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Abstract: The paper deals with causes and consequences of constraints on the
adjustment of employment. First, a model of a delayed adjustment of employment
and capital is worked out. This model is augmented with linear constraints on the
adjustment speed of labour supply and demand. The aggregate model is estimated for
the Federal Republic of Germany. The results confirm the importance of adjustment
barriers for the employment situation in the FRG. especially for the persistence of
unemployment in the second half of the eighties. Final estimates of a non-linear error
correction model give a hint on non-linearities of observed employment adjustments.
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"Workers who walk out of the factory gate
on a Friday afternoon will typically return
through the same gate on a Monday morn-
ing, if not before."

Stephen J. Nickell

1 Introduction

In many theoretical factor demand models, employment is still treated as the flexible
factor, while analyzing the inflexibility of the demand for capital. On the other hand,
the quasi-fixity of labour and the efficiency of long-run worker-employer relationships
has long been recognized by economic theory.1 In addition, it is argued that the slow-
adjustment of employment was one reason for the persistence of high unemployment
in Germany in the eighties.2 The paper here deals with the dynamic adjustment of
employment within the context of a rationing model. It is assumed that wages and
prices do not adjust instantaneously to clear the market at every moment of time.
Labour supply can differ from labour demand, and the dynamics of matching, i.e.
employment determination is the key issue of the study.

There are different themes which are connected to the dynamics of employment
adjustment and which appear under several headlines in the literature.3 First, the
detailed studies of Becker and Oi derive the efficiency of long-term worker-employer
relationships on the base of investments in firm specific human capital.4 Fixed em-
ployment costs arise from investments of firms in hiring and trainig activities which
implies that labour cannot be treated as a flexible factor of production. Similar argu-
ments for the quasi-fixity of the employment relation were derived within the theory
of implicit "full employment" contracts on the base of reputation losses for firms in
case of frequent dismissals.0 A third argument is based on legal or explicit contrac-
tual clauses on periods of notice for employees. All three arguments are in favour of
a cautious hiring policy to avoid hiring and/or firing costs, and they favour "natural"
fluctuation, i.e. quits and retirement, as a tool to achieve downward adjustments of
the labour force.

Another strand of the literature on employment dynamics analyzes interrelated
factor demand functions and macroeconomic consequences of the quasi-fixity of the
employment decision.6 Usually, any constraints on the adjustment of one factor lead
to an overshooting of the demand for a more flexible factor, at least if substitution is
possible. This caused serious problems for the first models of dynamic factor demand
which were based on the assumptions of a quasi-fixed capital demand and flexible
labour. These models imply an overshooting of employment and an anticycylical be-
haviour of the productivity of labour. This contrasts sharply with the observed slow
adjustment of employment and the procyclical development of labour productivity.

'See Oi (1962) and Becker (1962).
2 Another reason is probably the slow creation of capacities and working places especially at the
end of the eighties. See Smolny (1993b).

3For an overview, see Nickell (1986).
4See Becker (1962) and Oi (1962).
5See Okun (1981).
6See Nadiri, Rosen (1969), Pindyck, Rotemberg (1983), Palm, Pfann (1990).



These shortcomings were removed with the introduction of a putty-clay technology,
adjustment costs for labour, and other flexible "factor inputs" such as the working
time and the utilization of labour and capital.

A third theme of adjustment models of labour demand is related to the shape of
the adjustment cost function. This issue was already discussed in detail within the
context of distributed lag models of investment behaviour.7 More recently, it is in-
troduced also into the discussion of labour demand models. Most traditional models
of dynamic factor demand rely on the approximation of the adjustment cost func-
tion by a linear-quadratic polynomial in net or gross adjustment. This assumption,
together with some further restrictive simplifications such as absence of uncertainty,
static expectations, and linear homogeneity of the model, allows to derive a simple
partial adjustment model for the demand of the quasi-fixed factor. However, the
above mentioned causes for the slow adjustment of employment such as partial irre-
versibility and fixed costs of screening and training fit only badly into the quadratic
cost approach. This argument is important, because fixed costs of adjustment imply
a quite different behaviour of the labour demand at the firm level: convex adjustment
cost imply a slow adjustment with respect to equilibrium values, fixed costs lead to a
lumpy adjustment.8 On the other hand, the aggregate consequences of both models
have some similarities. Suppose a shock in the target level of employment: with fixed
adjustment costs, some firms adjust completely while others stay with the previous
employment level. The aggregate outcome in both models is a partial adjustment
of employment. However, for large shocks, the adjustment in the fixed-cost model
is faster.' the hazard is increasing in the distance between the actual and the target
employment level. A related issue is the symmetry of adjustment costs and the ad-
justment of employment. Hiring is quite different from firing and one may think, for
example, of linear adjustment costs for hiring and fixed or linear costs of firing.9

Finally, there is the literature about the Beveridge-curve and the matching func-
tion.10 These models introduce some interesting aspects into the discussion of dy-
namic employment adjustment. The first is that employment dynamics cannot be
understood solely in terms of labour demand. Labour supply and unemployment are
also important. A second is the idea that matching takes time. For instance, it can
be argued that it takes less time to find one worker when looking for two than to find
50 worker when looking for 100. In this case, the adjustment hazard is decreasing in
the size of the desired adjustment. This is just the opposite as compared with the
fixed-cost model. Third, the matching function literature is concerned with gross
flows which are usually much larger than net employment changes.

The dynamic model of employment adjustment which is derived here is mostly
related to the matching function literature. In the basic model, the idea of a delayed
adjustment is introduced. This allows for a simple derivation of decision rules. In-
terdependent factor demand is taken into account by assuming larger delays for the
capital adjustment and a putty-clay technology. In section 3, the matching function
is augmented by linear constraints on the adjustment speed. The estimation results

7See Rothschild (1971) and Nickell (1978).
"See Hamermesh (1989,1990a,b,1993), and Caballero, Engel (1992a,b).
9See Bertola, Caballero (1990), Bentolila, Bertola (1990), Bertola (1991), Pfann, Palm (1993), and
Pfann (1993).

10See Blanchard, Diamond (1989,1992).



reveal that even this extended model is a too simple approximation of the observed
adjustment processes for employment, and final estimates of a non-linear error cor-
rection model give some rough idea about the adjustment processes found in the
data.

2 The basic model

The macroeconomic structure of the model relies on the concept of micro-markets.
The aggregate goods and labour market can be divided into a number of micro-
markets with homogeneous labour and output on each micro-market, but limited
mobility between micro-markets. This allows for a straightforward introduction of
structural imbalances between supply and demand at the aggregate level, while pre-
serving homogeneity at the microeconomic level. A micro-market is defined by a
single firm operating on it. Each firm is engaged on one market for its output, one
labour market, and one market for capital.goods. Aggregate wages and prices are
assumend to adjust sluggishly with respect to demand. At the micro level, they are
treated as exogenous.

In the basic model, it is assumed that adjustment costs depend solely on the delay-
between the decision to change a factor input and the completion of adjustment. It is
further assumed that adjustment costs are negligible if firms take account of a factor-
specific adjustment delay Tj, and prohibitive if firms try to adjust faster. This results
in constant adjustment delays for labour and capital. Adjustment delays are probably-
smaller for labour than for capital, and the production technology is approximated by
a putty-clay production function. Finally, it is assumed that output can be adjusted
rather quickly with respect to demand changes in the presence of sufficient capacity
and labour. These assumptions allow to reduce the dynamic decision problem of the
firm to three static problems which can be solved sequentially:

1. Short-run adjustment of output YTt with predetermined employment LT{, cap-
ital stock Ji'i, and capital-labour ratio. Output is given by the minimum of
goods supply YSt and demand YD{\

YTi = min(Y5,-, YDt) (1)

The index i refers to micro-markets. Output supply is given by a short-run
limitational production function:

YSi = min - • LTi, yr ) • Ki \ = min {YUrt, Yd) (2)

Yu{ '• employment constraint

YC{ : capacities

: technical productivity of labour

: technical productivity of capital

The factor productivities are predetermined by the capital-labour ratio and the
production function.



2. Medium-run adjustment of employment with uncertain output and still prede-
termined capital stock and capital-labour ratio. Employment is determined by
the minimum of labour supply LSi and demand LDl.

ITt = min(LDi, LSl) (3)

3. Long-run adjustment of the capital stock and the capital-labour ratio with
uncertain output and employment.

Neglecting overtime work and inventory adjustment, the optimal output of the firm
is given by eq. (1) and (2). The employment decision for time t has to be made
at time t — TL, i.e. T£, periods before demand realization, thus under uncertainty
of goods demand. Labour supply for time / is known in advance and assumed to
be exogenous for the firm. The capital stock at time t and the capital-labour ratio
have to be chosen before the employment decision, therefore capacities and labour
productivity are also fixed. Optimal employment is derived from:

max Pi • t_TLE(YT t) - Wi • IT, - a • R\ + Xl£i • (LSl - IT,) (4)
—fr i A i

Pi is the output price, w, are wages, and c; are the user costs of capital. <_TLE(l/71;)
is the expected value of output in t, with expectations formed at t — TL. For the
determination of employment, three cases can be distinguished:

1. No constraints: If the firm is neither constrained by the available labour
supply nor by the existing capital stock, the first order condition is given by:11

Pi • prob(YD,- > Y^) • fj] =L wt (5)

expected marginal returns marginal costs

The firm chooses employment as to equalize expected marginal returns to
marginal wage costs. Marginal returns are given by the price, multiplied with
the probability of the supply constrained regime on the goods market, and
labour productivity. In the optimum, the probability of the supply constrained
regime is equal to the full employment labour share si*. Optimal employment
is determined from:

-si-)/(j^ with sl* = ̂ /(^y (6)

yp denotes the inverse of the cumulative distribution function of demand
YD{. Optimal employment is determined by the productivity of labour, the
share of labour costs in nominal full employment output, and the parameters
of the distribution function of goods demand. The partial derivative of L\ with
respect to the real wage is negative. The effect of a higher productivity of labour
on optimal employment is ambiguous: there is an employment increasing effect
on profitability si*, but there is also a decreasing effect, because less labour is
needed to produce a given output. The effect of a higher expected demand on

'For the derivation of this result, see Smolny (1993b).



employment is positive, while increased uncertainty, i.e. a higher variance of
demand may increase or decrease employment, depending on the value of si'
and depending on the particular form of the distribution function of demand.
For example, if the distribution function is symmetric around the expected
value, the critical value of si* is 0.5. For si* > 0.5 optimal employment will
decrease with higher uncertainty and vice versa. However, this property cannot
be generalized for skewed distributions.

2. Capacity constraint: If the firm is constrained by the existing capital stock,
no more workers will be demanded than can be employed with the (predeter-
mined) capital stock. Optimal employment is determined according to:

H7 = Lyc, = YC,I ( I ) _= ( £ ) • /<•,/(£)_ (7)

Employment is given by the available number of working places. This implies
that the employment constraint is also binding for goods supply YSt.

3. Labour supply constraint: In the final case of insufficient labour supply,
the firm has not enough applicants to fill all vacancies. Employment cannot
exceed this constraint, optimal employment is equal to the labour supply:

LT" = LSi ' (8)

The three cases can be summarized by a minimum condition for optimal employment:

LSt) (9)

In the model, the utilization of labour varies procyclically, with higher utilization
in the presence of positive (unexpected) demand shocks and, hence, a procyclically
varying measured productivity of labour. This property is in accordance with ob-
served stylized facts and stands in contrast to conventional models of dynamic factor
input adjustment, which allow for immediate adjustment of employment and short-
run substitution of capital and labour, thus implying an anticyclical movement of the
productivity of labour. On the other hand, optimal labour hoarding will decrease
with less uncertainty of demand and less labour hoarding will be observed in the
presence of labour supply or capacity constraints.

The investment decision has to be made r/<- periods before demand realization
with uncertainty about labour supply and goods demand. It fixes capacities as well as
the capital-labour ratio. Optimal capacities depend on profitability and the possible
constraints on the goods and labour market. The optimal factor productivities are
determined by real factor costs, weighted by the utilization of the factors and the
shadow price of the labour supply constraint.12

The aggregation procedure of micro-markets in different regimes rests on a deriva-
tion put forward by Lambert.13 For lognormally distributed micro-marketes, a very-
simple analytical expression for aggregate employment IT can be derived. If the
!2For a complete describtion of the model, see Smolny (1993b).
"Lambert. (1988), appendix A.



weighted probabilities of the regimes are approximated by a logistic curve, it can be
shown to yield the following CES-type function for aggregate employment:

IT = {LD~pm + IS-"™}'11"™ (10)

Variables without the index i refer to aggregate values. pm serves as a mismatch
parameter with:

dIT
- — > 0. lim IT = min(LD, 15)
Opm ' Pm—oo

Aggregate employment can be determined from aggregate supply and demand, and
a mismatch parameter pm depending on the variance of the logarithmic difference
of both variables on the micro level. Labour demand, in turn, is given by the mini-
mum of the capacity constraint and demand determined employment. For this case,
the CES-property can be applied as well. The distribution of the minimum of two
lognormally distributed variables can again closely be approximated by a lognormal
distribution and aggregate employment can be determined from:14

IT= {lS-pm + [L-pi+LY^}f"n/p>y1/Pm • (11)

This example shows that the aggregation procedure, which was originally designed to
capture the case of micro-markets in disequilibrium situations, can also be applied to
those kind of firm's (or household's) behaviour, which can be expressed by minimum
conditions. Two CES-functions can be stated, one for the labour market and one
for the labour demand of the firm, which can be nested to determine aggregate em-
ployment in terms of labour supply, capacity employment, and demand determined
employment.

The complete model of the firm consists of five behavioural relations. Output is given
by the minimum of goods supply and demand, and supply, in turn, is determined
by employment. Employment depends on expected demand, the labour supply and
capacities. Optimal capacities depend on profitability and possible constraints on
the goods and labour market, and the optimal factor productivities are determined
by real factor costs, weighted by the utilization of the factors and the shadow price
of the labour supply constraint. The estimation'is carried out in two steps. The
first step consists of the determination of the technical productivities of labour and
capital. Observed productivities deviate from the technical ones by the respective
degree of utilization of the factor in question. This implies a relation between actual
productivities, factor costs, the shadow price of the labour supply constraint, and
the utilization of the factors:

YT ( Y \

w = (i)-DUL <12>
YT fY\
- = (-)-DUC (13)

By using indicators for the degrees of utilization of labour DUI and capital DJJC, the
productivity equations can be expressed completely in terms of observable variables.

'See Smolny (1993a).



For the utilization of capital an indicator is given by the business survey series on
capacity utilization q for industry published by the ifo-institute. The indicator for
utilization of labour within the firm is based on the correlation of the utilizations
of labour and capital: the most important source of underutilization are unexpected
demand shocks, with employment adjusting faster to those shocks, which is captured
by a dynamic specification of q. •

The significance of this indicator provides also a test of the assumptions applied
for the derivation of the model. Significant underutilization of labour stresses the
role of a delayed adjustment of employment as well as of a delayed adjustment of the
capital-labour ratio. With an immediate adjustment of employment and a putty-clay
technology, the productivity of labour should not be cyclical at all. An immediate
adjustment of employment together with short-run substitution possibilities between
labour and capital would imply an anticyclical productivity of labour. A procyclical
productivity of labour within the firm can occur only in case of a slow adjustment of
employment and the capital-labour ratio. The underutilization of labour and capital
is also an indicator of price rigidities. In a model with perfectly flexible prices, firms
can always lower prices in case of a negative demand shock. This should increase
utilization, and if instead of this firms prefer underutilizations of labour and capital,
there is some form of price rigidity. The estimated degree of utilization of labour is
given by:15

In DULt= 0.444 -(lnqt- 0.408 • In gt_j) - const. (14)
(0.06) (0.10)

Standard errors are reported in parentheses. The constant stands for the observed
maximum of the variable. Very significant coefficients were found for the utilization
indicator. The short-run correlation between labour productivity and utilization can
be seen in figure 2. The estimated coefficients imply an average utilization of labour
of about 97 percent. This corresponds to an average amount of labour hoarding of
about 600,000 workers, and in recession periods, labour hoarding exceeds 1,000,000
workers.. The implied amount of labour hoarding can be seen from figure I.16 IT is
actual employment and Lyj is the number of workers which are necessary to produce
output:

LYT = YTI (j) (15)

This result accentuates the importance of labour hoarding and the dynamic adjust-
ment of employment. It also gives a hint for understanding business cycle asymme-
tries: the reaction of output with respect to demand is bounded upwards by supply,
but has no similar bound in case of negative demand shocks.

The optimal productivities are necessary ingredients for the calculation of capacity
employment. Capacities are calculated from capital productivity and the stock of
capital, and capacity employment is given by:

!) (|) (16)

15The estimation is based on quarterly data of the private sector of the West German economy.
The data sample is 1960.1 1989.4.

16The data depicted in the figures are seasonally adjusted by constant, seasonal factors.



Figure 1: Labour hoarding
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Figure 2: Annual changes in labour productivity and utilization
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For the determination of excess demand, it is assumed that domestic demand can
always be realized by switching to the foreign markets in case of supply constraints
on the domestic market. This gives an instruction for the calculation of demand: the
excess demand for domestic products is given by those imports, which are caused
by supply constraints on the domestic market plus those part of exports, which are
not carried out due to supply constraints of domestic firms. Trade equations are
estimated with the most important determinants of exports and imports included,
and containing also an indicator for supply constraints on the domestic market.1 '
This yields an estimate.for the excess demand. Aggregate demand is calculated
according to

YD - YT + excess demand (17)

and demand determined employment follows from:

' (18)

The supply of labour is given by employment plus the number of unemployed.

LS = IT+U • (19)

These series are seen as an important outcome of the approach. In figures 3 and 4
they are depicted together with actual employment IT.

The labour supply was treated as an exogenous variable for the derivation of the
basic model, but the endogeneity of the labour supply will be taken into account for
the derivation of the dynamic adjustment of employment below. From figure 3, it can
be seen that the labour supply is an endogenous variable also on the aggregate level.
It decreased during recessions and increased during boom periods. Factors account-
ing for this are the dependence of international factor mobility on the employment
situation in the FRG and the inverse relation between the unemployment rate and
the participation rates of workers in Germany.18 From the figure one can also see
the distinct development of unemployment. There was virtually no unemployment
in the sixties until 1973, apart from the short recession in 1966/67. Then the number
of unemployed people increased to about one million. Despite the partial recovery
of the employment level in the late seventies, the unemployment rate remained high
due to the sharply increasing labour supply. The mild decrease of the unemployment
rate was terminated abruptly by the recession at the beginning of the eighties, and
the number of unemployed people increased to more than two millions. Since then,
it remained rather stable and decreased only slowly since 1986 despite the enormous
increase in employment since 1983.

The most striking characteristic of demand determined employment is the high
variance over the business cycle. During recession periods, it lies far beyond the
employment level, while in boom periods it increases faster than employment. This
points again towards labour hoarding. The employment level that is necessary to
produce output is always less than or equal to LYD a n d LYD < LT implies labour
hoarding. On the other hand, during boom periods, demand determined employment

17The estimation results are contained in Smolny (1993b).
18The endogeneity of the aggregate labour supply is not, analyzed in this work. Some determinants

of the labour supply in the FRG are analyzed by Franz, Smolny (1990), and Smolny (1992).



Figure 3: Employment series I: LT, Lye, LS
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increases faster than employment. These distinct developments again indicate the
importance of adjustment constraints for employment. Referring solely to this figure,
employment adjusts only slowly with respect to demand during the upswing and
during the downswing. On the other hand, the development of capacity employment
is smoother than actual employment. The recessions 1966/67 and 1974 are less
pronounced in Lye than in employment. In addition, Lye lags behind employment,
indicating the slower adjustment of capacities with respect to demand.

Taken together, these figures already draw a rather detailed picture of the eco-
nomic situation in the FRG. Until 1966, an equilibrium situation can be stated. The
labour supply was slightly below capacity employment, goods demand about equals
capacities, and the unemployment rate stays at about one percent. Employment
and the degrees of utilization of labour and capital remain fairly stable. This pic-
ture changes sharply with the recession in 1966. Demand determined employment
decreased and the unemployment figures increased to above 500,000 people, despite
the remigration of many guest workers. Capacities adjusted downward and in the
first quarter in 1967, gross investment was nearly 20 percent below the correspond-
ing level of the preceeding year. However, the recession was only short-termed and
demand increased again until 1970, brought about mainly by higher exports caused
by the undervaluation of the Deutsche Mark and high growth rates of the world
economy. The labour supply and capacities adjusted only slowly, and in 1970, the
shortages of capital and labour supply are the main factors restraining a higher
growth rate of the economy. The following slowdown of demand in 1971 had hardly
consequences for employment and investment, and the economy boomed when the
first oil price shock hit the German economy. High inflation rates at the beginning of
the seventies caused by an enormous wage .push in 1970 and increases in the mone-
tary growth in course of the breakdown of the Bretton-Woods exchange rate system
induced the Deutsche Bundesbank to switch to a restrictive policy, and short-run
interest rates exceeded 14 percent. These high interest rates reduced investment and
consumption demand, and exports declined in consequence of the slowdown of world
demand. In 1975, the unemployment figure exceeded one million and the utilizations
of labour and capital decreased to very low levels. The partial recovery since then
'was terminated with the second oil price shock. Again high inflation rates induced a
restrictive monetary policy.19 Between 1979 and 1981, the money supply remained
below the minimum of the target set by the Deutsche Bundesbank and interest rates
were high. In consequence, investment and consumption decreased in real terms.
Furthermore, the fiscal authorities changed to a restrictive course and in 1983 the
unemployment figure exceeded two millions. Since then, the economy switched on a
path of sustained growth. The figures indicate that one reason that prevents a higher
employment growth are probably adjustment constraints of employment, i.e. the per-
sistence of unemployment in the eighties can partly be attributed to the dynamics
of employment adjustment. Only at the end of the eighties, the slow adjustment of
capacities became the dominant constraint for employment.

The figures give also a hint for the understanding of asymmetric behaviour of
employment during the business cycle. In case of positive demand shocks, there is
an upper bound of the target level of employment given by capacities and the labour

19 Another reason for the restrictive monetary policy was a deficit in the trade balance and a deval-
uation of the Deutsche Mark.

11



supply. No similar bound prevents the reduction of employment in case of negative
demand shocks.

3 Dynamic employment adjustment

Employment cannot exceed the labour supply. However, the labour supply consists
of those already employed in the firm and job applicants. Therefore it seems sensible
to allow for a 'dependence of the current labour supply on the past employment
level. A similar dependence on past employment can be stated for the demand
for labour. Investments in firm specific human capital, implicit "full employment"
contracts, and reputation losses give rise to costs of dismissing workers and tend to
restrict the downward adjustment of employment to normal fluctuations, i.e. quits
and retirement. In addition, the capacity of training entrants may prevent a too rapid
growth of employment. One way to introduce these aspects into the employment
decision is to assume a constraint on the adjustment speed of employment. For
labour demand, this can be formalized as:

LDtii = min {(1 + 8c
t) • ITt-i,i, max[LD^, (1 - tf?) • ITt.lti\} (20)

t is the time index and LD~tl is the target level of labour demand to which the
firm wants to adjust. The parameter 8f is determined by the capacity of training
entrants, and the minimum condition in eq. (20) restricts the maximum amount of
adjustment of employment within one period to 6f percent of the past employment
level. The maximum condition implies a limit on the downward adjustment, and
6f is the maximum rate of downward adjustment of employment.20 If the costs of
dismissing are prohibitive, 6* can be identified with the rate of normal separations,
i.e. quits and retirement. A similar model can be applied to the supply of labour:

IStii = min [(1 + 6?) • ITt-i,i, l£t,i\ (21)

Eq. (21) reflects a constraint on the absolute level of labour supply 15 as well as on
the maximum rate of applications. It implies that the labour supply increases if the
firm increases employment, but only until it reaches an exogenous level constraint
LStti- It seems important to allow for both kinds of constraints. In the short run
and during recessions the number of applications within a, time period restricts em-
ployment growth, while in the long run and during boom periods it is plausible that
a low level of labour supply prevents a higher employment.

Now there are four restrictions causing employment to differ from the target level
of labour demand LD*t: first, the level of employment is restricted by the exogenous
level constraint on labour supply LSt,i', second, the decrease of employment cannot
exceed maximum (optimal) separations; third, employment increases must be carried
out with limited training capacities; finally the number of job applicants within a
time period can be binding. The last two restrictions can be combined. Defining
6^ = iam(6f, <5f), optimal employment is determined by:

LTu = min {lStii, (1 + # ) • £T t_M, max [ID*,-, (1 - *?) • ITt-U]} (22)

2051 can also be interpreted as the optimal rate of downward adjustment, and a. dependence of £,°
on the expected persistence of a low labour demand, for instance, is plausible.
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An interesting property of this kind of introduction of adjustment constraints is the
simple way to allow for different, restrictions for upward and downward adjustments
of employment. For 6f < S-f, for instance, the downward adjustment is more im-
peded than the upward adjustment; as a special case,. 8f = oo (6f — 1) implies an
unconstrained upward (downward) adjustment.

However, in the dynamic model here, the optimal target level of employment
differs from those derived in the static context. LD*tl again depends on the number
of workers that can be employed with the capital stock, Lycr However, it may be
profitable to employ more workers than Lye, • If for instance the firm is installing
capacities at time t\, it can start earlier with employment adjustment in face of diffi-
culties of finding applicants. The additional wage costs incurred by an earlier hiring
may be more than compensated by the earlier use of the machine. The expected
demand for goods is also a determinant for ID*tl, but once again, the strong min-
imum condition derived above, eq. (9), need not hold. In the face of an expected
temporary demand shock, for instance, the employment, level may only adjust par-
tially. Employment depends not only on current constraints on adjustment, but also
on expected employment changes and expected future constraints on employment
adjustment.

This model of employment adjustment has in some respect features just oppo-
site than those of the fixed-costs model mentioned above. In the model here, firms
adjust completely, if the desired adjustment is within some small range given by the
^-parameters. In the fixed-cost model, firms adjust only, if the desired adjustment, is
outside some range determined by the extent of those costs. Both model imply a par-
tial adjustment of aggregate employment with respect to shocks, but with increasing
hazards in the fixed-cost model and decreasing hazards in the model here.

The aggregation procedure of micro-markets in disequilibrium situations can also
be applied to capture these extensions of the model. Eq. (22) contains a maximum
condition but it can be shown in a procedure analogous to those applied for the ag-
gregation of the minimum condition that the aggregate maximum of two lognormally
distributed variables can equally be approximated by a CES-function.21 The only
modification is given by a change in the sign of the mismatch parameter. It should
be noted that the 8 parameters must not be equal for all firms, the only require-
ment is the close approximation of the distribution of all variables by a lognormal
distribution.

4 Estimation results

In the empirical application of the model, three mechanisms for the dynamic adjust-
ment of labour demand and supply with respect to equilibrium values are tested.
The first corresponds to the aggregate version of eq. (22) and implies a lower'and
upper bound on the adjustment speed of actual employment with respect to its
target level. Alternatively, a more standard specification of the dynamic adjust-
ment of employment is tested, which relies on convex- adjustment costs instead of
adjustment constraints. The adjustment path implied by convex adjustment costs
is approximated by a partial adjustment mechanism for labour demand. Actual

'See Smolny (1993a).
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employment is again determined by supply and demand, and the target level of
employment is determined by the available number of working places and expected
goods demand. This combination of minimum conditions and a partial adjustment
mechanism seems to be another promising basis for the specification of dynamic ad-
justment processes for employment: Compared with a standard partial adjustment
mechanism for employment, it has the advantage that the restriction LT < LS is
implied, compared with a sole specification in terms of constraints, it has the ad-
vantage of less non-linearities, and fewer coefficients must be estimated. Finally, the
dynamic adjustment of employment is estimated by a linear and a non-linear error
correction model. This procedure is not derived within the context of the theoretical
model, but it can give some hints to non-linearities and asymmetries of the observed
employment adjustment.

In table 1, the estimation results of the CES-employment equations are reported.
The first rows depict the results from a static CES-employment function. The fitted
values of this equation will be used later for the estimation of the error correction
model. Else, these results should be seen only as a reference point for the dynamic
employment functions displayed below. In the next version displayed, the dynamic
adjustment of employment is specified solely in terms of minimum and maximum
conditions. The estimated coefficient for the constraint on the speed of the upward
adjustment 8h is about 0.006 which implies that the firms, on average, cannot in-
crease their labour force by more than 0.6 percent per quarter. The coefficient is
rather low but stable in the different specifications tested. The result seems to be
plausible: it can be seen from figures 3 and 4 that the maximum observed employ-
ment increases are about in this dimension.22 The estimated coefficient 8s implies
that the downward adjustment is slightly less impeded. The maximum downward
adjustment is estimated with about 1 percent per quarter. However, the difference
between these coefficients is not significant. In the last rows, the results obtained
from a partial adjustment specification of labour demand are depicted.23 The re-
sults achieved with this combination of minimum conditions and the usual partial
adjustment mechanism are encouraging. Only two coefficients are estimated and the
standard error of the equation is below 0.5 percent. The estimated dynamic adjust-
ment is similar to those obtained from the pure CES-specification, the adjustment
coefficient A is about 0.2.

From these versions of the employment function, the following conclusions can be
drawn. First, the dynamic adjustment of employment is very pronounced. Allowing
for a dynamic adjustment yielded a remarkable better explanation of actual employ-
ment as compared with a static equation. The estimated adjustment is rather slow:
the partial adjustment model yielded an estimate of 20 percent adjustment of labour
demand per quarter,24 the CES-approach yielded a maximum adjustment per quarter
not above one percent of the previous employment level. This is in accordance with
the model and can explain the considerable amount of labour hoarding during reces-

22It should be noted that seasonal dummies were included in the estimated equation. The data for
the figures are also seasonal adjusted with constant seasonal factors. It should be noted that the
observed seasonal changes are larger than the estimated coefficients.

2 3 A similar combination of the CES-function and the partial adjustment mechanism was used by
Sneessens. Dfeze (1986).

24 It should be noted that the adjustment of employment is lower in case of labour supply constraints.
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Table 1: Employment dynamics: CES-specification

(1) Static CES-function

LTt =

l/p= 0.0127
(0.002)

SEE: 0.0143 DW: 0.538

(2) CES-adjustment

LSt = {IS;P + [(1 + 0.0062) • ITt^}-

LDt = Iwf' + [(l- 0.0101 )-ITt_1]
p'Y/P'

1 (0003) J
) t 1 ]

(0:003) J

LD*t = |Xyot + Wet)

lip = 0.0080, lip' = 0.0194
(0.001) (0.005)

SEE: 0.0045 BP(8): 82.2

(3) Partial adjustment

LTt = {LS;P + LD;P}~1/P

LSt = LSt

LDt= 0.204 -LD: + (1-0.204) • LTt-i
(0.023) (*)

}Vt "t Lyctj

l/p = 0.0057
(0.001)

SEE: 0.0043 BP(8): 85.9

DW: Durbin-Watson statistic.
BP(8): Box-Pierce Q-statistic, 8 lags.
Data sample 1960.1 1989.4. The estimation sample is shortened to allow for lags.
Standard errors in parentheses. The estimation is carried out in logs.
All equations include seasonal dummies, but no constant.
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Figure 5: Employment series III: IT, LT*
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sion periods. The results indicate that it is difficult to discriminate between these
approaches despite their different implications: recall that the CES-specification of
employment dynamics implies a slower adjustment in case of large deviations of ac-
tual employment from the target level, i.e. the adjustment hazard is decreasing in the
desired adjustment. In addition, both employment equations are plagued by enor-
mous serial correlation. Therefore, it was tried to achieve some further information
about employment dynamics by estimating a more general error correction model.

The results from the error correction specification of employment adjustment are
displayed in table 2. The target level of employment LT* is taken from the fitted
values of the static CES-employment function in table 1 and is depicted together with
actual employment in figure 5. It was shown above that the target level derived from
this equation is always below its arguments, i.e. demand determined employment,
capacity employment, and the labour supply. The bad fit of this equation is therefore
not surprising.25 In addition, one can see an asymmetry of the differences between
actual employment and the target level: in case of negative demand shocks, the
target level of employment falls much below actual' employment, in case of a positive
demand shock, insufficient capacities prevent a quick increase of the target level. One
can also see that actual employment is below the target level in the second half of
the eighties which points towards the importance of adjustment constraints for the
explanation of the persistence of unemployment during this period.

In the first two versions displayed in table 2, a linear error correction model is
estimated. In version (1), employment changes are explained by changes in the target

22One may even question the stationarity of the residuals, of this equation. The /-statistic of an
augmented Dickey/Fuller test, is 2.76. However, the residuals are significant, in the dynamic error
correction model. See below.
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Table 2: Employment dynamics: error correction specification

dependent variable: A In LT't

explanatory
variables

A In LT*

lnZr t_i -\nLT~_!

ln£T<_2 -In IT*t

(ln£Ti_2 - I n IT')2

(In ITt-2 - I n LT*tf

(In LTt_2 - I n LT*t)
A

AlnlTt-!

Aln£Tt_2

AlnZTt_3

Aln£Tt_4

AlnXTi_5

AR(4)

SEE

serial
correlation:' x2

Wald x2

' (1)

0.194
(0.03)

-0.143
(0.03)

0.320
(0.07)

-0.118
(0.06)

-0.177
(0.05)

0.600
(0.06)

-0.492
(0.06)

0.00288

9.95 [0.27]

(2)

0.182
(0.02)

-0.090
(0.03)

0.384
(0.08)

0.788
(0.06)

0.00311

13.1 [0.11]

(3)

0.015
(0.04)

-0.179
(0.05)

0.527
(0.62)
28.36
(26.3)

-432.2
(282.)

0.154
(0.09)

-0.158
(0.06)

-0.163
(0.05)
0.611
(0.06)

-0.493
(0.06)

0.00286

12.8 [0.12]

4.7 [0.20]

(4)

0.060
(0.03)

-0.150
(0.04)
1.473
(0.69)

25.79
(27.6)

-468.7
(267.)

0.256
(0.10)

0.800
(0.06).

0.00301

9.1 [0.33]

9.6 [0.02]

The constant and the seasonal dummies are not reported
AR(4): coefficient of autocorrelation, 8 lags
The test for autocorrelation is the Breusch/Godfrey-Lagrange Multiplier test with 8 lags.
The coefficient restriction of the Wald test concerns the exclusion of the 3 nonlinear
error correction terms. The significance levels are reported in brackets.
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level of employment, the lagged residuals of the static CES-equation, and additional
lags of the endogenous variable. The short-term impact of a change in the target
level is about 0.2, the error correction coefficient is about -0.15, and a rather strong
effect is found for the first lagged endogenous variable. In addition, the seasonal lags
account for forth order autocorrelation. The adjustment speed is similar compared
to the dynamic GES-equations above, but the error correction model also accounts
for the positive autocorrelation of employment changes. This gives a further hint
to the argument that adjustment takes time, i.e. an intended change of employment
takes more than one period. The large seasonal changes of employment correspond
to the large gross flows emphasized in the matching function literature, as compared
with the rather low net annual changes of employment. In version (2), the seasonal
autocorrelation is captured by an AR(4)-process for the residuals instead of lagged
endogenous variables, which gives about the same results.

In versions (3) and (4) in table 2, it is tested for additional non-linearities in the
adjustment process of employment. More specifically, the adjustment coefficient is
approximated by a higher order polynominal of the difference between the target level
of employment and lagged employment. This should give some information whether
adjustment hazards are asymmetric and/or increasing or decreasing in the size of the
desired adjustment. Taking the about equal importance of the actual change in the'
target, the lagged equilibrium error, and the lagged change of the endogenous vari-
able, it is tested for a non-linearity in the coefficient of (In LTt-2 — In LT'). The non-
linearity was also specified in terms of (In ITt-\ — In IT*) and (In ITt-i — In LT*^),
these versions yield the same qualitative results (not reported). In the displayed ver-
sions, up to fourth order polynomial terms of this difference are used as regressors,
higher order polynomials of this difference did not contribute significantly to the
explanation. The versions correspond to the linear error correction models (1) and
(2), i.e. in version (3) seasonal autocorrelation is specified in terms of the endogenous
variable, while in version (4) an autoregressive model for the residuals is employed.
Both versions include as special cases the corresponding linear error correction mod-
els, therefore it can be tested for the significance of these terms. In version (4) the
non-linearity contributes significantly to the explanation of employment changes.
The implied adjustment coefficient A, defined as

d{Aln LTt)
A —

<9(ln LTt-2 - In IT't)

is displayed in figure 7. A histogram of the frequency of the observations is given in
figure 6. It can be seen that the absolute value of the adjustment coefficient has a
relative maximum for small negative differences between lagged employment and the
target level. The estimated adjustment is fastest, if the target level is slightly higher
than lagged employment, i.e. for small increases of employment. The adjustment
coefficient is lower (in absolute value) for larger increases of employment and has a
relative minimum for medium-size downward adjustments of the labour force. For
large decreases of employment, i.e. recessions, the estimated coefficients imply an
increase of the adjustment speed. However, it should be noted that this estimation
result is based on only two observations within this range and should be viewed with
care. Version (3) reveals about the same conclusions for the adjustment coefficient.
The significance of the non-linearity of the adjustment coefficient is lower, which
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Figure 6: Residual his togram
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may partly be caused by multicollinearity of lagged employment changes and the
non-linear error correction terms.

What can be learned from these estimation results? First, less than 20 percent
of a desired change of employment is carried out within the first quarter. This
accounts for the considerable amount of labour hoarding during recession periods. It
accentuates also the importance of supply constraints on the goods market in case of
demand increases. Second, the observed adjustment appears to be more complicated
than a simple partial adjustment scheme. The estimated adjustment is asymmetric
as well as decreasing in the size of the desired change of employment. This result is
in accordance with matching function models and stands in contrast to the model
with fixed costs of adjustment. One interpretation of this result is that adjustment
takes time, and a larger adjustment takes a longer time. Only in deep recessions, the
adjustment speed seems to increase. Third, there is considerable seasonal variation of
employment changes. This corresponds to the observed large gross employment flows
and stands in contrast to the estimated slow seasonal adjusted changes of aggregate
employment. One interpretation is that a different mechanism drives the adjustment
of employment in those parts of the- economy with strong seasonal changes in labour
demand.

5 Conclusion

The main objects of the paper are the investigation of the dynamic adjustment of
employment, and the analysis of the resulting inefficiencies. An excess supply on
the goods market, which is not immediately removed by price or quantity adjust-
ments implies underutilization of labour, and excess supply on the labour market
is unemployment. The slow adjustment of quantities increases the persistence of
these disequilibria and is seen as an important component for an explanation of the
business cycle. A dynamic model of the firm is derived and supplemented by an ag-
gregation procedure for firms in disequilibrium situations. At any moment of time,
different firms face different constraints on the goods and labour market. The ag-
gregate transacted quantity can be approximated by an explicit functional relation
depending on aggregate supply, aggregate demand, and a mismatch parameter. The
aggregation procedure allows an easy transformation of the firm-specific variables
into aggregate quantities, and the model can be tested solely by using aggregate
data.

The results of the estimation of the model generally confirm the assumptions
applied for the derivation of the model. Significant underutilizations of labour were
found, which indicates a slow adjustment of employment and the production tech-
nology. They indicate also a downward rigidity of prices. For employment, it takes
more than two quarters before half of the adjustment is carried out. The adjustment
appears to be asymmetric, and the adjustment speed appears to be decreasing in the
size of the desired adjustment. One outcome of the approach are the different mea-
sures of disequilibrium on the goods and labour market. A measure of the short-run
excess supply or demand on the goods market is provided by the utilization of labour.
On the labour market, "Keynesian" labour demand and capacity employment can
be determined in addition to the labour supply. The employment series reveal the
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importance of demand for the medium-run determination of employment. Demand
is the.driving force for employment changes.

In the short run, employment growth can be limited by adjustment constraints
for employment. These aspects provide a partial explanation for the persistence of
the high unemployment in Germany in the eighties. At the beginning of the eighties,
the demand breakdown in course of the second oil price shock reduced employment.
After the recovery of demand in 1984, the employment growth was mainly impeded
by adjustment constraints for employment. Only at the end of the eighties, the slow
adjustment of capacities constrained employment.
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