0.06)
LT Manuf. 0.19 0.38 0.04 0.08 0.22 0.08
(0.04)  (0.06) (0.01) (0.01) (0.04)  (0.04)
MT Manuf. 0.22 0.07 0.29 0.11 0.22 0.09
(0.03)  (0.02) (0.04) (0.02) (0.05)  (0.04)
HT Manuf. 0.02 0.16 0.07 0.46 0.18 0.11
(0.02)  (0.02) (0.01) (0.05) (0.04)  (0.05)
LT Serv. 0.06 0.14 0.10 0.10 0.34 0.26
(0.04)  (0.03) (0.02) (0.03) (0.07)  (0.10)
HT Serv. 0.01 0.08 0.03 0.11 0.27 0.51
(0.00)  (0.02) (0.02) (0.06) (0.06)  (0.16)

Table F.4: Mobility Costs in the US — CUS/(XUS X Wyg X C)

From | To — Agr. LT Manuf. MT Manuf. HT Manuf. LT Serv. HT Serv.
Agriculture 0 3.22 3.43 2.96 2.17 3.35
LT Manufacturing  1.09 0 0.55 0.02 1.19 2.20
MT Manufacturing 1.81 0.04 0 0.22 0.52 2.13
HT Manufacturing 1.32 0.59 0.94 0 1.20 1.39
LT Services 0.00 0.67 0.64 0.40 0 0.00
HT Services 0.61 1.38 1.61 0.47 0.00 0

Notes: Estimates of mobility costs in the literature, such as Artug¢ et al. (2010) and Artug and McLaren
(2015), estimate Cys (a) at the annual frequency; (b) normalize the average wage in the US wys = 1; and (c)
have A\ys = 1. To be able to compare our estimates to those, we express Cuys as a fraction of Ays X Wys x (.

Table F.5: Mobility Costs Around the World Relative to the US’s

Ci/Oa:)  _ Wi X AysTus
Cus/(Auswus) ! i,
Country

US China Europe Asia/Oc. Americas RoW

Vi X AU;@ 1 1.79 0.67 0.46 1.12 0.82
iW;

Notes: Remember that we impose Cyir; = i X Cirrus. This table reports
_CufQui) ¥ x ASWUS g6 that we are better able to compare estimated
Cus/(Auswus) \;w;

mobility costs relative to the US. w; is the average wage in country <.
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Table F.6: Sector-Specific Utility 77;“/(}, X W;)

Country

Sector US China FEurope Asia/Oc. Americas RoW
Agriculture 0 0 0 0 0 0

LT Manufacturing 0.09 -0.18 -0.26 -0.20 0.03 -0.12
MT Manufacturing 0.16  0.13 -0.05 -0.08 0.10 0.05
HT Manufacturing 0.04 -0.67 -0.50 -0.27 -0.82 -0.58
LT Services 0.26  0.27 -0.09 -0.05 0.21 -0.07
HT Services 0.08 0.31 -0.21 -0.34 -0.04 -0.24

Notes: Workers decide in what sector to search partly based on wages scaled by Xi. To aid
the interpretation of the magnitude of the estimates of 1y ;, we express them as a fraction of
Ai X w;, where w; is the average wage in country i. Nagricutture = 0.

Table F.7: Exogenous Job Destruction Rates xy

Country
Sector US  China Europe Asia/Oc. Americas RoW
Agr. 0.039 0.003  0.049 0.046 0.014 0.003
LT Manuf. 0.058 0.055  0.055 0.070 0.053 0.068
MT Manuf. 0.060 0.055  0.071 0.066 0.046 0.054
HT Manuf. 0.057 0.055  0.051 0.067 0.040 0.085
LT Serv. 0.035 0.045  0.045 0.039 0.041 0.050
HT Serv. 0.029 0.041  0.032 0.029 0.026 0.056

Table F.8: All Remaining Parameters: o;, b;, and k;

Country
US  China Europe Asia/Oc. Americas RoW
Match Prod. Dispersion o;  0.66 0.67 0.73 0.56 0.99 0.53
Value of Unemp. b; -13.45 -12.26 -12.35 -13.89 -13.56 -13.42
Vacancy Costs k; 4.59 4.54 4.83 3.53 8.22 3.22
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Figure G.1:

3a)

(a) Labor Allocations - Full Model

Labor Market Dynamics in Response to Slow Productivity Growth in China (Figure

(b) Labor Allocations - Balanced Trade
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G Mechanisms: Detalils

In section 4 we conduct a counterfactual exercise where Chinese productivity slowly increases over
time until it reaches a plateau—see Figure 3a. To streamline the exposition in the main text, we
only showed how different variables in the US and China responded to this shock. For completeness,

Figures G.1 and G.2 show versions of Figures 4 and 5 across all countries.
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Figure G.2: Net Exports Over GDP in Response to Slow Productivity Growth in China (Figure
3a)
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H Extracting Shocks from the Data: Details

This section obtains the time series for three sets of shocks affecting the global economy between

December of 2000 and December of 2014: changes in trade costs {Zﬁk m}, productivity shocks

{Xz i}, and inter-temporal preference shocks {(Ef} We measure changes in trade costs and pro-

.. . . =~ dt .~ At
ductivity relative to December of 2000 (which we label t = 0): d} ,; = dé‘:, Al = Ag”_. On the
' o 41
other hand, shocks to inter-temporal preferences are relative to the previous period: qﬁf“ = ¢2>t A

As we recover these three sets of shocks, we also allow parameters driving preferences ({ ,u'}“}) and
technology ({7};@} and {V]td’i}) to evolve over time.

We use WIOD data to construct time series of trade shares {7‘(‘}; oi }, sectoral price indices {Pklf},
final good expenditures {Elc ’t}, expenditure shares { uzﬂ.}, labor shares in production {’y};i}, and
input-output matrices {I/};E’i} between December of 2000 and December of 2014. Armed with

these data, we can exploit the gravity structure of the trade block of the model, as in Head and

Ries (2001) and Eaton et al. (2016), to recover the changes in bilateral trade costs combining

BSWe impose Ef“ = Aki.’“w and d?k’oi = dkf);““ for all t > Tpata, where Tpatq is the last period for which we have
data (Tpata = 14 years and refers to December 2014).
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It ¢\ YA )
Pk,’i =T, (‘P,“) and equation (22):

/\I7t ~t 1/A
Pk,i 7Tk,oo

i — It | =t
Pk,o 7Tk,oi

(H.1)

In turn, we rely on the Euler equation (27) and normalize &(} g = 1Vt, as in Reyes-Heroles (2016),

to recover the inter-temporal preference shocks:

R pOtHL pOt
¢§+1 =— Cit C(,]til for t = 17 ) Tpata — 1, (HQ)
Ei EUS

where T is the last period for which we have data, which refers to December of 2014. Note that
we still need to determine qgf for t > Tpata, but we will need to use the structure of the model to
do so, as this value depends on the model-implied steady-state value for final good expenditures
EZC "°°. Given equilibrium steady-state aggregate expenditures EZC > we impose that expenditures
EZC * evolve linearly between t = Tpgtq and ¢t = T >> Tpate and is constant from then on, that is,
EZC = Elc % for all ¢t > T. ngﬁf for t > Tpata is then obtained using the Eurler equation and this

extended path for Elc . Note that this formulation sets QAﬁf =1foralt>T.
Finally, we recover the productivity shocks {gfm} using:

~t

~ ﬂ-k‘, . A

Al = TZZA CH (H.3)
(7i)

Given that ’c\’;“ depends on wg’i, which has no data counterpart, we need to use the full structure of

the model to recover the sequence of productivity shocks. Online Appendix J.6 details the algorithm

oo

to recover the shocks {Efm} as well as {(Eg}t:TDmH using the full structure of the model. To be
able to recover the full set of shocks the economy experienced between 2000 and 2014, we assume
the economy faces no additional shocks after 2015. That is, the values for {Afm} and {df€ Oi} are
imposed to be constant from 2015 onwards.?® The same assumption is imposed on preferences and
technology parameters.

Figure H.1la shows an increase in productivity all over the world. In particular, China has

experienced large increases in productivity, especially in manufacturing sectors.*” Other emerging

16We also assume the economy is in steady state in 2000 and fully anticipates the full set of current and future
shocks in 2001.

4"While we plot changes in the productivity location parameters {2}5“}7 this is not directly comparable to pro-
ductivity in the classic sense of a Solow Residual. In order to make sense of the magnitudes, note that TFP growth,
defined as 5}5“/P,ff, can be expressed as (A};i/ﬁ}i’“)l//\. Therefore, using our recovered values for A} ;, data on
changes in trade shares, and imposing A\ = 4, the magnitude for actual annualized TFP growth in China ranges from
3 to 5% per year, depending on the sector—which is in line with growth accounting estimates discussed in Zhu (2012).
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economies—which comprise the bulk of the Americas and the Rest of the World aggregate—also
experienced impressive productivity growth, while growth was more muted for advanced economies.

Turning to trade costs, we first construct a summary statistic to capture this large object. We
focus on the average import cost for each country-sector pair, weighted by their initial steady state

import shares:

0
=t Thoi 7
dy; = Z - 7:8 ~dp oi- (H.4)
o#i kit

Figure H.1b plots this index for each country and sector. In general, import trade costs are declining
for the United States and Asia, and approximately flat in Europe (with some heterogeneity across
sectors). Perhaps surprisingly, starting after the 2008 financial crisis and concurrent collapse in
trade, initially falling import trade costs in China begin to revert and are actually larger by the
end of the sample. This estimate of changes in trade costs reflects the fall in the share of trade in
output, as documented in Bems et al. (2013). The sources for these increasing frictions are myriad,
and include policy changes in countries like China, as well as changes in supply chain management,
and other reasons. That said, our measures of frictions are a standard, straightforward, measure
of the implied barriers to trade.

Finally, we turn to our measure of shocks to inter-temporal preferences, which are presented in
Figure H.2. The shocks in the US are normalized to 1 in every period. In Europe and Asia (except
China), the discount factor shocks fluctuate around 1, suggesting little persistent deviations in
consumption behavior from what would be expected with a simple consumption smoothing model.
On the other hand, China, the Americas, and the aggregated remaining countries (Rest of the
World) exhibit persistent shocks to their inter-temporal preferences, suggesting increased patience
over the period we consider. These persistent deviations are often referred to as the “global savings
glut.”4® Tt is important to recognize that there are rich dynamics to consumption in the real world,
reflecting preferences, frictions, and other factors. We are agnostic on the exact theory, instead
summarizing the effect of these channels with the ggf shocks. This is useful because it allows
us to ask counterfactual questions about the dynamics of globalization shocks without the global
savings glut, without having to specify what policy or change in deep parameters to achieve this—a
useful benchmark to compare against the usual assumption in trade of no consumption smoothing

whatsoever.

48The large trade surplus that China has been running since the early 2000s is a puzzle for models in which the
main driving forces are productivity shocks. For instance, as argued by Song et al. (2011), financial frictions within
China are key drivers of the Chinese savings glut. Our inter-temporal preference shocks constitute a reduced-form
way to allow the model to match the time series behavior of Chinese aggregate expenditures and the rest of the world.
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Figure H.1: Extracted Globalization Shocks
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Figure H.2: Extracted Inter-Temporal Preference Shocks qgf
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I Alternative Labor Market Structures

This appendix studies the behavior of our model with trade imbalances under alternative labor
market structures. First, we study the implications of our model after shutting down inter-sectoral

mobility costs. Next, we study our model with mobility costs but without search frictions.

I.1 No Mobility Costs

In the model without mobility costs, we set both costs Cyi; and idiosyncratic shocks w! to zero.
We re-estimate the model with these restrictions and target the same moments displayed in Figure
2, with the exception of transitions rates across sectors.*?

Tables 1.1 to 1.3 contain the results of the estimation under this assumption. A few patterns
emerge. Vacancy costs are higher, and job destruction rates are generally lower than in the baseline
model. For example, the average log difference in xj; between our full model and that without
mobility costs is 1.1 log points. A comparison between Tables 1.1 and F.6 shows significant dif-
ferences in the sector-specific utilities 7y ; (normalized by le) In particular, we observe that
these tend to be “more negative” in the model without mobility costs. Since we normalize 7 ; in
Agriculture to be equal to zero in each country, this means that the relative non-pecuniary benefits

in Agriculture are now larger than those estimated in the full model. Additionally, the dispersion

in ny;/ (Xl X w;) tends to increase within countries. For example, in the US, the gap between the

4%Tn practice, we use the same estimation and solution algorithms as the full model, but we set mobility costs C
and the dispersion of idiosyncratic shocks ¢ to be both very small, with C'/¢ being reduced by a factor of 100 relative
to estimates of the full model.
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Table I.1: Sector-Specific Utility 17/”/(XZ X W;)

Model w/o Mobility Costs

Country

Sector US China Europe Asia/Oc. Americas RoW
Agriculture 0 0 0 0 0

LT Manufacturing -0.19 -0.27 -0.37 -0.07 -0.34 -0.00
MT Manufacturing 0.00 -0.06 -0.34 0.05 -0.36 -0.24
HT Manufacturing -0.43 -0.73  -0.23 -0.05 -0.33 -0.31
LT Services 0.04  0.00 -0.13 -0.32 -0.28 -0.69
HT Services 0.15 -0.39 0.03 -0.41 0.08 -0.88

Notes: Workers decide in what sector to search partly based on wages scaled by Xi. To aid
the interpretation of the magnitude of the estimates of 7y ;, we express them as a fraction of

Ai X W;, where w; is the average wage in country 7. Nagricuiture = 0.

Table 1.2: Exogenous Job Destruction Rates xy ;
Model w/o Mobility Costs

Country
Sector US China Europe Asia/Oc. Americas RoW
Agr. 0.005 0.003  0.003 0.003 0.003 0.003
LT Manuf. 0.006 0.041 0.015 0.042 0.021 0.062
MT Manuf. 0.014 0.041  0.003 0.038 0.003 0.024
HT Manuf. 0.003 0.041  0.055 0.045 0.051 0.074
LT Serv. 0.009 0.034  0.040 0.006 0.009 0.006
HT Serv. 0.022 0.003  0.058 0.017 0.046 0.013

Table 1.3: All Remaining Parameters: o;, b;, and K;

Model w/o Mobility Costs

Country
US  China Europe Asia/Oc. Americas RoW
Match Prod. Dispersion o;  0.72 0.72 0.71 0.71 1.06 0.75
Value of Unemp. b; -7.46  -6.75 -4.30 -4.66 -5.81 -3.89
Vacancy Costs k; 10.03  6.69 4.75 6.51 9.49 5.48
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largest and smallest value of ny,;/ (Xz X w;) is 0.26 in our full model, but it is 0.58—more than twice
as large—in the model without mobility costs.

To gain some intuition for why this is the case, note that the absence of switching costs equalizes
the value of unemployment across sectors. Since we constrain b; to be the same across sectors
within a country, this amounts to equalizing the net present value of an employment relationship.
In the presence of mobility costs, this is not the case: different sectors have different values of
unemployment, U ,ﬁyi.50 These differences in the continuation value of a sector can help rationalize
wages and labor shares by offering an additional reason some sectors may be more or less valuable
than others. With these differences shut down, the 7 ; terms must play a more prominent role in
fitting the data. In our data, the size of agriculture is too large to be rationalized by wages alone,
and so the non-pecuniary value of this sector must rise to compensate. In general, the net present
value of employment in a sector depends on the the direct payoff (which depends on wages and
7k,i), the probability of a match (which is determined by 6 ; and o;), the variance in match quality
(which depends on ¢;), and the exit rate from a match (xj;). The exact way in which the moments
trade off these parameters after setting Cy ; and (; to zero is difficult to pin down precisely.

Turning to results, Figure 1.1 shows unemployment and consumption dynamics across different
versions of our model in response to the slow Chinese productivity growth shock of section 4. The
blue line depicts the evolution of different outcomes for the baseline model, while the red line
plots these outcomes in the absence of mobility frictions. All outcomes are relative to their initial
steady-state values. There are clear differences in both cases. First, ignoring mobility costs leads
to much larger spikes in unemployment in many (but not all) countries. For example, after impact,
US unemployment rises by just under 2% in the baseline model, but over 3% with no mobility
costs. More starkly, in China our model predicts a near 15% decline in the unemployment rate,
while ignoring mobility costs predicts an over 20% increase. These deviations also persist for many
countries—up to 25 years in many cases.

Consumption dynamics follow each other more closely, but with some key differences. The red
line, which follows the model without mobility costs, tends to be lower in every country except
for China—where the shock occurred—in the short run. In the long run, the lines catch up and
begin to reverse their order in the very last period (earlier for Europe). This suggests that without

mobility costs, workers face more consumption volatility, at least for the shock under consideration.

59Tn the absence of search frictions, there is a very tight link between moving costs, transition rates, and the option
value of being in a sector (see Artug et al. (2010) for a complete discussion).
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Figure I.1: Comparing Labor Market Structures: Responses to Slow Productivity Growth in China
(See Shock in Figure 3a)
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Notes: The blue line, “Baseline,” plots outcomes for the Baseline Model, estimated in the main text. The red line, “No C,”
plots outcomes for the modelre-estimated with no mobility costs. The yellow line, “No Search,” plots outcomes for the model
re-estimated without search and matching frictions. All outcomes are relative to their initial steady-state values.

These differences are not specific to the slow moving Chinese shock that we considered in section
4. Figure 1.2 shows similar patterns of unemployment spikes when we consider the trade costs shocks
analyzed in Section 5.3.1 (see Figure H.1b). In this example, the spikes are very large—as much
as a 50% increase in the unemployment rate in China, and a nearly 80% increase in the Rest of
the World. These numbers are up to four times larger than in the baseline model. Consumption
patterns are more similar in magnitude. However, there are still substantial deviations between
our baseline model and the mode without mobility costs—for example, the consumption spike in

China is 20% in the baseline model, but only around 12% in the model without mobility costs.
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Figure 1.2: Comparing Labor Market Structures:

Responses to Extracted Trade Costs (See section H)
(a) Unemployment

(b) Consumption
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Notes: The blue line, “Baseline,” plots outcomes for the Baseline Model, estimated in the main text. The red line, “No C,”
plots outcomes for the modelre-estimated with no mobility costs. The yellow line, “No Search,” plots outcomes for the model
re-estimated without search and matching frictions. All outcomes are relative to their initial steady-state values.

Our two exercises suggest that the unemployment response to shocks is larger in the absence
of intersectoral mobility costs. Moreover, consumption is more volatile, albeit the consumption
differences are much smaller than the unemployment differences. This suggests that adding mobility

costs on top of search frictions acts to temper large swings in job creation and destruction.

1.2 No Search and Matching

In this version of the model, we adopt a setup closer to Artug and McLaren (2015), but with the
addition of a non-employment sector as in Dix-Carneiro (2014) or Traiberman (2019). There are
now k = 0,1, ..., K sectors, where ¢ = 0 corresponds to non-employment. In this case, we have a
single Bellman equation:

Wi i) = Mk s + i + max {361 By [WE @) = G + i | (L1)
with the convention that wé’i = (0 Vi,t, and mobility costs to unemployment are set to 0. This

leads to the following Bellman equation for the integrated value function:

Tty
5¢i Wk,i _Ckk’,i
9
Gi

Wi = Muwh; + mi + G log Z exp (L2)

k:/
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where W, = E, [W};Z(wt)} The solution to equation (I.1) yields a similar multinomial logit
expression for transition rates, SZZFZI as in the main model. The difference is that this transition
matrix now applies to all workers, not just to those who are unemployed. The allocation of workers

across sectors evolves according to:

K

t+1 _ t b+l

Lk,i —ZLz,z‘Sek,i . (1.3)
£=0

In this setup, workers are both ex-ante and ex-post homogenous. Firms do not post vacancies and
there is no match-specific productivity. Instead, perfectly competitive firms can produce varieties
as in Eaton and Kortum (2002) and Caliendo and Parro (2015), using a Cobb-Douglas aggregate
of labor and intermediate inputs. The expressions characterizing trade and goods markets are the
same as in section 2.6 except that 15271., the sectoral surplus, is replaced with w,i,i, which is the

sector-specific wage. Value-added in sector k in country 4 is thus given by:
ViYii = Whi L i (1.4)

With these modifications, there are no longer g}tm or Gfm terms in the model. The solution algorithm
is largely the same as before, with the steps for calculating f}” or 0271. removed. Details of the

modified algorithms are available upon request.

Table 1.4: Mobility Costs in the US — Cyrs/(Avs X Wyg X )
Model w/o Search Frictions

From | To — Agr. LT Manuf. MT Manuf. HT Manuf. LT Serv. HT Serv.
Unemployment 7.12 6.49 7.13 5.11 4.63 3.76
Agriculture 0 7.27 6.79 6.33 4.55 9.15
LT Manufacturing  6.78 0 5.02 4.02 4.26 5.50
MT Manufacturing 7.97 5.48 0 4.71 4.27 8.85
HT Manufacturing 8.36 6.47 6.26 0 5.52 9.31
LT Services 7.75 7.56 6.72 6.57 0 5.11
HT Services 9.18 22.93 7.90 7.36 5.00 0

Notes: Estimates of mobility costs in the literature, such as Artug et al. (2010) and Artug and McLaren
(2015), estimate Cys (a) at the annual frequency; (b) normalize the average wage in the US wys = 1; and (c)

have A\ys = 1. To be able to compare our estimates to those, we express Cys as a fraction of XUS X wWys X (.
Mobility costs to unemployment are set to 0.

In order to estimate this version of the model, we target the same moments depicted in Figure 2,
except for wage dispersion and labor market tightness. Tables 1.4 to [.6 contain the estimates from

this version of the model. Without the addition of search and matching frictions, the model requires
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Table 1.5: Mobility Costs Around the World Relative to the US’s
Ci/Qiwi) Wi ¥ AysTus
Cus/(AusWus) ! Xii;

Model w/o Search Frictions

Country
US China FEurope Asia/Oc. Americas RoW
Py X AUXS% 1 107 0.99 0.91 1.12 1.15
Notes: Remember that we impose Ciy; = ;i X Cgrr.us. This table reports
Ci/(ZiT;)

Cos/Oosmos) — P X /\st% so that we are better able to compare estimated
Us Uuswus i Wy

mobility costs relative to the US. w; is the average wage in country i.

Table 1.6: Sector-Specific Utility n,w-/(Xi X W;)
Model w/o Search Frictions

Country

Sector US China Europe Asia/Oc. Americas RoW
Unemployment -5.89  -4.46 -3.14 -6.25 -3.39 -3.32
Agriculture 0 0 0 0 0 0

LT Manufacturing -0.29 -1.42 -0.60 -0.79 -0.92 -1.05
MT Manufacturing -0.28 -1.00 -0.61 -0.54 -0.66 -0.68
HT Manufacturing -0.61 -2.36 -1.16 -1.04 -1.95 -2.49
LT Services -0.03 -0.79 -0.55 -0.44 -0.67 -1.05
HT Services -0.26  -0.73 -0.73 -0.73 -0.82 -1.46

Notes: Workers decide in what sector to search partly based on wages scaled by Xi. To aid
the interpretation of the magnitude of the estimates of 7,;, we express them as a fraction of
Ai X W;, where w; is the average wage in country i. Nagricuiture = 0.
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much larger mobility costs to rationalize the transition matrix. The median log difference across the
off-diagonal elements of Tables 1.4 and F.4 (excluding mobility costs from unemployment) is 2.00—
a nearly 7.5 fold increase in mobility costs. The values of 1; are compressed closer to 1, suggesting
such large costs are required of most countries in the world. The value of the unemployment
sector is very negative, similar to the value of b; in the full model. Finally, the n;; parameters
for the production sectors tend to have become negative, suggesting that the model needs to make
agriculture more appealing in order to match its size relative to the wage. As in the model without
mobility costs, the spread in 7’s also increases relative to the baseline. For example, in the US, the
gap between the largest and smallest of these terms (excluding unemployment and normalized by
the mean wage times the Lagrange multiplier), is 0.61, relative to 0.26 in baseline. This suggests
that heterogeneity in labor market tightness (which is absent in this version of the model) and
match productivity are important ingredients to explain the allocation of labor across sectors that
cannot be explained only by mean wage differences.

Turning to the simulation results, Figure 1.1 plots unemployment and consumption paths in
response to slow productivity growth in China for the model with No Search, represented by
the yellow line, and for the Baseline model, which is depicted in blue. Again, outcomes are shown
relative to their initial steady-state values. In this case, there are stark differences in unemployment
dynamics. First, unemployment changes are usually smaller in magnitude in the No Search model
compared to our Baseline model. Second, without search, unemployment tends to go in the opposite
direction of its behavior in the Baseline model. To understand the pattern of unemployment in the
No Search scenario, consider the log relative probability of entering unemployment versus staying

in one’s sector:

t7t+1

5k0,3 1 1

log (St,t—fz—l) =0 (WSJZF - W/ZF ) /G- (I.5)
kk,i

To analyze this term, it is easiest to expand § (Wgtl — W]f:T) /¢; using equation (I.2) and focus
on the —Xf“
t+1 _

Remember our discussion at the end of section 2.7: with log utility of consumption, country-

w,tjil /(i component, ignoring continuation values for intuition’s sake (remember that

specific final goods expenditures (when expressed as a share of world total expenditures) are equal-
ized over time. Consequently, as soon as China and the world realize that China is gradually
becoming more productive and richer, China immediately starts to command a larger share of
global final goods expenditures. If we normalize Zf\il ElC = 1, this implies that EZC " increases in
China and decreases in all of the remaining countries. In turn, Xf immediately and permanently
increases all over the world, but declines in China (recall that Xf =u'(ct)/ PiF’t =L;/ EZC h.

To understand the behavior of wages, note that in the model without search frictions, country-

specific GDP is given by the sum of final goods expenditures, EZC , and net exports, NX;. Both

80



terms go up in China in the long run (consumption smoothing in China dictates that it will run
a trade deficit in the short run and a trade surplus in the long run). Because net exports sum to
zero in the global economy, global GDP also sums to one. Given this normalization, China also
commands a larger share of GDP in the long run, and therefore wages go up in China and down
in the rest of the world. However, because of the slow moving shock and the reinforcing behavior
of trade imbalances, wages around the world evolve gradually toward this new steady state. In
the short run, the increase in )?f dominates outside of China, reducing unemployment. However, in
the long run, declines in wages offset the increase in the Lagrange multiplier, and unemployment
increases outside of China.

We now attempt to understand why unemployment changes are usually smaller in magnitude
in the No Search model compared to our Baseline model. The intuition for this result can also
be obtained by inspecting equation (I.5). Simplifying to a steady-state version for one country (so
dropping the ¢ superscript and ¢ subscript), and again treating any feedback into continuation value
differences as second order for the purpose of illustration, the elasticity of spg/skr with respect to

ka is given by:
dlog (sko/skk)

Dog (ka) = —6Awg/C. (1.6)

In words, changes in transitions to unemployment are mainly determined by ka, which in practice
is a small number. More precisely, its value averaged across countries, sectors, and time, is 0.16.
To ballpark this number, it suggests that a 10% change in the value of ka, would change flows
into unemployment by 1.6%. Since flows to unemployment are small in the first place (=~ 2% in the
US). We conclude that typical globalization shocks are unlikely to yield to a large increases in un-
employment. In contrast, our baseline model, which has within-sector job creation and destruction,
allows for richer unemployment dynamics which are not solely tied to real wages.

Consumption dynamics are once again relatively similar across models. In the slow moving
shock, there seems to be a systematic smaller consumption response in countries besides China.
However, in the trade costs shock exercise, there is very little difference.

We draw two conclusions from having estimated and simulated the model without search fric-
tions. First, search frictions play an important role in explaining the mobility costs across sectors
and the non-pecuniary value of sectors. Our evidence for this is the increase in the magnitudes
of the mobility cost and sector-specific utility terms in this version of the model relative to the
baseline estimation. Second, search frictions lead to very different predictions for the responses of
unemployment to shocks. Unlike the removal of mobility costs, which seemed mostly to amplify the
unemployment response, the removal of search and matching frictions changes the direction and
dampens the unemployment response to trade shocks. The sign differences stem from the fact that

absent job creation and destruction, changes in the real wage alone largely dictate the unemploy-
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ment response. The dampening is because without job creation and destruction, the magnitude of
the unemployment response is, to a first order, governed by Xlw;“ /¢i—a value that is empirically

small.

82



J Solution Methods

This Section presents the different algorithms we developed to estimate the model and to perform
counterfactual simulations. Section J.1 details the estimation algorithm and section J.2 obtains
expressions for simulated moments. Section J.3 outlines an exact hat algebra algorithm to compute
changes in the steady state equilibrium in response to shocks in trade costs, productivities or net
exports. Section J.4 develops the algorithm solving for the transition path of our complete model
with trade imbalances. Section J.5 adapts this algorithm to the case where we have exogenous
deficits. Finally, section J.6 outlines the procedure we use in section 5.1 to extract the shocks in

trade costs, productivities and inter-temporal shocks.

J.1 Estimation Algorithm

Define Ii; (z) = [ (s — 2) dGy; (s). Imposing Gj; ~ log N/ <0, U,ii> and a bit of algebra leads

to:

[ ]
J;;'
&

I

D

P
o

2
Ik, ) Inz Inz
2 > @ (O-kvl - O'k,i) - x@ <_Uk,i>

Note: The estimation procedure we describe takes trade shares w,?;lf“ and net exports N XiD“t“ as

given.

Step 1: Solve for {Y},;} using:

N K N
Dat Dat
Yio = Zzﬂk,gia (trives + (1 —veq) Veri) Yo — Z?Tk,giaﬂk,iNXi
1=1/=1 =1

N K
D> Yio=1

o=1k=1

83



The rest of the procedure conditions on these values of {Y} ;}.

F
Hk,iPi

Step 2: Guess model parameters §2. We treat K;; = T

as parameters to be estimated.

Step 3: Define B
(= (1 = ki) O) B
’ 6 (1 — Bry)

If (1=(=xki)0)Fri _  whs

§(1=Br,i) Ik, (0)  1ki(0)

Abort the procedure and highly penalize the objective function.
J

> 1, the free entry condition cannot be satisfied—1I}; is decreasing.

(1= (1=Xk,)0)Frq
(1B ) I (22
z;,; goes above &}i,bia we update it to be equal to flibz (minus a small number).

Step 4: Find g}gbl such that =1+ Ii; (ggl’z) = wy,;. If along the algorithm

Step 5: Guess {Ly,;}, and {z;,}

Step 6: Compute I}, ; (gk,i), G (gk,i), O and uy ;.

_ ; _ i\ V&
=i (i) whee 0= (5

Xk,i
Ok,iqi (Ok,i) (1=Gryi (zg4) )+ Xk,i

® Uk =

Step 7: Compute {Em}

" Tmax s
Lkﬂ' = Lk,i (1 — uk,z)/ —deﬂ (8)
T g 1 - Gkvi (Ekﬂ)

Inz, .

2 L =k
= L (1 —ug;)exp Tk ? (U]m Tk )
k”L k‘ﬂ 2 (p (_ h/;'fk‘l)

Step 8: Compute {wy;}

Step 9: Compute {E,‘C/l}

174 ~ o~
Ey i = Kk W ik iuk,i Ly i
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Step 10: Compute {EZC}

Step 11: Compute {Xl}

IS
Q

Step 12: Obtain {Uy,}.
e Step 12a: Guess {U,gi}

e Step 12b: Compute until convergence

—Clpi + by + ngi%gﬂ‘xilﬂg’i% + 5Uég,i — 5Ul§,z’
Gi

K
U,fjl = ( log Zexp + 5Ul§,z’
/=1

Step 13: Update {Ly;}.

e Step 13a: Given knowledge of {Uj;}, compute transition rates sj ;.

- T o~ Be.i
—Che,itbei+0siKe iAWy 4 I_LB’ZZ, +0Us 4
exp @ :

Skt =

—Cyr,itbg i H0g g i Xi g
exp G

N

[
ki
'17,351.*‘%[%,1'

=[]

e Step 13b: Find y; such that
(I — sg) yi =0

e Step 13c: Find allocations Ly, ;

Ly jug; = 0y,

= Lii = QYk,i/ Uk,
———
Uk, i
= Lilkx1 = Uk ilrx1 = Li
= L
==
y;€7i1K><1
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(Lki) = ok,

RS = (1= ML) L + AL (Liy)

Step 14: Update {gkl}

Note that in equilibrium:
Xz@m&kl =1=0)Uri — Mk, (J.1)

So, we update x},; according to:

(ik’i)/ — (]' - 52({26,2 - 77k,i
AiWh 4

ap = min { (1= Ap) 2 + Ao (24) s 2i |

Step 15: Armed with Ly and 275 go to Step 6 until H {L;“ - L;“}H — 0 and H {l;“ - gkl} H —
0.

Note that ‘

{@Ziw - Q“}H — 0 does not imply that (J.1) is satisfied. Therefore, we penalize

deviations from (J.1) in the objective function.

Step 16: Generate moments, compute Loss Function, guess new parameter set {2 and go to Step

3, until objective function is minimized.

Data

i oi?s we can estimate the model country by

Note: Given that we condition on the trade shares 7
country, separately. However, in practice, we will first estimate the model for the US and obtain all
of the US specific parameters. Next, armed with US-specific mobility costs Cyir and sector-specific
exogenous exit components xj, (we will impose x; = Xi+Xk), we estimate the remaining countries’

parameters separately, in parallel.

J.2 Expressions for Simulated Moments

J.2.1 Employment Shares

Ly (1 — ug;)
K
> L (1 —ug)
=1

EMpg,i =
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J.2.2 National Unemployment Rate

K
Ly jug
k=1

K
> L
k=1

unemp; =

J.2.3 Sector-Specific Average Wages

Wi (v) = (1 = Bri) Wrixy, ; + Br,iWk,iv

fgfkm_ax wk,i (S) deﬂ' (S)
W = —

T Gy ()

i ik i Wk - 1 -Gy, (@m)

Tmax s

g
= (1 = Br,i) Wg,iZy,; + Br,iWr,i €xp (

J.2.4 Sector-Specific Variance of Wages

IS

) e (Wi (8) = W) Gl (s)
Twki= -
w 1- Gk,i (Ek,z)

2
2 q>(0'k,i_ P )
5 — exp <U§"> — " 4Gy (s)
@ —

IS

~ ki
= (Brir,)* % :
! ! 1 - Gk),l (xk, Z)
1 i Inzy ; 2
e @ (20— 5 (=)
= (5k,iwk,’i> X exp (20—]{;72) o ( hlgk,i) — exXp (Uk l) o ( lnﬁk,i)
Ok,i Ok,i

J.2.5 Transition Rates

t,t41

Note that the transition rates s, ime

; denote transitions from unemployment in sector k to search
in sector k' within period t. There are no data counterfactuals for this variable. However, we can
construct a matrix with transition rates between all possible (model) states between time ¢ and time
t + N (where N is even)—where variables are measured at the ¢, stage (which is the production
stage). From this matrix, we can obtain N-period transition rates between all states observed in
the data (employment in each of the sectors and unconditional unemployment). First, we obtain

Sht+1

the one-year transition matrix between states {u1,...,ux, 1, ..., K} . Here, we abuse notation

to mean g as sector-k unemployment at the very beginning of a period.
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The one-year transition rate between sector-/ unemployment and sector-k unemployment is
given by:
~tt+1  _ tit+1 t t t+1
Spiinsi = Sthy <1 — 01,40 (0}.5) (1 — Gy (&,H ))) , (J.2)

that is, a share s}, ; of individuals starting period ¢ unemployed in sector ¢ choose to search in sector
k. A fraction <1 - Gzﬂ.qi (921) (1 — Gh,i <g’,‘$1>>> of those do not find a match that survives
until ¢ + 1. Similarly, the one-year transition rate between sector-¢ unemployment and sector-k

employment is given by:

~t+1 _ tit+1pt t t+1
Saoki = Stk Oki%i (Ohi) (1 — Gh,i (lm ))
o btEl sttt
=Sgki T Suani (J.3)
According to the timing assumptions of the model, the one-year transition rate between em-
ployment in sector & and employment in sector &’ is zero if k # k’. However, the persistence rate
of employment in sector k is given by the probability that a match does not receive a death shock
times the probability that the match is not dissolved because the threshold for production increases

in the following period:

el 0 if k # K

Sips s = JA4
S (1 = xk4) Pr (m >zl > z’,;) if k=K 04

Finally, the one-year transition rate between sector-k employment and unemployment in sector /¢
is given by:
0if k#¢

~t,t+1
s = t+1 e\ -
Xki + (1 — xr:) Pr <a: <yl |z > g,“) k=14

kiipi

(1.5)

That is, if a worker is employed in sector k at ¢, she cannot start next period unemployed in sector
£ if k # ¢. Otherwise, workers transition between sector k employment to sector & unemployment
if their match is hit with a death shock or if their employer’s productivity goes below the threshold
for production at t + 1.

We can now write the N-period transition matrix as:

N GHRLbTR G2 gttt (1.6)

and we can write transition rates between unemployment u and sector-k employment between t
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and t + N as:

K

t—1~t—1~t,t+N
N ZZILM Up i Stpk
S ) + — _ . (J.?)

ki K
t—1~t—1
ZL@,@‘ Uy ;
=1

Finally, we can write transition rates between sector-k employment and unemployment u as:

K

AN 4N

Spai = L= Q) Sk (J.8)
K=1

1-period transition rates
St = Stk (1= Oriqi (Os) (1 — G (24)))

Stk = SekiOk,ii (Or,i) (1 — Gri (214))

~ 0if ¢ £k
Stk,i =
(1 — Xé,i) ifl=k

_ 0if £ #£k
Seak’l = .
Xk if €=k

N-period transition rates from and to unconditional unemployment: s

X N
Lé,z’“&isag,k,z‘
~N =1
Sﬂ,k,i - K
> Lgiug;
=1
K

N N
Skai=1— Zsk,é,i'
=1
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J.3 Algorithm: Steady-State Equilibrium Following Shock

Consider shocks {Agﬂ-} — {A,lg’i}, {do } - {dllc,oi}’ {NXO} — {NXil}

k.ot

We will be using 0 superscripts to denote the initial steady state, and 1 superscripts to denote the

final steady state.
Start from estimated Steady State: {L%Z}, {gg,i}, {{Dg,i}, {ﬂgm}

0 _ . Data
Note that Thoi = Tk ot

F,0
"fk:,iPi '

~0
Wi i

We also have T{g i =

, but we do not know {PZ-F’O}

1

Denote relative changes in variable a by a = Z—O
Step 1: Guess {L}“} and {Q}H}
Step 2: Guess {@,ﬁz}
e Step 2a: Compute 1%/” = g%: and iteratively solve for ]3]52 and ¢y ; using the system

K
R ~ N\ ki =7 (1=vk,i )Vt
Chi = (wm) H (Pg,i)

N —1/X
N A o~ -2
Pk,i = (Zﬂ-k,oiAk,O (ck,odk,oi> )

o=1

e Step 2b: Compute ﬁ,fl
e Step 2c: Compute T, ot
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e Step 2d: Compute

_ — 0 =
T 01 7-[-lf,oiTrk:OZ

r P kPO PRt a), o PF
_ K/l _ Rk, _ Rk, kz 7/4/0
=4 = —>0 o0 =T — P =
ki W 4 Wgi P Wiy ki

1-5(1- x;“)
0(1=Bu,i ) Ini (i

1-6(1—xx 1)
Bk ’L)Ik ’L(

Step 3: If Eil 3 > 1 abort, set g}“ such that '/%,1“ 5
1-6(1=Xx,:)
5(1*5k,i)1k,z‘(£,1€,i

go back to Step 1 with this new guess. If '/5,1“ X ) < 1, proceed to Step 4.

Step 4: Compute
1—6(1— k)

0 (1 = Bry) In (i}m)

qi (el}:,z) "illz )

1 [~ 1—0(1— Xky)
Qi,i =g Hllc,i X - )
O (1 — Bryi) I <£,“>
1 Xk,i

Uy, =

ki
911:,1'% (%z) (1 — G, (Ll“)) + Xk,

Step 5: Solve system in {Ykl

,0

——

K N
Zﬂk ot (Mk i (237@ 1YY£ z) + Z 1 - '76 i) Vek zYve z> - Zﬂ—li,oiluk,iNXil
/=1 /=1

=1

N K
DD V=1

i=1k=1
Step 6: Compute {E,lm}
71 1 1 Fmax S
Ly =Ly, (1—u,) /1 —lde,i (s)
., 11— Gk,i (&;w)

Inzl .
=k,
o2 o <Uk,i ~ o )
71 1 ki "’
= Lk,i (1 — u,“) exp -l
=k,
@ <_ ki >

Step 7: Update {{Dil}

=1—¢and
)



Go back to Step 2a and repeat until converegence of {@,ﬁz}

Step 8: Compute

Vi_~1 ~1 p1 .1 71
By = KW, Ok ik i Ly
K K
c1 1 Vi1 1
Ez’ - ZVk,iYk’i - ZEk‘,i — NXl-
k=1 k=1

Step 9: Obtain Lagrange Multipliers

Step 10: Compute Bellman Equations

B i

1 ~1 Y1~1
~Cbr i + brr i + O K A W 4 (1=Bw )

+ 6U,§/’Z-

Up, = Gilog [ D exp 2
% !

Step 11: Update {L}“}

e Step 1la: Given knowledge of {Uéﬂ.}, compute transition rates s,ldﬂ-.

Be,i

_Cké,i+b2,i+9},i@,ile@},i(1 3 )+6U1€1,i

—Be,i

exp G

1

S .=

w O 4b 40l R gl L Ei s

Wi 0RO R N (1-5 >+ ki
ki

ZeXp Gi
k

e Step 11b: Find y; such that

e Step llc: Find allocations Ly ;

1.1
Lk,iuk,i = PYk,i

92



1 1
= Ly = OYk,i/uk
———

Uk,

T N p—
= (Lzl) 11 = SDy/:gilel =1L,
= L

=
?j;gilel

(Lllc,i)l = OUki

(Lllc,z‘)new =(1-2AL) Ll%;,i + AL (Lllc,i)/

Step 12: Update {g}“}

Note that in equilibrium:

le’wizillm =(1-9) Ul%,z’ — Nk,

So, we update g,ﬁ ; according to:

1 / (1 - 5) Uk13,2 - nkvi
(zk0) = gt
i Wk g

(z;)"" = min {(1 = Xe) Thi + Aa (Ellm)/ ai}ibz}

new new /
Step 13: Armed with (L}“) and (g}“) go to Step 2 until H{<L}“) — L}”}H — 0 and

() -
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J.4 Algorithm: Out-of-Steady-State Transition

Inner Loop: conditional on paths for expenditures {EZC ’t}—determined in the Outer Loop
below.
Tss Tss
. . 0 _ 0
Consider paths {A};’i}t:o and {df”i’k}tzo with Ak,i = 1 and d,

{61},°5 with ¢9 = 1 and ¢} = 1 for T < t < Tgs, for some T << Tss.

= 1. Also, consider paths

s

Step 0: Given paths {Eic’t}, compute paths {Xﬁ} Xf = Efét

_ Tss
Step 1: Guess paths {w}fg 1} ) for each sector k and country 1.
b t:

. Tss ; 2t o lss YTss i plss 7iTss  Tss,Tss+1 Tss
Step 2: Compute x,. 5" consistent with w; 5% and A;*°. Obtain Hk’i s Upi®s siis and

k,oi *
=~ THECIPN ATss -~ Iss ~;
e Step 2a: Compute wy; = —=5—, Ap; = —o— and di; = =" Tteratively solve for P;; and
ki ki 0,1,k ’
Ck,; using the system
K
—~ =\ ki =7 (1=Vk,i ) Vie,i
o . 28
Ck,i (wk,z> H ( E,z)

N —1/X
=7 N o~ -2
Pk,i = (Zﬂk,oiAk,o (Ck,odk,oi> )

o=1

Step 2b: Compute ﬁ,fl

K
~ ~1 O\ Mki
Pz‘F = H (Pk{z)

Step 2c: Compute

: Tss _ .0 =~ .
And obtain Thoi = ThoiTk,0i

e Step 2d: Compute
res o BF
~ Ry = Ry A

T
Step 2e: Guess {gkszs}
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e Step 2f: Compute
SSX 1_5(1_Xk,i)
6 (1 = Bryi) In (&Zﬁs)

TSS S 71
0,5° =

i ’%

e Step 2g: Compute Bellman Equations

~ ~ Bt 4
—Crrr i + bir i HTSS KZ,SS)\TSSwZ;SS Ry (5U,§SZ.S

(1=By)
Gi

TSS = G log Zexp

e Step 2h: Compute

T,
( Tes / (1 — 5) Uk"gs — Nk,
ka) = Tss ~T.
Mss lss

)

e Step 2i: Update :rkss =(1-X)zy S + Az ( ) for a small step size \;, and go back to

Step 2d until convergence.

e Step 2j: Compute STSS’TSSH

~Choitbeit0, 357, 35X/ 9 @, 95 L ﬁé . +5UTSS
exp @
ngs,Tss+1 _ -
7
’ Ckk o +9TSS~:SS )\TSS ~:ss I/cjz Jr(;UTSS
Z exXp Gi
k

Tss (., Tss N :
Step 3: Obtain series {772702.}?5:0, { }t“} Y Define 7t = Z;.

~t w}
e Step 3a: Fort =1,...,Tgs —1 compute w;, ; = ?0 and iteratively solve for Pk and ¢t Cri using
’ k i

At \ ki K (1=i ) ke
~ (= )i ﬁ[’t i )i
Cki = \Wk,i 0

(=1

N -1/
-\
plt _ E 0 At ~ gt
sz - ( 7Tk,oifélk;,o (Ck,odk,oi> )
o=1

e Step 3b: Compute ﬁ,f;t fort=1,..,Tgg — 1:

the system

K

SFt B¢\ Hki
P =TI (L)

k=1
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e Step 3c: Compute 7 wk

—1,..1
)\t and JtJrl (s) compute
<1 then

gt
If

>\t

_ -1
ki=4;

fort=1,....Tgg — 1
- —A
7
~t o //l\t Ck,odk,oi
Tk 01 — ko ﬁ[’t
ki
e Step 3d: Compute or t =1,...,Tgg — 1:
t .0 =t
T ,01 = Tk ozﬂ-k ,01
L Hk,iP,-F’t _ HkZPFO PFt gi _ 0 "ﬁiF,t
ki = {I]Zz ﬁo,z‘ PFO NZ@' ki ;ZZZ
Step 4: Given knowledge of wkss )\TSS and a:kss (and therefore JTSS (s)), start at t = Tgg — 1
and sequentially compute (backwards) for each ¢t = Tsg
. ~ 141 ~t
e Step 4a: Given w}, ,, :L‘kt , n,“,
If ’\tﬁk ﬁi i
spit! S Jf+1(s)de i(s) —
Zy K

)\t
Rk‘ zﬁ;}c i

8o [T TR (5)dChi(s)
Ly N

~1
il zwk i

5¢t+1 fxmax Jt+1 )dez( )

Notice that f Lmax
so that:

t+1

0, ;
e Step 4b: Given 33”1 WtH( )=
Wtj; (s)dG,i (s

> 1, it is not possible to satisfy V., = 0, so that V}}, < 0 and
— Bk i

Bk : Jt+1 (x)+ UtJrl (for z > xtH) o ., U’SJrl compute U ;
Tmax
t+1

Gilog | > exp

ﬁkm

T (s) dGi () + (1—Gk(
+5¢1§+19t/,iqi (Qt,ﬂ)

41
—Chpr i + by

e

Ly, J
Tmax
—Bk,i fgffll

Gi
J Iiz (z)

Jt—i-l ( )de,z( ) + 5¢t+1Ut+~l
e Step 4c: Given JI ! (z), wkl, U,“, U;;tl and le compute J}, ; (z)

(1_5kz))‘wk7ix+(1_5kz)nkz
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e Step 4d: Solve for @}fm J};i (j“) =0

Step 5: Compute transition rates {

Skk! i

tt+1}TSS*1
t=1

for all countries ¢ according to

—Crir i + biy i+
eXp N ﬂ /i max
. 067104 a0} ) 5 f;;jl_ Jo (@) dG () + 661 UL
Skrg — -
> —Clprr i + b i+
1 €XP -~ Bt 4
k 5¢§+19t//7iq<9t// ) k

i W f;i%?x J //; (ﬁ) de.// ( ) + 5¢t+1Ut+l.
Step 6: Start loop over ¢ going forward (t =0 to t = Tgg — 1)

Initial conditions: we know ut u,“ 1= uk 20, Lt*_1 = L},‘/C 10, and 6

k’io from the initial steady state
computation. Obtain uj , and Lt  using flow conditions and sequences {9 } {
e Step 6a: Compute

t

JCL i = Li juy, 0% 14 (07.) (1 — Gy (

t+1
xk ) ))

Gri (2f5!) = G (21,
i+ (1~ X max o | (-
1- Gk,i (gk,z)
~t Lk zukz ']C;;,z + J‘Dltcz
Uk = 7 ’
Lk,i
e Step 6b: Compute
t+1 _ 7t t+1 t+1
Lyy = Lis +1F ;" — OF 7,
where
i+1 41,642
F + ZLE ity z‘sék J ’
04K
and

t+1 t+1,t+2
OFk,z’ Lk 1ukz (1 Skki > :

e Step 6¢: Compute
f It gt gttltt2

4, zué zsﬂk 7
t+1 _ =1
uk),’L

Lt-i-‘l
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e Step 6d: Compute

e Step 6e: Compute expenditure with vacancies

Vit+l _ ~t+1 ~t+1pt+1, t+1 pt+1
Ek:,i = K q Wi ek,z‘ Ug i Ly

e Step 6f: Solve for {kafl} in the system

K
Cyt+1 Vit+1
E;tctl = pgikb; Ly Z (Mk,z’Eg’;‘t—i_ + (1= 7e4) Vzk,z‘YZZrl) .
=1

N

t+1 t+1 t+1

Yk,o = 2 Tkoitki -
i=1

~ / Y
e Step 6g: Compute (wZ?) = %F’Etfl’l

ki

!/
Step 7: Compute distance dist <{@f“} , {(@ZJ })

/
e Step 7b: Update QE,t“ =(1-\y) @Itm- + Aw (@ZJ t=1,...,Tsg, for a small step size Ay.
e Step 7c: At this point, we have a new series for {@Z z} — go back to Step 2 until convergence

of {, }.

Step 8: Compute disposable income {If

Tss
t=1

Il =

(2

] =

t Vit
/=1

Outer Loop: iteration on {NX!}
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Step 0: Impose a change in a subset of parameters that happens at ¢ = 0, but between . and 4.
That is, the shock occurs after production, workers’ decisions of where to search and after firms

post vacancies at ¢ = 0. Impose a large value for Tgg. Assume that for ¢ > Tgg the system will

have converged to a new steady state. World expenditure with final goods EElc ' is normalized
i=1
to 1 for every t.

Step 1: Start with estimated state equilibrium at ¢ = 0. Remember that we used the normalization
I K I K

> > Y, =1 during the estimation procedure. Change the normalization from ) Y Y;; =1

i=1k=1 i=1k=1

I
to ZElC = 1. Nominal variables to be renormalized: {Ykoi}, {fﬁgi}, {EZ-C’O}, {NXZQ}.
i=1 ’ ’

I
Step 2: Obtain BY with respect to the normalization Y ES = 1. Equation (29) gives us:
i=1

I
Step 3: Make initial guess for NXZ-TSS (with respect to the normalization Y E¢ = 1).
i=1
Step 4: Compute steady state equilibrium at Tgg, conditional on NXiT S5 and the change in

parameter values.

I K
e Step 4a: Notice that the steady-state algorithm uses the normalization ) »" Y} ,; = 1. Nor-
i=1k=1
T I K
malize NX, °% with respect to normalization ) > Y} ; = 1. To perform such normalization,
i=1k=1

use revenue {YkTiSS } obtained in the initial steady state if this is the first outer loop iteration,

otherwise use revenue {YkaS } obtained in Step 6 below.

I K
e Step 4b: After computing the final steady state, change the normalization from ) Y Y} ; =
i=1k=1

I

1 to Y.EY = 1 using {EZC } obtained in Step 3a. Nominal variables to be renormalized:
i=1

() (o). ), o)

Step 5: Start at t = Tgg — 1 and go backward until ¢t = 1 and sequentially compute:

Eic,t+1

N
P T N Cit+1

Y N ct — 5 1 0
5 Zi:l EZ 5 =1 ¢)Z
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Cit+1
T ] ppy ]
5¢i R

to obtain paths for {Rt} and {EZCt} Note that, because BZ-1 is decided at t = 0, before the shock,
R' =R = %.

Step 6: Solve for the out-of-steady-state dynamics conditional on aggregate expenditures {EZC ’t}.
Step 7: Using the path for disposable income {I f Z;Sf obtained in Step 6 and equation (5) compute:

(NX])' =1} = E%' for 1 <t < T

Tss—1

(vt =15 ( | (45 (10" ) vy

t=1

Step 8: Compute

dist ({NXiTSS} , {(NXfSS)'})

Step 9: Update NXZ-TSS
!/

NX[5 = (1= A) NXT5 40, (NXT5)

for a small step size A, Go back to Step 4 until convergence of {NXZ-TSS}.
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J.5 Algorithm: Out-of-Steady-State Transition, Exogenous Deficits (No Bonds)

Tss
Consider paths {Agm} Sz and {dmk} " with A, = 1 and df

k,oi

{661/55 with ¢0 = 1 and ¢} = 1 for T <t < Tss, for some T << Tsg.

= 1. Also, consider paths

Tss

We condition on an exogenous path for {N X! —

Step 1: Guess paths {/\t} » for each country i.

Tss
Step 2: Guess paths {wk } *% for each sector k and country 1.

. Tss : 1 i lss YTss in 0Lss plss (TssTss+l Tss
Step 3: Compute x5 consistent with w; 5% and A;°. Obtain 9,{72. s Upi®s skis and m 7.

—~ ~Tsg Tss Tss
~ alss ; ~ ) ~
e Step 3a: Compute wg; = gTq, Agi = ;Tq and d; = d(;gz k. Tteratively solve for Pkf’l. and
5T 52 o1

Cj; using the system

K
~ =\ ki =7 (1=vk,i ) Vie,i
Ck,i = (wkz) | | (Pe,z'>

(=1

N —1/A
N A o~ -
Pk,i - (Zﬂk,oiAk,o (Ck,odk,oi> )

o=1

Step 3b: Compute ]3,{1

Step 3c: Compute

s g —A
~ <~ Ck,00k,0i
Tk,0i = Ak,o <_f’f> >
e i

and obtain Wgsf = ﬂ'gyoiﬁk’oi

Step 3d: Compute

) T,
Step 3e: Guess {gkis}

Step 3f: Compute

025.5 _ q'fl ’%ZSS % 1—6(1 — Xxka)
, )
' (1_Bk1>Ikz(wkz)
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e Step 3g: Compute Bellman Equations

Tss~TssNTsg ~T. B i T
~Clowr,i + b + OGS RSN G580 4 sUlss

(1-By 1)

ULs®s = Gilog | Y exp 2
K '

e Step 3h: Compute

(xgs ), _ (1-9) UTSS = Mk,

Tss NTSS
)\ k: K

e Step 3i: Update SL‘TSS =(1-=X)zy SS + Az ( ) for a small step size \;, and go back to

Step 2d until convergence.

e Step 3j: Compute STSS’TSS+1
- ~ B
,Ck“+b“+9 Tss Tss)\Tss ;{ss %z Jr(;UTSS
€xp G
2
Tss,Tss+1 _
SM’i - Tss~Tss3Tss ~Tss P Tss
O, tbg, HOL TR A T w0 WM‘F(SUM
2. exp G :
— 7
k

. . ¢ Tss [, \Tss — ¢
Step 4: Obtain series {7Tk OZ} , { ,“} . Define 2" = %;.
) =0 =0

~t wy, ; . . =~ .
e Step 4a: Fort =1,...,Tgs —1 compute w;, ; = Z’SL and iteratively solve for Pklf and /521 using
’ k,i ’ ’

b N g\ (1) vk
~ o o~ 5T P[’t i )Yk, i
Chi = \Wk,i 0

/=1
N \ —1/A
St 0 7t (A J -
Pk,i - (Zﬂ-k,oiAk,o (Ck,odk,oi) )
o=1

e Step 4b: Compute ﬁ,ff fort=1,..,Tgg — 1:

the system

K

SFt SI,t\ Hki
P =TI (L)

k=1

e Step 4c: Compute %i,oi fort=1,...,Tgg — 1:

~ -\
~t t
~t o //l\t Ck,odk,oi
Tk, 01 — ko ﬁ[’t
kyi
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e Step 4d: Compute or t =1,...,Tgg — 1:

_ ot 0 =t
7I-k,oz =T ozﬂ-k ,01
F,t F,0 pF,t 50 pIt
—Ft = Keily ~ _ Rkaly P W 70 B
ki = wy,;  PPOw k’lfﬁi-
s s 5 K

Step 5: Given knowledge of wkss )\TSS and :ckss (and therefore JTSS (s)), start at t = Tgg — 1

and sequentially compute (backwards) for each t = Tsg — 1, ..., 1

e Step 5a: Given wy,, N, 3:?21, ! and J’fJrl (s) compute 6}, ;

XL
i 7 <
If 6¢t+1 fzmax Jt+1( )de,i(S) >~ 1 then

Nt ~t
0t -:q-_l )"‘ikzwkz
ki ) ¢t+1 fﬂﬁtmax Jt-I—l )dG}m (8)

/\tEt Wt
bt b > 1, it is not possible to satisfy V,;Z-

sl fzm“ J”l(s)dck,i(@

=0, so that V,f’l- < 0 and

If

Bk’i JHTI (;zc)—l—UtJf1 (for z > xtH) 0. ULt! compute Ui i-

_ /3'“ e I ()G () + (1 Gra (27)) Ut

e Step 5b: Given :Ut+1 W,ﬁtl( ) =
Notice that fxt“j‘ix Wijl (s)dG; (
so that:

—Clkr i + bi i

. +5$§+19t/,lql (015/72') Bk i -'Etri'lxx t-‘rl de i ( ) + 6$f+1U]i;t—Zl

U = Gilog Zexp
’ v Q;

e Step 5¢: Given X Jt+1( ), W ,”, 9,“, 5, Ui, Ut+1 and gﬁl compute J}, ; (z)

J/Z,i(x):(l—ﬁki)y%‘ + (1 = Br,i) i,
(1= Bri) Uk i 5¢)t+1Ut+1> (1 — Xk,i) 5$§+1 max {J};;.l (x) ,O}

/N

e Step 5d: Solve for ac,“ sz (wkl) =
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Tgs—1
Step 6: Compute transition rates {52}?1} for all countries ¢ according to:
t=1

—Chr i + biy i+

CeXp N By i max
5004 a0 ) T [ T () G (o) + 05U
Skrg — -
~Crprr i + b i+
Zk” exp

30 0O ) b S TLEY () dGho () + 091 UL

Step 7: Start loop over ¢ going forward (t =0 to t = Tgg — 1)

Initial conditions: we know &fi_l = uk 207 Lti_1 = Lj,f€ ZO, and 9270 from the initial steady state

)

computation. Obtain ﬁfw and wa- using flow conditions and sequences {6271}, {ﬁ“}

e Step 7a: Compute
JCltm' = Liz“iz%z% (eltm) <1 — Gy (5’3?;1»
1Y (ot
Gk,z <xk1 ) Gk,z (@k,z) 0 Lt_l (1 B W_1>
) ki ki
1 — Gy (xk Z) ’ '

y Lfmu'}” JC,Q + JD
ukl = Lt )

JDi,i = | xk,i + (1 = xp,;) max

e Step 7b: Compute

t+1 _ gt t+1 t+1
Ly =Ly, +1F; —OF,

where

i1 GHHLt+2
IFk,i _ZLM Up,iS ok, i )
04K

and
t+1 t+1,t42
OFkJ,’i Lk) ”Luk i (1 — Sk‘k,i ) .

e Step 7c: Compute

ZLt ~t H—l t+2
0,0 ( 7 Zk %
t41 _ (=1

u
ki Lt+~1
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e Step 7d: Compute

1 _ ot t+1
and Y, y wi Ly
e Step 7e: Compute expenditure with vacancies

1_ ~
EV t+ t+1 19t+1u

+1 t+1
ki k‘z wkz i L

k,

EC t+1 _ I,

T+1
A

e Step 7f: Compute
e Step 7g: Solve for {Y,fjl} in the system

K
Cit+1 Vit
E;itl = e BT+ Z (,Uk By ; (1= ) Vek,z'YZ;Ll) :
=1

N
Yt+1 — Z t—i—lEt—i—l.
k,o

koz

e Step 7h: Normalize {kafl} to make sure it sums to 1 across sectors and countries.

t+1

. Ve,i Yy
e Step 7i: Compute (wzt1> = itfl”
ki

sap o comme i ({1} { (51}

/
Step 9: Update {D}gi = (1 — aw) ﬁzl + (@Z» for t =1,...,Tgg, for a small step size a,,, and

go back to Step 3 until convergence of {wk Z}

Tss

Step 10: Compute disposable income {I ¢

Il =

2

M=

t Vit
(WJY&Z' - By )
(=1
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T
Step 11: Update {EZCt} Sf using
t=

Bt =1 - NX!

~ !/ -
Step 12a: Compute ()\f) = ELC{t forallt=1,...,Tsg

e L

t=1

~ ~ ~ !/
e Step 12c: Update A = (1 — ay) AL + ) (z\f) for t =1,...,Tgg, for a small step size a, and

go back to Step 2 until convergence of {Xﬁ}
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J.6 Algorithm: Recovering Shocks

Important: We will need to keep track of two periods. Let Ty, denote the last period for which

we have data. Let T > Tpata be the period after which there are no more shocks AND EZC is
N

assumed to be constant across countries (according to the Y E¢ = 1 normalization).
i=1

Tss
Inner Loop: conditional on paths for expenditures {EZCt} R , net exports {NXt TSS and
t—

—~ Tbs -~ TbS
shocks {qbf} ) and {d}; oi} L which are determined in the Outer Loop below.
t= ) =

2t

As before, we denote changes relative to t = 0 by 2! = 2o~ This loop conditions on data on

Tpata -~ Tpata
{A}i m} 1t and {ij’f} 1t . We assume the state of the global economy at ¢t = 0 is given by the
t= Uy -
Tss AZSS
= do‘” and A;“ = AO,:,

estimated steady state. Define c/l\km
k,ot

. c) Tss ‘ Tss N 7.
Step 1: Given paths {El ’ } E compute paths {)\ } E N = —b7-
t= t=

Tss
Step 2: Guess paths {wk Z} ) for each sector k and country 1.
t=

=t wt .
Step 3: For each t = 1, ..., Tpata compute Wy, ; = =, and obtain ¢, ;:
’ k,i ’

At Nk B (1=vk,i )vie,i
/\t _ ~ 11 P17t ,'l ‘77‘
Cki = \ Wk, (X .

Compute:

For t > Tpatq + 1 impose:

. Tss : 1 o lss ss Tss pTss g¢Tss,Tss+1 Tss
Step 4: Compute z,;” consistent with wy; and \; Obtain 9,“ , Uk,l s Sk and Mo -

~Tgg

e Step 4a: Compute @k,i = w~0 Iteratively solve for Pk and ¢j; using the system
kz

K
~ =\ ki =1 (1=vk,i ) vie,i
Ck,i = (wkz> | | (Pe,z'>

(=1

N -1/
N — o~ -
Pk,i - (Zﬂk,oiAk,O (Ck,odk,oi> )

o=1
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Step 4b: Compute ﬁ,fl

Step 4c: Compute

: Tss _ , 0 =
And obtain Theior = Tk oik,o0i

Step 4d: Compute

~Tss ~0 ﬁZF
— R.7" = Ry ;=
ki ki W s

T,
Step 4e: Guess {@kszs}

Step 4f: Compute
EERY: 1—5(1—)(],372')

olss = -1 | 15
ki % ki
0 (1 = Bry) In (&Zﬁ“ﬁ

Step 4g: Compute Bellman Equations

_ ) ) Tss~TssXTss ~Tss  Brli Tss
Ck‘k‘/,z + bk;/’z + ek/,i K;k:’,i )\’L wk/7i (I—Bklj) + oU 2
Gi

ULss = Gilog | Y exp
k/

Step 4h: Compute

T,
(xTSS), = (1 _ 5) Uk’}’?s B nk’l
shio )T X?sszss
!
Step 4i: Update g;‘:szs =(1- )\x)gzsis + Az <g§is> , for a small step size A\, and go back to

Step 2d until convergence.

. Tss,Tss+1
Step 4j: Compute 5,7 %*

exp

Tss5~Tss3Tss ~Tss _Pei Tsg
_Ckl,i+blf,i+9z,i Ko A; Wy 5 1_;3“'"5(]&1'
Gi

STSS,Tss-i-l _
0 =

Tog-Too+Tqq T BE 4 T
—C - +b +0T557Ts53Tss g Tss ki 57T ss
ClclmJr lm+ ki kg 0 k,i 7i+ Ulc,i

176/9,
%exp Ci
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. . Tss Tss
Step 5: Obtain series {wim} and { Rl }

{=T+1 t=1"

e Step ba: Fort=T+1,...,Tsg do:

~t I :
Compute wy, ; = 132 l and iteratively solve for Pk’ and ’07“ using the system

O\ Vi o ki Vi,
~ . -~ 7 AIt k,i )VEke,1
Chi = Wk )

(=1

o=1

N A
/ N .-
Pk,zt <Z7T2,oiAk,O (Eylfc,odk,ai> ) .
e Step 5b: Compute ﬁ]ﬂt fort=1,...,Tgs — 1 (remember ﬁkl’f is data for t = 1,...,T):

K
SE Bt Hki
b= H (sz>
k=1
e Step 5¢: Compute %Z’Oi and 71};0@. fort=T+1,..,Tsg — 1.

Fort=1,..,Tsg — 1 do:
First Case: If t <T then 7 7Tk . is data, so do:

t _ .0 =t
ﬂk,oi - 7Tlc,oi7rk,oi

End of First Case
Second Case if t > T + 1 do:

5 -\
. A /C\Z,odk,oi
7Tk ,01 ﬁl’t

ki
t _ .0 =t
7rk:,oi - 7rlc,()z'7rlc,oz'

End of Second Case

e Step 5d: Compute for t =1,...,Tgg — 1

¢ F,0 Ft 70 BE.t
— pt = Ek 1531' ”k,iopi b w? _ 0 Pit
- 0 - 0 F.0 @ =

oy ki Wgi B kis i

Step 6: Given knowledge of wkss )\TSS and ggsls (and therefore Jka.S (s)), start at t = Tgg — 1

and sequentially compute (backwards) for each t = Tgg — 1, ..., 1
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T ~ 4+l =t Yt t+1 t
e Step 6a: Given wy ,;, ;' Ky ;, A; and Ji. (s) compute 0).i

Ntxt oot
Aj "{k zwk %

Syt [T Jf“(s)de i(s)
*k i

If

<1 then

Nt=t ~t
AiRl, AW

6¢t+1 fxmax Jt“r ) de7Z (S)

t -1
Ori = 4;

Ntxt oot
Aj Kk zwk i

5¢t+1 fifmdx Jt+1(s)dez( )
Ly S

If

> 1, it is not possible to satisfy V}!, = 0, so that V!, < 0 and

t
Ok =

e Step 6b: Given xtJrl W,ﬁtl (x) = B Jt+1 (x )—i—UtJrl (for z > xtH) 0t ,, U1 compute U}éi.

1- /Bk
Notice that [ WS () dGis (s) = % T T (5) G, (s) + (1 G (:c;jl)) Uit
) ki gk,i El I X2
so that:
)
—Chpr i + b
000 sai (04, ) 725 [t T (5) G (s) + 00 U

U};i = (;log Zexp 2
K’ !

e Step 6¢: Given J”l( ), w ,“, U,”, Ut+1 and xtH compute J}, ; ()

Thi @) = (1= Ba) Mg + (1= Bri) e
— (1= Bp) (Uk = 00 UEY) + (1= xe) 000 max {15! (2,0

e Step 6d: Solve for ﬁ“ J,iﬂ. (gﬂ) =0

Tgs—1
Step 7: Compute transition rates {5231} for all countries ¢ according to:
t=1

—Chpr i + b i+

exp as| Byt i max 1 Lyrt+1
. St et%q(a}g,’i}% f;ﬂl- J,i*z () dG i (x )+5¢t+ Ut+.
Skk/i = .
l —Clkr i + bir i+
Sy exp

N ﬂ > max
067 O 0O ;) T fi+ Tk () dGr 3(z) + 09 UL

Step 8: Start loop over t going forward (t =0 to t = Tsg — 1)
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Initial conditions: we know &z:i_l = “k ZO, Lt__1 = Lk, 3 and 92:1'0 from the initial steady state

)

computation. Obtain j ; and Lj ; using flow conditions and sequences {6271}, {g’,ﬁ“}

e Step 8a: Compute
JCh = Ligup %9 (617) (1 — Gy (37?21»

Gk,z‘ <CCZ+1) G]“ <:1Zk )
IDf; = | Xi + (1 = x,) max - Loy | L (1)

, ki
1 — G, (ﬁm)

t t

= Lj, juj,; — JCL; + JD}
ki = 7
Ly,

e Step 8b: Compute
t+1 ¢ t+1 t+1
L =Ly + IF T — OF 1,

where
IFlzji_l ZLE iU Zgi t+2’
04K
and
OF! = Lt (1= 5i57)

e Step 8c: Compute

ZLt gt GtHLt+2
0,0 Zz Lk,i
t+1 _ (=1

Ui = [

e Step 8d: Compute

e Step 8e: Compute expenditure with vacancies

E,i/’f“ %ﬁl ~t+19t+1 t+1Lt+1
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e Step 8f: Solve for {kafl} in the system

C 1 V ].
Egtt = Ly Z (M ki By + (1= 00) Vek,z‘YZ;rl) :

Yt+1 Z t+1Et+1
k,o :

koz

1\ Yt
e Step 8g: Compute (w,’;" ) = = g
ki

Step 9: Compute distance dist <{wk Z} ’ {(ibiz>/}>

/
e Step 9b: Update @};l =(1— X)W}, it Aw (w,“> t=1,...,Tsg, for a small step size A.

e Step 9c: At this point, we have a new series for {@Z z} — go back to Step 3 until convergence

of {7k}

Step 10: Compute disposable income {I ¢

Tss

=

L=y (WﬂYZi - Eevzt)

(=1

Outer Loop: iteration on {NXf}

-~ TDatcL
Step 0: Compute changes in trade costs {dk m} L
t=
~t />\ plt
(/i} i T 00 Pkﬂ
koi — | =t pl
. Trk,oi Pk;;;

Set c@wi = JZD““ for t > Tpata-

Step 1: Start with estimated state equilibrium at ¢ = 0. Remember that we used the normalization

I K I K
> > Y, =1 during the estimation procedure. Change the normalization from ) ) Y;; =1
i=1k=1 i=1k=1

1
to Y. EY = 1. Nominal variables to be renormalized: {Ykoi}, {{Dg Z} {Eic’o}, {NXZQ}.
i=1 ’
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ot ESY (EOY) .. o . :
Step 2: Compute £, = ooyt for t =1, ..., Tpate where E; is aggregate consumption
ZE’L_C’O (El )Data
=1
expenditure in the estimated steady state, and <EZC ’t) comes directly from the data. Normalize
Data

Cit N C\t . .
E;" to ensure that XDIEZ " =1 in every period.
=

Step 3: Normalize 5@5 =1forallt=1,...,Tss. This yields:

Cit+1

Rt+1 _ EUS
C\t
Us

for t =1, ..., Tpata — 1.

~ TDatu
Obtain remaining shocks {qﬁf} using:
t=2

Pt = ﬂ fort=1....T 1
i = 5EC7th+l or vt =1,...,1 pData .
(2

I
Step 4: Obtain BY with respect to the normalization Y ES = 1. Equation (29) gives us:
i=1

I
Step 5: Make initial guess for NXiTSS (with respect to the normalization Y E¢ = 1).
i=1
Step 6: Compute steady state equilibrium at Tsg, conditional on N X ZT S5 ggis and JZSOf . If this
is the first iteration of the outer loop, impose gﬁs = 1. Otherwise, feed AZSZS resulting from Step
9 below.

I K
e Step 6a: Notice that the steady-state algorithm uses the normalization ) > Y} ; = 1. Nor-
i=lk=1
T I K
malize NX, °% with respect to normalization ) > Y} ; = 1. To perform such normalization,
i=1k=1

use revenue {YkaS } obtained in the initial steady state if this is the first outer loop iteration,

otherwise use revenue {YkaS } obtained in Step 9 below.

I K
e Step 6b: After computing the final steady state, change the normalization from ) Y Y} ; =
i=1k=1

I
1to Y. EY = 1 using {EZC } obtained in Step 3a. Nominal variables to be renormalized:
=1

(]
) o). (), o)
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C,T C,T
C,T EY SS*E~ 4 Data T
Ei Data 4+ =i fﬁTDlt (t — TDat(l) fOl" t = TData + 17 (RS T
ata :

EZ-C’TSS fort > T

That is, Ezc " evolves linearly between Tpu, and T when it reaches its steady state value determined

Step 7: Impose Eic’t =

in Step 6.

Step 8: Compute

Ct+1
t+1 Us
R = 5 ECT for t > Tpata-
Us
. .. Tt Tss .
And obtain remaining shocks {(Z)Z} using
t=TDatat+1
Ct+1
~ B
t+1 7 f
Tt =—1——fort>1T, .
¢z (SE-C’thJ"l = 4 Data
(2

Tss
Step 9: Solve for the out-of-steady-state dynamics conditional on aggregate expenditures {Ezc ’t}
) ~ Tss
on preference shifters {qbf}
t=

)
t=0
and trade cost shocks {d}tC Z} )

=1

Tss

Step 10: Using the path for disposable income {If 1

obtained in Step 9 and equation (5)
compute:

(NXY) =1t — E®t for 1 <t < Tss

, 1—§ 1 Tss—1 t
(Vxf) = -7 ) (B?+ > (Hm-l) (NXf)’)

T=1

Step 11: Compute

/
dist ({NXZ.TSS} , { (vx7ss) }) .
Step 12: Update NXZ.TSS
!/
NX[5 = (1= A) NXT5 42, (NXT5)

for a small step size A,.
Go back to Step 6 until convergence of {NXiTSS }
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