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Abstract

This thesis consists of three essays. In the first essay, I develop a new theory of wage rigid-
ity and unemployment fluctuations. The starting point of my analysis is a generalized
version of Burdett and Mortensen’s (1998) job ladder model featuring risk-neutral firms,
risk-averse workers, and aggregate risk. Because of on-the-job search, my model gener-
ates wage rigidity both for incumbent workers, through standard insurance motives, and
for new hires, through novel strategic complementarities in wage setting between firms.
In contrast to the conventional wisdom in the macro literature, the introduction of on-the-
job search implies that: (i) the wage rigidity of incumbent workers, rather than new hires,
is the critical determinant of unemployment fluctuations; (ii) fairness considerations in
wage setting dampen, rather than amplify, unemployment fluctuations; and (iii) new hire
wages are too flexible, rather than too rigid, in the decentralized equilibrium. Quanti-
tatively, the wage rigidity of incumbent workers caused by the insurance motive alone
accounts for about one fifth of the unemployment fluctuations observed in the data.

In the second essay (joint with Arnaud Costinot and David Atkin), we study the rela-
tionship between international trade and development in a model where countries differ
in their capability, goods differ in their complexity, and capability growth is a function
of a country’s pattern of specialization. Theoretically, we show that it is possible for in-
ternational trade to increase capability growth in all countries and, in turn, to push all
countries up the development ladder. This occurs because: (i) the average complexity
of a country’s industry mix raises its capability growth, and (ii) foreign competition is
tougher in less complex sectors for all countries. Empirically, we provide causal evidence
consistent with (i) using the entry of countries into the World Trade Organization as an
instrumental variable for other countries” patterns of specialization. The opposite of (ii),
however, appears to hold in the data. Through the lens of our model, these two empir-
ical observations imply dynamic welfare losses from trade that are small for the median
country, but pervasive and large among a few developing countries.

In the third essay, I build a model of endogenous capital flow reversal. In the data,
Capital tends to flow from fast-growing countries to slow-growing countries, contrary to
the prediction of neoclassical models. I propose a parsimonious theory in which slower
growth causes capital inflow. The theory builds on the idea that financial development
is demand driven. In the model, a relatively larger demand for store of value in slow-
growing countries stimulates domestic financial innovation. The endogenous response
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of financial development can be strong enough to attract capital inflow. This contrasts
with the existing theories in which slow-growing countries happen to have relatively
well-developed financial markets.
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Chapter 1

A Theory of Wage Rigidity and
Unemployment Fluctuations with
On-the-Job Search

1.1 Introduction

Does wage rigidity matter for unemployment fluctuations? There is little debate about the
fact that the wages of incumbent workers are rigid. The conventional view, however, is that
this empirically well-documented source of wage rigidity in itself is inconsequential for
unemployment fluctuations (Barro, 1977; Pissarides, 2009).! The core of the theoretical
argument behind this skepticism is that the wages of new hires, rather than incumbent
workers, are what determine a firm’s marginal cost, and in turn, its hiring incentives.

The starting point of this paper is that the previous argument, as intuitive as it may
sound, is at odds with one key feature of labor markets: job-to-job transitions. As Figure
1-1 shows, such transitions are a pervasive feature of the US labor market, making up
more than 40% of new hires.? For firms hiring from a pool of unemployed and employed
workers, the incentive to create jobs cannot be independent from prevailing incumbent
wages. If, in recessions, the wages of incumbent workers do not fall, new jobs have a hard
time attracting workers, which in turn discourages job creation.

Motivated by the previous fact, I propose a new theory of wage rigidity and unem-

ployment fluctuations with on-the-job search. Among other things, it implies that: (i)

1See also Haefke, Sonntag, and van Rens (2013) and Rudanko (2009).

2The US is not an outlier. Engbom (2020) shows that although the US features higher job-to-job transi-
tion rates than most European countries, the magnitudes are comparable. Donovan, Lu, and Schoellman
(2018) find that developing countries tend to have higher job-to-job transition rates than the US.
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Figure 1-1: NE and EE hiring rates

Note: Figure 1-1 shows the NE (non-employment to employment) and EE (employ-
ment to employment) hiring rates from 2000-2019. The NE and EE hiring rates refer
to the flow of workers from non-employment to employment, and from one employer
to another as a fraction of total employment, respectively. Data are from the Census
LEHD j2j database.

wages of both incumbent workers and new hires are endogenously rigid; (ii) the wage
rigidity of incumbent workers, rather than new hires, is the critical determinant of unem-
ployment fluctuations; (iii) fairness considerations in wage setting dampen, rather than
amplify, unemployment fluctuations; and (iv) new hire wages are too flexible, rather than
too rigid, in the decentralized equilibrium.

Section 1.2 develops a generalized version of Burdett and Mortensen’s (1998) job lad-
der model with risk-neutral firms of heterogeneous productivity, risk-averse workers,
and aggregate risk. I start with a two-period model to derive a number of sharp qual-
itative insights. In the first period, firms write state-contingent wage contracts with an
exogenous number of incumbent workers to insure against aggregate risk.® In the second
period, aggregate productivity shocks are realized, and firms post vacancies and wages
to hire new workers. Without aggregate risk, the model is in the spirit of Burdett and
Mortensen (1998). Incumbent firms and poaching firms compete for workers strategi-
cally along the job ladders subject to search frictions. While firms can commit to the wage

contract, workers cannot: workers search on the job and are free to take an outside offer

3The insurance motive is the most common explanation for incumbent wage rigidity, which goes back
at least to Azariadis (1975) and Baily (1974). Therefore, in my model, wage rigidity is an outcome of optimal
contracts and does not stem from unexplained inefficiencies.
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from other firms. In the presence of aggregate shocks arriving in the second period, the
incumbent wage contract plays the role of insurance. Firms need to balance the provi-
sion of insurance and incentivizing the workers to stay with the firm. At the same time,
tirms also create new jobs to attract workers from a pool of unemployed and employed
workers. The wage distributions of incumbent workers and new hires, as well as distri-
bution of vacancy creation, endogenously respond to aggregate shocks as an equilibrium
outcome.

Section 1.3 then characterizes the decentralized equilibrium. Up to a first-order ap-
proximation, I show that the equilibrium can be characterized as the solution to a sys-
tem of ordinary differential equations (ODEs), in which each firm on the job ladder only
cares about about the wages and hiring decisions of their neighboring competitors, not
the entire distribution. This allows me to derive two main results on wage rigidity and
unemployment fluctuations.

The first main result is that wages are endogenously rigid (i.e., they respond less than
the aggregate productivity) not only for incumbent workers but also for new hires. The
fact that incumbent wages are rigid is intuitive: firms optimally provide some insurance
to workers. The fact that new hire wages are also rigid, at least for some firms, is more
subtle. Using my ODE characterization of the equilibrium, I show using simple phase
diagrams that new hire wages must always feature rigidity at the top of the job ladder.
This comes from the fact that at the very top of the job ladder, potential new employers
have no incentive to increase wages above what the incumbent firms offer because there
would be no additional workers to poach. This extremely strong strategic complemen-
tarity spills over toward lower job ladder rungs, and the wages are asymptotically rigid
regardless of functional forms or parameter values. This result provides an explanation
for the recent evidence on new hire wage rigidity.*

My second main result is that the wage rigidity of incumbent workers, rather than
new hires, is the critical determinant of fluctuations in job creation. In fact, in this two-
period model, the aggregate response of vacancy creation only depends on incumbent
wage responses. This implies that despite the fact that my model delivers the endoge-
nous wage rigidity of new hires, it has no consequence on unemployment fluctuations.
Moreover, to a first-order approximation, introducing exogenous rigidity in the wages of
new hires has no effect, either. In this sense, incumbent wage rigidity is a sufficient statis-
tic for unemployment fluctuations regardless of whether or why wages of new hires are
rigid.

4Gertler et al. (2020), Hazell and Taska (2019), and Grigsby et al. (2019) show the rigidity in wages of
new hires is comparable to that of incumbent wages.
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This result is in contrast to the conventional view that in the textbook Diamond-
Mortensen-Pissarides (DMP) models, wage rigidity of new hires is the only source of
unemployment volatility. Why are the conclusions strikingly different? My result is the
consequence of a combination of two assumptions: on-the-job search, as emphasized ear-
lier, but also wage posting. The presence of on-the-job search implies that the incumbent
wage rigidity does affect job creation because it affects the prospective for poaching. Wage
posting further implies that any rigidity in the wages of new hires has no first order effect
on the profitability of vacancy posting because of the envelope theorem: since firms set
the posted wage optimally as a trade-off between hiring more workers and higher costs,
any (non-)movement in posted wages has no first order effect on the incentive to create
jobs.>

As noted earlier, incumbent wage rigidity in my model is not exogenously imposed,
but, rather, is derived from a firm’s motive to insure workers. This implies that privately
optimal risk-sharing contracts between firms and workers drive the unemployment fluc-
tuations. When workers are more risk-averse, the unemployment rate becomes more
volatile because firms provide more insurance. This result challenges the consensus in
the literature that wage rigidity derived from long-term contracting should not drive un-
employment fluctuations in the canonical models of labor markets (Barro, 1977; Rudanko,
2009). Accounting for on-the-job search is crucial for reaching a starkly different conclu-
sion. In fact, I show that in a version of my model without on-the-job search, unemploy-
ment volatility is invariant to the workers’ risk aversion.

In Section 1.4, I build on the above insights to consider two extensions of the model.
The first one focuses on the introduction of fairness constraints that tie wages of incum-
bent workers and new hires within a firm.® With fairness constraints, firms have to use
the same wage to provide insurance for incumbent workers and to attract new hires. As
a result, new hire wages become more rigid, but incumbent wages become more flex-
ible relative to the case without such constraints. The more flexible incumbent wages,
in turn, reduces unemployment volatility because wage rigidity of incumbent workers,

rather than new hires, are what matters for job creation in my model. This implication is

5The importance of new-hire wage rigidity is claimed mainly in the context of the Diamond (1982);
Mortensen (1982); Pissarides (1985) models, which not only abstract from on-the-job search but also assume
wage bargaining. If wages are bargained, firms would prefer to pay wages as low as possible so long as
workers accept the job. Since profits are strictly decreasing in wages, (non-)movements in wages have a
first order effect on profits. This brings the issue of whether wage posting or wage-bargaining is a more
realistic assumption. Existing survey evidence (Hall and Krueger, 2012; Faberman et al., 2020) suggests that
wage posting is more prevalent, which is consistent with my model.

®Such constraints arise from social norms that workers who perform the same job should be paid the
same. The presence of such social norms are documented empirically (Card et al., 2012; Breza et al., 2018;
Dube et al., 2019).
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the opposite of the conventional view in the previous literature that fairness constraints
increase the volatility of unemployment.” The contrast comes from the fact that, in many
existing models, more rigidity in new hire wages increases the unemployment volatility,
while more flexibility in incumbent wages has no consequence.

The second extension considers the introduction of government-provided insurance.
The government makes a transfer to workers during recessions and taxes workers during
booms. I show that such public insurance reduces unemployment fluctuations by crowd-
ing out firm insurance. Because now that the government provides insurance, incumbent
firms need to provide less of it. Consequently, incumbent wages become more flexible,
which in turn reduces unemployment volatility. This exercise also clarifies the source of
unemployment volatility in my model: it comes from the fact that only incumbent firms
can provide insurance to workers — workers cannot write contracts with potential new
employers. If workers could write contracts with potential new employers, which is in
principle what the government is doing here, the unemployment volatility would disap-
pear.

Section 1.5 turns to the efficiency of the decentralized equilibrium. As in Burdett and
Mortensen (1998), I assume that firms can commit to the wage contract, but workers can-
not. Therefore, when the potential new employers post vacancies, they do not internalize
how their offers affect the outside option of incumbent workers, and in turn, the contracts
of incumbent jobs.

First, I show that firms tend to make too aggressive wage offers as long as workers
are strictly risk-averse. The planner improves welfare by forcing all firms to offer lower
wages. This intervention reduces the consumption dispersion of all workers by reduc-
ing its upward potential. As workers prefer smooth consumption profiles, this makes
it cheaper for incumbent firms to deliver the same utility to workers, leading to Pareto
improvement. Moreover, the externality is larger for more productive firms because their
high wage offers contribute most to enlarging workers” consumption dispersion. I next
show that, through the same externality, the number of vacancy postings is excessive.
Productive firms especially tend to over-create jobs because their vacancies distort in-
cumbent wage contracts the most.

Next, I discuss the efficiency in the presence of aggregate risk. An important im-
plication of my framework is that wage rigidity is not necessarily inefficient because it

insulates workers from aggregate risk. In fact, I show that new hire wages are always

’Such views are informally described by Bewley (1999). Gertler and Trigari (2009); Snell and Thomas
(2010); Gertler et al. (2020); Rudanko (2019) formalize such views. It has also been common to impose
fairness constraints in wage posting models since the seminal work of Burdett and Mortensen (1998). My
result clarifies the role played by such constraints within this class of models.
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too flexible relative to the social optimum. This is the case for two reasons. First, com-
petition to attract workers excessively increases the workers’” consumption fluctuations.
Second, flexibility in new hire wages exacerbates cyclical misallocation. As the wages
of incumbent workers respond less than the wages of new hires, workers can flow from
more productive firms to less productive firms in booms and reject the offers from more
productive firms in recession, manifesting here as misallocation of labor. Forcing new
hire wages to respond less improves the allocative efficiency. This is in contrast to the
wage rigidity studied in the canonical models of labor markets (e.g., ?Hall and Milgrom,
2008). There, wages are too rigid, and welfare can be improved by making wages more
flexible.

Section 1.6 concludes by exploring the quantitative importance of the mechanisms de-
scribed above in a generalized version of the baseline model with continuous time and
infinite horizon. Methodologically, I propose a new computational algorithm that starts
from the same ODE representation of the decentralized equilibrium as in the baseline
two-period model. This allows me to construct equilibria by starting with a guess of the
wage that the least productive firms offer, which is the reservation wage, and then to
compute recursively the wages along the entire distribution by computationally climbing
up the job ladder. Instead of having to solve infinite dimensional fixed point problems, I
only need to solve a fixed-point in terms of the sequence of market tightness and reser-
vation wages, which are low dimensional problems. Building on a recent contribution by
Auclert, Bard6czy, Rognlie, and Straub (2019), I exploit sequence-space Jacobians to solve
this fixed-point, which typically takes less than a few seconds to compute the transition

dynamics.

Quantitatively, I find that the wage rigidity of incumbent workers caused by the in-
surance motive alone generates a 20% dampening of wage responses of new hires and
accounts for 20% of the unemployment volatility observed in the data. Contrary to the
conventional wisdom, imposing fairness constraints dampens the volatility of unemploy-
ment by 70%. Different to the two-period model, new hire wage rigidity plays a role in
unemployment fluctuations, but I find that incumbent wage rigidity remains the domi-
nant source of the fluctuations. Finally, I show that the type of wage rigidity that matters
for unemployment fluctuations in my model is very different from that in the textbook
Diamond-Mortensen-Pissarides model. This comes from the fact that the Burdett and
Mortensen (1998) model features dynamic competition in the labor market, while such

competition is absent in the DMP model.
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Related Literature

This paper relates to six strands of the literature. First, it relates to the literature that puts
emphasis on the new hire wage rigidity while (implicitly or explicitly) de-emphasizing
the role of incumbent wage rigidity; this includes Barro (1977), Pissarides (2009), Haefke
etal. (2013), and Rudanko (2009). The latter three papers make a specific point that in the
textbook Diamond-Mortensen-Pissarides models, what matters for the incentive to create
jobs is the presented discounted value of wage payments to new hires; thus, the response
of incumbent wages to aggregate shocks themselves are irrelevant for fluctuations in va-
cancy creation. These papers abstract from on-the-job search, and hence they mechani-
cally shut down any meaningful interaction between incumbent wages and labor market
dynamics. Among them, perhaps the most closely related paper is Rudanko (2009). Like
my paper, she micro-founds the incumbent wage rigidity as risk-neutral firms providing
insurance to risk-averse workers. She demonstrates that it barely affects unemployment
fluctuations compared with a model with risk-neutral workers. Contrary to Rudanko’s
(2009) findings, I show that the insurance motive does drive unemployment fluctuations
once on-the-job search is taken into account.

Since the emergence of the above papers, subsequent literature has measured and
modeled new hire wage rigidity. While Haefke et al. (2013), Kudlyak (2014), and Basu
and House (2016) document strong pro-cyclicality of new hire wages, more recent pa-
pers, Gertler, Huckfeldt, and Trigari (2020), Hazell and Taska (2019), and Grigsby et al.
(2019), have found weak cyclicality. The controversy comes from the difficulty in adjust-
ing worker and job compositions that change over business cycles. In contrast, measuring
incumbent wage cyclicality does not suffer from such problems, and there is a widely held
consensus that incumbent wages are fairly rigid over business cycles (see Grigsby, Hurst,
and Yildirmaz (2019) for the most recent evidence). The implication of my theory is that
what is less controversial is what matters the most.

Theoretically, several papers have proposed mechanisms that generate endogenous
new hire wage rigidity. In Menzio and Moen (2010), firms can commit to wage contracts
to insure incumbent workers, but cannot commit not to fire them. This asymmetric com-
mitment technology implies that firms have an incentive not to lower the wages of new
hires to avoid replacing incumbent workers with new hires. Although my model is close
in sprit in deriving incumbent wage rigidity from firm insurance, the underlying mech-
anisms are entirely different. For example, in Menzio and Moen (2010), it is important
that a firm that posts a vacancy and a firm with incumbent workers are the same firm,
but it is not in my framework. In Kennan (2010), workers do not ask for higher wages in

expansions because they do not know whether the firm’s productivity increased or not.
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I provide another mechanism that relies on strategic complementarity in wage setting.
This is a natural mechanism to explore because search friction with on-the-job search im-
plies that firms compete for a worker in an imperfectly competitive labor market. In this
sense, my paper also relates to the recent papers on strategic complementarity in price
settings in oligopolistic product markets (Mongey, 2017; Wang and Werning, 2020).

A more popular and simpler way to generate new hire wage rigidity is to impose fair-
ness constraints, together with other assumptions that generate incumbent wage rigidity.
Among others, Menzio (2004), Gertler and Trigari (2009), Snell and Thomas (2010), and
Rudanko (2019) pursue this approach. They all conclude that such a constraint amplifies
unemployment fluctuations because in those models, new hire wage rigidity, rather than
incumbent wage rigidity, is the key source of fluctuations. By contrast, I show that with
on-the-job search, such a constraint dampens unemployment fluctuations.

There are models in which incumbent wage rigidity matters for unemployment fluctu-
ations. Schoefer (2016) adds financial frictions into Diamond-Mortensen-Pissarides mod-
els and shows that incumbent wage rigidity can tighten financial constraints in recessions.
Bils, Chang, and Kim (2016) add endogenous effort choice by workers. In their model, if
incumbent wages are too high in recessions, incumbent workers provide too much effort,
which reduces the value of the additional workforce. Eliaz and Spiegler (2014) and Carls-
son and Westermark (2016) studies the role of incumbent wage rigidity in job destruction.
In contrast to these papers, I provide a simple and empirically well grounded channel
that operates through job creation.

The second strand of literature to which this paper relates emphasizes the role of on-
the-job search in business cycle dynamics. There are three approaches in this line of re-
search. The first approach adopts directed search and wage posting (competitive search)
(Menzio and Shi, 2011; Schaal, 2017; Baley, Figueiredo, and Ulbricht, 2019). The second
approach is to assume a random search together with wage bargaining (Lise and Robin,
2017; Moscarini and Postel-Vinay, 2018, 2019; Bilal et al., 2019). A third approach, which
I pursue in this paper, is to assume random search and wage posting in the tradition
of Burdett and Mortensen (1998) and Burdett and Coles (2003) (?Moscarini and Postel-
Vinay, 2016b; ?).8 All these papers feature risk-neutral workers, thereby flexible wages,
so they do not speak to the issues studied here. Relative to this strand of literature, I intro-

8While papers using this framework to study long-run wage and employment distribution is abundant
(van den Berg and Ridder, 1998; Bontemps et al., 1999; Engbom and Moser, 2017; Heise and Porzio, 2019,
just to name a few), the literature on transition dynamics is far more scarce. See also Yamaguchi (2010);
Bagger et al. (2014); Jarosch (2015); Caldwell and Harmon (2019); Karahan et al. (2019); Engbom (2019),
which study the role of on-the-job search in the long-run wage and firm dynamics using the bargaining
framework.
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duce risk-averse workers and aggregate risk into Burdett and Mortensen’s (1998) models
to study the nature and the consequence of wage rigidity.” Burdett-Mortensen model is
particularly well-suited to study these issues because the model has a well-defined notion
of wages.

Several other papers explore alternative mechanisms whereby the presence of on-the-
job search amplifies the business cycle through the changes in aggregate search efficiency.
Eeckhout and Lindenlaub (2019) study a model in which the pro-cyclical job search ef-
fort by employed workers leads to self-fulfilling fluctuations in the presence of worker
sorting. Engbom (2020) shows that cyclical changes in the composition of employed and
unemployed job searchers amplify separation shocks due to greater applications from the
latter. I add to this literature by providing a novel mechanism through which the presence
of on-the-job search amplifies business cycles.

Third, I build on the long tradition of the literature that micro-founds incumbent wage
rigidity as insurance provided by firms. Azariadis (1975) and Baily (1974) are early con-
tributions on this. Harris and Holmstrom (1982) add limited commitment to the workers’
side, and this mechanism leads to downward wage rigidity.!’ Beaudry and DiNardo
(1991) test its prediction in the data. Rudanko (2009) and Lamadon (2016) embed the
mechanism into a search-and-matching labor market. My paper contributes to this litera-
ture by demonstrating that such insurance not only explains the wage dynamics, but also
increases the volatility of unemployment. Since I focus on the first order approximation
around the steady-state, I do not study the non-linear effect such as downward nominal
wage rigidity that Harris and Holmstrom (1982) emphasize. However, I conjecture that
the non-linear dynamics of my model features downward wage rigidity, which I leave for
future work.

Fourth, my paper relates to a series of papers on Shimer (2005) puzzle: i.e., the text-
book Diamond-Mortensen-Pissarides models cannot generate unemployment volatility
comparable to the data. As mentioned before, many papers rely on new hire wage rigid-
ity (e.g., ?2Dupraz, Nakamura, and Steinsson, 2019). As summarized by Ljungqvist and
Sargent (2017), many other solutions rely on increasing the sensitivity of profits to la-
bor productivity by making profits small (e.g., Hagedorn and Manovskii, 2008; Hall and
Milgrom, 2008; Pissarides, 2009). However, Chodorow-Reich and Karabarbounis (2016)
criticize these approaches by showing that much of the amplifications disappear if one

assumes that the outside options for unemployed workers are equally as cyclical as labor

92 has an extension with exogenous wage rigidity in the form wage adjustment costs a la Rotemberg
(1983) but does not separate the role played by rigidity of incumbent workers and new hires.

10Thomas and Worrall (1988) further extend this to an environment with two-sided limited commit-
ments.
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productivity, and they provide evidence for this. In keeping with this evidence, I adopt
the assumption that outside options of unemployed workers scale with labor productiv-
ity. Hall (2017), Borovicka and Borovickové (2018), Kehoe, Lopez, Midrigan, and Pas-
torino (2019), and Martellini, Menzio, and Visschers (2020) explore whether movements
in discount rates or risk premium explain unemployment volatility.!* My contribution to
this strand of the literature is that incumbent wage rigidity and on-the-job search, which
are uncontroversial features of the data, can help resolve the Shimer puzzle.

Fifth, I build on the recent developments on the computation of the transition dy-
namics of heterogenous agent models. It is widely believed that solving the transition
dynamics of the Burdett-Mortensen model is challenging because the endogenous distri-
bution enters as a state variable. ? propose one methodology under a set of restrictive
assumptions, and ? applies Reiter (2009) approach to approximate the distribution as a
low dimensional object. I add to this literature by providing a fast approach to compute
the transition dynamics that is accurate to a first order in the size of aggregate shocks,
without the need to approximate the distribution. The key idea is that firms do not care
about the entire distribution when solving their decision problems. Other than a small
number of aggregate variables, such as the market tightness and reservation wages, firms
only care about their neighboring competitors. This implies that the equilibrium solu-
tion boils down to solving a system of ODEs, rather than infinite dimensional fixed point
problems. Therefore, I only need to solve for a sequence of aggregate market tightness
and reservation wages that is consistent with equilibrium. I extend the sequence-space
Jacobian approach by Auclert et al. (2019) in solving the sequence of aggregates to effi-
ciently compute the equilibrium.

Sixth, my paper touches on a growing strand of the literature on theoretical models
of monopsony in the labor market (Manning 2003; Berger et al. 2019; Jarosch et al. 2019;
Lamadon et al. 2019; Gouin-Bonenfant 2020). In my model, firms exercise monopsony
power because of search frictions. The presence of market power is necessary to study
wage rigidity because under perfect competition, wages always respond one-for-one with
aggregate productivity. While the literature typically focuses on how the monopsony
power shapes the level of wages, I shed light on how the monopsony power shapes
the pass-through of aggregate productivity shock through endogenous changes in wage
markdowns.

Layout. The rest of the paper is organized as follows. Section 1.2 describes the basic
two-period model. Section 1.3 provides qualitative insights on why wages are rigid and

1See also Yashiv (2000) and Mukoyama (2009).
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what this implies for unemployment fluctuations. Section 1.4 considers two extensions
to study the implications of fairness consideration in wage setting and public insurance.
Section 1.5 highlights the inefficiency of the model. Section 1.6 quantitatively explores
the mechanisms by extending the basic model to an infinite horizon and continuous time
setup. Section 1.7 concludes.

1.2 A]Job Ladder Model with Risk Averse Workers and Ag-
gregate Shocks

I start from a two-period model to derive a number of sharp qualitative insights. Later
in Section 1.6, I will turn to the quantification of these results in a continuous time and
infinite horizon version of the model. In this section, I describe the model environment

and define equilibrium.

1.2.1 Preferences and Technology

Consider an economy with two dates, t = 0, 1. In the initial period, t = 0, the firms and
workers write contracts (to be described later). Att = 1, consumption and production
take place. There are two states, s € {h,1} at t = 1, with different aggregate productivity,
As, with Ay > A;. The aggregate productivity is revealed at the beginning of t = 1. The
probability for each state is given by 7t; = 1/2 for s € {h,1}. In words, there will be either
a boom or recession at t = 1 with equal probability.

The economy is populated by two types of agents: a unit mass of workers and a unit
mass of firms (or entrepreneurs). Workers consume only at t = 1, and their preferences
are given by

. 7
Eu(cy) with u(c) = T

where v > 0 corresponds to the relative risk aversion. Att = 0, workers are initially

divided into two groups: a fraction 1 — u of incumbent workers and a fraction y of un-
employed. Both types of workers search for a job at the beginning of t = 1. Unemployed
workers meet with a firm with probability A/, and incumbent workers meet with proba-
bility AE = gAY, where { > 0 is the relative search efficiency of the employed. A worker
faces no search cost. When workers end up being unemployed at ¢ = 1, they enjoy home
production, which produces Asb amount of consumption goods, where b > 0 is a pa-

rameter. Here, the outside option of unemployed scales with the aggregate productivity
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shock, A;.12

Firms consume and produce only at t = 1, and they are risk-neutral,
Ec{,

where c{ is the consumption of entrepreneurs. Each firm has access to production tech-
nology that is linear in labor,
Aszl,

where [ is labor and z is the idiosyncratic productivity. The idiosyncratic productivity is
a fixed characteristics of a firm. The cross-sectional distribution is continuous and has
a bounded support [z,Z] with z > b. Let G(z) and g(z) denote the cumulative and the
probability density function, respectively. Each firm z is exogenously endowed with ¢y(z)
amount of employed workers at t = 0.

Att =1, firms choose how much vacancy to post, vs(z), to attract new workers. The
vacancy posting is subject to convex cost, ¢s(v;z). I assume the cost of vacancy creation,

cs(v; z) takes the form
plt1/

1+1/1
where 1 > 0 corresponds to the elasticity of vacancy creation. The assumption that the

cs(v;z) = Ase(z)

(1.1)

cost function scales with the aggregate productivity follows Blanchard and Gali (2010)."3
This captures the idea that to recruit workers, existing workers must reduce their time
devoted to production, which costs a firm lost output. This assumption ensures that the
fluctuations in job creation are not driven by differential productivity growth between the
output production and recruitment activity.

Each vacancy will meet a worker with probability Af. Although I have not described
whether a firm that posts a vacancy and a firm with incumbent workers are the same
firm or not, the distinction is not important. This is because, in the baseline model, firms
decisions are separable between the two because of the constant-returns-to-scale technol-
ogy.'* T will refer to a firm with incumbent workers as a incumbent firm and a firm that
posts a vacancy as a poaching firm, a potential new employer, or a new hire firm.

Finally, the total number of meetings between firms and workers is given by a constant-
returns-to-scale matching technology M (fi, V;). The first input to the matching function
is the total efficiency unit of search by workers, ji = u + {(1 — u). The second input is

12This is consistent with the evidence documented in Chodorow-Reich and Karabarbounis (2016).

13See also Shimer (2010), or more recently Kehoe et al. (2019).

141t will be important when I later introduce the fairness constraint that exogenously tie incumbent and
new hire wages.
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the total amount of vacancy postings, Vs = [ vs5(2)dG(z). Search is random. When firms
meet with a worker, the worker is an unemployed with probability y = % and is em-
ployed with probability 1 — x. Likewise, when workers meet a firm, the probability that

v5(z)

the firm has productivity z is given by =~ g(z).

1.2.2 Contracts and Markets

Firms that have incumbent workers at t = 0 write state-contingent wage contracts with
workers at t = 0. A worker employed by a firm with productivity z is endowed with
promised utility Wy(z): the firm has to deliver expected utility at least Wy(z) through
the contract. Although this is an exogenous parameter, one can think of this as an object
that is determined in the past when a worker is hired. In fact, this will be the case in the
infinite horizon version of my model studied later.

The contract specifies the wage payments in each state {wyy,(z), wg;(z) }, which are to
be paid at t = 1. There are two assumptions in the contract. First, workers cannot commit
to the contract, so they are free to leave firms when receiving a better offer. Workers are
also free to quit and become unemployed. In contrast, I assume firms have full commit-
ment. Second, the contract cannot depend on the outside offers that workers received.
A justification for this assumption is that outside offers are not verifiable. These two as-
sumptions are common in the wage posting literature (e.g., Burdett and Coles, 2003).

Att =1, when firms post a vacancy after the realization of the aggregate productivity
shock, they also post wage, w1s(z). Firms commit to the wage contract; therefore, the offer

is a take-it-or-leave-it offer.

Timing. The timing of the model is described in Figure 1-2. First, incumbent workers
and firms write contracts before the realization of aggregate productivity shock. Then,
after the observing the aggregate productivity, firms post a vacancy. Next, a matching
market opens, and firms and workers meet with each other. Workers either accept or
reject the offer, and production and consumption take place.

1.2.3 Equilibrium Definition

In equilibrium, incumbent firms at date 0 maximize expected profits taking the wage
distribution induced by wage offers by potential new employers at date 1 and the reser-
vation wage of their workers as given, whereas new employers at date 1 maximize ex-
pected profits taking the distribution of wage contracts by incumbent firms at date 0 and

the reservation wages of workers as given.
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Random matching market opens:
« Unemployed meets with prob 1V
« Employed meets with prob AZ

( wage-contracts {w;,(z), wy(z) }

with incumbent workers )
\ t=0 | J r=1

|
| I P

(Firm posts {w)(2), v(2) })

» workers accept or reject the offer
* firms produce, pay wages

° consume

\

Figure 1-2: Timing

Note: Figure 1-2 describes the timing assumption of the model.

Incumbent firms’ optimal contracting problem. Incumbent firms take the new hire
wage distribution, which I denote as Fi5(w), and the meeting probability AL as given.
The incumbent wage contracts of firms with productivity z solves the following problem:

max Y 7(Asz — wos) (1 — AL + AL Fis(wos))
{won,wor } se{hl}

st Y 7 |(1— AEyu(wos) + A / max{(wos), (@) }dFs (@) | > Wo(z)  (12)
se{h,l}

wop > Apb,  wo > Ajb.

where Wy(z) is the promised utility of firm z. The objective function is the expected
profits, taking into account the probability of workers being poached. With probability
1-— /\SE, a worker does not receive an outside offer, and with probability Af , s/he receives
an offer. If the offer is lower than the current wage, wgs, which happens with probability
Fi5(wps), s/he find it optimal to stay with the current firm. Otherwise, the worker leaves
for the new firm. The constraint guarantees the worker’s expected utility, which takes
into account that the wage payments in the new firm, is greater than the predetermined
promised utility. The constraint ws > Asb captures the fact that workers can always quit

and engage in home production, which firms never find it optimal to let happen.

The key trade-off in this contracting problem is insurance versus incentive. Firms
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would like to insure workers as the worker’s utility is concave, but if firms do too much
insurance, firms will not be able to keep workers during good times, while tending to
keep workers during bad times. The optimal wage contract strikes a balance between the
two.

New hire firms’ profit maximization. The new hire firms take the incumbent wage dis-
tribution, which I denote as Fos(w), and the meeting probability Af as given. A firms with
productivity z solves the following profit maximization problem:

zr;nz%i((AsZ - wls))\s{E (x + (1 = x)Fos(w1s) ) vs — ¢s(vs; 2), (1.3)
s.t. wys > Agh

where x = p/(u+ (1 — p) is the share of unemployed. Since firms always find it optimal
to offer at least Asb because z > b for all z, the unemployed always accept an offer. The
remaining fraction 1 — x of workers are already employed, and they accept the offer with
probability Fos(w1s). Again, the constraint w5 > Asb captures the fact that the firms al-
ways find it optimal to offer wages that at least attract the unemployed. The firm chooses
the wage offers and the amount of vacancy to maximize expected profits after observing
the aggregate productivity shock, As.

The equilibrium definition is as follows:

Definition 1. Equilibrium consists of incumbent firms” wage contracts, {wos(z) }, and new hire
firms’ wage offers and vacancy postings, {wns(z), vs(z) }, associated wage distribution { Fos(w), Fis(w) }
and meeting probabilities AL and AT such that (i) given the entrants’ wage distribution Fis and AL,
incumbent wages {wos(z)} solve (1.2), (i) given the incumbents’ wage distribution Fys and AL,
{w1s(2), vs(z) } solve (1.3), and (iii) the wage distribution is consistent with the equilibrium wage

strategies: Fos(w) = ﬁfz:wzwog(z) lo(2)dG(2), Fis(w) = [, 50, (2)(0s(2)/ V5)dG(2); (iv)

M (1, Vs)
T

the meeting probabilities are given by the matching function, \E = ¢ M and AL =

Equilibrium is a fixed point in terms of the wage distribution (and matching probabil-
ities). Each individual firm is infinitesimal and takes the wage distribution of competitors
as an input to their decision problems. The optimization problems give the wage distri-
bution as an outcome, which has to be consistent with the distribution that firms took as

an input.
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1.2.4 Discussion of the main assumptions

The assumption that workers have limited commitment and firms have full commitment
is standard in the literature, which at least goes back to Harris and Holmstrom (1982) or
more recently Lamadon (2016). The justification for this assumption is that firms have
reputation costs of reneging the contract, while workers arguably have much less costs in
doing so.

The assumption on wage posting also deserves some discussion, since it plays im-
portant roles in many of my analyses. Another common approach is to use a sequential
auction protocol as in ?. Perhaps, both wage setting protocols co-exist in a real world,
but existing empirical evidence suggests wage posting is more prevalent. Survey evi-
dence shows two-thirds of workers do not bargain over wages (Hall and Krueger, 2012;
Faberman et al., 2020). Faberman et al. (2020) also document that counter-offers are rather
rare: only 12% of offers that workers receive are countered by their employers. Moreover,
recent evidence by Addario et al. (2020) shows that workers” wages display little depen-
dence on past jobs, contrary to the prediction of sequential auction protocol models, but
this fact is consistent with wage posting models.

Another assumption that I impose is random search, as opposed to directed search
(Moen, 1997; Acemoglu and Shimer, 1999; Menzio and Shi, 2011). Both assumptions are
equally common in the literature, and the reality should lie somewhere in between. It is
thus an important open question to study wage rigidity in an environment with directed
search, which I leave for future work.

1.3 Wage Rigidity and Unemployment Fluctuations

This section studies equilibrium wage rigidity and its consequences for unemployment
fluctuations. Section 1.3.1 describes the solution approach. Section 1.3.2 presents the main
result on wage rigidity, and Sections 1.3.3-1.3.4 study what type of wage rigidity matters

for unemployment fluctuations.

1.3.1 Solution Approach

I first characterize the equilibrium by considering the optimality conditions of firms. The

first order necessary condition associated with incumbent firm’s optimization problem

15Bilal et al. (2019) argue that the recent evidence on worker and firm flows by Bagger et al. (2020) is
consistent with random search but not necessarily with directed search.
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(1.2)is
—(1= A + A7 Fis(wos(2))) + (Asz — wos(2)) A5 Fig (wos(2))

+17(2) [ (1= M) (1005 (2)) + AL g (w0s (2))ud (1005 (2)) | = 0

where 7(z) is the Lagrangian multiplier on the promise-keeping constraint. The first or-

(1.4)

der conditions associated with new hire firm’s optimization problem (1.3) is

(1= x)Fos (w1s(2)) (Asz — wis(2)) = (x + (1 = x) Fos(w1s(2))) =
(Asz —wis(2)As (x + (1= x)Fos(wis(2))) — cl(vs(2); 2)

0 (1.5)
0. (1.6)

In deriving these conditions, I have assumed that the wage distributions, Fo; and Fy, are

differentiable. I will later confirm that that they are as such in my analysis.

Symmetric equilibrium without aggregate risk. Although I have already simplified the
model by focusing two-period model, analyzing the model still poses a challenge. As is
clear from the equilibrium definition, the problem involves multiple infinite dimensional
objects (incumbent and new hire wage distribution, as well as vacancy distribution in
each state). It is intractable not only analytically but even computationally. To the best of
my knowledge, there is no efficient algorithm to solve the model non-linearly because the
equilibrium does not have a convenient property such as contraction mapping.

To overcome the difficulty, I propose a tractable solution approach. I consider a per-
turbation of a particular equilibrium with respect to the aggregate risk. I first focus
on a particular parametrization that features the following properties: (i) zero aggre-
gate risk, A, = A; = A, and (ii) symmetry between incumbent and new hire wages,
wo(z) = wi(z) = w(z), where I dropped the s subscript as two states are the same. These
properties will naturally arise in the steady-state of an infinite horizon setup that I will
study later. For this reason, I call this equilibrium as the steady-state equilibrium.

After imposing (i) and (ii), the new hire firms first-order condition (1.5) becomes

(1= x)Fo(w(z))(Az — w(z)) — (x + (1 = x)Fo(w(z))) = 0. (1.7)

Here F), is well-defined as there cannot be a mass point in the incumbent wage distri-
bution. If there was a mass point, then one of the incumbent or the new hire firms
at the mass point can raise wages by a small amount and discontinuously increase the
profits, which contradicts with the optimality of wage setting. Moreover, w(z) is strictly
increasing because the objective function (1.3) is strictly log-supermodular in (z, w). Be-
cause the wages are monotone, it follows that Fy(z) = Fy(w(z)) = ﬁ [*40(2)dG(z), so
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Fi(z) = F}(w(z))w'(z), where Fy(z) is the employment-weighted productivity distribu-
tion (i.e., the share of workers employed in firms with productivity below z). Using these
expressions, we can rewrite (1.7) as a single ODE:

(1 - x0)F(z)(Az —w(z)) — (x + (1 - x)Fo(z)) w'(z) =0 (1.8)

with the boundary condition w(z) = Ab because the least productive firms can only hire
from a pool of unemployed. The solution is

_ xAb+ (1Y) [y Azdfy(z)
(x+ (1 -x)f(2))

w(z) (1.9)
which corresponds to the employment weighted average productivity level conditional
on productivity below z. As is standard in Burdett and Mortensen (1998) models, firms
exercise monopsony power, w(z) < Az, because of search frictions. Appendix 1.8.1 also
shows that the second-order condition is satisfied.

Given (1.9), the optimal vacancy solves
(Az —w(2))A" (x + (1 - x)F(w(z))) = ¢'(v(2);2). (1.10)

The meeting probabilities are given by

AF = %M(ﬁ, V) AF= gw with V = /v(z)dG(z). (1.11)
Finally, I have to guarantee that the incumbent firms find it optimal to offer w(z). I can
always guarantee this if the promised utility is appropriately chosen and if the promise-
keeping constraint is binding. The promise-keeping constraint is always binding as long
as AF is small enough, which is the case for sufficiently small . Intuitively speaking,
if incumbent firms do not face too tough competition from being poached, they would
like to exercise monopsony power to lower wages as much as they can. Then, one can
appropriately choose Wy(z) so that the incumbent firms need to offer wy(z) = w(z). I

summarize the discussion as follows:

Lemma 1. Suppose A, = A; and the relative search efficiency of the employed, {, is suffi-
ciently small. Then, there exists {Wy(z)} under which the equilibrium wage strategy is sym-
metric between incumbent and new hire firms, wo(z) = w1(z) = w(z). In such an equilibrium,
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{w(z),v(z), A, AE} are given by (1.9), (1.10) and (1.11), and
Wo(z) = (1 — AB)u(w(z)) + AE /max{u(w(z)),u(w(i))}(v(i)/V)dG(Z).

All the proofs are collected in Appendix 1.8. I next turn to the analysis with aggregate
risk by taking a first order perturbation around the above symmetric equilibrium.

1.3.2 Wage Rigidity

I introduce aggregate risk into the economy by assuming A, > A;. I consider a first order
perturbation that is a mean preserving spread around Ay, = A; = A, InA, =InA+dIn A
and InA; = A —dIn A. Ilet variables with hat denote the log deviation from the steady-

state equilibrium, £ = dIn x.

Characterization

The following lemma shows that the responses are symmetric between two states:

Lemma 2. In the presence of small aggregate risk, A > 0, to a first order, the equilibrium is
symmetric between two states: Wy, (z) = —(z) = D1(z), Dop(z) = —Wgi(z) = Wo(2),

Since the equilibrium conditions are smooth with respect to endogenous variables, the
symmetric aggregate productivity shocks induces the symmetric responses. This is useful
because we can reduce the number of unknowns by half.

I turn to characterizing the equilibrium responses to the aggregate shock. I first con-
centrate on the wage responses by assuming vacancies are inelastic. Even in this case,
the equilibrium is potentially very complicated because it is an infinite dimensional fixed
point problem. New hire firms need to form expectation over the entire incumbent wage
distribution and decide where to position their wage rank. Conversely, incumbent firms
need to form expectation about entire new hire wage distribution and decide which wage
offers they would like to block. These expectations need to be consistent with optimiza-
tion behaviors. However, it turns out that the equilibrium solution takes a very simple

form, as the following lemma shows:

Lemma 3. Assume vacancy creation is inelastic, 1 = 0. In the presence of small aggregate risk,
A > 0, to a first order, the equilibrium incumbent wage responses, Wo(z), and new hire wage
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responses, W1(z), solve the following two ODEs:

. o A N wlz) .
(new hire) 1(z) = 01,(z2)A + 010 (2)W0(2) - Gla(z)a(z)wl<(z)) Wy (z2)
N———
competition within a job-ladder rung ~ ~ d
competition between job-ladder rungs
(1.12)
. A, o n A, w(z) Al
(incumbent) Wy (z) = 6pa(z) A + 0w (z) W1 (2) —  Boa(2)a(z) (2) wy(z)
N———
competition within a job-ladder rung ~~ d
competition between job-ladders rungs
(1.13)

with the boundary conditions, @y (z) = A and wy(Z) = @1(2). The coefficient a(z) = (Az —
w(z))/ Az is the wage markdown and the other coefficients are such that 61,(z) > 0, 6p,(z) > 0,
6014(2) + 010 (z) = 1 and 6o,(z) + Oow(z) < 1, with equality if workers are risk-neutral, v = 0,
as shown in Appendix 1.8.3.

The two ODEs come from the log linearization of the first order conditions (1.4) and
(1.5) and are the best response functions of the firms wage settings. Note that the original
best response function of incumbent firm of productivity z depends on Fy, F;,, which in
turn depends on the entire functions of {wi5(Z)}s. The key observation of Lemma 14 is
that to a first-order approximation, the best response of incumbent firm of productivity
z only depends on, wi,(z) and w/,(z), not on the entire function {w,(Z) }z, substantially
reducing the dimensionality. To see this, the first order change in cumulative distribution

function F; (wy(z)) is given by
dFy (wo(z)) = Fi(w(z))w(z) (do(z) — d1(2))
and the first order change in the density function Fj (wo(z)) is given by

w(z)

Al
w(z) !

dF; (wos(2)) = F'(w(2))w(z)@o(z) — (F'(w(z))w(z) + F(w(2))) ®1(z) — F(w(z))

That is, the competition remains always local in response to small shocks. Firms do not
need to form expectations about the wage offers of firms in significantly different job
ladder ranks because they won't affect the labor supply curve. Firms need to only care
about how their local competitors will behave.

The term “competition within a job ladder rung” captures how the competitors with
exactly the same productivity level affect the labor supply. For example, if the new hire

firm with productivity z increases its wages, the incumbent firm with the same produc-
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tivity z is more likely to be poached. The term “competition between job ladder rungs”
captures how the neighboring competitors” wage setting affects the labor supply. For ex-
ample, if the new hire firm with productivity z — dz increases its wages more than those
with productivity z, the incumbent firm with productivity z faces more elastic labor sup-
ply because there would now be a greater mass of marginal competitors.

The coefficients on (1.12) and (1.13) cannot be arbitrary and have theoretical restric-
tions. First, 61,(z) > 0 and 61,(z) + 01, (z) = 1.1° That is, the new hire firms’ problem is
homogenous: if the aggregate productivity increases by 1% and the incumbent firms in-
crease wages by 1%, then it is optimal for them to increase wages just by 1%. In contrast,
60a(z) > 0 and 0y, (z) + Opw(z) < 1 with strict inequality if and only if v > 0. That is, in-
cumbents’ overall wage responses are dampened as long as workers are risk-averse. This
is intuitive. Because incumbent firms have incentives to insure workers, they do not want
to fluctuate wages too much with the aggregate shocks. Moreover, these coefficients can
be expressed as a function of steady-state moments, which have a clear data counterpart.
The new hire firms’ response 01,(z) depends only on wage markdown, «(z), and the elas-
ticity of new hire wage density function, #r, (z). These expressions have a natural counter-
part in pass-through literature in the context of product price-settings (see Burstein and
Gopinath (2014) for a survey). In the context of product price settings, it is well-known
that pass-through of costs to product prices mainly depends on the (i) elasticity of de-
mand function and (ii) super-elasticity of the demand function. Here, a(z) captures the
former, and #r,(z) captures the latter. In addition to wage markdown and the elasticity of
the density function of incumbent firms, the incumbent firms’ response depends also on
the elasticity of workers’ staying probability and the relative risk aversion.

Since the system consists of two ODEs with two unknowns, we need two boundary
conditions. The first boundary condition describes what happens at the bottom of the
job ladder, @;(z) = A. Because unemployed workers’ outside options scale one for one
with the aggregate productivity, the least productive firm, which hires only from a pool
of unemployed, also needs to move wages one for one with the aggregate productivity.
One may wonder why the same boundary condition does not apply for the incumbent
tirms at the bottom, z = z. The reason is that the constraint wg; > Agb strictly binds
because the firm would like to insure workers as much as possible, and hence they are no
longer in the interior solution. Therefore, the bottom boundary of the incumbent firms
is at Wo(z") = lim,|,Wo(z), which is free. The second boundary condition describes the
behavior at the top of the job ladder, Wy(z) = @1(Z). It says that both incumbent and new
hire firms must find it optimal to offer exactly the same wages at the top of the job ladder.

16Second-order condition implies 61,(z) > 0 for all z.
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If one firm at the top offers strictly higher wages then the other at the top, it can strictly
increase profits by slightly lowering wages because it does not affect the labor supply but
yet reduces costs. This extremely strong form of strategic complementarity at the top of

the job ladder is at the heart of the analysis that comes next.

Equilibrium Wage Rigidity

Having characterized the equilibrium wage responses as a system of ODEs, I am ready to
study their properties.

Proposition 1. Assume the elasticity of vacancy creation, 1, is sufficiently small. If workers are
risk-neutral, v = 0, then all wages are flexible, 1 (z) = wo(z) = A for all z. If workers are
risk-averse, v > 0, then all incumbent wages are rigid, Wy(z) < min{A,®;(z)} for all z, and
new hire wages are rigid at the top of the job ladder, W1 (z) < A for z close enough to z.

The proposition states that with risk-neutral workers, wages for both incumbents and
new hires are fully flexible. With risk-averse workers, incumbent wages are rigid. Per-
haps more surprisingly, new hire wages are also rigid, at least toward the higher end of
the job ladder. Let me turn to an explanation for each of the result, assuming : = 0. By
continuity, the results hold if  is small enough. Throughout, I often impose the elastic-
ity of vacancy creation, i, is sufficiently small. This is largely a technical assumption. I
have not encountered any counter-example even with large ;. Moreover, it has been com-
mon to assume relatively small ; in the literature that builds on Burdett and Mortensen
(1998) because as 1 — oo, the firm size distribution becomes too concentrated to the most
productive firm.

As (1.12) and (1.13) consist a system of two ODEs, one can draw a phase diagram to
explain the proposition, as I do in the left panels of Figure 1-3-1-5. Let us start with a case
of risk-neutral workers, v = 0, in the left panel of Figure 1-3. I plot @y (z) on a vertical axis
and @1 (z) on a horizontal axis.!” A particular point (@g(z), @1(z)) in the phase diagram
corresponds to a pair of incumbent and new hire wage responses at job ladder (produc-
tivity) z. If the point lies inside the gray square, it means that both incumbent and new
hire wages respond less than the aggregate productivity, @g(z) < A and @(z) < A, or in
other words, wages are rigid (sticky). In the figure, I draw two lines, each corresponding
to the @) (z) = 0locus and the @/ (z) = 0 locus.

When v = 0, the two lines have to go through a point (A, A). Moreover, the @} (z) = 0

locus needs to have slope greater than one because 61,,(z) < 1, and the w/(z) = 0 locus

17 Although the two lines are generically moving around depending on z, I study the phase diagram as
if the two loci are unchanged for all z. Qualitative properties are unaffected by this consideration, as long
as the coefficients are continuous in z, which is the case here.

32



Phase diagram

Wo(2), W1(2)

Wage response

. W1(2)
A TTTTTTTTTTTTIIIII I T e
Wo(Z)
0 i e z z ¢
Figure 1-3: v =0
Phase diagram Wage response
WO(Z) W(’)(Z) =0 WO(Z)’ 1:{}l(z)
A ~
J A
45° line__.-r""“"’l
j 7=z "AVI(Z)
I
T | 0O
o i wm@  z 7 2

Figure 1-4: v > 0 and 61, > 0

Phase diagram

W) = 0\

45° line

Fiotivre 1_.Re A ~ N anrnA A.

2>

Wage response

Wo(2), w,(2)

.
.
ey
..
----
Py
.
s
Py

— N



needs to have a slope less than one because 6y, (z) < 1. One of the boundary conditions
states that @ (z) = A, so starting from z = z, it has to originate from somewhere in the
vertical line that goes through (A, A). The other boundary condition states that @ (z) =
Wo(2), so the path needs to end up somewhere in the 45° line. Then, it is immediately
clear that the only path that satisfies the two boundary conditions is the one that starts
from (A, A) at z = z and stays there until it reaches z = z. That is, both incumbent and
new hire wages are fully flexible. The wage response for each z is depicted in the right
panel of Figure 1-3. This result is intuitive. With risk-neutral workers, incumbent firms
have no incentive to insure workers, so both incumbent and new hire firms’ problems are
homogenous in aggregate productivity and competitors’ wages. Wages just scales up and
down with the aggregate productivity.

More interesting cases arise when workers are risk averse, v > 0. The left panel of
Figure 1-4 shows the phase diagram with v > 0 and typical parametrization 61,, > 0.
With v > 0, the @(z) = 0 locus uniformly shifts downward compared with v = 0.
With 61, > 0, the @] (z) = 0 locus is upward sloping. A path that satisfy the boundary
conditions are drawn as a black line: it needs to start with @;(z) = A and end up on the
45° line. In this case, since the entire path lies inside the gray square, both incumbent and
new hire wages are rigid. The wage response at each job ladder is drawn in the right panel
of Figure 1-4. Incumbent wages are unresponsive throughout the job ladder. In contrast,
new hire wages become less and less responsive as we look at a higher job ladder rank,
eventually reaching the same rigidity at the top of the job ladder.

However, Figure 1-4 is not the only possibility. Suppose 61, < 0. Then the @W}(z) = 0
locus is negatively sloped, as shown in the left panel of Figure 1-5. In this case, the path
that satisfies boundary condition could be the one depicted as a black line. The right
panel of Figure 1-5 shows the corresponding wage response at each job ladder rank. In
this case, new hire wages respond more than the aggregate productivity at the lower end
of the job ladder, but incumbent wages respond less for the entire job ladder.

The result that incumbent wages are always rigid for v > 0 is not surprising. As firms
have an incentive to insure workers, they respond less than the aggregate productivity.
The reason why new hire wages are also always rigid at the higher end of the job ladder
comes from the strategic complementarity in wage setting. job ladder models feature
a very extreme form of strategic complementarity at the top, z = z: no firm wants to
set wages strictly above the competitor’s one. This strategic complementarity spills over
from the top to lower job ladder ranks. If incumbent and new hire firms at the very top,
z = Z, set exactly the same wages, firms at a slightly lower-rank, z = zZ — dz, also set the

similar wages. The reason why the new hire wages can overshoot at the lower-end of the
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job ladder is as follows. The case 61, < 0 happens when

1 (2) > %ﬁ‘)@

Mg (z) = % is the elasticity of density of wage distributions. This says the elas-
ticity of incumbent wage density function is large enough (but not too large as 61, > 0

requires 77r, (z) < Zfégz) ). Intuitively speaking, when this is the case, the new hire firms

can poach a lot more workers if they increase wages slightly more than the incumbent
tirms. Therefore they have an incentive to become aggressive in making high wage offers
if incumbent wages are not responsive — that is, new hire firms’ wage setting is strategic
substitutes with respect to incumbents’.

It is worth noting that on-the-job search was the key for new hire wages to feature any
kind of rigidity. Without on-the-job search, new hire firms find it optimal to offer outside
options of the unemployed, w15(z) = Asb, so new hire wages are fully flexible, @Wi4(z) =
A. Tt is precisely the competition for employed workers through which incumbent wage

rigidity spills over to new hire wage rigidity.

Relationship to recent evidence on new hire wage rigidity. My result above shows that
the two empirically well grounded assumptions, (i) incumbent wage rigidity and (ii) on-
the-job search, naturally leads to endogenous new hire wage rigidity, especially at the top
of the job ladder. This result provides an explanation for the recently documented empir-
ical evidence. While Haefke et al. (2013) or Kudlyak (2014) originally documented that
new hire wages are substantially more cyclical than incumbent wages, more recent evi-
dence that carefully adjusts for the job compositions (Gertler et al., 2020; Hazell and Taska,
2019; Grigsby et al., 2019) shows that new hire wages are much less cyclical than previ-
ously thought. However, we tend to lack a theoretical understanding of the underlying
mechanisms without imposing ad-hoc constraints on wage setting. My model provides
a natural explanation for this. Although there are some other theories of endogenous
new hire wage rigidity (Menzio and Moen, 2010; Kennan, 2010), a distinguishing feature
of my theory is that it predicts that new hire wages should feature more rigidity at the
higher job ladder rank. Consistently with this prediction, Bloesch and Taska (2019) use
the data from online vacancies to document that posted wages are much less cyclical for

high-wage jobs than low-wage jobs.

Non-strategic incumbent firms. The mechanism that generates endogenous new

hire wage rigidity comes from strategic complementarity in wage setting. It relies on

35



the fact both incumbent firms and new hire firms are acting strategically what wages to
offer workers. If one has a view that the reason why incumbent wages are rigid is be-
cause of the cost of changing wages or other institutional constraints, then it might not be
realistic to think incumbent firms are acting strategically. Here, I will argue that new hire
wages are (asymptotically) rigid even if incumbent firms are non-strategic.

Suppose incumbent firms mechanically fix wages due to some costs of changing wages
or other constraints, @y (z) = 0 for all z.'"® Then, from (1.12), new hire wage responses are
given by

W (z) = 01,(2) A.

The key question here is whether 61,(z) < 1 or not. If 61,(z) < 1, then new hire wages
become rigid whenever incumbent firms cannot adjust wages. The following proposition

shows that this is indeed always the case toward the higher end of the job ladder:

Proposition 1’ (Endogenous wage rigidity with non-strategic incumbent firms). Assume
the distribution of z is such that Z — oo with finite variance. If incumbent firms have exogenously
fixed wages, Wo(z) = 0, then new hire wages are rigid at the top of the job ladder, w1 (z) < A for
z close enough to Zz.

Therefore, regardless of incumbent firms being strategic or not, the job-ladder model
robustly predict that there should be endogenous new hire wage rigidity toward the top
of the job-ladder. However, the underlying mechanism here is distinct from the one with
the strategic incumbent firms. Proposition 1" comes from the fact that very productive
tirms are shielded from competition in the labor market. The degree of competition in
this class of model is determined by the number of neighboring competitors. Since very
productive firms have fewer of them, their monopsony power is high. As firms become
more monopsonistic, their wage offers are increasingly tied to the workers outside op-
tions, wy(z), which is fixed here. That is, their wage offers become disconnected from
the marginal product of labor, and wages are not responsive to aggregate productivity
changes. In fact, I can show

lim 61,(z) =0,

Z—00
which means new hire wages become completely rigid for very productive firms when
incumbent firms fix wages.
The fact that very productive firms are insulated from competition in the labor market
is a common feature of Burdett and Mortensen (1998) models. Recently, Gouin-Bonenfant

(2020) exploits this insight to study the implications for labor shares. I exploit the same

18The argument goes through for any constant C < A with @ (z) = C.
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insight but shed light on the implications for wage rigidity.

1.3.3 Incumbent Wage Rigidity Drives Unemployment Fluctuations

In Section 1.3.2, I have shown the model generates both incumbent and new hire wage
rigidity, but which wage rigidity is important for unemployment fluctuations? Pissarides
(2009) makes a strong argument that only new hire wage rigidity matters for job creation.
In what follows, I challenge his conclusion.

I present two results in sequence:

Proposition 2. Aggregate vacancy, Vs, is a function only of incumbent wage distribution, {wos(z) }.
To a first order approximation, firm-level and aggregate vacancy responses are given by

sy [1—a(z) 2 A F
U(Z) =1 [W(A wo(Z)) + A :| , (1].4)
N L 1—a(z), »
V= T 1= K)IEZ, [ () (A wo(z))} , (1.15)
where k = din M(f,V) is the elasticit th tchi ti ith tt d
= TV y of the matching function with respect to vacancy, an

Eo[x(z)] = [ x(2)(v(z)/V)dG(z) denotes the vacancy-weighted average of a given variable.

The above result shows incumbent wages are sufficient statistics for unemployment
fluctuations. It comes from the fact that since wages of new hires, {w;(z) }, are optimally
chosen, the profit from vacancy positing is not a function of {w;(z) }. Consequently, while
my model delivers new hire wage rigidity endogenously, such rigidity in itself has no con-
sequence on unemployment fluctuations. The following result shows imposing further

rigidity in new hire wages has no consequence either:

Proposition 2’ (Incumbent wage rigidity as sufficient statistic with constrained new
hire wages). Assume new hires wage changes are exogenously given by ;(z) = W{°(z) for

™HEXO

some W§*°(z). To a first order approximation, the firm-level and the aggregate level vacancy re-

sponses are still given by (1.14) and (1.15).

While the result comes from the linearization of (1.6), the proposition is a striking re-
sult. It says that incumbent wage rigidity is the only source of fluctuations in job creation.
Any form of new hire wage rigidity, no matter whether the rigidity is endogenously de-
rived or exogenously imposed, has no consequence on unemployment fluctuations. The
result is precisely the opposite from what the conventional wisdom would suggest.

First, why does incumbent wage rigidity matter for job creation? It is because incum-

bent wage rigidity affects the prospect of poaching. If incumbent wages do not fall when
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the aggregate productivity falls, then incumbent workers are better paid relative to the
overall economic condition. Under this situation, potential new employers have a hard
time attracting incumbent workers. This reduces the return from the posting vacancy, in
turn reducing job creation. Second, why does wage rigidity of new hires not matter for
job creation? It is because of envelope theorem. Without shocks to the aggregate produc-
tivity, new hire firms were optimally setting wages to maximize profits, facing trade-off
between paying higher labor costs and attracting more workers. Therefore, any first order
(non-)response of their wages has no effect on profits from posting a vacancy, and in turn,
on job creation.

The fact that rigidity of incumbents matters is very robust; the fact that it is the only
rigidity that matters, so that new wage rigidity does not matter, is less robust to exten-
sions of the model. It is always the case that a firm is not affected by its own rigidity of the
wage, but there are potentially general equilibrium effects from the wage of others. The
result here is stark because of the two-period assumption. I explore the robustness of the
result in the context of quantitative infinite-horizon model in Section 1.6. Although new
hire wage rigidity matters there, the quantitative magnitudes are small, and I find the in-

cumbent wage rigidity still remains the dominant source of unemployment fluctuations.

Relationship to Pissarides (2009). The fact that incumbent wage rigidity does matter for
job creation comes from the presence of on-the-job search. The fact that new hire wage
rigidity does not matter for job creation comes from the assumption of wage posting.
These two assumptions shape the backbone of Burdett and Mortensen’s (1998) model.
Pissarides (2009) and many others obtained the opposite conclusion because the argu-
ment is based on the DMP model. The DMP model has been popularly used to study
the business cycle dynamics of unemployment due to its tractable nature, but this class of
model assumes wage-bargaining and no on-the-job search.

To clarify the difference, consider an alternative version of my model with two modi-
tications. First, let us assume there is no on-the-job search, { = 0. Second, assume wages
are bargained for instead of posted. Since any wage w;(z) € [Ab, Az| generates positive
gains from trade between unemployed and firms with productivity z, wages can be any-
where in the bargaining set, [Ab, Az|, as in ?. Starting from steady-state value of w1 (z),
suppose the wage responses are given by @;(z) . The rest of the models are unchanged.

Appendix 1.8.7 shows that with these assumptions, to a first order, the firm-level va-

cancy response is given by

— (A —n(2))+ AT, (1.16)



and the aggregate level response is

N L 1—a(z) A — @
V= B | A @) (1.17)

These expressions echo Pissarides (2009) that new hire wages are the only source of
fluctuations in job creation. Equation (1.17) is also a version of Ljungqvist and Sargent’s
(2017) formula incorporating firm heterogeneity and the finite elasticity of vacancy cre-
ation. By comparing (1.17) with (1.15), one again sees the striking contrast between the
two. The two expressions only differ in terms of whether it is new hire or incumbent
wages that enter the job creation equation. Expression (1.17) does not depend on incum-
bent wages because by abstracting from on-the-job search, it mechanically shuts down
any interaction between incumbent workers and labor market dynamics. Expression
(1.17) does depend on new hire wages because firms are not optimizing what wages to
offer. With wage-bargaining, firms would prefer to pay as low of wages as possible so
long as workers accept the job. This implies that new hire wage rigidity does have a first
order effect.

Given that a different set of assumptions deliver strikingly different implications of
wage rigidity, the natural question to ask is which assumptions are empirically relevant.
The prevalence of on-the-job search is hard to deny. As mentioned in the introduction, 40-
50% of new hires are employer-to-employer transitions. The assumption of wage posting
is more controversial, but as discussed in Section 1.2.2, the available evidence is more

supportive of wage posting than wage bargaining.

Employer-to-Employer (EE) transition rates. Equation (1.15) immediately implies that
the UE (unemployment to employment) transition rate is unaffected by new hire wage

rigidity because log-deviation in the UE rate is simply

o~ A

UE = AY = «V.

In contrast, the EE transition rate is affected by the new hire wage rigidity. The EE rate is

defined as
PE = AE [ (1 - Fig(wons(2)) to(2)dG(2)

because workers employed in firm z move to new employers whenever they receive bet-
ter wage offers, which happens with probability 1 — Fjs(wos(z)). The log deviation in the
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EE rate is

EE = A—E / F(wo(2))w(2) [@1(2) — @o(2)] £o(2)dG(2) + (terms unrelated to @ (2))
(1.18)

This expression implies that relative rigidity in incumbent and new hire wages matter for
the EE rate, and the EE rate responds more when new hire wages are more flexible rela-
tive to incumbent wages. Intuitively speaking, when new hire wages respond more than
the incumbent wages, new hire firms can poach more workers. In fact, a firm poaches
workers from other firms with higher productivity, causing a misallocation of workers.
Therefore, although new hire wage rigidity is irrelevant to the UE rate, it matters a lot for
the EE rate.

Since W1 (z) > wp(z) in equilibrium as we saw in Proposition 1, equation (1.18) im-
plies that EE rate is strongly amplified relative to the case with flexible wages, W1 (z) =
Wo(z) = A. This is consistent with the evidence documented in Haltiwanger et al. (2018).
They show that the firm wage ladder is strongly procyclical, meaning the number of
workers who climb up the job-ladder collapses in recessions.!” My theory provides a

natural explanation of this.

Beyond First Order Approximation

Non-optimizing new hire wages in the steady-state. The reason why new hire wage
rigidity does not affect job creation is because of the envelope theorem. Then, it is natural
to think that if new hire wages are not optimized in the steady-state, they start to matter
for unemployment fluctuations. I will show that although new hire wages matter, the way
it matters is more subtle than one may think. Holding the incumbent wage distribution
the same as (1.9), suppose the new hire wage distribution in the steady-state equilibrium
is given by w} (z) # w(z). Let

(1 - F (wi(z)wi(z)  wi(z)
(x+ (1= x)F(wi(z))) Az—wi(z)

T (Z) =

denote the wedge of the optimality condition for the wage setting of new hire firms. I
consider a small deviation of w} (z) from w(z) so that 7y (z) < 0if w}(z) > w(z), T1(z) =0
if w}(z) = w(z), and 11(z) > 0if wi(z) < w(z). Let ¥} (z) = Inwys(z) — Inw](z) denote

the arbitrary constraint on new hire wage setting expressed as a log-deviation from the

Gee also Barlevy (2002), Mukoyama (2014), and Nakamura et al. (2019) for related evidence.
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non-optimized ones. Linearizing the optimality condition for vacancy creation gives

1—a(z)
a(z)

This expression immediately tells us new hire wage rigidity now matters for unemploy-

o(z) =1 |AF + (A—o(z)) +Tu(z)d|.

ment fluctuations. Suppose A > 0. The more rigidity in new hire wages (lower ®/)
implies amplification of job creation if 71 (z) < 0, but it implies dampening of job creation
if 1(z) > 0. Intuitively speaking, when the initial wage is located in the increasing part
of the profit function, the fact that wages cannot increase will decrease the profit from
the vacancy posting. This dampens job creation in response to the positive shock to the
aggregate productivity. In contrast, when the initial wage is located in a decreasing part
of the profit function, job creation is amplified. Therefore, whether new hire wage rigidity

amplifies unemployment fluctuation or not is generally ambiguous.

Second-order approximation. Another consideration is to study higher-order effects.
Applying the second-order approximation to the optimality condition for vacancy cre-

ation at the firm-level, one can write

d*logo(z) y d*log w1 (z) y dlogwy(z) dlogw1(z)
dlogA2 ' dlog A2 >“dlogA  dlogA

+ (terms unrelated to dlog—wl(z))

dlog A

where vy = 20 2(1 - a(z)) - a(2)7pr (2)] < Oand vy = K E) fyp () — UoaEl

a(z)? a(z) a(z)
Not surprisingly, new hire wage rigidity has a second-order effect on job creation, but

does new hire wage rigidity amplify job creation? Not necessarily. The first term implies
dlogwi(z)

that relative to the case without rigidity, ~dlogA > 0, if we impose rigid new hire wages,
dldoi(’ro—z&(z) = 0, fluctuation in job creation is amplified in response to a negative shock, but

it is dampened in response to a positive shock. The sign of the second term is generally
ambiguous. Therefore, incorporating new hire wage rigidity in this environment does

not necessarily amplify job creation, even to a second-order.

1.3.4 Firm Insurance Drives Unemployment Fluctuations

In Section 1.3.3, I studied the implications of an arbitrary form of wage rigidity on vacancy
creation, but I also showed that in Section 1.3.2, my model endogenously generates wage
rigidity as an equilibrium outcome. Now, I connect the two to study the unemployment
fluctuations arising from equilibrium wage rigidity. Extending Lemma 14, the first order

equilibrium responses with endogenous vacancy creation {1 (z), @(z), 9(z), V,AE, AF}
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is the log change of the cumulative amount of vacancies, 0, ,(z) = ¢ AEE(w(2)

share of workers who meet with other firms and are poached, and similarly 0, ,(z) =
AEF(w)

1-AE+AEF (w) N

boundary conditions remain the same: @1 (z) = A and @Wy(2) = D1(2).

is the share of workers who meet with other firms but reject the offer. The

Compared with Lemma 14, the vacancy responses enter into the best response func-
tion of incumbent wage settings. For example, if there is a positive response of aggregate
vacancy, AE > 0, all else equal, incumbent firms have the incentive to raise wages to
prevent workers from leaving.

The following proposition provides a useful starting point in studying the role of firm

insurance in unemployment fluctuations:
Proposition 3. If workers are risk-neutral, oy = 0O, there is no unemployment fluctuation.

As we move to risk-averse workers, v > 0, the economy exhibits unemployment fluc-
tuation, V > 0. Furthermore, one can show that the maximum unemployment fluctuation

occurs in the limit where workers are infinitely risk-averse, y — co:

LA L 1—a(z)] 4
%%Vél—ﬂ(l—x)]Ev[ a(z) }A>O'

Figure 1-6 illustrates the result by plotting wages (left-top), vacancy (right-top), the
UE rate (left-bottom) and the EE rates (right-bottom) against the relative risk aversion,
7. First, the model generates no unemployment fluctuations with risk-neutral workers,
v = 0. As we have already seen, with risk-neutrality, incumbent wages move one for one
with the aggregate productivity. Since the cost of vacancy also scales with the aggregate
productivity, the profitability from a vacancy posting is unchanged.”’ This serves as a

20The same benchmark case appears in Blanchard and Gali (2010) and Kehoe et al. (2019).
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Figure 1-6: Workers’ risk aversion and wage and unemployment fluctuations

Note: The figure shows a numerical example of the responses to a 1% aggregate productivity
shock for each value of . All the reported values are log deviations from the steady-state. The
parameter values are y = 0.06,{ = 0.2, M(fi, V) = il *V*,x = 0.6,1 = 1,b = 1,6(z) = z5,¢ =
10,G(z) =1—z"%,a =5.

useful benchmark. As soon as we move away from risk-neutral workers, incumbent firms
start to insure workers, which generate incumbent wage rigidity. This rigidity tends to
spill over to new hire wages, as depicted in the left-top panel of Figure 1-6. Because
we have already seen that the incumbent wage rigidity drives the fluctuation in vacancy
creation, the response of vacancy increases with 7 (the right-top panel of Figure 1-6),
reaching the limit described in the proposition as y — co. Moreover, the model predicts
the EE rate to substantially respond more than the UE rate because the fact that new hire
wages respond more than the incumbent wages make poaching easier, as we have already
discussed.

The fact that firm insurance solely drives unemployment fluctuation is in stark con-
trast to the arguments made in Barro (1977) and Rudanko (2009). Both papers point out
that long-term contracts between firms and workers do not contribute to unemployment
fluctuations. Here, on-the-job search was crucial to reach the opposite conclusion. The

following proposition formally illustrates the importance of on-the-job search:
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Proposition 4. If there is no on-the-job search, { = 0, there is no unemployment fluctuation.

Abstracting from on-the-job search shuts down any interaction between incumbent
wages and labor market dynamics. Since the hiring pool only consists of unemployed
and their outside option scales with the aggregate productivity, the return from vacancy
posting is invariant to the aggregate productivity. In this case, as explained in Rudanko
(2009) and Pissarides (2009), the incentive to create jobs is disconnected from the incum-
bent wage rigidity, no matter how rigid they are.

It is worth emphasizing wage rigidity and unemployment fluctuation in my model
solely come from optimal contracting problems between firms and workers. The theory
differs from existing models of wage rigidly and unemployment fluctuations in the fol-
lowing two senses: First, it does not rely on any unexplained inefficiencies such as the
ad-hoc cost of changing wages, and, thus, immune to Barro’s (1977) critique that wage
rigidity should not interfere with mutually beneficial contracts. Second, it does not rely
on an arbitrary choice of the wage setting rule in the bargaining set (?). The degree of
wage rigidity and unemployment fluctuations in my model are disciplined by the struc-
tural parameters, such as workers’ risk aversion. In contrast, models of wage rigidity in
DMP tradition lack such discipline, so they cannot speak to the questions of how wage

rigidity changes with counterfactual policies, for example.

1.4 Extensions: Internal Firm Fairness and Public Insur-

ance

Building on the insights that I derived in Section 1.3, I consider two comparative statics
in the model. The first exercise studies the effect of imposing fairness constraint within a
tirm. which prevents firms to discriminate incumbent workers and new hires. The second

exercise considers the effect of public insurance.

1.4.1 Fairness Constraints Dampen Unemployment Fluctuations

In the baseline model, I have assumed that incumbent wages and new hire wages can be
set separately in an unconstrained manner. However, in practice, if incumbent workers
and new hires belong to the same firm, it might be difficult to discriminate wages due

to fairness concerns.?! It is often argued that such a constraint amplifies unemployment

2lThe presence of such social norms are documented empirically (Card et al., 2012; Breza et al., 2018;
Dube et al., 2019).
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fluctuations by making new hire wages more rigid. This idea at least goes back to Be-
wley (1999), and has been formalized later in several papers (Snell and Thomas, 2010;
Rudanko, 2019; Menzio, 2004; Gertler and Trigari, 2009).22 Because conventional wisdom
says that new hire wage rigidity is the source of amplification, it is natural to expect that
any constraint that prevents the flexible adjustment of new hire wages would amplify un-
employment fluctuations. However, I will argue that these implications are reversed in
my model. The key idea is that fairness constraints make new hire wages more rigid, but
incumbent wages more flexible. As incumbent wage rigidity is the source of amplification
in my model, the constraint dampens unemployment fluctuations.

I assume that that the boundary of firms are such that each productivity z corresponds
to a single firm.?> Then, I impose that the firms cannot discriminate new hire wages and
incumbent wages due to fairness concerns or other social norms, wos(z) = w1s(z). Each

tirm z solves the following problem:

max Y 7T {(Asz — wos) (1 — AE 4+ AFF (w0s)) o (2)

Wos,W1s,Vs Se{h l}

+ )\fvs()( + (1 - X)FOS(wls))(ASZ - wls) - Cs(Us}Z)}

s.t. Y, m {(1 — AB)u(wps) +/\f/max{u(wOS),u(w)}dFls(w)} > Wo(z),
sse{h,l}

wps > Asb,  wys > Ash,

Wos = W1s.

Therefore, firms maximize the weighted average of profits from new hires (the first term)
and incumbents (the second term) while delivering the promised utility to incumbent
workers. I again consider a perturbation around the same symmetric steady-state equi-
librium, as in Lemma 1.In this steady-state, the fairness constraint, wos(z) = wis(z), is not
binding because incumbent workers and new hires are offered the same wages anyway.
The steady state wage distribution is given by (1.9), which is monotone in z.

With shocks, the constraint is binding because incumbent and new hire firms now
face different incentives to set wages. Let ws(z) = wos(z) = wi5(z) denote the firm-level

wages, and let @(z) denote their log-deviation from the steady-state.. The first-order

22Besides the business cycle literature, it has been common to impose fairness (equal treatment) con-
straints in wage posting models since Burdett and Mortensen (1998).
230r one can think that all firms with the same productivity are symmetric.
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condition with respect to ws(z) under the binding fairness constraint is given by

—(1 = AF+ AER (0(2)))00(2) + (Asz — ws(2) AL (ws(2) o (2)
+17(2) [(1 = ADyu (w,(2)) + AE i (s (2)) ' (w4(2)) | €ol2)
+(1 = X Fhs (w5(2)) (Asz = ws(2))ALos(2) — (x + (1= 1) Fos(ws(2))) Afvs(z) = 0.

The first order condition with respect to vacancy creation, vs(z), remains the same (1.6).

Log-linearizing these first-order conditions, first order equilibrium responses, {®(z),(z), V,

solve

W(z) =057 (z)d1In As — 6, (z)a(z) @ (z) + 027 (z) p(z)a(z) {1 — 0 ,(z) } A

A

+ 96[’(2)90(2) w(2)0),(2) (V(z) = V) + 62 (2) p(2)a(z) (0(z) = V),

“(Z) A — (2 AF
) (A (z))+ AT,

AF = (k=1)V,AE = «V,and V = { [0(2)d(z)dG

0(z) =

(z) with the boundary condition

eq _ AEE (w(z))fol2)
(z) = A, where 6;'(2) = T and 9(2) = SRR e FERREGE

As one might expect, with fairness constraints, the best responses are the weighted

average of the best responses of (1.12) and (1.13) after imposing @y(z) = @1(z). The

following result is immediate:

Proposition 5. Assume the elasticity of vacancy creation, 1, is sufficiently small. Fairness con-
straints raise the flexibility of incumbent wages at the bottom of the job-ladder, W(z) > Wy (z) for

z close enough to z.

The result says near the bottom of the job ladder, incumbent wages become more
flexible, which comes from the boundary condition at the bottom. This is intuitive, as
incumbent wages not only serve as insurance but also need to attract new workers. While
I cannot prove that this holds globally, the wage rigidity at the bottom of the job ladder
plays a dominant role for unemployment fluctuations. This is because low-productivity
firms have a low surplus (low «(z)), so their vacancies are particularly more sensitive to
wage rigidity (see equation (1.16)).

Figure 1-7 shows a numerical example of how incorporating fairness constraints af-
tects labor market fluctuations. The left top panel shows the responses of wages. As one
would expect, the fairness constraint increases the flexibility of incumbent wages, and
reduces new hire wage flexibility for most of the range of . Because incumbent wage

rigidity is the sole driver of vacancy fluctuations, the fairness constraints dampen the va-
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Figure 1-7: The impact of fairness constraints on labor market fluctuations

Note: The figure shows a numerical example of the responses to a 1% aggregate productivity
shock for each value of . All the reported values are log deviations from the steady-state. The
parameter values are the same as Figure 1-6.

cancy response, as the right top panel shows. This is in stark contrast to conventional
wisdom. The bottom two panels show the effect on the EE and the UE rates. Notably,
fairness constraint dampens the EE responses much more than the UE response. This
comes from the fact that with fairness constraints, the term highlighted in (1.18) is zero.
Because wages are strictly increasing in productivity z, workers always flow from less
productive firms to more productive firms. Therefore, in contrast to the case without

fairness constraints, there is no cyclical misallocation.

1.4.2 Government-provided Insurance Dampens Unemployment Fluc-

tuations

The source of unemployment fluctuations in my model comes from firm insurance. What
if the government could also provide insurance to workers? Suppose the government im-

poses lump-sum taxes/transfers, Ts, in state s to all workers (including the unemployed),
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financed via a lump-sum tax from entrepreneurs. Under this assumption, the only modi-

fication is the promise-keeping constraint of incumbent firms:

2 s [(1— Af)u(wOS + Ts) + )\SE /max{u(wOS + Ts), u(® + Ts) }dFi5(@) | > Wp(z).
sse{h,l}

Because income taxes are unconditional, workers’ job mobility decisions are not affected.
The transfers are revenue-neutral in expectation, ) 71sTs = 0. I assume that in a steady-
state, T = 0, and dT} = —dT, = dT > 0 under small aggregate risk. This means the
government transfers money in recessions and taxes in booms. The linearized best re-

sponse of incumbent firms now become

public insurance effect (> 0)

la ™~

1 A
o T +00w(2)W1(2) — 6o (Z)“(Z)w'(z)

+ 00a(2)a(z) {1 = 6 p(2) } A + 60a(2)a(2)6 1 (2) (V(z) = V) + boa(2)a(2) (0(z) — V),

Wo(z) = 00a(2) A + Ywa(2)004(2) wy(z)  (1.20)

where wy(z) > 0 is defined in Appendix 1.8.3. All the other equilibrium conditions are
unchanged.
The following result is immediate:

Proposition 6. If workers are risk-neutral, v = 0, public insurance has no effect on equilibrium.

Moving to the case wth risk-averse workers, v > 0, we can see from equation (1.20)
that, holding everything else constant, public insurance makes incumbent wages more
flexible. The intuition is that firms now do not need to provide insurance as much as
before because the government partially substitutes for it. If incumbent wages become
more flexible, this dampens unemployment fluctuations. Figure 1-8 shows a numerical
example by making a comparison with and without government insurance. I set dT =
0.2. The left panel confirms that incumbent wages become more flexible with government
insurance. The middle panel shows that through strategic complementarity, the public
insurance also increases the flexibility of new hire wages. Finally, the right panel shows
that the fluctuations in vacancy creation are dampened.

While it is an incentive for firms to provide insurance to incumbent workers which
drives unemployment fluctuations, providing more insurance to all workers reduces un-
employment fluctuations. The crucial market failure in my model is that workers are
allowed to write contracts only with their current employers. If they could write contracts
with potential new hire firms, which is in principle what the government is trying do

here, the unemployment fluctuations would disappear. Note that if private agents do not
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Figure 1-8: Labor market response with and without government insurance

Note: Figure 1-8 shows a numerical example of the responses to a 1% aggregate productivity
shock for each value of . All the reported values are log-deviation from the steady-state. The
cyclicality of the transfer is set to dT = 0.2. The remaining parameter values are the same as
Figure 1-6.

anticipate that the government-provided insurance, there is no effect on unemployment
fluctuations. Any ex-post tax on labor income that is imposed after the realization of ag-
gregate productivity does not affect the firm’s nor the worker’s behavior. Therefore, it
is precisely the ex-ante role of public insurance that crowds out firm insurance, which in
turn reduce unemployment volatility.

In an extreme case where the transfer is allowed to depend on employer’s identity,
it is possible for the government to completely eliminate unemployment fluctuations.
Letting dT(z) denote the transfer to workers employed in a firm with productivity z,

suppose dT(z) = m(l — 004(2) — B0w(z)) A. Then, it is straightforward to see

the equilibrium features complete wage flexibility and no unemployment fluctuations.
While it is not realistic to implement such an intervention, the result undermines the role
of public insurance in stabilizing the labor market fluctuations.
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1.5 Inefficiencies: Steady States and Response to Shocks

So far, we have focused on the positive implications of the model. What are the norma-
tive implications? I first ask whether the steady-state equilibrium is efficient or not. Then,
I study whether equilibrium responses to the aggregate shock is efficient. The spirit of
exercise is to consider whether a small perturbation of the equilibrium achieves Pareto
improvement or not. If it does, it implies the equilibrium is constrained inefficient. Al-
though a more satisfactory and interesting analysis is to derive the optimal policy, I leave

this for the future followup work.

1.5.1 Steady-state Inefficiencies

Let us start from the welfare properties of the steady-state equilibrium. While Gautier
et al. (2010) and Cai (2020) study the efficiency property of the Burnett-Mortensen model
with risk-neutral workers, to the best of my knowledge, the efficiency property with risk-
averse workers has not been studied before. I consider a planner who can directly inter-
vene to perturb (i) the wage offers; (ii) the amount of vacancies; and (iii) unemployment
benefit, {dwy(z), dw;(z),6v(z),6b}, where dx denotes the marginal changes in x. I assume

the unemployment benefit is financed via a lump-sum tax on firms.

Inefficient wage offers. First, fixing 6v(z) = 0, consider a small reduction in new hire
firm’s wage, dw;(z) < 0, for some z, combined with {dwy(z), b}, which would leave
workers indifferent. This exercise is meant to isolate whether the wage offers in equilib-
rium is efficient or not by shutting down the vacancy margin. Can such an intervention
improve welfare? The following proposition shows the answer is yes if workers are risk-

averse:

Proposition 7. Consider the steady-state equilibrium. For any z, there exists a feasible perturba-
tion featuring the same amount of vacancies at all firms, but strictly lower wages for new hires at
firm z, dw1(z) < 0, that yield a Pareto improvement if and only if workers are strictly risk-averse,
v > 0.

Therefore, potential new employers make too aggressive wage offers, which is more
true for more productive firms. In what follows, I sketch the proof. As workers have to
be indifferent, the perturbation must satisfy

((1 —AE) 4+ AEPl(w(Z))> i (w(2))dwo (2) + I(z > 2)AEW (w(z2)) (v(z2)/ V) g(2)dw: (z) = 0
(1 — AU (Ab)Asb + AU (w(z2)) (v(z) /V)g(z)dwq (z) = 0
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for all Z € [z, z]. The question is whether such perturbation can raise the net total surplus
(total firms’ profits), which is given by

F= [ [(Az = wo(2))(1 = AT + APy (wo(2)))0(2) | 4G(2)
+ [ [o@AF G+ (1= 0 Fo(w1(2))(Az = 1(2) - c(0(2);2) | AG(2) + (1 — AY) Ab

where F(w) = x + (1 — x)Fy(w). As long as workers are strictly risk-averse, 7 > 0, the

answer is yes:

AF = —v(z)AF [x (1 - %) +(1-y) / (1 _ #(w(z) ) fo(2) dG(Z)] 9(2)6w ()

>0

where the last inequality follows from éw;(z) > 0 and u” < 0. This implies that we
can Pareto improve welfare by forcing a new hire firm to slightly lower the wage offer.
The reason is that potential new employers do not internalize their contribution to the
idiosyncratic income risks. If potential new employers lower wage offers, workers’ con-
sumption dispersion goes down, and it becomes cheaper for incumbent firms to deliver
the promised utility if the utility function is concave. Of course, such an intervention po-
tentially creates a form of misallocation because workers now accept an offer from less
productive firms. However, as there is no misallocation in the steady-state, such consid-
eration has no first order effect on welfare and only has a second-order effect. Moreover,
we see that the term inside parenthesis is strictly increasing in z, which means that the
externality is greater for more productive firms. The reason is that, because workers only
accept a better wage offer, the contribution to the income risk is greater for high-paying
productive firms.

Inefficient vacancy creation. Next, I ask whether the vacancy creation is efficient or
not. To focus on vacancy margin, I fix 6w (z) = 0. Then, I consider a perturbation év(z),
{0wy(2)} and b that leave workers indifferent and see whether such a perturbation can

raise the total net surplus. The following expression characterizes the effect of such per-
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turbation on the total net surplus:

idiosyncratic income risk externality (< 0)

dF = AF / ; (”(w(i),z;(;‘)(;" @) _ 1z - w(Z)]) dP(2) 60(2)

)
+= D [ [ Az = 00) - @) - wie)) + L SEEN ap) 2D ac g ) s0ta),

~
congestion externality (< 0)

(1.21)
where ¥ = ‘fjlﬂl/\‘;t is the elasticity of matching function with respect to vacancy, and

P(z) = xI(z > z2)+ (1—x) [* ﬁfo(i)dG(f) is the search-efficiency weighted cumu-

lative employment distribution (including unemployed).

The expression shows that the welfare effect of reducing the vacancy of a particular
firm z can be decomposed into two (generically) non-zero terms. The first term, which I
label as idiosyncratic income risk externality, captures that firms do not internalize their
contribution to the worker’s income risk when they create jobs. One can immediately
see that if workers are risk-neutral, this term is zero. With risk-averse workers, this term
is negative because more job creation increases the workers upward income risk, which
makes it costlier for incumbent firms to deliver the promised utility. Welfare can be im-
proved if the planner forces firms to reduce job creation. Moreover, the absolute size of
this term is increasing in z because they contributed the most to enlarging workers’ con-
sumption dispersion. This implies productive firms tend to be too large relative to the
social optimum. In contrast to this, many theories predict productive firms are too small
compared with the social optimum. Under search and matching frictions, Acemoglu
(2001) shows that unproductive firms create too many jobs relative to productive ones
because they do not internalize that they crowd out more productive matches. Golosov,
Maziero, and Menzio (2013) show also in the context of a frictional labor market that too
few workers seek jobs in productive firms because of search risk. Under an oligopsonistic
labor market, productive firms hire too few workers (e.g., Berger et al., 2019) due to labor

market power.

The second term, which I label the congestion externality, is relatively more standard
(Gautier et al., 2010; Cai, 2020). This term is zero when the elasticity of the matching
function with respect to vacancy is one, k = 1. Since the wage posting model can be
interpreted as firms having all the bargaining power, this condition is analogous to Ho-
510s"(1990) condition. As we move toward x < 1, this term becomes negative. Firms do
not internalize that their job creation will congest the market and lower meeting proba-

bilities of other firms. Welfare can be improved by reducing job creation. Notably, this
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term does not depend on z, so the externality is the same for all firms.

I summarize the above discussion as follows:

Proposition 8. Consider the steady-state equilibrium. For any z, there exists a feasible per-
turbation featuring the same new hire wages at all firms, but strictly lower vacancies at firm z,
0v(z) < 0, that yield a Pareto improvement if and only if workers are risk-averse, v > 0, or Ho-
sios condition fails, xk < 1. Furthermore, for a given change in vacancies dv, the change in social
surplus is increasing with the productivity of firm z.

1.5.2 Inefficient Wage Flexibility under Aggregate Risk

So far, I have focused on the efficiency in the steady-state. The natural next question is
whether the equilibrium response to aggregate shocks is efficient or not. In particular,
are wages too flexible or too rigid in equilibrium? Because wage rigidity in my model is
tully micro-founded as an optimal contracting problems, these questions are well defined.
This is in contrast to many existing models of wage rigidity, in which rigidity is imposed

exogenously.

Inefficient new hire wage flexibility. I consider a planner who can directly intervene to
perturb new hire wages in each state, but cannot control vacancies. Let me first concen-
trate on the efficiency of new hire wage settings by imposing dwy, (z) = dw;(z) = 0 for all
z. Take a particular firm z; in each state s, and consider a perturbation, dwqj(zs), dwy;(zs).
For such a perturbation to leave workers indifferent, they must satisfy

Hwon(®) < wan(zr) A (o (z) () 2 g )

OUs (Zl)
Vi

(1.22)
+(wor (2) < wry(zp))ATu (way(z1))dwey (z1)

g(z1) =0

for all Z. Note that (1.22) implies that unemployed workers are also left indifferent, be-
cause AY = ZAY. T focus on the non-trivial case with wy,(2) < wy,(z;) and wg (2) <
wq;(z;) for all Z. This implies that there exists Z such that wg, (2) = wy;,(z;,) and wy(2) =
w1;(z;). Since we have already learned that the vacancies are unaffected by any small
movement in new hire wages, so a term that involve dvs(z) does not show up in the

above expression. The question is whether such perturbation can raise the expected net

53



total surplus, which is given by
F= ¥ [ [ =0 ()0 - 2% + A2 (o) 0(2)] 602
s=Ih

+/ /\F X + (1 - X)Fﬂ(wls(z)))(AsZ - wls(z)) - CS(U(Z);Z):| dG(Z) + “l/l(l - /\y)Asb}-

The changes in net surplus can be computed as

misallocation

/N

dF = rz [As (Zs - Z) /\EF{s(wls(Zs))EO(z)} &Uls(zs)
s=ILh

+ [t 22 [ oo@ac)| (S - 1) Utgtapoon(a.

u' (wop(2))

aggregate risk-sharing

The first term, which I labeled the misallocation, comes from the fact that there is cyclical
misallocation in my model. As we have seen in Proposition 14, if workers are risk-averse,
incumbent firms” wages respond less than the potential new employers with the same
productivity. Therefore, workers can flow toward a less productive firm in booms, and
reject the offer from a more productive firms in recessions. That is, z; — Z is negative for
s = h and positive for s = [. If the planner forces potential new employers to respond
less to the aggregate productivity, this will alleviate the misallocation. The second term,
which I'labeled the aggregate income risk-sharing, comes from the fact that potential new
employers do not internalize their contribution to the aggregate income risk. As is the
case with idiosyncratic income risk externality, if the planner could force potential new
employers to be less aggressive, this would alleviate the limited commitment friction of
the contract between incumbent firms and workers. As long as u is strictly concave, this
term is positive for éwyy(z,) < 0 and dwq;(z;) > 0. This leads me to conclude:

Proposition 9. Consider the equilibrium with aggregate risk. Assume the elasticity of vacancy
creation, 1, is sufficiently small. There exists a perturbation featuring lower new hire wages in some
firms in the high state, dwyy,(z),) < 0, and higher new higher wages in the low state, wy;(z;) > 0,
that yields a Pareto improvement if and only if workers are risk averse, v > 0.

That is, the new hire wages are too flexible in equilibrium. Despite my model gen-
erates endogenous new hire wage rigidity, the planner improves the welfare by making
new hire wages even more rigid. We have seen that more new hire wage rigidity has no

consequence for unemployment fluctuations, but it still improves welfare.
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Incumbent wage flexibility. Although it is of great interest to understand whether in-
cumbent wages are too rigid or too flexible in equilibrium, I can only analytically study
this for a special case. The complication arises in taking into account endogenous re-
sponses of job creation associated with the changes in incumbent wages. When vacancies
are inelastic, : — 0, I can shut off this channel. Appendix 1.9 shows that incumbent wages
are also too flexible in equilibrium. Intuitively speaking, incumbent firms move around
wages with aggregate productivity in order to block poaching from potential new em-
ployers. However, such competition is business stealing. If firms could collectively focus

on insuring workers, this would raise the welfare.

1.6 Quantitative Exploration

To quantity the mechanisms, I extend the previous two-period model to a infinite horizon
model in continuous time. I first describe the environment where there is no aggregate

shock and consider the one-time unanticipated aggregate shock.

1.6.1 From Two-period to Infinite Horizon

Preferences and technology. The economy is populated by a mass of workers and a

mass of entrepreneurs. Workers are risk-averse with preferences

WO:/ e_ptu(cwt)dt,
0

-

where u(c) = —

as before, and entrepreneurs are risk neutral,

o
/ e Pleydt.
0

The flow value of the unemployed is Ab, where A is the aggregate productivity. Firms
operate the linear production technology, v = Azl, and z is the firm’s permanent produc-
tivity distributed according to the cumulative density function G(z).

Unemployed and employed workers meet with a firm with Poisson intensity A and
AF = AU, respectively. Employed workers exogenously separate with firms with Pois-
son intensity ¢. Similarly to Moscarini and Postel-Vinay (2016a) and Gertler et al. (2020), I
also introduce reallocation shock with intensity 2. When hit by the reallocation shock, the
worker is forced to move to another firm with the same productivity and inherits the same

wage contracts. This is meant to capture the fact that not all job-to-job transitions are for
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climbing up the job ladders and appear for various other reasons (e.g. spousal moving).
This assumption is not solely for realism. Without reallocation shock, the employer-to-
employer transition rate observed in the data implies that firms face strong competition
with each other. This makes it difficult to match the observed degree of wage cyclicality
in the data.

Firms post a vacancy with convex cost, Ac(v; z), which scales with the aggregate labor
productivity, as before. This assumption ensures balanced growth, in which the perma-
nent changes in the aggregate productivity, A, leave the long-run unemployment rate
unchanged. Each vacancy meets with a worker with intensity Af. As before, among the

workers firms meet with, fraction x; = is unemployed and the remaining frac-

Mt
e+ (T—pe)
tion 1 — x; is employed. The total number of meetings between firms and workers is

given by a CRS matching technology M (fit, V).

Contracts and markets. Firms compete for workers by posting wage contracts, w. I as-
sume a wage contract can only depend on labor productivity, Az, and thus excluding
the possibility of wage-tenure contracts studied in Burdett and Coles (2003). In principle,
tirms would like to make wages contingent on tenure to backload the incentives. Al-
though studying such full dynamic contracts would be interesting, I believe such consid-
eration is largely orthogonal to my focus: aggregate risk sharing.?* Moreover, Burdett and
Coles (2010) show that wage-tenure contracts with heterogenous firms massively compli-
cates the analysis. For example, the equilibrium wage distribution need not necessarily
be smooth.

The contract specifics the utility that firms deliver to workers at each point in time
rather than the path of the wages. While this assumption is innocuous under perfect fore-
sight equilibrium, it matters when hit by an unanticipated shock. Under the assumption
that utility is specified in the contract, there is room for rewriting the contracts to adjust
wages. Finally, as before, workers cannot commit to the contracts, and the possibility
of counter-offers are excluded. With constant productivity and constant wage contracts,
workers accept the arriving wage offers if and only if the offer is higher than the current

wage.

Equilibrium objects. The unemployment rate, y;, evolves according to

E)tyt = (5(1 — “l/lt) — “l/lt/\%l, (123)

240One can justify my assumption if I let workers’ elasticity of intertemporal substitution to be zero. Then,
as Burdett and Coles (2003) showed, the optimal wage-tenure contract features a constant wage throughout
the tenure.
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Mt
e+ (1—pe)
for any y;. Let Py(w) denote the employment weighted wage distribution function. It

where x; = and dyy; = % are the short-hand notation for the time derivative
follows the following law of motion:

0; P (w) = —0P;(w) — AF(1 — Fy(w)) Py (w) + wAYF(w). (1.24)

1-— ‘l/lt
The value of a firm with productivity z per unit of employee that offers wage w satisfies
oJi(w,z) = Az —w — (8 + 2% + AF (1 — Fi(w))) Ji(w, z) + ¢Je (w, 2).

The firm choose what wages to offer and how much vacancies to post at time ¢ by solving

{wi(z),01(2)} € argmaxoA; Qs(w)Ji(w, ) — Ase(v;2), (1.25)

where Q(w) = x!dl(w > w;) + (1 — x¢t)P:(w) and w is the reservation wage for unem-

ployed. The a worker’s value function with wage w, W(w), satisfies

oW (w) = u(wy) + 6 {U; — Wi(w)} + AF /max {0, W(@w) — W(wy)} dFs () + 0 Wi (w),
(1.26)
where the value of unemployment, Uy, is given by

oUs = u(Ab) + AU / max {0, Wi(@) — Uy} dF; (@) + ;U (1.27)

The reservation wage for the unemployed, w;, must be such that workers are indifferent
between being employed and unemployed W;(w;) = U;.

Appendix 1.12.1 defines the perfect-foresight equilibrium and characterizes the steady
state of this economy with A; = A.

Transition Dynamics in Response to Aggregate Shocks. As in the two-period model,
I consider the following experiment. Before t < 0, the economy is in its steady-state. At

t = 0, the economy experiences an unanticipated one-time increase in the variance of the

2] assumed away the possibility of endogenous separation (or exits). In principle, firms would like
to fire workers if J(w,z) < 0. However, since firms at the exist threshold, z = z, employ zero workers,
even if I allow for the possibility of endogenous separation, there is no first order effect on the equilibrium
outcomes.
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aggregate productivity. The aggregate productivity for t > 0 is given by

InA, =InA+dInA with probability 7;, = 1/2

In At = .
InAj=InA—-dInA with probability 7; =1/2

That is, the aggregate productivity is either permanently high or low for t > 0. The
focus on permanent productivity shocks has been common in the search and matching
literature (e.g., Ljungqvist and Sargent, 2017; Kehoe et al., 2019), and it is empirically
reasonable given the high persistence on the productivity process.

Once firms and workers anticipate the aggregate risk, firms that already hire incum-

bent workers (re)write a state-contingent wage contracts at t = 0 that solve

max Z 7Ts Jos (ZUOS/ Z)
{wgs} se{n,1y

st Y mWos(wi) > W(w(z)),
se{h,l}

where s = h and s = | denote the state with high and low productivity, respectively. In
other words, firms offer a state-contingent wage that promise at least the same expected
utility to a worker as before to maximize its expected profits. This is because I made an
assumption that contracts are written in terms of the utility to be delivered. The optimal

incumbent wage responses w1’ (z) satisfy the following first order condition:

9w Jos (Wi’ (2), 2) + 11(2) Wgs (i (2)) = 0, (1.28)

where 7(z) is the Lagrangian-multiplier on the promise-keeping constraint. After t > 0
onwards, given the incumbent wages as initial conditions, the equilibrium follows the
perfect foresight path described above.

It is again worth noting that without aggregate risk-sharing (i.e., risk-neutral work-
ers) or there is no on-the-job search, the economy exhibits no fluctuation in unemploy-
ment. Formally, Propositions 3 and 4 continue to hold, as established in Appendix 1.8.14.
This ensures that it is precisely the complementarity between risk-sharing and on-the-
job search that drives nontrivial labor market dynamics in my model. In what follows, I

explore this complementarity by assuming oy > 0 and ¢ > 0.
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Figure 1-9: DAG representation of first order responses of the economy

Note: Figure 1-9 shows a directed acyclical graph (DAG) representation of the first order equi-
librium responses, following Auclert et al. (2019). The economy takes the productivity shock dA
as an exogenous input, and two endogenous variables, aggregate vacancy 4V and the reserva-
tion wage dw, as endogenous inputs. Given dV, one can compute the sequence of unemploy-
ment rates, dy, and meeting probabilities, dAE, dAY dAE. Given dw, dAE,dAY, dAF, and dA, one
can compute the path of the distribution of wage and vacancies, {dw(z),dv(z)}, through a sys-
tem of ODEs. Then, we can compute the implied aggregate vacancy and reservation wages to
check the consistency. The key observation is that we do not need take the entire wage and va-
cancy distribution {dw(z;), dv(z;) }; as inputs (as indicated by a red diagonal line). In the figure,
dV(z) = [*d(v(2)/V)dG(2) is the cumulative vacancy distribution.

1.6.2 New Solution Method

As is well-known, solving the transition dynamics of the wage posting model has been
considered as a challenge because of the need to keep track of the endogenous evolution
of distribution. I develop a general and efficient computational approach to solve the
transition dynamics of a wide class of wage posting job ladder models. Throughout, I
focus on first order responses, which is crucial for my approach.

The key idea behind the computational algorithm is the same as how I solved the two-
period model. Although it is widely believed that one needs to keep track of the path of
wage and employment distribution to compute the equilibrium, I argue this is not the
case. As long as we focus on the first order response, no firm cares about the entire
distribution per se. Firms only care about the wages and vacancies of their neighbors.
That is, best responses can be still represented as a system of ODEs in the infinite horizon
model.

Figure 1-9 shows the DAG (directed acyclical graph) representation of the equilibrium,
following Auclert et al. (2019). Instead of solving the fixed points of the entire distribu-
tion wages and vacancy, {dw(z),dv(z)}, if I have a guess of the reservation wage, dw, |
can compute what the least productive firms would offer, dw(z1) = dw. This, in turn, al-
lows me to compute the wages and the vacancy of second least productive firms through

the linearized best response, which is a system of ODEs. By continuing this logic, I can
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compute the entire path of the wage and vacancy distribution just by computationally
climbing up the job ladder. In this process, I also need a guess of the path of aggregate
vacancy, dV, to compute the path of matching probabilities. Therefore, I only need to it-
erate over a sequence of two endogenous variables, {dw;, dV;}, instead of infinitely many
endogenous variables. In solving for a fixed point of {dw;(w),dV;}, I build on Auclert
et al. (2019) to use the sequence-space Jacobian. Auclert et al. (2019) note that not cov-
ering wage posting models is a limitation of their methodology.?® My contribution is to
show that it is entirely possible for their methodology to cover wage posting models.
Among others, two key advantages of my approach are worth emphasizing. First,
the computation is extremely efficient. It typically takes less than a second to compute
the transition dynamics with a small number of grid points. Even with a large number of
grid points, it only takes 1-5 seconds. While I do not pursue here, the efficiency of compu-
tation enables one to fully estimate the model using business cycle moments. Second, my
approach does not require approximation of the distribution. An alternative approach to
solve the first order transition dynamics of Burdett and Mortensen (1998) is to use Reiter’s
(2009) method to consider the first-order approximation in terms of state-space, as done
by ?. However, as emphasized by Auclert et al. (2019), such an approach is infeasible or
requires approximating distribution with large state-space. Approximating distribution
is especially not ideal in the context of wage-posting models because the best responses
of firms depend on the entire shape of the wage distribution, as I showed in Lemma 14.%
There is also an alternative approach by Moscarini and Postel-Vinay (2016b) that solves

the non-linear dynamics. Appendix 1.10 describes the solution method in more details.

1.6.3 Calibration

Functional form assumptions. The vacancy cost function is parametrized as the iso-

. . ~ 1+1/1 . . .
elastic function, c(v;z) = ¢z"7 :1 7;- The matching function is assumed to be a Cobb-

Douglas form, M (ji, V) = mji'~*V*. The firm’s productivity distribution is parametrized
as a Pareto distribution, G(z) = 1 — (b/z)® with A > 1 being the tail parameter.

Parameter values. Table 1.1 describes the calibration. The time frequency is monthly.
I first set the elasticity of the matching function to ¥ = 0.6 following Blanchard and Di-

26Tn fact, they write “For instance, in the model of on-the-job search in Burdett and Mortensen (1998),
agents take the full distribution of wages as an input to their decision problem, and it is impossible to
represent this via a DAG of feasible dimension.” To the contrary, I show it is possible, as I do in Figure 1-9.

?In contrast, in Bewly-Hugget-Aiyaragari models, only the mean of the (asset) distribution matters for
interest rates and wages.
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Parameter Descripton Value Source/Target

Panel A. Externally assigned

K Elasticity of matching function 0.6  Blanchard and Diamond (1989)

1Y Dicount rate 0.004 5% annual interest rate

) Separation rate 0.016 1.6% EU rate

L Elasticity of vacancy cost function 1 Kaas and Kircher (2015)

A Pareto tail of productivity distribution 5 S.d. of log productivity 0.2

b4 Reallocation shock 0.0075 Share of EE with wage increase 1/2
m Matching efficiency 0.1  Normalization

b Outside option of unemployed 1 Normalization

Panel B. Internally calibrated parameters

c Vacancy cost parameter 0.035 Unemployment rate 6%

Ly Vacancy cost parameter 8 Aggregate profit share 14%

4 Relative efficiency of on-the-job search  0.08  1.5% EE rate

0% Relative risk aversion 15  Wage volatility relative to output 38%

Table 1.1: Parametrization
Note: Table 1.1 describes the choice of the parameter values and their sources or targeted mo-

ments. Panel A shows the parameters exogenously assigned. Panel B shows the parameters that
are internally calibrated to match the data moments.

amond (1989). The discount rate is set to match the 5% annual interest rate, p = 0.004.
The separation rate is set to 1.6%, § = 0.016, corresponding to the average of the BLS
labor status flow from employed to unemployed over the period of 1990-2019. I also set
the matching efficiency parameter, i1 = 0.1, which is a normalization. The elasticity of
vacancy creation is set to 1 = 1, following Kaas and Kircher (2015) and Gertler and Tri-
gari (2009), and I normalize b = 1. The tail parameter of productivity is set so that the
standard deviation of log productivity is 0.2, which corresponds to the lower end of the
value reported in Foster et al. (2016). I set 7 so that half of job changers experience wage

increases, which follows Gertler et al. (2020) and Moscarini and Postel-Vinay (2016a).

I choose {¢, iz, {, v} to match the (i) steady-state unemployment rate of 6%; (ii) monthly
job-to-job transition rate of 1.5%; (iii) the aggregate profit share of 14% reported by Gutiér-
rez and Philippon (2018) for the US; and (iv) the relative standard deviation of average
real wage growth to the real output growth of 0.38. I use the real output in the non-farm
business sector as a measure of the real output, and average hourly earnings of produc-
tion and nonsupervisory employees deflated by PCE as a measure of the real wage. Both
series are obtained from BLS. I explicitly target the profit share because this is the key

determinant of fluctuations in job creation for the given level of wage rigidity, as can

61



Wage Unemployment

0
average wages .
= = average new hire wages % 0.06
_-0.2r ] &
g 2
2 B . L
E -0.4 % 0.04
S0l |
< Y. [ =
g I 2002
co8f ! p
~ g
S~ £ 0
T |
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Years Years
UE rate EE rate with wage increase
X.05 X .05
g -1 o -1
5 1.5¢ E 15}
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Years Years

Figure 1-10: Impulse response to the realization of a 1% negative productivity shock

Note: Figure 1-10 shows the impulse response of the economy to the realization of a 1% negative
productivity shock.

been from equation (1.15) (see also Ljungqvist and Sargent (2017)). To match the relative
volatility of real wages, the model requires a relative risk aversion of 15. This value is
higher than the most macro models, but is fairly consistent with the value used in the
tinance literature. The reason why I need a relatively high risk aversion is that the pres-
ence of on-the-job search implies that between firm competition acts as a strong force in
preventing effective risk-sharing. This is in contrast to Rudanko (2009). She uses a model
with risk-sharing but without on-the-job search and shows that the model tends to deliver

too rigid wages compared with the data.

1.6.4 Results

Figure 1-10 shows the impulse response function for the realization of a 1% negative pro-

ductivity shock. The left-top panel shows the dynamics of average wages in the blue
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solid line and the average new hire wages in the dashed green line. The average wage is
substantially sluggish mainly because firm insurance induces a muted incumbent wage
response. The new hire wage response is also dampened through the strategic comple-
mentarity highlighted in the two-period model. Compared with the fully flexible case,
the initial new hire wage response is dampened by 15-20%. The magnitude is smaller
than the two-period model because when potential new employers decide on their wage
offers, this not only takes into account the competition with incumbent firms but also with
the subsequent potential new employers. Since wages need to eventually adjust fully in
the long-run, subsequent potential new employers offer more flexible wages. To prevent
being poached by those firms, current firms have an incentive to offer more flexible wages
than the two-period model.

The right-top panel shows the response of unemployment rate. Note that with risk-
neutral workers, v = 0, there should not be any response of unemployment rate. As
in two-period model, as soon as we move away toward risk-averse workers, the model
does generate unemployment fluctuations, which is in stark contrast to the conventional
wisdom that long-term contracts should not contribute to unemployment fluctuations.
The bottom left and the bottom right panels show the UE rate and the EE rate with a wage
increase, respectively. EE rate with a wage increase declines more sharply and recovers
more slowly than the UE rate. This collapse in the number of workers who climb up
the job ladder is consistent with the fact documented in Haltiwanger et al. (2018). They
show that the firm wage ladder is strongly procyclical, and my theory provides a natural

explanation of this.?®

Decomposing unemployment response. The model generates a sluggish adjustment in
both incumbent and new hire wages as well as volatility in unemployment. It is then nat-
ural to ask what drives unemployment fluctuation: is it incumbent wage rigidity or new
hire wage rigidity? The answer to this question was stark in the two-period model, but
it is not in an infinite horizon model. In the infinite horizon model, sluggish adjustments
in future new hire wages lowers the probability of being poached in the future for the
current firms, which raises the incentive to create jobs.

To shed light on this issue, I exogenously change each of the incumbent wage and
the path of new hire wages separately and simulate the model. In the first experiment,
I force all the incumbent firms to adjust wage one for one with productivity holding the
path of new hire wages fixed. In the second experiment, I force all the new hire wages to
adjust one for one with productivity, holding incumbent wages fixed. Figure 1-11 shows

28Gee also Barlevy (2002), Mukoyama (2014), and Nakamura et al. (2019) for related evidence.
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Figure 1-11: Decomposition of the unemployment response

Note: Figure 1-11 shows the decomposition of the impulse response of the unemployment rate.
The green dash-dotted line assumes new hire wages respond one for one with the aggregate
productivity, holding the incumbent wages the same as the basline response. The purple dashed
line assumes the incumbent wages respond one for one with the aggregate productivity, holding
the new hire wages the same as the basline response.

the response of unemployment under each counterfactual scenario. One can immediately
see that most of the unemployment response disappears if incumbent wages are flexible.
In contrast, the response is barely affected even if new hire wages are fully flexible. This

decomposition shows that my results are indeed driven by incumbent wage rigidity.

Business cycle moments. Table 1.2 compares the business cycle moment of the model
to the data. By design, the model matches the standard deviation of real wage growth.
The model generates roughly 20% of the volatility in the UE rate and vacancy. Since
the volatility in the unemployment rate not only comes from the UE rate but also fluc-
tuations in separation rate, which I abstract from, my model generates volatility in un-
employment rate smaller than 20% of the data. To make a fair comparison, I construct
a time-series of the unemployment rate that assumes constant separation rate, follow-
ing Shimer (2012). Specifically, the adjusted unemployment rate is given by ufijl =
o(1— u?dj )+ (1 — UEt)u?dj , where 6 = 1.6% and UE; is the UE rate taken from the data.
The model explains roughly 20% of volatility of this variable.

The magnitude of volatility is relatively small compared with the data. This comes

from two reasons. The first reason is relatively standard. I have chosen parameters so
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Moments Model Data
Panel A. Relative s.d. to real output growth

average real wage growth 038 0.38
UE rate 136  6.97
log vacancy 736 379
unmployment rate 030 223
constant seperation unmployment rate 030 1.61
Panel B. Autocorrelation

real wage growth 010 0.18
UE rate 097 096
unemployment rate 099  0.99
log vacancy 095 098
Panel C. Correlation with unemployment

real wage growth -0.20 -0.13
UE rate -0.96 -0.83
log vacancy -0.93  -0.52

Table 1.2: Business cycle moments
Note: Table 1.2 shows the business cycle moments in the model and in the data. The real output

measure is the real output in nonfarm business sector from BLS. The real wage is average hourly
earnings of production and nonsupervisory employees deflated by PCE, also from BLS. The
constant separation unemployment rate assumes the EU rate is constant at 6 = 1.6%. Vacancy
data comes from the composite Help-Wanted index by Barnichon (2010).

that the aggregate profit share is 15%, which is consistent with the data. As is well-known,
search and matching models require low surplus (profit share) to generate amplifications
(Ljungqvist and Sargent, 2017). This is true in my model, as equation (1.15) crucially
depends on «(z), the profit share. Using a standard DMP model with a representative
tirm, ?, Hagedorn and Manovskii (2008), and others have been able to generate realistic
volatility in labor market because they have assumed that the profit share is less than 5%.
It is difficult for the wage posting job ladder model to deliver such low profit share with
reasonable heterogeneity in firm productivity. Highly productive firms are profitable, so
they become large in size, raising the aggregate profit share. Since these channels are
well understood and not my focus, I do not pursue an approach to engineer my model to
generate a low profit share.

Second reason comes from the type of wage rigidity that matters for unemployment
fluctuations in my model. As I will shortly explain in detail in Section 1.6.5, my model
gives an important role not only to incumbent wage rigidity but also to a full dynamic

response of wages: how much the wages will adjust over the very long horizon. Since
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Figure 1-12: Impulse response with fairness constraints

Note: Figure 1-12 shows the impulse response of the economy to the realization of a 1% negative
productivity shock with and without fairness constraints.

wages will be fully flexible in the long-run (after 4-5 years in my model), this tends to
diminish the amplification of the model.

Fairness constraints. I revisit the question of whether the fairness constraint amplifies
or dampens unemployment fluctuations by using this quantitative model. This is inter-
esting also from the perspective of the literature. The literature that uses the wage posting
job ladder model to study business cycle almost always imposed fairness constraints, fol-
lowing the tradition of Burdett and Mortensen (1998) (e.g., ??). It is worth clarifying the
role that such a constraint was playing in these papers.

I impose a restriction that firms cannot discriminate wages across employees. Firms
commit to a sequence of wage payments {ws} that delivers W; of the expected lifetime
utility to the workers employed at the firm. Workers accept the job that offers a higher
value. I delegate the detail description of the environment to Appendix 1.12.2.
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Figure 1-12 shows the impulse response with fairness constraints. The top left panel
shows the wage response, and as one would expect, the wage response lies in the middle
of new hire and average wages in the baseline model. The right-top panel shows that
fairness constraints indeed dampens unemployment response by around 70%. This has
two implications. First, the common practice of imposing fairness constraints in the wage
posting job ladder model tends to worsen Shimer puzzle. Second, while some papers
argue that fairness constraints amplify unemployment fluctuations, the implications are
reversed once we take into account on-the-job search. The bottom two panels show the
response of the UE and the EE rate. As in the two-period model, fairness constraints

dampen the EE response much more than the UE response.

1.6.5 Which Wage Rigidity Matters?

In this infinite horizon model, what type of wage rigidity is relevant for the incentive to
create jobs? The answer to this question helps us understand the above simulation results.
I explain it using the notion of how much job values are sensitive to wage changes at each
point in time.

Let us focus on the baseline infinite horizon model without fairness constraints. I
consider its discrete time approximation where a period corresponds to a month. The

value of job with productivity z and a wage contract w is

Ji(w,z) = Az —w+ (1= (p+ Afy (1= Frpa(w)) Jega,

where p = p + 6 4 2. The optimality condition for vacancy creation at t = 1 is
APQ (w) 1 (w, z) = Al ().

I consider the following thought experiment: Before t = 1, the economy is in a steady-
state. Suppose at t = 1, there is exogenous increase in A combined with the arbitrary
changes in wage distribution, {w¢(z) }+., (including its own wage), with wy(z) being the
incumbent wages of firm z. How do the changes in the wage distribution affect the value
of job creation? The exercise is the partial equilibrium, so I fix all other variables (A}, AE,

and vacancies) fixed. Therefore, we are interested in

(o) = LD (eE)2)

First, it is straightforward to see &;4(z,Z) = 0 for z # Z: small wage changes of infra-
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Figure 1-13: Relative sensitivity of job value to wage changes in each point in time

Note: Figure 1-13 plots weight;, defined in (1.29), which captures the relative sensitivity of job
value to wages in each point in time. Month 1 corresponds to the sensitivity to the new wages
when the job is created. Month 0 corresponds to the sensistivity to incumbent wages. Month
t > 1 corresponds to the sensitivity to wage offer at month ¢.

marginal competitors do not affect the job value. Second,

iglls(zlz) _ _1_—“(2),
s=0 Dé(Z)

where w(z) = (Az — w(z))/ Az is the profit share. I define

E14(z,z)
Yoo E1ss (z,2)

weight; = (v(z)/V)dG(z), (1.29)
which captures how much the value of job is sensitive to the wage changes at each point
in time after integrated using vacancy as density.

The blue bar in Figure 1-13 shows the weight in the baseline model. First, it places
35% of the weight on incumbent wages (+ = 0). Second, it places 0% of the weight on
contemporaneous wage changes. Third, the weight is spread over the entire period with
each having 3-4%. The first result indicates that the incumbent wage rigidity is the most
important determinant of job creation. The second result comes from the envelope the-

orem as in the two-period model. The third result comes from the fact that firms face
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a constant threat of being poached and that higher wage offers in the future makes this
possibility more likely. All these results are consequence of dynamic competition in the
labor market. Firms that post a job today not only compete with incumbent firms to poach
workers, but also with future poaching firm.

The red bar in Figure 1-13 shows the same object in DMP model. In stark contrast,
DMP models put 100% weight on contemporaneous wage. The reason is that the labor
market competition is completely absent in this class of models. The value of a job in
DMP model is

PMP(w,2) = Az —w+ (1 - (p+8))JEYP,

and the optimal vacancy creation is
AFTPMP (w, 2) = Al (v),

which does not depend on any other wages than its own wage, & 5(z,z) = 0 for all s # 1.

One can also compute that & 4(z,z) = — 1;22()2 ), so that Yooo&1s(z,z) = — 1;(“2()2 ), which
implies that the total response is the same with the baseline model, but the importance of
the wage rigidity in each point in time completely differ.

This has an implication for measuring the theoretically relevant notion of wage rigid-
ity. Since Bils (1985), it has been common to estimate contemporaneous wage rigidity,
which is the contemporaneous correlation between wage changes and unemployment
rate. While this is theoretically well grounded from the viewpoint of DMP model, it is not
if one believes in the wage posting model with on-the-job search. As Figure 1-13 shows,
the theory implies that we need to measure intertemporal wage rigidity, which consists of
(i) incumbent wage rigidity, and (ii) how the wages at time s respond to the aggregate
shock at time t < s. This comes from the fact that in this class of the job ladder model,
labor market competition is inherently dynamic. Firms that intend to create jobs today
need to compete with incumbent firms and future jobs. Consequently, those competitors’

wage responses become the important determinant of job creation.

1.7 Conclusion

Is incumbent wage rigidity important for unemployment fluctuations? Conventional wis-
dom says no. My paper says yes by arguing that the key missing piece in the conventional
view is on-the-job search. Models of wage rigidity have been abstracting from on-the-job
search, thereby mechanically shutting down any meaningful interaction between incum-

bent wages and labor market dynamics. I showed that once we take into account on-
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the-job search in an environment where firms insure incumbent workers, (i) both new
hire and incumbent wages are endogenously rigid; (ii) but only the latter form of wage
rigidity is the key determinant for unemployment fluctuations.

I operationalize the idea using a generalized version of Burdett and Mortensen’s (1998)
job ladder model featuring risk-neutral firms, risk-averse workers, and aggregate risk.
Besides the main messages, I showed a number of other results such as the fact that fair-
ness constraints and public insurance dampen unemployment fluctuations, and the novel
source of inefficiency makes wages too flexible in equilibrium. Overall, I believe my the-
ory provides a useful starting point in rethinking the nature and the consequence of wage
rigidity in an arguably more realistic labor market model than the canonical DMP model.

I conclude by discussing several avenues for future research. First, my model features
wage rigidity that is symmetric between booms and recessions, because of the first order
approximation. I conjecture that my model will feature downward wage rigidity with
a higher order approximation, through the mechanism of Harris and Holmstrom (1982).
Since downward wage rigidity is the pervasive feature of the data, it would be promising
to study its interaction with the labor market dynamics in a micro-founded manner. Sec-
ond, while it has been common to assume an exogenously incomplete market in the het-
erogenous household literature, my model features an endogenously incomplete market
through firm insurance subject to limited commitment frictions. It would be interesting
to add consumption and saving decisions in my model to study the interaction between
aggregate demand, equilibrium wage rigidity, and labor market dynamics. Third, while I
mostly focused on theoretical aspects, my theory provides a new angle for looking at the
data. For example, it would be fruitful to look into the relationship between the preva-
lence of on-the-job search, wage rigidity, and employment fluctuations at various levels
of disaggregation.

70



Appendix

1.8 Proofs

1.8.1 Proof of Lemmal

The derivation of (1.9) and (1.10) are provided in the main text. We need to show that the

second-order condition for the potential new employers
Fy (w(2))(Az — w(z)) — 2Fy(w(z)) <0
is satisfied. Totally differentiating (1.7) gives

R (w(2))(42 — 0(2) = ~F(0(z) Ay +2F(w(2).

Therefore the second-order condition is

Fy (w(2))(Az — w(z)) — 2Fy(w(z)) = —Fy(w(z))A

<0

since F/(w(z)) > 0 and w'(z) > 0.
Now consider incumbent firms. We have to guarantee that the promise-keeping con-

straint is binding. It is enough to impose the following assumption.

Assumption 1. Parameters are such that T1y(w;z) = (Az —w) (1 — AF + AEF (w)) is decreas-
ing in w for all z, where Fi(w) = fwzw(z) v(2)/VdG(2), and w(z),v(z), AE, V are given by
(1.9), (1.10) and (1.11).

The assumption is always satisfied as long as A is small enough. In fact, if the cost
of vacancy is such that the vacancy is constantly proportional to employment, v(z) =
olp(z),” it is sufficient to have A* < 1 — x. Empirically, the share of employer-to-
employer transitions among new hires is 40%, which implies 1 — x = 0.4, while employer-
to-employer transition rate at the quarterly frequency is around 5%, which implies AF ~
0.1.3% Therefore the assumption is arguably natural to impose. Under Assumption 1,

2This is empirically reasonable. Davis et al. (2013) document that vacancy rate (v(z)/£o(z)) is uncorre-
lated with firm-size measures.

30Under the constant vacancy rate, v(z)/{(z), the half of workers transition to new employer condi-
tional on meetings.
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equation (1.4) implies that the constraint must be binding, #(z) > 0. As the worker’s
utility is strictly increasing in wy(z), if

Wo(z) = (1= AF)u(w(z)) + A" /max{u(W(Z)),u(W(i))}(v(f)/V)dG(f),

the incumbent firms have to set wy(z) = w(z). These complete that the equilibrium has
the the properties claimed.

1.8.2 Proof of Lemma 2

The set of equilibrium conditions are

(1 = x)Fos (w15(2)) (Asz — ws(2)) = (x + (1 = X) Fos (wis(2))) =
—(1= A + A Fis(wos(2))) + (Asz — ws(z ))A F1s(wOs(Z))

+77(Z) [(1 _/\f)u/(wOs( )) +/\EFls(w05 wOs ) ] =
1—)\ wos (2 AE max u(wps(z (D) }dFs (@) | =
P o | =MDl (2)) +AF [ max{utn(z), (@) HiFie(@)| = Wa:
(Asz = w1s(2))A¢ (x + (1 — x)Fos(wis(2))) = co(vs(2); 2)

1 . M(fi, V)
AE =M, v), A== 2
7 MEY) 5

With V = / 0(2)dG(2)
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Applying the generalized implicit function theorem (Luenberger, 1969) jointly to {wos(z), wis(z), vs(2), |
with respect to d1In A, we have

dlnwss(z) 121?1154(2) = 01,(2)(I(s =h) —U(s =1)) + 91w(z)—d lglzflojz) — 91a(z)oc(z)Z,((ZZ)) %dlgfzojz)
—d lzlzflojq(z) = 90a(Z)(]I(S = h) - H(S = l)) + 90w(2)—d 12;:112(2) - GOa(Z)DC(Z) ;U/((ZZ)) %dlgﬁ)‘l}&)
dln/\E
+ 0oa(2)a(z) {1 -0, p(2) } —=—+ T A

1 dog(2) (2) 1 dv,
[F0(2)dG(z) ) dnA"""Y " VilnA

+ 60a(2)(2)0,(2) (
+u(2n(z) (5o (a) - )

+B0a(2) | (1= AF)u (wo(2)) + AFFy (wo (=) (wo(2)) | i
0=(1-AF+ AR (w()u' (w(z)w(z) ) —

+/2d12f”1j4 (2)/V)dG(2)

n E
4 AE ( / max{u(w(z)),u(w)}dﬂ(w) - u(w(z))) Zlhﬁ
dvs(2)  0(2) dVs .
+AE/ ;( dlnA V2 dlnA) 4G(2)
1 dos(z) [dInAl  1-a(z) B B d Inws(z)
0(z) dIn A _‘[dlnA R (H(S_h)_ﬂ(s_l)_ TIn A )}
dinAf 1 dvs

dln A = (- )lenA
dinAl 1 dV;
ilnA _VdlnA

dv. [ dos(z)
dinA dlnAdG(Z)'

where [ used the assumption that 77; = 1/2. One can see that all the endogenous variables

enter symmetrically between two states. We also know that at the top, wage offers must
be symmetric

dinwy,(z) _ dlnwy(2) _  dinwy(z) _ dlnwy(2)
diInA ~— dInA dlnA  — dIn A

Lemma 4. To a first order,

Proof. 1 proceed in four steps.

Step 1: wi5(2) < wos(2) for s € {h,1} in equilibrium. Suppose not: wi5(2) > wos(2)
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holds in equilibrium. Then the new hire firms can strictly increase profits by slightly

lowering the wage (no change in labor supply, but lower costs). This is a contradiction.

Step 2: to a first order, dlg ;:10114(2) = — dlrd‘ffl 02(2). This is implied by the promise-keeping

constraint at the top:
Y rsu(wos(2)) = Wo(2) (1.30)
se{h,l}
because the first step implies that there cannot be higher wage offers than wy,(z) in equi-
librium.

Step 3: wg,(2) = wp(2). Suppose to the contrary wp,(Z) > wq,(2). Then by slightly
reducing wyy, (2) and raising wgy, (Z) by the same amount will (i) weakly increases the labor
supply, and (ii) relaxes the constraint } ;¢ ¢, ;1 75t (wos(2)) > Wo(2). This is a contradiction
that wy, (2) was optimally set. Combined with Claim 1, wy;,(2) = wq,(2).

Cdlnwy(z) _ dlnwy(2) dInwgy (2) dlnwy;(z
Step 4 —. %5~ = —gma - Suppose to the contrary that = 2= > dlnl,lq( ). Then

consider a perturbation of incumbent firms strategy that changes %O’A(Z) by Awgy () <0
and changes % by Awgy,(z) > 0, with Awg(2) = —Awg,(2). Around a symmetric
steady-state, this does not impact worker’s welfare to a first order, and therefore does not

affect the constraint (1.30):

Y msu(wos(2)) = msu (w(2))w(2) (Awgi(2) + Awon(2))
se{hl}

= 0.

However, this has the first order increase in labor supply:

A(labor supply) = 0 x Aty (2) + F'(w(z)) x Adgy(2) ,
%/_ " J

-

-~

because there was no mass in the neighborhood  because there is a mass of competittors (from Step 3)

which in turn implies that this has a first order increase in profits. This is a contradiction

that dlrdlfflof) was optimum.
From Step 2, 3 and 4, we confirm

dinwy,(2)  dlnwy,(z2) _dlnwll(z) B _dlnwol(z)

din A din A dinA dln A

]

Therefore Lemma 4 implies that at the boundary, z = Z, wage responses must be
symmetric between two states. Then given all the coefficients in the system of ODEs

enter symmetrically between two states, any solution has to be symmetric as well.
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1.8.3 Proof of Lemma 14

Linearizing the new hire firms” FOC (1.5) gives

(1= X)Fos (w1s(2)) (Asz = ws(2)) = (x + (1 = x) Fos(w1s(2))) = 0

w(z) [~ F(w(2)) (Az - w(z)) + 2B (w(2))] i, (1.31)
—Fj(w(2)) AzA + (Az — w(2))dw, Fos (0(2)) — dwoFos (0(2)), (1.32)

where dyw, denote the partial derivative with respect to entire distribution of {wy(z)}.
Using the fact that

Iy Fos (wos(2)) = —Fo(w(z))w(z)dos(2)
60 Z)

dwo Fos (W05 (2)) = dw (Wz)))

= Jw, fo(2)(2) (where (s is the inverse function of wy;)
dInwgs(z)
wos (z) =3
ZZ@OS( )
lo(2)8(z d [ b(z)g(z) \
= 0 dlnwgs(z) — — Co(wo(z))wo(z)d Inwps (z)
zwnﬂ%ﬁi P (ot | VB
w(z)dl“;;’@ dh‘d’;’(z) dz
o [ to(2)8(z) 1
= —F)(w(z))dInwy(z) — — w(z)dInwy(z
o(w(z)) 0s(2) oz (ZU(Z)dlndz;(z) w'(2) (2) 0(z)

w(z) ,dInwys(z)

—Fé(ZU(Z))w/(Z)d dz

= —Fy(w(z))dInwgs(z) — F (w(z))w(z)d Inwy(z) — F(')(w(z))w,(z)z%(z),

on can rewrite (1.31) as

200 1(2)) = 0l (2] 01(2) = A+ 201 = 0(2) ~ a(z) 2) ~ 1) 00(z) ~ a(2) S 4 )
Rearranging, one obtains (1.12).
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Similarly, linearizing incumbent firms” FOC (1.4),

—AEF (w(z))w(z)Wos(z) — AEdw, Fis(w) + AzAFF (w) A

+(Asz — ws)AEF (w)wibos (z) + (Asz — ws) AEdw, Fi (wos)

+17(1 = AF)u" (w)wios (2) + nAPF(w)u" (w)wibos (2) + A" f (w)u (w)dos (2)
+AEU (105)3 v, Fio(was) + i (2) [ (1 = AF)u (5) + AEF (o)t ()] = 0.

One can use symmetry from Lemma 2 to eliminate dy(z):

—ARF (w(z))w(z)@0(z) — APdw, Fis(w) + AzAPF'(w) A
+(Az — w(2)) AP (w)wido(z) + (Az — w(z)) A" 0w, F, (wos)

+17(2)(1 = AP)u" (w(z))wibo(z) + 1(z) A" F(w)u" (w(z) Jw(z)o(z) + 1(z) APF{ (w(z))u' (w(z) o (2)
+17(2)A"u (w(2)) 0w, Frs (wos (2)) =

Using

Iw, Frs(wos (2)) = —Fi (w(z) )w(z)d1s(2)

Ow, Fis(wos(2)) = —F(w(z))d Inwis(z) — ' (w(z))w(z)d Inws (z) - F{(W(Z))w,(z)@'l (z)

(1-AE4+ AEF(w(2)))+(Az—w(2))AEF (w(z))
' (w(z))[(1-AF)+AFF(w(z))]

and

and the Lagrangin multipliers at the steady-state, 17(z) =

rearranging, one obtains

2(1 - a(z)) —a(z)yr (2) = {(1 = a(2)) + a(z)m(2)} + 77; {(1—a(2)) +a(z)nr(2) }| @o(2)

(2)

A A w(z) d .,
=A+ 21~ a(2)) ~ 421 (2) 1~ (- a(2) + 2@ EN @) - a(z) 25 2042
Define

wi(z) = 2(1 — a(z)) —a(2)yp (2) = {(1 —a(z)) +a(z)n(2)}
1
wo(z) = 1—a(z)) +a(z z)},
2(2) = oy {1 —a(@) +azm (2)}
where 7, (z) = W and 7p, (z) = dlnﬁ# are the elasticity of density of wage
distributions, 1, (z) = din(1- );ITQ)EH ©) ; is the elasticity of worker’s staying probability,

and v is the relative risk aversion of workers. Then we obtain (1.13).
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Now, I turn to the boundary conditions. Lemma 4 shows the boundary condition at
the top is Wo(Z) = @1 (Z). Regarding the bottom, it must be the case that either @1 (z) = A
or @o(z) = A as an interior solution. Because of the constraint that wages must be higher
than the outside option of being unemployed, @1 (z) > A and @y(z) > A. Suppose that
W1(z) > A and @g(z) > A. Then one of the firms offering lower wages can lower wages
without affecting the labor supply, contradicting to the optimality. If @;(z) = A at an
interior, then it must be the constraint @y(z) > A must be (weakly) binding (not at an
interior solution) because if @y(z) > A, then it would contradict the presumption that
W1(z) = A was an interior solution. in this case, the boundary of the incumbent firms
is wy(z + dz) and by continuity of wage strategy, it must be wg(z + dz) < A. Similarly,
Wo(z) = A at an interior solution, then @ (z + dz) < A. Finally, I claim that @ (z) = A is
the appropriate boundary condition, and @y(z + dz) is a free jump variable for the bottom
of incumbent firms. Suppose to the contrary that @y(z) = A is the boundary condition,
then the system of ODEs imply that for any y > 0, @ (z) < A and @ (z) > A for all z. To
prove this, starting from @y(z) = A and @;(z + dz) € [0, A], ¥}(z) > 0at d(z) = A for
any @ (z) € [0, A] and @ (z) < 0 at @;(z) = A for all g > A. Therefore the path needs
to feature @ (z) < A and Wy(z) > A for all z, but then it would never be able to satisfy
the boundary condition at the top, @;(Z) = @g(Z), a contradiction. Therefore @ (z) = A

is an appropriate boundary condition.

1.8.4 Proof of Proposition 1

Since all the coefficients on linear ODEs are continuous in z, there must exist a unique
solution. Part (i) follows from the fact 61,(z) + 61, (z) = 1 and 6p,(z) + 6pw(z) = 1. Then
one can easily verify @;(z) = @y(z) = A is a unique solution that satisfy boundary
conditions.

In order to prove part (ii), consider whether there exists { such that @g({) > A. There
can potentially be two such cases. First case is (dg(Z),@1(¢)) with @y(Z) > A and
#1(7) < A. Then starting from such a point, it is not possible to satisfy the boundary
condition at the top. This is because @)(z) > 0 at @(z) = A for any @ (z) € [0, A] and
W) (z) < 0at;(z) = A forall by > A, and therefore the path features @;(z) < A and
Wo(z) > Aforallz > (.

Second case is (Wo(), @1(Z)) with @wo(7) > A and @1({) > A, but such a point is
never reached. Starting from w;(z) = A and @ (z + dz) € [0, A], in order to reach such
a point, it needs to go through either (i) @y(z) = A and @ (z) € [0, A] or (ii) @o(z) = A
and @;(z) > A. Case (i) is already excluded from the previous paragraph. Case (ii) is
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also not possible because @j(z) < 0 and @1(z) < 0 at @y(z) = A and @;(z) > A. These
arguments complete the proof that @y (z) < A.

In order to prove Wy (z) < W1(z), suppose to the contrary that there exists { such that
Wo() > w1(C). It is always true that in such a region, @} ({) > 0. Then there can be
potentially two cases: (i) @} () < 0 or (ii) @] ({) > 0. In the former case, it would never
be able to satisfy the boundary condition at the top. The latter case is never reached.

Lastly, since the path needs to end up with @y(Z) < A and @;(2) = @(Z), and the
path is continuous, it is immediate to see that there must exist  such that @1 (z) < A for

z > Z.

1.8.5 Proof of Proposition 1’

Note that
O1a(z) = 2(1 — a(z)) — a(z)nR, (w(2)).

Totally differentiating (1.7) with respect to z gives

2(1 - (2)) ~ (=) (0(2) = 7

Asz — o, w(z) = xAb+ (1— ) [, AzdF(Z). From (1.8), we have

"(2)z = ! — ) E(2)(Az —w(z))z
W0 = gy - ORE (A=l
1

it A-0bE)

(1—x)F(2)AZ

Taking the limit, z — oo,

1 A
lim w'(z)z < lim ~ (1— x)E)(z)AZ?
Z—300 Z—300 (X +(1- X)FO(Z)) 0
=0

where the last inequality follows from the assumption of finite variance. Therefore

, W' (2)z
211_{]2091&1(2) - w(z)
=0,

which completes the proof.
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1.8.6 Proof of Proposition 2

The optimality condition for vacancy creation is

(Asz — w015(2)AE (x + (1 = ) Fas (w14(2))) = Ast(2) (05 ()"

Taking log derivative,

sy L oa (A= pR@E)wE)  w(z) e
A'*MwA+Km+u—xmmwa» o) )
=0 (from FE),C of wages)
(1 — X)F’(ZU(Z))ZU(Z) A exo _ A 1,
T AR )= AT )
o }\F + 1-— OC(Z) (A . w(e)xO(Z))) _ 1@(2),

a(z)

which is the firm-level vacancy response. To derive the aggregate response, note A =
(x — 1)V. After multiplying both sides by v(z)/V and adding up for all z, we obtain the
aggregate response.

1.8.7 Vacancy response in DMP models

Without on-the-job search and with wage bargaining, the optimality condition for va-
cancy creation is
(Asz = w15 (2))A5 = Asc(z) (0s(2)) "

Taking log-derivative,

! ;(";gz) (A—i(2) +Af = Lo(a).

To derive the aggregate response, note Af = (x — 1)V. After multiplying both sides by
v(z)/V and adding up for all z, we obtain the aggregate response.

1.8.8 Derivations of equilibrium conditions with endogenous vacancy
The incumbent firm’s FOC is
—(1= A+ AERig(w0s)) + (Asz = w) A (o) 417 | (1 = AD)w (wos) + A Fag(wos ) (wos) | = 0.
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Linearizing using symmetry,

1201~ 6(2) ~ 8(2), (2) = {(1 = 8(2)) + ()} + -5 (1= () + (@)} ol
At (201 - a(2) = 2l (2) — 1= (1= 2(2) + @) () - a(2) 0 (2

1 , 1
o | (1~ A@) + (42— w@)F ) - (14 (A= o) gm ) (- AwE)

Lagme e (52)
”‘(%(z;/vd (v$)>'

which I can rewrite further to obtain

{2(1—“(2))—“(Z)ﬂFl(Z)—{(l—fX(Z)) a(2)a(2)} + — = {(1 - a(2)) + a(2)12 (2)} | Do (2)

=A+ 21— a(2)) ~ 42 (2) 1~ (- a(2) + 2@ EN @) - a(z) 25 20l

AE (1= FE(w 3
+tx(2){1_ 1—)EE+/\’EF220)}AE

(e s 1 ()
x(z)(0() - V),

which is the one in the lemma. To complete the proof that boundary conditions are un-
changed, note that if

Ooa(z) A + 90w( )A
+60a(2)a(z) {1 — 0y p(2) } AT + 60s(2)a(2)0) 4 (2) (V(2) = V) + Boa(2)(2) (0(2) — V) <

-~

=B

then the same argument as in Lemma 14 applies because it only relied on the fact that
@} (z) = 0locus in the phase diagram shifts downward. I can always guarantee this if ¢ is

small enough, as lim, ,o B = 0.

1.8.9 Proof of Proposition 3

We can verify that @g(z) = A, @(z) = A, 9(z) = 0,and V = 0 are the solutions the ODEs

with v = 0. The proposition follows because there is a unique solution. Next, as y — oo,
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Wo(z) — 0 almost everywhere. Then combined with Proposition 2, we have the claim.

1.8.10 Proof of Proposition 4

As the new hire firms only hire from unemployed, the wage offer to unemployed is
w1s(z) = Asb. Then the vacancy creation condition is

A (Agz — Agh) = Age(0)Y?,

in which A cancel out. Therefore vacancy is a constant, which implies the unemployment

rate is a constant in response to the shock to aggregate productivity.

1.8.11 Proof of Proposition ??

The first order condition with binding fairness constraint is

Av(z) [(1 = X)Fg(ws(2)) (Asz — ws(2)) — (x + (1 — x)Fos(ws(2)))]

~40() | (1= AF + AFFie(roe(2))) + (Asz = 0s(2)AF 15 (2)
#1(2) (1= 2B (a(e) 4 Ao (2] | =0

Taking the first order approximation, we have

Rearranging, we obtain the expression in the proposition.
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1.8.12 Proof of Proposition 8

In order to leave workers indifferent, the set of perturbation must satisfy

((1 AE) +AEF1(w0(2))> u'
+H(z < 2)u(wi(2))g(z) (A*/V)do(z) +1(z > 2)u(wi(2))g(z

E E
(o (@A [ o@d6(0) 2 S o(z) + [t (0002 o) =0

u
(1 A (A46)Ads 4 (e )V )dol2) + [ e @)@/ Vg @i Y]

(2))dwo(2)

(wo
)(A"/V)do(z)

do(z) =0

The effect on net total surplus is



dF = —c'(0(2))8(2)

IAE/V 5 N N o\ s
—|—/{ (AZ —w / (0)dG(Q) 30(2) +(Az—w(z)))tE][(z<z)}£0(z)dG(z)
+AT(x + (1 - x)Fo(wi(2))) (Az — wi(2))
F
+ [{o@+ 0= R @) 42 - (@) g0 466

u
~ A= 45) [ 0G0 %5

Z

—AE /Z(AZ —w(2))o(2)dG(2)dv(z) — uAY (Ab — Ab)do(z)

= [ {0 A AER (o (2)))dwn(2) } €6(2)G(2) — (1 — AU)dy

-/ {(AZ—w(Z)) [o@d6@) 5+ nab [ v(@)dc(g)agf(i)v}KO(Z)dG(Z)

F
+ [ {o@0+ 1= 0w @) (42 - mi(2) g b6 ()

— [ {1 =AF + AR (o (2)))dwo(2) | o(2)4G(2) — (1 — AU,

(4)

where I used FOC of vacancy creation in the last equality. The first line (1) is

E u
- [{az=w@) [o@dc@ %5+ pab [ o060 %5, 1} widce)

_ < / {w(zm)(z) -/ ZW(C)dPo(C)] v<f>dG<f>> a(eaﬂ;(i)V |

where Py(z) = xI(z > z) + ( f Uy (2 ) is the cumulative employment dis-

tribution, and I used the expression of steady state w( ). The second line (2) is

F
[{o@0c+ (= R @4z - (2 o5 | 4602

~ [{v(@)(ac - w(é))P(C)}dG(C)%
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The third line is
_AE / “(AZ — w(2))0(2)dG(2)do(z) — uAU Abdo(z)

Y /Z [w(z) — w(£)] dPy(2)dov(z)

The forth line is
= [ {0 A AER (o (2)))dwn(2) } €6(2)G(2) — (1 — AU)dy
[ P uw(d)) (VIG5 @) oM/ V
- (- ] [ S ap@aiic + [ {o@) e e o)) St aote

—

F Z;uwz - u(w(z 2) ) do(z
225 ( [ o ) ~ (@R ) dofe)

Combining, we obtain the desired expression.

dF = / ((AZ —w(2))P(2) - /f {(w(z) —w(f)) — e (u(w(2)) — u(w(g)))] dp(@) o(2)aG(2) 22
+AF /Z (ﬁ [u(w(z)) —u(w(z))] — [w(z) — w(Z)]) dP(2)

u'(w(z

1.8.13 Proof of Proposition 9

Provided in the main text.

1.8.14 Neutrality Result in Infinite Horizon setup

Assume workers are risk-neutral. Let w(z) = Aw(z). Then we can guess and verify that
in the steady-state, all the value functions are homogenous in A:

W(w) = AW(w), U= AU, J(w,z)=AJ(w,z).

Now consider aggregate risk with {Aj, A;} Since the cost of vacancy scales with A, if
{w(z),v(z)} is a steady-state equilibrium with A, {As/Aw(z),v(z)} for s = h,l is also
an equilibrium with no transition dynamics. Finally, (1.28) and the promise keeping con-
straint are satisfied as value functions are homogenous in A. Therefore we have that
wages scale with aggregate productivity and no changes in employment and vacancy
distribution. Without on-the-job search, wages are concentrated at w(z) = Ab for all z.

Therefore again, the value functions scale with A.
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1.9 Inefficiently flexible incumbent wages

I assume ¢ = 0 and consider a small perturbation of incumbent wages of a particular
firm z, dwgy, (z) and dwg; (z). In order to leave workers indifferent, such perturbation must

satisfyFor incumbents,
Y 7, (1 — AE 4+ AEF (wos (z))> ' (wos (2))dwos (z) = 0
S
Then changes in net total surplus can be computed as

dF = —v(z)A" (1~ x) gy (won(2))) (Apwy, (won(2)) — won(z))dwon (2)

(@)A1~ )i o (2))) (Ao (o (2)) — ety 2) s 2
won (z E
= 002 1+ (= o e) (1~ D G AT ) gy )

N

-~

<0

where I used new hire firm’s FOC in the last equality. Therefore dw, (z) < 0and dwg,(z) >
0 improves welfare. We thus conclude

Proposition 10. Assume 1 — 0. Consider the equilibrium with aggregate risk. There exists a
small perturbation of new hire wages dwy,(z), dwy (z) with dwg,(Z) < 0 and dwg(Z) > 0 that

yield Pareto improvement.

1.10 Details of solution method in infinite horizon model

I first log-linearize all the optimality condition. The first order approximation of the firm’s

value function that hired a worker at time 7 is given by

prd]i(w,z) = AzdIn Ay — wd Inw — AE(1 = F(w))](w,z)dIn AE
+ AEJ(w, 2)dFi(w) — (6 + AF(1 — F(w)))d]i (w, z) + dd]i(w, z),

where . .
dF(w) = —F'(w)wd Inw;(z) + Vth(z) — det’
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and dVi(z) = [*dv(£)dG(Z). The response of 9y, J(w, z) is

pfdaw]t(wfz) = _)‘EP/(w)aw](w/Z)dln wt(z)
+{AF (1= F(@)))3u] (w,2) + AFF ()] (w,2) } dIn A
+AE](w z)dF(w) + AE J(w,z)dF/(w) — (8 + /\f(l — F(w)))dow](w,z)
+ AEF/ (w)d](w, z) + 0:ddy ]+ (w, 2),

where

dF/(w) = —F(w)dInw;(z) — F'(w)wd Inw;(z) — F'(w) (dInw(z))

_ 1 4
v(z)g(z) dz

The response of employment distribution is

+F(w){ (@) - avi

9Dy (w) = — (5 +AE(1 - Ft(w))> APy (w) — AE(1 — F(w))Py(w)d In AE

1 1
+ (/\EP(w) + mﬂ/\u) dF;(w) + m)\uF(w)dm + 0F(w)dIn AY

and the response of P/(w) is

9P} (w) = — (5 +AE(1 - Ft(w))> dP!(w) + (F’(w)Pt(w) —AE(1- P(w))p;(w)) dinAE

+ AEF (w)dPy(w) + AEP' (w)dF (w) + (AEP(w) + 5) dF! (w)
1
(1—p)?

The unemployment rate follows

AYF (w)du; 4 6F (w)d In AL

drdpr = —(AY + 8)dpy — AHudIn Af,
and the matching function implies

dInAY = dInAf = —xdInfi; + xdIn V;.
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Therefore the first order response of new hire wages solve

Q(w)ddw]i(w, ) + (1 — X)9u] (w, 2)dPr(w) + (1 — x)] (w, 2)dP; (w)

1.33
+(1 = x)P(w)d]i(w,z) + (1 — P(w))dw](w,z) — P'(w)](w,z)) dx: = 0, (1.33)

where dy; = {m} dy;. As in the two-period model, the above expression only
depends on a few number of variables, {d Inw;(z), dV;, dVi(z), %d Inw;(z), ;—Zth (z),dus, dIn At}
Crucially, it does not depend on the wage distribution, and only depends on the wages of
the neighboring competitors. The first order approximation of the optimality condition

for vacancy creation is

L4

ARy (w)] w0, ) In M A" (0, 2)dQu(w) +AT Qo) (1, 2) = A (0(2)) s - (AVh(2)).
(1.34)

The incumbent’s wage response is
d9,Jo(w,z) — %dw(,(w) =0, (1.35)

where dW;(w) is given by
pwdWi (w) = ' (wy)d Inw — 6dW] (w) — Af (1 — F(w))dW/ (w) + AFW' (w)dFy (w) + 0:dW/ (w).
The boundary conditions are

dinw(z) = dInw,

dInwi(z) = dInwy(z).

I solve the transition dynamics using the following algorithm. First, I guess the se-
quence of two aggregates: {dInw,, dV;}. Given these two aggregates, one can imme-
diately compute {du;, dx;, dInAF,dInAY,dIn AL} using the matching function. Then I
solve a system of linear ODEs, (1.33), (1.34) and (1.35) to obtain {dInw(z),dV;(z)}. Liter-
ate over the guess of {dInw,, dV;} until Thave W;(w,) = U; and dV;(z) = dV. In practice,
I simply invert the matrix to find equilibrium {dInw,, dV;}. This takes less than a second
to compute the transition dynamics. Following Auclert et al. (2019), figure 1-9 shows the

directed acyclical graph (DAG) representation of the first order responses of the economy.

87



With fariness constraint. Let wy; and wy; denote the Lagrangian multipliers on the con-
straint (1.38) and (1.39), respectively. The optimality conditions of firm’s problem are

ol = — (6 + AF(1— F(W)) b + oA (xe + (1 — xi) BT (W))

prt = u(wt) + 1) {Ut — Wt} + /\tE /max {O,W — Wt} dFt(W) + atWt,

— 0 — wot' (w) =0
(Az —w) = wn (8+AF (1= B(W)) ) = pren —n
wr (AEF'(W)E+0AF (1= x0)P'(W)) + wa { o + 8+ AE(1 = R(W)) } = pjeon —
A (e + (1= x0) P (W) wy = €' (0).

The initial condition Wy is pinned down by the risk-sharing condition:
w1 (AEP’(WQ)E +oAf(1 - Xt)P’(Wg)) +wy+1=0,

where 7 is the Lagrangian multiplier constraint on the promise-keeping constraint.

As before, linearizing the equilibrium conditions to obtain the system of linear ordi-

nary differential equations.

(AFF/(W)E+0AF (1= ) P'(W) ) ' (w)deor + wr (AFF (W)L +0AF (1= ) P'(W) ) u” (w)wd Inw
+u' (W)W AELAF (W) + ! (w) i AECF (W) In AE + o/ (w)w  AFF/ (W) dd
+AE(1 = x) P’ (W) (w)wrdo + vAE (1 — xi )P/ (W) (w)wid In AT
+oAE(1 = x)u' (w)dP (W) — vAFwiu! (w) P/ (W)dx
—{pu+8+AE1 = F(W)) }de— {AE(1— E(W) } tdIn AF — 49rd Inw, = 0

ddly = —(6 + Ay (1= F(Wp))dls +vA; (1= Pu(Wp))dx: + /\f&d@

+ (xe+ (1= x) (Wp)) Afdo — AF (1 — B(Wi)bd In Af + (xi + (1 — x¢)Pe(We)) Afod In Af
+ oAl (1 — xi)dP (W)
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9dW = i (w)dInw — (o + AE + 8)dWysp + dUs p + A / max{dW;, dW; }dF (W)

4 AE {—W(ws) + / max{W,W}dpm(W)] dIn AE 4+ A / max{W(2), W}dE' (2)dz

dwip = AzdIn Ay —wdInw — (o + 6 + AP (1 — F(W))dwy s — wiAE (1 — F(W;))d In AF 4wy AFAE(z)
(AfP’(WQ)E +oAf(1 - Xt)P’(Wg)) dwi + w1d ()\fﬁd +oAf(1 - )(t)P’(WO)) +dwy+dy =0,

and the rest of the equilibrium conditions are unchanged from the one without fairness

constraint.

1.11 Importance of New hire wage rigidity in other envi-

ronments

1.11.1 Competitive search

Consider the following model with competitive search (Moen, 1997; Acemoglu and Shimer,
1999) without on-the-job search. The model is static that follows Wright et al. (2019).
Each firm with productivity z posts wage w, and workers see all the wages and direct
their search. Let g(w) denote the unemployment-to-vacancy ratio in the sub-market with
wage w. Then Af(w) = M(q(w),1) denote the meeting probability of a firm when the
firm posts w, and AY(w) = q(l—w)/\/l(q(w), 1) is the meeting probability of unemployed.
Unemployed workers earn Ab. Workers must be indifferent across sub-markets:

U =AY (w)w+ (1 — A% (w))Ab

which defines g(w) implicitly.

If they can, then firms set wages so as to
w* = arg max II(w; A, z) = M(q(w),1)(Az — w).
The optimal amount of vacancy creation for a given wage w is that
v (w; A, z) = arg max IT(w; A,z)v—c(v; A, z).
Then by envelope theorem, if the firm was setting the wage optimally, there is no first
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order effect of wages on profits:
all(w*, A)
T,
ow
which implies that vacancy is unaffected by wage as well

av* (w*; A, z)

o = 0.

In this environment, what matters for the vacancy creation of a particular firm is not
whether that firm can adjust wages or not, but that whether other firms can adjust wages.
How the wages of other firms determined? In the baseline competitive search environ-
ment, there is a perfectly elastic free-entry, ¢’ = 0. If those entrants can freely choose
wages, then there cannot be any equilibrium new hire wage rigidity. Similar results hold
in the context of price-setting, as studied by Bilbiie (2020). One can work with new hire
wage rigidity with inelastic entry, but this also kills the tractability of competitive search.

1.12 Quantitative Infinite-Horizon Setup

1.12.1 Perfect-foresight Equilibrium and Steady-state Characterization

without Fairness Constraints

The wage offer distribution is

Fi(w) = — [ ) (1.36)
Vi zzw(z)<w
The meeting probabilities are
A= ﬁl/\/l(ﬁt,Vt), AE=7AH, AF = %M(ﬁt,Vt), where V; = /vt(z)dG(z).
t t

(1.37)

Equilibrium definition is as follows:

Definition 2. Equilibrium with constant agqregate productivity consists of a sequence of {w(z), v¢(z) },
{P(w), Fr(w), wy, ut}, {AY, AE, AFY such that (i) given { Py(w), Fr(w), AY, AE,AF, w,}, {wi(2),v:(2) }
solve (1.25); (ii) the reservation wages satisfy W(w,) = Uy, where Uy and Wy are given by (1.26)

and (1.27), respectively; (iii) the unemployment, the wage employment distribution, Py(w), and

the wage offer distribution, Fi(w), satisfy (1.23), (1.24), and (1.36), respectively; and (iv) meeting
probabilities are given by (1.37).

90



o

The steady-state unemployment rate is given by y = 5=57.

The steady-state employ-
ment weighted wage distributions are

B OF (w) _ 0
R T ) A R Ve )

The firm’s Bellman equation in the steady-state is

Az —w
Pf+5+%+)LE(1—F(ZU)).

](w,z) =

Using the above expressions, one can rewrite firms” FOCs as

Az —w(z)
S+ AE(1—F(w(z)))

Az —w(z)
p+0+x+AE(1—F(w(z)))

AEF (w) + AEF (w) =1

and
A Q(w(2))](w(z),2) = Ac'(0(2)).

Because firms’ profits are log-supermodular in (w, z), wages are increasing in firm’s pro-
ductivity. Therefore, as in Burdett and Mortensen (1998), the steady-state equilibrium
is rank-preserving in a sense that workers always move toward more productive firms.
Defining F(z) = F(w(z)) = + [“0(£)dG(2) and Q(z) = Q(w(z)), we can write the
steady-state equilibrium wage and vacancy distribution {w(z), F(z)} as the solution to
the following system of ODEs:

Az —w(z)
S+ AE(1 - E(z))

E#/ Az —w(z) — 4 (2
A F(Z)p+5+x+Af(1—ﬁ(z)) = wi(z)

AEE (2)

MQ(2)](w(z),z) = A (VF'(z)/3(2))

with the boundary conditions w(z) = w, where w satisfies W(w) = U, and F(z) = 0.
One still needs to solve fixed point in terms of aggregate vacancy, V, because meeting
probabilities, AF and AY, and unemployment rate y, using (1.37). Note that in the steady-

state, workers’ risk aversion, 7, plays no role.

Given the wage and vacancy distributions, workers value function in the steady-state
are given by

oW (w) = u(w) + 6 {U — W(w)} + AF / max {0, W(@) — W(w)} dF ()
ol = u(Ab) + AU / max {0, W(@) — U} dF ().
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1.12.2 Environment with Fairness Constraints

I impose a restriction that firms cannot discriminate wages across employees. Firms com-
mit to a sequence of wage payments {w; } that delivers W; of the expected lifetime utility
to the workers employed at the firm. Workers accept the job that offers a higher value.
Let F{(W) = % fz:Wt (wn(2)) <W v¢(z)dG(z) denote the cumulative distribution function of
the offer distribution. The employment distribution of worker value P{’ evolves in an

analogous manner as in (1.24):

PN (W) = —8PT(W) = Af (1= F (W) P (W) + £ ” wAL (W),
— Mt
The employment in a particular firm z evolves according to
Oply = — (8 + AF (1 — FT(Wi))le + oA (xe + (1 — xe) P (W) (1.38)

For a given Wy, a firm chooses its wage policy and vacancies to maximize profits

IT(Wp;z) = max /e‘Pt {(Azy — wi) by — c(vy) } dt
{Wrw, o}

subject to (1.38) and the worker’s Bellman equation:
0wWs = u(w;) + 6 {Us — Wy} + AE / max {0, W — W, } dEI (W) + 9, W, (1.39)

The rest of the models are unchanged from before. Appendix 1.12.2 characterizes the
steady-state of this economy:.

Again, I consider the following dynamics. Att = 0, the economy is at the steady-state.
Then there is a news that the aggregate productivity could be permanently high or low in
the following periods. Firms insure workers by writing state contingent wage contracts

that deliver the expected utility that is at least as large as promised in the steady-state:
max Y 7 IT(Wg;2)
Wit senn
st Y W > W(z).
S

Given the initial W, the economy follows the perfect foresight equilibrium described
above. Differently from before, wages are not fixed during the tenure period. Rather,

firms offer the same time-varying wages to both incumbent workers and new hires.
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As before, the steady-state is rank-preserving: more productive firms offer higher
wage (values) to workers. The steady-state wages w(z) and wage offer distribution F(z) =
[*9(2)/VdG(2) solve the following system of ODEs:

Az —w(z)
S+ AE(1—F(z))

2AEF (z) =
MO(2)J(w(z),z) = Ac'(VE'(2)/g(z)).

=1

Compared with the model without equal treatments, we can immediately see thatas p —
0, the steady-state equilibrium coincide. I focus on a symmetric steady-state, in which
firms with the same productivity employ the same number of workers. Let W(z) denote

the utility that a firm with productivity z promises to workers in the steady-state.
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Chapter 2

Globalization and the Ladder of
Development: Pushed to the Top or Held
at the Bottom?

2.1 Introduction

A popular metaphor about development is that countries sit at different rungs of a ladder,
each associated with a different set of economic activities. As countries develop, they
become more capable, move up the ladder, and start to produce and export more complex
goods. In this paper, we propose to take this metaphor seriously and use it as a starting

point to study the relationship between international trade and development.

As simple as it is, the previous metaphor points towards two distinct mechanisms
through which international trade and development may be related. On the one hand,
countries that develop—because of technological innovations, the adoption of better do-
mestic policies, or any other channel unrelated to trade—may acquire a comparative ad-
vantage in more complex goods and, in turn, tilt their exports towards these goods. On
the other hand, countries that specialize in more complex goods—because of the removal
of trade barriers or technological innovations in the rest of the world—may start growing
faster, as a result of greater opportunities for knowledge accumulation and technological
spillovers in those sectors.

The distinction between the two mechanisms has potentially important implications,
both from a normative and a positive perspective. The first mechanism corresponds to
the static channel between productivity and trade at the core of any Ricardian model. In

such a model, changes in trade patterns are a by-product of technological progress, spe-
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cialization according to comparative advantage is Pareto efficient, and laissez-faire policy
is optimal. The second mechanism corresponds to the dynamic effects of trade more of-
ten emphasized by models with external economies of scale. It suggests, in contrast, that
industrial policies subsidizing more complex sectors at the expense of others could be
welfare improving. It also opens up the possibility that the emergence of large countries
like China in the world economy may push some countries to the top of the ladder, while
holding others at the bottom.

Our paper offers a formalization of the previous ideas and an exploration of their em-
pirical validity. As a theoretical matter, we show that if two key features of the ladder
metaphor are satisfied, namely that specialization in more complex goods generates pos-
itive spillovers and that fewer countries at the top of the ladder produce more complex
goods, then it is possible for international trade to raise capability in all countries. As an
empirical matter, however, we only find support for the first of these two qualitative fea-
tures. In the data, more complex goods tend to be produced by more countries. Through
the lens of our model, this implies dynamic welfare losses from trade that are small for
the median country, but pervasive and large among a few developing countries.

Section 2.2 develops a Ricardian model of international trade with nested CES prefer-
ences and static and dynamic effects. There are many countries and many sectors. Within
each sector, goods produced by different countries are imperfect substitutes. In line with
the previous metaphor, we assume that countries can be ranked in terms of their capabil-
ity, while goods can be ranked in terms of their complexity. In a given period, capability
and complexity determine the distribution of productivity across countries and sectors.
Over time, capability may increase in all countries, but technological progress is unequal
and depends, in part, on what countries specialize in, which atomistic firms do not inter-
nalize. Specifically, we assume that more complex goods generate more opportunities for
learning. So, when the distribution of employment is tilted towards those goods, capabil-
ity growth increases.

Beside the fact that goods and countries may each be ranked along a single dimension,
the ladder metaphor also points towards productivity differences manifesting themselves
at the extensive margin. Capable countries sitting at the top of the ladder can produce
the most complex goods, whereas countries at lower rungs cannot. To shed light on the
implications of these extensive margin considerations, we first focus on a special case of
our general Ricardian environment in which the only difference across goods is that some
goods, the most complex ones, are produced by fewer countries, the most capable ones,
as in Krugman (1979). We refer to this benchmark environment as a pure ladder economy.

Without international trade, all countries in that economy would produce all the goods
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that they know how to produce. With international trade, they can source some of those
goods from the rest of the world. From the point of view of any individual country, among
the goods that it knows how to produce, the rest of the world tends to have a comparative
advantage in its less complex goods, since a greater number of foreign competitors knows
how to produce those goods. More competition at the bottom of the ladder tends to push
all countries to specialize in their most complex sectors and, in turn, to raise capability

and real income around the world.

A recurrent theme of the earlier literature on the dynamic effects of trade, as reviewed
for instance by Grossman and Helpman (1995), is that there are good sectors, with op-
portunities for learning, and bad sectors, without them. For countries with a static com-
parative advantage in the former sectors, free trade therefore slows down productivity
growth, opening up the possibility of welfare losses from trade liberalization. Our simple
ladder economy maintains a similar good-sector-bad-sector dichotomy, but by moving
the focus to extensive margin considerations, it clarifies that dynamic gains from trade,
like static ones, do not have to be zero sum. In the pure ladder economy, all countries that
are not at the bottom of the ladder experience strictly positive dynamic gains (since they
tace strictly more competition for their least complex goods), whereas the poorest country
sitting at the bottom experiences neither dynamic losses nor gains (since it faces the same

competition from the rest of the world in all sectors in which it is able to produce).

To explore the empirical relevance of the pervasive dynamic gains predicted by our
pure ladder economy, we propose to proceed in two ways. In our baseline analysis, we
start with measures of complexity and capability that, in light of earlier empirical work by
Hausman et al. (2007) and Hausman et al. (2013), are likely to generate positive spillovers,
we will then estimate the magnitude of those spillovers (if any), and finally we will assess
the extent to which opening up to trade indeed shifts most countries towards their more
complex sectors. In our sensitivity analysis, we will then proceed in reverse by defining
the more complex goods as those that fewer countries produce and then testing whether
or not they generate positive spillovers.

Section 2.3 presents of baseline measures of complexity and capability. Keeping the
focus of our analysis on extensive margin considerations and taking inspiration from
the work of Hausman et al. (2013), we propose using disaggregated trade data from the
United Nations Comtrade Database to measure the complexity of hundreds of manu-
tfacturing goods, defined as an SITC 4-digit product, and the capability of 146 countries
from 1962 to 2014. We then propose to infer complexity and capability from the assump-
tion that more capable countries are more likely to export more complex goods. Accord-

ingly, if a country is known to be more capable than another, say the United States versus
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Bangladesh, then one can identify more complex goods as those that are relatively more
likely to be exported by the United States. Conversely, if a good is known to be more
complex than another, say medicines versus underwear, then one can identify more ca-
pable countries as those that are relatively more likely to export medicines. Our revealed
measures of complexity and capability should then be consistent with both types of ob-

servations.

Overall, measures of complexity and capability reveal reasonable patterns. Through-
out this period, rich countries, like the United States and Western Europe, are revealed to
be among the most capable in the world, whereas poor countries, like much of Africa, re-
main at the bottom. East Asian countries like Korea and China experience rapid increases
in capability growth while much of Latin America sees relative declines. Across goods,
Medicaments, Cars, and Medical Instruments are consistently revealed to be among the
most complex, whereas Wood Panels, Hand Woven Rugs, and Men’s Underwear are
among the least complex.

Section 2.4 focuses on the estimation of dynamic spillovers. We specify the law of
motion for capability as an auto-regressive process of order 1. In every period, shocks
are drawn from a distribution whose mean linearly depends on the average complexity
of a country’s output mix. Dynamic spillovers are positive if the mean of a country’s

capability shocks is increasing with average complexity.

The key empirical challenge to estimate the previous spillovers is reverse causality,
running from country capability to sectoral employment through changes in a country’s
comparative advantage over time. To deal with these issues, we need instrument vari-
ables correlated with a country’s sectoral employment but uncorrelated with the unob-
served determinants of its capability. We propose to use the entry of countries into the
World Trade Organization (WTO) to construct time- and country-varying shifters of aver-
age complexity in other countries that rely on first-order approximations to the changes
in sectoral employment caused by lower trade costs in our model. The reduced form of
our IV also provides a comparative static of independent interest: does a country like
China’s entry into the WTO push more capable countries up the ladder and less capable

countries down?

Our baseline IV estimates point to dynamic economies of scale in more complex sec-
tors that are positive and statistically significant. Exogenous employment shifts towards
more complex sectors tends to raise capability. This conclusion is robust to a range of
alternative specifications and robustness checks, including alternative data samples and
lag structures. The same exogenous shift in sectoral employment is also associated with

significant increases in real GDP per capita.
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Section 2.5 returns to our Ricardian model, in its most general form, allowing pat-
terns of international specialization to be shaped both by intensive and extensive margin
considerations. In order to quantify the static and dynamic effects of trade, we ask the
following counterfactual question. Suppose that a country were to move to autarky in
1962, the first year of our sample, while still being subject to the same domestic techno-
logical shocks, what would happen to the path of its capability and real consumption?
Combining our estimates of dynamic spillovers with a non-parametric specification of
productivity differences across origin, destination, and sectors, we conclude that about
XXX% of countries in our sample would experience higher capability under autarky. For
the median country, these dynamic considerations lower the welfare gains from trade by
XXX%, though a few developing countries experience much larger welfare losses. The
reason behind these pervasive losses is that in sharp contrast to the benchmark predic-
tions of our pure ladder economy, sectors that we have identified as more complex in
Section 2.3 tend to face more rather than less foreign competition.

Section 2.6 explores the robustness of the previous conclusions to alternative measures
of complexity and capability that are based instead on the assumption that more capable
countries are those that tend to produce more goods, whereas more complex goods are
those that tend to be produced by fewer countries. While these new measures of capa-
bility remain positively correlated with our earlier measures, with richer countries being
revealed as more capable on average, the correlation between the two measures of com-
plexity is negative. As a result, when using the same IV strategy, we conclude that there
are negative dynamic spillovers in more complex sectors, now defined as those where
more capable countries are more likely to export.

Our bottom line about the dynamic consequences of international trade, however, re-
mains unchanged. The reason is that for dynamic gains to arise, two conditions need to
be simultaneously satisfied. First, more complex sectors need to be associated with dy-
namic positive spillovers (so that their expansion creates capability growth); and second,
they need to face less foreign competition (so that they expand under free trade). In our
baseline analysis, the first condition holds, but not the second. In our sensitivity analysis,
the second condition holds, by construction, but not the first. In both cases, we therefore
end up concluding that there are small, but pervasive dynamic losses from trade.

Related Literature

On the theory side, the static part of our model, with its emphasis on the interaction

between a single country characteristic, capability, and a single good characteristic, com-
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plexity, is reminiscent of Krugman’s (1986) technology gap model, Ricardian models of
trade and institutions, like Matsuyama (2005), Levchenko (2007), Costinot (2009), and
Melitz and Cunat (2012), and the recent work on quality and capability by Sutton and
Trefler (2016) and Schetter (2020).! The special case of a pure ladder economy, which we
study analytically, is a strict generalization of Krugman (1979). Like Krugman (1979), our
model emphasizes differences in comparative advantage across countries that take place
at the extensive margin, a key feature of the ladder metaphor motivating our analysis.
But unlike Krugman (1979), our model allows for more than two countries and imperfect
substitutability between goods from different countries. The first generalization allows us
to distinguish what happens at the top and the bottom of the ladder from what happens
in most countries in the middle. The second generalization makes foreign costs a strictly
decreasing function of the number of foreign countries that can produce a good, which
gives all countries a comparative advantage in more complex goods relative to the rest of
the world.

The dynamic part of our model, with its emphasis on external economies of scale, is
related to earlier work by Krugman (1987), Boldrin and Scheinkman (1988), as well as
Grossman and Helpman (1990), Young (1991) and Stokey (1991) who also allow inter-
industry spillovers. As mentioned earlier, we share with these papers an emphasis on
the dichotomy between good sectors, that are more conducive to learning and growth,
and bad sectors, that are not. Motivated by the ladder metaphor, however, we turn our
attention away from intensive margin considerations (in a two-country world) towards
extensive margin considerations (in a many-country world). This seemingly small change
of perspective has important welfare implications. In the pure ladder economy, dynamic
gains from trade, like the static ones, do not have to be zero-sum, as all countries may
simultaneously specialize in the good sectors.

The previous feature is related to recent work by Perla, Tonetti, and Waugh (2015),
Sampson (2016), and Buera and Oberfield (2017). They focus on economies where firms
of heterogeneous productivity can learn from each other. Since opening up to trade real-
locates production towards larger, more productive firms, from which other firms have
more learn, it also raises aggregate productivity. Hence, we share the same general fea-
ture that trade may lead to a reallocation of economic activities that is potentially growth-
enhancing in all countries, though the empirical content and policy implications are very

different. In the previous papers, large firms should be subsidized; in our paper, if there

LA similar focus on a ladder of countries can be found in Matsuyama (2004) and Matsuyama (2013)
where productivity differences between countries arise endogenously through symmetry breaking under
free trade.
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are positive dynamic spillovers, the most complex sectors should be subsidized.

On the empirical side, we view our revealed measures of complexity and capabil-
ity as a bridge between the original, descriptive work of Hidalgo and Hausman (2009)
and Hausman et al. (2013) and recent, structural work on comparative advantage by
Costinot, Donaldson, and Komunjer (2012), Levchenko and Zhang (2016), and Hanson,
Lind, and Muendler (2016). In the spirit of Hausman et al. (2013), we focus on the ex-
tensive margin of trade, that is, whether or not a country exports a particular good,
as a way to reveal capability and complexity. But like Costinot, Donaldson, and Ko-
munjer (2012), Levchenko and Zhang (2016), and Hanson, Lind, and Muendler (2016), we
use a difference-in-difference strategy that controls for exporter-importer and importer-
industry fixed effects. This allows us to separate capability and complexity from bilateral
trading frictions and demand differences across countries.

Our estimation of dynamic spillovers is related to the influential work of Hausman
et al. (2007) and the general debate about whether what countries export matters, as dis-
cussed, for instance, in Lederman and Maloney (2012). Our instrumental variable strat-
egy, based on the differential effects of new WTO members on countries with different
industry mixes, aims to provide credible causal evidence that trade indeed matters for
the pattern of development, rather than development mattering for the pattern of trade.
Our evidence complements the recent work of Bartelme et al. (2019b) who study the het-
erogeneous impact of sectoral foreign demand shocks on real income as well as recent
papers such as Bloom et al. (2016) and Autor et al. (2017) that focus on the differential im-
pact of Chinese imports, caused by the removal of trade barriers or productivity growth

in China, on direct measures of innovation, like patents, across sectors.

2.2 Theory

2.2.1 Environment

We consider an economy with many countries, indexed by i, and a continuum of goods,
indexed by k. The total measure of goods is one. Time is continuous and indexed by ¢ > 0.
Labor is the only factor of production, with L;; the labor supply in country i at date ¢.

Preferences. In each country, there is a representative agent who derives utility from an

infinite stream of consumption,



where p; > 01is the discount factor and u; is strictly increasing, strictly concave, and twice
differentiable. Aggregate consumption C;; itself derives from consuming varieties from

different countries in different sectors,

Cir = (/(Ci]ft)(el)/edk)e/(el), @2.1)

Cl’ft = (Z(C?i,t)(g_l)/a)g/(g_l)z (2.2)

]

where € > 1 is the elasticity of substitution between goods from different sectors, o > 1
is the elasticity of substitution between varieties from different countries within a given
sector, and ¢ > € so that there is more substitutability within than between sectors. This
implies that if a country i faces more foreign competition in a sector, that is lower foreign

prices, then total expenditure on country i’s variety in that sector decreases.

Technology. Goods differ in their complexity, nf > 0, whereas countries differ in their
capability, N;; > 0. We let Ny = {N;;} denote the state of the world technology at date ¢
and F; denote the cumulative distribution of complexity across goods,

Fi(n) = / dk, for all n > 0.
Ogn’fgn

For all goods, production functions are linear,

k _ Ak pk
Tije = Az’j,tgij,t' (2.3)
where Af-‘]-/t > 0 denotes the productivity of firms producing good k for country j in coun-
try i at date ¢, inclusive of any transport cost, and E;‘jt > 0 denote their employment.

Conditional on a good’s complexity and the state of the world technology, we assume

k

for now that the vector of productivity, A = { A} ]-/t}, is drawn independently across all k

from a general multivariate distribution,
Prob(AF < a) = Gi(a|nf = n, Ny).

Over time, changes in a country’s capability are determined by its present capability

and its endogenous pattern of specialization,
Ni = Hi (Nig, Fy), (2.4)
with H;; a monotonic function of the cumulative distribution of employment across sec-
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tors of different complexity,

Zj f0<nk<n glc] dk
Y [0k dk

ijt

Fft(n) = forall n > 0. (2.5)

Below, we assume that H;; is increasing in Fﬁ in the sense that if F; .5/ ; stochastically domi-
nates F; ¢ ; in terms of the Monotone L1l<el1hood Ratio Property (MLRP) then H; ;(Nj, F ) >
H; (N, F ) In words, complex sectors are “good” sectors in the sense that employment
in more complex sectors, perhaps due to international trade, causes higher capability
growth.? The estimation of such spillover effects will be the main focus of our empirical

analysis.

2.2.2 Competitive Equilibrium

We focus on a competitive equilibrium with free trade in goods and financial autarky.
At each date t, firms maximize profits, consumers maximize their utility, and goods and
labor markets clear. Conditional on the vector of countries’ capabilities Ny = {N;;}, these
static equilibrium conditions determine wages, good prices, consumption, and employ-
ment. Employment shares across countries and sectors then determine countries’ future
capabilities, whereas the path of aggregate consumption determines the interest rate in

each country, without any further consequences for our analysis.

Static Equilibrium Conditions. Profit maximization by perfectly competitive firms re-
quires the price of a variety of good k produced in country i and sold in country j to be

equal to its unit cost,
pz]t wzt/A (2.6)

with w; ; the wage in country i at date t. If country i cannot produce good k at date t, then

Ai‘] ; = 0and Pl'(j,t = oo. Utility maximization requires

e (Pl (PR WL
pj/t)lfe /

2.7)

~
=
3
—~
SR
N—
—_
|
)
N

2 At this point, it is worth noting that this restriction is no less general than assuming that H; ; is mono-
tonic in F/,. Indeed, if H;, is decreasing in FZ then one can always reindex goods by a new complexity

k = —nk, such that H;; is increasing in l—"/ with F f0<nk<n Z] 5, dk/ [ Y ok dk.

index 71 ijt
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where the sector-level price index, P}ft, and the aggregate price index, P;;, are given by

B, = (L (Pl 1V, (2.8)

1

P = | / (Pt edk]t/ 1), (2.9)

Good market clearing requires
ciip = AL 5 (2.10)

whereas labor market clearing requires

/ 06 ik = 2.11)

Dynamic Equilibrium Conditions. For given employment levels {El i ;}, the evolution
of capabilities across countries is described by equations (2.4) and (2.5). Finally, the con-

sumer’s Euler equation pins down the interest rate in each country,

Cis 1 Py
== Tit— == — Pi). 212
Gt vi(Cit) i Py bi) 212
where v;(C) = —dInu}/dIn C is the elasticity of the consumer’s marginal utility.

Definition of a Competitive Equilibrium. A competitive equilibrium corresponds to
capabilities, {N;;}, wages, {w;;}, good prices, { pl] y ]t, ',t}, interest rates, {r;;}, con-
sumption levels, {ck i Ck i Ci, t}, employment levels, {Ei‘] }, and employment distribu-
tions, {Fi,t}, such that equations (2.1)-(2.12) hold. Provided that F;, G, and H; are smooth
enough, such a competitive equilibrium exists and is unique. We maintain this assump-

tion throughout. For the interested reader, Appendix 2.8.1 offers a formal discussion.

2.2.3 Pushed to the Top or Held at the Bottom?

Beside the fact that goods and countries may each be ranked along a single dimension,
a distinctive feature of the ladder metaphor is that productivity differences across coun-
tries and sectors manifest themselves at the extensive margin: capable countries sitting
at the top of the ladder can produce the most complex goods, whereas countries at lower
rungs cannot. Before turning to our empirical and quantitative analysis, we propose to
zoom in on those extensive margin considerations and explore their implications for the

relationship between trade, technological capability, and welfare.
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The Pure Ladder Economy. Consider an economy, which we refer to as the pure ladder
economy, where the only difference across goods is that some goods, the most complex
ones, are produced by fewer countries, the most capable ones sitting at the top of the

ladder. Formally, we assume that the distribution of productivity G; is such that

Ay ifnf < Ny,

Ak

= (2.13)

0 otherwise.

k
ijt

destination countries and over time. The critical restriction that we impose is that Ai-‘]- ; is

Equation (2.13) allows for arbitrary trading frictions: A, may vary across origin and
independent of k for all goods below a country’s capability. Hence, comparative advan-
tage is a purely extensive-margin affair.

All Pushed to the Top. To evaluate the consequences of globalization, we compare the
time paths of capabilities {N;;} and aggregate consumption {C;;} in the original equi-
librium with productivity levels {Ai‘]t} to their time paths in a counterfactual autarky
equilibrium with productivity levels {(Ai‘] .)'} such that

Ajjp if n’t‘ < Nj;andi =},

(A% = (2.14)

0 otherwise.

All other structural parameters, including the function H;,(-, -) that determines the law
of motion of a country’s capability, are held fixed in the two equilibria.

In the autarky equilibrium, all goods produced in a given country i have the same
prices, w;/ Aj; 1; consumers there demand them in the same proportions; and employment
shares are equal across sectors. As a result, the autarky employment distribution Ff;A is
equal to F; in all countries. In the trade equilibrium, this is not the case. By equations
(2.6)-(2.10), country i’s employment in a sector k with complexity n¥ < N;; at date ¢ is
given by

(Aijr)7 Hwie) ™7 wjLiy

k _
gi,t — Z E—C (P'It)lfé:.

7 (Ciong, st (wre/ Agp) =) 150 (]

As the complexity of goods increases, fewer and fewer countries are able to produce, i.e.,

fewer countries [ satisty Nj; > n]i. Under the assumption that ¢ > € > 1, this increases
the price index in that sector, P}ft = (¥ Ny>nt (wy ¢/ Alj’t)l—‘f ]1/(1=9) which further raises
sales and employment in country i. For a given level of capability, the distribution of

employment Fft therefore shifts up in terms of MLRP, as illustrated in Figure 2-1. Going
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from trade to autarky therefore causes a decrease in growth capability, at impact, and a
decrease in the level of capability, at all subsequent dates. From a welfare standpoint,
these dynamic considerations always strengthen the static case for the gains from trade.

We summarize this discussion in the next proposition. The formal proof can be found
in Appendix 2.8.2.

Proposition 11. In the pure ladder economy, openness to trade raises capability and aggregate

consumption at all dates in all countries.

In the pure ladder economy, all countries gain from trade both because of static and
dynamic considerations. The static considerations are standard. For given levels of ca-
pability, countries must achieve higher aggregate consumption under trade than under
autarky because the autarkic consumption bundle remains achievable under free trade,
as in Samuelson (1939). The dynamic considerations pertain to the endogenous evolution
of countries’ capability under trade and autarky.

At arbitrary points in time, changes in capability may well be lower under trade than
what it would have been under autarky. Nevertheless, whenever capability levels co-
incide in the trade and autarky equilibria, differences in the distribution of employment
between the two equilibria imply higher capability growth in the former. This is sufficient
to guarantee higher levels of capability under trade at all dates.Dynamic gains from trade
are not zero-sum, in the sense that some countries experience dynamic gains at the ex-
pense of others by specializing in the good sectors, whereas other countries do not. Here,
globalization pushes all countries up the ladder. At worst, capability remains the same in
the two equilibria, which is what happens in the country with the lowest capability. For
this country, since competition from the rest of the world is exactly the same in all sectors
at the bottom of the ladder, the distribution of employment across sectors remains given
by F; after opening up to trade.

Although the pure ladder economy imposes strong restrictions on the distribution of
productivity across countries and sectors, those that we think capture well the original
ladder metaphor, it allows for a general law of motion for capability and, in turn, rich
dynamics for the distribution of productivity across countries and sectors. Proposition
11, for instance, can accommodate scale effects, such that variation in the size of sectors,
rather than their shares of total employment, matters for capability. This simply corre-
sponds to the special case where H;; is a function of L;;. We can also generalize Propo-
sition 11 in a straightforward manner to environments where productivity differences
Ai]-,tB;gtci,t.?’

across countries and sectors take the form A;‘j ;=

3The critical feature of a pure ladder economy, already emphasized above, is that comparative advan-
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Figure 2-1: Changes in employment distribution after opening up to trade
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Valuation of the Gains from Trade. A natural way to measure the extent to which dy-
namic economies of scale affect the gains from trade is to compare gains from trade in
the present environment to those predicted by the formula in Arkolakis, Costinot, and
Rodriguez-Clare (2012) (ACR). In line with the static analysis in ACR, we assume that the
world economy is initially at a steady state, with no technological shocks (F; = F, G; = G,
and H;; = H;) and no population growth (L;; = L;), and that after moving to autarky,
the economy converges to a new steady state, with the transitional dynamics to this new
steady state determined by H;. We can then define the gains from trade as the (perma-
nent) difference between the income level required to achieve the (lifetime) utility under
free trade and the income level required to achieve the (lifetime) utility under autarky,
both evaluated at the free trade prices and expressed as a fraction of a country’s income
level under free trade.

Let A;;(n) denote country i’s share of expenditure on domestic goods with complexity
n in steady state under free trade, let ¢;(1) denote country i’s share of total expenditure on
goods with complexity 7 in that same steady state, and let H lfl (0, F) denote the capability
level N that solves 0 = H;(N, F). As shown in Appendix 2.8.2, the previous statistics can

be used to value the gains from trade (GT).

Proposition 12. In the pure ladder economy, gains from trade in any country i are bounded from
below by GT; and above by GT; such that

GT, =1~ | [ ei(m)(Au(m)Har(m)|

-~

Static Gains

CTi =1~ | [etm)(a(n)FHaF(m) |- [H7 0, F)/H 1 (0,F)] 9.

L . S
. 7 ~\~
-~

Static Gains

H
7
A

Dynamic Gains
e—1 %
The first term, [ [ ei(n)(Aii(n))1dF (n)} ", is standard in the quantitative trade liter-
ature. It corresponds to the static gains from trade, as previously described by Costinot
and Rodriguez-Clare (2013) in the case of a similar multi-sector Armington model with

tage only expresses itself at the extensive margin. More generally, if we were to allow more capable coun-
tries to have a comparative in more complex goods—in the sense that Ai-‘]-,t is log-supermodular in (n¥, N; ),
but does not necessarily satisfy condition (2.13)—then there would be dynamic gains for the most capable
country at the top of the ladder, dynamic losses for the least capable one at the bottom, and either dynamic
losses or gains for any country in between. The basic logic is unchanged. The most capable country still
faces tougher foreign competition for its least complex products, now both through intensive and extensive
margin considerations. In contrast, the least capable country now faces tougher competition for its most

complex products, exclusively through intensive margin considerations.
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nested CES utility. Like the original one-sector ACR formula, this expression uses expen-
diture shares in the current trade equilibrium, {A;;(n)} and {e;(n)}, to infer by how much
country i’s terms-of-trade would worsen as the economy goes back to autarky, a terms-
of-trade adjustment that also depends on the elasticities of substitution across and within
sectors, € and ¢. The lower those two elasticities are, the more a country’s terms-of-trade
worsen, and the larger the gains from trade are.

The second term, [Hi_l(O, Ff)/H; (0, F )] ﬁ, is the main focus of our analysis. It
captures the fact that, in addition to the previous welfare losses, country i’s production
possibility frontier would also be affected by moving back to autarky. In the trade steady
state, country i’s capability is given by N; = H 1-_1(0, F). In the autarky steady state, in
contrast, uniform employment across sectors implies (N;)' = H;~ (0, F). The (inverse of
the) function H; determines by how much changes in the pattern of sectoral employment,
from F! to F, affects the growth of capability along the transition path and, in turn, the
level of capability in steady state. With F/ stochastically dominating F, moving back
to autarky also reduces aggregate productivity in country i, with the mapping between
the change in the number of goods that country can produce, N;/(N;)’, and aggregate
productivity given by ﬁ This captures the standard “love of variety” associated with
CES utility.

Our two bounds on the gains from trade derive from the observation that any point
along the transition path from the trade steady state to the autarky steady state, country
i’s capability must always lie between N; and (N;)’. As a result, the welfare losses from
autarky, and hence the gains from trade, must be bounded from below by the welfare
loss, GT;, that would occur absent any change in capability. Likewise, the gains from
trade must be bounded from above by the welfare loss, GT}, that would occur if capability

jumped immediately and permanently to its lower steady state level under autarky.

2.3 Measuring Capability and Complexity

The end goal of our paper is to test empirically whether, as illustrated by Proposition
11, opening up to trade may be a force that tends to push all countries up the capability
ladder by allowing them to specialize in their more complex sectors. To confront that

hypothesis with data, we first need measures of capability and complexity.
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2.3.1 Empirical Strategy

Our general empirical strategy is to use zero and non-zero trade flows in order to partially
identify the distribution of productivity G;(-|n, N) and, in turn, the capability and com-
plexity indices that shape that distribution at any given point in time. For our baseline
analysis, we restrict the productivity distribution G; to be such that

Prob(Af;, > 0) = &jj; + 7}, + Nignj, (2.15)
with independence across origins and sectors, but not necessarily across destinations
within the same origin and sector. Consistent with the original ladder metaphor dis-
cussed in the introduction, equation 2.15 captures well the notion that “complex goods
are what capable countries do” in the sense that more complex goods are more likely to be
exported by more capable countries. This is also similar in spirit to the existing empirical
literature, e.g. Hausman et al. (2007) and Hausman et al. (2013), that extracts measures of

country and product sophistication from export patterns.

Note that equation 2.15 includes exporter-importer-year and importer-good-year spe-
cific terms, ¢;;; and ’)/;.‘/ ., respectively. In line with recent work on revealed comparative
advantage (e.g. Costinot, Donaldson, and Komunjer 2012, Levchenko and Zhang, 2016,
and Hanson, Lind, and Muendler 2016), this allows us to separate the determinants of
comparative advantage, capability and complexity, from bilateral trading frictions and
demand differences across countries.

k ——
ift —
t are strictly positive if and only if productivity Ai'(j,t is strictly positive. Thus, under the

In our model, trade flows x pi.‘]. tcifj ; by country i to country j # i in sector k at date

assumption above, we can estimate N; ; and nf as interacted country-year and sector-year

tixed effects in a linear probability model of the form,

k
T

o= O+ Nignf + e (2.16)

k k k
i i > 0 and the error term €ijp =

nf.‘j’t —E [ﬂf‘]t] Intuitively, if a country is known to be more capable than another, say the
United States (US) versus Bangladesh (BG), then one can identify any good k as more

where 77, is the dummy variable for whether or not x

complex than another reference good ky if, relative to the reference good, it is more likely
to be exported by the United States than Bangladesh. Indeed, if there are no error terms,
then equation (2.16) directly implies

k k k k k k
ng—n = [(”us]',t - nL?Sj,t) - (7TBGj,t - ”BOG]',t)]/(Nus,t — NpG )-
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Conversely, if a good is known to be more complex than another, say medicines (ME)
versus men’s underwear (UW), then one can identify any country i; as more capable than
another reference country i if, relative to the reference country, it is more likely to export
medicines than underwear. Again, in the absence of error terms, equation (2.16) implies
Ny = Ny = (1 — i) — (b — nll)] (nME — i),

Our estimators of capability and complexity generalizes the previous idea to the case
where there are error terms, but those are mean zero.* Our procedure requires an initial
guess of either which countries are capable or which goods are complex. We follow the
tirst path and assert that the original members of the G-10 are capable which provides
complexity measures for all goods which can then be used to recover capabilities for all
countries. The details of that estimation procedure can be found in Appendix 2.9.2.

Our procedure identifies capability and complexity, up to affine transformation. For
the purposes of identifying dynamic spillovers in Section 2.4.3, we will further assume
that the lowest and highest complexity levels are time-invariant and always equal to 0 in
the least complex sector, i.e. there is no spillover from producing the least complex prod-
uct, and moving from specializing in the least to the most complex product generates
the same-sized spillover in any period. Given these two assumptions, we can normalize
complexity in the most complex sector to 1 without further loss of generality. In our em-
pirical exercises below, year fixed effects will sweep out average capability in any period.
To ease exposition, we normalize capability such that the average capability of the US is
equal to 1.

2.3.2 Data

Our baseline empirical analysis uses trade data from the UN Comtrade database for 146
countries and 715 4-digit SITC Rev. 2 manufacturing products from 1962 to 2014.

The UN Comtrade database contains more than 3 billion records on annual imports
and exports by detailed product code going back as far as 1962. We start by extracting
all trade transactions between 1962 and 2014 with transactions in at least one year for
233 countries.” Transactions are concorded to the 4-digit SITC rev 2 level by Comtrade

4 .. k _ k k k P
Specifically, we assume € = Gip T U ]-,t,where Giy is iid and mean zero across both products and
origins and ”?jt is i.i.d and mean zero across products, origins and destinations.

SWe combine East and West Germany in the years prior to reunification. Several countries report jointly
for subsets of years in the database. For this reason, we combine: Belgium and Luxembourg; the islands
that formed the Netherlands Antilles; North and South Yemen; and Sudan and South Sudan.
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and all trade flows are converted into real 2010 US dollars using the US CPI. We then
perform a number of data cleaning steps that closely follow the cleaning exercise out-
lined in Feenstra et al. (2005) (e.g. giving primacy to importer’s reports where available,
correcting values where UN values are known to be inaccurate, and accounting for re-

exports of Chinese goods through Hong Kong).® This procedure gives us the value of
i
sure that estimates of the linear probability model (2.16) are picking up genuine exporting

trade flows x?., by country i to country j # i in sector k at date t = 1962, ...,2014. To en-

relationships as opposed to sending samples or small quantities of re-exports, we set the
k

it
equal or greater than $100,000 in 2010 US dollars and zero otherwise.

dummy variable 7t} , for a strictly positive trade flow equal to 1 if the value of exports is

We restrict our attention to manufacturing sectors. These are the sectors where we
expect technological spillovers emphasized in our theory to be relevant. Out of 1067 4-
digit SITC rev 2 products in the full dataset, this leaves us with 715 sectors.

Our baseline sample of countries satisfies two restrictions. First, as we will ultimately
be running panel regressions exploring how capability growth responds to the complex-
ity of goods being produced, we eliminate countries with fewer than 40 years of data.
This restriction eliminates 84 countries that are either newly formed, no longer exist, or
infrequently report. Second, to ensure that results are not driven by the world’s small-
est countries, we eliminate 33 countries whose exports, averaged over any 5 year period,
never rise above $100 million in 2010 prices. As there is substantial overlap in the coun-
tries eliminated by these two restriction, the final sample contains 146 countries that we
list in Appendix Table 2.9.1. For robustness we explore additional samples that remove
the panel requirement, remove the size threshold, or expand the size threshold to US $1

billion.

2.3.3 Baseline Estimates of Capability

Before using our capability and complexity estimates to uncover the sign and strength
of dynamic spillovers in Section 2.4, we start by describing how capability varies across
countries and over time. Figure 2-2 plots the evolution of the recovered capability esti-
mates, N;;, for a range of similarly-sized countries spanning different level of incomes
both today and in the 1960s.

®The dataset produced by Feenstra et al. (2005) has two shortcomings for our purposes. First, it only
covers the years 1962-1999. Second, purchasing restrictions meant that for the years 1984-1999 they were
only able to use trade flows that exceeded $100,000 per year and only for 72 reporter countries. Thus we use
the Feenstra et al. (2005) dataset from 1962-1983 but construct our own dataset for the years 1984-2014 using
the full set of trade flows and reporter countries. We perform robustness exercises replacing the 1984-1999
entries in our dataset with the entries from Feenstra et al. (2005).
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Figure 2-2: Baseline Capability (N; ;)
Notes: Figure 2-2 reports the country capability measure N;; from the linear probability model estimation
of equation (2.16) in a given year t. Capability is normalized so that the average capability of the USis 1.
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The estimates of N;; resonate well with widespread priors about levels of economic
development across countries and over time. Recall that our normalization sets capability
in the US to 1 in every period. Western European countries (e.g. France) have consistently
maintained high levels of capability only a little below the US. Starting from somewhat
lower initial positions, Southern European countries such as Spain saw their capabilities
converge with Western Europe, with particularly rapid convergence in the first 20 years
of our sample. Poor African countries such as Ghana had massively lower capability
at the start of the period and have seen limited catch up since. A similar lack of catch
up is evident for South Asian and Middle-Eastern countries such as Pakistan and Iran.
While starting at somewhat higher levels, middle-income South American countries such
as Argentina display a similarly-flat trajectory. Finally, the rapid ascent of the East Asian
Tigers (e.g. Korea) in the 1960’s through 1990s and the more recent South-East Asian
growth miracles such as Vietnam show up clearly.

We can also study the relationship between our capability estimates and levels of de-
velopment more formally by exploring the association with real GDP per capita from the
Penn World Tables. To examine the variation across countries within each year, we run
a panel regression of log real GDP per capita on both capabilities and year fixed effects.
We find a very strong positive relationship—a coefficient of 2.9 with a standard error of
0.05—and a high within R-squared of 0.3 (i.e. we explain about a third of the variation
within year). If we additionally include country fixed effects, and so are also exploiting
variation across time within countries, we still find a strong relationship although ex-
plain less of the variation (a coefficient of 1.7 with a standard error of 0.06 and a within
R-squared of 0.11).”

2.3.4 Baseline Estimates of Complexity

We now turn to our baseline estimates of product complexity. Table 2.1 reports the goods
with the 10 highest and 10 lowest average complexity across all years from 1962 to 2014.
The ranking of those products also fits well priors about technological sophistication
across sectors, and hence the potential for knowledge spillovers. Medicaments, chemi-
cals and cars, for instance, are among the most complex products throughout our sample,
whereas men’s underwear, wood panels and plastic ornaments are among the least com-

plex ones.

“Figures 2.9.1 and 2.9.2 in the appendix present these relationships visually via binned scatterplots.
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Table 2.1: Baseline Complexity (1¥)

Sectors with highest n k (Average Value, 1962-2014)

1  Medicaments 0.964
2 Miscellaneous Non-Electrical Machinery Parts 0.878
3 Chemical Products 0.872
4  Cars 0.861
5 Miscellaneous Non-Electrical Machines 0.857
6  Miscellaneous Electrical Machinery 0.831
7  Miscellaneous Hand Tools 0.808
8  Medical Instruments 0.805
9  Electric Wire 0.768
10 Fasteners 0.759
Sectors with lowest n ¢ (Average Value, 1962-2014)
1  Wool Undergarments 0.067
2 Undergarments of Other Fibres 0.083
3 Men's Underwear 0.100
4  Wood Panels 0.096
5  Aircraft Tires 0.089
6  Rotary Converters 0.081
7  Sheep and Lamb Leather 0.110
8  Retail Yarn of More Than 85% Synthetic Fiber 0.091
9 Women's Underwear 0.115
10 Plastic Ornaments 0.137

Notes: Table 2.1 reports the sectors with the 10 highest and 10 lowest average values of nf from 1962 to
2014 for products with at least 40 years of data. Complexity nf is estimated year-by-year using the linear
probability model described in equation (2.16). Complexity is set to 0 and 1 for the least and most complex
good, respectively, at all dates ¢.

115



2.3.5 Comparison to Earlier Work

To conclude, we compare our baseline measures of capability and complexity to the orig-
inal work of Hausman et al. (2007) and Hausman et al. (2013) who also use trade data to
construct technological indices across products and countries.

In Hausman et al. (2007), the counterpart of product’s complexity, PRODYk, is defined
as the weighted-sum of GDP per capita, Y;, with weights equal to Balassa’s (1965) measure
of revealed comparative of comparative advantage in country i and sector k, whereas the
counterpart of a country’s capability, EXPY;, is equal to the weighted sum of PRODY¥,
with weights equal to the share country i’s exports in sector k.

In Hausman et al. (2013), the counterparts of capability and complexity, ECI; and PCI¥,
also focus on the extensive margin of trade. In practice, Hausman et al. (2013) go first
from the raw matrix of zero trade flows to a matrix whose entries take a value of one
if Balassa’s (1965) revealed measure of comparative advantage is greater than one, and
zero otherwise; they then compute normalized versions of the product of that rectangular
matrix with its transpose as well as the product of the transpose with the matrix; and
tinally, they define the vectors of complexity and capability as the eigenvectors associated
with the second-largest eigenvalues of these two matrices, normalized by the mean and
standard deviation of each eigenvector.®

Figure 2-3 reports how our baseline measures (on the x-axis) correlate with the mea-
sures of complexity and capability in Hausman et al. (2007) and Hausman et al. (2013)
(red diamonds and blue circles) in different decades of our sample.9 As can be clearly
seen from Figures 2-3a and 2-3b, the three empirical measures are strongly and positively
correlated. This derives from the fact that all three are designed to capture the same
general idea that complex goods are what capable countries exports, and vice versa. A
benefit of our linear probability model, and the reason why we use it instead of those
existing measures, is that it directly maps into primitive assumptions about technology.

We will use this feature to conduct counterfactual and welfare analysis in Section 2.5.

8Schetter (2019) uses a similar approach, but starts from structural estimates of productivity in a multi-
sector model a la Costinot et al. (2012) rather than Balassa’s (1965) measure.

Figures are binscatters from regressing each alternative measure on our baseline, controlling for year
fixed effects. We start in 1964 rather than 1962 as the Hausman et al. (2007) measures are only available
from that year forward.
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Figure 2-3: Alternative Measures of Capability and Complexity
Notes: Figure 2-3 compares our baseline measures of capability N;; and complexity 7 from the linear prob-
ability model estimation of equation (2.16), as described in Section 2.3.1, to the capability and complexity
measures in Hausman et al. (2007) (labeled EXPY and PRODY) and Hausman et al. (2013) (labeled ECI and
PCI). Figure plots binscatters of regressions of our measures on the alternative measures, absorbing year
fixed effects and pooling observations by time period. Regression slope and standard error shown under
each figure. All measures standardized mean 0 standard deviation 1 in each year.
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2.4 Estimating Dynamic Spillovers

2.4.1 Baseline Specification

The theoretical framework of Section 2.2 focuses on an environment with continuous time
and a general law of motion for capability. To estimate dynamic spillovers, and later to

quantify their implications, we assume instead that time is discrete,
Niria — Niy = Hi (Ni g, F)
ILt+A it it itr it

with A corresponding to a 5-year period in our baseline analysis, and we impose the

following parametric restrictions on the law of motion for capability,
H;+(Nj, Fft) = 5/”det(”) +(p—1)Njy +vi+ 0t + e

Finally, given the lack of comparable production data at the product level across many
countries and time periods, we use trade data to proxy country i’s distribution of em-

ployment, F/,(n), by its distribution of exports, FX,(1) = ¥ [y <n xf-‘j eyl xi.‘]. (k.10
For future reference, note that this implies that country i is able to produce good k for the
k

ii,t
trading partners. We will maintain this assumption in our quantitative analysis.

domestic market, A%, > 0, if and only if it is able to export it to at least one of its 145
Combining the two previous equations and letting S;; = [ ndF,(n) denote the av-
erage complexity of country i’s industry mix at date t, we obtain the following baseline

specification,
Nitya = BSit + ¢Nip +vi + 0t + €. (2.17)

The first parameter, B, is the main coefficient of interest. It measures the magnitude of
the dynamic spillovers. If B > 0, then a shift in the distribution of employment that
increases the average complexity of country i’s industry mix—for example, opening up
to international trade that by construction exposes the least complex goods to the largest
increases in foreign competition—also increases capability growth at impact. If B < 0, the
converse is true and increases in average complexity reduce capability growth.

The second parameter, ¢, determines the persistence of shocks. If 5 > 0 and ¢ < 1,
then positive and permanent shocks to the average complexity of a country’s industry

19This is equivalent to assuming that the unobserved sector-level domestic sales, xffi 4
i.fl. = l-,t():j £i xi.‘j ;), for some time-and-country specific shifter ;;. In Section
2.5, we will use data on total gross output in manufacturing to pin down {; ; so that total domestic sales are

consistent with both aggregate trade and production data.

are proportional to
total exports in each sector, x
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mix leads to an increase in capability changes, in the short-run, and convergence to a new
steady state with higher capability level in the long-run. In the knife-edge case ¢ = 1,
permanent shocks to average complexity have permanent effects on capability changes.!!
The third parameter, y;, captures all country-specific determinants of capability growth
that are constant over the 50-year horizon that we consider, such as geography or the ori-
gin of country i’s legal system. The fourth parameter, J;, captures time-specific determi-
nants due to global innovation such as the introduction of the internet. The final term,
g;, captures all other idiosyncratic sources of technological innovations and domestic

policies that may affect capability growth.!?

2.4.2 Construction of Instrumental Variables

The main endogeneity concern is that shocks to country i’s capability, ¢;;, may be corre-
lated with shocks to the average complexity of its industry mix in period ¢, S; ;. For exam-
ple, this may occur because “good” policies implemented in period ¢, like investment in
R&D and education, simultaneously promote specialization in complex sectors and capa-
bility growth, leading to upward bias in . Or, this may occur because “bad” policies, like
subsidies to more complex sectors associated with rent-seeking, expand more complex
sectors, but reduce capability growth, leading to downward bias in . We now describe
how we construct instrumental variables to deal with this issue.!?

We consider two distinct instrumental variables (IV). For both of them, the general
idea is to use the entry of countries into the WTO as an exogenous shifter of other coun-
tries” distribution of employment, Fft, and, in turn, the average complexity of its exports,

Sit. As country c enters the WTO at date ¢, it faces lower tariffs from current WTO mem-

'Mathematically, ¢ plays a similar role as the returns to scale for ideas in endogenous growth models,
for which ¢ = 1, and semi-endogenous growth models, for which ¢ < 1. See Jones Jones (1999) and
Burstein and Atkeson (2019) for general discussions. Quantitatively, the magnitude of the dynamic gains
from trade depends both on B and ¢. For instance, in the case of the pure ladder economy described in
Section (2.2.3), if H;(N;, F) = v; + B [ ndF/(n) + (¢ — 1)N;, then dynamic gains are given by

3 3 i _ | B ndEf (n) — [ ndF(n)] (=)
[Hl- (0, Ff)/H; 1(0,F)] e = [ S |

12 Although L;; does not appear on the right-hand side of the previous specification, it is worth noting
that it implicitly allows for some scale effects. Here, both systematic differences in country size, absorbed
in 7;, and uniform changes in the world population, absorbed in J;, may affect capability growth.

13 Another endogeneity concern is standard in panel models with fixed effects. The lagged dependent
variable, N;;, is mechanically correlated with the demeaned error term that accounts for the country fixed
effect, &;; — 2st1 %, the so-called Nickell (1981) bias. We briefly discuss how we deal with this issue as well
at the end of this section.
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bers. This tends to increase the demand for labor from country c and lowers the demand
for labor from other countries, but differentially so across sectors depending on their ex-
posure to exports from country c. This, in turn, leads to differential effects of the entry of
country c on another country i’s average complexity depending on whether country i’s
more complex sectors are those that are more or less exposed to country c—either because
c sells a similar set of products, sells to a similar set of countries, or both. Our two IVs
builds on the previous observation and the assumption that the changes in trade costs
associated with country c’s accession to the WTO, and hence any function of them, are
orthogonal to shocks to capacity, {¢;;}, in other countries.

More specifically, as described in Appendix 2.9.4, we model the entry of any given
country ¢ into the WTO at some date t. as a uniform and permanent trade cost shock.
We then compute, up to a first-order approximation, the counterfactual change in the
average complexity of other countries that that would have been observed at dates t > ¢,
assuming the entry of country ¢ was the only shock occurring from period ¢, onward
and ignoring general equilibrium adjustments in wages.!* Finally, we sum the previous
changes across all WTO entry events prior to date ¢.

Given the nested structure of preferences in our model, this approach delivers two IVs.
The first one corresponds to the changes in average complexity caused by the changes in
sector-level price indices associated with the trade cost shock,

zt_zﬂ{t>tc}2nt 1 X wztc 1 sz],tc 1 c],tc 1 Z(U Epz],tc 1 c],tc 1) ’

cFi j#c K j#c

shift in k’s employment share predicted by sector-level price changes

4

where wff ;= Ef.‘/ +/Li; is the employment share of sector k in country i at date ¢; pi'(j,t =
¢ ] ./ ¥ is the share of employment in country i and sector k associated with destination j
at that date and is AIC‘] ; the share of expenditures on goods from country c in sector k and
destination j. The second IV corresponds to the changes in average complexity caused by

the changes in aggregate-level price indices,

ZZI{ Zﬂ{t>tc Z”t 1tC 1 ZPz],tC 1Acjte—1 — szfzpzm 1Aejt—1)

c#i K j#c

shlft in k’s employment share predlcted by aggregate-level price changes

4Taking into account those adjustments would require us to already take a stand on the structural pa-
rameters of the model. For the purposes of constructing IV, ignoring those adjustments may weaken our
first stage, but it does not affect the validity of our exclusion restriction. As mentioned above, the assump-
tion that we impose is that any function of changes in trade costs associated with country c’s accession to
the WTO is orthogonal to capacity shocks in other countries.
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where A ; denotes the share of expenditure on goods from country c (across all sectors)
in country j at date ¢.

Intuitively, ZiI’ ; captures similarity in both the products i and the WTO entrant sells to
different countries as well as which countries they sell to, while Z ZI I'focuses on the overlap
in i’s export mix and the countries the WTO entrant sells to. While the destination-level
variation in A, 1 is subsumed in the destination-product level variation )\IC‘ i the first
order approximation requires both Z 11 ;and Z II I'are included when the elasticity of substi-
tution between sectors, €, is not unity. Of course, if there is no variation in expenditure

k
cjt
perfectly collinear with changes in aggregate-level prices across destinations. In this case,

shares across sectors, so that A¢;, = A.;;, then changes in sector-level price indices are
Zil, ; and ZiI, I"are perfectly collinear as well. Finally, note that since equation (2.17) features
country and year fixed effects, the identifying variation comes from new entrants in a
given time period that disproportionately affect country i” mix of more and less complex
products based on the entrants export patterns prior to their entry.

Figure (2-4) illustrates the time path of our first instrumental variable for the same
subset of countries as in Figure 2-2. To illustrate our identifying variation, consider the
dramatic rise in Z II ; in 2001 for Vietnam associated with the entry of China into the WTO.
That is, according to our first-order approximation, competition from new WTO entrants
in 2001 affected products that were relatively complex compared to Vietnam’s product
mix, potentially shifting them towards less complex products (a relationship we will doc-
ument in our first stage regressions). In contrast, France experienced a drop in ZiI, ; with
China’s entry as its relatively less complex sectors experienced greater competition, po-
tentially tilting it towards producing more complex products. To identify whether those
sectors are good or bad for capability growth, we can therefore verify whether Vietham
experienced a slowdown relative to other countries post 2000 and whether France expe-

rienced an acceleration.!®

2.4.3 Estimates of Dynamic Spillovers

Before presenting our estimates of the sign and size of dynamic spillovers, we first show
our first stage regressions for the IV strategy. In Table 2.9.3 we regress the average com-

plexity of country i’s industry mix, S;;, on the two instruments described above,

Sit = Zl + o Zll + i+ 6 +uy (2.18)

15 Appendix Figure 2.9.3 reports a very similar timepath for our second IV.

121



15

.05

Instrument Value (Demeaned by Year & Country)

T T T T T T T T T T
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
Year

— —— France --------- Spain — — — Pakistan ————- Ghana
--------- Iran ————- Argentina Korea Vietnam

Figure 2-4: Time Path of ZiI/ y
Notes: Figure 2-4 plots the value of the instrument Zil, , over time for a selection of similarly-sized countries
in our sample. The instrument captures the change in complexity-weighted competition due to sector-
level price index changes induced by other countries’ entry into the WTO and derives from a first-order
approximation of the change in average complexity due to trade cost shocks to WTO entrants (see Appendix
2.9.4).

122



Table 2.2: First Stage Regressions: Responses of Industry Structure to WTO Entrants

Average Complexity S; ;
1) 2)

WTO Entrant Shock Z/, -0.674*** -0.186
(Product-Destination Level) (0.212) (0.223)
WTO Entrant Shock ZiI’ g -4.017***
(Destination Level) (0.793)
Country and year FEs Yes Yes
Observations 7,617 7,617
R-squared 0.586 0.592
Clusters 1588 1588

Notes: Table 2.2 reports estimates of a; and a5 in equation (2.18) using the baseline measure of complexity
nk from the linear probability model estimation of equation (2.16). Standard errors clustered at the 5-year-
period-country level.

As in the second stage regressions, we include year and country fixed effects, y; and J;
respectively. Column 1 presents the first stage regression using only a single instrument
4 lI ;» while column 2 presents both instruments.We find very strong negative relationships,
either when focusing on sector-level price shifts or when adding aggregate-level price
effects. When both instruments are included, it is the second instrument that focuses
on overlap in i’s export mix and the countries the WTO entrant sells to that dominates.
Interpreted through the lens of our first-order approximation, the negative sign of a;
points towards a lower-level elasticity of substitution (between countries within a sector)
that is greater than the upper-level elasticity of substitution (between sectors), whereas
the negative sign of ay suggests an upper-level elasticity of substitution that is strictly
greater than one; see Appendix 2.9.4.

We now turn to estimating dynamic spillovers, § in equation (2.17) above. Table 2.9.4
presents the main regressions of the country capability on the average complexity of the
product mix in the previous period.!® Column 1 shows the ordinary least squares regres-
sions while columns 2 and 3 present the IV regressions using the WTO-entry instruments.

16Recall that we chose a period length of 5 years as is common in growth-type regressions of this sort.
Thus, when indexed in years instead, equation (2.17) corresponds to a regression of Nj yesr15 0N S; yeqr and
control for both the initial level of country capability, N; ¢4, as well as country and year fixed effects. Given
the 5-year lead on the dependent variable, observations within 5-year periods are not independent and so
we cluster standard errors at the 5-year-period-country level.
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Table 2.3: Changes in Capability and Industrial Structure

Country Capability N; ;1 a

(1) (2) (3)
OLS IV (Z],) IV (Z!, and Z]]
Average Complexity S; ; 0.00840** 0.368*** 0.288***
(0.00390) (0.141) (0.0902)
Initial Capability N;; 0.936*** 0.831*** 0.855***
(0.0211) (0.0468) (0.0364)
Country and year FEs Yes Yes Yes
Observations 6,872 6,872 6,872
R-squared 0.988 0.619 0.701
Clusters 1438 1438 1438
CD F-Stat 32.66 36.03
KP F-Stat 9.330 8.445

Notes: Table 2.3 reports estimates of § and ¢ in equation (2.17) using the baseline measures of complexity
nk and capability N;; from the linear probability model estimation of equation (2.9.1). Columns 2 and 3
instrument average complexity S;; by the WTO shocks ZiI/ ; and ZiI, I'(in both cases using nk calculated using
the linear probability model). Standard errors clustered at the 5-year-period-country level.
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Following the first stage discussion above, column 2 reports results using only the single
instrument Zi{ ; that captures both country and product similarity in the WTO entrant’s
export mix, while column 3 allows these two dimensions to have different effects on the
complexity of i’s product mix by using both ZiI’ ;and Z 11 I'as instruments.

Both of our IV specifications show positive and significant coefficient estimates on the
complexity-weighted product mix, i.e. B > 0. Producing more complex goods raises a
country’s capability growth. The fact that the OLS estimate is much closer to zero is con-
sistent with endogeneity concerns that bias B downwards, for example “good policies”
such as investments in R&D and education that both raise capability growth (i.e. a coun-
try’s propensity to export) and lead to greater specialization in more complex sectors (i.e.
those that are less likely to be exported).

2.4.4 Sensitivity

Before using our estimates of dynamic spillovers to calculate the impact of trade on capa-
bility growth, we explore a range of alternative specifications and robustness checks. For
reference purposes, column 1 of Table 2.9.5 and 2.9.6 repeat our baseline IV specification,
instrumenting with the complexity of the industry mix with both WTO-entry instruments
(column 3 of Table 2.9.4). We use the two-instrument IV strategy throughout.

Table 2.9.5 focuses on the sensitivity of our estimates to alternative data samples. Re-
call our baseline utilizes the raw Comtrade data for consistency and applies the basic
cleaning procedures outlined in Feenstra et al. (2005) but to the full 1962-2014 timespan
of our data. Column 2 reproduces our results using the actual Feenstra et al. (2005) dataset
for years where available, and our more recent data with restrictions designed to mimic
Feenstra et al. (2005). Unsurprisingly results are similar. Columns 3 to 5 consider alter-
native samples of countries. Column 3 expands our baseline sample of 146 countries to
200 countries by removing the restriction that we need to have observed a country for at
least 40 years(and soincludes countries such as those created with the fall of the Soviet
Union and those with spotty reporting). Columns 4 and 5 alter the restriction that a coun-
try must export a total of 100 million USD or more at some point in our sample (using
2010 US dollars and averaging annual exports over 5 year periods). Column 4 removes
this restriction leaving us with 149 countries, while column 5 enlarges this threshold to
1 billion USD reducing the sample to countries. The coefficient on average complexity
remains highly significant in all these cases, and rise substantially when restricting our
sample to larger countries in the last column.

Table 2.9.6 first explores the sensitivity of our results to alternative lag structures. Col-
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Table 2.4: Changes in Capability and Industrial Structure: Sensitivity (I)

Country Capability N; ;1 a

(1) (2) 3) (4) (5)

Baseline Feenstra  AllLength  No Size High Size
Dataset Panels Threshold Threshold

Average Complexity S;;  0.288**  0.298*  0223**  0201**  0.414*
(0.0902)  (0.127) (0.0732)  (0.0901)  (0.149)

Initial Capability N; ; 0.855%** 0.929*** 0.868*** 0.857%** 0.805%**
(0.0364) (0.0416) (0.0359) (0.0354) (0.0532)
Country and year FEs Yes Yes Yes Yes Yes
Observations 6,872 6,864 7,905 6,995 5,986
R-squared 0.701 0.721 0.711 0.689 0.648
Clusters 1438 1438 1673 1466 1249
CD F-Stat 36.03 17.52 37.97 34.09 27.05
KP F-Stat 8.445 4.145 9.282 8.475 5.551

Notes: Table 2.4 reports estimates of § and ¢ in equation (2.17) using the baseline measures of complexity
nk and capability N;; from the linear probability model estimation of equation (2.9.1). All columns use the
two-instrument IV strategy. Column 1 reports our baseline estimates (column 3 of Table 2.9.4). Column 2
uses data from Feenstra et al. (2005) whenever possible. Column 3 expands our sample to include countries
with fewer than 40 years of data. Column 4 removes the threshold value of total exports required to be
included in our sample. Column 5 raises the threshold value of total exports required to be included in our
sample from 100 million to 1 billion USD (at 2010 prices). Standard errors clustered at the 5-year-period-
country level.
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Table 2.5: Changes in Capability and Industrial Structure: Sensitivity (II)

Country Capability Nj ;4 GNI; 141
(1) () ) (4) ©)
Baseline  10-year 1 Obs. per IV N;;
Lag 5-year Cluster
Average Complexity S;;  0.288**  (0.405*** 0.205** 0.275**  0.906**
(0.0902) (0.144) (0.0877) (0.0955)  (0.417)
Initial Capability N;; 0.855***  0.690*** 0.876*** 0.727%*
(0.0364)  (0.0651) (0.0381) (0.0981)
GNI per capita GNI; ; 0.758***
(0.0330)
Country and Year FEs Yes Yes Yes Yes Yes
Observations 6,872 6,151 1,295 6,195 6,107
R-squared 0.701 0.308 0.751 0.669 0.588
Clusters 1438 723 1295 1303 1269
CD F-Stat 36.03 35.85 7.177 12.98 63.55
KP F-Stat 8.445 8.733 5.094 3.674 16.70

Notes: Table 2.5 reports estimates of § and ¢ in equation (2.17) using the baseline measures of complexity

nk and capability N;; from the linear probability model estimation of equation (2.9.1). All columns use the

two-instrument IV strategy. Column 1 reports our baseline estimates (column 3 of Table 2.9.4). Column 2

reports the same estimates using 10-year lags. Column 3 uses one observation per 5-year cluster. Column 4

instruments initial capability using lagged-values of the WTO shocks Zil, ; and ZZ-I, I. Column 5 uses GNI per

capita instead of capability. Standard errors clustered at the 5-year-period-country level.
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umn 2 considers a 10-year rather than 5-year lag (and the instruments use the export
structure of the future entrant 10 years before entry). The dynamic spillovers become
approximately one third larger over this extended time period. As an alternative to in-
cluding all years of data and clustering standard errors at the country 5-year period level,
column 3 only includes one observation from each cluster (observations from years end-
ing in five or zero). The magnitude of the coefficient falls slightly but remains significant.
Although our 1962-2014 panel is relatively long, there may still be Nickel-bias con-
cerns for the inclusion of a lagged dependent variable, as discussed in footnote 13. To
address this issue, we use lags of our instruments as additional IVs. Through the lens of
our model, those lagged variables are correlated with initial capability and are orthogonal
to capability shocks under the same conditions as our non-lagged IVs. Column 4 reports
results treating the initial level of capability as endogenous and additionally including
5-year lags of our two instruments in our instrument set. Reassuringly, the B coefficient
on the complexity of the industry mix changes little, and the coefficient on the initial level
of capability only falls by a small amount, suggesting Nickell-bias worries are limited.
Finally, column 5 replaces the capability of country i with its GDP per capita. As with
capability, we find that the changes in the complexity of the industry mix (instrumented
by shocks coming from WTO entrants) reduces future GDP per capita (conditioning on
initial GDP per capita and both country and year fixed effects). This result is of indepen-
dent interest, with the specification having close similarities to the growth regressions in

Hausman et al. (2007) among others. We come back to this issue in Section 2.6.

2.5 Does Trade Push All Countries to the Top?

In Section 2.2.3, we have provided sufficient conditions under which international trade
may raise capability in all countries. In Section 2.4, we have estimated positive dynamic
positive spillovers in more complex sectors. In a pure ladder economy, this would lead
to pervasive dynamic gains from trade. We now explore whether the same result holds
in a less stylized environment that is flexible enough to match the pattern of trade flows

observed in the data.

2.5.1 Baseline Economy

Throughout this section, we maintain the functional form assumptions imposed on pref-
erences in Section 2.2 as well as those imposed on technology in Sections 2.3 and 2.4. Time

is discrete, with each period t corresponding to a year. In addition to the manufacturing
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sectors analyzed in our empirical analysis, we add a non-tradable sector that enter prefer-
ences in a Cobb-Douglas fashion and allow for trade imbalances in the form of exogenous
lump-sum transfers across countries.

On the demand side, preferences are nested CES with elasticity of substitution, € and
o, as described in equations (2.1) and (2.2). We set ¢ = 1.36 in line with the elasticity
of substitution between 4-digit sectors in Redding and Weinstein (2018) and ¢ = 2.7 in
line with the median elasticity of substitution between foreign varieties in Broda and
Weinstein (2006), also estimated at the 4-digit level.'”

On the supply side, we need to specify the labor endowments, L;;, as well as the pro-
per efficiency units are equal to one, w;; = 1. Under this normalization, L;; is equal to

ductivity draws, A’ ,. For each country i and each year t, we choose units so that wages

the total sales, across all destinations and sectors, from country i at date t. We then set

the realization of the productivity draws A;‘j ; 50 that the baseline economy matches trade

data. As demonstrated in Appendix 2.8.3, given estimates of € and ¢ as well as data on
k k
ijt’ ijt
destination productivity shifter,

bilateral trade flows, x ,, productivity levels A’. , are exactly identified, up to a time-and-

1 (e=0)
k k o—1 k c—1)(1—e
Aij,t Xiie ) Xi Xiit (=hi=e) Yy
i\ L Xijy

1
it
t. This affects the level of real consumption C;; in both the autarkic and trade equilibria,

In what follows, we set A:., to one, both in the autarkic and trade equilibria, for all j and
but not the proportional changes between the two, which is what we are interested in.
We follow a similar approach for dynamic considerations. We assume that the law of
motion for capability is an AR1, with persistence ¢, that depends on the average complex-
ity of a country’s output mix, with § controlling the magnitude of dynamic spillovers, as
described in equation (2.17). We use B = 0.739, as reported in column 3 of Table 2.3,
and ¢ = (0.575)!/5 = 0.838, which is the one-year counterpart of the 5-year coefficient
reported in column 3 of Table 2.3. We then set the capability shocks ¢; ; so that conditional
on the measure of complexity estimated in Section 2.3 as well as the country and time

tixed effects, ; and ¢, estimated in Section 2.4.3, the baseline economy perfectly matches

17We are not aware of other estimates of the elasticity of substitution between sectors at the 4-digit level.
At the 2-digit level, Oberfield and Raval (2014) report estimates of the elasticity of substitution between
sectors centered around one, whereas the preferred estimate of Bartelme et al. (2019a) is 1.47. For higher
levels of aggregation, for instance agriculture, manufacturing, and services, Herrendorf et al. (2013) esti-
mate a lower elasticity, as one would expect, around 0.9. As already mentioned in Section 2.4.3, our first
stage coefficients point towards an elasticity of substitution between sectors € that is greater than one.
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Parameter Value Choice Calibration

Panel A: Nested CES Preferences

o 2.7 Broda and Weinstein (2006)
€ 1.36 Redding and Weinstein (2018)
Panel B: Dynamic Spillovers
B 0.288 Baseline estimate (Table 2.3, Column 3)
¢ 0.855 Baseline estimate (Table 2.3, Column 3, yearly adjusted)

Table 2.6: Baseline Economy

the path of capability N;; estimated in Section 2.3,
€it = Nipra — BSit — Nip — vi — Ot

Table 2.6 reports the values of the main structural parameters used in our baseline econ-

omy.

2.5.2 Construction of the Counterfactual Autarkic Equilibrium

To quantify the static and dynamic effects of trade for development, we return to the
counterfactual question of Section 2.2.3: If a country were to go back to autarky from 1962
onwards, what would be the consequences for its capability and welfare?

For each country i and each year t from 1962 to 2014, we construct the counterfactual
autarkic equilibrium as follows. In 1962, we start by setting the counterfactual autarkic
capability to the value observed in the initial equilibrium, (Nj19¢2)" = Nj1962. We then
proceed iteratively. In any year t > 1962, given the counterfactual autarkic capability
(N;;)" and the observed measures of complexity nf, we first determine the set of goods
with strictly positive probability under autarky, (Ai.‘l-,t)’ > 0.

Consistent with the empirical analysis of Sections 2.3 and 2.4, we assume that a coun-
try i is able to produce good k for its domestic market at date t (under autarky) if and only
if it would have been able to export it to at least one foreign market (under trade), with
the probability of exporting to any individual foreign market given by equation (2.15),
XXX TO FIX XXX

o (N —nf)

it

Prob((AK ) >0)=1- [1 -
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where M = 96 is the total number of countries used in our counterfactual exercise.!®

If good k has strictly positive productivity in both the trade and autarkic equilibria,

we set (Ai.‘i,t)’ = Ai‘ci,t'

If good k has strictly positive productivity only in the autarkic
equilibrium, then we randomly draw (Ai‘l ;)| from a log-normal distribution whose mean
is equal to the sum of the country-time and sector-time fixed effects, A; ; and Ak estimated

from the following log-linear regression
In Aﬁ-,t = A+ A’f + zxﬁ‘/t,

and whose standard deviation is equal to the standard deviation of the estimated residu-
als. For all destinations j # i, we then set (A;‘j’t)’ =0.

Given the set of autarky productivity draws (Ai'(j,t
numeraire, (w; ;)" = 1, we can then use equations (2.6), (2.7), (2.8), (2.9), and (2.10) to solve

) and using country i’s labor as our

for all autarky prices and quantities at date ¢ in country i: (p%,)’, (ck,)’, and (I%,)".* Once

the counterfactual employment distribution (Fft)’ is known, the counterfactual autarkic

capability at date t + 1 can be computed using equation (2.17),

(Nygsn)' =7+ 6+ B [ nd(FL) (n) + 9(Nig) + i

where 7;, §;, and ¢;; are at the same value as in the baseline economy:.

2.5.3 Static and Dynamic Consequences of International Trade

For each year t > 1962, we define the gains from trade for country i at that date as

C. /
GTiy=1-— (Ci) ) (2.20)
Cit

where C;; and (C;;)" are the aggregate consumption levels in the original trade equilib-
rium and the counterfactual autarkic equilibrium.?’ The values of the structural parame-
ters in the trade equilibrium are those described in Section 2.5.1, with productivity levels

set to Ai‘(j,t for all goods with positive productivity. By construction, the original trade

18 A number of small countries do not report trade data in the final years of our sample, hence the down-
ward adjustment from 138 to 96 countries.

YGiven good market clearing, the labor market clearing condition (2.11) in country i necessarily holds,
an expression of Walras’ Law.

2Like in Section 2.2.3, this corresponds to the difference between the income level required to achieve
the utility under free trade (at date t) and the income level required to achieve the utility under autarky (at
that same date t), both evaluated at the free trade prices and expressed as a fraction of a country i’s income
level under free trade.
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Static Gains in 2014 [I] Dynamic Gains in 2014

(a) Static Gains from Trade (b) Dynamic Gains from Trade

Figure 2-5: Welfare Consequences of International Trade
Notes: Figure 2-5a reports the static gains from trade, GT;;, as described in equation (2.21), for all countries
in our sample in 2014. Figure 2-5b reports the dynamic gains from trade, GTB, as described in equation
(2.22), for the same countries and year.

equilibrium matches bilateral trade flows for all countries and sectors at date t. Aggregate
consumption under trade can be computed using c;-‘l- = x;-‘l-lt /(wj¢/ A;‘i’t) and substituting
into equations (2.1) and (2.2). Aggregate consumption in the autarkic equilibrium can be
computed in a similar manner using the counterfactual consumption levels (ci-‘ilt)’ from
Section 2.5.2.

To decompose the gains from trade into a static and dynamic component, we consider
a second counterfactual autarkic equilibrium in which we also set (Ai-‘]-lt)’ ''= 0 for all
destinations j # i, but we keep capability at the same level as in the original trade equi-
librium, (N;;)"” = Nj; for all ¢, and all goods produced in the original trade equilibrium

remain produced with the same productivity, (A% )" = Ak

i +- The static gains from trade

at date ¢ then correspond to

(Cip)”

GTS =1— ,
A Cit

1

(2.21)

where (C; ;)" denotes the aggregate consumption level associated with that second au-
tarkic equilibrium. The dynamic gains from trade, in turn, are defined as the difference
between the total gains from trade and the static component,

GT}} = GT;; — GT},. (2.22)

For expositional purposes, we focus on 2014, the last year of our sample. Figure 2-5
reports the static and dynamic gains from trade across countries. In Figure 2-5a, we see

that the static gains from trade are positive for all countries, as our perfectly competi-
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Figure 2-6: Complexity vs. Foreign Competition

tive model necessarily predicts, and large. This derives both from the low elasticity of
substitutions used in our calibration—which tends to make domestic and foreign labor
services very imperfect substitutes—and from the fact that many countries in our sample
have very little domestic production in manufacturing sectors. These were already the
two considerations shaping up the magnitude of the static gains from trade in the pure
ladder economy, as established in Proposition 12.In contrast, we see in Figure 2-5b that
the dynamic gains from trade are either negative or zero for most of the countries in our
sample. Despite our estimates of positive dynamic spillovers in more complex sectors,
we are very far from the qualitative predictions derived in the case of the pure ladder

economy.

Figure 2-6 explains why. In sharp contrast to the assumptions imposed in the pure
ladder economy, more complex goods tend to be produced by more countries. Since more
complex sectors face more foreign competition, they shrink relative to other sectors in the
trade equilibrium. And since we have identified those sectors as the source of dynamic

spillovers, opening up to trade tends to lower capability around the world.
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2.6 Robustness

2.6.1 Alternative Measures of Complexity and Capability

A natural concern with the previous analysis is that there is some arbitrariness in how we
have defined our measures of complexity and capability. What if we had made different
functional-form assumptions about how complexity and capability map into zero trade
flows, could we have reached very different conclusions?

In the pure ladder economy, we have shown that dynamic gains from trade arise be-
cause countries face less foreign competition in the more complex sectors that generate
positive dynamic positive spillovers. A more direct test of this hypothesis would start
by identifying complex sectors as those that generate more spillovers and then check
whether or not they face less foreign competition or, conversely, by identifying complex
sectors as those that face less foreign competition and then check whether or they gener-
ate more spillovers. We now follow this second route.

Alternative Measures. Instead of equation 2.15, we now assume that the productivity
distribution G; is such that,

e(Ni,t_”lt()

Prob(Ak, >0) = ————
rob( ) 1 4 eNig—nf)

it ,foralli # j, k,and t, (2.23)
with independence across origins, destinations, and sectors. Consistent with the pure
ladder economy presented in Section 2.2.3, this standard logistic function implies that the
probability of a strictly positive productivity draw and hence a non-zero trade flow is:
(i) increasing with capability, (i7) decreasing in complexity, and (iii) log-supermodular
in both. By construction, more complex goods are therefore those that tend to face less
foreign competition, since less countries, on average, are able to export them.

Separately for each year t in our sample, we can recover estimates of N; ; and nf by fit-
ting a logit model via maximum likelihood where the binary response is whether variable
country 7 exports good k to country j, and the explanatory variables are sets of country
and good fixed effects. Since sets of fixed effects are only identified up to a constant, we
normalize US capability to 0 in every period (i.e. it the US fixed effect is omitted in the
logit specification). Figure 2.9.5 plots these alternative measures of capability and com-
plexity against those already presented in Section 2.3.5. While all four capability measures
are positively correlated, this is not the case for the complexity measure. As can be seen

from Figure 2-7b, our new logit estimate, which infers complexity from the number of
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Figure 2-7: Alternative Measures of Capability and Complexity

countries that export in a particular sectors, is strongly negatively correlated with our

baseline measure and, at least in recent decades, with the PCI index of Hausman et al.
(2013).

Pushed to the Top or Held at the Bottom? For our purposes, the interesting question,
however, is whether using these alternative measures of complexity and capability would
affect our conclusions about the consequences of international trade. To address it, we
reestimate dynamic spillovers using equation 2.17 and our two WTO instruments (recal-
culated using our new measures of N;; and nF). Our results are reported in Appendix
2.9.5. Not surprisingly, since baseline and alternative capability measures are positively
correlated whereas baseline and alternative complexity measures are negatively corre-
lated, we now find evidence of negative dynamic spillovers, with § = 0.739 in our pre-
ferred two-instrument specification (Table 2.9.4, Column 3).2!

Since more complex sectors that face less foreign now generate negative dynamic

21 Appendix 2.9.5 also repeats the same set of robustness exercises examined in Section 2.4.4 for the logit
specification (equation (2.23)).
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spillovers, we end up with the same general conclusion as in Section 2.5: pervasive dy-

namic losses, as illustrated in Figure 2-8.

2.6.2 Complexity and Foreign Competition

We conclude our sensitivity analysis by exploring the extent to which other assumptions
about the nature of foreign competition and dynamic spillovers might have affected our
conclusions about the consequences of international trade. Unless stated otherwise, the
calibrated parameters are those described in Section 2.5.1.

Complexity and Foreign Competition. Our baseline analysis rules out any heterogene-
ity across sectors in the lower-level elasticity of substitution: c¥ = ¢. This implies that
how many countries are able to produce a good determines the extent of foreign competi-
tion in that sectors. In practice, variations in ¢* may also affect the extent to which foreign
competition shifts labor demand across sectors. If sectors that are less complex tend to
be those with lower elasticities, then opening up to trade may not move countries away
from those sectors, potentially reverting our welfare conclusions.

A simple way to assess whether this channel might be important is to plot the esti-
mates of c¥ in Broda and Weinstein (2006) against our baseline estimates of complexity

nk. TBD.

2.7 Concluding Remarks

Motivated by the metaphor of a development ladder, we have developed a dynamic trade
model in which countries differ in their capability, goods differ in their complexity, and
capability growth is a function of the average complexity of the goods that each country
produces. Two insights have emerged from our analysis.

First, on the theory side, we have demonstrated that the dynamic gains from trade do
not have to be zero sum, with some countries specializing in the “good” sectors that are
conducive to growth and others specializing in the “bad” sectors that are not. Instead,
upon opening up to trade, all countries may move towards more complex sectors that
face less foreign competition. And if those sectors create positive dynamic spillovers, all
countries may gain.

Second, on the empirical side, we have demonstrated that the conditions required for
pervasive dynamic gains do not appear to be satisfied. Using the entry of other coun-

tries into the WTO as exogenous shifter of countries” industry mix, we have shown that
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more complex sectors that face less foreign competition tend to create negative dynamic
spillovers. As a result, rather than pushing countries up the development ladder, opening
up to international trade tends to hold most of them back.
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2.8 Theoretical Appendix

2.8.1 Existence and Uniqueness of a Competitive Equilibrium

By equations (2.6)-(2.11), the equilibrium wages {w;;} solve

(2.8.1)

// (aij)” Hwiy) ™7 w;+L;dGy(aln, Ny)dF;(n)
zt - .
(Si(wre/a)'=) e [, (i wy/ @)t 7)i=2dGy(a |1, Ny)dFy(n')

for each i and t. Below we first establish the existence and uniqueness of {w;;} that solve (2.8.1).
The existence and uniqueness of {p¥, 3 3 {ck 3 .}, and {¢k 3 ; } directly follow from equations 2.6-(2.10).
We conclude by characterizing the smoothness conditions on F;, G;, and H; required for the exis-

tence and uniqueness of {N;;} that solve (2.4).

Existence and uniqueness of {w;;}. Define the excess labor demand function,

B (aif)”H(wi) 7 wj:L;dGi(aln, Ny)dFi(n)
zip(We) = // . —Lig,
(i (wye/ ) =)= [ [ (o (wie/af)1 7)1 dGy(a'|n’, Ne)dFy(n')
where w; = [w;;];, and z; = [zj4];. Then z;; is continuous and homogenous of degree zero,

w - z(w) = 0 for all w, and max;{z;;} — oo as w;; — 0 for some I. Therefore assumptions for
Proposition 17.C.1 in Mas-Colell et al. (1995) are satisfied. This establishes the existence of {w;;}
that solve (2.8.1).

Next, let us show that z; ;(w;) satisfies gross-substitute properties, az’a;E W) - 0 fori # 1. Let

Lis(wy) = // (wiz/aif) =7 wj,;Lj;dGy(aln, Ny)dE,(n)
it(We) = _ In
Wit Jn Ja wlt/al]) N, fﬂ’(zl(wl/t/”;j)lfa)%“'dct(ﬂqn’,Nf)dFt(n’)
~a L an 1 (o003 a, N YAE ),
with
(wii/a;)' "
Niawy) = =292
J,t( t) Zl(wl,t/alj)lia
e
A]‘,t(a; Wt) = (Zl(wl,t/al]) )

Joo Sy (Si a0y /a}))1=0) =d Gy (a' |, Ny)dFy (')
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Taking log-derivative for | # i,

dlnL;;(wy) 1 //<
’ = A e(a; W) Ay (a; wi)wy L
dlnw, WitLit Jn Ja it (@ We) Ay (a; Wi)wy Ly g

+ Z/\ij,t(“? wi)Aj(a; wi)wi Ly [(0— €)Asji(a; wy)
j

+(e—1) / Aiji(a’;wi)Aj(a'; wi)dGe(a'|n, Nt)dFt(n/)] >th(a]n, N;)dFE(n),
n' Ja'

which is strictly positive under the assumptions that o > € > 1. This shows that L; ;(w;) is strictly
increasing in wy,; for k # i, implying that z;;(w;) satisfies gross-substitute property. Applying
Proposition 17.F.3 in Mas-Colell et al. (1995), the equilibrium wages {w;,} are unique.

Existence and Uniqueness of {N;;}. Let w;(N;) denote the unique equilibrium vector of
wages in period t as a function of the capability vector N; = {N;;} and let Fft(- ; N;) denote the

associated equilibrium distribution of employment across sectors of different complexity,

f f (wi s Nt)/al]) 4 w;+(N¢)L; dGy(a |n ,N;)dE;(n')
'<n €~
Zl(wlt(Nt)/ﬂl W=0) 1= [ [ (g (wy e (Ne) /a)) 1= ‘7)1 ”de(“ |n”,N¢)dF; (n")
4 . ) n'! Ja Ij
Fi(n; Ny) = R (@ (N Jag)T ‘,H w03 (N L dGrla ‘1”: NOAE () for all n.
n' Ja &~j (Z,(wz,t(Nt)/“zj)l_")ﬁ f”,, far(Zl(wl,t(Nf)/af]-)lf”)de,(u’\n”,N,)dFt(n”)
(2.8.2)

By equations (2.4) and (2.5), the equilibrium capability vector N; solves the following ODE,
N = V(N,t), (2.8.3)
where V : R x R — R! is such that for anyi=1,..,1,
Vi(N,t) = His(N;, F4 (5 N)). (2.84)

Existence and uniqueness of {N;} follow from the conditions of Picard Theorem being satisfied.
That is, for any Nyg = {Njo} and any finite time horizon T, there exists a unique solution {N;} to
(2.8.3) for t € [0, T] with initial value Ny provided that F;, G; and H;; are such that V is Lipschitz-

continuous with respect to N and continuous with respect to ¢.

2.8.2 Comparative Statics
Proof of Proposition 11

We consider a country i that moves from trade to autarky at date 0. We first demonstrate that any
date t > 0, country i’s capability must be lower in the autarky equilibrium than what it would

have been in the trade equilibrium if there are positive dynamic spillovers, whereas country i’s
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capability must be higher in the autarky equilibrium if there are negative dynamic spillovers. We
then conclude that at any date t > 0, country i’s aggregate consumption in the autarky equilibrium
must be lower if there are positive dynamic spillovers and may be higher if there are negative

dynamic spillovers.

Change in Capability. Suppose first that there are positive dynamic spillovers. Let N/} and
N;; denote the capability of country i at date t in the autarky and trade equilibrium, respectively.
At date 0, we know that N{f}) = N;o. To show that N{:‘t < Nj; for all t > 0, it is therefore sufficient

to show that if Nﬁo = Ny, at any date tp > 0, then N;;, > Nﬁo. By equation (2.4), under the

assumption that H;; is increasing in F/,, this is equivalent to show that if NZ-At0 = Nij4,, then Pfto
first-order stochastically dominates Ff;?.

Take a date t such that N;;, = N/A = N;. The density of employment in sectors of complexity

Lty
n in country i at date ¢y in the autarky equilibrium is

ff,A (Tl) i fto <7’l) ’ foralln < Ni/
ity -

0 otherwise.

The same density in the trade equilibrium is

.. o—1¢.. —c ) )
Y Wijag)” " Wirg) Uikt fro(n)
! ) Ci—oyie S (m))lfedPtO(m) 0
BNy 20 @/ Aljtg) ™) 0

v o (A“,t )”’l(w-,t )y—o w',tL',t
fit(n) =4 1'% e a0 ()
(ZI:N“ >n/(w,’f0/Al]-’f0)1—LT)17¢7 Jto to
Ho=

,forall n < N;

0 , otherwise.

Now take n; < ny < N,. Since 0 > € > 1, we must have

(Y (Wi /Ay)" )5 < (Y (wig/ Ayg)' ™) forall .

L:Nypy 212 [:Np g =m

This implies
4
_ f, i,if (n2)

fz{tO(nZ) > fro(12) _
i)~ Su(m) - fi ()

l,to

Hence, Ffto dominates the distribution of employment in country i under autarky;, Ff;f, in terms

of the Monotone Likelihood Ratio Property (MLRP). It follows that N{:‘to < Nj4, and, in turn, that
leg < N;j;forallt > 0.

Suppose instead that there are negative dynamic spillovers. Under the assumption that H;,
is decreasing in Fft, the previous argument implies that if Ni,At0 = Nj4, at any date tp > 0, then
Ni,to < Nﬁo and, in turn, that Nﬁ > Nj; forallt > 0.
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Change in Aggregate Consumption. Suppose first that there are positive dynamic spillovers.
Let Cfi and C;; denote aggregate consumption in country i at date t in the autarky and trade
equilibrium, respectively, and let C_f} denote aggregate consumption in country i at date f in a
hypothetical autarky equilibrium where capability levels remain fixed at their trade equilibrium
values, Nj;, at all dates. For fixed capability levels N;;, our economy features a representative
agent, perfect competition, and no distortion. Hence, standard arguments (e.g. Samuelson, 1939)
imply C_ft < Cj;. Since Ni,At < N;j; for all t, we must also have Clﬁ < Cé- Combining the two

previous observations, we get C2A < C;; for all + > 0.

Suppose instead that there are negative dynamic spillovers. In this case, the previous argu-
ments imply Cﬁ < Cj4, but Clﬁ > C_lﬁ. Lower aggregate consumption arises if dynamic consider-
ations dominate static ones (e.g. if there are no static gains from trade, which arise for a country
with the highest capability at all dates if & — o0).

Proof of Proposition 12

Suppose first that there are positive dynamic spillovers. Let N/ and N; denote the capability of
country 7 in the autarky and trade steady state, respectively. From the proof of Proposition 11,
we already know that N/} < N for all t. This implies C{} < C#, where C{* denotes aggregate
consumption under autarky if country i’s capability had remained at its trade steady state value,
N;. We can therefore compute a lower-bound on the cost of autarky, and hence the gains from
trade, as
cA

GT,=1-— -,

Mg Cl
Since Nif}) =N; > NI-A, we must also have NZ-,At > NZA for all t. This implies Clﬁ > QiA, where QZA
denotes aggregate consumption under autarky if country i’s capability had jumped immediately
to its autarky steady state value, N/*. We can therefore compute an upper-bound as

_ cA

Tj=1-— =,
GT; c

We now describe how to compute GT; and GT; using the same general strategy as in Costinot
and Rodriguez-Clare (2013). Consider GT; first. In the trade and autarky equilibria with identical
capability N;, budget balance in every period implies

Ci = ZUZ'LZ'/PZ', (285)
CA =wiL;/ PN (2.8.6)

1
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By equation (2.9), we also have

§ NI P\ =
Tl ) () )

Using the fact thate;(n) = (P;(n)/P;)}~¢, PA(n) = @w#/ A;; foralln < N;,and A;;(n) = (w;/ (A;Pi(n)))t=°

for all n < Nj; and zero otherwise, this can be rearranged as

PA oA o =
= | [t Oatn)FHarn]|
Combining this expression with equations (2.8.5) and (2.8.6), we obtain
1
N; e—1 e—1
GL =1~ | [ elmatm)FHaren|
Next, consider GT; =1 — i . As before, budget balance in every period implies

Cct = whL;/ P2,

whereas equations (2.6) and (2.9) imply

A _ ?<M>“.
pA ZA NA

Noting that C{/C; = (C#/CA)(CA/Ci), we get

S

[S

L
T—

CTi=1- VON ei(n)(/\ii(n))glldlf(n)} - [N/NA]TE

In the trade steady state, we know that 0 = H(N;, F/), so that N; = H; (0, F/). In the autarky
steady state, we also know from the proof of Proposition 11 that the employment distribution is
equal to F, so that N/ = H,'(0, F). Substituting for N; and N#'s, we finally obtain

=

e—

GT;=1-— {/ ej(n)(Aji(n))

|

dP(n)} o [H7Y(0, ) /H7 (0, F)| ™9

Suppose instead that there are negative dynamic splllovers In this case, Proposition 11 implies
NA > N; for all t and, in turn, C# < CA Thus, GT; = 1 - & prov1des an upper-bound on the
gains from trade. Likewise, since Nl‘% N; < N, we must also have N/ A < N# for all t and, in

turn, CA < C{. Thus, GT; =1 — *’A provides a lower-bound on the gains from trade.
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2.8.3 Identification of Productivity Draws

Let xi.‘jt denote the value of sales by country i to country j in sector k at date t. Equations (2.6) and

(2.7) imply
Xy () Al (Ph) -
XL, T (w/ ALY (PL)T
Combined with equation (2.8), equations (2.6) and (2.7) further imply
Y xk Pk )l-e€
17t o ( ],t) (288)

Zi xil]-,t B (P]%t)lie.

Using equation (2.8.8) to substitute for P]kt / P]-lt in equation (2.8.7), we obtain, after rearrangements,
k Ko\ o= k1T
A (w,-,t> (xij,t) [Zl xlj,t] e
1 _ 1 1 :
Ajiy Wit Xiit DEY

Under our choice of units of account, w;; = 1 for all i and t. Equation (2.19) follows.
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2.9 Empirical Appendix

2.9.1 Sample of Countries

Table 2.9.1: Sample countries

Country Yearsin Max Exports Country Yearsin  Max Exports Country Yearsin  Max Exports
Name Sample  5-yr Avg (SB) Name Sample  5-yr Avg ($B) Name Sample  5-yr Avg ($B)
Afghanistan 54 0.79 Ghana 54 9.67 Nigeria 54 92.07
Albania 54 1.89 Gibraltar 52 0.19 North Korea 54 2.82
Algeria 54 52.35 Greece 54 20.23 Norway 54 120.40
Angola 54 58.92 Greenland 48 0.80 Oman 54 39.25
Argentina 54 71.70 Guatemala 54 9.70 Pakistan 54 22.92
Australia 54 239.80 Guinea 54 2.14 Panama 54 6.09
Austria 54 143.00 Guinea-Bissau 54 0.25 Papua New Guinea 54 7.19
Bahamas 54 5.18 Guyana 54 1.36 Paraguay 54 5.95
Bahrain 54 6.03 Haiti 54 0.94 Peru 54 37.78
Bangladesh 44 26.46 Honduras 54 7.75 Philippines 54 69.80
Barbados 54 0.66 Hong Kong 54 77.39 Poland 54 160.40
Belgium-Luxembourg 54 316.10 Hungary 54 89.43 Portugal 54 51.90
Belize 51 1.13 Iceland 54 4.69 Qatar 54 94.11
Benin 54 1.03 India 54 215.60 Republic of the Cong: 54 10.13
Bermuda 54 0.80 Indonesia 54 184.50 Romania 54 53.81
Bolivia 54 9.16 Iran 54 93.76 Rwanda 53 0.35
Brazil 54 229.60 Iraq 54 72.40 Saint Kitts and Nevis 52 0.40
Bulgaria 54 21.89 Ireland 54 155.50 Saudi Arabia 54 291.40
Burkina Faso 54 1.42 Israel 54 56.84 Senegal 54 1.69
Burma 54 10.98 Italy 54 438.40 Seychelles 47 0.46
Burundi 54 0.26 Jamaica 54 2.63 Sierra Leone 54 1.11
Cambodia 54 8.93  Japan 54 723.90 Singapore 54 169.20
Cameroon 54 472 Jordan 54 5.67 Somalia 54 0.49
Canada 54 413.40 Kenya 54 4,73 South Africa 54 124.10
Central African Repul 54 0.35 Kiribati 54 0.48 South Korea 54 465.40
Chad 54 2.90 Kuwait 54 68.84 Spain 54 246.40
Chile 54 73.64 Laos 54 3.14 Sri Lanka 54 9.47
China 54 2054.00 Lebanon 54 3.18 Sudan 54 9.91
Colombia 54 51.28 Liberia 54 2.90 Suriname 54 1.97
Costa Rica 54 31.16 Libya 54 41.53 Sweden 54 145.50
Cote d'lvoire 54 9.32 Macau 53 3.81 Switzerland 54 293.00
Cuba 54 5.03 Madagascar 54 1.81 Syria 54 6.53
Cyprus 54 3.29 Malawi 53 1.05 Tanzania 54 3.98
Democratic Republic 54 6.92 Malaysia 54 236.40 Thailand 54 207.70
Denmark 54 87.86 Mali 54 1.95 Togo 54 1.70
Djibouti 54 0.18 Malta 54 4.05 Trinidad and Tobago 54 14.37
Dominican Republic 54 7.24 Mauritania 54 2.95 Tunisia 54 15.38
Ecuador 54 23.62 Mauritius 54 2.35 Turkey 54 119.60
Egypt 54 27.31 Mexico 54 345.90 Uganda 54 1.39
El Salvador 54 4.76 Mongolia 54 4.14 United Arab Emirates 50 178.60
Equatorial Guinea 54 10.99 Morocco 54 20.97 United Kingdom 54 399.00
Ethiopia 54 2.15 Mozambique 54 4.08 United States 54 1260.00
Falkland Islands 46 0.19 Nepal 54 0.79 Uruguay 54 9.19
Fiji 54 0.79 Netherland Antilles a 54 9.03 Venezuela 54 59.20
Finland 54 75.61 Netherlands 54 393.20 Vietnam 54 116.60
France 54 519.90 New Caledonia 54 1.44 Yemen 54 8.17
Gabon 54 9.73 New Zealand 54 35.41 Zambia 54 6.85
Gambia 54 0.25 Nicaragua 54 4.60 Zimbabwe 53 2.47
Germany 54 1227.00 Niger 54 0.72

Notes: Table reports the 146 countries in our sample alongside the number of years of data and the maxi-

mum value of exports over any 5 year period 1962_2191181 (in billions of 2010 US dollars).



2.9.2 Baseline Measures of Capability and Complexity: Construction

This appendix describes how we construct our baseline measures of capability N; ; and complexity
nf from the assumption that more capable countries are more likely to export more complex goods.
As described in Section 2.3.1, we posit the following linear probability model:

i = Oija + Vjy + Nyt + €y, (2.9.1)

where nffjt is a dummy variable that takes the value 1 if positive exports of good k are observed
between i and j in period t and ef-‘]- ; is a mean-zero error term, independently drawn across origins

and sectors, but not necessarily across destinations within the same origin and sector,

k

_oak ok
€ijt = Git t Uij s

where rjkt is i.i.d and mean zero across both products and origins and 1 ;¢ is ii.d and mean zero

across products, origins and destinations.

To estimate both capability N;; and complexity n¥ in any year, we start by taking a double
difference, DD

iig,t”

average across all j destinations:

of equation 2.9.1 with respect to a base good ko and a base exporter iy, and

1

kko k k ki k k

DDHO(,J = ZT [(nZt - nf‘(()j,t) - (7'[,‘]? 7T100] t)} — 00 (Nip— Nz‘o,t)(nlt( — 1)+ ( i‘c,t - fot) - (Cl? - gioo,t)'
(2.9.2)

)
where we have applied the law of large numbers across | destination countries to eliminate the ui.‘]-
shocks.

Capability Estimator. In order to estimate Nj;, up to affine transformation, we first average

this difference-in-difference over goods k to get

k k 1 vk ko xk
Z 110, Z Z { ijt zo]t) (ﬂij?t—niot},t)} _>],K~>oo (Nzt Nzo,)(ZEnt_ntO) (Ci,?—CiOO,t),

k k

where we have applied the law of large numbers across K sectors to eliminate the (&¥ it f‘o 0
shocks. This deals with any potential bias due fact that to the fact that country i may be unusually
prone to export any particular good k relative to the benchmark country ig. To address the bias
that i may be unusually productive in making the benchmark good relative to the benchmark
country (the Cf(; - 6;‘& term) we then take a second Weighted average over benchmark goods,

with the weights w/ # 1 + chosen such that (¥ 1 — Yy, Wty £ 0 and for which the law of
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large numbers still applies to the weighted average, i.e. } , wf‘] (Cf‘; - Cg”t) —K—oo 0. This implies

zt—Ew Z DD} = k500 (Nig = Nigt) Z Zwt nk), (2.9.3)
k

We can therefore use N;; as an estimator of N;;, up to affine transformation,
Nit = atNj; + by,

with a; = 1/ (5 £nf — Xy, wfonf) and by = N;, ;. We discuss the choice of weights w[® as well as

how we deal with a; and b; after introducing our estimator of product complexity.

Complexity Estimator.

We can follow the same steps to obtain an estimator of complexity 1%, up to affine transformation.

Starting from equation (2.9.2) and averaging across origin countries implies

kk k k
Z Djir = Z Z [ Tl = Tigjt) — (nij(,)t_nlg()]t } ] 100 Z Nig,t) (11§ _”t °) — (Cm,

1

where we have applied the law of large numbers across I origin countries to eliminate the (¥, —

(;‘ko) term. Averaging again over benchmark countries using weights w;,; such that (¥; 1 N;; —
2 Wiy, tNZO t) # 0and Zlg Wi, t (Clo t glo t) — 1500 0 lmphes

X 1
n'{EZin,tZTDDZOOt — ] Is00 Z Ni; — Zwia,tNiO,f)( K ko), (2.9.4)
10 1 10

We can therefore use #f as an estimator of n¥, up to affine transformation,

n’t‘ = Ctﬁlt( + dt,

with¢; =1/(Y; %Ni,t — Y, Wiy ¢Nj 1) and d; = nfo.

Choosing weights.

Our estimators of capability and Complexity each require weights wfo and wj, +, respectively. Pro-
vided that wt is such that Y znf — Yo wt nt # 0and Y w (CI.CO — gk ) — Koo 0and wjy ¢ is

1,t ig,t

such that %Nz-,t — Yy Wip,tNig s 7 0and ) wi 1 ( f; b (_fi‘o ;) — 1= 0, the previous discussion estab-

lishes that N ; and ¥ are consistent estimators of N; ; and nf, up to affine transformation. In small
samples, though, the choice of wfo and wj, ; may matter for our estimates of N;; and n’t‘ . We now
describe how we choose those weights through an iterative procedure.

(0)

We start with initial weights w; ; that focuses on whether country iy is a G-10 country in 1962-
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1964,
a](o) _ % lf iQ € G-lO,
0 ifip ¢ G-10.

i,t
(0) ( zk
ip, t( io,t

Ci(] ;) to be close to zero. By only including countries that we expect to be more capable, we also

expect Y, IN;; — Y Wz'(ngio,t # 0 to hold. These weights give us an initial set of estimates of

k,(0)

complexity, 7,

By including 11 countries rather than a single one in our reference group, we expect }; w

In any step s > 1, given estimates of complexity ﬁlf’(s_l) obtained in step s — 1, we then set
ol _  Maxe ﬁlt( As=1) _ ﬁfo’(sfl)
f - — ’
Y [maxy nk As=1) ni’(s 1)]
Wthh is such that wko’( ) [0 1], Yoy, w; W) =1, and wfo’(s) is decreasing in ﬁfo’(s_l) but increasing
in nt if Y 1N, — Y, w 10 t Nj,+ < 0. These weights give us a new set of estimates of capability,

N()

e and a new set of country weights,

R Ky
W) = max; N;," — N; 'y ,
Y [max; Ni(j) - Nl(j)]

which is also such that cul t 6 [O 1], Y, w; 'y = 1, and w( ) is decreasing in Nigiz, but increasing

in N, if Y 2nf — Yk, Wi ko’ 0 <0. These Welghts give us a new set of estimates of complexity,
Ak (s)

i

ko, (s)

We iterate until convergence of weights w;”"”" and wz( )t to wfo and wj, t.

Measuring capability and complexity across time

Our procedure only identifies capability and complexity up to affine transformation. Specifically,

recall that we recover I\fi,t and ﬁ]f such that
Ny = atNi,t + by,

Tlltc = Ctﬁltc + dt,

with a; = 1/(% Knt Yko wt nt ®), by = Nijyt, 6 = 1/(%; %Ni,t — Y, Wit Nig 1) and d; = nto Note

that we can rearrange
1

1 Ak ko Ak
cr(Xk 2 = Lk, w,',°)

ar =

149



which implies

1
Ct =
1~k ko ko
a (g g — Loy Wi 11°)
In sum, we have
at N‘t
Ni,t = F 1% - ko ~Ko =+ Nio,t
tY . gy — Zko w; Ty
~k
Ct n
nf = f + !

L §
Aty 1Nip — iy Wig tNig ¢

k
So we can measure N;; and n’tc up to three constants: Z—i, Nj,+, and n,°.

To pin down the level and scale of our measures across periods we further assume that the
lowest and highest complexity levels are time-invariant and always equal to 0 in the least complex
sector, i.e. there is no spillover from producing the least complex product, and moving from

specializing in the least to the most complex product generates the same-sized spillover in any

period:
min(n¥) =0
max(n*) =1
Then we know ¢ and nko.
Ak
1’1’; e 2 nt + n’;o
1 ~ ’
ary i 1Nip — iy Wig tNig ¢
S G max(Ak)
t 1 ~ s
ary i 7Nip — iy Wig tNig ¢
S g & min(Ak)
t 1 A s
at Y 1Nip — iy Wig tNig ¢
ar  max(Af) — min(AF)

— — t)
Ct Y 1Nt — Xy wigt Nig 1

Using
o at Ni,t
it —
’ 1 2k ko ~k
Ct Y iy — Yoo wi A1’

this implies that we also know N;; up to a constant Nj ;. As our dynamic spillovers specification

+ Nt

is linear in Nj;, the constant N;, ; is absorbed by the fixed effects when we estimate the size of the

dynamic spillovers. (i.e. the regression specification in equation 2.17) and so it does not need to

be pinned down. For expositional purposes, we first demean our recovered capability measure,

i N &%+ by year and then chose Nj ; to ensure that the US has an average capability of 1
t

v 15
D" K”lt(*ZkO wyn
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across periods.??

2.9.3 Baseline Measures of Complexity and Capability: Additional Fig-

ures and Tables

10

1

Log real gdp per capita
9
1

T T T T T T
.8 1

4 .
Country Capability N;; (USA=1)

Figure 2.9.1: Real GDP per capita vs. capability (within years)

Notes: Figure 2.9.1 is the binned scatter plot associated with a regression of log real GDP per capita on both

capabilities and year fixed effects.

~ i Zi Zi % Ni
e Niy=Ziy— Y N't +(1 =X Tf + XX ﬁ) where Z;; = % .

— o 1A ko ~ko *
t Yk fn]t(*ZkU wf(]nt()

>
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Figure 2.9.2: Real GDP per capita vs. capability (within years and countries)
Notes: Figure 2.9.2 is the binned scatter plot associated with a regression of log real GDP per capita on both

capabilities, year fixed effects and country fixed effects.

2.9.4 Construction of Instrumental Variables

Our goal is to construct instrumental variables that predict average complexity, S;;, in a country i
as a function of the entry of other countries c into the WTO at dates . < t. To do so, we model the
entry of any country c into the WTO as a uniform trade cost shock such that for all ¢ > £,

zxAk

)= i1 ifi=candj #c,

Ai‘] . otherwise.

with & > 0. We then compute, up to a first-order approximation, the counterfactual change in
country i’s average complexity, (AS;),, that would have been observed in any period t > ¢, if the
entry of country ¢ was the only shock occurring from period t. onward and all wages were to
remain fixed. We finally sum the previous changes across all WTO entry events that are prior to
date f to construct predictors of S; ;.

Formally, let wf 1= Ek _1/L;; 1 denote the share of employment in sector k and country i
at date t, wro — 1 and ( ) denote the counterfactual share associated with the entry of country
c in the WTO if it were the only shock occurring up to date t > ¢, — 1. The counterfactual value of
Sitis given by (Si¢)l = Yu nt 1 (w] ) We can therefore express the associated change (AS;;). =
(Sit)e — Sit.—1 as

(AS;) C—Znt szt

152



with (Aw{f e = (wzk Db — Wk i+.—1- Up to a first-order approximation, we also have

(Awi‘t) /Wft -1 =

YOl (o= Da+ (o —e)AIn(Pfy)e + (e — 1)AIn(P;y)c]
j#e
- sz fo—1 EPz]t llc=1Na+ (o - e)Aln(P}ft)C + (e — 1)Aln(P]-,t)C],
j#e
with pi-‘j,tﬁl Z] o1/ [Z] i e ;) the share of employment in country i and sector k associated

with destination j and the log-changes in prices A ln(P]th)C = ln(P]lft)é —In P]k,th and AIn(Pj;). =
In(P;;,)" —InP;;, 1 given by
AIn(Pf)c = —aAf,

AIn(Pi)c = —aAgjs -1, forallj #c,

forallj # ¢,

with AF ¢j the share of country j’s expenditure on good k allocated to country c at date ¢, e}‘ ; the
share of expenditure of country j on sector k, and A.j; = } e;?, t/\lc‘j’t the total share of expenditure

on goods from country c in destination j. Regrouping terms, this leads to

(Asi,t)c = —al0—¢€ {Zntc 1w1 te—1 Zpl] tc—l C] te—1 sz te—1 ZPZ] tc—l)\q te—1 }

j#e j#e
—a(e—1)(c—e {Z”tc 1“71 -1 EPz] t—1 cjte—1 — sz te—1 EPz; t—1 cjte—1 1}
j#e j#e

Summing across all WTO entry events by a country ¢ # i that have occurred before a given date
t, we obtain the following predictor $;; of average complexity in country i at date ¢,

SAi,t = Zﬂ{tztc,wm}(ASi,t)c = —a(oc— €)Zil,t —a(e—1)(c— G)ZH'
c#i

where ZZ-I ; and ZZ-I { are such that

1t_21{t>t}2nt 1><wt71 szﬂc 1 CJtC 1 Zwtflzpl]tc 1 C]fc 1

e j#e j#e
leg - Z]l{t>t } Znt 1 X wz te—1 sz] te— 1/\C]iL -1 sz te—1 sz] te— 1/\6] tc_l)
c#i j#c K j#c

These are the two instrumental variables used to estimate equation (2.17).

2.9.5 Alternative Measures of Capability and Complexity
Alternative Measures.
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Figure 2.9.3: Time Path of ZiI/ I
Notes: Figure 2.9.3 plots the value of the instrument Z ZI [over time for a selection of similarly-sized countries
in our sample. The instrument captures the change in complexity-weighted competition due to aggregate-
level price index changes induced by other countries’ entry into the WTO and derives from a first-order
approximation of the change in average complexity due to trade cost shocks to WTO entrants (see Appendix
2.9.4).
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Figure 2.9.4: Alternative Capability (N; ;)
Notes: Figure 2.9.4 reports the country fixed effects Ni,t in the maximum likelihood estimation of equation
(2.23) in a given year t, as described in Section 2.3.1. Fixed effects are normalized so that Nijs4; = 0 for all

t.
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Table 2.9.2: Alternative Complexity (i)

Sectors with highest n « (Average Value, 1962-2014)

1 Railway Passenger Cars 3.233
2 Electric Trains 3.230
3 Warships 3.193
4  Mechanically Propelled Railway 2.894
5  High-pressure hydro-electric conduits of steel 2.690
6 Leather Articles Used in Machinery 2.665
7  Rotary Converters 2.557
8 Hats 2.533
9  Aircraft Tires 2.526
10 Nuclear Reactors 2.526
Sectors with lowest n ¢ (Average Value, 1962-2014)
1  Medicaments -1.626
2 Chemical Products -1.237
3 Miscellaneous Non-Electrical Machinery Parts -1.157
4  Miscellaneous Electrical Machinery -1.128
5  Miscellaneous Non-Electrical Machines -1.067
6  Finished Cotton Fabrics -1.007
7  Footwear -1.001
8 Medical Instruments -0.985
9  Electric Wire -0.969
10 Miscellaneous Hand Tools -0.969

Notes: Table 2.9.2 reports the 10 highest and 10 lowest values of the sector fixed effects 7if in the maximum
likelihood estimation of equation (2.23) averaged across all years from 1962 to 2014 for products with at

least 40 years of data.
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Table 2.9.3: First Stage Regressions: Responses of Industry Structure to WTO Entrants

Average Complexity S; ;

(1) 2)
WTO Entrant Shock ZZ.I/ / -2.945%** -1.064
(Product-Destination Level) (0.541) (0.660)
WTO Entrant Shock ZiI’ g -12.03***
(Destination Level) (2.057)
Country and year FEs Yes Yes
Observations 7,617 7,617
R-squared 0.723 0.729
Clusters 1588 1588

Notes: Table 2.9.3 reports estimates of 1 and «; in equation (2.18). Standard errors clustered at the 5-year-
period-country level.

Alternative Estimates of Dynamic Spillovers.

Robustness

Table 2.9.5: Changes in Capability and Industrial Structure: Robustness (I)

Country Capability Nj ;1

(1) (2) ) (4) ()
Baseline Feenstraetal. AllLength NoSize Higher Size
Dataset Panels = Threshold Threshold
Average Complexity S;;  -0.390** -0.223 -0.488** -0.398** -0.458**
(0.196) (0.227) (0.205) (0.201) (0.192)
Initial Capability N;; 0.549*** 0.567*** 0.4917*** 0.543*** 0.546***
(0.0296) (0.0291) (0.0296) (0.0298) (0.0345)
Country and year FEs Yes Yes Yes Yes Yes
Observations 6,872 6,864 7,905 6,995 5,986
R-squared 0.348 0.383 0.261 0.333 0.371
Clusters 1438 1438 1673 1466 1249
CD F-Stat 119.7 96.88 122.9 113.3 97.36
KP F-Stat 23.43 158.75 24.17 22.98 21.37

Notes: Table 2.9.5 reports estimates of p and ¢ in equation (2.17). All columns use the two-instrument IV



Table 2.9.4: Changes in Capability and Industrial Structure

Country Capability N; ;1

(1) (2) (3)
OLS IV (Z],) IV (Z], and Z]}
Average Complexity S; ; 0.0412 -0.0474 -0.390**
(0.0302) (0.249) (0.196)
Initial Capability Nj; 0.595%** 0.586*** 0.549%**
(0.0210) (0.0320) (0.0296)
Country and year FEs Yes Yes Yes
Observations 6,872 6,872 6,872
R-squared 0.970 0.405 0.348
Clusters 1438 1438 1438
CD F-Stat 107.5 119.7
KP F-Stat 21.65 23.43

Notes: Table 2.9.4 reports estimates of § and ¢ in equation (2.17). Columns 2 and 3 instrument average
complexity S;; by the WTO shocks Z!, and Zl. Standard errors clustered at the 5-year-period-country
level.
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Table 2.9.6: Changes in Capability and Industrial Structure: Robustness (II)

Country Capability Nj ;1 GNI; 41

(1) () ) (4) (5)

Baseline  10-year 1 Obs. per IV N;;
Lag 5-year Cluster

Average Complexity S;;  -0.390** -0.447 -0.511*% 0.213 -0.212%**
(0.196) (0.280) (0.302) (0.215)  (0.0802)
Initial Capability N; ; 0.549%**  (.283*** 0.547%* 1.039***
(0.0296)  (0.0422) (0.0469) (0.202)
GNI per capita GNI; ; 0.766***
(0.0308)
Country and Year FEs Yes Yes Yes Yes Yes
Observations 6,872 6,151 1,295 6,195 6,107
R-squared 0.348 0.057 0.284 0.164 0.605
Clusters 1438 723 1295 1303 1269
CD F-Stat 119.7 107.5 20.18 8.123 128.4
KP F-Stat 23.43 21.83 11.73 2.315 26.94

Notes: Table 2.9.6 reports estimates of f and ¢ in equation (2.17). All columns use the two-instrument IV
strategy. Column 1 reports our baseline estimates (column 3 of Table 2.9.4). Column 2 reports the same
estimates using 10-year lags. Column 3 uses one observation per 5-year cluster. Column 4 instruments
initial capability using lagged-values of the WTO shocks ZZ-I, ;and ZI»I, I. Column 5 uses GNI per capita instead

of capability. Standard errors clustered at the 5-year-period-country level.
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Chapter 3

Home-Market Effect in Asset Production

3.1 Introduction

Capital tends to flow from fast-growing countries to slow-growing countries. This pat-
tern holds both between developing countries and developed countries as well as within
developing countries (Gourinchas and Jeanne, 2013). This pattern is puzzling from the
viewpoint of neoclassical models, as these models strongly predict the opposite. While
the dominant explanations attribute this puzzle to the differences in financial develop-
ment, virtually all theories assume that slow-growing countries happen to have relatively
well-developed financial sectors. Without an understanding of the determinants of the fi-

nancial development, policy implications drawn from these theories can be misleading.

This paper proposes a parsimonious theory in which slower growth causes financial
development and capital inflows through a home-market effect. The theory puts forward
the idea that financial development is demand driven. A slow growing country has a
relatively larger amount of wealth that needs to be stored. The larger domestic demand
for store of value, in turn, stimulates domestic financial innovation. This endogenous

response of financial development can be strong enough to attract capital inflows.

I operationalize the idea in the context of a model in the spirit of Caballero, Farhi,
and Gourinchas (2008, hereafter CFG) by endogeneizing financial development. In their
framework, the share of future output that is accrued by the asset holders differs ex-
ogenously across countries. They interpreted this parameter as capturing the difference
in financial development. Under the assumption that slow-growing countries have high
enough financial development, their model generates capital flow reversals. In my model,
this financial develoment is endogenously determined through the entry of banks in the

monopolistically competitive financial sector & la Krugman (1980). Slow-growing coun-
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tries endogenously achieve higher financial development because their relatively larger
local demand for store of value stimulates the entry of banks. When the returns to scale
in the financial sector are sufficiently high, they become net exporter of assets.

The key assumption of the model is that the financial sector features increasing returns
to scale. Both theoretical and empirical works are supportive of the view that this is a re-
alistic feature. On the theoretical front, a larger operating scale enables banks to diversify
risks both on the liability side and the asset side. A traditional theory of banking empha-
sizes the key role of banks as diversification on the liability side (Diamond and Dybvig,
1983). Diversification on the asset side enables securitization, which was the main driver
of the popularity of U.S. financial assets in the 2000s. A more recent theory by Phelan
(2017) argues that the efficiency of banking come from the fact that the borrowers” infor-
mation acquisition features increasing returns to scale when the relevant information is
correlated across borrowers.

On the empirical front, the majority of available bank-level estimates of returns to
scale suggest the presence of the increasing returns to scale among U.S. banks (Wheelock
and Wilson, 2012; Hughes and Mester, 2013; Anderson and Joeveer, 2012). Although
these estimates do not necessarily imply the existence of the increasing returns to scale
at the sectoral level, they are suggestive considering that the financial sector is typically
dominated by a small number of banks.

Related Literature. The insights of this paper build on home-market effect in the inter-
national trade literature (Linder, 1961; Krugman, 1980). This literature is motivated by the
fact that high-income countries tend to be net exporters of income elastic goods, which
is exactly the opposite of what happens in the neoclassical trade models. While Krug-
man (1980) has formally shown increasing returns and trade costs can reverse these pre-
dictions by assuming exogenous taste differences, Fajgelbaum, Grossman, and Helpman
(2011) and Matsuyama (2018) revisited by endogeneizing demand differences through
non-homothetic preferences. Costinot, Donaldson, Kyle, and Williams (2016) provide
empirical evidence in support of these theories in the context of pharmaceutical indus-
tries.

This paper is close in the spirit to Martin and Rey (2004), who also linked the insights
from the new trade theory to international capital flows. They emphasized the country
size as the determinant of capital flows in the context of the two-period model. My work
differs from the literature in that I study intertemporal trade in an infinite horizon model
incorporating the endogenous demand differences for store of value through the differ-

ences in growth rates.
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There have been many studies explaining capital flow reversals by assuming slow-
growing countries happen to have a feature to attract capital inflows, as surveyed in
Gourinchas and Rey (2014). Many papers (Song, Storesletten, and Zilibotti, 2011; Buera
and Shin, 2017; Coeurdacier, Guibaud, and Jin, 2015) share the insights with CFG that
fast-growing countries suffer more from financial friction so that it lacks the ability to
generate store of value. Other explanations include the lack of ability of fast-growing
countries to generate insurance assets (Mendoza, Quadrini, and Rios-Rull, 2009; Angele-
tos and Panousi, 2011) and its less capital intensive industrial structure (Jin, 2012). While
I build on the framework of CFG, the general insights in endogenizing the comparative

advantage in asset production may well apply to all the other specific mechanisms.

Layout. Section 3.2 describes the model setup. Section 3.3 shows analytically that the
capital flows from fast-growing to slow-growing countries around a symmetric balanced
growth path equilibrium. Section 3.4 complements the analytical results with the numer-

ical simulation, which allows me to study transition dynamics. Section 3.5 concludes.

3.2 Model

This section describes the model setup. The model extends CFG and its generalization by
Gourinchas and Rey (2014). The key ingredient of the model is that the demand for store
of values determines the incentive for financial innovation, which, in turn, determines the
direction of capital flows.

There are two countries, i = 1,2. Each country is populated by overlapping genera-
tions of perpetual youth 4 la Yaari (1965) and Blanchard (1985). Each household faces an
i.i.d. instantaneous probability of dying 6, and a fraction 6 of the population is born every
instant. As is well known, a competitive life-insurance market will offer a rate of return
6 per unit of wealth conditional on surviving. I assume that households have log-utility
with discount rate p and receive all non-financial income at birth.

Let c;(s, t), wi(s, t),zi(s, t) denote the consumption, wealth, and non-financial income

at time t of a household born at time s in country i, respectively. Each household solves
max / e O W=5) Jog ci(s, u)du
t

subject to
dw;(s,t)

Fra (Fir + 0) wi(s,t) — ci(s,t) + zi(s, 1), (3.2.1)

163



where z(s,t) = Z; for s = t and zero otherwise, Z; denotes the aggregate non-financial
income at time ¢, and 7;; is the individual return on their wealth, which will be described in
detail below. With log-utility, it is straightforward to derive that the consumption function
takes the form

ci(s,t) = (o + 0)w;(s, t) (3.2.2)

fort > sand c(t,t) = (0 +0)z(t,t). Define the aggregate wealth as W;; = [ w;(s, t)0e(—%)ds,
where fe?(!=5) is the size of the cohort born at time s < t. Aggregating the budget con-
straint (3.2.1) and the consumption function, we have the following law of motion for
the aggregate wealth, W;; = [ w;(s, t)0e~?~5)ds, where 8e~?("=%) is the size of the cohort
born at time s < t:

TR (Rit —p — O)Wir + Zjy,

where R;; is the aggregate return on wealth in country i.

Households can deposit their wealth into either of the countries. At each point in
time, I assume that the households draw idiosyncratic shocks that generate heteroge-
nous beliefs about the asset returns. They know each others’ belief, and they agree to
disagree. I also assume investing abroad is costly, which erodes the rate of return. In par-
ticular, household & in country i believes the return from financial assets from country j
is €jy7jt/ X ji, where €y, follows the Fréchet distribution with shape parameter x > 1, and
Xji = 1is the international transaction costs in assets with x;; = 1 being the normaliza-
tion. The well-known property of the Fréchet distribution gives the aggregate portfolio
share of country j invested in country i as

N /G

= X 3.2.3
My (e xan)* (3.23)

Given this, the aggregate return on wealth in each country is

Rjt = Z/\jitrjt/)(ji,
]
which is the weighted average of the asset return from the two countries.

Equation (3.2.3) gives an iso-elastic demand curve for assets from different origins,
also known as a gravity equation. In the standard international macro models, assets
from different origins were typically assumed to be perfect substitutes so that x = co. I
introduce imperfect substitutability for two reasons. The first reason is technical. I need

some form of imperfect substitutability in order to accommodate increasing returns to
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scale in the financial sector to avoid pathological features such as multiple equilibria (see
Kucheryavyy, Lyn, and Rodriguez-Clare, 2016). The second reason is empirical. Broner,
Didier, Erce, and Schmukler (2013) document that the average gross capital flow in the
2000s is more than 30 times larger than the gross capital flow. If assets were perfect sub-
stitutes, there should be no reason to have such large discrepancies between gross and
net capital flow. The belief heterogeneity gives a parsimonious micro-foundation for why
assets from different origins could be imperfect substitutes.'

Now I turn to the description of the supply side of the economy. Each country i is
endowed with output Y}; in each period, and the output grows at rate g;; = Yi; /Y > 0.
Here, I assume the output is exogenous for simplicity, but in Section 3.4, I endogenize.
The only asset available in the economy is capital, which returns a fraction of output
every period. I assume there is no depreciation of capital.

Households are not able to directly hold capital. Instead, households deposit their
wealth to banks, and banks manage capital. The amount of output that is accrued as
the claims to capital is endogenously determined by the aggregate amount of financial
services, S;;. The remaining output, Y;; — S;;, is captured by newborns as non-financial
income, so that Z; = Yj; — S;;. The aggregate financial service in the country is a CES
composite of financial services provided by the banks in that country:

N . 71
Sit = (Nitqv/o (sit(w))rfldw> , (3.24)

where s;;(w) is the financial services provided by a bank w, Nj; is the measure of banks,
o > 1 is the elasticity of substitution across financial services, and ¢ controls returns to
the increase in the number of banks. Setting ¢ = 0 recovers the Dixit and Stiglitz (1977)
demand system, whereas setting ¢ > 0 weakens the returns from love of variety.

In order for each bank w to produce a strictly positive amount of financial services,
it requires ;s(w) + fYj; units of deposit (wealth), where ¢; is the marginal cost and fY};
is the entry cost of banks. The entry cost scales with the output so as to ensure balanced
growth. Such an assumption is commonly used in the growth literature (e.g., Romer,
1990; Aghion and Howitt, 1992) and is consistent with the facts documented in Bollard,
Klenow, and Li (2016). Since banks are monopolistically competitive, they charge a con-
stant markup, 4 = /(0 — 1). The free-entry condition is (4 — 1)¢;s = fYj;, where I
dropped the dependence on w because all the banks are symmetric. The total amount of

1T am very grateful to Arnaud Costinot for suggesting this micro-foundation. An alternative approach
is to assume assets from different countries differ in their risk characteristics (Martin and Rey, 2004; Okawa
and Van Wincoop, 2012).
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wealth deposited to country i, Kj;, has to satisfy Kj; = Nj(¢;s + fYj;). Combining these
equations, we have Nj; = Kj;/(fYy0) and s = fY;/((p — 1)¢;). Substituting these back

into (3.2.4), we have
_ (K \?
Sit = 0; (f) Yit,

where ¢ = 5 (1 — ¢) and §; = (fo)7 19~V (g — 1) f/ ;. Therefore, the fraction
0 = 6i (Kin/ Yir)?

of output can be pledged as the claims to capital, which I refer to as financial devel-
opment. The return on deposit satisfies 7;K;; = 6;(K;;/Y;;)?Y;;, which in turn can be
rewritten as

rie = 6i(Kir/ Yir) P (3.2.5)

I define the financial development of country i as the share of output that accrues to the
owner of capital, §; = 6;(K;;/Y;;)?. CFG correspond to the case with ¢ = 0 (or ¢ = 1),
which implies the exogenous financial development J; = ;. For ¢ € [0,1), we have
decreasing returns to scale in financial sector, as a higher capital-to-GDP (Kj;/Yj;) ratio
lowers the rate of return on capital. For ¢ > 1 (or ¢ < 1/0), we have increasing returns,
as the larger demand for store of values increases the rate of return.

I emphasize here that what is important is the increasing returns to scale in asset pro-
duction, captured through equation (3.2.5), while the underlying specific micro-foundation
is not important. Although I have borrowed a particular structure from Krugman (1980)
to micro-found the equation equation (3.2.5), this is not the only micro-foundation that
leads to the equation (3.2.5). Other possible micro-foundations are Marshallian external
economies of scale, Melitz (2003)-style model with Pareto productivity distribution in the
financial sector, or endogenous innovation by a monopolist (see Kucheryavyy, Lyn, and
Rodriguez-Clare (2016) and Costinot, Donaldson, Kyle, and Williams (2016)).

3.3 Analytical Results

I describe the analytical results by focusing on small changes around a symmetric bal-
anced growth path equilibrium. First and foremost, the capital flows into slow-growing
countries when the returns to scale are sufficiently high. As a corollary, I then show
that promoting domestic savings can increase the current account deficits. Second, fi-
nancial globalization magnifies the cross-country differences in financial development.

This implies that increase in the global imbalances is amplified through the endogenous
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Figure 3.3.1: Metzler diagram

responses of the financial sector.

3.3.1 Financial Autarky

Let me start by describing financial autarky, x;; = oo for i # j. In financial autarky,
Kj; = Wj. Using the fact that Z; = (1 — 6(K;;/Y;t)?)Y;, along the balanced growth path,

we can express the demand for store of value as

Wir  (1—=6;(Wit/Yi)?)

= ) 3.3.1
Y; gi+tp+ 0 —r; ( )
The expression provides positive relationship between W;;/Y;; and r;. The supply of store
of value is )
Kit 6\ *
— == . 3.3.2
Y (V i (332)

If $ € [0,1), it gives the negative relationship between K;;/Yj; and r;. In contrast, if ¢ > 1,
it gives the positive relationship. Figure 3.3.1 shows the familiar Metzler diagram, where
supply and demand for assets are plotted. For ¢ < 1, we recover CFG, where the supply
curve of assets is downward sloping. With increasing returns to scale in the financial

sector, ¢ > 1, the supply curve is upward sloping.
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Solving (3.3.1) and (3.3.2) immediately gives the financial development in the autarky

_ 1 ¢
gitp+0

and the autarky interest rate

_ 1 ¢-1
=3, (—) .
gitpo+0

This leads to the following proposition:

Proposition 13. In the steady state autarky equilibrium, an increase in the growth rate decreases
the autarky interest rate if and only if ¢ > 1.

In the CFG case (¢ < 1), higher growth will, ceteris paribus, make the interest rate
higher. Higher growth implies that the country has less wealth that needs to be stored
relative to the current output. If the supply of the store of value is exogenous (¢ = 0) or
features decreasing returns (¢ € (0, 1)), the interest rate needs to rise in order for the asset
market to clear. Under the increasing returns (¢ > 1), a higher demand for assets will
enable the country’s financial sector to operate at a larger scale, which raises efficiency
and leads to a higher interest rate.

3.3.2 Direction of Capital Flow in an Open Economy

Now I move on to an open economy case with x;; < 0. The balanced growth equilibrium
is {K;, r;, W; } j=1,2 such that the market for capital clears for each country

Kip= ) AjitWy,
=12

where A;j; is given by (3.2.3). Along the balanced growth path, a country’s wealth is given

by )
Wi (K Y)?)

Y, git+po+0—Y A/ xij’

where rj; = §;(Kj;/Yj;)? ! is the return on deposit in each country.
Note that CFG correspond to a special case with x = o (the assets are perfect substi-
tutes across countries), x;; = 1 for all i and j, and ¢ = 0. Country i’s asset position on

country j is



The net foreign asset position of country i is its asset minus liability:
NFA,‘ = A]',' — A,]

Accordingly, the current account is defined as the changes in the net foreign asset po-
sitions: CA; = NFA;. These definitions are standard except that my model takes into

account the presence of gross capital flow due to belief heterogeneity.

Growth and Capital Flow. I consider a first-order perturbation with respect to the past
growth rate, g;, around the symmetric equilibrium, which imposes g1 = g2 = g, X12 =
X21 = x > 1, and Yy; = Yo = Y;. This not only simplifies the algebra but also ensures that
the growth rate is the sole cross-country difference. The symmetric equilibrium is given
by W/Y = K/Y =1/(g+p+0),and r = (g + p + 0)'~?, which are the same as the
autarky equilibrium. It is illustrative to first treat the wealth to GDP ratio as exogenous.
The log-difference between asset and liability can be expressed as

1+ Ax(p—1)(24 —3)
(1—-4A(1—A)x(¢ —1))

dlog(Ax /A1) = (dlog(W1/Y1) —dlog(Wa/Y2)),
where A = Ay = Ap > 1/2 is the domestic portfolio share. Under the condition that
k(¢ —1) < 1, the denominator is always positive. If we further impose ¢ < ¢ = 1+
m, the numerator is also positive. This implies that a higher wealth-to-GDP ratio
is associated with positive net-foreign asset positions. This is what happens in CFG and
virtually any existing model of capital flow. When a country needs more store of value, it
becomes a net importer of assets or equivalently runs a positive net foreign asset position.

In contrast, when ¢ > ¢, the higher wealth-to-GDP ratio leads to negative net-foreign
asset positions. This is exactly the home-market effect studied in the international trade
literature (Linder, 1961; Krugman, 1980). The higher local demand for store of values
generates efficiency gains in the financial sector, which can be strong enough that they
become net exporters of assets (i.e. run negative net-foreign asset positions).

However, the wealth-to-GDP ratio is not exogenous in my model. It not only de-
pends on the growth rate, but also on its financial development and interest rates in both
countries. Despite these considerations, the capital flow reversal occurs under the same

condition:

Proposition 14. Under the stability condition stated in the Appendix, around a symmetric equi-
librium, an increase in growth rate in country i causes capital outflows in country i if and only if

169



¢>¢
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—_— >0 and — > 0.
dgi < Y; dgi \ Y,

The fact that the country has been growing slower implies that it requires more store
of value relative to current output. This will induce more banks to enter the local financial
sector, which in turn improves the country’s efficiency in generating store of values. With
returns to scale high enough, the capital flows into the slow growing country in net. In
contrast, banks find it less profitable to locate in the fast-growing country because its local
demand for store of value is low. The stability condition is required to ensure the supply
curve is not steeper than the demand curve.

The result is in sharp contrast to existing theories of capital flow reversal, in which
faster growth will, ceteris paribus, cause capital outflows. These theories explain the
capital flow reversal by assuming the fast-growing country happens to have a sufficiently
less developed financial sector that off sets the growth effect. My result demonstrates that
the correlation between slow growth and financial development is not a coincidence but

rather is causally linked.

Promoting Domestic Savings. When faced with a surge in the current account deficit,
a country may have reasons to employ policies that promote domestic savings if it is
concerned with the risk that foreign lending dries up. For example, Obstfeld (2018) writes
“countries with lower-than-warranted external current account balances should reduce
fiscal deficits and encourage household saving.” A corollary of Proposition 14 is that
such a policy may backfire. Suppose a government imposes a tax rate, 7;, on the gross
return on savings. For simplicity, assume that the government spends all the collected
revenue. The policy will result in one simple modification to the wealth accumulation

equation:

dWi
dt

=(Rit—p—0—1)Wir + Zy.

Corollary 1. Subsidies on domestic savings can increase the current account deficit if ¢ > ¢.

The underlying mechanisms are the same as Proposition 14. Subsidies on domestic
savings increases the demand for the store of value, which in turn will result in more

capital inflows if the returns to scale are sufficiently high.

Financial Globalization. Now I consider the effect of financial globalization, which I

capture through a reduction in ). The following proposition examines how financial
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globalization affects the cross-country differences in financial development and contrasts

the effect on global imbalances with the model of exogenous financial development.

Proposition 15. Consider a symmetric equilibrium with sufficiently small real interest rate, r,
and suppose ¢ > $. A reduction in the financial transaction costs, x, magnifies the difference in
the financial development between the slow-growing country and the fast-growing country. As a
result, the absolute size of global imbalances increases more relative to the model with exogenous
financial development.

Financial globalization magnifies the cross-country differences in financial develop-
ment, because it becomes less costly to concentrate asset holdings in the relatively more
financially developed country, which in turn further increases its efficiency. Although
financial globalization increases global imbalances, even in the model of exogenous fi-
nancial development, the increase is amplified in the model with endogenous financial
development.

The above result implies that the interest rate increases in the slow-growing coun-
try and decreases in the fast-growing country in response to financial globalization. One
might argue that this is inconsistent with the observation that safe interest rates have been
declining in most of countries over the past 30 years, in which the financial globalization
took place. However, the interest rate in my model should not necessarily be interpreted
as the safe interest rate. It captures the investors” perceived return on various financial
assets. lachan, Nenov, and Simsek (2015) argue that when investors” have speculative mo-
tives, financial innovation, which increases the number of available risky assets, increases

their perceived rate of return while decreasing the safe interest rate.

3.4 Numerical Illustrations

I complement the analytical results with simulation results, which allows me to focus
away from the symmetric equilibrium. The goal is not to provide a fully-fledged calibra-

tion but to give a rough sense of the quantitative magnitude.

3.4.1 Endogenous Production

I extend the previous model by endogenizing the production side. I assume the produc-
tion function is Cobb-Douglas in capital and labor:

Yy = (Kit)“(AitL)l_“,

171



where Aj; is labor productivity, which grows at rate g;; = Aji/Aj. The production func-
tion suffers from financial friction where an amount S;; of output can be pledged as claims

to capital. The firm and labor are owned by newborns. The firm solves

max (K )*(A; L)% — 7Ky — wyeL
Kit,Lit

s.t. ritKit < Sit'

The constraint is binding as long as S;; < aYj;, which I assume throughout. As in the
previous section, capital is intermediated by the financial sector, which determines the
financial development, S;;. Therefore S;; = J; (K;;/ Yi)? Yi.

An alternative interpretation of the model is that it features endogenous distortion.

Defining the capital wedge, T, as the difference between real interest and the marginal
product: r; = (1 — 1, ) MPK}, where MPK; = a(K;;)* 1(A;;L)!~% is the marginal product

of capital, then
5 /K \?
=1-— (3" 0,
k g (Yz’ ) g

which is decreasing in Kj;/Yj;. Therefore, the model can also be interpreted as having
endogenous distortion, where distortion is decreasing in the market size. Note that CFG
correspond to a fixed distortion.

3.4.2 Parameter Values

Time frequency is annual. I consider a situation where two countries are symmetric and
growing at a common rate of g1 = g» = 2% until t = 0. At t = 0, country 2 experiences
growth acceleration, where it grows at a rate of go = 4%. I se Cobb-Douglas share of
capital in the production function to « = 0.4, which is standard. Following CFG, I set
p + 0 to match the wealth to output ratio of 4 in the initial steady state, p + 6 = 23%.
There is no existing estimate that corresponds to x in my model, so I simply set x = 10.
The financial transaction cost, yx, is set to match the average degree of home bias surveyed
in Coeurdacier and Rey (2013), A = 77%. This leads to x = 1.13. I consider two values of
¢, = 1.1 (so that k(¢ — 1) = 1) and ¢ = 0 (CFG case). I chose J so that the real interest
rate in the initial balanced growth path equilibrium is 3%.

3.4.3 Simulation Results
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Figure 3.4.1: Growth acceleration: increasing returns in the financial sector (¢ = 1.1)

Notes: The underlying scenario is the growth acceleration, where country 2 starts to grow faster at ¢ = 0.

Growth Acceleration. Figure 3.4.1 shows the case with increasing returns, ¢ = 1.1. The
right-top panel shows that in response to the growth acceleration of country 2 at ¢t = 0,
country 2 keeps increasing its net foreign asset positions, while country 1 keeps running
negative net foreign asset positions. In short, the faster growth in country 2 causes net
capital outflow. The bottom two panels clarify that this result is driven by the endoge-
nous responses of financial developments. The bottom-left panel shows that the financial
development (or the fraction of pledgeable output) improves in the slow-growing country
1, but it deteriorates in the fast-growing country 2. The right-bottom panel explains that
this is because country 2’s wealth-to-GDP ratio decreases relative to country 1. Since the
local demand for the store of value decreases, the financial sector finds more profitable
to locate in country 1 rather than in country 2, which in turn drives the cross-country

differences in financial development.

Figure 3.4.2 shows the result with CFG case (¢ = 0). The right-top panel shows that the
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Figure 3.4.2: Growth acceleration: exogenous financial development (¢ = 0)

Notes: The underlying scenario is growth acceleration, where country 2 starts to grow faster at t = 0. The
financial development is constant in both countries by design.

fast-growing country experiences net capital inflow, which is what happens in neoclas-
sical models and is exactly the opposite from the above result. This model has constant
financial development by design (the left-bottom panel), and as a result, the relatively
lower wealth-to-GDP ratio in fast-growing country implies that it will be a net exporter
of assets (negative net foreign asset position). One may notice that the gap in GDP is
greater in this case than before (the left-top panel). This is because of the difference in
capital flow. Since the fast-growing country attracts more capital when ¢ = 0, it will grow
faster. In contrast, when ¢ = 1.1, the fast-growing country experiences capital outflow.

Therefore, the difference in growth rate is dampened in this case.

Financial Globalization. Figure 3.4.3 illustrates the effect of financial globalization, which

is captured through a reduction in x. The figure considers the growth acceleration episode
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Figure 3.4.3: Effect of financial globalization (lower x): ¢ = 1.1

Notes: The underlying scenario is the growth acceleration, where country 2 starts to grow faster at t = 0.
The dark lines show case with benchmark values of x, while lighter lines show the case with 10% higher
values of .

with ¢ = 1.1 for two different values of x: the baseline value and 10% higher. When fi-
nancial transaction cost, y, is lower, the growth difference has a greater effect on global
imbalances (left panel). This is in part because lower financial transaction costs widen the
cross-country differences in financial development. Thus, financial globalization makes
the cross-country differences in local demand for store of value even more important for

local financial development.

3.5 Conclusion

This paper proposed a simple theory in which slower growth causes capital inflows. In
explaining why capital tends to flow from fast-growing countries to slow-growing coun-
tries, virtually all existing theories assumed that slow-growing countries happen to have
relatively well-developed financial markets. I put forward the idea that financial devel-
opment is demand driven. Without the need to store wealth, no banks would exist. The
slow-growing country has relatively more wealth that needs to be stored, which drives
demand-induced financial innovation. When the returns to scale are sufficiently high,
capital will flow into the slow-growing country. Thus the model provides a simple expla-
nation for the puzzling pattern of capital flow.
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Appendix

.1 Proofs

1.1 Proof of Proposition 14

The equilibrium conditions are

k= S(ky)? )" (1—35(ky)?)
(6(k)?= 1) + (6(k2)?~ 1/ x)* 81+ p + 0 — Anir1 — Azira/ X
n (Bk)? 1/ x)" (1-45(k2)?)
(6(k)?1/x)x + (0(k2)?~1)* g2+ p + 0 — Ari/ X — Azara
ky = (6(k2)?~1/X)" (1-46(k1)?) ,
(O(k)? 1) + (8(k)?~ 1/ x)¥ g1 +p + 6 — Auiry — Aorra/ x
n (8(ka)? )" (1-4(k2)?)

(6(k)P 1/ x)F + (6(k2)?1)F g2+ 0+ 0 — Ari /X — Axar2

where k; = K;/Y. Taking log-derivatives, we have

dinky; = adIlnk; 4+ bdInky — Acdgy — (1 — A)cdgp
dinky = bdInk; +adlnky — (1 — A)cdgr — Acdgo,

where

a=2A1-Mk(¢p—1)+Afi+(1—A)fo
= 201-Mx(¢p—1)+(1—=AN)fi+Af
1
gi+tp+0—Ar—(1—A)r/x
fi=— ¢S (k)?
T A=k

c

Ar (1-=Mr/x
+g+p+9—/\r—(1—/\)r/x(¢_1)((1_/\)x+1)_g+p+9—/\r—(1—/\)r/x
Ar (1= A)r/x 1) (Ax+1)
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where A = Ay; = Ap. Solving for dInk; and dInk; give

dlink; = — 1—a)A+b(1—A)]cdg — 5 [(1—a)(1—A)+bA]cdg,

1
(1—a)2—b

1

)

=gl
_ % 5 [(1—a)A+b(1—A)]cdgn.

dlnk, = —m [(1—a)(1—A)+bA]cdgr —

Assuming dg> = 0 without loss of generality, we have

(1—a)2—b

1

dink; —dInky = (1—4A1=Mx(p—1)+ 21 —1)(f —fl))(

1—-2A)cdgy.  (.1.1)

The net foreign asset position of country 1 is

dlog(A /Y1) —dlog(A1n/ Y1) = —Ax(¢p — 1)(dlogky — dlogky) — (fo — f1)(dlogky — dlogks) — cdgy

_ Ak(@ —1)(2A —3) + 1
= ((1 —4A(1 - Mx(p— 1)+ 2A = 1)(f2 _fl))) cdg.

The stability condition requires the denominator to be positive

(1—4A1 = Ax(p— 1) + A = 1)(fa— 1)) > O,

which holds when the steady state interest rate r is sufficiently low and x(¢ —1) < 1.

Under this condition, an increase in the growth rate leads to positive net foreign asset

positionif and only if ¢ > ¢ =1+ m

1.2 Proof of Proposition 15

The financial development in each country is §; = é(k;)?, where k; = K;/Y;. From expres-
sion (.1.1), it is sufficient to show

1
(1=4A1 = Mx(p—1) + (24 =1)(f2 = f1))

is decreasing in A (since A is decreasing in x). With sufficiently small r, since we have

o (k)?
(1-05(k)?)’

« is indeed decreasing in A. This shows that the difference in the financial development

a(A) = (1-24)

fo—fim

increases with x.

Now consider an environment with exogenous financial development. One can show
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that for sufficiently small 7,
dA21 — dA12 ~ ‘B(gd 11’1(51/52) — ,Bgdgl,

where

A1 =Mk
55:1+4M1—M
C Ak(3—2A) 41
ﬁg:1+4M1—AM

Ak(3—=2A)+1 ¢

1+4M1—AM1—5>0

_ - (1-2)

(1—-A)>0.

Both B5 and B, are decreasing in A. In the case of of endogenous financial development,

d1In(51/8,) also decreases. Therefore the effect of financial liberalization is amplified.
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