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Abstract

Using a panel of Uruguayan manufacturing firms we analyze the adjustment process in
capital, blue collar, and white collar employment. Adjustment functions are defined with
respect to the gap between optimal and actual factor use. Our results confirm the
asymmetric nature of factor adjustment, the relevance of nonlinearities, and the
interdependence between factor shortages. The average annual estimated desired to
actual output gap due to adjustment costs for 1982-95 was 2%. A clear relationship
emerges between trade openness and adjustment functions of all three factors. Sectors
experiencing stronger trade liberalization adjust less when creating jobs (reducing labor
shortages) than sectors with lower changes in tariffs. Also, the larger (in absolute
terms) the tariff reductions, the easier it became to adjust when destroying jobs
(reducing labor surpluses). Overall the association of higher international exposure with
factor adjustment is stronger for blue collar workers than for white collar workers. The
results for capital are qualitatively similar but quantitatively smaller.
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1. Introduction

The traditional microeconomic textbook model assumes that the legeibyment and capital
used by firms is optimal at any point in time. But since adjgsémployment and capital is
costly to firms, they often deviate from what would be optimah@absence of frictions. In this
paper we analyze such adjustment process and how it may be dafbgctshanges in trade

policy.

There is a relatively large literature on adjustment cosfadior demant] however most of it

focuses in only one factor of production. Those few studies that jaiotigider the adjustment
of capital and labor do not differentiate types of workers and mergé assume convex
adjustment technologies and do not use firm level data. Hall (20@4)eisent example of this
trend in the literature. He analyzes a long panel 1948-2001 at dhei@t level of aggregation

for the US. Our approach departs from this tradition at least e #spects. First, it allows for
non-convex adjustment, second each factor adjustment may depend on thge shfattie other

factors of production and third it uses firm level data.

The objective of this paper is to provide an assessment of the ithpatitade liberalization as a
source of competition for Uruguayan manufacturing firms had on ther fadjustment of blue

and white collar workers, as well as capital. Are sectoppsged to more foreign competition
subject to larger adjustment costs? Are adjustment costs m@@tant in the presence of
surpluses, when the firm needs to reduce its current level pibgment, or in the presence of
shortages, when the firms needs to increase its current levhgibyment? How does the
impact of the higher international exposure differ for the adjeistnof blue and white collar

workers and capital? The answer to these questions will provide lggimhéo whether more

attention needs to be paid to facilitating factor adjustment pgsexe to foreign competition
increases, and whether the focus should be on hiring versus firirgy capttal versus labor,
skilled versus unskilled workers, etc.

The literature on trade and adjustment costs generally focuseshan ane called social
adjustment costs measured by the impact of trade reforms tor faeemployment. Magee
(1972) and Baldwin et al. (1980) measure the number of workers falling in unengplbafter a
trade reform in the US, as well as the duration of their unemm@ayto provide estimates of the
adjustments cost associated with the unemployment spell. Therag=st suggest that social
adjustment costs represent only 4 to 12 percent of the welfareagasinsiated with the reforms.
Matusz and Tarr (1999) in a review of the literature confirmed tthe measured net labor
employment effect of trade reforms is generally small.

It is tempting to extrapolate these conclusions to the ca$e dfruguayan manufacturing sector
facing rising competition from higher international exposure. Batet are two problems with
this. First, most of the existing literature reviewed by Matasd Tarr (1999) focuses on
adjustment costs in the labor markets of developed countries. Regubtfactor markets in
Uruguay can be significantly more stringent than in the averageDO&ountry. According to
World Bank (2006), Uruguay ranks Tbut of 155 countries in terms of easiness for starting a

! See Hammermesh and Pfann (1996) for a literaawiew.



business, and &5in terms of overall business climate. Second, and more importastly, b
focusing on the impact on unemployment (or employment levels)ptimireafactor adjustment
costs, the literature assumes that firms are alwaysiat#sred levels of employment. If this is
not the case, the small measured impact of trade opening on oyempt does not necessarily
imply that adjustment costs are small, but rather that fimag be reluctant to fire or hire when
subject to trade shocks, due precisely to the presence of vesyfdatgr adjustment costs faced
by firms (hiring and firing costs, training, loss of firm spechiuman or physical capital, etc.).
Putting it differently, one should expect trade reforms to hatle linpact on unemployment
levels in the presence of large factor adjustment costs Backians (or private adjustment costs
in Matusz and Tarr, 1999 terminology). In the extreme case whgrstment costs are infinite,
there would be no impact of trade on employment, and the earkeatlite would have
concluded that there are no (social) adjustment costs. True, buatkevery large opportunity
costs in terms of production efficiency (and probably employmentjaties fact that firms face
infinite factor adjustment costs.

Although we do not specifically test the channel from trade to i@ costs there is more
than one way to think about them. Melitz (2003) presents a dynamic yegsitibrium model
with heterogeneous firms. In this model, more productive firms beeapwters and in order to
profit from their higher productivity increase their labor demana iflereased demand in the
labor market produces changes in factor prices that somecéimmot afford at their current
employment level and have therefore to downsize or exit. Thusmiodal with heterogeneous
firms trade liberalization is likely to induce reallocation a€tbrs of production that necessarily
imply adjustment costs. Some of these adjustment costs have tohdchatitges in the usage of
inputs of production and others have to do with changes in the identity of the partcplayee
or machine. As an example of the former we could think of disruptiorthetgoroduction
provoked by rearrangement of workers assignments due to changéd ialior or capital use.
As examples of the latter there are search costs, training costs antdcepaygments.

Another channel is related to the changes in relative priceeéetiradeables and nontradables.
In general, trade liberalization process implies that capital gbedeme cheaper and more
widely available (what Muendler 2002 calls the foreign input push). Hviire total level of
employment is not altered, an increase in the level of camitaés in hand with reassignment
and restructure of blue and white collar tasks. These adjustméstacessven higher when we
consider the time necessary for the delivery, installation ofntlehinery and training of
personnel. The irreversibility of investment stressed for instenBertola and Caballero (2004)
makes firms reluctant to alter the capital level in the plodsancertainty about future policies
generating then adjustment costs that at least from thisgquerge may be higher for capital than
employment.

Either of the channels mentioned affects both capital and employmanway that is likely to
make the adjustment of one factor to be affected by the adjustment needed in thdsahmath
channels suggest that the adjustment cost may vary with tkep&aformed by workers.
Moreover, in their literature review Hamermesh and Pfann (1996) onethiit there is evidence
that the average cost of adjustment is larger for skilled thakilledsworkers. Therefore it is
important to allow the adjustment process of each factor to eetedf by shortages of the others
and to differentiate between white and blue-collar workers.



The closest reference to our paper is Eslewval (2005) that provides a novel approach to
estimating adjustment functions that overcomes many of the dckw/baef the previous
literature. Our work is clearly in the same research linetlerie are several dimensions in
which our paper is different from theirs. First, we extend thdysisato three factors of
production, allowing the separate study of blue-collar labor and wbikex labor, rather than
simply employment. Second, we have a specific emphasis in oy shifts. Besides the
interest on the effects of international exposure on adjustment pestse, trade policy has
variation in the time and firm (sector) dimension and is therdfeteer for identification of the
effect that policy measures with variation only through timeawssét al (2005) look at the
overall effect of policy reforms and therefore reflect aggeegalicy changes with no industry
variation. The lack of industry variation weakens their resultsdbald be attributed to other
contemporaneous changes. Third, as a broad measure of welfare cosisate &se output gap
produced by these adjustment costs.

The next two differences relate to the techniques applieditoatstseveral parameters that are
needed to apply this methodology. Forth our estimation of total factporodictivity is better
shaped to take care of the simultaneity and selection bias probtammson in this type of
estimations. Fifth, for the demand shock instead of estimatinghteese demand function by
two stage least squares we estimate a system of supplyeamahd using three stage least
squares.

Finally, instead of Colombian we use Uruguayan data. While in the 1890slombia there
were important reforms in factor markets, in Uruguay the mgsbrtant policy and institutional
changes relate to the country insertion into world trade. Theudgam economy evolved from
inward looking, based on state interventionism and import substitution fwatst policies,
towards an outward looking orientation, with more reliance on marketesmurce allocation
mechanisms and exports as the growth engine. A first phasadef teform took place in the
1970s, accompanied by a quick financial liberalization process. latére 1990s there was a
process of trade liberalization (with simultaneous real excheatgeappreciation), combining a
gradual unilateral tariff reduction with the creation of Mercpsur imperfect customs union
between Argentina, Brazil, Paraguay and Uruguay. As a rélswg from and to these countries
increased their share in Uruguay'’s trade. Figure 1 showeltie/e convergence to lower tariffs
of most sectors of activity. A by-product of the trade libeedion process in Uruguay was that
manufacturing firms switched to more capital intensive technedogs reported in Casacuberta,
Fachola and Gandelman (2004, 2006).

Our main results confirm the lumpy and asymmetric nature mifiadjustment process. Large
shortages of one factor lead to less responsiveness in adjustmeatdreation side of other
factors but larger adjustment in the destruction side. Everytlsegequal it is easier to adjust in
the presence of shortages (when the desired level is largerthieaactual level): hiring
adjustment costs are smaller than firing costs. Adjustmens cedtice the volatility of factor
usage but on average they implied an annual gap between desired and observed output of 2%.

Less protected sectors adjust a larger fraction of the géue icreation side (reducing shortages,
i.e. hiring employees or investing) but a lower fraction in thetrdetson side (reducing



surpluses, i.e. firing employees, scrapping or letting capifaledeate).The reluctancy of more
protected sectors to adjust in the creation side may be duadamfgaolicy reversal. The results
on the adjustment on the creation and destruction side suggestadegprivtection may in fact
destroy rather than create jobs within industries, as firmsghlyhprotected sectors are more
reluctant to hire and more ready to fire than firms in sectors with low puaecti

The paper proceeds as follows. Section 2 presents the policy expsricned the basic

definitions of factor growth rates, factor shortages and adjustfoections. Shortages are
defined with respect to some targeted desired levels. Sectionils de¢ methodology to obtain
these desired levels. Readers not interested in the techegalitthis procedure may skip this
section. Section 4 introduces the data and Section 5 presents the ardudinalyzes the effects
of policy changes in the adjustment process of firms and finally section 6 concludes

2. Estimating labor and capital adjustment functions

In the traditional model without adjustment costs, the employmepitddachoice of the firms
depends only on current shocks and future expectations. In the presemjesthent costs, it
also depends on past employment (capital) decisions and in the gaeimeéhe actual level of
employment (capital) and the “desired” level. We will usertbationB*, W* andK* andB, W
and K for the desired and actual levels of blue collar labor, whitkarctdbor and capital
respectively. A key step in the present methodology is the construction of thieddésvel.

The growth rates of labor and capital inputs are defined as tbebedtveen the input changes
and the averages between its past and present values. Theseodefiftilow Davis and
Haltiwanger (1992), and Davist al (1996)? Using the notation A for the rates of growth, we
have

ABjt :—1Bjt _ Bjt_l
Z(Bjt + Bjt—l)

A\th - th _th—l
1 1)
Z(th + th—l)

AK. = Kjt _Kjt—l

Jt ;(Kjt + Kjt—l)

Before a firm adjusts its factors of production, the employr{eapgital) shortage at tintecan be
defined as the difference between the desired level of employ(cegital) at timet and the

2 A feature of these growth rates is that they anenbl between —2 and 2. There is a monotonic reldt&ween the
rates of growth so defined and the usual ones.



actual level at tima-1. Paralleling the previously defined growth rates, the shortageisa
expressed as a fraction of the average between the preseatldegel and the past observed
level. Therefore, employment (blue and white collar respectiaiyl) capital shortage& B,

Z\W;, ZK;) are:

B, -B;_
*(B*it + Bjt—l)
2
W, —W., _
ZWy = — L
- Wi +th—1) (2)
2
Ko =K.,
ZKjt — jt jt-1

;(K*jt + Kit-l)

Following Eslavaet al (2005) adjustment function®&B:, AW;, AK;, for blue and white collar
employment and capital, respectively) are defined as théoinazt each shortage that is actually
closed. Hence adjustment functions are defined as follows:

/B,
ABjt = 7B
jt
AW,
AW]I =
it 3)
K
AK =
ZK

The next step is to characterize such adjustment functions is tdrthe shortages in all three
factors. It is relevant to consider the case in which the adjnstionection in each of them is not
independent of the shortages observed in the other two. We follow a parametric strateigi
we allow capital and labor shortages to depend on their own shortagke ather factors
shortages and on interactive terms. In particular, the adjustmetibfighare not restricted to be
linear and we allow for different intercept and slope for shostagel surpluses (oregative
shortagey We do so because the sources of adjustment costs are dififetkatcreation and
destruction side. For instance, hiring new employees entarnshseacruiting and training costs
while firing current employees is associated with severpagments and eventual effects on the
moral of the remaining employees. The basic specificationgiogiihe asymmetric interactions
for positive shortages are:



AB(ZB ZW,ZK, )=y +AWZ\W +1Z WZ K, +7sZ WZB, +1,Z B +16Z BZK +/sZKs

AW(ZB .ZW ZK; ) =V, +iZ W +LZWZK, +UsZ WZB, +V,Z B +UsZBZK; +VZK
(4)

AK(ZB ZW ,ZK, ) =Ko K ZWE +KZWZK +KZ\WZB, +K,ZE +KZ B ZK +KeZ K

In practice, the estimated models are the following:

AB, =ZB, |y + 4ZWE + 1,ZW, ZK  + 1, ZW,ZB, +7,ZB +7,7B,ZK, + ), ZK2]

AW, = ZW, [y +v,ZWE +V,ZW,ZK, +v,ZW,ZB, +v,ZB +vZBZK, +v,ZKe| g
4K =ZK |y + 6, ZWE +10,ZW, ZK +1,ZW, ZB, +x,ZB; +1,ZB, ZK +KGZKJ-2t]

The significance of the non linear terms would indicate thatna \itth a larger gap between
desired and actual factor levels adjusts more, hence this woukddemee of the presence of
fixed costs associated with adjustment. These fixed costs tteiseljustment decisions to be
lumpy. In other words if there is lumpiness in the adjustment protiess the percentage of
adjustment towards the desired levels for each factor is expecte increasing in the absolute
value of the shortage of that factor.

Our policy exercises will be framed in terms of an extendesioreof equation (5). We focus
basically on tariff protection and trade reform. The firsp st®uld be then to estimate pre and
post Mercosur adjustment functions as in Eslaval (2005) detect shifts in the response of
firms arising from changes in the environment. However, sincald@s not allow isolating the
effect of individual policies from other factors also presenhegeriod, we prefer to study the
interactions of a set of policy variables (with variabilitytla¢ time and firm level) with the
adjustment functions. In our policy experiments we use the kavigél and the changes in tariffs
to capture the effect of protection and trade liberalization.

Finally, we find it useful to calculate the output gap attributable to adjustost® As argued in
the absence of adjustment costs the desired use of inputs mayeedrigpwer than the actual
levels. Adjustment costs are natural stabilizers of output. Supposendtance there is a
temporary positive shock to demand, firms wanting to profit from thigipeshock are likely

to increase their factor demand. Adjustment costs reduce theofsites increase. On the
contrary, on a recession firms may want to reduce the input usdoDweversibility in capital

investments this may translate even in larger labor demand @tkicfigain, adjustment costs
buffer such changes. Without denying the relation between economiarnpgnce and the



ability of producers to adjust their input mix, it may be thatetain specific time period’s
adjustment costs may not be welfare reducing. Once we havatestithe desired employment
and capital it is straightforward to obtain the firm’s productibthese factor usage levels and to
calculate the output gap with respect to actual production levels.

3. Firm maximizing behavior

A technical description of the methodology for the estimatioh®fesired input levels follows.
We start by stating a general optimization framework andegabto present the computation of
the desired input levels and several necessary parameterseades mterested mostly in the
results of our exercises may skip this section and proceed directly to section 4.

3.1. Thegeneral framework

We assume a monopolistic competition framework in which firms hextaic degree of market
power. The inverse demand function for a firm is given by:

21
Pjt :th n Djt (6)

where) is the elasticity of demand adis a time and firm specific demand shock capturing all
factors other than firms’ own price affecting demand ém&loutput demand.

The firm’s production function is assumed to be:
—K. @ HE Y
Y = Ky (BH PWESM A, (7)

whereK is capital,B is blue collar employmentl are blue collar hours) is white collar
employmentE is energyM are materials and is total factor productivity shock.

Firms face competitive factor markets with the following ltotasts for blue collar labor, white
collar labor, capital, energy and material:
on(LH ) =Wy B, L+ wH )
w\/\/(\th )= PWtVVjt
a)K(Kjt )= PKtKjt
a)E(Ejt ) = PEtEjt
wy(M it ) =PxM it

(8)



wherePy is the white collar wagé) is the user cost of capit& is the per unit cost of energy
andPy is the per unit cost of materials. In the case of blue ceftgrloyees, total compensation
is the product of employmem; times a wage function that depends on total hblyrd his tries
to capture the fact that the marginal wage is not constant. Asrthé&ies to increase hours per
worker, it must resort to overtime hours and a premium must beap#dst for some workers.
This function is indexed by parameteng (straight-time blue-collar wage)y,; (overtime
premium) and (marginal wage elasticity.

Eliminating the firm subscript, the maximization problem in thes@mnee of adjustment costs for
a typical firm is:

Max | 3 BERY ~cx(lH) = (W) =ar(K) ~x(B) ~e1, (M)~ Ky BB WW, g

{KBHWEM

where C(Kt,Kt_l,a,a_l,W,W_l) are the adjustment costs for blue collar, white collar and

capital. Note that we specifically allow the adjustment costamadepend only on the change of
each factor, but also on the past levels of the ofthers.

3.2. Frictionlessfactor levels

To obtain the firm’s desired factor input levels, our procedure dtgrtsstimating the firm’s
frictionless factor demands. Frictionless levels correspond te tewsls of inputs that the firm
would choose in absence of adjustment costs, and are derived frornnnttse dptimization
problem. In the absence of adjustment costs, the dynamic probln cdn be rewritten as a
static problem.

Max PY, _WB(I—[’HI)_%(W)_wK(Kt)_wE(E[)_wM(Mt) (10)

K,B,HW,EM

After taking logs, the first order conditions for both types oplayment, hours, capital, energy
and materials yield the following system of equations (wh&redenotes the frictionless levels,

X =InX for variables and5 =InP for input prices, and subscripts are omitted to simplify
notation):

% As in Caballero and Engel (1993), our functiormhi for the blue collar compensation implies thmattie absence
of employment adjustment costs, the firm would afsvehoose the same number of hours per workeradjust to
productivity and demand shocks only varying emplegin Our data does not have information on whitéaco
hours, thus we have to assume a simpler compensatechanism. In order to verify that our resulte aot
produced by an asymmetric treatment of white ane lolollars we experimented without considering ‘dokar
hours and effectively the main conclusions remaunealtered.

4 We do not model explicitly the adjustment costse Very interesting issue of which of the suggetedther)
mechanisms is behind the link between policy charegel adjustment costs goes beyond the scope @ird¢lsent
paper.
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h (12)
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(16)
o1
n-1

We assume that in absence of adjustment costs for hours, endrgyaterials, the frictionless
levels of those inputs coincide with the observed levels. ThereforBrgherder conditions can

be reduced to a system of three equations and three unknowns. Afteg $hlwie can write the

log of the frictionless levels of capital, blue-collar employmeemd white collar employment as
functions of the parameters of the model to be estimated and observed variatiles/as f

10
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(19)

3.3. Desired factor levels and output gap

Frictionless levels are not the same as the desired ones. Bo#ptodiffer in that the desired
levels are the ones observed if adjustment costs are momemnésmibved, while frictionless
levels are the ones observed in absence of adjustment cosdtpenals. Bertola and Caballero
(1994) state reasonable conditions under which the desired levelg egpioximated, up to a
constant, by frictionless levels.

Kjt =K thKJ
B, =B16, 0)
Wj: :thBWJ

where (K ,mK )(B,t,B )and o ,th) are respectively the desired and frictionless levels of
capital, blue-collar and white collar employment. The firm specibnstants to be estimated are

Oy, 65 andd,;.

Following Caballero, Engel and Haltiwanger (1995, 1987) 6, andd,, can be determined as
the ratio between the actual and frictionless capital, blue @iidwhite collar employment, for

11



the year where investment and employment growth for each &kmetheir median values
respectively. It is then implicitly assumed that, in the year ofrtedian employment growth and
median investment, the desired and the actual adjustment of employrdarapdtal respectively
coincide.

3.4. Output gap

To define the output gap we make the extra assumption that totat faoductivity is an
exogenous shock whose stochastic process is not dependent on the Iéeeismits. Given the
production function and the previous assumption that the desired and actuahtetergals and
energy consumption coincide, the desired output is:

* w0 f x * U
Y =Ky (Bthjt )Eth E.'M "V, (21)

Adding firms’ output and desired output it is straightforward to estimate the oufput ga

3.5. Estimation of various variables and parameters

3.5.1. Productivity shock estimation

We use Levinsohn and Petrin’s (2003) methodology to obtain a measure lofattita
productivity by estimating a production function where an electriciitysumption variable is
used to control for unobservables. Such method specifically controls doprvblems in this
type of estimations: the selection problem (i.e. in a paneleamdser would only observe the
surviving firms, hence those likely to be the most productive), ansirtidtaneity problem (the
input choices of firms conditional on the fact that they continue ia betivity depend on their
productivity).

Given the production function specification in equation (6) we computeféatal productivity
as:

~

Vii =Yj _aKjt _B(Bjt + Hjt)_th _Aijt —@M (20)

where @,8,[1,y and @ are the estimated factor elasticities for capital, blulmicemployment

hours, white collar employment, electricity and materials gmdy, and all variables are
expressed in logs. The estimated coefficients of the productiondaraate shown in Table 1.
The null hypothesis of constant returns of scales is not rejetieaight is not imposed. The
standard errors are estimated across 100 bootstrapped samples.

12



3.5.2. Demand shock estimation

We also estimate establishment level demand shocks based on tise oheimand equation (7).
The inverse demand function is estimated in logs, and the demand r&toslered as the
residual.

D, =InD; =InP, +&InY, 1)

1 . . . , .
where € =——. In order to identify the elasticity of the demand equation stanate a two
n

equation system of demand and supply, using three stage leasss@uanely shifters include
total factor productivity and a sector wage index, while timd adustry effects are also
included. Demand elasticity turn out to be -1.16 below Esk&tval (2005) (two stage least
squares) estimate of -2.28 for Colombia. Given the smaller size birtigeiayan market it is not
surprising that firms face more inelastic demands and bdoefiarger market power. Results
are presented in Table 2.

3.5.3. Input pricesand compensation function estimation

Our database has input prices for goods, white collars, materialsengy.eThey all vary across
years and four digit sectors. For the user cost of capital we use antvadtie of 10%. The only
parameters remaining to be estimated are those of the compenisatction for blue collar
workers.

The postulated compensation function for blue collars is stated iBi(8)(1987) and Cooper
and Willis (2004) estimate for the U.S. the wage marginal eiigs@ico be2. Eslavaet al (2005)
working with Colombian firms calibraté to 2 andw; to the legally overtime premium and
estimate from their data the straight-time wageWe also calibraté to 2 and perform a non
linear least squares procedure to estimate the paramgtensdw;. Table 3 shows the results of
this estimation.

4. Data

In this paper we exploit Uruguayan establishment level data ogvarconsiderably long period
of time. We use annual establishment level observations from the fAduming Survey

conducted by the Instituto Nacional de Estadistica (INE) for ¢negh 1982-1995. The survey-
sampling frame encompasses all Uruguayan manufacturingligistaents with five or more
employees.

The INE divided each four digit International Standard Industrials@ileation (ISIC) sector in

two groups. All establishments with more than 100 employees welteled in the survey; the
random sampling process of firms with less than 100 employesfesathe criterion that the

13



total employment of all the selected establishments must acabledst for 60% of the total
employment of the sector according to the economic Census (1978 or [[O&8al, we have
627 different establishments present in at least one period.

In respect of employment categories The INE distinguish legtwbreros and empleadogin
Spanish). This corresponds to our definitions of blue and white collarevgoré&spectively. The
first category includes personnel in operative activities involviragnly manual and physical
tasks. The second includes workers performing mainly intellectagkst including
administrative, clerical, sales-persons, managers, supervisorsoidiréaboratory and research
and development personnel.

Starting from the 1988 capital stock data from the economic cendwes,capital series is
constructed using the perpetual inventory method back and forward hiseappendix for
details). Finally, we use data on import tariffs for the period 1985-I896 Casacuberta,
Fachola and Gandelman (2004).

5. Adjustment functions and the effects of policy changesin the adjustment process

5.1. General results

In this section we present our baseline adjustment function estiteatn Figure 2 we display
the histograms of the estimated shortages for blue and white walikers and capital. Their
distributions are roughly symmetric. Table 4 presents summatigtise on the desired,
frictionless and actual input levels. All correlations are higbgesting the model predicts
reasonably well. For the whole manufacturing sector the level s&deashite collar jobs is 15%
above the actual one and the desired blue collar jobs and capital are 10% above tbaexctual

Figure 3 shows the mean and median output gap defined as the rate®rdinn’'s desired
output and actual output. The mean output gap for the whole period is 2%gaf h@lows the
Uruguayan business cycle in a procyclical manner. In 1982, Uruspftered a deep exchange
rate and financial crisis that led to three years of remessi such years the desired output was
below the observed one. In 1985, the economy started to recover butithd detput was still
lower than the actual one. The next five years are expansiaos ameifirms tend to desire more
employment and capital than what they actually were hiringyimg positive output gaps. Due
to inflationary problems the government in 1990 undertook contractionaay fiisticies that led

to a halt in GDP growth that was resumed two years lates. ifffplied the negative gaps in the
early nineties and the positive ones of the last years of our sample.

Turning now to the adjustment functions themselves, we estimatertiragiars in equations (5)
by panel fixed effects regressions. For each factor sejyaveategenerate a dummy variable that
takes the value of 1 when the shortage is positive and 0 othemtiscting this dummy with
the factor shortage and with the cube of the shortage we allowasfonmetric effects of

®> A more detailed analysis of the data is availabi@asacuberta, Fachola and Gandelman (2006)
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shortages and surpluses, i.e. we allow for different levels hsasvslopes of the adjustment for
shortages and surpluses.

The adjustment functions for white and blue collar employment andacapé displayed in
Figure 4. Since our specification implies that every shortageeny factor and the interactions
between them can potentially have an effect on the adjustment loffaor, we present our
baseline estimation setting the shortages of other factorerat Zhe percentage of the
adjustment is plotted as a function of the shortage. Negative showagés indicate that the
past level of the input is above the desired one (factor surplusg heictose this gap the firm
needs to decrease this factor, and it finds itself in the jobpitatdestruction side. Conversely,
positive shortages show a past level of the input below the desired one,flieadem wants to
close the gap, it will be in the factor creation side, i.e. it will invest or hire.

Table 5 reports the estimated coefficients of the baselinstatgnt functions. The significance
of the Pos interactions variable shows that the adjustment functialh gases is asymmetric
with respect to shortages and surpluses in the intercept and the wittpéhe exception of
capital, where the asymmetry is in the slope only.

Figure 4 also shows that there is an asymmetric behavior iadjustment process. First, for
small values of the observed shortage, white and blue collar emgibyadjustment functions
show an upward shift in the positive side. This means that firms tend to alfjugrafraction of
the gap between the desired and the actual employment when theedldsggels are below the
desired ones, i.e. firm finds it easier to create labor thanstoogdt except when the destructive
adjustment is large. Note that for shortages in absolute valow He firms close a larger
fraction of the gap of blue collar workers than the gap in otheorfacA shortage of 1 or -1
corresponds to firms desiring to triplicate or reduce to one thedattual use of the input.
Therefore, for most firms, blue collar adjustment costs are lower thanmdpnish other factors.

Since in most cases the cross product terms that include théreffastor are significant, we
can infer that, as conjectured, shortages of other factors avameto understand the adjustment
process. The negative sign of these cross shortages termshiapligrge shortages of one factor
lead to less responsiveness in adjustment in the creation side eof fatitors but larger
adjustment in the destruction side. In simpler words suppose a firmewlesged level of two
factors is above the current level, the larger the shortage in doetfae lower the adjustment in
the other. Suppose now a firm desiring to have a lower level ofidators than their actual
value, the larger the surplus in one factor the larger the adjuisimeéhe other. This points
against (in favor or) economies of scope in the adjustment costiciunict the creation
(destruction) direction. That is to say, when firms want to hireentois cheaper to adjust one
factor at a time but when a firms wants to reduce employrestrap capital it is cheaper to
reduce the use of both factors together. To observe the effdot ofst of the factors in each
adjustment function, figure 5 shows separately the adjustmentdaraftieach factor, where the
shortages in the other factors are set at their mean valuethesnthean values plus and minus
one standard deviation respectively.

The lumpiness of the adjustment process is shown by the fachéhsize of the adjustment is
increasing in the absolute value of the shortage observed in athoases, both in the creation
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and the destruction side. Our results also confirm nonlinearity ofatljigstment process;
nonlinear terms are in all tables statistically significant.

Another asymmetry is given by the fact that estimated adgmtfiunctions display a smaller
slope in the creation side than in the destruction side. The diffsrencthe slopes can be
understood together with the differences in the intercepts. The higkerept in the creation
side indicates higher adjustment for firms with smalletdiashortages, while a relatively flat
slope of the adjustment schedule shows that they are able only téalkedanaller adjustments
when there is a high positive shortage. On the contrary, the lower adjustmeamsfiosurpluses
are associated with firms closing higher percentagebeofyaps when surpluses become large
enough in absolute values. A natural interpretation of this resulbais there are larger
adjustment costs associated to factor destruction (severancermgaymoss of specific human
capital, etc.) than to factor creation (search, training, etc.).

Comparing the different factor adjustment functions, both in the creaid the destruction
side, the slopes for white collar are larger than for blue dalbenr. Such features can be seen as
related to the differences in adjustment costs for each faetbor unions tend to be stronger in
industries more intensive in blue collar labor inducing higher adprst costs on the destruction
side when employment surpluses are large; i.e. there will produtmver adjustment when
shortages are large in the destruction side. The white collatraéjisfunction has higher slope
than blue collar adjustment on both sides. When the shortage is smalisolute value,
adjustment is lower in white collar than in blue collar. Converselhe shortage is large in
absolute value, a larger proportion of the gap is closed for white collars than fooltdue c

Probably this relates to the fact that white collar laboruohes workers with specific human
capital, which is difficult to create. Therefore firms probablgy be willing to accept small
shortages without adjusting, but the adjustment will be fuller wheshivage becomes large in
absolute value. For instance, consider a firm that has more thatkeeeded, but these clerks
are familiar with the workings of the firm: if this shortagenot too large, the firm may prefer to
keep these extra workers. On the other hand, if blue collars haveplesific training, they may
be more easily disposed. On the creation side, hiring an egtkaiciplies higher training costs;
hence the firm may prefer to use the existent workers momgsingdy if the shortage is small. If
the shortage becomes large enough, the cost of the extra houbog Withher than the training
cost of the newly hired white collar workers. This search andirigacosts have a fixed cost that
can be covered only when the percentage of the gap closed is large enough.

Finally, the effects of the shortage of the other factothénadjustment function are captured
both by the direct effect and the cross product effects termghdinimpact comes mostly from
the latter. A negative sign of the coefficients of the crossdlyct of the shortages (see Table 5)
causes that the higher the shortages of the other factors, the thghadjustment in the
destruction side, and the lower the adjustment in the creation sidigsire 5). Many firms
downsized and even exited over the period of trade liberalizationifipiged the simultaneous
destruction of labor (both white and blue collar) and capital. This iesphhy higher shortages
in absolute value for capital (white collar employment) provoke higldgustment on white
collar (capital). According to the evidence presented in Casaayb&athola and Gandelman
(2004), firms in order to remain competitive switched towards mapéat intensive production
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methods. Therefore, the lower the shortage in capital (employieat)igher the adjustment in
employment (capital).

5.2. Theimpact of international exposure

To study the impact of trade liberalization and international expasurithe adjustment process
we estimate several adjustment functions. We are lookingeavay sectoral shocks (protection
level, trade liberalization) affect the way firms respond tosgncratic shortages. Industries that
were more open from the beginning should experience lower shifieimadjustment functions
due to the generalized higher international exposure.

A problem with using tariffs or change in tariffs in the rijaind side of equations is that they
may possibly be endogenous. In our case this problem is less sesdcetkde fact that Uruguay
is a relatively minor player integrated with its larger héigr economies in Mercosur. Hence the
common external tariff and the changes in Uruguayan tarifisottverge to the trade block
protection level are basically affected by Argentinean andilgnazpolitical players and beyond
control for local firms>

Descriptive statistics of our policy and firm variables aresg@néed in Table 6 and Figure 1. We
find that the average tariff was reduced significantly fromaserage of 43% to 14% between
1985 and 1995. On average, annual tariff changes accelerated from —2.164d188fdbto —3.0%
after 1990.

5.2.1. Changesinimport taxes

To analyze the effects of trade liberalization in the adjustmentifuns¢ we interact the intercept
and each factor's own shortage terms (allowing for asymmeffects in the creation and
destruction sides) in the adjustment equations with the industrydeaabe in tariffs. Table 7
displays the estimated coefficients. In all regressionsaat e policy interaction is significant.
In order to assess how important are the differences in adptstité varying levels of trade
liberalization we simulate the predicted adjustment using thié@ents reported in Table 7 for
different levels of changes in tariffs (0, 2 and 4 percentage points reduatidiiglire 6.

Looking at the plotted adjustment functions, while for capital theach of tariff reductions is
really minor, a pattern emerges for both types of labor, in whicfrdlsgon of the gap actually
adjusted decreases in the creation side, while increases iedtnection side. For white collars
this is produced by a statistically significant change ininkercept while for blue collars it is
produced by a change on the slope, also statistically significant. Fisastors that experienced
higher tariff reductions where able to adjust a larger proportidheaf surpluses than those not
S0 exposed. It is interesting that this result is produced mfostlgpw levels of shortages while
for blue collar is for higher shortage levels. Although, theeesmall change in the plotted slope
for white collars, this change is not statistically sigwifit, therefore the lumpiness of the
adjustment is not affected and changes should be considered more lle$ fafess. On the

® This is discussed in more detail in Casacubegaahéla and Gandelman (2004)
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creation side it was the opposite: firms with lower tariffuetions adjusted a larger proportion
of their shortages.

5.2.2. Tariff tradebarrier levels

This exercise is similar to the previous experiment, but insiEading the import tax change in
the firm’s sector as a shifter of the adjustment functionsuseethe import tax level. Table 8
shows the regression coefficients. Most policy interaction temasstatistically significant for
blue collar and capital. For white collar only the constant shiftethe creation side changes
significantly. Figure 7 displays the estimated functions foff tewvels of 10, 20 and 30 percent
points and confirms the impression that the effects of protectuah ike stronger for blue collar
and capita than for white collar.

Lower tariff levels are associated to higher adjustment onrtradion side, especially for blue
collar jobs but also for white collar jobs and capital. The desbruside seems not to change
with tariff levels in the case of white collar adjustment fiord. For capital and blue collar
labor, higher tariff levels are associated with lower adjustsnén the destruction side, the
opposite than the creation side. Thus, higher protection seems asseadthtlower adjustment
costs for firms wishing to fire blue collars.

This is an indirect way of showing that protection may in fastrdg jobs, rather than create. If
shocks to firm are iid, our result implies that protection waldl¢o lower levels of employment.
The reason may have to do with firms’ expectations. For instapgose there is a generalized
positive demand shock. A firm in a highly protected sector will naisadjompletely in the
presence of adjustment costs (e.qg., firing workers) unless thenguaet has credibly committed
to maintain protection. If there is any risk that the tariff go down, then the firm may be more
reluctant to hire many workers than a similar firm in other sector that ixposed to the risk of
the government reducing tariffs. The same applies on the job destrsicle. A highly protected
firm that suffers a negative shock will be more likely te fivorkers if the government’s tariff is
not a credible permanent policy.

Finally, note the higher the protection level the more convex thestaggnt functions look like.
Then, it may be that convex adjustment costs are not as bad an agiaxiin more closed
economies like the US, but definitely obscure the adjustment protessailer and more open
economies.

6. Conclusions

This paper intends to use micro data to improve our understanding effdoes of policy
measures on the adjustment of factors of production. On the one handpehdinis evidence
supporting a number of regularities that the previous literature ontmejuis functions has
highlighted.
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Our investigation confirms that aggregate investment and job cremaigbrn be seen as the result
of lumpy and discontinuous microeconomic decisions. Individual adjustmentaiotsidepart
significantly from the constraints implicit in the quadratic atpent cost model. There are
several sources of irreversibilities (technological, mamk@ticed, increasing returns in the
adjustment technology). The evidence provided seems to confirmesinpttat has important
nonlinear features, hence consistent with such constraints. Thistsntpaase of all factors of
production, particularly employment.

Adjustment costs faced by capital, skilled and unskilled labor arerivoad tn the Uruguayan
manufacturing sector, which has consequences in terms of factoplayenent and economic
efficiency. For skilled an unskilled labor, they tend to be larger in themresd# small surpluses
(when the firms need to fire workers) than in the presence all stmortages (when the firm
needs to hire workers). However, for large surpluses and sh®(gge exit and entry of firms),
adjustment costs are larger on the entry side. These resudfssssl that in order to introduce
more efficiency and generate more employment in the Uruguaganofacturing sector, policies
should focus at reducing adjustment costs for those firms that wikeldtd fire workers
(severance payments, mobility of pension schemes, etc.) and tiadseould like to enter the
market (reduction of the number of bureaucratic procedures requireduthieer of days it
takes, and the cost of the business registration license). Dwawat firms find that the factor of
production with the lowest adjustment costs is blue collar employment.

The existence of adjustment costs implies that the desirets lefewvhite and blue collar
employment and capital often deviate from the observed ones. Intauhdae deviations imply
that the yearly gaps might be above 10%. To have an idea oktfaevcosts of the adjustment
costs, it is useful to consider that for the fourteen years abwerthis study the average output
gap is 2%.

On the other hand, the paper intended to assess the effects ofigmaect trade liberalization
on firms’ adjustment process. The constraints arising from thestaagnt cost functions may
become an important part of the policy analysis. Our results poiatsignificant shift in the
adjustment functions for all the production factors before and thigeincreased liberalization
that followed the Mercosur treaty. Specifically, trade policyaldes measured by tariffs levels
and reductions in tariffs significantly shifted adjustment functions. Firrfesgprotected sectors
have shown higher adjustment fractions in the creation side and lowee idestruction side,
particularly for blue collar labor. Sectors facing largeifft@hanges, adjust less in the creation
side, particularly for blue collars, and more on the destruction &idée context of tariff
reductions of Mercosur, those sectors more highly protected werebpyrdbase that faced the
largest tariff reductions. Overall the impact of higher irddomal exposure on factors of
production is stronger for blue collar workers than for white collar workers.
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8. Appendix

To construct the establishment capital stock series, we follmethodology close to Black and
Lynch (1997). The 1988 Census reports information on the capital stockiseVenachinery
capital. We avoid overestimation of the amount of depreciation bywlatitg an average
depreciation rate by industrial sector and year. The reswaépgeciation rate is then used for all
firms within each sector yearly. We further exclude the valuasséts sold in our measure of
capital, assuming assets have been totally depreciated apdim&t Thus, the equation for
estimating the capital stock for years later than 1988 is:

Kit =Kjiea ti =9, Kt (22)
with

z Djit

ox =2 (23)

it z Kjit
J

wherej indexes firms;i the industrial sectort the year.K is the capital stocki is amount
invested;d is the depreciation rate; abdis depreciation in pesos.

For years before 1988, the equation is reversed and each yeais isagitained by subtracting
each year’s investment and applying a depreciation factor. The dejorecate before 1988 was
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not available and was estimated using 1988 data. We ran a simplen@del for the log of total
depreciation conditional on the log of gross output, capital stock, total hodrslectricity
usage. Using this model we predicted the before 1988 depreciation levels.

Kjit—lz(Kjit_Ijit) _13_ H (24)

jit H
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9. Tables

Table 1
Levinsohn-Petrin productivity estimation

Coefficients Std. Err.
White collar 0,148*** 0,026
Blue collar hours 0,234*** 0,036
Materials 0,314*** 0,053
Machinery capital 0,120* 0,063
Electricity 0,200%*** 0,088
Number of observations 5903
Number of establishments 685
Wald test of constant returns to scale: Chi2 =1,51 (p = 0,22)
Note: Dependent variable is gross output. All variables are in logs
* significant at 10%; ** significant at 5%; *** significant at 1%

Table 2
Demand shock estimation
Three-stage least squares regression

Obs Parameters
Demand equation 5903 9
Supply equation 5903 16
Coef, Std. Err.
Demand equation
Price -1,156* 0,619
Supply equation
Price 0,863* 0,520
Total factor productivity 0,006* 0,003
Wage Index -0,376** 0,166

Note: Dependent variable is gross output.

Endogenous variables: gross output and price.

Exogenous variables not reported: year dummies (supply) and 3
digit ISIC industry dummies (demand)

* significant at 10%; ** significant at 5%; *** significant at 1%
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Table 3
Compensation function estimation

Non linear least squares

Coefficient Std. Err.
Wy 0,816*** 0,016
Wq 1,24E-07*** 6,36E-09
Delta 2
Number of obs 6198
R-squared 0.832
Adj R-squared 0.844

Note: * Parameter delta taken calibrated to 2.
significant at 10%; ** significant at 5%; *** significant at 1%

Table 4

Summary statistics: actual, desired and frictionless factor levels

Mean values

Variable Observations
DW 5512
w 5512
DB 5512
B 5512
DK 5512
K 5512

Pariwise Correlations:

FW

FW 1.00
Dw 0.75
w 0.72
FB

FB 1.00
DB 0.66
B 0.65

FK

FK 1.00
DK 0.66
K 0.63

Mean
37
32

115
105
275333
249379

DW

1.00
0.85

DB

1.00
0.88

DK

1.00
0.82

Std. Dev.
75
63
208
168
788947
657317

1.00

1.00

1.00

Note: K = actual capital, FK = frictionless capital, DK= desired capital
Idem with B, FB, DB and W,FW,DK for blue and white collar
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Table 5

Estimated parametric adjustment functions

Baseline specification

White collar  Blue collar Capital
adjustment  adjustment  adjustment
Constant 0.074 0.166 0.060
[0.022]*** [0.023]*** [0.021]***
Constant*Pos 0.137 0.1406 0.026
[0.039]*** [0.037]*** [0.036]
(ShortageW)"2 0.189 0.029 0.006
[0.012]*** [0.012]** [0.013]
(ShortageW)*2*Pos -0.103
[0.017]***
(ShortageB)"2 -0.009 0.099 -0.025
[0.015] [0.012]*** [0.013]*
(ShortageB)"2*Pos -0.071
[0.019]***
(ShortageK)"2 -0.012 0.021 0.179
[0.011] [0.010]** [0.007]***
(ShortageK)*2*Pos -0.137
[0.013]***
(ShortageW)*(ShortageB) -0.042 0.0011 0.011
[0.014]*** [0.013] [0.016]
(ShortageW)*(ShortageK) -0.025 0.001 -0.001
[0.012]** [0.014] [0.012]
(ShortageB)*(ShortageK) 0.026 -0.058 -0.059
[0.016] [0.0121]x** [0.012]***
Observations 4945 4945 4945
Number of id 627 627 627
R-squared 0.3 0.29 0.37

Note: Constant*Pos: Dummy=1 if Shortage is positive

ShortageW. ShortageB. ShortageK are the shortages for white collar. blue
collar and capital. Standard errors in brackets

* significant at 10%; ** significant at 5%; *** significant at 1%

25




Table 6
Policy variables
Descriptive statistics

. Tariff
tariff (%) change

1982
1983
1984 .
1985 42.53 .
1986 38.96 -3.47
1987 35.49 -3.46
1988 32.64 -3.46
1989 32.07 -0.57
1990 31.50 -0.57
1991 24.59 -6.97
1992 20.68 -3.91
1993 17.09 -3.54
1994 17.11 0.02
1995 14.01 -3.14
All period
Mean 26.3 -2.8
standard dev 9.9 2.7
Percentile 50 24.9 -2.9
Percentile 90 40.0 0.1
Before 1990
Mean 34.7 2.1
standard dev 8.2 1.8
Percentile 50 34.6 -2.2
Percentile 90 44.5 0.3
1990 and after
Mean 21.3 -3.0
standard dev 6.9 2.9
Percentile 50 19.8 -3.1
Percentile 90 31.4 0.0
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Table 7
Estimated parametric adjustment functions
Tariff changes effect estimation

White collar Blue collar Capital
adjustment adjustment adjustment
Constant 0.026 0.167 0.062
[0.030] [0.030]*** [0.031]**
Constant*Pos 0.196 0.116 0.038
[0.050]*** [0.047]** [0.048]
(ShortageW)"2 0.201 0.032 0.006
[0.015]*** [0.013]** [0.014]
(ShortageW)*2*Pos -0.076
[0.023]***
(ShortageB)"2 -0.006 0.044 -0.022
[0.015] [0.018]** [0.016]
(ShortageB)"2*Pos 0.026
[0.026]
(ShortageK)*2 -0.009 0.033 0.179
[0.013] [0.012]*** [0.013]***
(ShortageK)*2*Pos -0.119
[0.020]***
(ShortageW)*(ShortageB) -0.047 -0.002 -0.013
[0.015]*** [0.013] [0.018]
(ShortageW)*(ShortageK) -0.025 -0.013 0.016
[0.014]* [0.015] [0.014]
(ShortageB)*(ShortageK) 0.036 -0.040 -0.063
[0.018]** [0.014]*** [0.013]***
Constant*Open -0.019 -0.002 -0.017
[0.007]*** [0.006] [0.007]**
Constant*Pos*Open 0.012 -0.007 0.020
[0.009] [0.009] [0.009]**
(ShortageW)"2*Open 0.005
[0.004]
(ShortageW)"2*Pos*Open 0.006
[0.005]
(ShortageB)*2*Open -0.015
[0.003]***
(ShortageB)*2*Pos*Open 0.027
[0.006]***
(ShortageK)*2*Open 0.008
[0.004]**
(ShortageK)*2*Pos*Open -0.008
[0.005]
Observations 4278 4278 4278
Number of id 627 627 627
R-squared 0.33 0.31 0.31

Note: Constant*Pos: Dummy=1 if Shortage is positive. ShortageW. ShortageB.
ShortageK are the shortages for white collar. blue collar and capital. Open is the
annual change in tariff levels. Standard errors in brackets

* significant at 10%; ** significant at 5%; *** significant at 1%
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Table 8

Estimated parametric adjustment functions

Tariff level effect estimation

White collar  Blue collar Capital
adjustment  adjustment adjustment
Constant 0.052 -0.181 0.057
[0.051] [0.047]x** [0.051]
Constant*Pos 0.289 0.778 0.192
[0.080]*** [0.071]x** [0.074]x**
(ShortageW)"2 0.207 0.022 0.009
[0.028]*** [0.012]* [0.013]
(ShortageW)"2*Pos -0.136
[0.044]***
(ShortageB)”2 0.002 0.177 -0.022
[0.015] [0.031]x** [0.015]
(ShortageB)"2*Pos -0.083
[0.047]*
(ShortageK)"2 -0.008 0.026 0.119
[0.013] [0.011]** [0.024]***
(ShortageK)*2*Pos -0.102
[0.035]***
(ShortageW)*(ShortageB) -0.047 -0.012 -0.007
[0.015]*** [0.013] [0.017]
(ShortageW)*(ShortageK) -0.022 -0.010 0.001
[0.013] [0.015] [0.013]
(ShortageB)*(ShortageK) 0.030 -0.056 -0.052
[0.017]* [0.013]*** [0.01193]***
Constant*Tariff 0.00074 0.01419 0.002
[0.002] [0.002]*** [0.002]
Constant*Pos*Tariff -0.006 -0.026 -0.008
[0.003]** [0.002]*** [0.002]***
(ShortageW)"2*Tariff -0.001
[0.001]
(ShortageW)"2*Pos*Tariff 0.002
[0.002]
(ShortageB)*2*Tariff -0.003
[0.001]***
(ShortageB)"2*Pos*Tariff 0.002
[0.002]
(ShortageK)"2*Tariff 0.001
[0.001]*
(ShortageK)"2*Pos*Tariff -0.000
[0.001]
Observations 4507 4507 4507
Number of id 627 627 627
R-squared 0.32 0.34 0.32

Note: Constant*Pos: Dummy=L1 if Shortage is positive. ShortageW. ShortageB.
ShortageK are the shortages for white collar. blue collar and capital. Tariff is
the sector average import tariff. Standard errors in brackets. * significant at
10%; ** significant at 5%; *** significant at 1%
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Figure 1. Average tariff by sector of activity (ISI  C Rev. 2)
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Figure 3. Firms' Outuput Gap
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Figure 5. Adjustment Functions- shortage interactio

ns
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Figure 6. Adjustment Functions — tariff changes
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Figure 7. Adjustment Functions — tariff levels
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