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Abstract

Chapter 1. We simulate numerically a trade model with labor mobility costs
added, modeled in such a way as to generate gross flows in excess of net flows. Ad-
justment to a trade shock can be slow with plausible parameter values. In our base
case, the economy moves 95% of the distance to the new steady state in approxi-
mately eight years. Gross flows have a large effect on this rate of adjustment and on
the normative effects of trade. Announcing and delaying the liberalization can build
— or destroy — a constituency for free trade. We study the conditions under which
these contrasting outcomes occur.

Chapter 2. The effects of trade liberalization depend on the sectoral mobility of
workers. For example, if workers were perfectly mobile they would be unanimous and
if they were immobile they would be split in seeing free trade as good or bad. This
paper provides US estimates of a dynamic longitudinal model of sectoral choice with
mobility costs in an open economy subject to trade shocks. The results suggest that
moving costs are large (more than one year’s wage) and increase with age. We show
that decreased mobility with age can be attributed to both sectoral experience and
age. Therefore, workers’ gains and losses from free trade should be correlated with
their age and experience.

Chapter 3. Parameter estimates from Chapter 2 are used for simulations of the

dynamic model in a general equilibrium framework, that show: 1. Differences in



sectoral mobility of younger versus older workers, 2. The speed with which workers
can find new jobs in other sectors if they lose their jobs because of free trade, 3.
Gradual adjustment of wages and labor in response to a trade shock, and 4. The
welfare effects of a hypothetical trade liberalization in the metal manufacturing sector
(which has been especially vulnerable to trade shocks in the past, the steel industry
in particular). We find that older workers’ distribution of gains and losses from trade
liberalization has a very large variance, while young workers are more unanimous in

seeing trade liberalization as good or bad.
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Chapter 1

Delay and Dynamics in Labor Market Adjustment

Coauthored with Shubham Chaudhuri and John McLaren

1.1 Introduction

Despite its importance, the imperfect mobility of workers within their economy has
usually been ignored in research on international trade. Familiar workhorse models
assume either perfect mobility or (less often) perfect immobility of workers across
sectors.

This paper studies a recent theoretical model that has been designed to address
this gap, by simulating the model numerically to generate answers to questions that
are difficult to resolve analytically. Cameron, Chaudhuri and McLaren (2003) present
a model of a small open economy with workers who face moving costs to switch sectors
or to move geographically within the country. These costs have a common component
and a time-varying idiosyncratic component. Workers must choose their location at
each date, which amounts to a problem of investment under uncertainty with rational

expectations. The presence of the idiosyncratic shocks means that the model produces



gross flows in excess of net flows, gradual adjustment of the economy to a trade shock,
anticipatory adjustment to an expected future shock, and long-run wage differentials
across sectors and locations, all of which are important empirically. Chaudhuri and
McLaren (2003a) studies a simple special case of this model in which there are two
sectors, each in one geographic location. This is essentially a dynamic version of the
familiar Ricardo-Viner model (see Mussa (1975)). Chaudhuri and McLaren (2003b)
study another simple variant with two types of imperfectly mobile worker, skilled and
unskilled, and no other factor of production. This is essentially a dynamic version
of a Heckscher-Ohlin model. Both models show great differences from their static
analogues, even in the steady state. This paper studies properties of the model in
Chaudhuri and McLaren (2003a) (henceforth CM) .

Specifically, we consider an economy initially in a steady state with a tariff that
is then opened to free trade, in two possible ways: first, sudden, unannounced lib-
eralization, and then delayed, pre-announced liberalization. We study the time-path
of the economy’s adjustment, the evolution of wages, and the welfare of workers in
exporting and import-competing sectors. We find that both the positive and the
normative effects of trade can be very different for an anticipated and an unantici-
pated liberalization, and also for different parameter values that yield different levels
of gross flows.

Various approaches have been used to incorporate imperfect labor mobility into

trade models. One approach has been to adapt the convex adjustment cost assumed
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for capital in Mussa (1978) to labor, reinterpreting it perhaps as a retraining cost.
Examples of this are Karp and Thierry (1994) and Dehejia (2003). Another is to
assume that each worker must pay a fixed cost to switch sectors. Examples include
Dixit (1993) and Dixit and Rob (1994) in a dynamic model with stochastic shocks to
labor demand across sectors, and Feenstra and Lewis (1994) in a static model. These
all have in common the property that if labor moves across sectors, it all moves in
the same direction at any one time, or in other words, gross flows are equal to net
flows.

An approach that allows for gross flows in excess of net flows is explored in David-
son, Martin and Matusz (1999) and Davidson and Matusz (2001). This approach is
based on search theory; workers may leave one sector to find a job in another, but
at the cost of temporary unemployment while looking for a vacancy. The approach
pursued in the current paper differs from that series in a variety of ways, but most
crucially it has been designed to be as close as possible to familiar trade models. For
example, Davidson, Martin and Matusz (1999) show that in a model with the usual
sources of comparative advantage shut down, a country can still have gains from trade
due to differences in search technology across countries. In our model, by contrast,
the gains from trade stem from the same sources as in a Ricardo-Viner model.

A major focus of this paper is the effect of delay in trade liberalization, or the
practice of government announcing a future elimination of trade barriers in order

to allow private agents time to adjust. This is a special case of ‘gradualism,” or
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liberalization through scheduled progressive stages, which is an extremely common
practice in real-world trade reform. Mussa (1978) showed that in a neoclassical model
there is no strictly economic argument for gradualism. Staiger (1995) and Bond and
Park (2002) examine different reasons that gradualism can be useful in loosening
incentive-compatibility constraints in bilateral liberalization without commitment.
Dehejia (2003) shows in a labor-rich Heckscher-Ohlin economy with convex moving
costs for labor, gradualism can make the import-competing workers net beneficiaries
from trade reform, instead of net losers. This can make the liberalization politically
feasible, while a ‘shock therapy’ liberalization would have been infeasible. In this
paper, we will explore the Dehejia argument with a different model, one featuring
gross flows, and arrive at quite different results.

The next section lays out the model, the following one some baseline simulations
showing how changes in the moving cost parameters change the economy’s dynamic
adjustment, and the following section studies in detail the possible attractiveness of

delayed liberalization as a way of spreading the benefits of trade more widely.

1.2 The Model

Consider a small open economy that can produce two goods, X and Y. Good Y
is the numeraire, and the price of X is denoted by p. Both goods are produced un-

der competitive conditions with constant-returns-to-scale technology ¢* = Q*(L?, K*),
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where ¢° denotes output in sector i, L and K* denote labor and capital employed in
sector ¢ respectively. Capital in each sector is inelastically supplied, and is specific to
its sector. The total supply of labor in the economy is exogenously given at a value

L, so at all points the adding-up condition for labor must hold:

LX+ LY =1

Workers can move from one sector to another over time, but at each date the supply
of labor to each sector is fixed by location decisions in previous periods. Wages in

each sector adjust to clear the spot market for labor at each date:

pdQ* (LY, K}Y)

oy 0Q (L KY)
! oLY

where a subscript indicates time and 1} is the wage in sector ¢ in period ¢, denominated
in terms of the numeraire.

Workers

All workers discount the future at the common rate § < 1. Workers are infinitely-
lived and risk-neutral. They all have an identical and homothetic utility function,
yielding an indirect utility function given by I/ ¢ (p), where I is income and ¢ (p) is a

consumer price index. The location decisions of workers are characterised as follows.
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In each period, each worker receives an idiosyncratic benefit , 5{ if that worker is in
sector j at the end of the period. We can denote the pair of benefits by , e, = (5@, el )
These benefits are realized from a continuous distribution with probability density
function f and cumulative distribution function F', where F [si] = 0. These shocks
are independently distributed across workers and across time. It is most convenient
to think of these benefits as non-pecuniary. For example, a worker in sector i may
have tired of his/her existing job, and want to switch (indicating a negative &); or
develop a romantic attachment that requires him/her to move to another part of the
country, where the workers current sector does not operate but the other sector does
(indicating a large positive , &/ ).!

There is, then, an idiosyncratic cost to switching sectors, as a worker who leaves
1 in order to enter sector j at time ¢ forgoes the ¢ benefit and reaps the j benefit

instead. This implies an idiosyncratic moving cost of:

i g i
My = & — &

The cdf for this moving cost is derived from F' and denoted G; similarly, the pdf is

!The assumption that the idiosyncratic shocks are iid is, of course, for illustrative purposes and is
not terribly realistic. There are many reasons that the shocks may be serially correlated in the real
world, as when mobility is hampered by the cost of children switching schools, and there are many
reasons the shocks could have different variances. If the example cited above of a worker falling in
love with a worker in another sector were taken literally, that would imply that a positive shock was
more likely to draw the worker to a larger sector than a smaller one, simply because there are more
potential romantic matches in a larger sector. We have chosen to eliminate all of these effects by fiat
in order to concentrate on the questions of greatest concern to us. We are grateful to an anonymous
referee for clarifying our thinking on this.
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denoted g.

In addition to the idiosyncratic moving cost, a worker who changes sectors will
also incur a common cost equal to C' > 0.

Worker optimization

Let V*(L,) stand for the expected utility of a worker in sector 7 at time ¢ (before

learning idiosyncratic shocks ¢, ). Worker optimization implies the Bellman equation:

E\/;Z = wi + F max {61 + BV? (L) ,5i + BV’ (Ley1) — C} )

i
Wi

where 7,7 € {X,Y} and i # j, and w} = ) is the real utility wage. It is easy to see
that at any date ¢ there is a threshold value of pu!, say fii, such that the worker will
stay in ¢ if p! > j¢, and will move to j if ui < pi. Put differently, ! is the net value
of being in j rather than ¢ next period, net of non-idiosyncratic moving costs. This

enables us to write:

g o= BV (L) = VY (L) = €],

g = BV (L) =V (L) - C],

and so

i =—p —2C. (2)
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Using this notation, the Bellman equation becomes:

BV = wi+BEV' (Lyn) + Emax {0, iy — p, )
— w{ 4+ BEV' (L) + Q (1),
~fi

where Q (i) = Emax {0, — p,} = G (5i) fif — | pg () dp is the option value of

—00

worker in sector i. In addition, the law of motion for labor allocations can be written:

Lipn= (1= G () Li + G (1) L4, (4)

since the fraction of workers in i who move to j in any period is equal to G( ).

Thus, the steady-state values of LX and LY are determined by the steady-state
value of jif, which we denote ;1. This, then, determines the steady-state values of
w® and wY as a function of z* through (1), so condition (3) can be used to compute
the steady-state values of V' as a function of ji”, which can then be substituted into
(2) to obtain one equation in one unknown, i”. This, then, allows us to compute the
steady state easily.?

CM derive a number of results. First, in the steady state, the larger sector must
have a higher wage, and the steady-state allocation of labor is in between the Ricardo-

Viner equilibrium and equal division.® In addition, the dynamic equilibrium maxi-

2Tt is easy to see that this steady state is unique. In addition, note that the steady state features
positive gross flows but zero net flows.
3 According to the model there should be a positive correlation in the long run between industry
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mizes the present discounted value of aggregate real revenue net of (common plus
idiosyncratic) moving costs. ( This is the dynamic analogue of the static revenue
function, as used in Dixit and Norman (1980).) The optimization problem can be
implemented as a straightforward dynamic programming problem. Because the value
function is strictly concave, the solution to this optimization problem, and hence
the equilibrium, is unique. This optimization approach could be useful in comput-
ing the equilibrium numerically, although we use a different method in this paper.
A few properties of the equilibrium dynamics are also derived. If trade is suddenly
opened up in an economy that had been closed, the economy adjusts gradually and
monotonically to the new steady state as the import-competing sector shrinks.
Further, if a future opening of trade is credibly announced in advance, labor
begins to reallocate immediately from the import-competing sector in anticipation of
the policy change. This implies that such an announcement will raise wages in the
import-competing sector in advance of the policy change and lower them in the export
sector during the same period. This raises questions regarding the incidence of trade
policy and how it may be affected by delay in liberalization. Under what conditions
are workers in the import-competing sector net beneficiaries of trade? Workers in the
export sector? And how are these welfare effects affected by delay of liberalization of

the type just described?

size and industry average wages. We have confirmed this by calculating the correlation coefficients
between wages and size of industries in the Current Population Survey data. Our results show that
correlation coefficients are positive and significant at more than 95% confidence level for all years
between 1981 to 2000. Details are available from the authors on request.
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A number of local results are derived regarding this in CM, that is, results that are
valid if the world price is close enough to the domestic autarkic price. First, starting
from an autarkic steady state, it is shown that it is possible for all workers to benefit
from a surprise opening of trade (in terms of lifetime expected utility, V*(L;)). It
is also possible for all workers to be hurt, and it is possible for workers initially in
the export sector to benefit and workers in the import-competing sector to be hurt.
(The benefit to export-sector workers always exceeds the benefit to import-competing
workers.) Refer to the first two cases as cases in which workers are ‘unanimous,” and
the last case as one in which workers are ‘split.” In cases in which the workers are
unanimous without delay, delay does nothing to change their minds, but in cases
in which they are split a sufficiently long delay will guarantee unanimity. However,
it could be a pro-trade or an anti-trade unanimity. CM derive a condition that
determines which of the two cases occurs, in the local case. It essentially says that
if export-sector labor demand is responsive enough compared to import-competing-
sector labor demand, delay leads to pro-trade unanimity, and otherwise it leads to an
anti-trade unanimity. In this paper, we explore these questions numerically to try to
quantify these effects and to map out the portions of the parameter space in which
these outcomes occur without relying on the assumption of the nearness of the world

price to the autarkic price.
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1.3 Parameters and simulation method

We will study an economy that is initially in a steady state with a tariff, but
then has the tariff removed either abruptly or with some warning. Here we will lay
out the functional form and parameter assumptions and the method for computing
equilibrium responses to these policy changes.

The economy has 1 unit of specific capital in each of the two sectors and 2 units
of labor in total. We adopt the following functional-form assumptions. Production

functions are of the constant-elasticity-of-substitution (CES) variety:

Q' (Li,KZ) _ (2—1/pi) [(Li)pi 4 (Kz)pi}l/m if p, # 0, and

— (L) (K)"? otherwise,

wherep; € (—00,1) is a parameter. The elasticity of substitution between labor and
capital in sector i is then o; = 1/ (1 — p,). Note that the production functions have
been normalized so that regardless of the elasticity of substitution chosen, the unit
isoquant will always go through the point (1,1). Preferences are given by the Cobb-
Douglas utility function U (C’X , C’Y) = (C’X CY) Y 2, where C? represents consumption
of good i, yielding the indirect utility function I/ (p*p") Y ? where pX and p¥ are the
product prices and [ is income. Given that Y is the numeraire, the indirect utility

function becomes:

1/¢(p)
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for given income I and price p for good X, where ¢ the consumer price index is given
by ¢ (p) = p'/.

It is straightforward to see that as a result of these production and consumption
assumptions the value p = 1 is always the steady-state equilibrium price in autarky,
regardless of the substitution elasticities, with equal wages in the two sectors (equal
to %) and an equal division of labor between the sectors. This is a useful benchmark.
We will assume that the world relative price of X is p"¥ = 0.7, and that before the
liberalization the tariff is set just high enough that the domestic relative price is
equal to unity (an ad valorem rate of approximately 43 per cent). In other words, the
government has imposed the minimal prohibitive tariff. This makes for a convenient
thought experiment, because it facilitates easy comparison of the pre-liberalization
situation across different parameter values. Note that since the autarkic relative price
of X exceeds the corresponding world price, the economy exports Y.

We assume that the , €/ ’s have the extreme-value distribution, with cumulative

distribution function

F(g) = exp(—exp(—¢/v —7)),

where v = 0.5772 is Eulers constant. The means of ¢ is then zero, and its variance
is then equal to (72v?) /6 (Patel, Kapadia, and Owen (1976, p.35)). It can be shown

that in this case

_exp (p/v)
G = T e (/)
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and that

(1) = vlog (1 + exp (u/v))

(Derivations are available from the authors on request.)

The trade liberalization proceeds as follows. Suppose that the economy is in a
steady state with tariff at date ¢ = 0, and then it is announced that at date 7" > 0
and from that date forward, free trade will prevail. Thus, we have p; = 1 for ¢t < T,
and p, = p" for t > T. If T = 0, this simply means simulating forward adjustment
under free trade from a starting point of LX = LY = 1, otherwise we simulate an
anticipatory adjustment.

We compute equilibrium by the following method. First, use steady-state versions
of (1), (2), (3) and (4) to compute the free-trade steady state. Next, choose a value
for 799, say, T°% = 30, and conjecture that the system will come to within a given
tolerance level of the steady state by date 7°°. Then, for each date from t = 0
to T°9, we conjecture a value z;¥ for VX(L; + 1) and a value z} for VY (L, + 1).
Denote these vectors by 27 = {zi } for j = X,Y. By (2), these values can be used to
calculate the implied values of and for t = 0 to 7°. This then, through (4), implies
a time path for L¥ for t = 0 to T°%, starting from L* = LY = 1, which, then,
by (1), implies a time path for wages from t = 1 to T°% + 1. (Of course, in using
(1), we substitute in the current value of p t at each date.) The nominal wages are

then converted to real wages using the consumer price index ¢(p;). We then use the
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workers’ Bellman equation (3) to compute updated values Z7 of the vectors z/ . Thus,
we set 2 = w{H + Q(ﬂfﬂ) + ﬁzfﬂ for t = 0 to 7% — 1, and using the assumption
that the system is in steady state by date 7°°, we set Z;SS = w%ss —I—Q([Hfss) +6z§ss.
We then compare {ZX , zY} to {2X , ZY} and if they match to within our convergence
tolerance, we stop, otherwise the process is repeated with an updated initial guess.
We then confirm that the system is within our tolerance of steady state by date 7°°7;
if not, a higher value of 7°° is chosen and we start the algorithm from the beginning.
This algorithm is similar to the multiple-shooting technique of Lipton et. al. (1982).
Program code and details are available from the authors on request. The process
converges quickly to a high degree of precision.

Once the equilibrium transition path has been computed, it is straightforward
to compute the welfare of a worker currently in sector ¢ at the date of the policy
announcement as Y ;o 3° (wi + Q ((1i')).* We compare this to the utility of a worker in
the tariff-affected steady-state (3 + Q ((—C)) / (1 — ), to evaluate whether the given
worker is made better or worse off by the announced policy. The welfare of owners of
fixed factors can be computed in analogous fashion, as the present discounted value
of their marginal products, deflated by the consumer price index. We set 5 equal to

0.97, which seems reasonable for an annual discount factor and allows us to interpret

4There will be no tariff revenues in the initial steady state, because there will be no imports.
There will certainly be no tariff revenues after the tariff has been eliminated. In between, there will
generally be positive tariff revenue. In order to work out who the net gainers from trade are, we
need to make an arbitrary assumption about how the government disposes of the tariff revenue. We
assume that all of these revenues are captured by the owners of the fixed factors, conjecturing that
alternative assumptions would not make much difference to the results.
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the ‘periods’ in our simulations as ‘years.’

It should be noted that our focus is on workers, so we ignore the welfare effects on
specific factors. Given that this is a rational-expectations economy with no externali-
ties, total welfare is always higher with trade than under autarky, so if worker welfare
declines as a result of trade, there is necessarily a corresponding and larger increase
in the welfare of specific factors as a whole. Further, it is straightforward to confirm
that in these simulations the welfare of owners of import-competing specific factors
is always lowered by trade, with the opposite effect on owners of factors specific to
the export sector.

To sum up, the fixed parameters are f = 0.97;KX = KY = 1; L = 2; and
pfT = 0.7. The pre-liberalization relative price is equal to unity. The free parameters
are the two substitution elasticities 0 and ¢¥; the parameter v that governs the
variance of idiosyncratic shocks; the common value of moving costs, C; and T, the
length of delay in trade liberalization. We will now show two sets of simulation
results: One to study the dynamics of some base-case liberalizations, and show the

effect of the idiosyncratic variance parameter v, and then a second set to identify the

conditions under which delay can improve the distributional effects of liberalization.

1.4 Dynamics in base case simulations

We need to choose values of C' and v for a base case simulation. We turn to esti-
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mates in Chapter 2, where a similar model is estimated with data from the National
Longitudinal Study of Youth. For the base case in those estimations, the moving cost
is between two and three times average annual wages, so we will set C' equal to 1.0
for the base case (recalling that steady-state wages before liberalization are equal to
0.5 in each sector). This is, of course, a high value. In interpreting these parameters,
it should be kept in mind that the inertia in labor flows exhibited in the data reflects
the full costs of moving, psychic as well as pecuniary, plus any unmodelled frictions
that may impede movement. We also contrast the base case with simulations based
on a much lower moving cost, with C' = 0.33. In both cases, we set v so that the
steady-state rate of gross flows with the tariff is approximately equal to 4 per cent
per year.” Thus, in the Benchmark Case we have C' = 1 and v = 0.31, and in the
Low-Cost Case we have C' = 0.33 and v = 0.10.

Figure 1.1 shows the time path of X —sector employment L under four situations,
a sudden removal of the tariff at date 0 for the Benchmark and Low-Cost cases, and an
announcement at date 0 that the tariff will be removed at date 10 for the Benchmark
and the Low-Cost cases.

Note that the adjustments for both delayed and sudden liberalization cases are
gradual, as in each period import-competing workers who have high current moving

costs wait to see if their moving costs will be more favorable in the near future. In

SRecalling that in the tariff-affected steady state, wages are equalized across the sectors, % =

Y = —C, and so gross flows are equal to G(—C) in both sectors, which takes a value of about 4

per cent per year with C' =1 and v = 0.31.
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the case of the surprise liberalization with Benchmark parameters, it takes about 8
years for the economy to move 95% of the distance to the new steady state, while
in the case of delayed liberalization the adjustment is even slower. This suggests a
possible problem for application of steady state models to data, unless one is willing
to assume that trade shocks occur very infrequently.

Note as well that in the case of delayed liberalization, workers begin to move at
the date of the policy announcement, as import-competing workers who have very
low current moving costs take advantage of them rather than risk being stuck with
high moving costs later. In fact, more than three quarters of the adjustment occurs
before the policy change. This suggests a possible problem for empirical approaches
that are based on comparison of sectoral employment before and after the elimination
of the tariff.

In the event of a sudden liberalization, X — sector real wages drop immediately
and gradually climb as labor leaves the sector (Figure 1.2, broken line), while Y-sector
real wages jump up due to the reduced cost of living, then gradually fall as workers
enter the sector (Figure 1.3, broken line). The steady-state wage is slightly higher for
workers in the export sector (0.520) than for workers in the import-competing sector
(0.508). For all of these reasons, the Y workers benefit more from the liberalization
than the X workers do, although welfare of workers in both sectors rises when the
liberalization is announced (by about 1.7% for import-competing workers and 3.7%

for export workers).
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On the other hand, in the event of delayed liberalization, the X — sector wage
begins to rise during the interval between announcement and actual removal of the
tariff, as workers leave the sector in anticipation (Figure 1.2, solid line). The wage
drops abruptly when the tariff is removed. At the same time, the wage in the export
sector is pushed down as workers enter, and jumps up abruptly when the tariff is
removed (Figure 1.3, solid line). As a result, the net benefit to import-competing
workers is greater, and the net benefit to export workers is less, than in the case
with no delay. In this case, both groups of worker now see a rise in welfare from the
liberalization of about 2%. Thus, this is a case in which delay unifies workers in favor
of free trade.

For the Low-Cost case, the adjustment of workers is faster than in the Benchmark
case (see Figure 1.1). However, note that in the case of delay, the bulk of the labor
adjustment takes place close to the actual trade liberalization date rather than right
after the announcement date. In the limit with zero moving costs, the model would
imitate a static Ricado-Viner model.

In the last two cases examined in this section, we vary v, holding C' = 1.0, in
order to see how important idiosyncratic shocks and gross flows are to the system’s
dynamics. In general, the higher is v, the more important are idiosyncratic shocks
and the larger will be gross flows. Here, we consider a ‘high variance case,” in which
2, and therefore the idiosyncratic variance, is ten times what it was in the base case;

and a ‘low variance case,” in which the idiosyncratic variance is one-tenth what it
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was in the base case.® As can be seen from Figure 1.4, in the high variance case the
new steady-state employment in X is only 15% less than that in the old steady state,
compared with 32% in the benchmark case. The reason is that in the high variance
case idiosyncratic non-pecuniary factors are much more important to workers relative
to wages than was the case in the benchmark case. Thus, the supply side of the
economy responds less vigourously to price signals, in the short and long runs. As
a consequence, wages do most of the adjustment, and indeed, in this case without
delay real import-competing wages fall, in the short run and the long run, while
export sector wages do the opposite.

Thus, we see a paradoxical result: Although the high-variance case is a case with
very high labor mobility,” in the aggregate it looks like a model with very unresponsive
labor adjustment, with labor quantities moving very little even in the long run, and
wages absorbing the brunt of the effect of trade liberalization. Casual interpretation
without taking gross flows into account would suggest that import-competing workers
are hurt by the liberalization while export-sector workers benefit, but in fact both
groups of worker benefit, even without delay in the tariff removal. The reason is that
with such high rates of gross flow, workers do not think of themselves as attached
to their current sector, and are cheered by news of higher wages in the other sector

because they know that they will likely spend time in that sector soon.

6The high-variance case has v = 0.94, and the low-variance case has v = 0.10.
"Gross flows in the tariff-affected steady state are equal to G(—1) =2 26% per year with v = 0.94.
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By contrast, in the low-variance case the economy is sluggish but has more real-
location in the steady state; once again, see Figure 1.4. In the low-variance case, the
economy achieves 95% of its adjustment in 31 years, while in the high-variance case
it takes only 3 years. In the high variance case with delay, 61% of the adjustment
is completed by the date the tariff is removed, while in the low variance case 39% is
completed by that date.

A surprising fact about long-run wages emerges from the low-variance case. The
long-run wage the export sector is 0.517, while in the import-competing sector it is
0.513. Thus, the long-run wage differential between the two sectors is much narrower
than it is in the other two parametric cases, despite the sluggishness of labor move-
ments. This is an illustration of a general result shown in Cameron, Chaudhuri, and
McLaren (2003), that as the idiosyncratic variance becomes vanishingly small, the
long-run wage differential across sectors also becomes vanishingly small (even if C'
does not become small itself). The point is that although labor adjustment is very
sluggish, the long run elasticity of intersectoral labor supply with respect to wage
differentials is very large when the idiosyncratic variance is small. Thus, even though
this is a model with very low mobility of labor,® if one focusses on steady state wage
differentials, one may be deceived into thinking it is a model with a very high de-

gree of mobility; the steady state is close to the equilibrium of a static frictionless

8Gross flows in the tariff-affected steady state are equal to G(—1.0) =2 7 x 10~° per year with
v = 0.10.
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model. At the same time, obviously, because adjustment is slow, the steady state is
not sufficient for welfare analysis.

A final point about all three cases is that the short run behaviour of wages is
very different from the long-run behaviour. In each case, with an unannounced tariff
removal, the real wage in the import-competing sector falls on impact, and the wage
in the export sector rises. However, as we have seen in the discussion of the results,
this is very different from the behaviour both of long-run wages and of worker welfare.
For example, for the benchmark and low variance cases the long run wage is higher
for import-competing workers than the original steady state wage, and in the high-
variance case, although import-competing wages never recover, the import-competing
workers are better off. As a result, results from an empirical approach focussed only on
comparing wages in the two sectors immediately before and after the tariff reduction

must be interpreted with care.

1.5 Delay and Worker Unity.

A point that emerges from the simulations above is that delaying the liberalization
tends to increase the gains (or reduce the losses) to import-competing workers, by
temporarily raising their wage, and tends to reduce the gains (or increase the losses)
to export workers, by temporarily lowering their wages. This can have important

effects on the pattern of net beneficiaries from the liberalization. In particular, in
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cases in which import-competing workers would have been opposed to an immediate
liberalization, it is possible that a delayed liberalization would unite all workers, either
in favor of or in opposition to free trade. In this section, we examine this argument
in more detail.

In CM, it is shown that locally the determinant of whether delay will tend to unite
workers in favor of or in opposition to free trade is the relative long-run responsiveness
of X— and Y — sector output to a change in total labor supply. Essentially, if the
demand for labor in the import-competing sector is very inelastic, delay will unite
workers in favor of trade, while if the demand for labor in the export sector is very
inelastic, delay will unite workers against trade. A natural way to parametrize this is
by varying the sectoral elasticities of factor substitution o(X) and o(Y). Of course,
if o (i) is close to zero, then the output response of sector i must be close to zero, and
the higher is the elasticity the better the sector would be able to absorb and make
use of additional supplies of labor.

We have performed the following experiment. For each point in a grid of (¢(X), o (Y"))
values ranging between 0 and 5, we have solved and simulated the model for 7' = 0,
in other words, for an unannounced immediate tariff removal. All other parameters
are as in the base case of the previous section. Figure 1.5 represents the grid, with
o(X) measured along the horizontal axis and o(Y') along the vertical. If the welfare
of workers in both sectors increases as a result of the removal, we record this in Figure

1.5 as a point for which ‘Sudden liberalization benefits all workers.” If the welfare of
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workers in both sectors falls, we record the point as one for which ‘Sudden liberal-
ization hurts all workers.” On the other hand, if the workers are split, meaning that
export workers benefit from the liberalization while import-competing workers are
hurt, then we solve the model again for T" = 1, or a one-period delay. If this policy
brings about an increase in welfare (measured at the announcement date ¢t = 0) for
workers in both sectors, we record that point as one for which ‘Delayed liberalization
benefits all workers.” If the workers are still split, we add 1 to 7" and repeat. If all
workers are hurt by the delayed liberalization, then we record the point in the figure
accordingly.

In other words, we search for the minimal delay required to achieve unanimity
among the workers regarding their support for free trade.

Note that if o(X) is low enough, then all workers will benefit from free trade
even if it is sprung by surprise, as reflected in the fact that the ‘Sudden liberalization
benefits all workers’ region lies against the vertical axis. This is because free trade will
raise the demand for export-sector workers; if labor demand in the import-competing
sector is very inelastic (as would be the case with Leontieff technology), this will
result in a sharp increase in import-competing sector wages, which will dominate
other effects. Similarly, if o(Y") is low enough, then all workers will be hurt by free
trade if it is sprung by surprise, as reflected in the fact that the ‘Sudden liberalization
hurts all workers’ region lies against the horizontal axis. This is because free trade

will lower the demand for import-competing-sector workers; if labor demand in the
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export sector is very inelastic, this will result in a sharp decrease in export-sector
wages, which will dominate other effects. It is the region in between in which the
workers are split.

A broken line divides that region of worker disunity into two sections. The section
above the broken line contains parameter values for which a sufficient delay makes
all workers net beneficiaries from liberalization. For these points, labor demand in
the import-competing sector is sufficiently inelastic relative to the export sector that
the rise in import-competing wages during the period of anticipation is the dominant
effect, converting import-competing workers into net beneficiaries of the process. The
section below the broken line contains parameter values for which a sufficient delay
makes all workers net losers from liberalization. This is the paradoxical case in which
giving private agents time to adjust to the new trade regime unites all workers in
opposition to free trade. For these points, labor demand in the export sector is
sufficiently inelastic relative to the export sector that the fall in export sector wages
during the period of anticipation is the dominant effect, converting export workers
into net victims of the process.

Thus, in contrast to Dehejia (2003), we find that the use of delay to soften po-
litical resistance to liberalization is rather treacherous. In this framework, it creates
constituencies for liberalization only in a small portion of the parameter space, which
is right adjacent to a portion of the parameter space where delay destroys constituen-

cies for liberalization. There are a number of key differences between our model and
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Dehejia’s: for example, we examine delayed liberalization, rather than gradualism;
our model of adjustment costs allows for gross flows and long-run wage differentials,
while his does not. However, the difference that is most likely salient for understand-
ing this contrast in results is the underlying structure of the economy (see Chaudhuri
and McLaren (20003a) for a formal analysis of this in the case of the present model).
Dehejia’s is a labor-rich Heckscher-Ohlin model with added adjustment costs; in the
absence of adjustment costs, workers would gain from liberalization unambiguously.
Our model is a specific-factors model with added adjustment costs; in the absence of
adjustment costs, workers can gain or lose from trade depending on parameters. For
example, in the limit, as the elasticity of substitution between capital and labor in
the export sector becomes very low, workers will be unambiguously hurt (in effect,
labor demand in the import-competing sector falls, while labor demand in the export
sector is unchanged). On the other hand, if the elasticity is very low in the import-
competing sector, workers will unambiguously benefit (labor demand in the export
sector rises, while labor demand in the import-competing sector is unchanged). See
Mussa (1974)) for a full discussion of the static model.

These forces at work in the static model also drive the direction of workers’ welfare
effects in the case of delay. We conjecture that, for the same reasons, in a capital-rich
version of the Dehejia model, we would find workers unanimous in opposition to a
gradual trade liberalization, for the same reasons.

The minimum delay required to achieve worker unanimity varies widely over the
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parameter space, and is plotted in the shark’s fin diagram of Figure 1.6. The hori-
zontal axes measure the elasticities of substitution in the two sectors, and the vertical
axis measures the number of periods of delay required to reach unanimity. The flat
water surrounding the fin shows the zero delay required to achieve unanimity either
for or against trade if one sector has a much lower elasticity than the other. The
face of the fin facing the o(X) axis corresponds to the points in Figure 1.5 for which
delayed liberalization hurts all workers, and the other face corresponds to the points
for which delayed liberalization benefits all workers. The ridge joining the two faces
corresponds to the points along the broken curve in Figure 1.5.

Not surprisingly, the points near the regions in which workers are unanimous
without delay are the ones for which the shortest delay is required. As we move
farther from those boundaries, the delay required becomes longer, thus reducing the
aggregate benefit from liberalization. Thus, delay is most attractive the closer the
economy is to the upper solid curve in Figure 1.5 (while still being below it). It
is least attractive near the broken curve in Figure 1.5, where not only is a very
long delay necessary to win the support of import-competing workers, but a small
perturbation in parameter values would lead to the paradoxical case in which the
support of export workers would be destroyed. Thus, if there was any uncertainty
about parameter values, the delay strategy could be very risky.

A fuller analysis of policy options would include the possibility of compensatory

transfers or direct labor market interventions rather than, or in addition to, delay.
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Such policies are studied in detail in Feenstra and Lewis (1994) and Davidson and
Matusz (2002). It seems sensible to speculate that delay would be more attractive
relative to those other options the closer the parameters are to the upper solid curve.

However, analysis of this question is beyond the scope of this paper.

1.6 Conclusion.

We have studied numerical simulations of a standard trade model with labor
mobility costs added, modeled in such a way as to generate gross flows in excess of
net flows. Major conclusions can be summarized as follows.

(1) Adjustment to a trade shock can take a long time with plausible values of
parameter values. In our base case, for the economy to move 95% of the distance to
the new steady state took approximately eight years.

(2) Gross flows matter a great deal. In our model version with high gross flows (the
‘high variance’ model of Section 4), there was very little net movement of workers,
so trade liberalization resulted in a sharp rise in wage in the one sector and a sharp
drop in the other in the short run and in the long one. However, because of the high
mobility of workers, actual welfare of workers even in the import-competing sector
rose. On the other hand, with low gross flows (the ‘low variance’ model), long-run
net movement of workers is large, but the adjustment takes more than 40 years.

Thus, empirical estimates of the parameters that govern rates of gross flow would be
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valuable in studying hypothetical policy changes through simulation.

(3) Announcing and delaying the liberalization can build a constituency for free
trade, but it can also destroy one. We have studied the conditions under which these
two different outcomes occur.

In addition, we have shown how equilibrium in this model can be computed and

a variety of policy experiments simulated.
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Chapter 2

Intergenerational Effects of Trade Liberalization: Structural

Estimation of a Dynamic Model of Labor Mobility

2.1 Introduction

In order to analyze the welfare effects of trade liberalization, it is crucial to know
how mobile workers are. If all workers were assumed to be perfectly mobile across
sectors, then all of them would be unanimously better off or worse off after the liber-
alization. If all workers are absolutely immobile, then there would be clearly distinct
winners and losers from free trade. In reality, mobility costs probably lie between
these two extremes and vary across groups. One important source of variation has
to do with the age of affected workers. In this paper, I analyze how trade liberaliza-
tion affects younger and older workers using estimates from a dynamic sectoral choice
model with intersectoral mobility costs. The model includes a careful modelling of
labor markets in a way similar to the labor economics models. However, my primary
objective is to study crucial questions about the welfare effects of trade policy that
could not be investigated otherwise. I will use estimates of labor mobility parameters

from this chapter for calibration purposes in the next chapter. There I simulate a hy-
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pothetical trade liberalization in the metal manufacturing industry using calibrated
labor demand equation parameters in addition to the estimates of the structural ones.
I compute the speed with which workers can find new jobs in other sectors and the
overall welfare effects on younger and older workers. Therefore, the structural model
that will be introduced in this chapter will be less complicated compared to other
labor mobility models since the main purpose will be to obtain parameter values for
the general equilibrium simulations.

Although it has been discussed in the popular media, the intergenerational effects
of trade liberalization have not been explored previously by economists. For example,
according to opinion polls conducted in 2002 by the Pew Global Attitudes Project,
older people in 36 out of 44 countries surveyed, including the USA, are less enthusiastic
about free trade compared to the young.’ In this research, the attitudes of younger
and older workers towards free trade are explained by mobility differences. Older
workers, who are less mobile compared to the young, should be more divided in
seeing free trade as good or bad depending on their sector.

Unlike this research, most studies of the distributional effect of trade focus on sta-

tic models without mobility costs. I prefer to use a dynamic model because limited

9Countries where young workers are more enthusiastic about increasing trade with other coun-
tries: Angola, Argentina, Bangladesh, Bolivia, Brazil, Bulgaria, Canada, China, Czech Republic,
Egypt, Germany, Ghana, Great Britain, India, Indonesia, Italy, Ivory Coast, Japan, Jordan, Kenya,
Mexico, Nigeria, Peru, Philippines, Poland, Russia, Senegal, Slovak Republic, South Africa, Tanza-
nia, Turkey, Ukraine, United States, Uzbekistan, Venezuela, Vietnam. In the following 8 countries
the opposite is observed: France, Guatemala, Honduras, South Korea, Mali, Pakistan, Uganda,
Lebanon.
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worker mobility implies gradual adjustment after trade liberalization, causing long
run and short run effects to differ. The importance of mobility costs and gradual
adjustment was recently emphasized by Cameron, Chaudhuri and McLaren (2002)
(henceforth CCL). They illustrate this importance with a dynamic model of labor
mobility, where workers choose a sector by considering idiosyncratic random moving
costs and average wages. The Keane and Wolpin (1997) model from the labor eco-
nomics literature (henceforth KW) is also relevant, since it is an occupational choice
model where workers choose between blue collar or white collar occupations, going to
school, or staying at home. KW model how workers, who are heterogeneous, accumu-
late occupation-specific human capital. In this work, I extend previous international
trade research by incorporating human capital accumulation and heterogeneous work-
ers similar to KW. Unlike them, I focus on sectoral choice because sectors, rather than
occupations, are directly affected by trade policy.

Most of the previous research, such as Borjas and Rosen (1980), attributed de-
creases in mobility with age to increases in wages with tenure. The decrease in
mobility with age can be attributed to specific human capital as in Topel (1991), bet-
ter job match as in Jovanovic (1979) or implicit contracts as in Lazear (1979). Groot
and Verberne (1997) suggested that the decrease in mobility with age can be partially
attributed to non-financial reasons as well. Mortensen and Neumann (1989) reported
that roughly 30% of inter-firm transitions involve a worker voluntarily moving to a

firm offering a lower wage than his current job, suggesting that unobservable factors
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contribute significantly to labor mobility; these might be dominating pecuniary fac-
tors. Consistent with previous research, there are three factors in the model that cause
mobility differences: first, sector-specific experience increases wages so older workers
lose more if they quit their sector; second, workers face a non-pecuniary moving cost
with a component that increases with age; third, the time horizon for older workers
is shorter than for younger ones, which mutes both positive and negative effects of
free trade.

In the model I focus on workers who differ by sectoral experience and by mar-
ket experience. As workers get older, their market experience (defined as age minus
schooling) increases. Sectoral experience (defined as number of years spent in the
current sector) is also positively correlated with age, however it is endogenous in the
model, unlike market experience. In the simulations, I will also consider retired work-
ers with a fixed endowment who only care about prices and their purchasing power.
Workers choose among five aggregate sectors (Agriculture/Construction, Manufac-
turing, Metal, Service, Trade) or “stay at home” considering wage offers, preference
shocks and mobility costs. I estimate different versions of the model with alternative
simplifying assumptions to show which modifications are most important, such as
serially correlated preference shocks and a log-linear wage equation. As far as I know,
exploring these alternative models of intersectoral mobility represents a contribution
to the labor literature as well as the trade literature.

Previous literature on displaced workers is relevant, but very different in terms of
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formulating research questions. Studies on displaced workers analyze the wage effects
of displacement on workers who lose their jobs mostly because of free trade. There
are two major differences between them and my study: first, I look at welfare effects
rather than wage effects; second, with a general equilibrium approach I can analyze
the effect of trade liberalization in metal sector on other sector workers as well. 1
recognize that most of the studies on displaced workers formulate more sophisticated
wage tenure profiles, since they are partial equilibrium models unbounded by the size
of state space.

The estimates show that the monetary equivalent of workers’ costs of changing
sector is more than one year’s average real wage. The calculated cost includes all
monetary and psychological costs except a possible wage decrease. In addition, the
non-random component of the moving cost increases rapidly with age, reducing the
mobility of older workers. Experienced workers with sector-specific human capital
will incur an additional wage drop.

I use a method which can be described as a combination of multinomial logit
and numerical integration to estimate the basic version of my model. For more
complicated versions, such as the case of serially correlated shocks, I use the Indirect
Inference method introduced by Smith (1993) and Keane and Smith (2003).

In the next section, the basic model and its variations will be described. In the
third section, the data set will be briefly analyzed. The fourth section will present

the estimation results. The fifth section will discuss the simulation results and its
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economic implications. Detailed explanations of the solution methods are available

in the appendix.

2.2 Models

In this section, I will present the basic estimation model with linear wage equation
and iid preference shocks. Then I will discuss extensions which simplify the state
space in certain ways that allow me to explore log linear wage equation and serially
correlated preference shocks.

2.2.1 Basic Model

Assume that there are 6 sectors'® in the economy with a total of N workers.
Workers choose a sector in which to work in each period. If a worker indexed by n

decides to work in sector 7 then dj = ¢ where

4" e {1,2,3,4,5,6) . (5)

I will define the sectors below. A worker, n, receives wage w? from working in sector

107, Agriculture, Construction and Mining, 2. Manufacturing except Metal, 3. Metal, 4. Ser-
vice {Transportation, Public Utilities, Communication, Finance, Insurance, Real Estate, Repair,
Personal, Entertainment, Professional Service, Public,etc.} 5. Trade {Wholesale and Retail}. 6.
Staying at Home.
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i, with the wage equation!! given by

R = ¢, + ¢y HighSch™ + ¢,College™ + ¢p,SecExp! + ¢ps MktExp} + 2", (6)

-
. w ,
ne t1ni
wy = T

hi

where 17" is the human capital level for individual n, @} is the average wage in sector 4
and h! is the average human capital level in the sector, 27 is a mean-zero random shock
distributed "normal" with variance o2, SecExp is the sector specific experience,'?
and MktExp} is market experience (defined as age minus schooling). The workers
who stay at home do not receive any wage, w® = 0. See the Appendix for details
on deriving the wage equation. Different from KW, I assume that all sector specific
experience is lost if a worker changes her sector. Even if she returns to her initial
sector she has to start over from zero sectoral experience. Without this assumption

the state space would be extremely large.!® Attending high school as final degree is

denoted as HighSch and college is denoted as College.'* Sectoral experience evolves

11 Although my formulation of the wage equations is different from the previous literature it yield
to a wage tenure profile consistint with the previous literature, such as Topel (1991).

12Neal (1995) shows that firm specific experience contributes little to the observed slope of wage
tenure profiles when sectoral experience is accounted for.

13In the next subsections, I improve the model from other aspects such as time persistent preference
shocks, which also makes the state space large. It would be infeasible to consider complicated history
of choices, as in KW, and time persistent shocks at the same time.

141n the next version, I will consider different returns for schooling for different sectors, which will
increase the number of parameters to estimate. Note that these options are mutually exclusive since
they are defined as final degree. Unlike KW, I do not model how workers decide how much schooling
to obtain, therefore I do not use individuals who did not complete their education to prevent bias
in the estimation.
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as

if d’ = d', = SecExp!" = SecExp}" | + 1,

else if df # d', = SecExp}" = 0.

In addition to the wage, each worker n receives an idiosyncratic random utility u},
and a fixed utility v from working in sector i. Hence the total utility of being in
sector 1, is

Uy (se) = wy (57, 2') + 0" + 4, (7)

where wage, w! (s7,2') is a function of the state variables and a random shock for

the worker. The state vector s; depends on education and experience such that
ndy !
s¢ = |d}y HighSch™ College"” SecExp, s Mk:tExp?] . (8)

The fixed utility ©' is the same for all workers in an industry while the random
variables 2" and u}' vary across workers.!> Linearity of components of the utility
function ensures agents will be risk neutral so that I do not need to model savings. I

assume that random component of utility, u}”, is distributed as "extreme value" with

15T incorporated random effects to the model in another version which increases the state space
significantly. The new version of the model is currently being estimated, and the results will be
presented in the next version of the paper.
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variance o2:

uf' ~ BV (0,04), (9)

2"~ N(0,0.).

Workers will incur a moving cost, C, if they change their sectors, so % i+1 > ()
if dp # dp,; and C% %1 =0 if d? = d,. In this version of the model I will include
"Staying at Home" as a non-market sector and assume that it is costless to chose the
non-market sector, so % 4i+1 = ( if a worker chooses to stay at home in period ¢ 4 1.

I model the moving cost as a linear function of age'®:

CHT (s7) = 0, if dff = d},, or dyq = 6, (10)

else C% % (s7) = Cop+ C) (Agel — 14).

The utility and costs associated with each option are summarized in Table 2.1.
All workers are expected to live for a fixed amount of time, 7. Hence the objective

of an individual for any time ¢t = 1, ..., T is to maximize her present discounted total

16For estimation and simulation purposes we assume that the linear increase in the non-pecuniary
moving cost, C, stops after the age of 32. We found that this assumption is consistent with the
implied probabilities of sector change for different age groups from CPS. See the data section (2.3)
for more details.
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utility as in Bellman (1957):
Vi (s7) = max (Vj (s7) (11)
where sector (alternative) specific value functions are:

Vti (S?v u?’ Zf) = Uti (S?7 u?? zgl) + Emjaxﬁ {V;]-i-l (St+1|3t) - Oi’j (5?)} ’ (12)

= U/ (st up, 20) + B (s7) + BEw:Vigy (581w, 251) 5
for all periods except T', and
Vr (s, u, 2p) = U (s, up, 27)

for the last period, where 3 is the discount factor. Thus I can write the option value

of moving as

% (s7) = Eu,- (mjax {V;]-H (sters upins 2t) — Vi (st upns 20) — €™ (s7) ) ’3?) )
(13)
and can be calculated numerically. For further discussion refer to the appendix.
Timing:
At any given time period ¢ the order of events for a worker is as follows: 1. Pays

the moving cost C' > 0 if her previous sector is different. 2. Works and enjoys her
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1. y o 5 . . . 6
utility: wp + o'+, 3. Learns the next period’s random shocks {27, u;7, o 4

Chooses her sector. 5. Enters the next period ¢ + 1 and repeats steps 1-5 for ¢ + 1.

2.2.2 Simplified Benchmark Model
In this version (Model 2.2.2) and later versions (Models 2.2.3, 2.2.4 and 2.2.5) I

assume that the moving cost is constant

Ot dia (5?) = 0,if d? = dlla (14)

dpd, (ony
else C% %+ (s7) = (.

So (10) is replaced with (14) and workers are not allowed to choose "Staying at

Home." Therefore,

dr € {1,2,3,4,5}, (15)

and the decision set (5) is replaced with (15). The wage equation is given as:

Wi = W, + ¢; + g HighSch" + ¢5College™ + ¢ SecExp} + ¢ps Mkt Exp) + 2. (16)

instead of (6) where

uf' o~ EV(0,04), (17)

2"~ EV(0,0.).
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All other equations are the same. These assumptions decrease the size of state space
and allow me to work on other extensions in Models 2.3-2.5. Comparing those ex-
tensions to Model 2.2 will show how different assumptions about the structure of
the model and the error terms change the estimates. This version also serves as the
auxiliary model for Indirect Inference estimations of Models 2.3-2.4.

2.2.3 Log Linear Wage Equation Model

Wage equations are log linear by convention, as in the Mincer (1958) wage equa-
tion, not linear as I assumed in the Basic Model. I extended the benchmark model
(Model 2.2.2) by converting the wage equation to a log linear form and considering a

normal error term instead of "extreme value,"

log w} = log w! + ¢, + ¢y HighSch™ + ¢;College™ + ¢,SecExp! + ¢ps Mkt Exp] + 2™,
(18)

where 27" is a iid normal shock with mean zero,

u ~ EV(0,0,), (19)

Z;u ~ N(Oaaz)7

Therefore equation (16) is replaced with (18) and (9) is replaced with (19). The
model is otherwise identical to the benchmark (Model 2.2.2). I find that assuming a

log-linear model does not help with estimating the moving costs and is much more
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time consuming to estimate. Thus I conclude that assuming linearity in the model
does not cause noticeable bias. I use Indirect Inference (II), which is a generalized
version of Simulated Method of Moments (SMM), to estimate Models 2.2.3 and 2.2.4.
Different from SMM, II involves using an auxiliary model as a norm to compare actual
and simulated data sets instead of moments. The auxiliary model is based on Model
2.2.2. See the appendix for details.

2.2.4 Time Persistent Preference Shocks Model

In real life there is probably some additional heterogeneity among workers that
is unobserved by econometricians. Some workers, for example, like certain sectors
better than others. The idiosyncratic preference shocks assumed above give a new
mean zero shock in each period. This is not very realistic because we would not expect
people’s opinions to fluctuate randomly over time without showing any persistence.

Therefore I changed the structure of u}* from iid mean zero to a process similar to

AR(D).

U?l = PU?11+§?ia (20)
"o~ BV (0,0¢),

2"~ EV(0,0.),

ndy !
5 = [d;ﬂl HighSch™ Collage™ SecExptdt‘1 MktExpy u, u?, .. U?F)l] .
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As a result, I consider (20) instead of (9) and (21) instead of (8). All the other
equations are identical to the Benchmark model (Model 2.2.2). By inserting time
persistence in the preferences, I added more friction in the model along with moving
cost and sector specific experience that were included above, which caused moving
costs to become smaller. To calculate the value functions associated with this version,
I assume that u}"; can take only three discrete values and I use a discrete Markov
chain for that, similar to Tauchen and Hussey (1991). Hence there are three different
types of workers with respect to the magnitude of the idiosyncratic shock.

I do not estimate value of the correlation coefficient p, but instead use a fixed
number, 0.8, for estimation. It is not possible to identify p since II estimation requires
the auxiliary model (the Benchmark — model 2.2.2 in this case) to have at least as
many parameters as the actual model. Still, this will satisfy my goal of showing how
serial correlation in preference shocks changes estimated moving cost.

2.2.5 No Idiosyncratic Preference Shocks Model

Some models of occupational choice, (e.g., KW), do not consider idiosyncratic
shocks to workers’ preferences. For the sake of comparability, this version shows how

the estimates would change without preference shocks such that uj* = 0 for all n and

u = 0, (22)
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The only difference from the Benchmark model (Model 2.2.2) is, (9) is replaced
with (22). Solution methods are described in the appendix. Note that the only source
of randomness is fluctuations in the wages in this version, which is easily identifiable
since the wages are observable. The fluctuations in the wages are relatively small
and they can not explain the large labor mobility observed in the data. Therefore
this model implies small moving costs, and workers should be moving to sectors with
larger wage offers almost all times, which is not the case as explained in the previous

research such as Mortensen and Neumann (1989).

2.3 Data

I use 10 periods of the 1979 cohort of the National Longitudinal Survey of Youth
(NLSY79) data on labor markets from 1985 to 1994 for estimation. In addition to
NLSY79, I use 17 years of sectoral average wage data from the Current Population
Survey (CPS) in order to calculate the value functions (not directly for estimation).
There are two reasons for this: first, it is not possible to calculate the average wages
accurately using NLSY79 since the sample size is very small; second, expected future
wages affect workers’ mobility decisions according to the model, so by using seven
additional years, I make sure that the forward looking property of the model is not

underestimated.!”

17 Assume that the set of parameters of the model is 6 = {Co, C1, Co/oc,0.,0%, ..., 05, ¢, ..., 6" }.
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Sample Selection

Initially, we have 12,686 people in the sample, consisting of 6,403 males and 6,283
females. Like most of the other mobility models, we only pick males for our sample
(such as Keane and Wolpin 1997). Moreover, we take out of our sample blacks and
Hispanics, who are over-sampled by the NLSY survey, again following the previous
research. This reduces our sample size by approximately 40%, so we are left with
3,790 individuals. Thus, our analysis is based only on white males. The individuals
in our sample are between ages of 14 and 21 as of year 1979. In addition, we also
exclude individuals who are less than 20 as of 1985, because we want to focus on
those who are working, i.e. not going to school. This reduces our sample size from
3,790 to 3,492. The individuals in our sample are between 20 and 28 in starting year
1985; thus between 30 and 38 in the final year 1994. The distributions of workers by
age is illustrated in Figure 2.1.2.

We also take out people who are continuing their education, because we do not
model educational choice. It further reduces our sample size to 3,259. A person
who reports that she is attending school but does not report a sufficient increase
in highest grade completed towards a degree, is considered as not continuing her

education, because such individuals are most likely working. The individuals who

, 17
To calculate expected value functions we only need 6 and average wages {{w%}f—l} . However to
=)=

calculate probability of moving we need choices, d7*, and wages, w?, in addition to expected values.
Therefore it is possible to calculate the expected value functions for future time periods as long as
the average wage data is available.



52

have gaps in their interviews are also taken out of the sample. The sample size is
1,405 after this step. Finally, workers who make less than 10% of average real wage
and those who are in the military are excluded from the sample. NLSY over-samples
both poor individuals and members of military. The number of individuals in our
final sample is 969, which is less than the size of Keane and Wolpin (1997). They
end up with 1,373 workers; the reason for this difference is the exclusion of military
officers and students.

Sectoral Choice

In each interview, individuals report their current industry. We have chosen 6
general groups of aggregate industries defined as sectors: 1. Agriculture, Construc-
tion and Mining, (12% of the workers); 2. Manufacturing except Metal (22% of
the workers); 3. Metal, (3% of the workers); 4. Service, including Transportation,
Public Utilities, Communication, Finance, Insurance, Real Estate, Repair, Personal,
Entertainment, Professional Service, Public, etc. (42% of the workers); 5. Trade,
Wholesale and Retail (16% of the workers); 6. Staying at Home (5% of the workers).
Workers who do not work or are unemployed for more than 25 weeks are considered
to be staying at home for that year. Note that, we already excluded students from
our analysis.

Workers gain one year of market experience if they stay in the market for one
more year, even if they were unemployed that year. Market experience is defined

as age minus time spent for schooling, where time spent for schooling is defined as
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the education level of a worker (college, high school, or other) times years required
to finish that degree. Possible education levels will be explained later on in detail.
Workers gain sectoral experience if they stay in the same sector for one more year;
whenever a worker changes her sector she loses all of her sectoral experience. All
workers are assumed to start with zero sectoral experience in 1985. Distributions of
workers by market and sectoral experience are illustrated in Figures 2.1.5 and 2.1.3.

Percent of workers moving from one sector to another one is given in Table 2.3.1.
Note that, the percentage of workers who are staying in their sector (diagonal ele-
ments) is correlated with the size of sector in steady state. Percent of workers who
change sectors in each age group given their sectoral experience, initial sector and
education are given in Tables 3.2.2, 3.2.3 and 3.2.4. In all these tables we see that the
probability of changing sectors is negatively correlated with age, sectoral experience
and size of sector. We can not see a pattern regarding education level.

The annual rate of changing sectors is decreasing with age (see Figure 2.1.1): it is
20% when a worker is 20 years old and it drops gradually as a worker gets older. By
the time a worker is 35 years old the rate of sector change is around 4%. According
to CPS data, it stays about the same for older workers.

Real Wages

Individuals report total income earned the previous year, as opposed to reporting
their current wage. In order to calculate their equivalent hourly wage, we divide their

income by the total number of hours worked the past year. Then, we find the real



Table 2.3.2 Percent of Workers Changing Sectors

Table 2.3.1: Annual Flows (*)

Constr | Manuf | Metal | Service | Trade | Home
Constr | 84 03 05 06 04 03
Manuf | 02 90 00 04 03 02
Metal | 04 04 85 03 02 02
Service | 02 03 00 90 03 01
Trade | 03 03 00 09 84 01
Home | 10 04 01 09 06 71

*Percent of workers moving from row sector to column sector.

by Age (rows) and Sectoral Experience (columns)

1 2 3 4 5 6 7 8 9
20 | 26
21| 30 16
22 | 27 21 16
23 | 25 22 22 14
24 | 22 13 14 09 10
25| 25 13 15 11 03 04
26 | 20 15 08 05 04 06 09
27 | 28 11 04 11 10 06 02 02
28 | 26 21 08 09 09 04 08 05 08
29 | 21 14 11 06 06 03 02 09 02
30 | 17 19 11 04 06 00 05 02 04
31 | 22 19 17 05 07 01 06 04 06
32 | 24 06 14 04 04 05 03 03 03
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Table 2.3.3 Percent of Workers Changing Sectors (by Age and Sector)

Constr Manuf Metal Service Trade Home
20 | 33 27 33 26 17 31
21|15 20 38 23 26 53
22 | 28 18 29 24 22 29
23| 29 16 26 18 27 36
24 | 18 14 21 10 20 28
25 | 22 11 22 11 20 23
26 | 14 08 19 08 18 26
27 | 15 09 13 09 13 28
28 | 14 09 06 12 10 31
29 | 17 06 13 04 10 14
30 | 09 11 03 04 07 04
31|15 05 07 05 06 30
32 | 08 04 00 04 08 31

Table 2.3.4 Percent of Workers Changing Sectors
by Age and Education

Middle School High School College
20 19 30 23
21 33 23 27
22 11 20 28
23 29 21 22
24 26 28 23
25 16 14 16
26 18 11 11
27 18 11 10
28 16 11 11
29 20 08 07
30 06 09 06
31 15 06 08
32 10 06 05
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Table 2.3.5 Wages by Age (rows) and Sectoral Experience (columns)

1 2 3 4 ) 6 7 8 9 10
20-24 | Mean 0.52 | 0.62 | 0.66 | 0.73 | 0.73
StdDev | 0.19 | 0.14 | 0.13 | 0.14 | 0.10
25-29 | Mean | 0.56 | 0.74 | 0.81 | 0.85 | 0.84 | 0.85 | 0.84 | 0.83 | 0.86 | 0.90
StdDev | 0.18 | 0.13 | 0.16 | 0.16 | 0.13 | 0.14 | 0.13 | 0.11 | 0.14 | 0.24
30-34 | Mean | 0.37 { 0.72 | 0.79 | 0.79 | 0.95 | 0.98 | 0.98 | 0.95 | 0.97 | 0.99
StdDev | 0.19 | 0.12 | 0.20 | 0.11 | 0.23 | 0.26 | 0.20 | 0.18 | 0.26 | 0.23

Table 2.3.6 Wages by Age and Sector

Constr | Manuf | Metal | Service | Trade
20-24 | Mean 0.60 0.65 0.74 0.65 0.55
StdDev | 0.13 0.09 0.15 0.21 0.14
25-29 | Mean 0.72 0.86 0.95 0.81 0.71
StdDev | 0.12 0.14 0.19 0.15 0.11
30-31 | Mean 0.84 0.99 0.93 0.94 0.77
StdDev | 0.16 0.23 0.13 0.25 0.17

wage by dividing the nominal wage by the consumer price index reported for that
year. Then, we normalize the wages in such a way that the average annual real wage
is approximately one, so that all our results can be considered relative to average
annual real wage. Note that we use the same denominator to normalize for the entire
sample - all years and sectors. Distribution of workers by wage is illustrated in Figure
2.1.6. Mean and standard deviation of wages of different age groups by sectoral
experience, sector and education are given in Tables 2.3.5, 2.3.6 and 2.3.7. Wages
generally increase with age, sectoral experience and education.

Education

Individuals who go through 16 years or more of schooling are considered college

graduates, who count for approximately 45% of the final sample. Similarly people
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Table 2.3.7 Wages by Age and Education

Middle School | High School | College
20-24 | Mean | 0.47 0.56 0.63
StdDev | 0.10 0.12 0.22
25-29 | Mean | 0.55 0.69 0.89
StdDev | 0.13 0.11 0.18
30-34 | Mean 0.51 0.78 1.03
StdDev | 0.09 0.15 0.30

who have at least 12 years but less than 16 years of education are classified as high
school graduates and they are approximately 47% of the final sample. The rest are
assumed to be middle school graduates. The histogram of distribution of educational
attainment is presented in Figure 2.1.4.

Coding Errors

Neal (1999) reports that there are coding errors in NLSY79 regarding occupations.
A similar error is also present for industry codings. In order to minimize this problem,
I use the following method (as in Neal 1999): whenever a sector change is reported, I
require that the worker has to change his employer as well, otherwise it is considered
as a coding error and the original sector is kept. Tenure of workers with their current
employer is reported in NLSY.

CPS Data

Sample selection process is almost identical for the CPS sample. There are only
two main differences: first, we use white males between 25 and 64; second, we do not
specifically look for people who are done with their education since it is safe to assume

that almost everybody would be working after the age of 25. We have a minimum of
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13,223 and a maximum of 20,055 people in our final sample between the years 1984

and 2001 (sample size changes every year).

2.4 Estimation Results

One year’s average real wage is normalized to 1.0 and I assume that the discount
factor 8 is 0.96 in all models, since I was not able to identify this parameter when I
tried to estimate it.

Calibration of Moving Cost Using CPS

In addition to NLSY, I use CPS to calculate the mobility of workers for different
age groups and to compare predictions of my model for older workers (who are not
observed in NLSY) with the actual data. I find that assuming a linear form for the
non-pecuniary moving cost, C, is inconsistent with the data: the simulated mobility
rates of older workers are below the actual rates. The mobility versus age graph
has a kink at around age 32 and mobility does not decrease much after that age.
When I assume that moving cost, C', stops increasing at the age of 32; I find that
predictions of my model fit the data well. See Figures 2.2.1, 2.2.2, 2.2.3 and 2.2.4 for
details. When we estimate the basic model with non-linear extrapolation of C' and an
alternative version with linear extrapolation, we find that the non-linear extrapolation
performs better. The likelihood ratio test is 51.94 in favor of non-linear extrapolation

and estimation results are presented in the Appendix, Tables 2.A.1, 2.A.2 and 2.A.3.
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When we estimate another version with a variable slope after the kink, we find that
the slope is very close to zero under the condition that the slope is positive. Estimates
of this version are almost identical to those of the basic model, therefore we will not
present them.

Note that this could be an artifact coding errors in CPS. If there is roughly a
4% coding error for industries of workers then mobility of old workers would never
go below that level even if they do not move at all. Unfortunately, we do not have
simple tools to study these possibilities further, without losing main focus of this
research. However, it is definitely a very interesting issue and recently pointed out
by Kambourov and Manovskii (2004).

Basic Model (2.2.1)

See tables 2.4.1, 2.4.2 and 2.4.3 for basic model estimates. The estimated non-
pecuniary moving cost C' is quite large and statistically significant, approximately
equal to 2.5 when a worker first enters the job market and increasing significantly by
0.095 every year. Note that the moving cost is very large because it captures all psy-
chological moving costs and all unmodelled frictions. Keane and Wolpin (1994) and
Lee and Wolpin (2004) report lower moving costs, however they do not consider idio-
syncratic preference shocks for sectors (or occupations). Note that when idiosyncratic
shocks are omitted, the moving costs are significantly lower as in the Model 2.2.5.
However, such models do not fit the data well since fluctuations in the wages alone

fail to explain the gross flows when preference shocks are ignored. Sullivan (2005)
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Table 2.4.1: Basic Model (2.2.1) - Moving Cost Estimates

CO Cl Co/O'e
Estimate 2.536 0.095 1.805
Standard Error (0.187) (0.016) (0.052)
Table 2.4.2: Basic Model (2.2.1) - Wage Equation Estimates
o’ ¢ ?y O3 Py Ps
Var(z;) | Constant | HighSch | College | SecExp | MktExp
Estimate 0.160 0.164 0.215 0.478 0.034 0.020
Standard Error | (0.001) | (0.015) | (0.010) | (0.011) | (0.001) | (0.001)

also reports high moving costs which cause significant reductions in the worker utility,
as a results of the estimation of a labor mobility model with idiosyncratic preference
shocks.

Another factor limiting worker mobility is the sectoral experience wage premium,
(¢4), which increases by 0.03 annually. Since the additional moving cost is large, it
shows that much of the cost is psychological (non-pecuniary) and also quite variable,
since the variance of idiosyncratic shocks is large. In other words, non-pecuniary
factors also play an important role in the workers’ mobility decisions .

High school graduates (¢,) earn more than middle school graduates and less than
college graduates (¢5). The wage premium for market experience (¢5) is about half
the size of the wage premium for sector specific experience (¢,). The fixed utility
associated with each sector leads to the following ranking: most popular is Trade
(v®), then Agriculture, Mining and Construction (v!), Service (v*), Manufacturing
(v?), and the least popular is Metal (v3).

Next, I discuss how the parameter estimates change when I first simplify the model
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Table 2.4.3: Basic Model (2.2.1) Utility Estimates

vl v? 3 vt v 0

Construc. | Manuf. | Metal. | Service | Trade | Home
Estimate 0.508 0.434 0.262 0.471 0.574 0
Standard Error | (0.090) (0.093) | (0.080) | (0.097) | (0.091) | -

in the Benchmark (Model 2.2) for the purposes of comparison and then add other
details in Models 2.2.3-5. See Table 2.4.4 for a detailed comparison of all the models.

Log Linear Wage Equation Model (2.2.3)

This version does not have an analytical or approximate closed form solution and
must be estimated using simulations. I use Indirect Inference Estimation similar to
Smith (1993). For Models 2.2.3 and 2.2.4, I simulate three data sets for each step
in Indirect Inference estimation. Using more simulations would reduce the standard
errors up to 25%. For example, if 10 data sets were used, the standard errors would
be 15% smaller. The estimated moving cost, C, decreases slightly but no major
changes in the other coefficient estimates are observed. Note that the wage equation
estimates are different compared to the benchmark (Model 2.2.2), which happens
because the parameters are multiplicative. The estimates of wage equation parameters
are consistent with Model 2.2.2 with respect to their relative sizes.

Time Persistent Shocks Model (2.2.4)

This version is also estimated using Indirect Inference similar to the previous
version. When unobserved heterogeneity caused by time persistent shocks is incor-

porated into the model, the estimated moving cost, C, decreases approximately 50%



Table 2.4.4: Estimation of Alternative Models

Benc 2.2.2 | Log-Ln 2.2.3 | Time Per 2.2.4 | No Idi 2.2.5

Co | Mov.Cost | 4.006 3.233 2.122 0.479
(0.627) (0.094) (0.106) (0.011)

C; | Mov.Cost | - - - -

£ | C/Stde(u) | 2.379 2.340 2.794 -
(0.057) (0.031) (0.082) -

p | Corr.Coef | - - 0.8 -

v! | Construc. | 0 0 0 0

v? | Manuf. -0.053 -0.027 -0.086 -0.150
(0.024) (0.005) (0.008) (0.004)

v® | Metal -0.250 -0.178 -0.217 -0.102
(0.036) (0.015) (0.013) (0.005)

v* | Service 0.129 -0.071 -0.154 -0.187
(0.021) (0.006) (0.008) (0.004)

v° | Trade 0.071 0.022 0.053 0.007
(0.021) (0.003) (0.005) (0.004)

v°® | Home - - - -

o2 | Var(z) 0.122 0.106 0.119 0.115
(0.001) (0.002) (0.002) (0.001)

¢, | Constant | -0.708 -1.150 -0.749 -1.022
(0.014) (0.028) (0.015) (0.014)

¢, | HighSch 0.167 0.271 0.174 0.251
(0.008) (0.024) (0.011) (0.008)

@5 | College. 0.327 0.526 0.330 0.465
(0.009) (0.024) (0.013) (0.010)

¢4 | SecExp 0.027 0.051 0.037 0.019
(0.001) (0.002) (0.001) (0.001)

¢s | MktExp 0.015 0.021 0.013 0.031
(0.001) (0.001) (0.001) (0.001)

Discount Factor § = 0.96, One Year’s Average Real Wage w = 1.0.

Standard errors are presented in parentheses.
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compared to the results of the Benchmark (Model 2.2.2), which may be more realis-
tic. It is also noteworthy that the estimates of other parameters are very close to the
estimates of Model 2.2.2.

Another alternative I explored similar to this version is a model with random
effects. In that model I assume that workers receive random shocks in the beginning of
their career for each sector which do not change over the years. I find that the moving
cost is about 50% of the benchmark model as well, similar to the time persistent shocks
model. This result is not surprising, since allowing for random effects is another way
of allowing time persistence.

As we include in the model more frictions which are observed in reality, we expect
the non-pecuniary moving cost to become smaller and closer to what one might expect
as the actual cost of moving.

No Idiosyncratic Preference Shocks Model (2.2.5)

When preference shocks are eliminated, a simpler solution method similar to that
used in Model 2.2.2; can be used. The elimination of idiosyncratic preference shocks
decreases C' approximately 90% compared to Model 2.2.2, which would be closer to
the actual financial cost of moving. However, in this case the model does not fit the
data as well as the Benchmark.'® Elimination of idiosyncratic shocks reduces the
moving cost since wage fluctuations are very small and do not allow for mobility in

the presence of high costs. This is an indication that observables contribute little to

18Likelihood Ratio statistic is equal to 1348.



64

the explanation of labor mobility. Another labor mobility model with shocks to the
utility is Sullivan (2005), which also reports high moving costs. Keane and Wolpin
(1997) do not assume such shocks, hence report significantly lower moving costs. The
high moving cost should be considered as a combination of all frictions and costs
which can not be modelled or observed, assuming that the actual moving costs are

not reasonable.

2.5 Conclusion

Workers’ gains and losses from free trade depend on the mobility of workers, since
workers who are more mobile can find new jobs faster and would be less affected from
policy changes compared to the others. Labor literature suggests that older workers
are less mobile compared to young.

In this paper we analyzed different components of mobility costs especially com-
ponents that relate to age. We found that wage premium of sectoral experience is an
important factor in explaining lower mobility of old workers. The other significant
factor is non-pecuniary moving cost, which increases rapidly in the first 10 years of
a worker’s career. However, the estimate for non-pecuniary moving cost depends on
assumptions on the structure of shocks in the model.

To study this relation between the moving cost and structure of the shocks fur-

ther, I considered different versions of the model with alternative assumptions. We
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found that allowing for utility shocks increase the moving costs significantly, since
fluctuations in the wage do not explain the mobility well. Wage fluctuations are rel-
atively small and do not allow for large volumes of mobility without having small
moving costs. Another interesting alternative is allowing time persistence in the util-
ity shocks, either with an autoregressive process or with random effects, which in
both cases reduces the non-pecuniary moving cost by approximately 50%.

In the next chapter, I will study the effects of a hypothetical trade liberalization
in the metal manufacturing sector on workers in a general equilibrium setting using

estimates of the basic model.
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Appendix

Solution Method for Model 2.2.1

I assume that 2 is distributed mean zero ‘normal’ with standard deviation o,
and u} is mean zero ‘extreme value’ with standard deviation o, thus 2} ~ N (0,0,)
and e! ~ EV (0,0.). We observe wages and sectoral choices over 10 years and
find the parameters that maximize the probability of observing such a sample. Let

mi =mY (st, wfﬁl) be the probability of moving from ¢ to j for a worker with char-

acteristics s; given the parameter set 6 and wage wfff for the observed choice. Let

f (.) be the probability density of the random variable z; and define wage equation as

4 o ot
w, =W"* (Si) + ——;zi,
hi
where W (s;) is the expected wage as defined in the model. Then the likelihood of

observing the sample is

10

N 11
. ol n  ndri1 T+1 7 T+1
L= | | {I |m7 <3r>wT+1 )f ((wr+1 - (37+1)) W :
n=1 \(7=1

T+1

In order to calculate the probability of sector change, m¥, we need to define the value
functions as in Bellman (1957).

Value Functions:
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For the last period the expected alternative specific value is simply
Vi (sh) = w' (s, 27) + o' + ulf
for other periods
V? (spyu's2) = w' (3%7 Z?“l) + v+ U?Z + BBy Vi (3?+1a 6?+1) )
and the value function is defined as

Vit (8?+1a 5t+1) = mjax {th—lﬁ-l (5?7 Uiy, Zf+1) — (3?)} .

. . 6
where S;.1 is the vector of random variables S;;; = {uj}fl, FH) ., the expected

value can be defined as

EeVi (S?Jrl? e?ﬂ) = B mjax {Vt]«H (S:L+17 e?}l) - (5?)} ;

= Ez,u‘/t{kl (S?Jrla e?+1) +Q (S:L+17 Ztn+1) ;

where option value of moving, €2, is defined as

Q' (sp) = E.u (mjax {Vijﬂ (S?H’ e?+1) - WH (S?Ha €?+1) - (S?)}) )

= —v,E.log (m},; (st,2]11)),
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where the probability of moving from sector ¢ to sector k given z can be defined as:

m* (56, 2041) = =g =P [Eu‘/tarl _ Euv;]il — (1) /Vu] )
Zj:l exp [(EUVZH - Eth-JH - (5?)) /Vu}
1

where variance of u, is equal to 02 = ¢v27

2, Finally the probability of moving is

m™* (s¥) = E. (mik (S?a Z?+1) |Z?-|j—1) .

Note that expectation on u, F,, can be calculated analytically because it is additive
to the utility. However expectation on z, F,, has to be simulated or calculated using
numerical integration since it is not additive to the utility. Also note that random
shock to wage, z, will be known for exactly one sector in each period since we observe

wage for the sector the worker is in.

Solution Method for Model 2.2.2 and 2.2.5

It is not possible to use a standard multinomial logit procedure since we ob-
serve wage offers only for one sector in each period for each worker. For exam-
ple if the worker is in the manufacturing sector, the wage offer is known by the
econometrician; however, for other sectors (i.e. agriculture) it is not known. There-

fore, for the sector that is chosen by the worker the randomness comes only from
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the idiosyncratic component, ui. For other sectors randomness comes from both
wage and idiosyncratic utility, z{ + ! from the econometrician’s perspective. A sim-
ple approximation method can be used to aggregate all choices those are not cho-
sen and consider them as a single choice: So best alternative to d; is denoted as
BVIA" = B {maxjzg, V7 (si41) 15} = E{VE, (si41) |s¢} — velog (mi* (s,)) where
k # d, and Var {Vtﬁdt} = Var {e{ +1}- The observed choice d; has smaller variance
since wfjrl is observed by the econometrician, Var {thlﬁl (stﬂ, wfjrl)} =Var {uf_jl .
With this notation we simplify worker’s options to what he actually chose, d;, versus
the best alternative j # d;,. Note that j # d; does not refer to any actual option
but expected value of the second best, in other words Emax of the options except
d;. Since those two options has different variances, exact analytical solution does not
exist. However it is possible to find a simple approximate solution: Consider an "iid
extreme value" random variable ¢i, where Var (¢}) = {Var (ul) + Var (¢})} /2, and
assume that Vtﬁdi ~ F (%ZidﬂsHl) + €44, and Vtﬂljl ~ F (%iﬂstﬂ,wfjrl) + el

Then probability of observing decision d; given wage and state vector is

exp | (BV - BV — ct) v |

mdtﬂdt o
t - 2d A1 de 1 d dt—1  ~dy_q1,dg |
EVtJfl L EVih BV, —Co-1%
exp [ e + exp V.

variance of ¢, is equal to 31272,
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Solution Method Model 2.2.3 and 2.2.4

I will use Indirect Inference to estimate the extended models. Indirect Inference is
very useful when it is easy to simulate data from a model but difficult to estimate the
parameters. The main idea is to simulate data from a model and compare it to the
actual data and try to make them as similar as possible. A misspecified model, which
is called the auxiliary model, can be used to evaluate similarity between two data
sets. The process is straightforward: 1. I estimate the parameters of the auxiliary
model using actual data, 2. I guess parameters of the actual model and simulate data
using actual model, 3. I estimate parameters of the auxiliary model using simulated
data. 4. I compare the estimated parameters of auxiliary model and continue this
procedure (step 2 to 4) until parameters of the actual data and simulated data are
reasonably close to each other. Let Q“ be the actual data set and Q°(6,z) be
the data set simulated using the parameter vector § and exogenous variable set x.
Consider the auxiliary likelihood function L (Q, ). Define B = arg maxg L (QA, 6),
and B = arg maxg L (QS 0, ) ,ﬁ). Now I have to define a norm to evaluate the
similarity between B and 3, or Q* and Q°:

Norm proposed by Smith:

0 = arg meaxL <QA,B (9)> ;
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Norm inspired from Wald:
0 =argmin (35— 3(0)) W (3-53(0)).

Norm inspired from Gallant and Tauchen:

0 = argmin - <Qsa(g; ull) W (Qsa(;’ 7),5) ,

where W is the weighting matrix. For more detailed discussion on other possible
norms and indirect inference in general see Gourieroux, Monfort and Renault 1993
and Smith 1993.

Auziliary Model:

The main idea is to use the basic model as the auxiliary model, however I prefer
a slightly modified version of the basic model. I change the error terms in such a
way that all choices have the same random error components, so that the model is
a regular multinomial logit model. The basic model shows some similarities with a
multinomial logit model. It can be considered as a two step logit model, because I
first calculate the expected value of the second best alternative, then I calculate the
probability of choosing the observed alternative. Converting the model into a regular
logit model creates some bias in the estimated parameters, which is not a problem as

long as we can define a one to one relationship between the auxiliary model parameters
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and the actual parameters. Using a regular logit model has an important advantage
because it is possible to evaluate a logit likelihood function without using any loops
like "for" or "while", by just using simple matrix operations after calculating the
value function. The motive for using matrix operations instead of loops is to exploit
the built-in matrix operation functions which are much faster than user written loops
(i.e. Matlab 7.0). Note that if the matrix operations are manually written or if they
are not efficiently programmed this effort would be futile (i.e. Fortran 90).
Consider Vi, = EV +wi,, — Wi, if d, =i, and V.| = EV' | if d; # .

exp [(BV, — EI_/t’fH‘— CHr) /7]
22, exp [(BEV}, — BV, —C4) /p] ,

mik (s;,0,0) =

Using the probability function above the parameters of the auxiliary model can be

estimated as

1
kdk

K 0 T
0" = argmax ] | {Hmﬁ“ (sl f ((w’:il W (s1)) e ) } -
k=1 1

T+1

Assume that the parameter vector of the true structural model is ¢, and the auxiliary
estimate for the 7" simulated data set is BT where the total number of simulated
data sets is R. The goal is to simulate the data from parameter vector 6 such that
B =2 Z BT will maximize the likelihood of observing the actual data set under the

R

auxiliary model as described by Smith 1993.
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Comparison of Basic Model with Non-Linear Extrapolation of C and

the Alternative with Linear Extrapolation of C

Likelihood Ratio is 51.94 in favor of the non-linear extrapolation.
Table 2.A.1: Moving Costs

Co Ch Co/oe
Basic Model Estimate | 2.536 0.095 1.805
Basic Model Std Err | (0.187) (0.016) (0.052)
Alternative Estimate 2.59 0.078 1.856
Alternative Std Err (0.1877) (0.014) (0.049)
Table 2.A.2: Wage Equation Estimates
o’ J\ Py 3 4 s
Var(z;) | Constant | HighSch | College | SecExp | MktExp
Basic M. Estimate | 0.160 0.164 0.215 0.478 0.034 0.020
Basic M. Std Err | (0.001) | (0.015) (0.010) | (0.011) | (0.001) | (0.001)
Altern. Estimate | 0.160 | 0.165 0.214 0.476 0.034 0.019
Altern. Std Err (0.001) | (0.015) (0.010) | (0.011) | (0.001) | (0.001)
Table 2.A.3: Utility Estimates
vl v? v3 v v? vl
Construc. | Manuf. | Metal. | Service | Trade | Home
Basic Model Estimate | 0.508 0.434 0.262 0.471 0.574 0
Basic Model Std Err | (0.090) (0.093) | (0.080) | (0.097) | (0.091) | -
Alternative Esimate 0.0503 0.433 0.263 0.462 0.568 0
Alternative Std Err (0.089) (0.091) | (0.079) | (0.095) | (0.090)




74

Chapter 3

Intergenerational Effects of Trade Liberalization: General
Equilibrium Simulation of the Dynamic Model of Labor
Mobility

3.1 Introduction

After estimating mobility parameters of workers from different age and experience
groups, we study how trade liberalization affects these groups differently. I simulate a
hypothetical trade liberalization in the metal manufacturing industry using estimated
parameters from the structural model. The metal sector is chosen because it has
been especially vulnerable to trade shocks in the past, particularly affecting the steel
industry. By the introduction of free trade, younger metal workers will be worse off
but less worse off compared to older workers. The younger workers in other sectors
will be better off, but again less so than many older workers; in addition some older
workers will be worse off. This varying effect on older workers results in a broader
division among older workers in viewing trade liberalization as good or bad.

I assume that the government decides to abandon tariffs in the metal sector,

resulting in a 30% decrease in the price level of metals. The price level in the metal
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sector drops at time 1 right after the announcement in the end of period 0; so the trade
liberalization is a shock therapy in this case. Note that tariffs in the steel industry,
which is the largest industry in the metal sector, have been as high as 40%. I will show
how older and younger workers will be affected differently from free trade. Different
from most of the previous research, I will consider a general equilibrium method for

19 Endogenous wage equations are derived from production

the policy simulation.
functions which requires solution of wage equations, prices and optimization problem
of workers simultaneously. I use Multiple Shooting with the estimates of Model 2.2.1
and calibrated production function parameters. The solution method is explained in
the appendix.

We aggregate the sectors as we did in the previous chapter. The sectors are
1. Construction (which includes construction, mining and agriculture sectors), 2.
Manufacturing (excluding metal), 3. Metal manufacturing, 4. Services (excluding
trade), 5. Trade (wholesale and retail), 6. Staying at home. The products of these
sectors are consumed by the consumers and used as inputs for production as well.
Before the trade liberalization, the manufacturing sector is already open to free trade,
so we actually mean "trade liberalization and free trade in the metal sector" when

we refer to free trade. Other sectors are closed to world trade before and after the

trade liberalization, therefore prices adjust endogenously in response to changes in

YTee and Wolpin (2004) provide interesting discussions on a General Equilibrium model of labor
markets, which is similar to this project from many aspects.
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supply and demand (of both producers and consumers). Simultaneous equations
related to the supply and demand of products are derived from simple Cobb-Douglas
functional forms. The equation for labor demand, which is basically an endogenous
wage equation in this case since workers choose which sector to be in, also have a Cobb-
Douglas form. However, labor supply is directly derived form the previous chapter
Model 2.2.1 and does not have a closed functional form, it is rather an optimization
problem of the different types of workers given aggregate parameters. Note that
the aggregate parameters are also affected simultaneously from the decisions of the
workers.

The adjustment of the economy is quite complicated: it is plausible to assume that
wages will decrease 30% initially in the metal sector along with the price. However
workers will move out of the metal sector to other sectors until wages adjust so that
labor supply equals labor demand. Manufacturing sector is also directly affected from
free trade because the metal sector product is an important input for manufacturing.
With lower input prices manufacturing sector’s output increase significantly, pushing
wages up. Note that metal is an intermediate good, which is not consumed and has
no direct effect on the Consumer Price Index. With the increased output of the sec-
ond largest sector in the economy (manufacturing), total output increases noticeably,
raising demand for non-traded goods such as services. Therefore, the prices in the
economy in general increase with the increased demand, causing Consumer Price In-

dex (henceforth CPI) to increase, making metal workers even more worse off. This
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intriguing adjustment process causes broad division among workers of different age

and experience groups. More details will be provided in the following sections.

3.2 Model

After free trade the average wages in sectors will change, making some workers
better off and some worse off. In general, wages in the metal sector will decrease
and wages in other sectors will increase. The main goal of the policy simulation is
twofold: first, to calculate average wages, prices and outputs over the transition; and
second, to calculate value functions of workers using the average wages. If wages,
prices and outputs were known then calculating value functions would be straight-
forward similar to the estimation. Note that I used average wages from CPS for the
estimation, which is exogenous to the workers’ individual optimization problem. For
the policy simulation, however, wages, prices and outputs need to be endogenous to
trade policy and labor flows. The value functions of workers are functions of average
wages and the average wages are functions of value functions. Similar stories apply
to price levels and outputs. Calculating wages, outputs, prices and value functions
simultaneously is much more burdensome than calculating value functions alone. To
ease the computational burden, I will assume a simplified version of Model 2.2.1 (with
smaller state space) for calculating average wages. Once average wages are known I

will use Model 2.2.1 to calculate the value functions of workers. First, I will introduce
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basic supply and demand relations for the general equilibrium model with structural
labor supply.
3.2.1 Consumers and Demand

Consumers are identical and have a Cobb-Douglas utility functions,

I-1

ol =] ()" + ¢, (23)

=1

which leads to the money-metric utility function described in Model 2.2.1 (which is
U/ oc w407 +u]); where 2 is the sector i product,?’ consumed at time ¢, S a; = 1,
¢’ is the random idiosyncratic utility derived from working in sector j. Therefore the

consumer price index can be calculated as:

-1

cPL =[] ()" (24)

=1

For traded goods the price level is exogenous: p! = p!¥ + 7, where p!' is the world

price and 7; is the tariff rate. For non-traded goods price level is endogenous:

. Mi
q;

where ¢! is the total amount of product produced and M; is the share of income in

the economy spent on the product both by consumers and producers which can be

20Some sectors’ proucts are not consumed but only used as inputs, such as Metal sector’s product.
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calculated simply by exploiting the the Cobb-Douglas nature of the economy:

-1 -1
M;=a; Y (b + ) alpl + D blalpl, (26)
j=1 j=1

where b{ 's are parameters taken from Cobb-Douglas production functions which will
be explained in the next section. Note that savings are not allowed in this simple
economy. The details of the calibration method are described in the appendix.
3.2.2 Production and Labor Demand
Production functions are Cobb-Douglas and the real wage, w!, is assumed to
be the real marginal product of effective human capital possessed by workers. The

production function is defined as:

_ -1 :
g = A (LR ()T («39)", (27)
j=1
= B (Lihy) | | (=), (28)

1

J

where A’ is a coefficient of productivity, L} is the total number of workers in sector
i, hi is the average human capital level of individuals working in that sector, similar
to the general convention K' is the capital level which is assumed to be fixed, 27"
is the j sector product used in i’s production. Since capital is fixed we can define
another coefficient for convenience, B* = A' (K i)bé. Shares of labor in the production

functions are adjusted to match the shares of labor in gross domestic product in each
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Table 3.1: Input Matrix ( b’ )

Const | Manuf | Metal | Service | Trade
Const | 0.08 0.07 0.05 | 0.02 0.00
Manuf | 0.23 0.35 0.07 | 0.06 0.04
Metal | 0.05 0.05 0.29 | 0.00 0.00
Service | 0.18 0.17 0.14 |0.24 0.29
Trade | 0.06 0.06 0.07 | 0.01 0.02
Labor | 0.26 0.16 0.25 | 0.37 0.37
Capital | 0.14 0.15 0.12 | 0.31 0.27

sector. Initially, all prices are normalized to be unity and the fixed coefficient, B¢, is
adjusted such that productions in each sector roughly match sectoral gross domestic

products. Thus the wage equation can be derived as:

i P gipi (pizinbe—l i (i b i3\ b
wy = CPtItAbG (Ltht) 6 1ht (K) 7j:1 (xt])Ja (29)
pi . N | .[_1 N
- CPt[t szzﬁ (Lfthft) ¢ hi]l:[ (QT;’]) 7. (30)

where p! is the price level and L! is the number of workers in the sector. Parameters
for labor demand equations, B’ and b; are calibrated using data from the Bureau
of Economic Analysis. The details of the calibration method are described in the
appendix. The shares of inputs are summarized in Table 3.1.

3.2.3 Labor supply

I assume that workers stay in the market for 40 years. Therefore a worker can get
a maximum of 40 years of sectoral and market experience. I discretize the state space

so that market and sectoral experience can only take g values. Note that a worker’s
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Table 3.2: Worker types

Type I |11\ Hr v v vi|\vir|\vIii | I1X | X
MkKtEzp |5 |15 |15 |25 [ 25|25 |35 35 35 | 35
SecExzp |5 |5 |15 |5 15125 |5 15 25 | 35
Age 25135 |35 |45 | 45|45 | 55 55 95 | 5D

market experience is at least as large as her sectoral experience. Hence, the size of the
state space is T'I (¢*> + q) /2, where I is the total number of sectors, and 7" number of
years required for the transition from autarky steady state to free trade steady state.
A worker ages with probability v = ¢/40 in each period. If we consider all possible
combinations of sectoral and market experience and a thirty year transition, then the
size of the state space would be 30 x 6(40% 4 40)/2 = 147600 and a worker would age
in each period with probability v = 1, as in reality.

Each worker chooses her sector similar to the Basic Model 2.1, with the decision
set as in (5), so it includes five sectors and a non-market sector (staying at home).

The state-space, however, is simplified to ease the computational burden
n /
sy = [df}_l SecExp™  MktExp?| | (31)

where market experience Mkt Exp} € {5,15,25,35} and sectoral experience SecExp?d? €
{5,15,25,35}. Note that sectoral experience is less than or equal to market experi-
ence by definition MktExp} > S €CE$p?d?, therefore the size of the state space is 1800
(assuming 7" = 30), and there are ten types of workers in the economy differentiated

by their age and experience.
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Table 3.3: Transition Probabilities, Pr(s] ,|s})

I 11 | I11 |1V V vi |VII |\ VIII |IX
diy1 =di, Pr=09 | I 11 | I11 |1V V vi | VII | VIII|IX

|

diy1 =di, Pr=01 11TV VI |VII] |IX |X — — — —

div1 #dy, Pr=09 |1 11 |11 |1V v v \VIiI|\VvVIiI |VII|VII

diy1 #dy, Pr=01 11 | IV | IV | VII |VII|VII| — — — —

In each period, the probability of aging (gaining experience) is v = 0.1. For
example, a type III worker becomes type VI with probability v in each period (if
she stays in her sector). In addition, if a worker changes her sector, her sectoral
experience drops to the minimum level, which is 5 years. For example, if a type III
worker changes her sector, she becomes type II. If a worker with 35 years of market
experience ages, she receives a lump sum payment?' and exits the market, and a
worker with 5 years of experience enters the system.

The wage equation is also simplified and defined as

i
]

hi

ni __
wy =

(qb% + ¢4SecExp?i + s MEktExp) + zl”) , (32)

where the constant??

¢ 1s a weighted average of ¢, ¢, and ¢5. The equations (5),
(10), (13), (9), (12) and (13) from Model 2.1 are still relevant for this model. Note that

the parameters, Cy, C1, Co/0e, b4, b5, G, V', v%,...,00 are taken from the estimates

of Model 2.1.

21The lump-sum payment is equal to 10 years’ discounted average wage, which is equal to 8.0.

22] assume that all workers have the same level of education. Education only effects workers’
decison to stay at home or work, it does not effect workers’ decison on which sector to work.
Because education increases wages offers from all sectors by the same amount.
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Labor Allocation in Sectors:
The number of workers in sector ¢ is equal to the sum of all types of workers,
Li ="' LM, 1 consider a continuum of workers where S0 | Li = 1. T assume that

probability of a type n worker choosing sector j if she is in sector ¢ is defined as

nij

o oDl(BV ~ BV - 0) ]
! ZZk exp [(Euvt’il - BV — Ci’k) /Ve} ’

where v, = V60, /7 and the alternative specific value functions are

10
V;i = Uti (5?7 u?’ Ztn) + B Z Pr (5:4_1’8?) [Qllf (S;—&-l) + Eu,zvtz-l (S;-i-l’ U§+1> Z{—i-l)} .

r=1

The labor allocation equation is
' 0 6 -
Lily =D P (sialst) D Limi”, (33)
r=1 i=1

where P (s?.1ls7) is the transition probability for labor allocation. Note that the tran-
sition probability for labor allocation, P (s7,1ls7) needs to be defined differently from
the actual transition probability, Pr (s7, ,|s7), so that the number of workers in the sys-
tem does not change. For example, a young worker enters the market when another
worker retires, therefore P (I|VII) = 0.1, P(I|VIII) = 0.1, P(I|/IX) = 0.1 and
P (I|X) = 0.1 and for all other types P (s71]sy) = Pr(sp,,|s7). However, the proba-

bility of an old worker becoming young is still zero, Pr (I|VII) =0, Pr(I|VIII) =0,
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Table 3.4: Steady State Percentage of Workers

Type 1 Ir | Ir | iv|v |(vi |\VII|VIIl |IX | X
MktExzp |5 15 15 |25 |25 |25 |35 35 35 |35
SecExp 5 5 5 |5 15 125 |5 15 25 |35
Autarky 25% | 10% | 15% | 5% | 7% | 13% | 5% | 2% 6% | 12%
Free Trade | 25% | 10% | 156% | 4% | 7% | 14% | 4% | 2% 6% 13%

Pr(I|IX) =0 and Pr(I|X) = 0.

3.3 Simulation Results

One year’s average real wage is approximately 1 in the economy, so all numbers
presented here could be considered relative to this wage level. Also note that, the
label "Young" is used for workers with 5 years of sectoral and market experience; "Old
1" for workers with 5 years of sectoral experience and 35 years of market experience;
and "Old 2" for workers with 35 years of sectoral and 35 years of market experience.

The economy consists of six sectors, 1. Construction, agriculture and mining,
2. Manufacturing except metal 3.Metal manufacturing, 4. Service except Trade
5. Wholesale and retail trade, 6. Staying at home. The sectors will be labeled as
Construction, Manufacturing, Metal, Service, Trade and Home respectively, using the
largest industry’s name in each sector.

Initially we assume that all prices are equal to 1, and we calibrate the parameter
B’ so that average wages in sectors under autarky are equal to average wages observed

in CPS. Note that we mean autarky in metal sector when we use the term "autarky";
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and similarly "free trade" means free trade of metal sector product. For other sectors,
the trade openness is not changing through the policy simulation: we assume that
Manufacturing product is traded so the world price, 1, is taken exogenously, but
Construction, Service and Trade sector prices are calculated endogenously given the
change in demand and production, using equations (25) and (26).

In autarky, metal is not traded and the equilibrium price is 1. Then at the end of
time zero we assume that the government announces free trade for the metal sector (a
shock therapy) which will be in effect by the beginning of time 1, where the time unit
can be considered as one year. We assume that world price is 0.7 for this product.
Then ,we analyze how wages, labor allocation, output and prices adjust after this
free trade announcement (given the set of simultaneous equations of workers’ and
producers’ decisions as described in section 3.2).

Gross Flows

Figures 3.1.1-6 illustrate the ratio of workers who leave their sector over years.
After the announcement of free trade metal workers anticipate the wage decrease
(which would be 30% if they do not react), therefore the number of all types of
workers moving from the metal sector to other sectors increase at time zero. Of
course, the opposite of this story is observed in all other sectors except Home.

There are two particularly interesting sectors other than metal. The first one
is manufacturing, because we see a much larger decrease in out-flows in this sector

compared to others, which means that manufacturing workers are much better off
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after the announcement. We will discuss the reasons for this difference later on, but
it is obvious that the real wages increase relatively more in this sector. Also note that
the workers have perfect foresight in our model (since it is a rational expectations
model with no aggregate uncertainty except the trade liberalization in the metal
sector), which means that workers see that they will be better off if they stay in the
manufacturing sector and they act upon it. However, because of the individual shocks
some workers still decide to move, thus net flows are not equal to gross flows.

The other interesting sector is Home; because we see that the out-flows of young
workers increase while the out-flows of old workers decrease at the same time. This
means that working provides more utility after free trade for young workers and less
utility for older workers: a hint indicating that unexperienced old workers will be
worse off in general after free trade. Finally, note that older workers’ flows out of the
Home sector are smaller compared to younger workers, indicating that they will take
longer to find new jobs in the other sectors if they lose their job because of free trade.

Labor Adjustment

See Figures 3.2.1-6 for the illustrations of labor adjustments. These are directly
derived from gross flows explained in the previous paragraph. We see major changes
in only two sectors: Metal and Manufacturing. The metal sector shrinks about 60%,
consistent with the trade liberalization and decrease in the product price. Most of the
labor adjustment in the metal sector takes place in the first five years: we observe that

the labor allocation completes 94% of the distance between autarky allocation and
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free trade allocation. For the Service sector this number is 83%, for the manufacturing
sector it is 89%, and it is 60% for the Home sector. Note that most of the sectors’
steady state labor allocations are almost unchanged after free trade (except Metal and
Manufacturing). It is obvious that the Metal sector would be significantly affected,
however this is not obvious for the Manufacturing sector, which we turn to in the
next subsection.

Another intriguing point is the presence of ridges in the labor allocation graphs
of Construction, Trade and Staying home sectors (Figures 3.2.1, 3.2.5 and 3.2.6). In
these sectors we see that the number of workers continue to increase until time 5,
then it slowly decreases, however in the steady state this number is still larger than
in the autarky steady state (it does not decrease further). First of all, we have to
note that these changes are relatively small: at any given time, the number of workers
is not more than 1% different from any other point in time. For the Staying home
sector, the explanation is quite straightforward: Metal workers choose to stay at home
since moving to Home sector is costless and they have less incentive to work in their
original sector. Hence, we see a large flow from Metal sector to the Home sector,
and workers who stay home slowly move out as they receive attractive shocks from
other sectors. So the first 5 time periods are mainly characterized by large out-flows
from the metal sector. The utility of being in the Metal sector decreases so much
that, most of the Metal workers just move out as they receive any acceptable offer

from any sector. Although moving to market sectors (Construction, Manufacturing,
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Metal, Service and Trade) is costly, the same story applies, most of the metal workers
move out as soon as they receive a reasonable shock from any sector. Being in the
metal sector is undesirable for most of the workers, so they move out right away to
any sector that sends good shocks. However, being in the Manufacturing sector seems
to be the most desirable; so those workers who move to Trade and Staying at home
sectors from the Metal sector move again, but this time to the Manufacturing sector
if they receive a good offer.

Output

Output levels relative to autarky output levels, ¢!/qgj, are illustrated in Figures
3.3.1-6. First of all, the metal sector output decreases 60% after free trade, as a
result of a decrease in the price level and out-flow of workers. There are two sectors
primarily affected from this price decrease: Manufacturing and Construction. Note
that Metal is used primarily in producing itself, it has 30% share among all inputs.
Other than that, it is used in Manufacturing and Construction, 5% and 4% shares in
inputs respectively. Therefore the decrease in the input price increases the production
of Manufacturing about 10% and Construction about 3.5%. Other sectors are not
significantly affected, we see a 1% increase in the Service output and 0.5 increase in
the Trade output. As a result the total output increases by about 2.5%. There are two
interesting points that will be explained in the next paragraph: 1. Why Construction
output does not increase as much as the Manufacturing output? 2. Why the Trade

output continuously increases although the number of workers decrease after time
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period 57

Prices

Illustrations of price adjustments are presented in Figures 3.4.1-6. The price level
in the Metal sector decreases from 1 to the world price level (which is 0.7) as the
government abandons the tariffs for that sector. The Manufacturing sector takes the
world price, which is 1 for that sector even in autarky, because free trade is allowed
for the Manufacturing product at all times and the term autarky is actually used
for the Metal sector. Other sectors’ products are not traded so demand and supply
jointly determine the price levels. Note that all non-traded products are demanded
by both producers and consumers. We keep track of outputs and price levels in our
simulations, as they are determined simultaneously along with the values of workers,
(see the appendix for details on the solution method).

Here is a simplified explanation of supply and demand relations after the trade
liberalization: First, the price of metal decreases. Metal is used as input in the Man-
ufacturing and Construction sectors, therefore the supply of these products increases
along with the reduced input price. In the Manufacturing sector, the supply increases
significantly since the price level is exogenous and inelastic. However, the Construc-
tion sector price is endogenous: an increase in supply reduces the price and limits
further increase in supply. With the increased output in these two sectors (especially
with the large increase in the Manufacturing sector which is very large), the total

output increases. Thus, the demand for all products increases, causing the prices of



90

non-traded products to increase, which in turn increases the output in the non-traded
sectors. Note that even if the number of workers decreases slightly after the initial
jump in the Trade sector, the output continues to increase further because the relative
price of Manufacturing input is much lower. All these price increases raise the CPI.
Note that the decrease in the Metal sector product has no direct effect on CPI since
metal is only used as an intermediate good, and not consumed by agents.

Wages

Real wages are determined jointly by the effective number of workers and the price
levels. The evolution of wages is described in Figures 3.5.1-5. The real wages decrease
in the Metal sector, and increase in all other sectors as one might expect. Because
of large out-flows from the Metal sector, we observe ridges in the first five years
after the trade liberalization. In the metal sector real wages increase slightly since
the number of workers continues to decrease, increasing marginal product of labor.
In all other sectors wages decrease slightly in the first five years (the periods with
large out-flows from the Metal sector) but afterwards they continue to increase in the
non-traded sectors (Construction, Service and Trade) due to continuously increasing
prices, parallel to the output increases in the Manufacturing sector, which is not
matched by the other sectors. This increase in output increases the demand for non-
traded output and the increase in output is small causing an increase in prices, thus
increasing the wages.

Welfare of Workers
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Welfare of workers is shown in Figures 3.6.1-6. Note that a Young worker is a
worker with 5 years of sectoral and market experience (Type I), Old 1 is a worker
with 5 years of sectoral and 35 years of market experience (Type VII), while Old 2 is
a worker with both 35 years of sectoral and market experience (Type X). The figures
show the changes in the present discounted utility after the trade liberalization. Note
that one year’s average wage is about 1.0, therefore a change of -0.5 is equivalent to
losing 6 months salary right away with no further decrease in future salaries. So the
numbers do not refer to equivalent percentage wage losses as used in the displaced
workers literature; they should be considered as one time losses.

Let us start the analysis with the Metal sector (Figure 3.6.3): as one might expect,
all workers are worse off by the trade liberalization. The workers who are most affected
are the Old 2 type workers since they were enjoying higher wages compared to others
because of their high sectoral experience. If we compare them with the Young workers,
we see that they differ from 3 aspects: first, they have more sectoral experience which
causes them to lose more; second, they have higher non-pecuniary mobility costs
which makes it more difficult for them to find new jobs; third, their time horizon is
shorter which might make them less worse off since they would be subject to negative
effects of free trade for a shorter period of time. Shorter time period also means that
they are closer to retirement, increasing CPI decreases the purchasing power of their
retirement savings. Hence the effect of shorter time period is ambiguous: it might

increase or decrease the negative effects of trade liberalization. Figure 3.6.3 indicates
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that Old 1 is slightly more worse off (-0.8) compared to Young (-0.5), while Old 2 is a
lot more worse off (-2.0). These values cannot directly be compared with the results
of the literature on displaced workers, since they only consider wage decreases. For
example, Jacobson Lalonde and Sullivan (1993) report that tenured workers might
lose 25% of their wage continuously due to displacement. That would be equivalent
to 210% percent one time loss of one year’s wage which is very close to my findings.
Note that I use present discounted welfare derived from utility functions, therefore
my analysis also includes non-wage components of the utility as well.

Different from the displaced workers literature, I can use the welfare effects of trade
liberalization in the metal sector on the other sectors as well. For example Figure
3.6.2 shows that the welfare of manufacturing workers increases proportionally to their
sectoral and market experience. Old 1 workers with 35 years of sector and market
experience gain about 0.25, while Old 2 workers gain only 0.1 and Young workers gain
about 0.02. This graph is almost like a mirror image of the graph of Metal worker’s
welfare change (Figure 3.6.3).

Young workers in the metal sector do not experience high costs since they are very
mobile and can easily find new jobs in the other sectors. Likewise, young workers in
the Manufacturing sector do not experience high benefits (compared to older workers)
since they are very mobile and their option value of moving and working in the metal
sector decreases significantly. We call this a "mirror effect". Note that wages are

almost unchanged in other sectors.
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On the other hand, the welfare effects in the non-traded market sectors are more
variant (see Figures 3.6.1, 3.6.4 and 3.6.5). Young workers are unanimously better
off, but by a small amount ranging between 0.01 and 0.03. Note that their option
value does not decrease as much as the Manufacturing workers’ option value, because
the increase in wages in the Manufacturing sector compensates the decrease in wages
in the Metal sector (for their option values). Old 1 workers are unanimously worse off
ranging between -0.04 and -0.06. The reason for their being worse off is the increase
in the CPI, which decreases the purchasing power of their retirement benefits, while
the increase in the real wages partially compensates this decrease, although it is not
sufficient to completely take it away. Old 2 workers are slightly better off in the
Construction and Service sectors (0.02 and 0.03) and slightly worse off in the Trade
sector (-0.02). This difference is caused by the differences in the initial increases in
wages: note that the wage increase in the Trade sector is gradual. Old 2 workers in the
Service and Construction sectors enjoy an increased wage sufficient to compensate for
the increase in the CPI (which reduces the purchasing power of their future retirement
benefits).

We see that older workers gain (or lose) an amount ranging between -2.0 to +0.25.
Young workers gain (or lose) an amount ranging between -0.5 to +0.1. Hence welfare
effects of tariff reduction in the metal sector shows a wider range on older workers,

creating larger losses and benefits among them, consistent with the findings of the
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Pew Global Attitudes Survey.??

Experience and Welfare

After we calculate the wage flows we can use the model from Chapter 2 (Model
2.2.1), to calculate how each worker is affected by trade liberalization. Note that the
reason we assumed only 10 types of workers in this chapter was to restrict the state
space, since endogeneity of wages increase the state space tremendously. If the wages
were known, we could have used directly Model 2.2.1, as we did for the estimation.
Therefore after calculating the wage flows, we can calculate values of the workers
the same way we did for the estimation without worrying about the size of the state
space. The change in workers’ values are illustrated in Figures 3.7.1-5 and Figures
3.8.1-5.

There are three main factors affecting workers’ attitudes towards free trade: first,
moving costs and value of outside options; second, number of years to work; and
third, changes in CPI. Workers in the metal sector are hurt more if they are less
mobile because it is more difficult for workers with limited mobility to find new jobs
in other sectors. Note that the value of the outside option increases significantly for
the metal workers.

Workers in the Manufacturing sector are helped more if they are less mobile be-

cause their probability of working in the metal sector is smaller compared to the

23Note that the question in the survey is on free trade general not on a particular sector as I
studied in this research. Young metal workers can easily be made better off by a multi-sector trade
liberalization since they are not significantly worse off. On the other hand, older metal worker will
unlikely be better off even if there were other sectors opening up for free trade.
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workers with high mobility. Note that since the wages in other sectors do not change
much, the more mobile a worker is the more her outside option decreases after free
trade because of the decrease in the Metal sector. Therefore in the Manufacturing
sector a worker’s being better off is negatively correlated with her mobility. Hence,
high moving cost increases the positive effects of free trade if the outside option de-
creases because of the decrease in the Metal sector wages. Similarly, high moving
cost increases the negative effects of free trade in a sector if the wages in that sector
decrease because of free trade.

On the other hand, this explanation does not apply to sectors other than Manu-
facturing since their outside option does not decrease at all, because of the significant
increase in the Manufacturing wages. In those sectors, positive effects of trade liberal-
ization decrease with age as workers get closer to their retirement, since the purchasing
power of their retirement compensation decreases. On the other hand positive effects
of trade liberalization increase with sectoral experience since workers enjoy higher
increase in their wages. Note that especially in Service and Trade sectors the sectoral
experience has little effect as the wage changes are very small in these sectors.

Change in Present Discounted Value of Wage Flows

Note that some papers in the literature consider firing cost rather than mobility
costs, as in Utar (2005) and Kambourov and Manovskii (2003). The mobility costs
mentioned in this paper may include firing cost as well as any other unmodelled

frictions. Therefore one might argue that the changes in workers’ utility might be
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different with a different set of assumptions. Fortunately, this model imitates the
labor flows well no matter where these frictions come from. Note that we studied
different assumptions on these frictions in Chapter 2.

We consider changes in the present discounted value of expected wages as a proxy
of the changes in utility. Unlike the utility, changes in the wages are not affected
by the assumptions on the source of frictions. Therefore, by showing that there are
similarities between the qualitative effects of trade liberalization on present discounted
utility and present discounted wages, we show that the qualitative implications of the
model are robust for any given assumption on frictions.

Consider the present discounted value of expected wage flows, ‘N/ti, given as

I
Vi=w + Z mi'jf/til. (34)
j=1
The change in f/j values after the trade liberalization are illustrated in Figure
3.9.1-5. Note that these figures look very similar to Figures 3.7.1-5, which explain
the changes in the utility, V;'. Naturally, the numbers differ especially for the Metal
sector. So we conclude that the quantitative implications of the model may be affected
by the assumptions on the sources of friction
Finally, Figures 3.11.1-5 show the percentage changes in the expected wages. Note

that our results are comparable with the previous "displaced workers literature", our

finding for workers around 55 years old who lose 25% of their wage, is similar to what
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Jacobson LaLonde and Sullivan (1993) reports for experienced workers.

3.4 Conclusion

In Chapter 2, I estimated a dynamic structural discrete choice model of sectoral
mobility and human capital accumulation in an open economy subject to trade shocks
using the National Longitudinal Survey of Youth. I estimated different variations
of the model to demonstrate the robustness of the model and the validity of the
assumptions. In Chapter 3, I used the estimates of the model to analyze the effects
of a hypothetical trade liberalization in the metal manufacturing sector, particularly
on younger and older workers.

The results show that estimated moving costs are large and increase further by age.
Preference shocks are important in explaining labor mobility.therefore psychological
and unobserved factors play a role in mobility decisions. However, incorporating
serially correlated preference shocks into the model decreases moving costs. In the case
of free trade in the metal manufacturing sector, younger metal workers will be hurt but
less so than older workers. The younger workers in other sectors will be helped more
than most of the older workers. However, older workers with large sectoral experience
in the manufacturing sector will be better off than all young workers in the economy;,
while most of the old workers in the economy without sectoral experience will be worse
off. This varying effect on older workers results in a broader division among older

workers in viewing trade liberalization as good or bad than among younger workers,
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consistent with the findings of the Pew Global Attitudes Survey. The results also show
that displaced younger metal workers can find new jobs in other sectors faster than
older workers if they lose their jobs because of free trade. Increasing mobility costs
by age suggests that non-monotonic age-correlated benefits in the Trade Adjustment
Assistance program may yield a more efficient compensation scheme.

The main finding of the paper is: old workers are more split and young workers are
more unanimous in seeing free trade as good or bad. The results might be different for
different simulation exercises. In this exercise we liberalized a sector which produces
an intermediate good, which has no direct effect on CPIL. If we were studying a
liberalization of the manufacturing sector the results would be different: we could see
more workers being better off parallel with the decrease in CPI. The main finding,
which is the unanimity of younger workers in general, would be unchanged.

Incorporating capital mobility in the model in addition to worker mobility would
allow us to study the welfare effects of free trade more precisely, especially over
the long run, a task which is left for future research. The simulations predict that
displaced metal workers’ attempts to find new jobs in other sectors will be slow,
leading to a temporary rise in unemployment. Pissarides (1985) type searching agents
could be used to study how free trade changes the unemployment rate in the long

run, a task which is also left for future work.
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Appendix

Calibration Parameters

Utility Function

We calibrate the utility function parameters from the "Relative importance of
components in the Consumer Price Indexes: U.S. city average, December 2004" ta-
ble. Since the utility function is Cobb-Douglas, share of sector i products can be
considered as the parameter a;,. Note that products of whole/retail trade and metal
manufacturing do not appear in this table. Processed foods enter in the manufac-
turing sector and fresh fruits; vegetables enter in the construction sector which also
includes agriculture and mining. Consumers who rent, pay a different price for shel-
ter compared to home owners: we consider the price paid by home owners because
renting a house might include other services which should not be included as a part
of construction sector but as a part of service sector (we add the difference to the
service sector). Another important point is related to the main input of the construc-
tion sector which is land: since we do not consider land as an input we deduct the
approximate cost of land from the cost of shelter. We assume that cost of land is
approximately 60%, of course this number is a guess and it would be different for
each city. The share of construction sector is approximately 10%, the share of man-

ufacturing is approximately 40%, and the share of service sector is about 50% in our
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model.

Production Functions

The share of inputs for each product can be considered as parameters of the
Cobb-Douglas production function, b; We mainly use the set of tables labeled as
"The Use of Commodities by Industries after Redefinitions, 1997" from the Bureau
of Economic Analysis’ internet site. We consider the output levels before tax. We
use a one digit industry table for all sectors except Manufacturing and Metal. For
sectors which are consist of more than one sector, such as service, we take a weighted
average of shares. For manufacturing and metal sectors we use a four digit table, we
combine sub-divisions of metal industry and subtract them from the manufacturing
shares from the one digit table and take the relative size of metal sector into account.
The results are summarized in table 3.1.

Before calibrating the coefficient B!, we normalize all inputs xij = 1, for every
i, J, t and we normalize total labor > > ; L™ = 1 where n stands for the worker
type. The average sectoral experience of workers is endogenous in the model; we
use probabilities of sector change to calculate average sectoral experience. Using the
average sectoral experience and education levels for each sector we calculate average

human capital level for each sector, which then, is used to calculate effective total

labor in each sector, Lihi. Then we pick B’ such that, average real wage in each
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sector is equal to implied average real wage over the years:
Zwt Bib (L),

note that we do not need to worry about the inputs since they are normalized to one.
After this calibration, we need to consider quantities of inputs relative to the autarky
quantities, xt” /! x5 Autarky to use them in the production function.

Labor Supply

The parameters, Co, C1, Co/de, ¢4, ¢s5, B, v, v2,..., v° are taken from the
estimates of Model 2.1. The parameter, ¢}, is a weighted average of ¢,, ¢,, ¢5 given
the percentage of high school and college graduates for each sector.

Solution Method for Simulations

We use a method similar to multiple shooting, described in Lipton et al. 1982, to
solve for the transition and steady states. The solution described here is for one type
of worker, it can be generalized for more than one type simply by increasing the state
space.

Autarky Steady State:

In autarky prices are given as 1 for all sectors and the inputs x*/ are also nor-
malized to unity. Therefore we solve the system without worrying about the prices
ad inputs since all parameters are calibrated under the assumption of all prices being

unity.
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We will exploit the lack of aggregate uncertainty, the only uncertainty is the one
time shock to price because of trade liberalization. So the system we are solving is
deterministic since we only have a one time shock and nothing else stochastic. The
random idiosyncratic shocks in the model do not make the aggregate system stochas-
tic because we have a continuum of workers, hence all agents have a perfect foresight
of the aggregate parameters (except the trade shock). If we know the steady state
labor allocation, L?, we can calculate wages, w'. If we know the steady state values
of workers, V*, we can calculate their probabilities of sector change, m¥. Moreover
knowing m* and w® it is possible to calculate values of workers V*. Hence all para-
meters can be considered functions of other parameters:

)
CPI, 0L
where ¢’ is the production function and C'PI, is the consumer price index. Probability

of sector change

exp [(Eth’}fl - E, tTl _ C«mk) /V]
Zj exp [(Euvtijl - BV — C"’i’j) /V]

nik
my" = E,

Value of workers

BV} =w,+v' 4+ vlog (1 +exp (m’/v)) + BEV},,,
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Labor allocation
10 6
nj D (0 r ri, TiJ
Lty = E :P(St+1|5t) E :Lt my
r=1 i=1

Let

Xy=[L}, L3 L VL V2L v

and consider the system above as a mapping F : %0 — R!29 such that X, =
F (Xi41). In the steady state X; = X1, therefore there is a fixed point of function

F. The steady state is the solution of the nonlinear equation
F(X%%) = X% =0.

which can be solved by any nonlinear equation solver.

Free Trade Steady State:

For the free trade steady state we have to worry about the prices because prices
are actually endogenous for some sectors and a drop in the metal sector price will
effect prices endogenously, deviating from the autarky price levels in many sectors.

Assume that the autarky output levels are given as ¢';, for i = 1..I. For the traded
goods the prices will still be exogenous and equal to world price, pir = pi;;, however
the free trade outputs for all sectors and the prices for non-traded sectors will be

endogenous to the model, p% and qkp. The price levels will be determined by the
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equation

a; Y (b +b2) qlpl + 311 blalp]

(04 +b3) ¢y + i1 vl

]17,

and the quantities will be determined by

-1 i
qt Bt Lzhz b’eH (1 qtpt)

j=1 pt qA

where t = FT. Therefore ¢%;’s and pi;’s are included as control variables in the
system, but the solution method is almost identical to the autarky solution except

whys time we have two more equations. Let
!
Xt - [L%7 Lt2"'7 L?07 ‘/tl? ‘/1527 et ‘/t-607 QI;[7 QtQ7 ) qt57p%7p?7 "'7p?:| )

and consider the system above as a mapping F : R — R0 such that X, =
F (Xi41). In the steady state X; = Xy, therefore there is a fixed point of function

F'. The steady state is the solution of the nonlinear equation
F(X®%) = X*% =0,

which can be solved by any nonlinear equation solver.

Transition:
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Solving for transition is relatively more difficult than the steady state but the
problem can be attacked by a similar approach. The economy is at autarchy steady
state equilibrium initially, at time 0 and then the economy switches to free trade as
shock therapy. Consider the system above, assume starting from ¢ = 0 the economy
will become sufficiently close to its free trade steady state X7 at t = T, such that
(Xp — XF T)/ (Xr — X'T) < §,where § is a very small number for the tolerance level.
We will conveniently assume that X, = Xp for every k > 0, since there will not be
any aggregate shocks in the economy. Let X = [Xg, X1, Xs, ..., X7|', be the transition
of all state and control variables starting from ¢ = 0, (autarchy) until ¢ = T, (free trade
steady state). Then we can define a mapping from H : R0+ x [0, 1]% — R7OT+1)
such that X = H (X, Ly). Therefore this problem is just a larger version of the steady

state problem. We solve the nonlinear equation

H(X,Ly)— X =0, (35)

to find the fixed point. Note that this time we can consider

/
Xt = [‘/;17%27"'7‘/1;607%17%27'“7q1?7ptlapt27"'apﬂ )

since the initial labor allocation, Lg, is now known and it can be calculated forward.

In practice we first find the steady state of autarchy and of free trade. Then
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we guess a value for T', such as 40. Starting from the steady state autarchy labor
allocation we solve the nonlinear equation (35).Finally we check if X7 is equal to the
free trade steady state, if so we are done and if not we increase 7', and repeat the

procedure.

Notes on Wage Equation

Consider the production function:

y="b (Z L”h”) ,

where b is a constant which accounts for the production function coefficient and all
non-labor inputs and L" is the number of workers with effective human capital level

h™. Assume that workers receive their real marginal product:

n_POy
¢ OL™

w

where p is the price of the product and ¢ is the price index. Then

a—1
W = gba <Z L”h”) hn

where L is the total number of workers. Assume that h. is the average human capital
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in sector. Now consider the human capital accumulation process: h" = H (s") + z,

then the average effective human capital in the sector is h = % (Z L”h”) ,where

n
H is a linear function of state variables s” and z is a mean random shock to each
worker’s effective human capital. Note that z is different for all workers and it is
mean zero. Therefore we can write wages using average human capital such as

w" = gba (Lh)* ',

Now consider the average wage in sector:

Hence we can write wages as a function of average effective human capital and

average wages in sectors
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Figure 1.3: Wages of Export Sector Workers - Benchmark Cases
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Figure 1.4: Adjustrment of Labor - High and Low Yariance Cases
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Murmnber of Workers

Figure 2.1.1: Mobility of Workers by Age
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Figure 2.1.3: Distribution of Workers by Sectoral Experience
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Frohability of Sectar Change

Figure 2.2.1: Mon-linear Extrapolation of C
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Figure 2.2.2: Goss Flows when C is non-linear
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Figure 3.1.1: Labor Flows Out of Construction Sector
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Figure 3.1.2: Labor Flows Out of Manufacturing Sector
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Figure 3.1.3: Labo’ Flows Out of Metal Sector
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Figure 3.1.5: Labo’ Flows Out of Trade Sector
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Figure 3.1.6: Labor Flows Out of Mon-Market Sector
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Figure 3.2.1: Labor Adustment in Construction Sector
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Figure 3.2.2: Labor Adjustrment in Manufacturing Sector
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Figure 3.2.3: Labor Adjustment in Metal Sector
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Figure 3.2.5: Labor Adjustment in Trade Sector
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Figure 3.2.6: Labor Acjustment in Mon-Market Sector

15

20

25

30

395

39k

385

o
m]
T

375

Lo
-
T

365

36

385
-10

tirme

30



Clutput § Autarky Output

Cutput / Autarky Output

1.045

1.04

1.035

1.03

1.025

1.02

1.015

1.01

1.005
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Figure 3.3.3: Adjustrment of Metal Sector Output
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Figure 3.4.1: Price Adjustment of Construction Sector Product
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Figure 3.4.6: Adjustrent of Consurmer Price Index
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Figure 3.5.1: Wage Adjustment in Construction Sector
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Figure 3.5.2: Wage Adjastrment in Manufacturing Sector
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Figure 3.5.5; Wage Adjustrment in Trade Sector
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Change in Present Discounted Utility

Figure 3.6.2: Change in%alue of Manufacturing Workers

Change in Present Discounted Utility

I:|25 T T T T T T T
; foung
I . ([ Qi1 |
02 A ——=02
A
1A
015 { N |
l RN
| Y
[ hY
01 F ] ~ i
|
| _
00sr e e
0r i
005 i s DR
_|:|1 1 1 1 1 1 1 |
-10 ] 1] 5 10 15 20 25 30
time
Figure 3.6.3: Chance in %alue of Metal Workers
I:I T T T T T T
foung
e A N S old1 |7
———0ld2
0.4+ 2
OB I R R PR R R R ~
| o
08 I i
i
|
1k I i
|
121 | -
1
L | |
-1.4 i
1
1B 1 s e e e e
i -
-
a8t L.t ]
\/
b
_2 1 1 1 1 1 1 |
-10 ] 1] 5 10 15 20 25 30



Change in Present Discounted Utility

Change in Present Discounted Utility

Figure 3.6.4: Change in %alue of Serice Workers
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Figure 3.6.5: Chance in %alue of Trade Workers
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Figure 3.7.2: Change in Value of Manufacturing Workers after Free Trade
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Figure 3.8.1: Change in Value of Construction Workers after Free Trade
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Figure 3.8.2: Change in Value of Manufacturing Warkers after Free Trade
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Figure 3.8.3: Change in Value of Metal Workers after Free Trade
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Figure 3.8.4; Change in Yalue of Service Workers after Free Trade
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Figure 3.8.5: Change in Value of Trade Workers after Free Trade
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Figure 3.9.1; Change in Present Discounted Yalue of Wages - Construction
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Figure 3.9.2: Change in Present Discounted “alue of YWages - Manufactuning
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Figure 3.9.3: Change in Present Discounted “alue of WWages - Metal
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Figure 3.10.1; Change in Present Diccounted Yalue of ¥Wages - Construction
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Figure 310.2: Change in Present Discounted “alue of Wages - Manufacturing
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Figure 3.10.3: Change in Present Discounted “alue of Wages - Metal
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Figure 3.10.5: Change in Present Discounted Yalue of Wages - Trade
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Figure 3.11.1: Percentage Change in ¥Wages - Construction
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Figure 3.11.2: Percentage Change in ¥YWages - Manufacturing
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Figure 3.11.3: Percentsge Change in Wages - Metal
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Figure 3.11.4: Percentage Change in ¥Wages - Service

T T

T

T T T

1o

20 25
Age 20+
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Figure 3.12.1: Percentage Change in ¥YWages - Construction
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Figure 3.12.3: Percentagz Change in Yages - Metal
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Figure 3.12.5: Percentage Change in ¥Wages - Trade
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