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I. Introduction

According to Becker, a distinction must be made between general and firm- specific
human capital. Training is, of course, the most important means of investing in human
capital, and hence it will be used later as an explicit example of the investmant
process. Now if an employee receives general on-the- job training, his productivity will
increase wherever he may work after training. On the other hand in‘the case of firm-

specific training, an employee’s productivity will increase only in the firm that provides
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1) Becker, Gary S. (1962), Investment in Human Capital: A Theoretical Anabsis, Journal of Political
Economy, 70, no. 5, pt. 2, suppl : pp.9~49.

(1975), Human Capital, 2nd ed. (Chicago: The Univ. of Chicago Press)

-319-



2 AFdga g3 ARYUE - A434344)

the training. If he quits or if he is discharged, his productivity falls back to the initial
(pretraining) level.

It can easily be shown that a perfectly competitive firm never pays the expenses of
general on-the- job training (this is because general training does not bring any return
to the firm owing to the fact that in a competitive labor market wages would increase
by exactly the same amount as the marginal product). Instead, it is financed by the
employee. In this sense, the concept of general training has a meaning identical to that
of formal schooling.

As far as firm- specific human capital is concerned, the firm has a more important role
to play. In this case the firm pays the cost of training (plus other possible firm-
specific investment outlays) and receives the corresponding return in the form of the
difference between the employee’s marginal producut and the wage rate.

An almost classical treatment of the investment process is found in Becker(1975). In
his model investment in human capital occurs during the first period, and the employee
in question stays a total of T periods in the firm (there is no labor turnover and human
capital depreciation is not explicitly considered). The costs of firm-specific training
consist of two parts; namely the opportunity costs of the time spent in training and the
direct resource costs. The return from the investment is the difference between the
employee’s (i.e., trainee’s) marginal product and the wage rate. Thus the following

equilibrium condition can be written

1 MP-W,
MP "+ t ¢
0 ° §(1+r)t

=W +C
]

where C is the total cost of training (in the initial period),MP, is the opportunity mar-
ginal product of trainees, W_ is the wage rate paid during the training period, W, is the
wage rate and MP, the marginal product in period t, and finally r is the market rate of
interest. 2

As for the wage rate, Wv it can be assumed initially that it is the market wage rate.
Thus, an employee has no incentive to quit because a higher wage rate could not be

obtained elsewhere. On the other hand, the employee loses nothing if he quits. But the

2) All of this follows from the assumption that the firm pays all costs and collects all returns.
See Becker (1975), Ibid., p.28.
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firm does lose! The exact amount of the loss depends on the corresponding investment
outlay and on the date of quitting. Hence, the employee can use the possibility of quitting
as a threat. So in fact what we really need to analyze is a case of a bilateral monopoly.

Thus, in fact, the employee’s wage rate will be determined in a bargaining process be-
tween the employee and the employer. Obviously the result is that the employee receives
a higher wage rate, that is, the market wage rate plus some premium. But the higher
wage would make the supply of trainees greater than the demand, and rationing would be
required. The final step would be to shift some training costs as well as returns to
employees, thereby bringing supply more in line with demand. When the final step is
completed the firm no longer pays all training costs nor do they collect all return but they
share both with employees. Now if this kind of contractual agreement is reached, the
employee suffers a loss if he quits, a fact which ob;rioﬂsly discourage quitting.

As for the employer, he suffers a loss if the employee quits or if he discharges the
employee. All in all, we see that firm-specific human capital has strong implications
regarding labor turnover. It is also clear that firm-specific human capital affects the wage
determination process, although it is difficult to discover the exact forms and magnitude
of these effects.?

In the following analysis, we consider the accumulation of firm-specific human capital
by using a dynamic model of on-the-job training. By employing this kind of analysis it
becomes possible to derive the optimal investment path for the firm and to study how
investment adjusts in response to changes in different parameters. Our model also pro-
vides a suitable framework for analyzing what kind of differences exist between 1)young
and old employees, and 2) the employees with different initial human capital endowment
(e.g., different level of schooling), especially with respect to investment opportunities
and bargaining power. In other words, our model provides what kind of behavior of a
firm can be expected in selecting the joint investment ( firm-specific investment) partner.

One thing to mention is that this paper concerns only the behavior of a firm in the
investmnet in the firm-specific human capital and does not consider .the behavior of an

employee. That is, this paper excludes the response of the worker whether to join the

2) In the competitive equlibrium, the wage rate will be the initial wage ( market wage rate)
plus the employee’s share of the return from the investment. That is, W, =W +a(MP'+
MPD) where a is the employee’s share of the invesment in firm-specific human capital.
For more detail, see Becker(1975), and Hashimoto(1979).
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firm-specific investment.

I. The Optimal Accumulation of Firm-Specific
Human Capital

When analyzing the accumulation of human capital, there are basically two approaches
to be followed. That presented by Rosen (1972M is based on the hypothesis that learning
and work are complementary joint products, the ratio between the varying from job to
job. Those wark activities involving greater learning content pay lower wages both to
cover costs associated with learning incurred by firms and to ration off eager demanders
of such jobs. The other approach, presented by Ben-Porath(1967)® is characterized by
allocation of time between human capital production and work.

Even if the approach of Rosen has some appealing features, it has not gained much
popularity, perhaps because of some problems with its implementation. The basic
weakness in the model of Rosen is known that, in short, a firm has no means of
influencing the accumulation of human capital. That is, Rosen uses the following
equation of motion for the stock of firm- specific human capital : dZ/dt =bQ(t), where Z
stands for the stock of human capital, Q the index of output, and b a constant
parameter. In this model, the firm is really no more than an on-looker, firm- specific
human capital being a pure windfall for the firm in question. Moreover, there are no
adjustment costs involved in accumulating human capital (Hence a production function
with decreasing returns to scale is required to achieve a uniqge steady state). In addition,
the rate of labor turnover is no importance whatsocever- clearly not a very realistic
assumption. In this sense, the subsequent analysis also foliows the other tradition, that

is, our model is analogous to the allocation of time model.
.1. The Specification of the Model

These models are usually specified so that an individual is assumed to devote a frac-

4) Rosen, S. (1972), Learning by Experience as a Joint Production, Quarterly Journal of Economics,
pp. 366~382.

5) Ben-Porath, Y. (1967), The Production of Human Capital and the Life-Cycle of Eamings, Journal of
Political Economy, 75(4), pp.353~365.
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tion of his time to learning and a fraction to working. Human capital is measured in
relation to the learning (or training) time.
Before our model is presented in detail, the main assumptions on which the subsequent

analysis is based are given as follows. They are:

Assumption 1(Al): The stock of labor is constant.
Assumption 2(A2) : There is no uncertainty, that is, the employer knows, for example,
all the characteristics of an employee.

Assumption 3(A3): Wages are given to the employer.

The main elements of our model are the production function of human capital and the
production function of marketabie goods. As stated above, we assume that the quantity
of human capital produced depends on the stock of human capital devoted to this
production process. Thus, we can write the following equation of motion for the

accumlation of human capital :

(2) K(t)=g(h(t)—~vK(t)

where K (t) stands for the total stock oh human capital, h(t) the stock of human capital
devoted to human capital production, v the human capital depreciation parameter and
g( +) the production function of human capital. K(t) consists of two parts, h{t) and k(
t), where k(t) denotes the stock of human capital devoted to working (i.e., production
of marketable goods). The function g( - ) is assumed to be concave with g’ >0 and g¥0.

The production function of marketable goods can be written simply in the following

form :
(3) Q(H)=1f(k(t)

where Q denotes the index of ocutput. It is also assumed that f( - ) is concave, but not
necessarily strictly, with f° >0 and f* < Q. ’

Since ' K=h+k, we can express h/K=s and k/K=(1-s). Thus we can rewrite (2) and
(3) in the form:

(2") K(t)=g(s(HK())—vK(t)
(3") QU =F((1-s()K(1)).
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By substituing (2°) into (3’) we obtain : 6
(4 QUO=F((1-g(K(t)+vK()/K(tHK(D)).

From the previous assumptions about f( - ) and g( - ), we find that 2Q/eK{0 and
22Q/2K2 €0,” a result which is typical for all adjustment cost models.

As mentioned above in Al, the stock of labor is constant in this model. For simplicity,
let us assume that there is only one employee in the firm. In this case, the expected du-
ration of employment is finite, say, T, and the stock of human capital, K, depreciates at
a constant rate, v.8®

The employee has an initial stock of human capital, denoted by Ko which is completely
general in character (if the employee had also acquired firm-specific capital from other
firms, this would, by definition, have zero production effect). Instead we assume that all
the human capital accumulated in this firm is firm-specific. 9

By A3, we assume that the firm pays a constant wage rate, say wl . It can be
thought to correspond to the market wage rate plus some premium which is a kind of
remuneration for the firm-specific capital, as shown in footnote 4), ie., W] =W,+a(MP’-
MP)).

Using the previous assumptions, a dynaminc model is now developed. 19 We adopt the
convention! point of departure, namely, that the firm maximizes its present value ( here,

per employee), that is:

8) from (2°), K(t)+vK(t)=g(s(t)k(t)). Assuming that there exists the inverse function,
we can express (2°) as below. s()K()=g XK (t)+vK(t)) .. s()=g1K(1)+vK(1))/K
(t). Thus, by replacing this into (3’), we obtain (4)

7) This can be shown easily by using the differentiability theorem; (g1)’(x)=1/g’(g1(x)).
For more detail, See Salas, S.L. & Hille, E. (1974), Calculus, John Wiley & Sons, Inc,,
A8

8) If the stock of labor were L (L)1), then, of course, the natural withdrawal of labor would
also reduce the stock of firm-specific human capital in the firm; that is, v would now have
a different interpretation compared to the one above. In this case, the time horizon of the
firm would be infinite.

9) This is a very restrictive assumption. In fact, both kinds of human capital would be
produced in a firm.

10) For more detail of the process and the results, consult Intriligator M. (1971), Mathematical
Optimization and Eonomoic Theory, Prentice-Hall, N. J. pp. 344~357.
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(5) max |’ en(pt((1-s(DK(D)-w] Jat

subject to K=dK/dt=g(s()K(t))-vK(t)
and 0<s(t)< 1, K(0)=K, K(T) is free.

The notation has the following interpretation :

—p is the price of output, the firm is a price taker

—w. is the wage rate

—r is the market rate of interest, here we assume that the firm has static expectations
with respect to p,w) , and r

—v is the human capital depreciation parameter

—f( - ) is the production function of marketable goods, Q, it is assumed to be concave
with £°30, £7€0, f'(0)=c0, and f’(e)=0

—g( - ) is the production function of human capital (per employee) we assume
concavity with g’>0, g0, g’(0)=oo, and g’ ()=0

—K(t) is the stock of human capital

—s(t) is the fraction of human capital used in human capital production, thus 1-s
corresponds, in fact, to the intensity of working

—T is the duration of employment

(5) is a typical control problem with X the state variable and s the control variable. Next
we develop a current value Hamiltonian and then write out the necessary and sufficient

conditions for the optimal path of K(t). The Hamiltoninan corresponding to (5) is:

6) H(K,s,y,t)=en(pf((1-s)K)-ws )+y(g(sK)-vK).
Now we just replace the costate variable y!V by ue™ so that we get .
(6’) H(K,s,u,t)=ent(pf((1-s)K-w} J+uen( g(sK)-vK).

And the current value Hamiltonian H=H et i.e.

(7) H(K,s,u,)=pf((1-s)K-w; )+u(g(sK)-vK).

11) This is the dynamic equivalent of the Lagrange multiplier of static problems of maximization
( or minimization) subject to constraints.
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The necessary conditions corresponding to (7) are now : 12

(8) d=ru+uv-pf’(1-s)-ug’s=0

(9) K=g(K)-vK=0

(10) oH/es=-pf'K+ug’K=0, »2H/ss2=pf"K*+ug”K2{0

(11) u(T)er=0

The costate variable, u, can be interpreted as the shadow price of human capital, 13

and from @) and (10) we can solve:
12) u(t)=StT (of’ exp.-(r+v)(z-t))dr=f (pg’ exp. (r+v)(r-t))dr

ie., u(t) is the present value of adding a unit of human capital to the stock of human
capital at time (date) t.

The necessary conditions give us the optimal pair, denoted by K(t), s(t). By showing
that the current value Hamiltonian H(K, s, u,t) is concave in K and s, we obtain the suf-
ficient condition for K(t), s(t) to be the solution of (5). That is, in order to satisfy the

sufficient condition, the following Hessian matrix should show ‘negative definite’.

(13) [f’( 1-s)2+ug”s? -f"(1-s)K+ ug"sK]
-7 (1-s)K+ug”’sK f"K2+ug"K2

It emerges that the determinant of the matrix is simply f"g"K%u, hence by our previous

assumptions the matrix is negative definite.
1.2, The Optimal Accumulation of Firm-Specific Capital
Next we derive the optimal value for the control variable, s. (10) gives us an ana-

logue for the marginal cost= marginal revenue condition, pf’K representing here the

opportunity cost term, while ug’K corresponds to the revenue from allocating human

12) If we differentiate u=ye™ with respect to t, we get: u=rye''+yet=ru+yet. On the other
hand, y=-» H/> K=e™(pf’(1-s)+yg’'s-yv). (See Intriligator, Ibid., p.353). Hence, u=ru
-ef(e™pf’ (1-s)+yg’s-yv). This, in turn, can be written in the form (8) above.

13) This has the same meaning of the Lagrange multiplier. For example, the multiplier in the
utillity maximization problem is interpreted as the marginal utility of money.
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capital to human capital production. As for the optimal value of s, we only examine the
case of an interior solution 0{s{1 (i.e., pf” K=ug’ K). Again by using (10), we can
obtain the following signs of the partialal derivatives with respect to K and u for s:

(14) &= §(K' u)4
-7+

The problem is that the sign of 5 is ambiguous, i.e., the possibility cannot be excluded
that the fraction of human capital devoted to human capital production increases when
the stock of human capital increases. This result would, of course, be a perverse one (if
the standard theory of investment is used as a frame of reference). If the stock of
human capital increases, however, the marginal productivity of the additional stock of
human capital will decrease. Thus, it may be safely said that the increase of K would
reduce the fraction of the capital stock devoted to the production of human capital, s (i.
e., 340).

On the other hand, if the production function f( -) is linear, the sign of §, is
unambiguously negative.15

As for the sign of 8, it is unambiguously positive, which is also intuitively obvious
if we recall (12). Because u, in fact, represent (implicit) future profits from the
investment in human capital, (10) indicates that the more profitable it is to invest the
greater the investment will be.

In order to discover how s(t) and K(t) actually behave over time, we develop a phase
diagram. First we write out the equations of motion which correspond to the optimal
values of s(t). By substituting (10) and (14) into (8) and (9) we obtain :

(15) 4= (r+v)u-pf’ ((1-5(K,u)K)=0
(16) K=g(s(K,u)K)—~vK =0

14) 8,, 8, are obtained by the implicit differentiation of ( 10). They are;
(14-1) e3/eK={(pf"(1-s)-ug”s)/( pf"K+ug"K)="?
(- () (-)
(14-2) »5/pu=-g’/(pg"K+ug”K))0
15) since f"=0 when the production function f( - ) is linear, (14-1) becomes negative.
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At this stage we are only interested in the singularities of (8) and (9). Now the
corresponding slopes can be derived by implicit differentiation :

_ pf"(1-5)-pf"5,K
(17) du/dK;,= r+v+pf'5,K

(18) du/axlk_o%

As far as (17) is concerned, at first sight there seems to be ambiguity about the sign.
However, if we substitute 8 and 5, into the r_mmerator and the denominator and solve
from the singularity of (8), r+v=g’ s+pf’(1-s)/u, and then use this result to evaluate
the sign of the denominator, we find that (17) is unambiguously negative.

In the case of the K=0 locus, the denominator is clearly positive, but there is some
ambiguity about the sign of the numerator. If 5 is negative, it is positive as it the
whole slope of (18).

The possible explanation of these results are as follows. This can he seen by
examining what happens to these equations of motion if either u or K goes to zero or
increase by a very large amount. We begin with the =0 locus and assume that u
approaches 0. Then we can see from (8) that vu+ru approaches 0, too, which implies
that pf ((1-3) K) must go to zero. Because §, is positive, s approaches 0 and pf’ ((1-3)
K), in turn, pf’(K) ; for this reason, K must go to infinity in order to keep u=0. The
opposite holds in the sense that if K goes to zero, pf’((1- 5) K) goes to infinity, so that
u is required infinity, too. otherwise 1{(. Clearly the locus must have a negative slope.

Going on to the K=0 locus, we start with the case in which K goes to infinity. Then
g(sK) must do the same otherwise K becomes nonzero. Even if g( - ) increase with K
{(because g’ )0), vK increases faster, since g( - ) is assumed to be concave and because
5 is presumably negative, moving in the opposite direction from K. If, in turn, K
approaches zero, u must do the same, i.e., the locus continues through to the origin.
Strictly speaking, K cannot, however, go to infinity, because s cannot exceed 1; hence
g(K)}vK=0 forms an upper bound for K. In the same way, we find an upper bound for
the shadow price of human capital, i.e., u. Because s is restricted by the lower bound
s=0, u cannot exceed pf’(K)/G+v).

Now we are in a position to draw the phase diagram for the equations of motion.
(Figure 1) describes this case. The optimal path is illustrated by the curve KwKT. It
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follows first the infinite time trajectory KooK'm, then falls and reaches the u=0 co-
ordinate (so that the transversality condition (11) is satisfied).1® These optimal paths
are based on the assumption that the time horizon, i.e., the duration of employment, is
relatively long. However, if the time horizon, T, were short, the optimal path would not
approach the steady state, but rather fall rapidly as illustrated by the curves k'ooK’T.
Now we briefly analyze the stability of the system. First we show that K*u* is a
saddle point. With this aim in mind, we make the familiar linear expansion of (15) and

(16) around the steady state. This operation gives us the following system :

u a4, 2 u-u*
(19) =
K 2, 8y K-K*

16) If we were analyzing an infinite time problem, the firm would stay in the steady state
having once reached it. Then the firm would invest just so much that the investment would
equal the loss which is caused by human capital depreciation and the natural withdrawal
of labor.
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where the a s stand for
a, =r+v +pf‘§uK)0

a,=- P (1- S+pE{,K0
2, =8'5,K0
a,=V18'5+g'3 K0

The characteristics roots of the matrix A are :

(20) A, ,= ~(aytayp)+ fauﬂu)z' 4@, a,-a,a,)

Because the term (a,a,-a,,a,) is negative, the roots are real but opposite in sign.
Therefore K*,u* is a saddle point. That is, there is only one path in the (K, u) space

converging on the equilibrium (ie., KwKT).
II.3. The Time Path of s(t) and K(t) — Firm’s Optimal Policy

By referring to the previous diagram (figure 1), we can now derive the time paths of
s(t) and K(t) which correspond to the firm's optimal policy. (Figure 2) illustrates the
time paths of s(t) in the case of a finite time horizon. s(t) corresponds to the trajectory

K K; and s” to K’w K'T. If f(-) is strictly concave and we can exclude the

S(t)

(Figure 2)
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possibility that the price of output, p, is temporarily zero, s(t) would not meet the
upper bound, s=l.
The time path of K(t) can now be derived from (16) so that we get :

20 K=’ [o(3()) exp. (v(r-0)))dr-K, exp.

(Figure 3) llustrates the time path of K(t) corresponding to the time path of s(t) in
(Figure 2) i K'(t) is similary related to s’(t). If the time horizon is “long enough”,
the time path of K(t) has a typical turnpike property, i.e., K (t) is kept near the steady
stat, K*, most of time.

Some obvious conclusions can be made on the basis of these figures. First of all, we
see that those employees who will have only a short employment horizon, T, in the firm
(at the moment they are hired), receive only a limited amount of training. In other
words, (12) implies that the shorter is T, the smaller is u, and, because 5, is positive,
the smaller is s(t).

In this sense, old workers, in particular, face gloomy prospects in the labor market;
they will not find a firm which will provide them with a training program of any note,
and the less training they receive, the less prospect they are against layoffs, for

example.!” This reasoning is equally applicable to the fact that a firm prefers a man to

K(t)

K(t)

K()'

(Figure 3)

17) The old workers have not only a shorter T but presumably also a smaller g( - ), iLe., the
ability to produce human capital; the consequence of this becomes apparent in Table 1
below. By definition, the fast quitters suffer the same fate as the old workers; The only
problem is that, in practice, a firm cannot accurately identify these employees.
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a woman in providing the investment opportunity. Especially this is more apparent in
Korea where most of female workers leave the labor farce after marriage and, thus, they
have a very short employment horizon (T).

On the other hand, if we consider the situation inside a firm, we notice, on the basis
of (21), that the typical situation is (ceteris paribus) that the longer the employees
have stayed in the firm, the larger is their stock of human capital.

Clearly the incumbent en_lp]oyees (i.e., the employees who have been in the firm for
some time) are in a better position than the new entrants who have just been hired,
because the former possess a greater stock of firm-specific human capital.!® Thus, if
they are fired or if they quit, the firm suffers a greater loss than with new_employees.
On the other hand, in the labor market there are various seniority rules, which can be
seen in the layoff practice and in the wage differentials. It seems clear that the pattern
of human capital accumulation could provide an explanation why firms more or less
follow these rules.19

Next we consider the effect of differences in levels of Ko' i.e., in the initial
endowments of human capital. For example, it can be asked whether it is possible that
in some period t employees with different initial endowments of human capital, Ko' have
the same K(t) (assuming that they are identical in other respects, i.e., have the same
production fuctions, time horizons, etc). According to the uniquness theorem of
differential equations (cf. Takayama (1974), p.305) this is impossible, since if the paths,
say, for example, Kol(t) and K&(t) cross, they must be identical through the interval (0,
T). Hence an employee with a lower initial endowment of human capital will never
catch up with another employee with more human capital in period t=0. That is, if an
employee has an initial advantage over another (for example, in the sense that he has

more formal schooling) he will never relinquish this advantage.

18) In this connection, we refer to Figure 3, especially to the time path K(t). It should be
noted that the employees near the retirement age (t near T) have a relatively small stock
of human capital, so that even if K typically increases with the time an employee has been
in the firm, there is an exception concerning “very old” employees.

19) As far as wage differentials are concerned, they will be discussed later in another paper.
As for layoffs, we can refer here to the results obtained by Becker(1975) and Oi( 1962),
namely, that is, there is an inverse relationship between the stock of human capital and
the layoff possibility. This inverse relationship has been found in many empirical analyses.
See, for example, 0i{1962) and Telser( 1973).
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. Effect of Changes in the Demand and Wage Rate

Now we take a look at what happens to the steady state stock of human capital (K*)
and the present value of adding a unit of human capital to the stock of human capital
(u*) (around the steady state), when there are changes in the wage rate and demand.
The comparative statics results concerns the effect for cetris paribus once- and- forever
change in the respective parameter. Here we examine, however, the effects of the per-
manent shift and temporary change in the parameters in question. The results are

summarized in Table 1.

i.1. Change In The Wage Rate

The change in the wage rate (w,* ) has, in short, no effect on u* and K* regardless
whether the change is permanent or temporary if other things are equal. The reason is
that w,* simply represents a given Iump-sum cost for the firm which does not affect
the production process. That is, under our assumptions Al (constant stock of labor) and
A3 (given wage rate), the increase in w,* only raises the lump-sum cost for the

firm.20

(Table. 1)

Parameter Increased du* dx*

Permanent Change

W, 0 0

P + 0
Temporary Change

W' 0 0

P 0 -

il .2. Change In The Demand

Unlike the case of the wage rate change, the effects of change in the demand for the

20) For more detsail, see equations (6), (12) and (21).
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output are not same when the change is permanent and temporary. The reasons are as
follows.

First, the permanent increase of the demand (i.e., the rise of p) raises the shadow
price of human capital (increase in u*), but need not increase the steady state stock of
human capital since it also increases the opportunity costs. This “neutrality” result is
already apparent from (10) and (12), i.e., p does not affect s.

Second,- if the shift were of a temporary nature, so that after a short period the price
returns to the level which corresponds, for example, to a “normal” long-run state, the
following resuits could be obtained. The temporary increase in the firm's (output)
demand would make the shadow price of human capital rather insensitive (see (12) on
the presumption that T is large enough). But since an increase in p implies higher (
opportunity) costs in accumulating human capital, less fraction of human capital would
be deveoted to the production of human capital and this, in turn, decrease the stock of
human capital. On the other hand, the production of the marketable good would be
increased.

Some interesting result is obtained when there is a temporary decrease in the price of
output. The shadwo price of human capital will be insensitive and the opportunity costs
in the human capital production lower in this case by the reasons given above. Because
(10) or (14) implies that s is negatively related to K but positively to u, s will increase
and the capital stock, too. This result is obvious if we notice that the firm has, in fact,
two production processes; productioﬁ of marketable goods and human capital. A tem-
porary decrease in p makes human capital pro@uction more profitable and thus the firm
allocates its production accordingly. This adjustment possibility makes it easier for the
firm to withstand the variability of output prices (i.e., demand).

Perhaps the main implication of firm-specific human capital is that it prevents
layoffs (cf, for example, Oi (1962), p.554). The previous analysis suggests, however,
that the firm has some adjustment possibilities via the allocation of human capital to

different purposes so that the (opportunity) costs of not laying off employees can be
reduced.

#.3. The Role of Wage

The previous analysis is based on the assumption that the wage rate, w,* , is simply

a given constant for the firm. For this reason, the wage rate does not play any role in
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the previous analysis. This is hardly a very realistic state of affairs. However, w,"
would, of course, begin to assert some influence if we introduced a periodic constraint
for profits, that is, pf({(1-s(t)K(t))-w,” 20. In this case, w,” would affect the
investment .process; for example, the constraint would rule out the corner solution s=,
i.e., the firm would never specialize in the production of human capital. Because the
unconstrained case is characterized by high value of s(t) and low value of K(t) at the
beginning of the training period (assuming that a typical case, KO(K*, is being
considered), the constraint would be effective during the first “periods”, smoothing the
time pat of s(t).

Rather than being a given constant, w," represents an instrument for the firm. At this
stage we cannot, however, treat w,” as the firm's (optimal) control variable in a
straightforward manner since we do not know all the elements of the corresponding
optimization process. This particulary is true with the labor supply constraint ( especially
the quit function); and if such a constraint is not introduced into the model, the firm

would not pay a higher wage than the market wage, w,. It has already been suggested

po
in section I that, in fact, wages are determined in a bargaining process between the em-
ployee and the employer. The employee's asset is then his threat to quit‘ and thus to cause
a loss to the employer (and, in fact, to the employee himself, if there are any wage
premiums and transfer costs). Thus the bargaining power of the employee depends on the
value of the firm-specific human capital he destroys by leaving the firm. By definition, the
value, in turn, depends on the stock of firm-specific human capital and its ( shadow)
price. The latter is, cf., (12) , primarily determined by the length of time an employee
stays in the firm, i.e., T-t.

Now it seems justified to study a wage function, w,"=w,"(K(t),t), as a firsthand
approximation for the result of the bargaining process (the other result is that the em-
ployee does not quit). In the following analysis we assume that w, (K(t),t) is separable
and may thus be written w,"=w(K(t))b(t). First, we study the case b{t)=].

If we use our model (5) as a frame of referénce, irfcan ;eiseen that wages do not
directly affect the determination of the control variable, s(t), whereas they have an effect
on the costate variable u(t). In particular, the equation of motion (15) must now be

written in the form :

(22) a=(r+v)u-pf’ ((1-s))K)+w’'=0
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Now wages affect both the steady state and the adjustment to the steady state ( note
the the slope of the optimal trajectory is simply du/dK=u/K). We consider first the
adjustment process. In the phase diagram (Figure 1), the slope of the w=0 locus was
nonpositive. In order to obtain the same result also in the case where w,', the second
derivative of w( -) must be nonnegative. Namely, if w”{0, i.e., the growth of wages
decreases with K, there is ambiguity as to the sign of the slope of =0, that is, the
possibi}ity of a positive slope cannot be ruled out. this, in trun, makes it possible that s(
t) increases over time. Presumably this perverse result does not arise, and it definitely
does not arise, if w”)0 as stated above. Thus, (Figure 2), which illustrates the time path
of s(t), is also relevant in this case where w,"=w(K).

With regard to the steady state, the following comparative statics results for cetris

paribus once-and-forever increase in wage and price parameters are considered.

(Table. 2)

Parameter Increased du* dx*
P + +
w’ - -
w (w’ constant) 0 0

Table 2 shows that the level of wages does not matter even in this case: only the slope
of the wage function affects the stock of human capital and the corresponding shadow
price. According to Table 2, an increase in the price of output, p, increases the steady
state stock of human capital, K* whereas according to Table 1, p has no effect on K*.
there is an obvious reason for this difference : if the wage depends on the stock of firm
specific human capital, an increase in p, while increasing the opportunity cost of
producing human capital and increasing the return from human capital also decreases the
‘real” cost of acquiring firm-specific human capital due to the fact that w’/p, the °real” (
marginal) wage rate, decreases.

An increase in the price of output, p, increases the firm's output in the long run. this
is simply the consequence of the increase in K*.

In the short run the situation is not so simple. For, if there is a once-and-forever in-
crease in p, this immediately increases the shadow price of human capital, u, which in
turn, implies a higher value for s. Because the production function is of the form Q=f(( 1

-s)K) and because the stock of human capital can be increased only over time, we obtain
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a perverse production effect: If p increases (permanently), the immediate effect is a
decrease in Q. That is, given the model, the firm has a downward sloping supply curve
in the short run.

This result is intuitively obvious, for in this model human capital is, in fact, the only
factor of production, and, moreover, a firm can increase its stock of human capital only
by taking resourses away from the production of marketable goods.

Finally, we briefly discuss the case in which there is a wage function of the form w,"=w
(K(t))b(1t). With reference to the previous discussion, the assumptin is now made that
b(t)< 0, i.e., cetribus paribus, an employee's bargaining power decreases over time.

The fact that b decreases over time affects the shadow price of human capital, u, and

thus also the investment in that capital. If we rewrite equation (22),
(22") a=(r+v)u-pf’' ((1-8)K)+w’' (K)b=0

we find that if b decreases over time, this implies a higher value for u and thus a higher

investment rate, s(t). Now (12) can be written as:
(12°) u(t)={ (pf" ((1-8(D)K(D))~-w' (K(D))b(7) exp. (r+v)(t-r)dr

Thus, when t increases (decreasing the remaining duration of employment, T-t), the
fall in b(t) slows down the deterioration in the shadow price of human capital, u. Hence,
investment in firm-specific human capital becomes less disadvantageous towards the end
of the period of employment, T. this fact will, of course, affect the time paths of s(t)
and K(t). Referring to Figures 2 and 3, we can state that the main result is that the peak
in the stock of human capital is attained at a later point, in time, i.e., at higher values
of t

IV. Conclusions and Further Studies Suggested

In this study we analyze a firm’s optimal accumulation of firm- specific human capital
and labor. Dynamic models are used to extend the results of Becker and Oi. Section I
introduces the basic concepts and issues, in Section I we derive the optimal investment

path in relation to firm—spedfic human capital in the case of a constant stock of
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employment.

The following main results are obtained.

First, it is shown that investment in firm-specific human capital can be viewed
analogously to investment in physical capital, in general. That is, firm- specific capital
makes labor more like physical capital, i.e., labor becomes a “quasi-fixed” factor of
production.

Second, the time path of firm-specific human capital obtained in this analysis also
shows a basis for explaining the seniority rules among employees. A similar implication
derived in this analysis is that a firm prefers younger workers to older workers in
selecting this joint investment project, if other things are equal. It also shows that this
can be equally applicable to the reason why a firm is reluctant to invest jointly with
female workers. Another interesting result obtained through this analysis is that, if an
employee has an initial advantage of the stock of human caital over another (for
example, more formal schooling), he will never relinquish this advantage. This may
explain why people want to get more education despite the increasing cost of education.

Third, as for the investment path, it is shown that the wage rate and the price of
output affect this time path in a way which is crucially dependent on the relationship
between the wage rate and the employee’s stock of firm- specific human capital. It is
also shown that if there are temporary changes in the firm’ s (output) demand, the firm
adjusts the investment process, thus being able to compensate partly for the loss of not
laying off the employee(s).

Fourth, we show that in the short run there can be perverse production effects with
regard to the unexpected changes in price of output : for example, the possibility of a
downward sloping supply curve cannot be excluded, even though this result is derived
under a very restrictive assumption that labor is the only factor of production.

In short, it emerges that labor with firm-specific human capital differs from ‘raw”
labor, and the difference is especially striking if a temporary change in output demand
is considered.

Despite all the merits derived from this simple dynamic model, this study also has
many shortcomings. They are as follows.

First, this study considers a single firm only. Hence, this model can produce only first
~hand results which do not take into account the “industry effect” which results from
the fact that the chages of different variables are correlated over firms. Thus, this

analysis should be considered as a first step towards a more complete general equlibrium

-338-



Firm- Specific Human Capital And The Behavior of A Firm- A Dynamic Approach 21

model.

Second, This study considers only the behavior of a firm in the investment in firm-
specific human capital. It is already mentioned that, however, this investment is made
jointly between the employer and the employee(s). thus, we should consider the behavior
of the employee whether to participate in the joint investment at the same time. By so
doing, we will be able to draw a better picture on the nature and importance of firm-

specific human capital.
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