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Abstract:

In the paper, some empirical results from a macroeconometric disequilibrium
model for the Federal Republic of Germany are reported. In the theoretical
model, a delayed adjustment of employment and investment is analyzed. Mar-
ket disequilibrium is introduced by allowing for a sluggish adjustment of wages
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sistence of unemployment in the second half of the eighties.
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1 Introduction

The underutilization of capacities and labour hoarding during recessions are
stylized facts of the business cycle. They indicate an excess supply and a ra-
tioning situation for firms in the short run. This can be interpreted as an
indication for a slow adjustment of quantities, i.e. employment, the capital
stock, and capital-labour substitution. It can also be interpreted as an indi-
cation of wage and price rigidities. In the model which is presented here it
is tried to develop a framework for the analysis of the dynamic adjustment of
prices and quantities. It combines the dynamic factor demand approach and
the literature of the matching function and analyzes employment and invest-
ment dynamics within the fix-price approach. The adjustment of wages and
prices is not treated explicitly. However, the results of some recent work are
reported which reveal that a type of Phillips-curve wage and price model can
be introduced consistently into the approach.

The analysis of the slow adjustment of both, prices and quantities, ap-
pears to be important for the understanding of the dynamic development of
the economy. Wage and price rigidities prevent a permanent market clearing,
and the slow adjustment of employment, the capital stock, and capital-labour
substitution increases the persistence of disequilibria.

The theoretical model builds on the framework developed by Sneessens,
Dréze (1986). It grew out of the co-work within the European Unemployment
Program, a coordinated research project about unemployment in Europe.l Re-
sults from this research are reported in section 2. The theoretical model of the
firm is presented in section 3. Empirical results for Germany with special
emphasis on employment and unemployment are contained in section 4.

2 The European Unemployment Program

The European Unemployment Program (EUP) was a coordinated research

-project with participants from 9 European countries and the United States.
The idea was to estimate a comparable model with a common theoretical spec-
ification for different countries.? The basic theoretical specification was a Key-
nesian Malinvaud-type model of an open economy.®> The main distinguishing
features are the application of the minimum condition only to micro-markets,
and a different assumption about substitution possibilities.

In the standard Malinvaud framework,? aggregate employment is deter-
mined as the minimum of labour demand and labour supply. Labour demand,
in turn, can be restricted by the demand for goods (Keynesian unemployment)
or by real wages (classical unemployment). The impact of real wages on labour

!See Dréze, Bean (1990) and Entorf, Franz, Kénig, Smolny (1990).
2The proceedings are published in Dréze, Bean (1990).

%It was taken mainly from Sneessens, Dréze (1986).

*See e.g. Malinvaud (1977).



demand depends on the assumption of short-run substitution possibilities be-
tween labour and capital. Wages and prices are fixed in the short run, and
capital is adjusted in the long run.

One major difference of the EUP approach is the assumption of a putty-clay
technology with only long-run substitution between capital and labour. This
excludes the short-run impact of real wages on labour demand and introduces
the concept of capacity shortages. Output is determined by the minimum
of goods demand, capacities, and a labour supply determined output level.
Labour demand is equal to the minimum of the number of workers that are
necessary to produce goods demand, and those workers that can be employed
with the capital stock. This assumption reinforces the prominent role of the
concept of capacity utilization as a business cycle indicator.

A second major difference of the EUP-approach is the application of the
minimum condition only to micro-markets or firm’s markets. In the aggregate,
different micro-markets can be characterized by different supply and demand
conditions. This introduces the possibility of mismatch between labour supply
and demand and can account for the coexistence of unemployment and vacan-
cies. This idea was introduced by Muellbauer (1978) and Malinvaud (1980)
and refined by Kooiman (1984) and Lambert (1988). Especially the model
of Lambert allows for a straightforward empirical application of the model.
Aggregate employment LT is determined by some kind of matching function
in terms of the aggregate concepts of labour supply LS, demand determined
employment Lyp, and capacity employment Lyc. The functional form of this
relation can be approximated by a CES-type function:®

r={1s+ Ly + 158} "
p serves as a mismatch parameter with
oLT . .
—a-p— >0 and p]l.rf,loLT = min(LS, Lyp, Lyc)

i.e. the aggregate minimum condition is contained as a special case. The whole
model can be estimated solely with aggregate data by non-linear least squares.
In addition, it allows for the calculation of the weighted shares of firms con-
strained by labour supply, goods demand, and capacities. These shares are
equal to the partial elasticities of aggregate employment with respect to the
aggegate value of the constraints and can be calculated as, for instance,

OLT LS LSN\~*F

— .= —~ brob : ) V==

315 IT = PO «(LSi < Lyp;, Lyc,) (IT)

This property can be used to introduce standard business survey information
about these shares into the empirical application. The resulting employment

®See Lambert (1988).



function defines some kind of u-v-curve, however labour demand is not iden-
tified from vacancies but from capacities and goods demand. Mismatch is
measured by the p-parameter, and may originate from the labour market, but
may also result from mismatch between capacities and goods demand.

The demand for goods is identified from the spillover to the foreign market.
It is assumed that an excess demand for goods which cannot be satisfied by
domestic producers increases imports. In the same reasoning, in case of supply
shortages on the domestic market, not all export demand can be satisfied. The
estimation of trade equations with indicators for supply shortages allows to
measure the amount of excess demand.

The basic feature of the model is the identification of demand and capacity
shortages for labour demand. The empirical estimates for the European coun-
tries revealed the importance of demand constraints for unemployment after
the oil price shocks 1974 and 1980.° The beginning of recessions is charac-
terized by excess capacities which restrain investment and result in capacity
constraints at the beginning of the following upturn. Another reason for the
high unemployment in the eighties was an increasing mismatch which was
higher in the eighties than in the sixties and seventies.”

A shortcoming of the EUP-model is the lack of a consistent dynamic model
for the adjustment of the firm. Employment is adjusted immediately, and
labour market restrictions simply reflect goods market restrictions. This as-
sumption appears inappropriate and inconsistent with the observed slow ad-
Justment of employment, procyclical labour productivity, and labour hoarding
during recessions. In the model which is presented here, it is tried to introduce
some aspects of the dynamic factor demand approach into the disequilibrium
analysis. Employment setting takes place under uncertainty of demand, and
adjusts slowly with respect to demand shocks. Capacities are chosen in the
long run and are predetermined for the employment decision.

3 The model of the firm
3.1 The basic model of the firm

The basic model of the firm consists of the optimal choice of output, employ-
ment, the capital stock, and capital-labour substitution.® The basic assump-
‘tion is a delayed adjustment of employment and investment. The investment
decision takes place before the employment decision and fixes both the capital
stock and the capital-labour ratio. The adjustment of wages and prices is left
out.? This yields the following three step decision structure:1°

6See the country papers in Dréze, Bean (1990).
"For a recent discussion, see Bean (1994).
81t is described in detail in Smolny (1993a).
?See section 3.5.
10The time index and the firm index are omitted for convenience. A complete list of variables
is contained in the appendix.



1. Short-run adjustment of output YT with predetermined employment,
capital stock K, and capital-labour ratio. Qutput is given by the mini-
mum of supply and demand,

YT = min(YS, YD) (1)

with: YS: goods supply

YD : demand for goods
Output supply is determined by a short-run limitational production func-
tion with capital and labour as inputs,

YS = min [r, - LT, TrK-K]=min(Y[g',YC) (2)

where: Y7r: employment constraint
YC : capacities
7, : productivity of labour
7, : productivity of capital
The factor productivities are predetermined by the capital-labour ratio
and the production function.

2. Medium-run adjustment of employment LI" with uncertain output and
still predetermined capital stock and capital-labour ratio. Employment
is determined by the minimum condition of supply and demand.

LT = min(LD, LS) (3)
LD is labour demand, and LS denotes labour supply.

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

The optimal behaviour of the firm follows from maximizing
max E(p- YT —w-IT —¢- K) (4)

E is the expectation operator, p is the output price, w are wages, and ¢ are the
user costs of capital. In the short run, output is chosen equal to the minimum
of goods supply and demand according to eq. (1). For the medium-run choice
of employment, three cases can be distinguished. First, the firm is neither
constrained by the available labour supply nor by the existing capital stock
and chooses employment as to equalize expected marginal returns to marginal
wage costs:

p-prob(¥YD > Yir+)-m, = w (5)

expected marginal returns marginal costs



The probability of the supply constrained regime is chosen equal to the full
employment labour share. For a lognormal distribution of demand, optimal
employment is determined as:

ImIT"=InLyp =l EXYD)-Inn, —0.5-0°+c-F! (1-—p:w_’r) (6)
L
F-1 denotes the inverse of the cumulative standard normal distribution, and
o2 is the variance of the logarithm of demand, i.e. a measure of demand uncer-
tainty. Optimal employment depends on expected demand, demand volatility,
the productivity of labour, and the share of labour cost in nominal full em-
ployment output. Second, in case of insufficient capacities

IT* = Lyc = YC/7, = m - K /7, (7)

and employment is determined by the available number of working places. This
implies that the employment constraint of the production function is also bind-
ing for the goods supply, i.e. YS = Yzr. In the final case of insufficient labour
supply, the firm has not enough applicants to fill all vacancies. Employment
cannot exceed this constraint, and optimal employment is equal to the labour
supply: '

IT* = LS (8)
The three cases can be summarized by a minimum condition for optimal em-

ployment:
IT™ = min(Lyp, Lyc, LS) (9)

In the model, the utilization of labour varies procyclically, with higher utiliza-
tion in the presence of positive (unexpected) demand shocks and a procycli-
cally varying measured productivity of labour. This property is in accordance
with observed stylized facts and stands in contrast to conventional models of
dynamic factor input adjustment, which assume immediate adjustment of em-
ployment and short-run substitution of capital and labour, thus implying an
anticyclical movement of the productivity of labour. Optimal labour hoarding
decreases with less uncertainty of demand and less labour hoarding will be
observed in the presence of labour supply or capacity constraints.

In the long run, the investment decision determines the capital stock and
the capital-labour ratio. Optimal capacities depend on expected demand and
labour supply constraints, and profitability.!? The optimal factor productiv-
ities depend on real factor prices and the probability of labour supply con-
straints.

3.2 Regimes on the goods and labour market

In table 1 the different regime constellations of the firm on the goods and
labour market are summarized. In the standard model of the New Keynesian

1 For the derivation, see Smolny (1993a).



Table 1: Regimes on the goods and labour market

goods market YD >YS YD <YS
labour market YI'=YS YI' =YD
proby; I | prob;, II
LT =1LS YT =Yis YT =YD
LS < min(Ly¢, Lyp) | repressed inflation underconsumption
proby, III | prob,, v
LT = Lyco YI'=YC YT =YD
Lyc < min(LS, Lyp) | capital shortage mixed
probs, V | probz, VI
LT = Lyp YT =Yr YI' =YD
Lyp < min(Lyc, LS) mixed Keynesian unemployment

Macroeconomics only three regimes are possible. The non-simultaneity of the
output, employment, and capacity decisions introduces the possibility of three
further combinations of output and employment constraints. First, if the firm
has to decide on employment before output, the possibility of underconsump-
tion is re-introduced. Underconsumption is characterized by a rationing of the
firm on both markets. If the firm decides simultaneously on output and em-
ployment, only one of the constraints, labour supply or the demand for goods,
can be the binding constraint. The other modification is related to the non-
simultaneity of the employment and investment decision and the assumption
of a putty-clay technology. The firm decides on employment after choosing
optimal capacities. This allows to distinguish two possible sources of demand
constraints on the labour market. First, optimal labour demand does not ex-
ceed the available number of working places Lyc. Second, labour demand Lyp
depends on goods demand expectations and profitability. The optimal labour
demand can therefore be distinguished, whether it is determined by capacities
or by demand expectations.

The complete set of regime probabilities can be derived from the model
parameters. Note that these are the optimal probabilities the firm chooses by
deciding on capacities YC and labour demand Lyp. A situation of equal prob-
abilities of the supply and demand constrained regime, or of equality of supply
and demand in expected values, i.e. E(YD) = Y5, has no special significance
in the model and does not define an “equilibrium”. The optimal probabilities,
which define some kind of equilibrium, are determined by relative factor prices,
the parameters of the density function, and the parameters of the production
function.

The heterogeneity of the rationing constellations enriches the interpretation
of the regimes, but it prevents one from simply carrying over the terms, which
are used in the standard Keynesian model to characterize the rationing situa-

6



tions. There is a clear correspondence of the regimes of repressed inflation and
underconsumption, but the terms Keynesian or classical unemployment should
be used with care. In the standard model of the New Keynesian Macroeco-
nomics, classical unemployment means a situation where the firm can realize its
notional trade offers on both markets. Here this holds for the regimes III and
V. In regime III, both output and employment are constrained by the capital
stock. However, this capital shortage can be caused by demand expectations,
i.e. the sources of the resulting underemployment may be “Keynesian”. In
regime V, the main reason for the low labour demand is the too low expected
demand for goods. This regime is characterized as a Keynesian situation on
the labour market but a classical situation on the goods market. A similiar
inaccuracy holds for Keynesian unemployment: in regimes IV and VI, insuffi-
cient demand constraines output and the firm can realize its labour demand.
The sources of the low labour demand are a lack of capacities (regime IV) or
the expected demand for goods (regime VI). The latter can therefore be called
Keynesian regime for good reasons, but the sources of the underemployment
in regime IV can also be factor prices being too high, or even expected labour
supply being too low.

3.3 The dynamic adjustment of employment

One can think of different routes to extend the model and to introduce more
empirical relevant features.!? One extention are dynamic constraints on the
employment adjustment. Employment cannot exceed the labour supply. How-
ever, the labour supply at the firm level consists of those already employed in
the firm, and job applicants. Therefore it is realistic to allow for a dependence
of the current labour supply on the past employment level. One way to intro-
duce these aspects into the employment decision is to assume a constraint on
the adjustment speed of labour supply. This can be formalized as:

L5t = min [(l + 6“) . L’I't_l, B_t] (10)

tis the time index. Eq. (10) reflects a constraint on the maximum rate of appli-
cations, 6%, as well as on the absolute level of labour supply LS. This implies
that the labour supply increases if the firm increases employment, but only
until it reaches an exogenous level constraint LS;. It seems to be important to
allow for both kinds of constraints. In the short run and during recessions, the
number of applications within a time period can restrict employment growth;
in the long run and during boom periods, it is plausible that a low level of
labour supply prevents a higher employment.

A similar dependence on past employment can be stated for the labour de-
mand. Investments in firm specific human capital, implicit “full employment
contracts”, and reputation losses give rise to costs of dismissing workers and

12For instance, Winker (1994) analyzes credit market failures and a financial constraints for
the firms.



tend to restrict the downward adjustment of employment to normal fluctua-
tions, i.e. quits and retirement. This can be formalized as:

LDt = max [LD:, (1 — 53) . Ht—l] (11)

LD7 is the target level of employment that the firm wants to reach. The
maximum condition implies a limit on the downward adjustment, and 6° is
the maximal rate of downward adjustment of employment. If for instance
the costs of dismissing are prohibitive, 6° can be identified with the rate of
normal separations.!®> Then there are three restrictions causing employment
to differ from the target level of labour demand: first, the level of employment
is restricted by the exogenous level constraint on labour supply; second, the
decrease of employment cannot exceed maximal (optimal) separations; finally
the number of job applicants within a time period can be binding. This results
in some kind of matching function.!* Employment growth depends on the
unemployment rate, excess demand, and capacity utilization.

One property of this kind of employment adjustment constraints is the
simple way to allow for asymmetry. For 6° < 6%, the downward adjustment is
more impeded than the upward adjustment, and é° — oo (6° = 1) implies an
unconstrained upward (downward) adjustment.!®

3.4 Aggregation

Up to this stage, the analysis was confined to the behaviour of one firm. Differ-
ent rationing situations on the goods and labour market are possible, and the
firm’s choice of employment and capacities, together with the properties of the
distribution function, determine the probabilities of the regime constellations
at the firm level. In the aggregate, at every moment in time different firms face
different constraints and usually all rationing constellations coexist. A relation
between the aggregate quantities can be derived by stating a density function
for demand and supply on the micro-markets. If the number of firms is large,
the densities can be approximated by a continuous density function. Supply
and demand on the micro-markets depend on a large number of events, and
it is plausible that many economic forces have a proportional impact. Thus
the central limit theorem can be applied and the resulting distribution can be
approximated by a lognormal distribution.!® Then a very simple analytical
expression for the transacted quantity can be derived.!” If the weighted prob-

¥ 0One can also intoduce an upward constraint for the labour demand which refers to the
capacity of screening and training entrants.

14See Blanchard, Diamond (1989,1990) and Franz, Smolny (1992,1994). For a discussion
of the empirical relevance of the different concepts of dynamic labour demand, quantity
constraints and matching, see Burgess (1993) and Smolny (1993b).

'5See Palm, Pfann (1990) and Pfann, Palm (1993) for the importance of an asymmetric
adjustment of employment. A more detailed analysis of the non-linearities of employment
adjustment is given in Smolny (1993b).

16See Smolny (1993c).

17Lambert (1988), appendix A.



abilities of the regimes are approximated by a logistic curve, it can be shown
to yield the following CES-type aggregate function for output:1®

-1
YT = {¥p-*v + yg=o} " (12)
Py 1s 2 mismatch parameter with
XY > 0, im YT = min(YD, Y5)
Opy py=roo

Aggregate output is determined from aggregate supply and demand, and a
mismatch parameter p, which depends merely on the uncertainty of demand
at the time of the employment decision. Employment is determined by the
minimum of supply and demand, while labour demand, in turn, is given by the
minimum of the capacity constraint and demand determined employment. The
distribution of the minimum of two lognormally distributed variables can again
closely be approximated by a lognormal distribution and aggregate employment
is determined by:

IT = {st-—pm + [LYD—pf + L;gflpm/Pf}—I/Pm (13)

pm is related to labour market mismatch, and ps is a measure of mismatch
between capacities and goods demand. The aggregate counterpart of the be-
havioural equation for demand determined employment can also be derived:
the equation containing the aggregate variables has the same structure as
those for the individual firms. The only difference is a change in the nor-
malizing constant, which is affected by the variance of these variables on the
micro-markets. The aggregation procedure can also be applied to capture the
‘constrained adustment of employment. Eq. (11) contains a mazimum condi-
tion but the expected maximum of two lognormally distributed variables can
equally be approximated by a CES-function. The only modification is given by
the change in the sign of the p-parameter.!® Note that the § parameters must
not be equal for all firms, the only requirement is the close approximation of
the distribution of all variables by a lognormal distribution.

3.5 Wages and prices

The adjustment of wages and prices was left out of the analysis above. How-
ever, there are some recent papers which show how it can be introduced into
the approach. Sneessens (1987) developed a model with a delayed adjustment
of prices within the framework of the EUP-model. In a model of monop-
olistic competition, firms have to announce their prices before knowing the
disturbance term of the demand function. De la Croix (1992) analyzed wage

- *®The following notation refers to the aggregate variables!
19Gee Smolny (1993c).



bargaining within the disequilibrium approach. Unions and firms negotiate
the wage, and wage and price decisions take place before the realization of
stochastic demand shocks. This leads to Phillips-curve type models for the
wage and price adjustment. Price changes depend on the development of costs
and the excess demand on the goods market, and wages depend on prices and
the unemployment rate.

A shortcoming of both model is the assumption of an immediate adjustment
of employment, i.e. labour hoarding is ruled out. Smolny (1994) developed a
model with a delayed adjustment of both, prices and employment. Prices and
employment are set under uncertainty about the location of the demand curve.
Consider, for instance, the case when the stochastic process generating the de-
mand shocks is autocorrelated. Then a positive demand shock increases the
utilization of capital and labour today. The response of the firm depends on
the presence of supply rigidities: in case of insufficient capacities or labour
supply, the firm will increase the price; in case of supply flexibility, the price
will remain constant, and employment will be increased. Therefore, the model
predicts a different adjustment with respect to demand shocks during the busi-
ness cycle. In recession periods with sufficient capacities and easy availability
of labour, demand shocks result in higher employment without increasing the
price. In boom periods, more and more firms attain full utilization and the price
increases. The relevant variable for prices and employment from a macroeco-
nomic viewpoint is the share of firms experiencing full utilization of supply. A
similar response results in case of cost shocks. If the firm experiences supply
rigidities, prices (and employment) will remain unchanged. On the other hand,
with flexible supply, the firm increases the price and reduces supply.

The most important insight from these models is that the basic features
of the disequilibrium model prevail as long as the adjustment of wages and
prices is not frictionless. Wage and price rigidities prevent a permanent market
clearing, quantity reactions prevail in the short run, and the slow adjustment
of quantities may even increase the persistence of disequilibria.

10



4 Empirical results

4.1 The structure of the empirical model

The structure of the model is depicted in table 2. The model was estimated
with quarterly data for the private sector of the German economy for the period
1960.1-1989.4, i.e. the estimation sample ends before unification. The detailed
estimation results are reported in Smolny (1993a,b). The estimation of the
model consists of two steps. First, the optimal productivities and the demand
for goods are determined. The choice of the optimal productivities is part of
the long-run decision of the firms. They depend on real factor prices, expected
labour supply constraints, and technical progress. The actual productivities
deviate from the optimal ones by the respective utilization of the factor DUL
and DUC. The data from the ifo-institute on capacity utilization g were used
as an indicator for the utilization of capital. A dynamic specification of ¢
was employed as an indicator for the utilization of labour. The estimation
of productivity equations allows to identify the utilization of the factors and
the optimal productivities. Capacities are calculated from capital productivity
and the capital stock, and goods supply is determined from the employment
constraint of the short-run limitational production function.

The demand for goods is identified from the spillover to the foreign market.2°
An excess demand which cannot be satisfied by domestic producers leads to an
increase of imports, and actual imports M are higher than structural imports
MD. Accordingly, in case of supply constraints, the export demand cannot
be satisfied completely. Therefore, actual exports X are lower than export
demand XD. Supply constraints are identified from the utilization of supply
which is equal to the utilization of labour DUL. Total demand consists of
private consumption C, investment I, residual demand components G, and
XD — MD.

The employment series are calculated according to egs. (21) and (22). The
calculation of these series allows, in a second step, the estimation of the CES-
functions for the goods and labour market. Output is estimated according to
eq. (24) in table 2, and finally employment is estimated by a dynamic CES-
function according to egs. (25).

4.2 The underutilization of labour and capital

The estimation of the productivity equations allows to identify the optimal
productivities of labour and capital.?! Actual productivities are related to real
factor costs and an indicator for the utilization of the factor. The significance
of these indicators provides also a first test of the underlying assumptions of the

2 For a detailed analysis of spillovers, see Franz, Heidbrink, Scheremet (1992), Franz, Heid-
brink (1993), and Heidbrink (1994).

21 The estimation is based on eq. (14) and eq. (15). The estimated equations are reported in
detail in Smolny (1993a).
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Table 2: The structure of the model

supply:
labour productivity:ln (¥£), = Inm, [(w/p):,t, URs} + In DUL: (14)
labour utilization:|ln DUL; = 0.444 -(lng: — 0.408 -Ing._1)
(0.06) (0.10)
capital productivity:|ln (¥), = In =, [(¢/p):,t, UR:] +1n DUC, (15)
capital utilization:|ln DUC; = 0.509 -Ing:
(0.04)
employment constraint:| InYzr, =InIT; —In7,, (16)
capacities:{| InYC:=InK; + Inn,, (17)
demand:
imports:| In M; =1n MD(-) + In M/(excess demand) (18)
exports:| InX;=1nXD(-)—In X/(excess demand) (19)
spillover:| InM{=4.049 -InDUL,
(1.4)
In X! = 2.532 - In DUL,
(1.3)
goods demand: YD, =Ci+ I + Gy + XDy —~ MD; (20)
employment series:
capacity employment:| In Lyc, =InYC; —In7, (21)
demand determined
employment:| InLyp, =In¥D; — Inx, (22)
labour necessary
to produce output:| In Lyy, =InYT; — Inn,, (23)
output:) InYT,=-1/p, -1n {YET.‘:” +YD; "} (24)
employment:| InIT:=-1/p;-1n {LSTP' + LD;“} (25)
labour demand: LD, = {LD;“" + [(1- 0.010) -L’I’,_l]"}l/m
(0.003)
of labor Somand: 0; = {Lyf + L32, }"1’ :
labour supply:}  LS,= {(LT:+U:)“" + [(1+(0.006))-IT,_1] “"}_l/m
0.001

Standard errors in parentheses.
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model. Significant underutilizations of labour during recessions indicate a slow
(downward) adjustment of labour as well as a downward rigidity of prices: with
an immediate adjustment of prices or employment, the productivity of labour
should not be cyclical at all; significant underutilizations of capital indicate a
slow adjustment of the capital stock. It is expected that the average utilization
of labour is higher than the utilization of the capital stock.

A graphical impression of the short-run correlation of the factor produc-
tivities and the factor utilizations is depicted in figures 1 and 2. The an-
nual changes of capital productivity can nearly completely be “explained” by
changes in the utilization of capital.?? The picture is less pronounced for the
utilization of labour, but again changes in utilization account for a large and
highly significant part of changes in labour productivity. Figure 3 depicts the
estimated degrees of utilization of both factors. The average utilization of cap-
ital was about 95 percent, in recessions it fell below 90 percent. The utilization
of labour was always higher than the utilization of capital, the corresponding
average is about 97 percent and the minumum is slightly below 94 percent.
The implied amount of labour hoarding can be seen in figure 4 as the dif-
ference between employment and the amount of labour necessary to produce
output. Average labour hoarding amounted to about 600 000 workers, and
labour hoarding exceeded 1 million in the recessions 1966/67, 1974/75, and
1981/83.23 This implies an enormous inefficiency during the business cycle, in
addition to the inefficiency associated with open unemployment.

4.3 Regimes on the goods market

While the procyclical productivities of labour and capital indicate a downward
rigidity of prices, the estimation of trade equations?4 revealed an upward rigid-
ity of prices. Supply constraints on the domestic market lead to a significant
‘increase of imports and reduced exports, after controlling for relative price
and income effects. Again, the adjustment of prices was not immediate and
quantity effects take place.

Goods demand is calculated from the spillover of the trade equations ac-
cording to egs. (18)—(20). Goods supply is calculated from the employment
constraint of the production function according to eq. (16), and the CES-
function for output is estimated by non-linear least squares. Then the regime
shares are calculated from the estimated p,-parameter as

YS\ ~ry
prob, (YS: < YD;) = (—Y‘—;-)
and respectively for the demand constrained regime.

The regime shares on the goods market give a picture of the short-run
economic situation and can serve to predict the medium-run adjustment of

22 A hat indicates an estimated series. The outlier in 1963.1 is due to a strong winter.
23The data in the figures are seasonally adjusted by constant seasonal factors.
24 The results are reported in detail in Smolny (1993a).
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Figure 1: Changes of productivity and utilization: capital
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Figure 2: Changes of productivity and utilization: labour
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Figure 3: The utilization of labour and capital
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employment: demand constraints on the goods market tend to decrease em-
ployment, supply constraints imply a fully utilized labour force. In case of
sufficient capacities, firms can increase supply by increasing employment.

In figure 5, the results are depicted. In the recession periods 1966/67,
1974/75, and 1982 about 70 percent of firms were constrained by insufficient
demand, while in boom periods this share amounted to less than half of this
value. On the other hand, if the argument is reversed, even in the recession
periods 30 percent of the firms worked with a fully utilized labour force, and
in the boom periods, this share did not increase above 80 percent. This result
can be seen as evidence for a rather quick adjustment of employment with
respect to demand changes: in the medium run, the firm can realize the op-
timal probability of demand constraints on the goods market by employment
adjustment.?®

For a comparision, in figure 6 the regime shares from the business survey of
the ifo-institute are depicted. These data should be interpreted with care, espe-
cially the “no constraint” regime has no clear correspondence to the theoretical
model here.?® Figure 6 depicts the high values and the increasing importance
of the “no comstraint” regime 7,..2” In 1989, only 20 percent of firms an-
swered that they were constrained at all, which stands in some contrast to the
reported high values of capacity utilization. Therefore, the levels of the regime
shares cannot be compared directly. Only the time pattern of the regimes can
be compared. The development of the share of demand constrained firms 7y
corresponds rather closely to the estimated shares of the model. The peaks
and troughs in the business survey data are more pronounced, but the turning
points coincide closely.

4.4 The labour market

Perhaps the most important outcome of the approach are the employment se-
ries. They are calculated according to egs. (21) and (22) and depicted together
with actual employment in figures 7 and 8. The labour supply was treated
as exogenous in the basic model, but its endogeneity was taken into account
for the dynamic adjustment of employment. From figure 7, it can be seen
that the labour supply is an endogenous variable on the aggregate level, too.
It decreased during recessions and increased during boom periods. There are
two factors accounting for this:2® first, the dependence of international factor
mobility on the employment situation in the FRG and second, the inverse re-
lation between the unemployment rate and the participation rates of workers

251n the model, the optimal probability of the supply constrained regime is mainly determined
by the share of labour costs in value added.

?¢In addition, it is not clear, whether the regimes correspond to the labour market situation
or to the goods market situation.

27 xnc is the amount above the upper line in figure 6.

?6Some determinants of the labour supply in the FRG are analyzed by Franz, Smolny (1990)

and Smolny (1992).
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Figure 5: Regimes on the goods market 1
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Figure 6: Regimes on the goods market II: business survey
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in Germany.?® 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 em-
ployment level in the late seventies, the unemployment rate remained high due
to the sharply increasing labour supply. The mild decrease of the unemploy-
ment rate was terminated abruptly by the recession at the beginning of the
eighties and the number of unemployed increased to more than two million
people. Since then, it remained rather stable and decreased only slowly since
1986, despite the enormous increase in employment since 1983.

Demand determined employment is calculated from the estimated demand
and the optimal productivity of labour and is depicted in figure 8. The most
striking characteristic of this series is its high variance over the business cycle.
During recession periods, it lied far beyond the employment level, while in
boom periods it increased faster than employment. This gives a hint to labour
hoarding: the employment level that is necessary to produce output is always
less than or equal to Lyp and Lyp < LT implies labour hoarding.®® On the
other hand, during boom periods, demand determined employment increased
faster than employment. These distinct developments already indicate the
importance of adjustment constraints for employment. Referring solely to the
figure, employment adjusted only slowly with respect to demand during the
upswing and during the downswing.

The development of capacity employment was smoother than actual em-
ployment. The recessions 1966/67 and 1974 are less pronounced in Lyc than
in employment. In addition, Lyc lagged behind employment which indicates
the slower adjustment of capacities with respect to demand.

Taken together, until 1966, an equilibrium situation can be stated. The
labour supply was slightly below capacity employment, goods demand equals
capacities, and the unemployment rate was about one percent. In addition,
employment and the degrees of utilization of labour and capital remained fairly
stable.3 This picture changes sharply with the recession in 1966. Demand de-
termined employment decreased and the unemployment figures increased to
above 500 000 people, despite the remigration of many guest workers. Capaci-
ties adjusted downward and in the first quarter in 1967, gross investment was
nearly 20 percent below the corresponding level of the preceeding year. How-
ever, 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, shortages of capital
and labour supply were the main factors restraining a higher growth rate of the

*For instance, net migation inflows into the FRG amounted to about 400.000 people per
year from 1967 and 1973, see Smolny (1992).

30Gee also figure 4.

31Gee also figure 3.
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Figure 7: Employment series 1: LT, Eve, LS
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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. In addition, high inflation rates at the
beginning of the seventies, caused by the enormous wage push in 1970, and
increases in the monetary growth in course of the breakdown of the Bretton-
Woods exchange rate system induced the Deutsche Bundesbank to switch to
a restrictive policy. Short-run interest rates exceeded 14 percent and 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.3?
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 con-
sequence, investment and consumption decreased in real terms. Furthermore,
the fiscal authorities changed to a restrictive course and in 1983, the unem-
ployment figure exceeded two millions. Since then, the economy switched on
a path of sustained growth and the figures indicate that a higher employment
growth at the end of the eighties is mainly impeded by the slow adjustment of
capacities.

The CES-approach of employment determination allows to calculate the
share of firms facing the different constraints for employment determination.
These shares are equal to the elasticities of aggregate employment with re-
spect to the aggregate value of the respective constraint and can serve as an
useful indicator for the evaluation of policy instruments; in case of an increase
in demand, only those firms will increase employment which are in the de-
mand constrained regime. Therefore, an expansionary demand policy affects
only those firms’ employment. The regime shares are calculated from the em-
ployment equation and are depicted in figure 9. The share of labour supply
constrained firms is calculated from

—-p
prob,,(LS; < LD;) = (%)
and respectively for the other regimes. In general, these regime shares pro-
vide a similar picture of the situation prevailing on the labour market as the
employment series in figures 7 and 8: they are calculated from them. How-
ever, the regime shares allow for a closer look at the relative importance of the
regimes. During the sixties until 1973, the labour supply was the most impor-
tant binding constraint for employment. On average, nearly 50 percent of firms
were constrained by an insufficient labour supply. This was interrupted only
by the short recession in 1966/67 and by the capital shortage in 1970. The
picture changed dramatically with the first oil price shock in 1973/74. Since

32 Another reason for the restrictive monetary policy was a deficit in the trade balance and
a devaluation of the Deutsche Mark.
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Figure 9: Regimes on the labour market 1
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then, the labour supply was never again an important constraint during the
observation period. This gives also a hint to wage rigidities. Until 1973, the
labour supply was an important constraint which was not removed by wage

increases, while in the second half of the seventies, the high unemployment did
not cause sufficient wage decreases.

In the second half of the seventies, the demand for goods was the most
important constraint for employment. At this stage, a comment concerning
the dynamic adjustment of employment is necessary. In the model, the dy-
namic adjustment is the more important, the more rapid the changes in the
desired employment level are. The CES-approach of employment adjustment
allows for a detailed look at the importance of these constraints. Two further
“adjustment” regimes can be distinguished, i.e. the share of firms that were
constrained in their upward adjustment of employment, and the share of firms
that were constrained in their downward adjustment. Figure 9 gives the impres-
sion that in 1979 and since 1985 the capital stock was the binding constraint
for employment for most firms. On the other hand, the degree of utilization
of capital was lower than in the sixties, and far beyond the maximum values
observed in 1970.3 The inconsistence is removed when looking at the exact
definition of the regimes. “Capital constrained” implies that Lyc < Lyp, LS.
It does not imply that the capital stock is actually binding. Employment in-
creased very fast but stayed always below capacity employment Lyc. Capacity
utilization was not very high, actual employment was mainly constrained by
the past employment level: a large share of firms was increasing employment
with maximal speed. The CES-approach of employment adjustment allows to
calculate this share, and while it was not very high for most of the observa-
tion period, in 1979 and since 1985 it became dominant.3* This underlines
the importance of the dynamic adjustment of employment. Capital was not
really binding for employment, but the number of applicants per period, or the
“capacities” of hiring and training entrants. In the second half of the eighties,
employment was neither constrained very much by the capital stock, nor by
goods demand, and nor by the labour supply, but a main reason for the per-
sistence of unemployment was the constraint on employment growth, together
with the increasing labour supply.

_ This interpretation is confirmed by the regime shares from the business
survey of the ifo-institute. These shares are depicted in figure 10. For compa-
rability, they are corrected for the “no constraint” answer. The depicted shares
are calculated as the share of firm declaring a constraint, in relation to all firms
declaring a constraint. In general, the development of these shares is similar to
those obtained from the model. The turning points coincide, and until 1978,
even the levels of the regimes are comparable. Only the short demand slow-
down 1971/72 is more pronounced in the ifo-data. A first important difference

333ee figure 3.
% Similar, the downward adjustment regime was not very high for most of the observation
period, but was dominant in 1966, 1974, and 1982.
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‘can be seen for 1979. For this year, the ifo-data reveal only a slight increase

of the share of capital constrained firms 7/, but a more important increase
of the “labour shortage” regime 7j. This is consistent with the interpretation
above that the labour market situation in this year can be characterized by
an “adjustment constraint”: the exact term of the question in the business
survey is “Mangel an Arbeitskriften” (lack of employees) which allows very
well an interpretation of labour shortage as an adjustment constraint. A simi-
lar consideration can be applied to the situation in the eighties, however, the
ifo-data are not very reliable for this period, because less than 25 percent of
firms declared that they are constrained at all since 1984.

4.5 Mismatch

One cause of the high and persistent unemployment in Europe found in the
empirical analysis of the European Unemployment Program was the increasing
importance of mismatch in the seventies and eighties.®> For instance, Entorf,
Franz, Konig, Smolny (1990) found a “structural unemployment rate”, i.e. the
unemployment rate which corresponds to the equality of labour supply, demand
determined employment, and capacity employment, of about 2.5 percent in the
sixties which increases to nearly 6 percent in 1986. The increasing importance
of mismatch for unemployment in Germany was confirmed by the analysis
of Franz, Konig (1990), Konig, Entorf (1990), and Entorf, K6nig, Pohlmeier
(1992).

The theoretical model as presented above allows to distinguish different
kinds of mismatch. First, adjustment constraints of employment and price
rigidities lead to mismatch between goods supplied and goods demanded. The
observable outcome is the considerable amount of labour hoarding and the
procyclical productivity of labour. A measure of this kind of mismatch is
the p,-parameter of the output equation. Second, a measure of mismatch on
the labour market, as for instance a difference in the regional or occupational
structure of labour demanded and supplied, is given by the p,,-parameter in
the CES-function with labour demand and supply. Third, the slow adjustment
of capacities leads to a mismatch between capacity employment and demand
determined employment. Examples are the effects of the oil price shocks which
rendered part of the capital stock obsolete, or the capacities of steel and ship-
building which do not match with the demand for electronic data processing
machines. Again, this can be measured by the pys-parameter of the respective
CES-function. Finally, the dynamic adjustment of employment implies an
inefficiency during the business cycle which is again caused by the limited
mobility of workers and firms.

The estimates of the disequilibrium model revealed the following results
for Germany:3¢ first, the goods market mismatch was only slightly increasing

35See the country papers in Dréze, Bean (1990).
%8See Smolny (1993a,b).
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during the observation period. Second, the mismatch between labour supply
and demand in the traditional sense was of minor importance for the high
unemployment in the seventies and eighties. The excess supply of labour since
the second half of the seventies limited the effects of this kind of mismatch.3”
More important was the mismatch between goods demand and capacities. This
result is confirmed by Heidbrink (1994).

The most important source of labour market inefficiencies is associated with
the dynamic adjustment of employment. This does not mean that the adjust-
ment of employment has become slower. However, the variabiliy of the target
level of employment is higher in the seventies and eighties, and therefore the
adjustment constraints were more important in this period. This kind of ineffi-
ciency differs considerably from the traditional concept of mismatch. In terms
of a traditional u-v-curve, it refers to the difference between shift of the curve
and loops around a long-run stable curve.3® A higher mobility of workers and
firms would reduce both kinds of mismatch, but policy recommendations would
focus also on measures to stabilize labour demand. In addition, a continuous
period of sufficient growth would reduce this inefficiency.

4.6 Simulation studies

The disequilibrium model has been used for simulation in several contexts.
These simulation studies can serve different purposes. First, they can be used
to forecast the development of the endogenous variables. A second use is to
compare actual developments with the forecasts given by the model and to
learn something about structural changes within the economy. Finally, one
can use a simulation model to evaluate the effects of a change in the exogenous
variables on the endogenous variables.

The last issue has been the subject of a number of investigations.3® Entorf,
Franz, Kénig, Smolny (1990) estimated the impact of monetary and fiscal pol-
icy measures, Heidbrink (1994) simulated the effects of exchange rate changes
and coordinated policy measures within a link model with Germany and 4
EC-countries, and Franz, Smolny (1990), Smolny (1992), and Franz, Oser,
Winker (1994) analyzed the impact of migratory movements on labour sup-
ply and employment in Germany. Finally, Franz, Heidbrink, Smolny (1994)
estimated the effects of unification. The most important feature for the simu-
lation properties of the disequilibrium model are the regime dependent policy
multipliers. Demand policy affects output and employment only for periods of
sufficient labour supply and capacities, and an increasing labour supply affects
employment only, if the labour supply is binding for employment.

Heidbrink (1994), Schellhorn, Winker (1994), and Franz, Heidbrink, Smolny
(1994) investigated the dynamic stability of the model. For instance, in Franz,

87See also Franz (1989).
38 A smilar result was achieved by Franz, Smolny (1994) with a model of 2 dynamic u-v-curve

and vacancy data.
3°For a more detailed overview, see Schellhorn, Winker (1994).
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Heidbrink, Smolny (1994) it is tested, to what extend the disequilibrium model
is able to account for the effects of unification on West Germany’s goods and
labour market. The model was estimated for West Germany for the period
until 1989, and an ex-post forecast was made with the actual values of the
exogenous variables until 1993. The most important effects from unification
within the framework of the disequilibium model were the sharply increasing
labour supply from 1989-1992 and the East German demand for West German
products.4® The latter mirrors the outcome of a Keynesian expenditure pro-
gram on a great scale: East German “imports” from West Germany accounted
to more than 150 bill. DM per year since 1991. The observed outcome for
employment and labour supply is depicted in figures 11 and 12.4' However,
the results also revealed a structural break: the actual employment dynamics
exceeded the simulated employment growth remarkably for 1990-1991. It is
not clear, whether this simulation error is due to a serious shortcoming of the
dynamic model of employment determination, or whether German unification
must be regarded as a “cosmic shock” which is very difficult to forecast in its
economic consequences. It can be seen from figure 12 that the employment
increases at the beginning of the nineties were about twice as large as those in
previous boom periods and were unprecedented in the thirty years before.

5 Conclusions

If prices do not adjust instantaneously and clear the market at each moment of
time, rationing occurs. The slow adjustment of quantities increases the ineffi-
ciencies associated with the business cycle and probably also the persistence of
the disequilibria. A dynamic model of the firm is presented which pays special
attention to the slow adjustment of employment, investment, and the produc-
tion technology. Of course, the model is only one interpretation of reality. It
describes mainly the short- and medium-run economic situation on the goods
and labour market.

Excess supply on the goods market, which is not immediately removed by
price or quantity adjustments implies underutilization of labour and capital;
excess demand creates a spillover to the international markets; excess supply on
the labour market is unemployment. The regime shares on the goods market
give an impression of the short-run constraints and can be helpful for the
prediction of medium-run employment changes.

The medium-run supply conditions are determined by the labour supply
constrained output level and capacities. On the labour market, “Keynesian”
labour demand and capacity employment can be identified in addition to the
labour supply. The employment series and the share of firms in the different
regimes on the labour market provide a picture of the medium-run employment

01t should be noted that monetary effects and effects from the increasing public debt were

treated only cursory.
- #1The data refer to the whole economy.
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Figure 11: Employment and labour supply 1960-1993
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situation during the business cycle. The labour supply was binding in Germany
only until 1973. The driving force of employment adjustment was the demand
for goods, with capacity employment adjusting slowly with respect to demand.

In the short run, employment growth can be limited by adjustment con-
straints. Together with the increasing labour supply, this provides a partial
explanation for the persistence of high unemployment in Germany in the eight-
jes. 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 until the end of the eighties, when the slow adjustment of
capacities constrained employment.

An important increase of structural unemployment in the usual static sense
is not revealed. The only kind of mismatch which had increased over the
observation period were the adjustment constraints that are more important
in periods of rapid changes of demand than in “equilibrium” situations like the
sixties.
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Appendix

Table 3: Variable list

YT
YD:
Ys:
Yir:
YC:

output

goods demand

goods supply
employment constraint
capacities

employment

labour supply

labour demand

capacity employment

demand determined employment
employment necessary to produce output

utilization of labour, DUL = Lyy /LT
utilization of capital DUC = YT /YC
utilization of capital, ifo institute
capital stock

wages
Pprices
user cost of capital

optimal labour productivity
optimal capital productivity

investment
consumption
residual demand components, housing, net governmental demand

exports

export demand
imports

structural imports
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