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This paper explores the combined effects of reductions in trade fric-
tions, tariffs, and firing costs on firm dynamics, job turnover, and
wage distributions. It uses establishment-level data from Colombia
to estimate an open economy dynamic model that links trade to job
Sflows and wages. Counterfactual experiments imply that Colombia’s
integration with global product markets increased its national income
at the expense of higher unemployment, greater wage inequality, and
increased firm-level volatility. In contrast, contemporaneous labor
market reforms dampened the increase in unemployment and aggre-
gate job turnover. The results speak more generally to the effects of
globalization on labor markets. (JEL F13, F16, F66, J31, J63, O15,
019)

During the late 1980s and early 1990s, as the forces of globalization gained momen-
tum, many Latin American countries dismantled their trade barriers and implemented
labor market reforms.! Over the next two decades, these countries roughly doubled
their trade-to-GDP ratios, and thereby reaped the well-known benefits of better access
to foreign markets. But they also experienced increased wage inequality, higher unem-
ployment rates, greater informal sector activity, and more rapid job turnover.’
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Global trade expansion stalled in the early 1980s, but resumed growing much more rapidly than production
thereafter (Word Trade Organization Statistics Database, Time Series on International Trade, http:/stat.wto.org/
StatisticalProgram/WSDBStatProgramHome.aspx ?Language=E, accessed December 7, 2014). Haltiwanger et al.
(2004) document the general reduction in Latin American trade barriers during this period. Heckman and Pagés
(2004) survey labor market regulations and reforms in Latin America, noting that openness to international trade
increased the demand for labor market flexibility.

2Trade data are taken from Feenstra, Inklaar, and Timmer (2013). The Inter-American Development Bank
(2004) summarizes the deterioration in Latin American labor market conditions. Goldberg and Pavcnik (2007)
survey the evidence linking openness to wage inequality and informality in Latin America and other developing
countries. Haltiwanger et al. (2004) document the association between job turnover and openness in Latin America.
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These developments motivate the two basic questions we address in this paper.
First, through what mechanisms and to what extent might the global integration
of product markets have increased wage inequality, unemployment rates, and job
insecurity in Latin America? Second, how might commercial policy reforms and
changes in worker firing costs have conditioned the relationship between globaliza-
tion and these labor market outcomes?

To answer these questions, we develop a dynamic general equilibrium model
that links globalization and labor regulations to wage distributions, job flows, and
unemployment. Then we fit our model to plant-level panel data from Colombia, a
country that reduced firing costs, cut tariffs, and exhibited rapid growth in merchan-
dise trade. Finally, by comparing simulated steady states under alternative regimes,
we quantify the labor market consequences of global reductions in trade frictions
(hereafter, “globalization”) and Colombia’s policy reforms.

The estimated model closely replicates basic features of Colombian microdata in
the decade preceding reforms, including the size distribution of firms, the rates of
employment growth among firms of different sizes, producer entry and exit rates,
exporting patterns, and the degree of persistence in firm-level employment levels.
Also, although it is fit to prereform data, it nicely replicates many post-2000 features
of the Colombian economy when it is evaluated at post-2000 tariff rates, firing costs,
and global trade frictions. In particular, the quantified model successfully predicts
the post-2000 plant size distribution.

The simulations indicate that, taken as a package, the policy reforms and the
global reductions in trade frictions led to significant increases in wage inequality,
lifetime income inequality, and unemployment. On the other hand, while tariff
reductions and globalization shocks would have increased job turnover by them-
selves, this impact of openness was offset by the labor market reforms. Finally, the
globalization shock was in many respects the most potent. Hence, while improving
per capita incomes through standard channels, the rapid expansion of global trade
may also be reducing job security and increasing inequality in Latin America and
elsewhere.’

While our model incorporates some well-known mechanisms, it also introduces
several new channels through which openness is linked to labor market outcomes.
First, by increasing the sensitivity of firms’ revenues to their productivity and
employment levels, openness makes firms more willing to incur the hiring and fir-
ing costs associated with adjusting their workforce. By itself, this sensitivity effect
makes job turnover and unemployment higher when trade frictions are low. It also
tends to create larger rents for the more successful firms and to thereby spread the
cross-firm wage distribution. Second, however, openness concentrates workers at
large firms, which are more stable than small firms and less likely to exit.”| This dis-
tribution effect works against the sensitivity effect, tending to reduce turnover and
wage inequality as trade frictions fall.

Our formulation is related to several literatures. First, it shares some basic fea-
tures with large-firm models in the labor-search literature. In particular, it can be

3Rodrik (1997) makes a related argument, though he points to different mechanisms.
#This feature of our model captures a well-known empirical regularity. Haltiwanger, Jarmin, and Miranda
(2013) provide recent evidence from the United States.
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viewed as an extension of Bertola and Caballero (1994); Bertola and Garibaldi
(2001); and Koeniger and Prat (2007) to include fully articulated product markets,
international trade, serially correlated productivity shocks, intermediate inputs, and
endogenous firm entry and exit.” And like these models, it explains firms’ wage set-
ting as reflecting their idiosyncratic demand or productivity shocks in the presence
of convex hiring costs.

Second, our work contributes to the growing literature on the effects of interna-
tional trade in the presence of labor market frictions. Like many papers therein, we
link the cross-firm wage distribution to the cross-firm rent distribution, which we link
in turn to trade costs through a Melitz (2003) mechanism (Egger and Kreickemeier
2009; Helpman, Itskhoki, and Redding 2010; Helpman et al. 2012; Felbermayr,
Prat, and Schmerer 2011; Fajgelbaum 2013; Davis and Harrigan 2011; and Amiti
and Davis 2012).% Among these papers, our model is relatively close to those that
generate wage dispersion and unemployment by combining wage bargaining with
Diamond-Mortensen-Pissarides search frictions (Helpman and Itskhoki 2010;
Helpman, Itskhoki, and Redding 2010; Helpman et al. 2012; and Felbermayr, Prat,
and Schmerer 2011). The key distinction between these papers and ours is that we
empirically characterize steady states with ongoing productivity shocks, endoge-
nous entry and exit, and job turnover.

Finally, because our paper offers a new explanation for size-dependent vol-
atility, it contributes to the literature on firm dynamics (e.g., Hopenhayn 1992;
Jovanovic 1982; Ericson and Pakes 1995; Klette and Kortum 2004; Luttmer 2007;
Rossi-Hansberg and Wright 2007; and Arkolakis forthcoming). Unlike previous
studies, we explain the relative stability of large firms as a consequence of nonlinear
hiring costs, which make it relatively more expensive (per worker) for large firms to
sustain any positive growth rate.

While we do not pretend to capture all of the channels through which openness
and firing costs can affect labor market outcomes, our focus on firm-level entry, exit,
and idiosyncratic productivity shocks is supported by existing empirical evidence
on the sources of job turnover and wage heterogeneity. Studies of job creation and
job destruction invariably find that most reallocation is due to idiosyncratic (rather
than industry-wide) adjustments (Davis, Haltiwanger, and Schuh 1998; Roberts
1996), even in Latin America’s highly volatile macro environment (Inter-American
Development Bank 2004, ch. 2). Further, as Goldberg and Pavcnik (2007) note,
there is little evidence in support of trade-induced labor reallocation across sec-
tors, so if openness has had a significant effect on job flows, it should have been
through intrasectoral effects. Finally, while observable worker characteristics do
matter for wage differentials, much is attributable to labor market frictions and firm
heterogeneity (Abowd, Kramarz, and Margolis 1999; Mortensen 2003; Helpman
et al. 2012).

3 Other recent papers that study firm dynamics and labor market frictions in a closed economy context include
Cooper, Haltiwanger, and Willis (2007); Lentz and Mortensen (2012); Hobijn and Sahin (2013); and Elsby and
Michaels (2013). Utar (2008) studies firm dynamics and labor market frictions in an import-competing industry
that takes the wage rate as given.

SMany other recent papers examine the effects of trade on imperfect labor markets, but presume competitive
product markets and homogeneous firms. Examples of theoretical and empirical work in this vein include Davidson,
Martin, and Matusz (1999); Davidson, Matusz, and Shevchenko (2008); Kambourov (2009); Artug, Chaudhuri, and
McLaren (2010); Cosar (2013); and Dix-Carneiro (2014).
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I. The Model
A. Preferences

We consider a small open economy populated by a unit measure of homoge-
neous, infinitely lived worker-consumers. Each period #, agents derive utility from
the consumption of homogeneous, nontradable services, s,, and a composite indus-
trial good, ¢,, where

a

(1) ¢ = (fONt ct(iz)l%]cz’l1>ﬁ

aggregates consumption of the differentiated goods varieties, ¢,(n), n € [0,N,],
with a constant elasticity of substitution ¢ > 1. Worker-consumers maximize the
expected present value of their utility stream

sty
u _ ! t ,
]

where r is the discount rate and v € (0, 1) is the expenditure share of the industrial
good. Being risk-neutral, they do not save. In what follows, we suppress time sub-
scripts ¢ for ease of notation.

B. Production Technologies

Services are supplied by service sector firms and, less efficiently, by unemployed
workers engaged in home production. Regardless of their source, services are pro-
duced with labor alone, homogeneous across suppliers, and sold in competitive
product markets. Firms that supply services generate one unit of output per worker
and face no hiring or firing costs. Unemployed workers who home-produce service
goods each generate b < 1 units of output. The economy-wide supply of services
is thus

(2) S =L,+0bL,,

where L, is labor employed in the service sector and L, is unemployed labor.

Differentiated goods are supplied by industrial sector firms, each of which pro-
duces a unique product. These firms are created through sunk capital investments;
thereafter their output levels are determined by their productivity levels, z, employ-
ment levels, /, and intermediate input usage, m, according to

Zl(ymlfa | >
3 - =
®) 1 { 0 1<l

where 0 < a < 1, [, > 0 is the smallest viable firm size, and

o— 0'—1
m = ( fON m(n)Tldn) aggregates differentiated goods used as intermediates
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in the same way the subutility function (1) aggregates differentiated goods used for
final consumption. Note that, as in Melitz (2003), productivity variation can equally
well be thought of as variation in product quality.

C. Price Indices

Differentiated goods can be traded internationally. Measure Ny of the measure N
differentiated goods are imported, and an endogenous set of domestically produced
goods are exported. Both exports and imports are subject to iceberg trade costs: for
each 7. > 1 units shipped, a single unit arrives at its destination. Moreover, imports
are subject to an ad valorem tariff rate of 7, — 1 > 0.

Let asterisks indicate that a variable is expressed in foreign currency,
and define p*(n) to be the free on board (FOB) price of imported vari-
ety n € [0,Ng]. The exact home currency price index for imported goods is

then Pp = 7,7.k [ JNep* (n)'- "dn] , where k is the exchange rate. Similarly,

letting p(n) be the price of domestic Varlety n € (Ng,N] in the home market, the

Lo . . N l—o 4\ /(1=0)
exact home price index for domestic goods is Py = ( pr p(n) dn) .

Finally, defining py(n) to be the price of domestic variety n in the for-
eign market, and letting Z*(n) € {0,1} take a value of 1 if good n is

exported, Py = (ﬁ{}; T (n) py(n)'~ "dn) i
index for exported goods.

Several normalizations simplify notation. First, since the measure of available
foreign varieties and their FOB foreign -currency prices are exogenous to our model,

is the exact foreign market price

we normalize [ fo )= "dn] to unity by choice of foreign currency units.

This allows us to wrlte the exact domestic price index for the composite industrial
good as

(4) P = [P},_CW— (TaTck)l_"]lli”.

Second, without loss of generality, we choose the price of services to be our
numeraire. The real exchange rate k endogenously adjusts so that in equilibrium, the
two normalizations in domestic and foreign currency units are consistent.

D. Differentiated Goods Markets

Differentiated goods are sold in monopolistically competitive markets, where they
are purchased by consumers as final goods and by producers as intermediate inputs.

p(n)

—0
R . . . . . . . . Il .
Utility maximization implies that worker i/ with income /; demands 77 <—) units

P
—0
7,7 kp* (n') . . . ) Qs
—p ) units of imported variety n’. Similarly,

51508

. . I;
of domestic variety n and 2 (

firm j with gross revenue G; optimally purchases (1 — ) ) units of

o—1G (TaTL‘kp ()
P P

domestic variety n, and (1 — o) 7 ) units of imported variety n'.
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Aggregating across domestic consumers and domestic producers yields total
domestic demand for any domestic variety n:

(5) Qu(n) = Dyp(n)~7 forn € (Np,N]J,

where

1 . — N .
D, — pg—l[yfo Ldi + (1—a)2=1 fNFdo]].

Note that the population of domestic worker-consumers is normalized to 1, and
domestic producers are indexed by n € (Ng, N]. Likewise, total domestic demand
for any imported variety 7 is

(6) Ou(n) = Dy[1,7.kp*(n)]™7 forn € [0,Ng].

Finally, assuming markets are internationally segmented, foreign demand for
domestically produced good 7 is given by

(7) Or(n) = Dg[px(n)]™7, n € (Ng,NJ,

where D measures aggregate expenditures abroad denominated in foreign currency,
and is net of any effects of foreign commercial policy. Given our small country
assumption, we take Dy to be unaffected by the actions of domestic agents.

These expressions imply that, expressed in domestic currency, total domestic
expenditures on domestic varieties amount to D P}y 7, total domestic expenditures
on imported varieties amount to DH(Ta Tck)l_", and domestic firms’ total export
revenues amount to k Dy Py 7 / 7.

E. Producer Dynamics

Industrial firms are subject to idiosyncratic productivity shocks. These are gener-
ated by the AR(1) process

(8) Inz' = plnz + o.¢,

where p € (0,1) and o, > 0 are parameters, primes indicate one-period leads, and
e ~ N(0,1) is a standard normal random variable independently and identically
distributed across time and firms. Together with firms’ employment policies and
entry/exit decisions, (8) determines the steady-state distribution of firms over the
state space (z,/) and the rates at which firms transit across pairs of states.

Producer dynamics in the industrial sector resemble those in Hopenhayn (1992)
and Hopenhayn and Rogerson (1993), in that firms react to their productivity
shocks by optimally hiring, firing, or exiting. Also, new firms enter whenever their
expected future profit stream exceeds the entry costs they face. However, unlike
these papers, we assume that hiring in the industrial sector is subject to search fric-
tions captured by a standard matching function. We now describe the functioning of
labor markets.
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F. Labor Markets and the Matching Technology

The service sector labor market is frictionless, so workers can obtain jobs there
with certainty if they choose to do so. Since each service sector worker produces
one unit of output, and the price of services is our numeraire, these jobs pay a wage
ofw, = 1.

The industrial sector labor market, in contrast, is subject to search frictions. These
expose industrial job seekers to unemployment risk and create match-specific rents
that workers and firms bargain over. The number of new matches between job seek-
ers and vacancy posting firms each period is given by

M(V,U) = (V“:/lif")‘/"

where € > 0. Here, U is the measure of workers searching for industrial sector
jobs, and V is the measure of industrial sector vacancies. The parameter 6 governs
the severity of matching frictions, since a higher value for 6 results in a larger num-
ber of matches for given values of U and V.  This matching function implies that
industrial firms fill each vacancy with probability

M(V,U
oV U) = (V ) - (Va;{]e)l/e’

while workers searching for industrial jobs find matches with probability

~ M(V,U
oV, U) = (U ) = (Ve +VU0)1/0'

At the beginning of each period, workers who are not already employed in the
industrial sector decide whether to accept a service sector job that pays wage w, = 1
with certainty, or to search for an industrial sector job. If they fail to match with an
industrial sector producer, they subsist until the next period by home-producing
services at the wage of b < 1.F At the start of the matching process, among the unit
measure of the worker population, U are searching for an industrial job. At the end
of the matching process, L, = (1 — (;Nﬁ)U workers fail to find a job and stay unem-
ployed while L, work in the industrial sector. As a result, a fraction L, /(L, + L)
of workers associated with the frictional labor market are unemployed. Workers
employed in the service and industrial sectors together with the unemployed add up
to the workforce: Ly + L, + L, = 1.

Workers who begin a period employed in the industrial sector can continue
with their current job unless their employer lays them off or shuts down entirely.

7The functional form of the matching function follows den Haan, Ramey, and Watson (2000). It is subject to
constant returns to scale, and is increasing in both arguments. In contrast to the standard Cobb-Douglas form, it
has no scale parameter and the implied matching rates are bounded between 0 and 1. Note that for V = U, as 6
approaches infinity, job finding and filling probabilities approach to 1.

8The notion that workers trade job security in a low wage sector for the opportunity to search in a higher wage
sector traces back at least to the Harris and Todaro (1970) model.
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In equilibrium, industrial sector workers are paid at least their reservation wage,
so those who do not lose their jobs will never leave them voluntarily. Workers’
job-seeking decisions and the bargaining game that determines industrial firms’
wages will be described below. But before discussing either, we must characterize
the firm’s problem.

G. The Firm’s Problem

At the beginning of each period, incumbent firms decide whether to continue
operating and potential entrants decide whether to create new firms. Thereafter,
active firms go on to choose their employment levels, intermediate input usage,
and exporting policies. Entry, exit, hiring, and firing involve adjustment costs, so
these decisions are solutions to forward-looking problems. In contrast, intermediate
input purchases and exporting decisions involve frictionless static optimization after
employment levels have been determined. We now characterize all firm decisions.

Export Policy.—Given the domestic demand function (5), any firm that sells some
fraction 1 — 7 of its output domestically will generate gross home sales amounting
1 o—1
to D [(1 —n)q] (T) Similarly, given the foreign demand function (7), such a
o—1
1 — =
firm will generate gross foreign sales of k(Dj)7 [%CI] 7 . Total gross revenue can
thus be written as

9) Glg.n) = expldy +dr(n)] g™,

|
1 . \ 7 .
where dy = In (Dﬁ) and dr(n) = ln[(l -n) 7 +k<%) (77/7'0)Tl . While
H

the term dy measures domestic demand, and is common to all firms, the term dr(7)
captures the extra revenue generated by exporting, conditional on output.

Given output levels, firms choose their exporting levels each period to maximize
their current sales revenues net of fixed exporting costs, c¢,. Not all firms find it
profitable to participate in foreign markets, but those that do share the same optimal
level of n:

o—1 -1
(10) n’ = argmaxdp(n) = (1 + LIZH )
0<n<1 k° Dr

The associated export market participation policy is

| . ot
(11) I*(q) = {llf [CXR[dH+dF(77 )| —exp(dy)lq = > c.,
0 otherwise,

so there is a threshold output level separating exporters from others.

Intermediates and the Value-Added Function.—Firms determine their output lev-
els by choosing their intermediate input usage, m, given their current period z and
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[ values. Optimizing over m and suppressing market-wide variables (including 7°),
we can thus use (3) and (9) to write value-added net of exporting costs as a function
of z and [ alone:

(12) R(z,1) = max {G(Zl“m‘*@) — Pm — cxIx(Zlozmlfa)}‘

As shown in online Appendix 1, the solution to this optimization problem is

(13) R(z1) = A(z,1) (219" — ¢, T%(z.1),
where
(14) Az 1) = 0P 1=Nexpldy + Tz, 1) dp(n°)]o-12,
1 1 [(100(01)]”L1A
A:Hl_—ow>0,and@:((]_a)A> Yed > 0.

The term A(z,/) is a firm-level market size index. It responds to anything that
affects aggregate domestic demand (Dy ), trade costs (7,), or the exchange rate
(k). But given these market-wide variables, the only source of cross-firm variation
in A(z,1) is exporting status (Z%). Accordingly, below we suppress the arguments of
A except where we wish to emphasize its dependence on these variables.

Employment Policy.—We now turn to decisions that involve forward-looking
behavior. When choosing employment levels, firms weigh the revenue stream
implied by (13) against wage costs, the effects of / on their continuation value,
and current firing or hiring costs. To characterize the latter, let the cost of posting v
vacancies for a firm of size / be

ot = () (%)

where ¢, and \; > 1 are positive parameters.] The parameter \, € [0, 1] deter-
mines the strength of scale economies in hiring. If A, = 0, there are no economies
of scale and the cost of posting v vacancies is the same for all firms. On the other
hand, if A\, = 1, the cost of a given employment growth rate is the same for all
firms.

All firms in our model are large enough that cross-firm variation in realized worker
arrival rates is ignorable. That is, all firms fill the same fraction ¢ of their posted
vacancies. It follows that expansion from [ to I’ simply requires the posting of v =
(I'— 1)/ ¢ vacancies, and we can write the cost of expanding from [ to /' workers as

A
Ch\ a1l =1
15 C, (L") = (<% ! .
( ) h( s ) )\1 ¢ l)\z
9This specification generalizes Nilsen, Salvanes, and Schiantarelli (2007), who set A, = 1 — 1/);. See also

Merz and Yashiv (2007) and Yashiv (2006).
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Clearly, when labor markets are slack, hiring is less costly because each
vacancy is more likely to be filled. Also, for A\;(1 —\;) > 1, a given level of
employment growth is more costly per worker for larger firms.'" So, other things
equal, \{ (I — \,) > 1 means that larger firms expand relatively slowly in response
to positive shocks, and they have stronger incentives to hoard labor in the face of
transitory negative shocks. This feature of our model is the main reason it is able to
replicate the well-known association between firm size and job stability.

Downward employment adjustments are also costly. When a firm reduces its
workforce from I’ to [ > 1, it incurs firing costs proportional to the number of
workers shed,!!

(16) CHLI) = ¢(1—1).

For convenience we assume hiring and firing costs are incurred in terms of ser-
vice goods, and we describe both with the adjustment cost function:

C(L1) ifl > 1,

b Ci(LI') otherwise.

Several observations concerning adjustment costs are in order. First, while con-
vex hiring costs induce firms to expand gradually, firms cannot economize on firing
costs by downsizing gradually. Second, when a firm exits, it is not liable for c;.
Finally, as will be discussed below, it is possible that a firm will find itself in a posi-
tion where the marginal worker reduces operating profits, but it is more costly to fire
her than retain her.

Regardless of whether a firm expands, contracts, or remains at the same employ-
ment level, we assume it bargains with each of its workers individually and contin-
uously. This implies that bargaining is over the marginal product of labor, and all
workers at a firm in a particular state (z, /) are paid the same wage (Stole and Zwiebel
1996; Cahuc and Wasmer 2001; Cahuc, Marque, and Wasmer 2008). Moreover, the
marginal worker at an expanding firm generates rents, while the marginal worker
at a contracting firm does not (Bertola and Caballero 1994; Bertola and Garibaldi
2001; Koeniger and Prat 2007). Hence, expanding firms face different wage sched-
ules than others. These schedules depend upon firms’ states, so we denote the wage
schedule paid by a hiring firm as w),(z, /) and the wage schedule paid by a nonhiring
firm as wy(z, 1). Details are deferred to the subsection on wage schedules below.

We now elaborate firms’ optimal employment policies within a period (see
. An incumbent firm enters the current period with the productivity level
and work force (z,/) determined in the previous period. Thereupon it may exit

/-1
. I
(/\—’I) oM gM MV S for A (1— \y) > 1, Cy(L1')/1is increasing in I.

19By (15), labor force expansion at any given rate g =

involves vacancy posting costs

"1 As it is standard in the literature (see Ljungqvist 2002 for a review), we assume that firing costs take the form
of a resource cost and are not pure transfers from firms to workers.
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1
1
t—1 Beginning Interim End L+l
|
Exit X
Incumbent :
(z0) 4 (Z) ———— 7(L) — (2]
stay & draw 7’ choose I' > 1,

1
1
1
1
1
1
Entrant pays Com— > (Z/,ly) —_— > TI'(Z/,I(,,I/) ; (Z,’l,)
hire [, workers choose I' > 1,
draw 7'

FIGURE 1. WITHIN-PERIOD SEQUENCING OF EVENTS FOR FIRMS

immediately, either because the expected present value of its profit stream is nega-
tive, or because it is hit with an exogenous death shock.

If a firm opts to stay active and is not hit with an exogenous exit shock, it pro-
ceeds to an interim stage in which it observes its current period productivity reali-
zation z'. Then, taking stock of its updated state, (z', 1), the relevant wage schedules,
and adjustment costs C(/,1'), it chooses its current period work force, /. Both hiring
and firing decisions take immediate effect and it enters the end of the period with
(z',1'), making optimal intermediate usage and exporting decisions based on its new
state. Profits are realized and wages are paid at this point. Depending on whether the
firm is hiring or not, its profits are

R, 1) — wy(2, ) — C(L 1) — ¢, ifl' > 1
(7). #@L1) = s ;g : .
R(z\, ") —we(z, I')l' = C(L,I') — ¢, otherwise,

where c,,, the per-period fixed cost of operation, is common to all firms.
Firms discount the future at the same rate (14 r) as consumers. So the
beginning-of-period value of a firm in state (z,/) is

(18) V(z,l) = max{O, {—_i__(rsEﬂzmﬁlx[w(z/’l,l’) + V(zf’l,)]}’

where ¢ is the probability of an exogenous death shock, and the maximum of the
term in square brackets is the value of the firm in the interim state, after it has real-
ized its productivity shock. All payoffs are discounted at the interim period.

The solution to (18) implies an employment policy function,

(19) I' = L(z,1),

an indicator function Z"(z’,1) that distinguishes hiring and firing firms, and an
indicator function Z(z,/) that characterizes firms’ continuation and exit policy.
Z"(z,1) and Z¢(z,1) take the value one for firms that are hiring or continuing,
respectively, and zero otherwise.
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Entry.—In the steady state, a constant fraction of firms exits the industry either
endogenously or exogenously. These firms are replaced by an equal number of
entrants, who find it optimal to pay a sunk entry cost of ¢, and create new firms. The
cost of hiring the initial workforce, i.e., posting /, /¢ vacancies, is included in c,,
along with fixed capital costs. Entrants also draw their initial productivity level from
the ergodic productivity distribution implied by (8), hereafter denoted as 1,(z).
Thereafter they behave exactly like incumbent firms, with interim state given by
(z,1,) (see Figure 1). If they wish, they can further adjust their workforce to I’ > 1,
in accordance with their initial productivity by posting more vacancies subject to the
hiring cost function (15). Free entry implies that

o) V=1 [maxlr L. l) + VD] b0 < .,

which holds with equality if there is a positive mass of entrants. We assume
that each worker-consumer owns equal shares in a diversified fund that collects
profits from firms, finances entry, and redistributes the residual as dividends to
its owners.

H. The Worker’s Problem

presents the intraperiod timing of events for workers. Consider first a
worker who is employed by an industrial firm in state (z,/) at the beginning of the
current period. This worker learns immediately whether her firm will continue oper-
ating. If it shuts down, she joins the pool of industrial job seekers (enters state u) in
the interim stage. Otherwise, she enters the interim stage as an employee of the same
firm she worked for in the previous period. Her firm then realizes its new productiv-
ity level 7’ and enters the interim state (z’,7). At this point her firm decides whether
to hire workers. If it expands its workforce to /" > [, she earns wy,(z,['), and she
is positioned to start the next period at a firm in state (z’,/'). If the firm contracts or
remains at the same employment level, she either loses her job and reverts to state
u or she retains her job, earns wf(z’, I'), and starts the next period at a firm in state
(z',1'). All workers at contracting firms are equally likely to be laid off, so each loses
her job with probability (I —1") /1.

Workers in state u are searching for industrial jobs. They are hired by enter-
ing and expanding firms that post vacancies. If they are matched with a firm, they
receive the same wage as those who were already employed by the firm. If they
are not matched, they support themselves by home-producing b < 1 units of the
service good. At the start of the next period, they can choose to work in the service
sector (enter state s) or search for a job in the industrial sector (remain in state u).
Likewise, workers who start the current period in the service sector choose between
continuing to work at the service wage w, = 1 and entering the pool of industrial
job seekers. These workers are said to be in state o.

We now specify the value functions for the workers in the interim stage. Going
into the service sector generates an end-of-period income of 1 and returns a worker



VOL. 106 NO. 3 COSAR ET AL.: FIRM DYNAMICS IN AN OPEN ECONOMY 637

Beginning Interim End t+1

(z

sl
~
=

1 1
w (z\1) — (Z1')
firm expands or retains size [’ > [ zt) (

firm stays
& draws 7'

W[(Z,,l/) . (Z/,l,)

firm exits

retain job

firm contracts (I' < 1) £~

w,(2,1)) —= (25])

match with a hiring firm
job search (u)

no match

choose
sector (0)

L» service sector (s) ——> w=1 —»(0)

<
—

Q
=

FIGURE 2. WITHIN-PERIOD SEQUENCING OF EVENTS FOR WORKERS

to the o state at the beginning of the next period. Accordingly, the interim value of
this choice is

s 1 (4
(21) P o= ),

Searching in the industrial sector exposes workers to the risk of spending the period
unemployed, and supporting themselves by home-producing b units of the service
good. But it also opens the possibility of landing in a high-value industrial job.
Since the probability of finding a match is ¢, the interim value of searching for an
industrial job is

(1-9)

u _ | I e
(22) I |GE; 4

b+,

where E Jj, is the expected value of matching with a hiring firm, to be defined below.
The value of the sectorial choiceis J° = max{J*®, J"}. In an equilibrium with both
sectors in operation, workers must be indifferent between them, so J° = J° = J*.
Combined with (21), this condition implies that J°, J*, and J* are all equal to 1/r.
The expected value of matching with an industrial job, EJj;, depends on the dis-
tribution of hiring firms and the value of the jobs they offer. For workers who match
with a hiring firm in the interim state (z', ), the interim period value is given by

(23) Ji(@ 1) = wy(251) + (2 1)),

L[
1+r



638 THE AMERICAN ECONOMIC REVIEW MARCH 2016

where I’ = L(z’,1) and J(z’, 1) is the value of being employed at an industrial firm
in state (z,1") at the start of the next period. Accordingly, the expected value of a
match for a worker as perceived at the interim stage is

(24) Eip = [, [an e diz.

where g(z,1) = g(z’1)/ [, ] &(z", x)dxdz" is the distribution of vacancies across
hiring firms and

BT = VDI + Ty oy e/

Here v(z',1) :~Ih (z,1)L(z,l) —1/¢ is the number of vacancies posted by firms
in state (z,1), ¥(z’,1) is the distribution of firms in interim state (z',/) (see online
Appendix 3), I,_; is an indicator variable for | = [,, I, /¢ is the number of vacan-

Ne

N_Np S the fraction of

cies posted by entrants to hire their initial workforce, and
firms that are new entrants.

It remains to specify the value of starting the period matched with an industrial
firm, J¢(z,1), which appears in (23) above. The value of being at a firm that exits
immediately (exogenously or endogenously) is simply the value of being unem-
ployed, J*. This is also the value of being at a nonhiring firm, since workers at
these firms are indifferent between being fired and retained. Hence J¢(z,1) can be

written as

(25) J(z,0) = [0 + (1 —=086)(1 —Z%z,1))]J"

+ (1=6)Z¢z l)ymax {J*, E,.[Z" (2, 1) J{ (2, 1) + (1 — T"(2, 1)) J“]}.

1. Wage Schedules

We now characterize the wage schedules. Consider first a hiring firm. After vacan-
cies have been posted and matching has taken place, the labor market closes. Firms
then bargain with their workers simultaneously and on a one-to-one basis, treating
each worker as the marginal one. At this point, vacancy posting costs are already
sunk and workers who walk away from the bargaining table cannot be replaced in
the current period. Similarly, if an agreement between the firm and the worker is
not reached, the worker remains unemployed in the current period. These timing
assumptions create rents to be split between the firm and the worker.

As detailed in online Appendix 2, it follows that the wage schedule for hiring
firms with an end-of-period state (z',1") is given by

(26) Wh(z” ll) — (1 — ﬂ)b + %A(ZI, l/)aA(Z/)A(l/)aA—l’
—OR(Z. 1) /1
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where 3 € [0, 1] measures the bargaining power of the worker. Workers in expand-
ing firms get their share of the marginal product of labor plus (1 — 3) share of their
outside option.

The marginal worker at a nonhiring firm generates no rents, so the firing wage
just matches her reservation value (see online Appendix 2),

(27) w2, 1) = rJ*— [J (1) — J").

Three assumptions lie behind this formulation. First, workers who quit do not
trigger firing costs for their employers. Second, firms cannot use mixed strategies
when bargaining with workers. Finally, fired workers are randomly chosen. The
first assumption ensures that workers at contracting firms are paid no more than the
reservation wage, and the remaining assumptions prevent firms from avoiding firing
costs by paying less than reservation wages to those workers they wish to shed.
Importantly, wf(z, 1) does vary across firing firms, since workers who continue with
such firms may enjoy higher wages in the next period. This option to continue has a
positive value, captured by the bracketed term in (27), so firing firms may pay their
workers less than the flow value of being unemployed.

J. Equilibrium

Six basic conditions characterize the equilibrium. First, the distribution of firms
over (z,1) states in the interim and at the end of each period, denoted by 1(z,[)
and 1)(z,1), respectively, reproduce themselves each period through the stochastic
process on z, the policy functions, and the productivity draws that firms receive
upon entry. Second, all markets clear: supply matches demand for services and for
each differentiated good, where supplies are determined by employment and pro-
ductivity levels in each firm. Third, the flow of workers into unemployment matches
the flow of workers out of unemployment—that is, the Beveridge condition holds.
Fourth, a positive mass of entrants replaces exiting firms every period so that free
entry condition (20) holds with equality. Fifth, aggregate income matches aggre-
gate expenditure, so trade is balanced. Finally, workers optimally choose the sector
in which they are working or seeking work. Online Appendix 3 provides further
details.

K. Discussion

Turnover, Wages, Markups, and Unemployment.—Before moving on to quanti-
tative analysis, it is instructive to summarize some key mechanisms in our model.
We begin with the determinants of cross-firm variation in wages and job turnover,
both of which are driven by interactions between productivity shocks and convex
vacancy posting costs. To fix ideas, consider what would happen if, at some point
in time, we were to set p = 1 and o, = 0, making the current set of productivity
draws permanent. Thereafter, those firms with sufficiently high draws would grad-
ually add workers, and they would exhibit relatively high wages as they expanded
toward their long-run desired size. Upon reaching this size, the rents from additional
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matches would disappear, and they would begin to pay reservation wages, along
with all stationary or contracting firms. '

Now consider the unrestricted model with ongoing productivity shocks (o, > 0).
These shocks introduce steady-state job turnover by ensuring that some portion of
the firm population is always in transition. Further, with sufficiently high persistence
in productivity (p sufficiently close to 1), this turnover keeps enough large firms
expanding to sustain a positive cross-sectional correlation between employment and
wages (Bertola and Garibaldi 2001). Finally, since vacancy posting costs per worker
vary with employment (refer to equation (15)), the rates at which firms adjust their
jobs and wages in response to shocks depend upon their size.

Like wages and turnover, markups reflect interactions between productivity
shocks and convex hiring costs. Without both of these model features, firms would
converge toward the employment levels that maximize their current operating prof-
its. Thereafter, the ratio of price to marginal cost at each firm would obey the stan-
dard static formula: MLC = = = 7 But with costly adjustment and ongoing shocks,
firms optimally choose employment levels to maximize their expected future profit
streams net of hiring and expected firing costs (equation (18)). And the convexity
of ¢;,(1,1") causes those that experience positive z shocks to spread their hiring over
multiple periods, charging relatively high markups until their expansion is complete.
Section 2.3 of the online Appendix provides further details, including a graph of
markups in state space (z,1).

It remains to describe the determinants of the Q-sector unemployment
rate, L, /(L, + L,). Given the wage distribution, this rate follows from the arbitrage
condition J° = J“. That is, in order to keep each sector equally attractive to job
seekers, increases in the expected value of a Q-sector job, EJ;, must be accompa-
nied by offsetting reductions in the probability of finding one, just as in Harris and
Todaro (1970).

Firing Cost Effects.—We turn now to the effects of policy reforms and changes in
openness, beginning with firing costs. Other things equal, lower firing costs induce
firms to carry more workers by reducing the expected costs of shedding them later
(Hopenhayn and Rogerson 1993). Further, low firing costs help large firms relatively
more, since they are relatively unlikely to exit when they downsize in response to
a negative productivity shock. (Exiting firms are unaffected by firing costs because
they are not required to pay them.) For both reasons, reductions in ¢, shift the firm
size distribution rightward.

By itself, this shift would reduce job turnover through the distribution effect men-
tioned in the introduction. But other forces are also in play. Most notably, holding
the size distribution fixed, lower firings costs make firms’ employment levels more
volatile by encouraging larger adjustments to transitory shocks (e.g., Ljungqvist

12This feature of the model is not specific to the random search framework: Felbermayr, Impullitti, and Prat
(2014) show that convex vacancy posting costs play a similar role in generating residual wage inequality in a
directed search model. This is in contrast to Felbermayr, Prat, and Schmerer (2011), where vacancy posting costs
are linear and independent of size. Firms then immediately expand to equalize the marginal revenue product of
labor to the expected marginal recruitment cost. The latter being equal across all firms, there is no wage inequality.
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2002; Mortensen and Pissarides 1999). Accordingly, the turnover effects of reduc-
tions in ¢y are ambiguous.

When a reduction in ¢ shifts the firm size distribution rightward, it induces a new
distribution for the marginal revenue product of labor. This affects the wage distri-
bution through (26) and (27), which in turn affect EJj, the job filling rate, ¢, and
the Q-sector unemployment rate. Finally, adjustments in ¢ feed back onto vacancy
posting costs through equation (15), further confounding the net effect of firing cost
reductions on job turnover.

Openness Effects.—What about reductions in 7, or 7,7 Increases in openness drive
up the returns to exporting while intensifying import competition. As Melitz (2003)
stresses, large firms benefit on net, since they find it worthwhile to pay the fixed
costs of exporting, but other firms are hurt. Accordingly, the gap between wages at
large and small firms increases, while the right-hand tail of the firm size distribution
shifts outward.

The effects of openness on job turnover are more subtle. Partly, turnover adjust-
ments reflect the sensitivity effect mentioned in the introduction: greater open-
ness increases the market size index A for high-productivity firms, so these firms’
value-added functions (13) become steeper with respect to employment levels, and
they make larger workforce adjustments in response to z shocks.' So long as this
heightened volatility among productive firms dominates the reductions in volatil-
ity that occur at unproductive firms (which experience A reductions with open-
ness), the sensitivity effect tends to increase job turnover. A second linkage comes
through adjustments in labor market tightness. To the extent that openness increases
the expected value of industrial sector jobs, it induces offsetting increases in the
unemployment rate, and these reduce the cost of posting vacancies (15) through
¢, creating further volatility.!4 Finally, however, openness concentrates workers at
larger firms, which tend to be relatively stable. This distribution effect works against
the others, making turnover adjustments ambiguous.

Exporters.—We conclude this section with a brief discussion of exporters’ char-
acteristics and their determinants. Firms expanding into export markets experi-
ence a discrete jump in demand, which causes their prices to rise and increases the
marginal revenue product of their workers. Thus, our model is consistent with the
common finding that exporters tend to pay their workers better (e.g., Bernard and

13 Convex vacancy posting costs are necessary for this result. To better understand this feature of our model,

suppose the marginal value of an additional worker is simply her marginal revenue product, aAAz (l/) art , and

/ Al
. .. . . ’ =t
assume the entire cost of hiring /" workers is captured by the vacancy posting cost, (;\l) oM % Then the
1

first-order condition for employment implies a positive relationship between /" and A among all firms in states
where hiring occurs: I = f(Alz,1), fo > 0. Further, the elasticity of /" with respect to z increases with A:
-1
’ A — D) f(Alz, !
dint' _ [0 =DFARD lfaA] _

dinz = | f(A D) 1
Of course, other properties of our model complicate this relationship, including wage schedules, firing costs, and
the distinction between the value of a worker and her marginal revenue product.
“This labor market tightness effect is known as a “congestion externality” in the labor-search literature
(Pissarides 2000).
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Jensen 1995), and it falls into the “wider class of models in which wages are increas-
ing in firm revenue and there is selection into export markets” (Helpman, Itskhoki,
and Redding 2010, p. 1240)."3 However, unlike others in this class, our formulation
implies exporters will eventually drive down the marginal revenue product of their
workers as they expand. It thus delivers a distinctive explanation for the finding that
long-term exporters do not routinely pay higher wages than nonexporters (Bernard
and Jensen 1999).

Implications for exporters’ markups and productivity also obtain. First, the higher
average prices charged by new exporters explain de Loecker and Warzynski’s (2012)
finding of higher markups among Slovenian exporting firms. Frictionless trade mod-
els with CES preferences cannot explain this result because firms in these models
freely expand or contract until their markups are the same. Second, since exporters’
higher prices translate into higher revenue per unit input bundle, our model provides
a pricing-based explanation for the common finding that exporters enjoy higher rev-
enue productivity.

II. Quantitative Analysis
A. Pre- and Postreform Conditions in Colombia

To explore the quantitative implications of our model, we fit it to Colombian
data. This country suits our purposes for several reasons. First, Colombia under-
went a significant trade liberalization during the late 1980s and early 1990s, reduc-
ing its average nominal tariff rate from 21 percent to 11 percent (Goldberg and
Pavcnik 2004). Second, Colombia also implemented labor market reforms in 1991
that substantially reduced firing costs (Kugler 1999). According to Heckman and
Pagés (2000), the average cost of dismissing a worker fell from an equivalent of
six to seven months’ wages in 1990 to three months’ wages in 1999. Finally, major
changes in Colombian trade volumes and labor markets followed these reforms,
suggesting that they and/or external reductions in trade frictions may well have
been important.

Key features of the Colombian economy during the pre- and postreform period are
summarized in Panel A shows the fraction of manufacturing establishments
that were exporters, as well as the aggregate revenue share of exports. Before 1991,
about 12 percent of all plants were exporters on average, and total exports accounted
for 9 percent of aggregate manufacturing revenues. Reflecting the globalization of
the Colombian economy, both ratios increased by about 250 percent from the 1980s
to the 2000s. Panel B shows manufacturing job turnover due to entry, exit, and chang-
ing employment levels among continuing producers. This series went from an aver-
age of 18.1 percent during the prereform period (1981-1990) to 23 percent during

ISwithin this class of model, size and profitability are generally associated with exporting for standard
Melitz-type (2003) reasons. But wages are linked to these firm characteristics through a variety of mechanisms. For
example, in Helpman, Itskhoki, and Redding (2010), firms screen workers to improve their average productivity,
and incentives to do so increase with firms’ sales volume. The exporter wage premium then follows from the fact
that highly screened workers command the highest wages and are concentrated at exporters. In Fajgelbaum’s (2013)
on-the-job search model, relatively productive firms expand into export markets by poaching workers from other
firms, and they pay relatively high wages in order to do so. In the “fair wage” models of Amiti and Davis (2012)
and Egger and Kreickmeier (2009), firms must share their rents with their workers to keep them from shirking.
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FIGURE 3. COLOMBIAN AGGREGATES

Notes: In all panels, 1991 is marked as the reform year. See text for details about variables. Missing data points
were unavailable. Data sources for panel A: DANE Annual Survey of Manufacturers. Pre-1991 series are based on
own calculations from the microdata, post-1991 series has been obtained from DANE; panel B: Inter-American
Development Bank (2004), see footnote 24 for the definition of job turnover; panel C: International Monetary Fund
(2011); panel D: thin line is urban employment share of Manufacturing (ISIC-Rev.2 code 3), and the thick line
is combined employment shares of wholesale and retail trade and restaurants and hotels, and community, social
and personal services (ISIC-Rev.2 codes 6 and 9), ILOSTAT Database; panel E: approximate numbers based on
Mondragén-Vélez and Pefia (2010, Figure 3.1), Colombian Household Survey (Encuesta Nacional de Hogares
(ENH)); and panel F: World Bank (2013).

the postreform period (1993-1998). (Unfortunately, post-2000 turnover figures are
unavailable.)

Panel C of Figure 3 shows the evolution of the urban unemployment rate. During
the postreform years 1991-1998, this series hovered around its 1981-1990 aver-
age of 10.8 percent. During the period 2000-2006, its average was a somewhat
higher 13 percent, but this increase mainly reflected a financial crisis at the end
of the 1990s. Panel D shows that after reforms, the manufacturing share of urban
employment dropped from 24 percent in 1991 to roughly 20 percent in 2000. The
corresponding increase in the service sector was largely driven by two subsectors,
both of which exhibit a high level of self-employment: wholesale-retail trade and
personal services (Mondragén-Vélez and Pefia 2010). So the sustained increase
in the share of self-employed urban workers (panel E) can be taken as a sign of
weakening demand in formal labor markets. Finally, panel F shows that over the
same time period, the Gini coefficient for Colombia rose from roughly 53 percent
to roughly 58 percent.
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FIGURE 4. FIRM S1ZE DISTRIBUTION: MODEL VERSUS DATA

Notes: 1981-1990 average is calculated from plant-level data. 2000-2006 data are obtained
from DANE. Since labor in the model is in effective labor units, while the post-reform data
are only available in terms of number of employees, we convert model-generated firm size
into number of employees using the fit of the two units in the pre-reform plant level data. The
details of this procedure are described in online Appendix 5.1.

These aggregate trends were accompanied by a dramatic shift in the plant size
distribution.shows the size distribution of manufacturing plants in the
1980s (black bars) and 2000s (white bars). The average size increased from 45 to
60 workers, and the proportion of plants with more than 100 workers increased from
15 percent to 22 percent.

In sum, Colombia experienced a significant shift in its manufacturing plant size
distribution and an overall decline in manufacturing employment. Manufacturing
jobs also became more unstable as job turnover rates increased. Unemployment,
self-employment, and wage inequality also increased. We now investigate how, in
the context of our model, these changes might be linked to the changes in tariffs,
firing costs, and foreign market conditions that Colombian firms experienced during
the late 1980s and early 1990s.

B. Fitting the Model to the Data

Model Period.—Assuming that Colombia was in a steady state prior to reforms,
we fit our model to annual data from 1981 to 1990. In doing so, we treat all plants as
single-plant firms. Also, in order to exploit “control function” techniques (discussed
below), we match the periodicity of our model to the periodicity of our data. This
means imposing that unemployment spells occur in one-year increments, which is
longer than some calibrated labor search models for the US economy have pre-
sumed (e.g., Elsby and Michaels 2013; Cooper, Haltiwanger, and Willis 2007).
Nonetheless, since the average unemployment spell in urban Colombian labor mar-
kets is around 11 months (Medina, Nuiiez, and Tamayo 2013, p. 16), this drawback
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does not strike us as critical. We will return to the issue of periodicity when we
discuss the robustness of our findings.

Parameters Not Estimated.—Several parameters are not identified by the model;
these we take from external sources. The real borrowing rate in Colombia fluctuated
around 15 percent between the late 1980s and early 2000s, so we setr = 0.15 (Bond,
Tybout, and Utar 2015). The average share of services in Colombian GDP during the
sample period was 0.49, so this is our estimate for 7.'S Heckman and Pagés (2000,
Figure 1) estimate that dismissal costs amounted to six to seven months’ wages in
1990, so we fix firings costs at ¢, = 0.6 in the benchmark economy.!” Eaton and
Kortum (2002) estimate that the tariff equivalent of iceberg costs falls between 123
percent and 174 percent, so we choose our prereform value of 7. — 1 to be 1.50.
Finally, we take our estimate of the prereform nominal tariff rate, 7, — 1 = 0.21,
from Goldberg and Pavcnik (2004).

The Estimator.—This leaves us with 16 parameters to estimate, collected in the
vector

Q == (O-’aapao-z5/6’0’5’)\]7)\2’b’leach’cpacxsce’D;‘i)‘

These we estimate using the method of simulated moments (Gouriéroux and
Monfort 1996) . Specifically, let m be a vector of sample statistics that our model is
designed to explain and define m(€2) as the vector of model-based counterparts to
these sample statistics. Our estimator is then given by

A

Q = argmin(m —m(Q)) W(m — m(Q2)),

Al ) -l .
where W is a bootstrapped estimate of [var(m)] with off-diagonal elements set
to zero.'"

The Sample Statistics.—The vector m and the associated weighting matrix are
based on plant-level panel data from Colombia. These data are annual observa-
tions on all manufacturing plants with at least ten workers, covering the 1981-1990
period."”

lists the elements of m, grouped according to the type of information
they convey. The first group consists of means, variances, and covariances for the

16 Calculations are based on International Comparison Program (ICP) Table 8 (http://www.eclac.cl/deype/
PCI_resultados/eng/index.htm).

7In the benchmark economy, average wage in the industrial sector is about 1. Since the model period is a
year, ¢, = 0.6 corresponds to about 7 months’ wages. In order to save computational time, ¢, was calibrated by a
simple trial and error procedure, i.e., given a ¢, value, we compute average wage in the industrial sector and verify
that cramounts to 6—7 months’ wages.

18 Setting off-diagonal terms to zero improves the stability of our estimator while maintaining consistency and
keeping it independent of units of measurement. Examples of other studies employing the same strategy include Lee
and Wolpin (2006) and Dix-Carneiro (2014).

"9The data were collected by Colombia’s National Administrative Department of Statistics (DANE) and
cleaned as described in Roberts (1996). They cover 88,815 plant-observations during the sample period. Estimates
of vér(ﬁ) are generated by bootstrapping the sample.
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TABLE 1—DATA-BASED VERSUS SIMULATED STATISTICS

Data Model Data Model
First and second moments Size distribution
E(InG;) 5.442 5.274 20th percentile cutoff 14.617 15.087
E(Inl,) 3.622 3.638 40th percentile cutoff 24.010 24.736
E(Z7) 0.118 0.108 60th percentile cutoff 41.502 42.559
var(InG,) 2.807 3.334 80th percentile cutoff 90.108 87.137
cov(InG,,Inl,) 1.573 1.888 Firm growth rates
var(Inl;) 1.271 1.326 <20th percentile 1.425 1.287
cov(InG,,Z7) 0.230 0.264 20th—40th percentile 0.255 0.251
cov(Ini;, Z7) 0.153 0.175 40th—60th percentile 0.209 0.191
cov(InG,,InG, ) 2.702 2.119 60th—80th percentile 0.184 0.155
cov(InG;,Inl;, ) 1.538 1.534 Aggregate turnover/
cov(InG,, I}, ) 0.225 0.283 wage dispersion
cov(In/,,InG,, ) 1.543 1.409 Firm exit rate 0.108 0.104
cov(In/;,Inl, ) 1.214 1.192 Job turnover 0.197 0.222
cov(In lt, I) 0.152 0.195 SD of log wages 0.461 0.380
cov(Z7,InG, ) 0.220 0.273 Olley-Pakes statistics
cov(Z¥,Inl,,,) 0.149 0.200 (1-a)(231) 0.685 0.685
cov(L T8 0.090 0.075 dy 0.090 0.094

Note: All data-based statistics are calculated using Colombian plant-level panel data for the pre-liberalization
period, 1981-1990. These data were collected by the Colombian National Administrative Department of Statistics
(DANE) in its Annual Manufacturer Survey (EAM), which covers all establishments with at least ten workers.

vector (Inl,,In G,,Z7,Inl,.,, InG,,, Z7,,).”" Gross revenues G are gross sales,
expressed in thousands of 1977 pesos. The indicator Z* takes a value of unity for
those plant-year observations with positive exports. Finally, since workers are all
identical in the model economy, we control for the effects of worker heterogeneity
on output by measuring the labor input / in terms of “effective worker” units (see
online Appendix 5.1 for details).

The second and third groups of moments in m include quintiles of the plant
size distribution and the average rate of employment growth among expanding
plants within each size category, respectively. We target employment growth among
expanding plants because, given linear firing costs, contractions are not gradual in
the model. Quintiles are based on effective employment levels, /, and constructed
using the pooled panel of plants.”!] Employment growth rates for quintile j are

constructed as cross-plant averages of (/. —1,)/ B(l’“ + l,)], including only
expanding plants that were in quintile j at the beginning of the period. New plants

2°In a stationary equilibrium, E(Inl,,,InG,;,,Z5) = E(Inl,InG,Z?¥) and cov(Inl1,InG, 1, Z%,;)
= cov(In/,,InG,,Z7). We therefore exclude E(In/,,1,InG,, 1, I}, ) and cov(Inl,, ,InG,, , 7}, ) from our moment
vector. We also drop var(Z;") because it is redundant: the variance of a Bernoulli random variable depends solely on
its mean. This leaves 3 means, 2 variances, and 12 covariances.

2I'While our estimation allows /, (the size of entering plants) to be arbitrarily small, our database does not cover
plants with less than ten workers. This means that plants appearing in the database for the first time can either be
plants crossing the ten-worker threshold from below, or plants in their first year of operation. We apply the same
truncation to our simulated moments. This means, for example, that statistics describing the smallest quintile char-
acterize the smallest quintile among observed producers.
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are included in these growth rates, and are treated as having an initial employment
of zero.

The fourth group in m contains aggregate statistics for the pooled sample of plants.
These include the job turnover rate, the plant exit rate, and the standard deviation in
effective wages. Job turnover is a cross-year average of the annual turnover rate, net
of aggregate employment growth or contraction.? The plant exit rate is the fraction
of plants that exit the panel in year 7, averaged over the ten-year sample period.
Finally, the standard deviation in effective wages is constructed as the cross-plant
standard deviation of the log of real payments to labor (wages and benefits) per
effective worker. Given that our measure of effective workers has been adjusted for
workforce composition, this measure of wage dispersion controls for observable
worker characteristics to the extent possible. Unavoidably, it partly reflects variation
in unobservable worker characteristics. But this latter source of noise is averaged
across individual workers within a firm, and thus is hopefully relatively modest.**

The last two elements of m are not simple descriptive statistics. Rather, they are
sample-based estimates of (” o 1)(1 — «) and df obtained by applying the logic of
Olley and Pakes (1996) to the gross revenue function. By including these statistics
in the moment vector rather than treating them as fixed parameters when estimat-
ing €2, we recognize the effects of their sampling error on QP

Our approach to estimating these two statistics merits further explanation. By (3)
and (9), gross revenues before fixed exporting costs can be written as

(28) InG; = dy+ZT}hdp(ny) + (a; 1) nz; + alnl;+ (1 — a) Inmy).

Also, among firms that adjust their employment levels, the policy function

I' = L(z\,1) can be inverted to express z’ as a monotonic function of I
Inz' = g(In/,In{"). This “control function” allows us to eliminate z from (30):
(29 WGy = dy+Thdp(m) + | T3 (1 = )| n(Pmy)

+ ¢(Inly_y,Inly) +&;.

Here ¢(In /;,_;,In [;;) = U%l[a Inl;, + g(Inl;,_;,Inl;)] is treated as a flexible func-

tion of its arguments, and the intercept dyy = dyy — (1 — a) 25 LIn P reflects the fact

22Let ¢, e, and d be the set of continuing, entering, and exiting plants, respectively. Also, let i index plants. Our

year ¢ job turnover measure is then
X, = (Bicelliy = Lot | + Biceli + Bicalioy = [ Ziliy = Zili 1)/ Sili—1s

and our turnover statistic is %2}2‘{88, X,. The job turnover numbers in Table 2 are slightly higher than those depicted
in Figure 3 for two reasons. First, Figure 3 is based on worker head counts, while our moment is based on effective
workers. Second, the turnover rates in Figure 3 are taken from a study limited to establishments with at least 15
workers, while our moment is based on establishments with at least 10 workers. It was not possible to construct
Figure 3 using effective workers and a 10-worker cutoff because we did not have access to establishment-level data
more recent than 1991.

23 The cross-plant distribution of average wages provides a very natural measure of wage dispersion in a model
with homogeneous workers. See also Lentz and Mortensen (2012).

24The alternative approach, commonly used, is to preestimate technology and taste parameters that can be iden-
tified without solving the dynamic problem, then treat them as parameters at the computationally intensive stage
when parameters identified by the dynamic problem are estimated.
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that we have replaced the unobservable m;, with observable input expenditures, P m;,.
The error term &; captures measurement error in In G;, and any productivity shocks
that are unobserved at the time variable inputs and exporting decisions are made.
Because &, is orthogonal to Pm;, and Z7;, we obtain our estimates of <= I (1 -«
and dp(ny) by applying least squares to equation (29). Just as Olley and Pakes
(1996) excluded observations with zero investment to keep their policy function
invertible, we exclude observations for which [, = [, %

Identification.—While it is not possible to associate individual parameters in
2 with individual statistics in m, particular statistics play relatively key roles in
identifying particular parameters. We devote this section to a discussion of these
relationships.

To begin, the sample-based estimates of “=1(1 —a) and dp(n,) provide
a basis for inference regarding o and o. This is because, for any given value of
(" = l)(1 — «), the elasticity of revenue with respect to labor, A\, increases mono-
tonically in o. Thus, loosely speaking, the regression of revenue on employment,
which is implied by the sample moments cov(In/;,InG;), var(InG,), and var(In/,),
pins down .7 And once ¢ and 7 ! (I — ) are determined, o and A are also
implied. These moments also discipline 6. As we mentioned above, greater job turn-
over increases the pool of unemployed workers, and increases the vacancy fill rate,
®(V,U). Hence 6 also helps determine how responsive firms’ employment levels
are to z.

Next note that by inverting the revenue function, we can express In z; as a function
of the data (In/,,InG,,Z7) and several parameters discussed above (dp(nq), a, A).
Thus, given these parameters, the data vector (In/,,InG,,Z7,Inl,, 1, InG,. |, Z} )
determines Inz,, | and Inz,, and the second moments of this vector imply the param-
eters of the autoregressive process that generates Inz,, i.e., p and o,.

The average level of gross revenues, proxied by E(InG;,), helps to identify the
fixed cost of operating a firm, c¢,. That is, larger fixed costs force low-revenue firms
to exit, and thereby increase E(InG,) among survivors. The mean exporting rate
E(Z7") is informative about the fixed costs of exporting, c,. Also, since the cost of
creating a firm, c,, must match the equilibrium value of entry, the estimated inter-
cept dy from (29) helps us to pin down the price level P in the estimation. In turn,
this pins down the value of entry ), from (20). Further details are provided in online
Appendix 4.

The job turnover rate among continuing firms is informative about the general
magnitude of hiring costs, which scale with ¢;,. Similarly, the firm-size-specific job
add rates are informative about frictions faced by firms in different states. More
precisely, in the absence of labor market frictions, the job turnover rate, the firm

25While a standard application of Olley-Pakes would involve correcting for selection bias, this is not appropri-
ate in the present context. The reason is that our timing assumptions in Section IG imply entry and exit decisions
are made before the current productivity shock is realized.

261n this regression, the error term is a function of z and thus is correlated with labor. But the dependence of
[ on z is built into our model, so under the maintained hypothesis that the model is correctly specified, there is no
simultaneity bias. Put differently, by exploiting our model’s structure and assuming constant returns to scale, we
avoid the need for a second stage Olley-Pakes step.
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size distribution, and the quintile-specific add rates would simply be determined
by the productivity process. Deviations from these patterns require adjustment fric-
tions, and quintile-specific patterns require different frictions for firms of different
sizes. The parameter \;, which governs the convexity of hiring costs, determines
the overall level of adjustment frictions. And \,, which governs scale economies
in hiring costs, determines the relative stability of large versus small firms, as dis-
cussed above in Section IG. Other things equal, the smaller ), is, the more rapidly
the employment growth rate declines with firm size.

Finally, in combination with information on job turnover and hiring rates, the
share of employment in the nontraded services sector and the cross-firm dispersion
in log wages help to identify the matching function parameter (), workers’ bargain-
ing power (), and the value of being unemployed (b). These parameters determine
how rents are shared between the workers and the employers in hiring firms, and, as
a result, the wage dispersion across firms.

Estimates and Model Fit.reports our estimates of €2. Standard errors
are constructed using the standard asymptotic variance expression, with var(m)
bootstrapped from the sample data.”’ Since our data-based moments are calculated
from a large survey of plants, sample variation in the moments is small. Almost by
construction, this leads to small diagonal elements of var(m). Our solution algo-
rithm is summarized in online Appendix 4.

Overall, the model fits the data quite well.”® In particular, it captures the size dis-
tribution of firms (Figure 4, first two bars in each bin), the exit rate, the persistence
in employment levels, and the variation in growth rates across the plant size distri-
bution. The model underestimates wage dispersion a bit, but this is to be expected,
since our data-based measure of wage dispersion controls for only five types of
workers, and thus reflects some unobserved worker heterogeneity. In contrast, our
model-based dispersion measure is based on the assumption of homogeneous effec-
tive labor units.

Estimates of b, Cps Crs and ¢, are measured in terms of our numeraire—the price of
the service good, or equivalently, the average annual service sector wage. We calcu-
late this to be w, = $3,461 in 2012 US dollars during the sample period so, expressed
in dollars, the sunk cost of creating a new firm is 15.794 x $3,461 = $54, 663, the
annual fixed cost of operating a business amounts to 7.839 x $3,461 = $27, 131,
and the fixed cost of exporting is 112.943 x $3,461 = $390, 896.” (The magni-
tude of the latter figure reflects the large gap in our sample between the average rev-
enues of exporters and nonexporters.) To put these numbers in context, the mean and
median annual sales of a Colombian manufacturing firm during the sample period
were $4,418,360 and $508, 970, respectively.

27 Specifically, the variance covariance matrix is (J'WJ) ™' (JW)QWI) (J'WJ)~", where ] = 0Q'/0m, W
is the weighting matrix, and Q = cov(m — m(£2)).

28 At fitted values, the average percentage deviation between data- and model-based moments is 11.1 percent.

29The data are expressed in thousands of 1977 pesos. In 1977, there were 46.11 pesos per $1, and based on the
US producer price index, $1 in 1977 was worth $3.116 in 2012. We therefore convert the average industrial wage
per effective worker into 2012 US dollars as w x 3.116/46.11 = $4,153. Then using the ratio of service sector
wages to average industrial wages, we compute the service sector wage wy = 4, 153/1.2 = 3,461.
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TABLE 2—PARAMETERS ESTIMATED WITH SIMULATED METHOD OF MOMENTS

Parameter Description Estimate SE

o Elasticity of substitution 6.667 0.0127
o Elasticity of output with respect to labor 0.195 0.0009
p Persistence of the z process 0.962 0.0001
o. Standard deviation of the z process 0.137 0.0003
1] Bargaining power of workers 0.441 0.0011
0 Elasticity of the matching function 1.838 0.0086
) Exogenous exit hazard 0.064 0.0005
c Scalar, vacancy cost function 0.448 0.0035
A Convexity, vacancy cost function 3.101 0.0110
)\2 Scale effect, vacancy cost function 0.385 0.0012
b Value of home production 0.433 0.0014
1, Initial size of entering firms 5.906 0.0359
cp Fixed cost of operating 7.839 0.0245
Cy Fixed exporting cost 112.943 1.2062
C, Entry cost for new firms 15.794 0.1194
Dy Foreign market size 2,379.900 150.6402

Several other features of our results on preferences and technology merit com-
ment. First, our estimate of the elasticity of substitution among differentiated indus-
trial goods, o = 6.67, is very much in line with the literature.?® Second, given
our estimates of a and o, the elasticity of value-added with respect to labor is

al = 0.52. (Recall that A = LA ) This figure falls a bit below
c—(l—a)(c—1)

the range typically estimated for value-added production functions.?! Third, we find

substantial persistence in the z process (p = 0.96). This relatively high estimate
reflects the fact that, unlike most estimates of productivity processes, we treat cap-
ital stocks as fixed upon entry and common across firms. This effectively bundles
persistence in employment due to capital stocks into the z process. Fourth, we esti-
mate that about 40 percent of the 10.4 percent firm exit rate (Table 1) is due to
adverse productivity shocks, and 60 percent is due to factors outside our model
(6 = 0.064). Finally, our model allows us to infer the typical size at which firms

30Estimates of the elasticity of substitution vary widely; our figure falls somewhere in the middle. For exam-
ple, using establishment data from Slovenia, De Loecker, and Warzynski (2012, Tables 2 and 3) estimate markups
ranging from 0.13 to 0.28, implying demand elasticities that range from 2.27 to 8.3. Similarly, using firm-level
Indian data, De Loecker et al. (forthcoming) estimate a median markup of 1.10, implying a demand elasticity of
11, although they find the distribution of markups is spread over a wide range of values. Using trade data, Baier and
Bergstrand (2001) estimate a demand elasticity of 6.43, while Broda and Weinstein (2006) get estimates around 12
for their most disaggregated (ten-digit Harmonized Tariff Schedule) data.

31 Direct comparisons with other recent studies are difficult because most control for capital stocks, and most
estimate gross production functions rather than value-added functions. One well-known study that does estimate
a value-added function is Olley and Pakes (1996). Their preferred estimate of the elasticity of value-added with
respect to labor is 0.61: a bit higher than our 0.52. Another well-known study, Ackerberg, Caves, and Frazer
(2006), reports estimates between 0.75 and 1.0. When comparing to studies that estimate gross physical production
functions (correcting for price variation), it is perhaps best to focus on the ratio of the labor elasticity («) to the
materials elasticity. In our model this figure is /(1 — ) = 0.195/(1 — 0.195) = 0.24. In other studies it is
€ither yupor / Cunarerials OF Cabor / ( Cmaterials+ Ceapirar)» depending upon whether one treats capital as a material input.
Several recent studies of selected industries find the first measure falls around 0.33 while they find the latter falls
around 0.25 (e.g., De Loecker 2011; De Loecker et al. forthcoming).
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enter, recognizing that they do not actually appear in the database until they have
acquired 10 workers. This entry size amounts to [, = 5.91 workers.

The remaining parameter estimates in Table 2 concern labor markets. These too
are plausible. The returns to home production by unemployed workers is 43 per-
cent of the secure wage they could have earned if they had committed to work
in the service sector. The matching function parameter, § = 1.84, is close to the
value of 2.16 that Cosar (2013) calibrates using aggregate labor market statistics
from Brazil, and not far from the value of 1.27 that den Haan, Ramey, and Watson
(2000) obtain in calibrating their model to the US economy. The bargaining param-
eter, 3 = 0.44, implies workers have a bit less bargaining power than firms when
dividing the rents from a match. Finally, the parameters of the vacancy cost func-
tion imply both short-run convexities (A; = 3.10) and substantial scale economies
(A, = 0.39).72

Drawing on our discussion in Section IG above, we infer that per-worker vacancy
posting costs rise substantially with firm size, holding the rate of employment growth
constant: A\; (1 — ;) = 1.91 > 1. Hence, large firms in our model will tend to
grow relatively slowly in response to productivity shocks. Since z innovations are
similar at large and small firms (thatis, p = 0.96 implies that mean reversion in z is
very slow), this feature of the vacancy cost function plays a dominant role in shaping
employment dynamics.

Nontargeted Statistics and Out-of-Sample Fit.—Before discussing policy impli-
cations of these estimates, we ask how well the model replicates features of the data
that we did not use as a basis for identification. To address this question we construct
several additional statistics in|Table 3.

We start with the aggregates in the first panel. The prereform revenue share of
exports, plotted in Figure 3, is 9 percent. In our estimation, we targeted the fraction
of firms that export, and the revenue increment due to exporting dp, but did not
explicitly target the revenue share of exports. The model generates a 15.6 percent
share, reflecting the fact that the model does not allow new exporters to start with a
lower revenue share of foreign sales (Eaton et al. 2014). In the model, Dy /(k? D)
measures the size of domestic expenditures on tradable goods relative to total for-
eign demand for tradables. We estimate this ratio as 0.007. While it is hard to find an
exact empirical counterpart to this statistic, we calculate Colombia’s average GDP
relative to the sum of its trade partners’ GDP over 1981-1990 and find a value of
0.006. Another relevant statistic is the employment share of manufacturing, which
averaged 0.23 in the prereform period. Our model predicts an employment share
of L,/(L,+ L,) = 0.34 for the industrial sector, so strictly speaking, it somewhat
overstates the role of manufacturing in the Colombian economy. On the other hand,
some tradable nonmanufactured goods like coffee and cut flowers might be con-
sidered to be monopolistically competitive, so this discrepancy does not strike us
as problematic. Finally, the model-generated unemployment rate among workers

32Qur estimate of )\, is consistent with the available evidence on hiring cost convexities (e.g., Merz and Yashiv
2007; Yashiv 2006).

We also come close to satisfying the relationship A\, = 1 — 1/ \; implied by Nilsen, Salvanes, and Schiantarelli’s
(2007) specification.
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TABLE 3—MODEL IMPLICATIONS FOR ADDITIONAL STATISTICS

Data Model
Aggregates
Revenue share of exports 0.090 0.156
Relative market size (Columbia/rest of world) 0.006 0.007
Manufacturing share of employment 0.226 0.335
Unemployment rate 0.108 0.049
Exporters versus nonexporters
Inl 7z — Inl zx_q (size premium) 1.402 1.977
Inwzx_; — Inw 7x_y (wage premium) 0.420 0.481
Aggregate employment share of exporters 0.360 0.457
Aggregate revenue share of exporters 0.518 0.612
Wage-size relationship
corr(w, 1) 0.402 0.065
Inw = a+ fInl+ (. F+¢
In!/ coefficient (3;) 0.202 —0.086
(0.001) (0.001)
I* coefficient (3,) 0.137 0.651
(0.005) (0.004)
R 0.295 0.183

Notes: Data-based statistics are constructed using the same panel of establishment used for
Table 1. Numbers in parentheses are ordinary least squarezs (OLS) standard errors.

affiliated with the industrial sector, L, /(L, + L), is 0.049 with a job finding rate
of ¢ = 0.71. It is difficult to compare this rate to aggregate unemployment fig-
ures from Colombia, since our model abstracts both from labor market frictions in
the service sector and observed or unobserved worker heterogeneity. While these
extensions are beyond the scope of the current paper, we nonetheless note that the
Colombian urban unemployment rate averaged 11 percent during the prereform
period, and a back-of-the-envelope calculation implies that a service sector unem-
ployment rate of 14 percent would reconcile our simulated industrial unemployment
rate with prereform conditions.” The implication that unemployment is relatively
high in the service sector is consistent with sector-specific job separation patterns
observed in Colombia (see online Appendix 5.2).

As the second panel of Table 3 shows, Colombian exporters are larger (size pre-
mium) and pay higher wages (wage premium) than nonexporters. Also, as a group
exporters account for more than one-third of industrial employment and slightly
more than one-half of total revenues. The model generates all of these patterns,
although it overstates the gap between exporters and nonexporters. This tendency

33 Assuming that workers must commit to one sector before searching, we can define sector-specific unem-
ployment rates. Call the service sector unemployment rate u, and the industrial sector unemployment rate u,,.
Then, with approximately one-third of the work force employed or searching for jobs in the industrial sector (i.e.,
(L,+L,)/L = 1/3), the economy-wide unemployment rate is related to the sector-specific unemployment rate
by %uq + %us = 0.11. While a higher unemployment rate would imply, contrary to what we observe in the data
higher wages in the current model without heterogeneity, a model with worker heterogeneity and labor market fric-
tions in the service sector can generate higher unemployment and lower wages in the service sector if lower skilled
workers sort themselves into the service sector.
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to overstate exporter premia while matching other moments reflects the fact that in
our model, all firms above a threshold output level are exporters (see equation (11)).
The contrast between exporters and others could be weakened without sacrificing
model fit by adding another source of firm heterogeneity: for example, random fixed
exporting costs. But the workings of the model that we wish to focus upon would be
unaffected, so we opt for simplicity here.

This same deterministic relationship between output and exporting status makes
it difficult for our model to generate the observed positive association between size
and wages, conditional on exporting status. The third panel of Table 3 reports the
wage-size relationship. While our model generates a positive unconditional correla-
tion, adding an exporter dummy to the model-based regression of log wages on log
employment turns the coefficient on log employment slightly negative.?® With the
exporter dummy absorbing much of the cross-firm rent variation, two remaining
forces are at work in our model. On the one hand, holding productivity and export-
ing status constant, the marginal revenue product of labor falls with employment,
putting downward pressure on wages at large firms. On the other hand, holding
exporting status constant, productivity shocks tend to induce a positive correlation
between firm size and wages, as discussed in Section IK. In the model, the marginal
revenue product effect dominates. But in the data, the relation between employ-
ment and exports is noisier and additional forces are at work, including unobserved
worker heterogeneity and perhaps greater monopoly power among larger firms.>?

Finally, we ask how well our model does in capturing cross-worker (as opposed
to cross-firm) residual wage inequality. Since our establishment survey data do not
provide information on individual workers, we are unable to construct our own
data-based version of this concept. However, we note that the prereform average
Gini coefficient was around 0.53 (World Bank 2013, and Figure 3), while our model
generates a Gini of 0.224. As an alternative statistic, Attanasio, Goldberg, and
Pavcnik (2004) report the 1984-1990 average of unconditional standard deviation
of log worker wages as 0.80 using the Colombian Household Survey (their Table
2a). The model counterpart is 0.380. Since both data-based measures incorporate
observable and unobservable characteristics of workers and firms, and observable
worker characteristics typically explain around one-third of the wage variation in
Mincer regressions (Mortensen 2003), it seems reasonable that our model generates
around one-half of total dispersion by these measures.

III. Simulated Effects of Globalization and Reforms
A. The Experiments

We are now prepared to examine the effects of reforms and global reductions in
trade frictions in our estimated model. Our aim is to determine the extent to which
these simulated effects capture the long-term changes in labor market outcomes

34 Despite the differences in their wage setting, this result holds equally for both expanding and nonexpanding
firms.

35 Similarly, since exporting is strongly correlated with productivity, a negative size-wage relationship obtains
when we condition on productivity (see Table Al in online Appendix 5.3).
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documented in Figure 3.7% We begin by exploring the effects of reducing firing costs
(cy), tariffs (7,), and iceberg costs (7,) one by one, holding all other parameters at
their baseline values. Then we consider two combinations of changes in these fric-
tion parameters. The first experiment (reforms) corresponds to Colombia’s reform
package, which we approximate by cutting 7, from 1.21 to 1.11 and cutting ¢, from
0.6 to 0.3. The second experiment (Reforms and Globalization) keeps these two
changes, but also reduces 7, from 2.50 to 2.19.

This 12.3 percent drop in 7, is chosen to match the observed increase in the aggre-
gate revenue share of exports, given the reform-induced reductions in 7, and ¢ It
can be interpreted as capturing additional forces of globalization during the period
under study, including the increased income and openness of Colombia’s trading
partners, improvements in global communications, and general reductions in ship-
ping costs (Hummels 2007). It also captures the integration of rapidly growing
emerging markets into the global economy. We view these shocks as originating
beyond Colombia’s borders, inasmuch as Latin America in general experienced a
surge in trade that roughly matched Colombia’s.

B. Findings

reports our baseline steady-state equilibrium in column 1 and our coun-
terfactual equilibria in columns 2 through 6. The firing costs ¢, tariff rates 7,, and
iceberg costs 7, that correspond to each equilibrium are reported in the top panel of
the table, and the remaining panels report characteristics of the associated steady
states. To keep orders of magnitude in a similar range, statistics reported in the bot-
tom panel are normalized relative to their baseline values. Also, in order to isolate
firm-size-specific turnover effects from the effects of shifts in the size distribution,
we hold the size class cutoffs constant at their baseline values when calculating the
average firm growth rates reported in the third panel. Further details on adjustments
to the reforms can be found in online Appendix 5.4.

Firing Cost Reductions.—First consider the effects of Colombia’s firing cost
(cy) reductions in isolation, holding tariffs (7,), and external trade frictions (7,) con-
stant at their prereform levels (column 2). As discussed in Section IK, this reform
favors large firms, inducing a rightward shift in the size distribution. And the con-
centration of workers at large, stable firms puts downward pressure on the job turn-
over rate through the distribution effect.

The rightward shift in the size distribution also concentrates job vacancies at
firms that pay lower hiring wages, driving down the expected value of new jobs. As
EJ;, falls, the unemployment rate falls too: without such a tightening of the labor
market, workers would cease searching for Q-sector jobs. Further, as tighter labor
markets push down the job filling rate ¢, they increase the cost of hiring (15) and
compound the downward pressure on job turnover. For this reason, employment
growth rates decline 1-2 percent for all but the smallest producers. Combined, the

36Whenever possible, we focus on the post-2000 period because the early 1990s were too close to the reform
years to plausibly approximate a new steady state and the late 1990s were characterized by a financial crisis and
recession. However, some series such as job turnover and wage inequality are available only up to 2000.
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TABLE 4—THE EFFECTS OF REFORMS AND GLOBALIZATION

Reforms and

Baseline Labor Tariff Iceberg Reforms  globalization
¢y (firing cost) 0.60 0.30 0.60 0.60 0.30 0.30
7, (ad valorem tariff rate) 1.21 1.21 1.11 1.21 1.11 1.11
7, (iceberg trade cost) 2.50 2.50 2.50 2.19 2.50 2.19
Size distribution
20th percentile 15.09 16.84 15.24 14.64 18.05 17.87
40th percentile 25.22 27.54 24.74 23.55 29.77 30.06
60th percentile 42.97 47.30 42.97 42.15 51.57 54.09
80th percentile 87.14 98.59 90.51 99.53 107.38 129.79
Average firm size 52.69 58.73 55.89 61.99 64.08 7791
Firm growth rates (at the baseline size quantiles)
<20th percentile 1.28 1.36 1.28 1.26 1.43 1.49
20th—40th percentile 0.25 0.23 0.26 0.28 0.26 0.29
40th—-60th percentile 0.19 0.17 0.20 0.22 0.18 0.21
60th—80th percentile 0.15 0.14 0.16 0.18 0.15 0.17
Aggregates
Revenue share of exports 1.00 1.02 1.36 2.01 1.39 2.50
Exit rate 1.00 0.96 1.02 1.13 0.96 1.03
Job turnover 1.00 0.90 1.01 1.03 0.92 0.94
Mass of firms 1.00 0.96 0.95 0.74 0.88 0.66
Share of labor, Q sector 1.00 1.06 1.01 0.88 1.07 0.98
Vacancy filling rate (¢) 1.00 0.93 1.04 1.11 0.99 1.09
Unemp. rate, Q sector 1.00 0.73 1.11 1.38 0.88 1.19
Std. wages (firms) 1.00 1.09 1.01 1.03 1.12 1.18
Std. wages (workers) 1.00 1.10 1.02 1.04 1.11 1.14
Std. J (firms) 1.00 1.05 1.03 1.06 1.09 1.18
Std. J (workers) 1.00 1.04 1.04 1.06 1.07 1.21
Exchange rate 1.00 1.04 0.99 0.89 1.02 0.84
Real income 1.00 0.95 1.00 1.14 0.96 1.12

Notes: Aggregate statistics in the bottom panel are normalized by their baseline levels. Since there is no wage het-
erogeneity within firms, but firms are heterogeneous in size, wage and value (J) dispersion measures are reported
at both the firm and worker level.

tightness effect and the distribution effect discussed above reduce the aggregate job
turnover rate by 10 percent.

Despite inducing tighter labor markets, lower firing costs ¢ in isolation actually
pull down real GDP (I/ P” ) by 4 percent. (See online Appendix 3 for the definition
of aggregate income /.) This result is partly due to the reduction in the number of
varieties (N) available to consumers, as production becomes concentrated at fewer
firms. It is also due to an increase in the severity of the overhiring distortion that
appears in this class of models (Stole and Zwiebel 1996).7”

Finally, reductions in firing costs increase Q-sector income inequality by concen-
trating more workers at the low end of the wage distribution. This shift reflects the
aforementioned reallocation of jobs toward large, stable firms, where the marginal
revenue product of labor is relatively low. It also reflects the lingering presence of
some low-productivity firms that would have exited to avoid paying firing costs

37While workers bargain individually, each is treated marginally and paid the same wage. As the net revenue
function (13) is subject to diminishing marginal returns to labor, wages decrease as firms expand. This creates an
externality that firms exploit by overhiring.
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under the baseline regime. By sticking around, these marginal firms increase the
share of the workforce that is paid reservation wages. (Note that our inequality mea-
sures only characterize the population of employed Q-sector workers.)

Trade Liberalization.—Consider next the simulated effects of Colombia’s tariff
reductions, holding ¢ and 7. constant at their prereform levels. This experiment is
summarized in column 3 of Table 4. As with the firing cost reduction, this reform
induces a rightward shift in the upper tail of the plant size distribution. Now, how-
ever, the shift occurs because larger producers take advantage of cheaper imported
intermediates to expand their exports. By itself, this concentration of workers at large
firms would reduce job turnover through the distribution effect. But with increased
foreign demand, the sensitivity effect is also in play, causing firm and job turnover
to rise with tariff reductions. Further, small unproductive firms tend to exit relatively
frequently after tariffs fall, since they face greater import competition without the
benefit of more sales in export markets. Overall, the net effect is a small increase in
turnover rates, an 11 percent increase in Q-sector unemployment, and a 4 percent
increase in job filling rates (¢) as the expected value of Q-sector jobs rises and each
vacancy attracts more searching workers.

Inequality also tends to rise with Colombia’s trade liberalization, especially
when measured in terms of lifetime welfare (/). The reason is that, like firing cost
reductions, tariff reductions favor large firms. As these firms expand their exports,
they generate additional rents to share with their workers, who were already rela-
tively well paid, and whose jobs were already relatively secure. Finally, by itself,
Colombia’s trade liberalization would have left real income unchanged, as the
standard Melitz (2003) selection effects favoring productive firms would have
been counteracted by the loss of variety when the number of firms in the industrial
sector declines.

Reduced Iceberg Costs—Reductions in iceberg costs and reductions in tariffs
both encourage trade, although reductions in 7, have a direct effect on exporting
costs that is not present when we reduce 7,. This similarity of the two experiments
explains why qualitatively, the direction of movement for all variables is the same
in column 4 as it is column 3. Note, however, that the effects of the reduction in
iceberg costs are much stronger across the board. This is partly because the reduc-
tion is larger, 17 percent for 7. versus 10 percent for 7,, and partly because of the
direct effect of iceberg costs on the returns to exporting. The reduction in the mass
of firms, the increase in real income, and the increase in the unemployment rate are
particularly dramatic.

The Reform Package.—The combined effects of Colombia’s trade and labor mar-
ket reforms are summarized in column 5 of Table 4. When studied in isolation, these
two reforms had opposing effects on some variables, like exit, unemployment, and
job turnover. So it is unsurprising that the net effect of the reform package on these
variables tends to be muted. Other variables, including the number of firms, firm
size quantiles, and inequality measures responded in qualitatively similar ways to
tariff reductions and to lower firing costs. Among this latter group of variables, the
effects of the two reforms tend to compound each other. Note in particular that the
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responses of the size distribution and the percentage of firms exporting suggest that
there were some complementaries between the two policies. That is, reductions in
firing costs appear to have encouraged relatively productive firms to respond more
dramatically to trade liberalization, participating in the foreign market at a higher
rate and becoming larger than they would have otherwise. So just as policymakers
hoped, greater labor market flexibility appears to have increased the competitiveness
of Colombian producers (refer to footnote 1).

Reforms and Globalization—Our final experiment examines the combined
effects of the three shocks discussed above. We begin our discussion of findings by
examining the associated shifts in the plant size distribution. Figure 4 juxtaposes the
simulated distribution with the distribution observed in the data during the pre- and
postreform periods. Since the postreform data are available only in terms of the
number of workers, we report numbers of workers (not effective workers as we did
in Table 1), both for the model and for the data (see online Appendix 5.1 for details).
Note that our postreform simulation matches the actual movement in the Colombian
plant size distribution quite closely, not only in terms of average size, but also in
terms of shape. (Refer to the third and fourth bar in each cluster.) The firing cost
effects discussed earlier and the trade-related selection effects emphasized by Melitz
(2003) both play a role in inducing this shift.

Interestingly, however, our simulations do not explain the increase in aggregate
job turnover documented in panel 2 of Figure 3. In fact, they imply a small decline
(column 6 of Table 4). This reflects the importance of the induced rightward shift
in the size distribution of firms. Panel A of shows that without any dis-
tribution effect, the reforms and globalization would have increased employment
growth rates by several percentage points for firms in all states. However, the ten-
dency for all of the shocks to concentrate workers at relatively stable firms was
more than sufficient to offset the tendency for openness to reduce job security.
It is not clear how much of the gap between simulated and actual turnover rates
reflects lack of transitional dynamics in the model economy. Our Figure 3 series
on postreform turnover rates is particularly short, and it appears to trend downward
until the 1999 financial crisis.

By increasing rents at large, productive firms, globalization increases expected
industrial wages. Hence, as discussed in Section IK, the industrial unemployment
rate must rise to keep the expected payoff the same for workers in each sector.
Largely for this reason, our globalization and reform experiment implies a one per-
centage point increase in the unemployment rate: about one-half of the 2.2 percent-
age point increase observed in the data between 1981-1990 and 20002006 (panel
3 of Figure 3). However, as with turnover rates, the effects of Colombia’s financial
crisis and recession at the end of the 1990s make it difficult to infer reform-induced
changes in unemployment from the data.

As we argued in Section II, unemployment alone is an insufficient measure of
labor market conditions in developing countries. The declining employment share
of manufacturing and the corresponding rise in self-employment, mostly asso-
ciated with personal services, point to a further deterioration of stable employ-
ment opportunities for workers (panels 4 and 5 of Figure 3). As shown in the last
column of Table 4, our model implies a 6 percent decline in industry’s share of
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FIGURE 5. EMPLOYMENT PoLICY AND WAGE EFFECTS

Notes: z is firm productivity, In(/) is log labor. Both panels display changes from the baseline
to the Reforms and Globalization scenario reported in the sixth column of Table 4, plotted as
decile averages over the equilibrium productivity and labor distribution of firms in baseline.
Panel A plots the percentage change in firm growth rates. Panel B plots the change in wages.

employment, thereby accounting for about one-third of the observed 17 percent
contraction observed in the data (see Section IT1A). "

38Given our simple characterization of service sector production technology, we cannot generate predictions
on the share of service sector output coming from own-account (self-employed) producers. In the data, however,
around 90 percent of self-employed workers (who are not employers) are in the service sector (Figure 3.4 in
Mondragén-Vélez and Pefia 2010). Therefore, we find it plausible to associate an expansion of the service sector
with increased self-employment.
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Next consider wage inequality. While the average real wage (w/P”) increases
with reforms and globalization, the shift in the wage schedule depends very much
upon employer states (z,/). Panel B of Figure 5 shows changes in firm-level wages
from their baseline values. Wages become more polarized as relatively productive
firms benefit from additional export sales and pay higher wages, while smaller, less
productive firms suffer from increased import competition and lower their wages.
This rent polarization is reflected in cross-firm wage dispersion, cross-worker wage
dispersion, and lifetime earnings (/) dispersion (column 6 of Table 4). Our model
therefore provides a lens through which to interpret the substantial increase in over-
all inequality observed in Colombia (panel F of Figure 3).

Finally, our Reforms and Globalization experiment predicts sizable aggregate
income gains from globalization through increased selection, market share realloca-
tions, and cheaper intermediates. These effects dominate the upward pressure on our
exact price index (P) that results from a fall in the measure of varieties (), generat-
ing a 12 percent increase in real income with respect to the baseline. The net welfare
implications of these income gains would ideally be calculated by weighing them
against the negative effects of greater wage dispersion and higher unemployment
rates. But to do so properly would require introducing risk aversion into the model,
substantially complicating the analysis.

Robustness.—As we noted earlier, our estimation strategy dictated that we set
the unit of time in our model equal to one year. To explore the implications of this
choice, we have calibrated a quarterly version of our model (see online Appendix
6 for details). Since this exercise is based on a number of approximations, we view
it as only suggestive. Nonetheless, it indicates how our results might have been
affected by our choice of periodicity. In particular, other things equal, allowing
workers to search more frequently increases their reservation wages. This reduces
wage dispersion and tightens the labor market. So, in order to still match the data
in terms of wage inequality and job turnover, the quarterly version of our model
requires a lower self-employment income (b), a lower matching function elasticity
(0), and a higher elasticity of demand (o).

These parameter adjustments do not affect the model’s qualitative and quantita-
tive predictions regarding labor market responses to tariffs, iceberg costs and firing
costs (7, 7., and cr ). Job turnover decreases while wage dispersion and industrial
sector unemployment increase in response to the Reforms and Globalization exper-
iment. However, the relative magnitudes of some adjustments do depend on the
unit of time in the model. Specifically, in the quarterly model, increased inequality
shows up more through the dispersion of worker welfare and less through wage
dispersion. Also, the responses in job turnover and unemployment are slightly less
dramatic in the quarterly model (see Tables 4 and A4).

IV. Summary

In Latin America and elsewhere, globalization and labor market reforms have
been associated with greater wage inequality, higher unemployment rates, and more
job turnover. We formulate and estimate a dynamic structural model that links these
developments. Our formulation combines ongoing firm-level productivity shocks
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and Melitz-type (2003) trade effects with labor market search frictions, firing costs,
and worker-firm wage bargaining.

Fit to microdata from Colombia, the model delivers several basic messages. First,
this country’s tariff reductions and labor market reforms in the early 1990s explain a
significant fraction of the heightened inequality it experienced during the following
decade, but they are unlikely to have been the reason that job turnover and unem-
ployment increased. Second, global reductions in trade frictions compounded the
inequality effects of reforms, and go some way toward explaining higher unem-
ployment rates as well. Finally, had tariff reductions and global reductions in trade
frictions not been accompanied by labor market reforms, their negative effects on
unemployment would have been larger, and they would also have tended to increase
job turnover.

Many other countries registered growth rates in merchandise trade similar to
Colombia’s over the past two decades, even without major commercial policy
reforms. To the extent that these surges were caused by the international integration
of product markets, globalization may have contributed to similar labor market out-
comes in these countries as well.

In principle, our analysis could be extended in several directions. First, incorporat-
ing worker heterogeneity would permit us to link openness with wage effects among
workers with different skills and/or at different stages in their careers. Second, a
more fully articulated representation of the service sector would allow us to better
characterize economy-wide patterns of unemployment and perhaps also explicitly
deal with informal jobs. Finally, introducing risk-aversion would permit us to for-
mally link job turnover rates to welfare, and to examine the trade-off between static
gains from trade and losses from heightened risks of job loss. We see these exten-
sions as interesting directions for future work.
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