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Uncertainty in labor productivity (ULP) is affected by many factors,
such as worker-employer matching, technology, and macroeconomic
conditions. Not surprisingly, ULP varies across firms, industries, and
economies. How do variations in ULP affect specific human capital
(SHC) investment, wage, and labor turnover? A fixed-wage model
is used to show that the answer depends critically on the initial level
of ULP. The model is also used to show that wage and SHC are
always positively correlated, but SHC investment and labor turnover
do not have a monotonic relationship. These results have implications
for empirical studies and public policies affecting ULP.

I. Introduction

Since Becker’s (1975) seminal work, the importance of firm-specific
human capital (SHC) to a worker’s productivity has received much at-
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652 Bai/Wang

tention.' Meanwhile, it is well understood that productivity is also affected
by factors such as uncertainty in job matching quality. The degree of
uncertainty in labor productivity (ULP) can vary across firms for different
reasons. Miller (1984) and McCall (1994), for instance, noticed that larger
firms may face less ULP because more internal job choices can help to
improve the worker (he)-employer (she) match. Also, firms in industries
characterized by new technology, new products, or greater competition
may face more ULP than firms in industries typified by relatively mature
technology, mature products, and protected markets. Still another possible
reason for differences in ULP is international differences in macroeco-
nomic stability.”

While ULP arguably influences SHC investment,’ little is known about
how this operates. Since ULP is evident at the macro, industry, and firm
levels, its influence on investment may translate into important effects on,
for example, wages and employment stability.' The following questions
arise: As a worker’s productivity becomes less predictable, will he invest
more or less in SHC? Can he expect a higher or lower wage? Is he more
or less likely to separate from the current employer? Answers to these

" Important contributions to human capital theory have also been made by
Mincer (1962), Oi1 (1962), Parsons (1972), Rosen (1972), Mortensen (1978), Jov-
anovic (1979a), Kennan (1979), Hashimoto and Yu (1980), Hashimoto (1981),
Carmichac! (1983), Bernhardt and Timmis (1990), Prendergast (1993), Scoones
and Bernhardt (1998), Scoones (2000), and others. Waldman (1990) and Chang
and Wang (1996) argued that general human capital can be viewed as firm specific
in the “as if” sense for informational reasons.

? Many economic historians have observed the high variability of growth at the

carly stages of economic development (see North and Thomas [1973]; McCloskey
[1976]; Braudel [1979]; and DcVries [1990]; and Acemoglu and Zilibotti [1997]
for some examples). Acemoglu and Zilibotti (1997) explain this greater uncertainty
in developing cconomies by limited opportunities for investors to diversify idi-
osyncratic risks. Comparing two industrialized cconomies, Taylor (1989) ﬁnds
that from 1976 to 1986, the standard deviation of the percentage quarterly real
GNP fluctuations around a constant exponential trend is 2.5% for the United
States and 1.1% for Japan. This difference is significant at the 99% level. This
means that an “average” Japancse firm faces less ULP than its American coun-
terpart. Bai and Wang (1996) calculated that, from 1973 to 1987, the standard
deviations of output (in terms of valuc added) from the trend values are higher
in the United States than in Japan in five of the cight manufacturing industries,
four of them at the 99% level and one at the 95% level. These five industries in
1985 produced 83% of the total value added by the manufacturing sector. In the
other three industries, the differences in output fluctuations are not statistically
significant.

’This is the essence of the works by Hashimoto (1981) and Parsons (1972).
Sce the review by Parsons (1986) and that by Gibbons and Waldman (1999).

*There is a literaturc on firms’ investment decisions under uncertainty. It focuses
on the option valuc of delaying investment and waiting for new information in
a dynamic environment. For a review, see Dixit and Pindyck (1994). Our model
1s very different from this literature.
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questions can help us to better address policy questions such as, When
a particular industry becomes more or less volatile due to changes in
technological or market conditions, what can we expect to happen to
wage and employment stability in that industry? When we enact policies
with an effect on ULP to intervene in the market, what are we doing to
productivity, wage, and employment stability ?*

In this article, we present a fixed wage contract model to study the
effects of ULP on the three key employment variables mentioned above:
SHC investment, wage, and the probability of separation.® We find that
neither the firm’s wage offer to nor the amount of SHC investment by
the worker changes monotonically with ULP, that is, greater ULP some-
times leads to a lower wage offer and less SHC investment, but other
times the opposite. Greater ULP also sometimes increases but other times
reduces the probability of separation. Wage and SHC are always positively
correlated, but SHC investment and the probability of separation do not
have a monotonic relationship. Depending on parameter values, more
SHC investment can be either positively or negatively associated with the
probability of separation.”

The reasoning for these results is as follows. In a fixed wage contract,
the employer offers the worker a wage above his market wage. Then the
worker has an incentive to invest in SHC to reduce the probability of
separation. The marginal effectiveness of SHC investment in reducing the
probability of separation is determined by the density of the productivity
distribution at the offered wage. As we will show, when ULP is very
small, the wage will fall into the lower tail of the productivity distribution.
When greater ULP implies a “fatter” lower tail (as true for many distri-
butions), it also means that, at the original equilibrium wage, SHC in-
vestment is marginally more effective in reducing the probability of sep-
aration. Thus, the worker finds it worthwhile to invest more in SHC.
The improved effectiveness of wage in inducing SHC investment also

® Many countries have macro stabilization fiscal and monetary policics. In Japan,
additional institutional factors contribute to less volatility in the economy and
industries, e.g., government planning (Johnson 1988), the main bank system (Hor-
iuchi, Packer, and Fukuda 1988; Aoki 1990), informal school-employer linkages
(Rosenbaum and Kariya 1989), and multskilling (Carmichacl and MacLeod 1993).

¢ Since Keynes (1936), wage rigidity (the lack of the ability for employers to
adjust wage downward at times of low labor productivity) has been widely rec-
ognized. Keynes and his followers sce this as a major explanation for layoffs and
unemployment. Shapiro and Stiglitz (1986), Kahn and Huberman (1988), and
Waldman (1990) offer explanations of the phenomenon based on various labor
market incentive and informational problems, which we will further explain later.

7 Scoones (2000) also obtains the result that the probability of turnover and
worker investment in SHC may be positively correlated. However, both the model
and the underlying logic of the result are quite different from those offered here.
His is a matching model with employer competition and efficient turnover.
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654 Bai/Wang

leads the employer to offer a higher wage.* The opposite is true when
ULP is high because then the equilibrium wage will be close to the mean
of the probability distribution where the density becomes lower as ULP
Increases.

While very high ULP leads to very low SHC investment, wage is
bounded from below by the worker’s market wage. This means that, when
ULP is very high, the expected productivity can be so low as to fall below
the wage. When this is true, the likelihood that realized productivity is
above the wage actually increases with ULP, meaning a smaller probability
of separation when ULP becomes greater.” When this direct, negative
cffect of greater ULP on scparation dominates its indirect, positive effect
through the downward adjustment in SHC investment, the probability
of scparation is smaller. We thus see SHC investment and the probability
of scparation move in the same direction, that 1s, they both decrease when
ULP is greater.

The plan for the rest of the article is as follows. Section 11 presents the
model. Section I characterizes the equilibrium. Section IV studies the
comparative statics of wage, SHC investment, and separation with respect
to changes in ULP. Section V further analyzes the effect of ULP on
separation, focusing on a particular specification of the measure of ULPD,
Section VI discusses empirical implications of the model. Section VII
concludes.

II. The Model

In a game between the employer and the worker, wage, the level of the
worker’s SHC investment, and the probability of separation are endog-
enously determined. The game also has the following specifics.

The events and their sequence.—First, the employer offers an employ-
ment contract to the worker. The worker accepts or rejects it. If the worker
rejects the offer, the game ends. If the worker accepts it, he proceeds to
make an investment in SHC before production starts. The level of the
SHC investment is the worker’s private information. After the investment,
the worker’s productivity is revealed to the employer but not the worker.
The employer and the worker then decide if the employment relationship

*This discussion suggests that, if monopoly or regulation (its extreme form
being central planning) leads to very small ULP in an industry, antitrust, dereg-
ulation, or market-oriented reform that subjects firms to more competition and
thereby greater ULP can improve cfficiency in “effort” besides that in pricing
behavior of the firms. The “complacency” problem suggested by Hicks (1935)
and commonly obscrved in monopolistic and regulated industries can be scen in
the light of this discussion.

? Some people prefer to work for smaller firms with less pay and less job security
for better promotion and other opportunities. Higher ULP may be interpreted
as greater “vertical mobility” in this kind of firm.
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If not separate,

The firm offers Productivity revealed production carried out
a contract to the firm only and wage paid
| | | I |
| | | I |
The worker The parties
invests if he decide whether
accepts the contract to separate
Fic. 1.—Events and their sequence

will continue. For the relationship to continue, both sides must agree to
do so. If they do, the production will be carried out and the worker paid
according to the contract. Otherwise, there will be no production in this
firm. The worker will leave to work for and receive his market wage w
from another employer. Figure 1 summarizes these moves and events.
Technology.—The worker’s productivity is given by

x=e+eg

where ¢ is the worker’s SHC investment and & a random variable with
mean 0. This specification suggests that the worker’s productivity x may
take on negative values. This is fine because x is the revenue of the firm
net of all but wage cost of the worker.

Denote the probability density function of & by f(y, o). Then the prob-
ability density function of x is f{x — e, 0); o is a measure of ULP. An
example of o is the standard deviation of &. We make the following tech-
nical assumption:

TAT1:

i) For each o, f(y, 0) is smooth, unimodal, and there exist y,(¢) <0
and ,(0)>0 such that f(y,0)<0 for y,(0)<y<y,(0) and
f(9,0) >0 for y < y,(0) or y > y,(0), where f, represents the partial
derivative of f with respect to o."

i) As o—0, f(y,0) >0 for y # 0, f(0,0) > =, y,(e) > 0, and y,(0)
0.

i)  As o= %, f(y,0) = 0 for all 3, y,(0) > —o2, and y,(0) — .

' One might ask if it is possible to have w >0 but E(x) = 0 when e = 0, i.c,
the worker has a positive market value but no cxpected value at the firm if no
SHC investment is made. An affirmative answer to the question can be based on
the plausible assumption that the worker has positive productivity w doing simple
work, say at a gas station, but not in a complex production system without some
learning first.

""We can weaken the assumption by replacing f,(y,¢)>0 for all y<y,(0) or
¥ >y,(0) with f,(y,0) 20 for all y <y,(a) or y>,(0) but f,(y,0)>0 for y in a left
neighborhood of y,(¢) or in a right neighborhood of y,(0). The weakened as-
sumption allows us to consider probability distributions with finite support.
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iv) (o) <0 and y;(0) > 0.

Technical assumption 1.i implies that, as o increases, some probability
density of ¢ is spread from the neighborhood of the mean of the distri-
bution to its two tails; in other words, f(y, 0,) dominates f(y, 0,) in the
sense of second-order stochastic dominance for o, < g,. Note that, in the
family of unimodal probability density functions, a mean-preserving
spread of probability density has to take the form specified in TA1.i if
we require that the region from which probability density is taken away
be an interval. Technical assumption 1.ii implies that, as o = 0, the prob-
ability density of & concentrates near the mean value 0 and there is almost
no uncertainty about the productivity. Technical assumption 1.iii implies
that, as o = o, the probability density of & is almost evenly spread over
(=%, ©) and the level of uncertainty is as high as possible. Technical
assumption 1.iv says that the range around the mean of & from which
probability density is taken away as o increases, (y,(0), y,(0)), expands
(weakly) as o increases; it is only used in the proof of proposition 4.
Assumption TA1 is satisfied by, among others, normal, ¢- and beta dis-
tributions."” In each of these families of probability distributions, second-
order stochastic dominance can be parameterized by the standard
deviation.

The cost of investment in SHC is ¢(e), which is assumed to have the
following properties:

TA2:
1) ¢(0) = c'(0) = ¢"(0) = 0; ¢")(0) # 0 for some m >2; c'(e), c"(e),
¢”(e) >0 for all e > 0; lim,..c'(e) = .
1) c"(e)/c"(e) < c"(e)/c'(e).

Most of the specifications in TA2 are conventional. The assumption
c"(0) # 0 for some m > 2 is needed to ensure the existence of the limit
of d(e)/c"(e) as e approaches zero. The assumption ¢”(¢) > 0 is needed to
satisfy the second-order condition of the firm’s optimization problem."
Part ii of TA2 says that the convexity of c(e) is greater than the convexity
of d(e) for all e & (0,). This assumption is made to keep the problem
tractable." All assumptions in TA2 are satisfied if, for example, c(e) is a
power function with the power greater than 2.

"* Since the mean of beta distribution B(p, q) is p/(p + q) # 0, we would need
to assume that e/o + p/(p + q) follows beta distribution B(p, ¢).

" The proof of this statement is available upon request.

" Note that ii can also be written in the form of ¢'(e)c”(e)/[c"(e)]? < 1. Let
hle) = c'(e)/c"(e). b'(e) = 1 — ¢'(e)c"(e)/[c"(e)]*. Assumption ii is not a very strong
assumption since the opposite cannot hold for all e. If c'(e)c”(e)/[c"(e)]*>1,
h'(e)<0. Assumption i and L’Hopital’s rule imply that lim, ,h(e) = 0. So
h(e) <0 for e>0. This contradicts the assumptions ¢'(¢) >0 and ¢"(e) > 0.
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The two-sided asymmetric information gives the potential for two types
of moral hazard problems. First, the worker may choose a low effort
level in SHC investment if wage is not closely tied to effort, which is a
typical moral hazard problem in agency. However, here an outcome-based
incentive cannot provide the worker proper incentives because, with out-
put level as her private information, the employer hasa tendency to declare
a low output so that she can deny the worker the return to his investment,
which is the second type of moral hazard problem. Kahn and Huberman
(1988) show that a fixed-wage, up-or-out contract can solve this two-
sided moral hazard problem." In such a contract, wage is fixed and above
the worker’s best alternative in the market. The employment relationship
will be terminated if realized productivity is below the fixed wage, or
otherwise continue. The contract provides the worker incentives to nvest
in SHC because it improves the odds of continuing the relationship, which
he desires because of the higher wage guaranteed by the contract. At the
same time, when realized productivity is above the wage, it is in the
employer’s self-interest to retain the worker. In the model, we will only
consider the case w >w for if w<w the worker will not accept the
contract and if w = w the worker will not 1nvest in SHC even if he
accepts the contract. Note thatw > w means that the worker never initiates
separation.

Under the rule that the relationship is terminated when x < w, a wage

not be able to do so in a credible way, because the employees cannot etfectively
interpret the information without sustained experience with the firm’s books and
participation in its management (Hall and Lazear 1984; Kahn and Huberman
1988; Ben-Ner and Jun 1996). One other possibility is that mecasures of x are
mostly the employer’s subjective judgment. See Baker, Gibbons and Murphy
(1994) and Prendergast and Topel (1996) for discussions of subjective vs. objective
measures of a worker’s performance.

' We do not consider the issues of revealing information by using mixed strat-
egies or contract renegotiation under asymmetric information.
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w e X
x<w, Separation ‘—"’ x>w, No Separation

FiG. 2.—The probability density function of x

offer w in the contract implies a probability of separation (after SHC
investment) given by

s =Prix<w} = jf(x—e,c)dx.

The separation rule and its implication on the probability of separation
is illustrated by figure 2, in which e is the mean, w the cutoff point, and
s the area under the density function and to the left of w. When & <
w — e, separation occurs. When & > w — e, there is no separation. Note
that the density function is not necessarily symmetric on the two sides
of e.

The players’ objectives—The worker is a risk-neutral, expected net
income maximizer whose problem is to

max U = sw + (1 — s)w — c(e),

where s is the probability of separation (given above) and a function of
e. The risk neutrality assumption will help us to avoid many complications
not essential to our analysis.

The firm is also risk-neutral and its objective is to maximize expected
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profit,

maxm = J(x — w)f(x — e, o)dx

(IC) e = argmax U,

subject to: (R mazll= o

The first constraint in the firm’s optimization problem is the incentive
compatibility constraint and the second the worker’s individual rationality
constraint.

The final technical assumption we make is:

TA3:
The first-order condition approach is valid for solving the firm’s
optimization problem.

III. First-Order and Equilibrium Conditions

Given the wage offer w, the first-order condition of the worker’s utility
maximization problem is:

alu ds
FOC-W: el (w — ﬂ)ﬁ —c'e) = (w — w)f(w —e,0) — c'(e) = 0.

We assume that the second-order condition (6*U/8e?*) < 0 is satisfied. Then
FOC-W implicitly defines e as a function of w and o.

In the firm’s optimization problem, constraint IR is automatically sat-
isfied if w > w, since the worker has the option of choosing ¢ = 0. Con-
straint IC is replaced by the worker’s first-order condition (FOC-W).
We then substitute the implicit function defined by FOC-W into the
firm’s objective function w. By a change of variable y = x — ¢, 7 can be
rewritten as

= f (v + e = w)f(y, 0)dy.

Differentiating the above equation with respect to w, we get the first-
order condition of the firm’s optimization problem:

2—; = (:—;— 1) J’f(y,a)dy = (:—;— 1)(1 —s5) = 0.

Since s < 1 in every employment relationship, the above equation is equiv-
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alent to

de

dw

3

where e is implicitly defined by FOC-W. This result is very intuitive. For
profit maximization, the employer will increase the wage offer by a dollar
if it can increase the expected productivity (increase SHC investment) by
more than a dollar. She will continue to do so until the last dollar increases
expected productivity by exactly one dollar.

By the Implicit Function Theorem and also by FOC-W, ée/éw =
— (82U /bebw)/(6°U/6e?). Then, the firm’s first-order condition ée/éw =

1 becomes

a*u + a*u = 1
dedw  de* @
Differentiation of FOC-W yields
a*U 5 4
e = flw —¢,0) + (w — wf,(w — ¢, 0), 2)
a*U )
G —(w — w)f,(w — e, 0) — "(e), ()

where f, represents the partial derivative of f with respect to its first

argument. Substitution of (2) and (3) into (1) and simplification yield
FOC-F: flw —e,0) — ¢"(e) = O.

As we stated earlier, the second-order condition of the firm’s optimization
problem is implied by TA2. Then the equilibrium is determined by two
first-order conditions, FOC-W and FOC-F, which can be combined to
obtain

EQ: h(e) = w — w,

where h(e) = c'(e)/c"(e). The equation EQ describes the relationship be-
tween ¢ and w in equilibrium, both of them functions of the three pa-
rameters: w, o, and the cost function c(e). From TA2, straightforward
computation shows that h'(e) € (0,1). Then EQ implies the following
proposition.

ProrosiTION 1. (i) e and @ move in the same direction as o changes.
(ii) e changes faster than w as o changes.

Note that this result does not depend on assumption TA1. This means
that o does not have to be a measure of uncertainty; it could be any
parameter related to the probability distribution of &. This strong result
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is nontrivial. A higher wage makes continuing the employment relation-
ship more attractive to the worker, which conceivably gives the worker
more incentive to invest in SHC. However, when wage is too high, it
will be very difficult for the worker to avoid being fired by investing in
SHC, and thus investment incentive is low. Our analysis suggests that,
in equilibrium, wage will not be too high and e is larger when w 1s larger.
The intuition for part ii of the proposition comes from the result
de/dbw = 1, which we explained earlier. By the chain rule, de/do =
(6e/bw)(dw/do) + de/bo. Then de/dw = 1 implies that de/do = dw/do +
de/do. Suppose that de/do and dw/do are both positive. Equilibrium e
increases with o only when a higher o improves the worker’s incentive
to invest for any given contract, that is, ée/d0 > 0. Therefore de/do =
(dw/da) + 6e/bo > dw/do. A similar argument is also valid for the case in
which de/do and dw/do are both negative.

IV. Impact of ULP on Wage, SHC Investment, and Separation

In the previous section, the equilibrium wage offer and SHC investment
under the fixed wage contract were characterized as functions of w, c(e),
and o. In this section, we study the comparative statics of the firm’s wage
offer, the worker’s SHC investment, and the probability of separation
when there is a change in ULDR.

We first consider the effects of ULP on the equilibrium wage offer and
on the SHC investment. For this purpose, it is helpful to note that

dw e )
— = Sign— = Signf,(w — e, 0).
do

de _ g
de

Sign T
Lemma 1 in the appendix gives these relationships. To understand the
intuition of how investment e, wage w, and distribution f change with
ULDP, refer to figure 3. It is clear from FOC-W that, given the contract
wage w > w, the worker chooses e to reduce the probability of separation.
The marginal reduction in the probability of separation by investment is
flw — e, 0). If f,(w — e, 0) >0, an increase in o increases the effectiveness
of investment in reducing separation. Therefore, the worker invests more
in SHC. As wage becomes more effective in inducing investment, the
employer also finds it worthwhile to offer a higher wage. The opposite
holds if f,(w — e, 0) < 0. Proposition 2 states that, when ULP is low, the
equilibrium wage and level of SHC investment both increase with the
level of ULP.

Prorosition 2. Given w and ¢(e), dw/do > 0, de/do >0 if o is suf-
ficiently small.

Proof.  First of all, lim,_ e # % because otherwise the total expected
surplus, e — c(e), will approach negative infinity, and it will then be im-
possible for the firm to be profitable and the worker to be willing to
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fo (y, 0)>0 ' ' faly, 6)<0 I | ' fo (y,0)>0

IFic. 3.—Change in the probability density of & when o changes

accept the contract. Then, by FOC-F, lim, ., flw — e, 0) = lim,_,c"(e) <
o, It follows from lemma 2 (in the appendix) that flw —e,0)<
f(ylo], o) fori = 1, 2, and sufficiently small 0. Consequently, w — ¢ cannot
be between y,(0) and y,(0), because f(y, 0) is unimodal. By the definition
of (o) in TALL, f(w — e, 6) > 0 for sufficiently small . Our result then
follows from lemma 1. Q.E.D.

The intuition for proposition 2 is as follows. When o is very small, the
range of (y,(0), ¥,(0)) is also very small. At the same time, f(y, o) is very
high near the mean of the distribution, that is, around y = e. The high
f(y, 0) near the mean implies that, so long as e is close to w, SHC is
marginally highly effective in reducing the probability of separation,
which is the motivation for the worker to invest in e. So more ¢ will be
invested, moving the mean of the distribution away from w. This will
continue until the equilibrium w is outside of the range of (y,(0), y,(0)).
Outside of (y,(0), ,(0)), f(y, 0) increases when o is larger, meaning that,
at the original w, e is marginally more effective in reducing the probability
of separation. This leads to a new, higher wage offer and increased ¢ at
the new equilibrium.

The next proposition is about the case in which the level of ULP is
high. It states that, in this case, the equilibrium wage and level of SHC
investment both decrease with the level of ULP, which is exactly the
opposite of proposition 2.
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ProrosrTioN 3. Given w and c(e), dw/do <0 and de/do <0 if o is
sufficiently large.

Proof. By FOC-E, c"(e) = flw —e,0). As 6 >, flw —e¢,0) >0 by
TA1.ii and therefore e —0. Then, by L’Hopital’s rule and TA2.,
lim,_..c'(e)/c"(e) = 0. It follows from EQ that w — w. Then, y,(0) <
w — e <,(0), or f,(w — e, 0) < 0 for sufficiently large 0. By lemma 1, this
implies that dw/do < 0 and de/do < 0 for sufficiently large 0. Q.E.D.

The main reason for the result of proposition 3 is that when o is very
large, the range (y,(0), ¥,(0)) is also very large (by TAL.iii). But both w
and e are bounded so that (w — e) falls within the range given by (y,(0),
7:(0)), which by definition means f,(w — e, 6) < 0 (TA1.i). The inequality
fiw — e, 6) <0 means that ULP reduces marginal effectiveness of equi-
librium w in inducing SHC investment, hence the comparative static result
of lower w and e as ¢ increases.

Proposition 2 says that de/do >0 for small ¢, and proposition 3 says
that de/do < 0 for large 0. Together, they imply that the sign of de/do
changes at least once. A natural question is, Does the sign of de/do change
only once? The answer is yes.

ProrosiTioN 4. There exists some o, >0, such that dw/do >0 and
de/do > 0 for 0 < 0,, and dw/do <0 and de/do < 0 for 0> 0,.

Proof.  Suppose that the sign of de/do changes more than once. Then
there exists some o’such that de/do < 0 in the left neighborhood of ¢’ and
de/do > 0 in the right neighborhood. We will show that this is impossible,
implying the result of the proposition.

At o', de/do = 0. Then by lemma 1, w(o’) — e(o’) = y,(¢’) or y,(d).
Suppose w(o') — e(0') = y,(0'). For o<ol, w'(o)—e'(o) = [h'e) -
1Je’(o) > 0, because Ah'(e) < 1. Then w(o) — e(o) < w(o') — e(d’) = y,(a").
The inequality y{(6) <0 implies that y,(6') <y,(0). It follows that
w(o) — e(0) <y,(0). Consequently, f(w[o] —e[0o],0)>0 and hence
de/do >0 for o<o', contradicting the definition of ¢’. Similarly, if
w(o’) — e(6') = y,(o"), we can derive contradiction in the right neigh-
borhood of ¢’. Q.E.D.

The result in proposition 4 is strong and surprising. Its proof is based
on assumption TAL.iv, proposition L.ii, and lemma 1.

We now consider the effect of ULP on the probability of separation.
The following proposition contains an incomplete result about this effect.

ProrosiTion 5. Let o, be as defined in proposition 4. There exists
a neighborhood of ¢, in which ds/do > 0.

Proof. A change of variable, y = x — e, yields

s = ff(x — e, 0)dx = Jf(y, 0)dy.

—
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Differentiate the above equation with respect to o. We get

d_ = jﬁ:(% U)dy + f(w —&,0):

At 0,, d(w — e)/do = 0 and by lemma 1, w(o,) — e(0,) = y,(0,) or y,(a,).
For 0<0,, dw — ¢)/do = (b'[e] — 1)de/do < 0. If w(o,) — e(0,) = y,(0,),
then lim, ,w(o) — e(0) > 7,(0,)>0. It follows from TALii that
lim, ., flw — e, 0) = 0, which, by FOC-F, implies thatlim, ,e = 0. How-
ever, e = 0 cannot be the expected profit-maximizing solution of the firm
when o is small. Therefore, w(o,) — e(0,) = y,(0,). It follows from TA1.i
that

yiler)

ds
EE(G') = ffu(y, 0,)dy > 0.

Therefore, there exists a neighborhood of o, in which ds/do > 0. Q.E.D.

As clear from the second equation in the proof, the sign of ds/do reflects
the balance of two terms representing two effects that a change in ¢ has
on s. The first term in the equation represents the direct effect with given
w — ¢, and the second term the indirect effect through induced changes
in w — e itself. For o < 0y, s is the area in the left tail (i.e., w — e < y,(0))
of the probability distribution of &. As o increases, the tail becomes fatter,
and therefore the direct effect is positive, that is, a greater ¢ leads to a
higher probability of separation. This effect is still positive when o is
larger than but close to o,. The direct effect becomes ambiguous as o
becomes even larger. The sign of the indirect effect is [h'(e) — 1]de/do; it
is negative for o < 0, but positive for o > g,. The total effect therefore is
ambiguous most of the time. However, in the neighborhood of ¢, the
sign of ds/do is unambiguously positive as the direct effect is positive and
the indirect effect is close to zero.

Propositions 4 and 5 imply that, as o changes, the probability of sep-
aration s sometimes moves in the same direction with the wage offer w
and the SHC investment e, but other times it moves in the opposite
direction. In particular, in the left neighborhood of o,, w, e, and s all
increase with o, but in the right neighborhood of ¢,, @ and e decrease
with ¢ while s increases with o. The negative relationship of e with s in
the right neighborhood of 0,, that is, less SHC investment associated with
increased likelthood separation, is the familiar prediction of the traditional
human capital theory. However, in the left neighborhood of g, a positive
relationship of e with s is found, that is, more SHC investment is actually
associated with increased likelihood of separation. Such a positive rela-
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tionship is exactly the opposite of the prediction of the traditional human
capital theory.

V. Separation When ULP Is Measured by Standard Deviation

Proposition 5 tells us that, except in the neighborhood of g,, the prob-
ability of separation and ULP generally have an ambiguous relationship.
To obtain more specific results about the total effect of o on s, more
structure needs to be imposed on the distribution of & with respect to
the uncertainty measure o, which we do in this section.

We assume that o, the measure of ULP, is the standard deviation of &.
For any family of random variables that share the same form of probability
distribution but have various levels of standard deviation, their probability
density functions can be written in the form of

fiyo) =5 (%)

for some probability density function g(z) and ¢ € (0,%). Differentiation
of f(y, o) with respect to o yields

1
fly,0) = — lgle) +2¢8' (2],

where z = y/a, which implies that the sign of f,(y, 0) is the opposite of
that of g(z) + zg/(z). Assumption TA1 can then be replaced by

TA1":
The function g is unimodal, and there exists z, <0 <z, such that
g(z) + zg'(z) > 0 for z € (z,,2,), and g(z) + zg'(z) <0 for z< z, or
Z> 25

The function y,(0) defined in TA.ii is z,0 in this case.

At the end of the last section, we noticed that a change in ULP has
two effects on separation, one direct and one indirect. In the general case
considered there, it is difficult to determine the sign of the net and total
effect of ULP on separation except in the neighborhood of o,. With ¢
specified as the standard deviation of &, it becomes possible to compare
the effects. In particular, this way of parameterizing uncertainty imposes
some relationship between f(x, 0) and f(x, o). This relationship helps us
to sign ds/do globally.

ProrosITION 6. Let 0, again be defined as in proposition 4. There
exists some o, > o, such that ds/do >0 for ¢ <o, and ds/do <0 for o>
0,.

Proof. By the proof of proposition 5, lim, ,(w — ¢) = 0, and by the
proof of proposition 2, lim,. e # . Then, EQ implies that
lim, ,,w = lim, ,e = ey, where ¢, satisfies equation ¢, — w = h(e,) and
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therefore e, > w. By proposition 4, de/do >0 for o < 0,. It follows that
e>w for 0 <0, Since e(o,)>w and lim, .. e = 0, there exists some
0, > o, such that e(o,) = w. Because de/do <0 for 0> 0,, ¢ >w for o<
0, and e <w for 0> 0,. It follows from lemma 3 (in the appendix) that
ds/do >0 for 0 <0, and ds/do <0 for 0> 0,."” Q.E.D.

The seemingly anti-intuitive part of the proposition is ds/do <0 for
0> 0,. For large o, e is very small and w is close to w. Then e < w. With
e <w, greater ULP means a better chance of x ending up higher than w.
This means that the direct effect of ¢ on s is negative. Meanwhile, as ¢
approaches infinity, e and w both approach smoothly to some finite values.
This implies that de/do and dw/do are both very small. Consequently,
the indirect effect of o on s (through e and w) is very small and dominated
by the direct effect. We thus ﬁnd the sign of ds/do negative.

The results of propomlons 4 and 6 allow us to discuss the relationship
between SHC and separation globally. Together, they imply that, if the
initial ULP is either very small or very large, SHC investment and the
probability of separation move in the same direction when ULP changes.
Oniy in the medium range of ¢ given by 0, > 0 > ¢, do we see them move
in opposite directions as predicted by the tr raditional human capital thcory
Figure 4 summarizes the relationship of SHC investment and separation
as ULP changes.

VI. Discussions of the Model’s Empirical Implications

The most important empirical implication of our model is probably
that one should not always expect to find a negative correlation between
SHC and labor turnover, that is, more SHC leads to less turnover, as
conventionally believed. Although such a negative relationship does exist
within certain parameter ranges, a reverse, positive relationship between
SHC and labor turnover can also exist when the parameters have other
values. More specifically, the findings of our model suggest that a positive
correlation between SHC and the probability of separation is likely to
be found if the data used in a study are from firms with very low or very
high ULP, while a negative correlation is likely to be found if the data
used are from firms with medium levels of ULP. If the data used are from
firms of very different levels of ULD, then the theory cannot predict the
relationship between SHC and the probability of scparation.”

It is intercsting to note that existing empirical evidence of the rela-
tionship between SHC and labor turnover is indeed mixed and incon-
sistent. The work of Mincer (1988) finds that more training (as a measure

"7 Note that the proof of proposition 6 does not use the specification of o as
the standard deviation directly; it only uses it through the results of lemma 3.

'* Although, as Brian McCall noted to us, ex post the relationship between SHC
and separation is always signed in any particular study.
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Fi6. 4.—Specific human capital investment and the probability of separation at different
levels of ULP.
of more SHC investment) lowers separation rates and lengthens job du-
rations. Wholey (1990) finds that tenure depends on formal but not in-
formal training. Working with a data set containing information of over
4,000 employees at more than 80 manufacturing plants in the United States
and Japan, Levine (1993) finds that establishments with high levels of
training do not have low levels of turnover. Although these empirical
studies are not designed with our model in mind and are not dircct tests
of the model’s predictions, the lack of consistent negative empirical re-
lationship between SHC investment and labor turnover is certainly con-
sistent with the predictions of our model."”

The results of our model suggest that it is methodologically very im-
portant to control ULP when empirically studying the relationship be-
tween SHC investment and separation. For this purpose, data should be
collected measuring ULP at the firm level, such as variance of labor pro-
ductivity.”® One possible way to control for ULP is to select samples from

" Levine (1993) interprets the result as not supporting human capital theory.
Our model suggests, however, that lack of evidence of negative correlations be-
tween SHC and turnover cannot be interpreted as evidence refuting human capital
theory.

*This task could be challenging. For one reason, as our referee noted, pro-
ducuvity distributions are likely to have different shapes in different industries.
For another reason, when an up-or-out contract is employed, separation would
occur when labor productivity falls below wage. This means truncation of pro-
ductivity distribution information from below.
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within an occupation or industry with known high or low variances to
sec in what direction the relationship between SHC and separation
moves.”’ When all the data used in a study are from an occupation or
industry in which productivity variations do not span from very low to
very high, the study is least likely to need to be concerned with the issue
of nonmonotonicity in the relationship between SHC and separation.”
When the levels of ULP in a sample span a very large range, it may be
worthwhile or even necessary to divide the sample into subsample groups
by their levels of ULP to see if the relationship between SHC and sep-
aration has different signs across groups, if the signs change across groups
according to ULP levels, and if the relationship found in a group is
different from that of the whole sample.”?

VII. Summary and Concluding Remarks

A fixed-wage model is used to show that a worker’s wage and SHC
investment can cither increase or decrease with uncertainty levels de-
pending on the initial level of ULP. Itis well understood and quite intuitive
that excessive ULP can discourage SHC investment and thereby harm
productivity. Our model confirms such a negative relationship between
SHC investment and ULP when the initial level of ULP is high. A new
finding of our model, which is not as well understood and not as intuitive,
is that too little uncertainty can also be detrimental to productivity. When
the initial level of ULP is low, an increase in it can actually provide a
stronger incentive for the worker to increase SHC investment. This seems
to be due to the fact that, when ULP is very low, the worker can casily
become complacent in the sense that an SHC investment level slightly
above the wage would provide the worker adequate employment security.
With the level of employment security already high, the marginal benefit
of further SHC investment is low. This result identifies “complacency”
as another source of inefficiency in heavily regulated and protected in-
dustries, besides the familiar inefficient pricing behavior of firms in these
industrics. Parallel to the popular proverb in China and Japan that “crisis

*''We owe thanks to Morris Kleiner for this idea. Kleiner further noticed that
investment bankers arc known for huge ULP at initial hire, whereas teachers and
engineers have relatively low ULP to task. He suggested that data of SHC and
scparation can be derived from the National Longitudinal Survey or from census
data such as Public Use Samples and the Current Population Survey.

We thank Glenn M. MacDonald for the suggestion that the issue of non-
monotonicity may have different importance for studies using different data.

0 y may p g aul Ha.

* The qualitative nature of our model docs not allow us to give quantitative
qualt 1T ur m | give q
recommendations on critical points in ULP levels by which a sample should be

oe k p y Amp
divided. We suspect a trial and error process would be needed in most cases to
suspect ¢ P
find these critical points.
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creates opportunity,” the result here can be phrased as “more uncertainty
creates more room for incentives.”

Specific human capital investment and the probability of separation do
not gencrally have a monotonic negative relationship predicted by tra-
ditional human capital theory. Assuming that ULP is measured by the
variance of productivity, we have shown that SHC and the probability
of separation are positively correlated if ULP is either very small or very
large, and negatively correlated if ULP is in the medium range. The pos-
itive correlation between the probability of separation and SHC invest-
ment need not be as counterintuitive as one might think. For example,
one way to eliminate complacency in a firm with a very high level of job
security is to expose it to more uncertainty and thereby reduce the level
of job security. As this happens, higher effort and more separations can
be both expected.

A few words are due about why a nonmonotonic relationship between
SHC investment and separation is obtained in this work, while previous
work obtained a negative relationship. The explanation lies in contract
forms. By focusing on how the employer and the worker “split the gain”
of SHC investment (and probably also share the cost), previous work
implicitly assumed a sharing contract. Under a sharing contract, separation
is efficient and occurs when the worker’s productivity falls below his
market wage. Since in a partial equilibrium model market wage is typically
assumed exogenously given, the probability of separation is always re-
duced when more SHC investment shifts the mean of the productivity
distribution further to the right. The result differs in the fixed wage model
where the wage offer is endogenous and changes with ULP. These strik-
ingly different results underscore the great importance of explicitly stating
the contractual form assumed when studying SHC investment in em-
ployment relations.

Our work offers a new, competing explanation of international differ-
ences in employment practices. For example, to explain U.S.-Japanese
differences in employment stability and human capital investment, Abeg-
glen (1958), Prendergast (1989), and Glacser (1991) introduce the theory
of self-enforcing multiple equilibria. Mincer and Higuchi (1988) suggest
that Japanese workers invest more in SHC because higher growth rates
in Japan make SHC more productive and therefore more valuable.* Hash-
imoto (1990) attributes more SHC investment to lower SHC investment
costs in Japan (because of more rigorous general education). Our model
suggests that one can also look at the role of ULP. If the parameters are

# Chang and Wang (1995), however, show that conditions in productivity dis-
tribution and SHC investment cost must be satisfied for multiple cquilibria to
exist. Glaeser (1992) comments that it is not clear why growth-inspired SHC
investment should be more important than growth-inspired matching.
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right, greater ULP in the United States can explain why American workers
invest less in SHC and have higher turnover rates than their Japanese
counterparts.”

While important results have been obtained, more work is called for
to study the effect of ULP on employment relations. The effect of ULP
on SHC investment is likely to be different when information concerning
a worker’s realized productivity is symmetric so that wage can be deter-
mined through bargaining. The effects of ULP on other important labor
market behaviors, such as job search (Mortensen 1978; Jovanovic 19795)
and learning about worker ability (Farber and Gibbons 1996), are also
important topics for investigation.

Appendix

LEMma 1.

i de 5 dw & de g
ign—- = Sign—— = Sign— = Sign f(w — e, o).
Proof.  'The first equality is a restatement of proposition 1.i. To prove
the second equality, differentiate EQ with respect to ¢ to obtain
% (r‘fe dw N Ele) dw
Nowds "5 =~ @’

which by the fact that ée/éw = 1 (from FOC-F), and after rearranging,

15
dw( 1 1) de
do \b'(e) " 9o’
Since b'(e) € (0, 1), the second equality in the lemma follows.
To prove the third equality, use the FOC-W and the Implicit Function
Theorem to obtain de/60 = —(6°U/6eb0)/(6°U/8e?). Under the assump-

tion that 6*U/de’ < 0, de/do and 6°U/bedo have the same sign. Since, by
FOC-W,

a’U
f)e(')cr - (w _.w_.)ﬁ(w e, U)!
the third equality in the lemma holds because w > w. Q.E.D.

® Tt is, of course, an empirical question if ULP is in the right range in both
the United States and Japan for ULP to explain their differences in SHC invest-
ment and employment stability. In n. 2 above, we mentioned evidence of greater
ULP in the United States than in Japan in the 1970s and 1980s. The experiences
in the 1990s seem to suggest that Japan has passed the “catch-up” stage and faces
greater ULP today than before and also greater difficulty in maintaining their
current employment practices.
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LEmMA 2. lim, o f[y,(0), 0] = lim,,f[y,(0), 0] = =, where y,(¢) and
9,(0) are defined in TAL.i.

Proof.  Suppose lim,..f[y,(0), 0] = F <. Then f[y,(0),0] <F +1
for sufficiently small o. Since f(0, 0) = %, (0, 0) > F, + 1 for sufficiently
small 0. Then, there exists some 7,(¢) in the interval (y,(0), min{m(a), 0}),
where m(0) is the mode of f(y, o), such that f[r,(0), o] = F + 1. Since 7,(0)
is less than m(o), f,[r,(0), 6] > 0. By TALl, f[r,(0),0] <0 because 7,(a) is
between y,(0) and 0 and therefore is between y,(6) and y,(0). By the
definition of 7,(0),

d
0 = (o) )l = ), olri(@) + £l (o), o).

It then follows that 7/(6) > 0, which together with 7,(0) < 0 implies that
lim, ., 7,(0) < 0. Consequently, lim, ., f[r,(0), o] = 0, contradicting the def-
inition of 7,(0). Therefore, lim,_,f[y,(0), 0] = . Similarly, we can prove
lim, o/T7:(0), 6] = . QED.

Lemma 3. ds/do >0 if in equilibrium e > w, and the opposite 1s true
if in equilibrium e < w.

Proof. A change of variable, t = (y — €)/o, yields

w Ed

§i= J%g(x;e)dx = jg(t)d:,

—00 —=

where z = (w — e)/o. Take the derivative of s with respect to o to obtain

ds dz
= = 3(2)2;,

which implies that ds/do has the same sign as dz/do. Rearranging terms
in FOC-W, we have

U w—-—w [w—e
g

de o

) —c'le)

w—ete—w
=fg{21—6’(6)

- (z B g) g(2) — c'@).

a

Define the right-hand side of the above equation to be G(z, e, o). Dif-
ferentiate dU/de with respect to e. Then

a*u B 190G dG 106G

e~ ooz e odz’

where 6G/6e drops out because by FOC-E 6G/ée = (1/0)g(z) -
c"(e) = 0. Then 6G/b6z > 0 because §°U/ée’ < 0. Differentiating FOC-W
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with respect to o and using 6G/ée = 0, we obtain (8G/6z)(dz/da) +
6G/d0 = 0. Since 8G/bz > 0, dz/do has the same sign as

G e—w
e = g,

do o’
which is positive if e > w; and negative if e < w. Q.E.D.
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