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PREFACE

This monograph grew out of a project which was sponsored by the Swiss
National Foundation ("Schweizerischer Nationalfonds") under grant no.
4.636-0.83.09. Within this project, prediction-oriented estimation
methods for the canonical
econometric disequilibrium model were
developed. The present monograph deals with the application of these
estimation
techniques
to three aggregative markets of the Swiss
economy. Parts of the monograph have been presented at various
places: the estimation techniques described in chapter 3 at the
European
Meeting
of the Econometric Society, Madrid 1984; the
application to residential investment described in chapter 4 at a
symposium on housing policy at the University of Mannheim, 1984; the
empirical study on the money stock described in chapter 5 at the
Symposium on Money, Banking and Insurance held at the University of
Karlsruhe, 1984, as well as at a joint seminar of the University of
Basle and the Bank for International Settlements (BIS), 1985; and,
finally, the empirical study on the aggregate labor market described
in chapter 6 at a seminar of the University of Zurich, 1985. Comments
from the seminar participants, in particular from Pâlie S. Andersen
(BIS) who served as a discussant, Pascal Bridel (Swiss National Bank,
SNB), Franz Ettlin (SNB), and Kurt Schiltknecht (Nordfinanz-Bank,
Zurich)
are
gratefully
acknowledged,
without
implying
any
responsibility on their part. The methodological
part described in
chapters 2 and 3 is contributed by G. Frei and B. Schips, the economic
part, i.e., the main body of chapters 4-6 was written by H.-J. Büttler
and B. Schips. The responsibility for the empirical work as well as
the overall responsibility for the monograph is shared jointly by all
three authors. Last but not least, we should like to thank Mrs.
B. Schmid and Mrs. I. Thiede for their skillful typing of the
manuscript, as well as Mrs. B. Maas-Metcalf for brushing up the
English text.
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1. INTRODUCTION

Recent

literature

on

disequilibrium

models

can be identified with

four basic
types of model (Quandt, 1982). The
first type is
represented
by macroeconomic models in which prices and wages are
rigid with the result that Walrasian demands and supplies
are
generally unattainable by agents. This leads to a reformulation of the
respective o p t i m i z a t i o n problems of consumers and producers which, in
turn, emerges
in the theory of "effective demand and supply". The
second type of model deals w i t h the microeconomic foundation of
effective demand
theory w i t h i n a general e q u i l i b r i u m framework.
Whereas the first two types of model do not ask in detail why (output
and input) prices might be rigid in particular circumstances, the
third type - labelled
as implicit contracting models - investigates
these questions predominantly in relation to the labor market, showing
that the possibility of involuntary unemployment can be derived from
microeconomic reasoning that takes into account institutional details,
transaction costs of labor, and recruiting costs for firms. Finally,
econometric disequilibrium models are considered as a fourth type,
whose basic form is the canonical
diequilibrium model.
The latter
consists of a demand and a supply equation for a single market, both
including error terms, and a minimum condition which states that the
realized (or observed) quantity is the minimum of the quantity either
demanded or supplied.
The purpose of this monograph is to deal with single markets in
disequilibrium. The disequilibrium approach is the canonical model,
estimated - as an alternative to the maximum-likelihood
approach - by
prediction-oriented estimation techniques. Three aggregative markets
are investigated empirically.
Chapter 2 reviews briefly some aspects of the controversy concerning
macroeconomic
model building. The specification of the canonical
disequilibrium model and the estimation techniques are described in
chapter 3.
The purpose
of the remaining chapters 4 to 6 is to demonstrate the
applicability of the estimation technique outlined
in chapter 3. The
aggregative markets
have been chosen so as to be able to judge the

results of the disequilibrium models on the basis of observed facts,
economic reasoning,
and last but not least, common sense. The three
examples are annual i n v e s t m e n t in residential construction for the
observation period 1955
to 1982,
the quarterly stock of narrowly
defined money for the period 1975
to 1983,
and the aggregated
market from 1962 to 1982, all referring to Swiss data.

labor

In the case of investment in residential construction, the result
of the d i s e q u i l i b r i u m model can be judged ex post on the basis of
empirical data not used
in the model itself, (e.g., statistics
provided by the Association of Swiss Building Contractors). In the
case of the stock of narrowly defined money, an extensive range of
empirical studies available
for
several
countries
permits a
comparison,
as well as the Swiss National Bank's record of monetarypolicy measures. Finally, in the case of the aggregated labor market,
the results can be compared to both t r a d i t i o n a l econometric models
abroad and a recent e m p i r i c a l study for Switzerland
considering the
disequilibrium aspect.
It should be noted t h a t , in order to avoid any confusion, the emphasis
of our study is on the informational content that emerges from
applying
the structure of the canonical d i s e q u i l i b r i u m model to
aggregative markets (with a view to explaining the business cycle, of
course) and on the a p p l i c a b i l i t y of the proposed e s t i m a t i o n techniques
rather than on the advancement of novel theories to explain the
behavior of economic agents in the various aggregated markets in
q'u estion. For the purpose
of d i s c r i m i n a t i n g
between competing
hypotheses, the d i s e q u i l i b r i u m models of chapters 4 to 6 will mostly
rely on conventional specifications of demand and supply functions
which are then confronted w i t h empirical data.
In a d d i t i o n , the example of i n v e s t m e n t in residential c o n s t r u c t i o n
serves to demonstrate the d i f f e r e n t results that follow from applying
the four e s t i m a t i o n m e t h o d s explained in c h a p t e r 3 to the same
canonical disequilibrium model.

In

the

investigation

of

the money

stock, it is shown how sensitive the p r o b a b i l i t y s t r u c t u r e of "excess
regimes" is to v a r i a t i o n of the e s t i m a t i o n period. In a d d i t i o n ,
out-of-sample forecasts using the d i s e q u i l i b r i u m model are compared to
single-equation forecasts. Finally, the impact of various combinations
of demand and supply functions on the performance of the canonical
disequilibrium model is studied for the aggregated labor market with a

view to explaining observed market realizations.

1.1 References
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2.

SOME REMARKS ON ECONOMETRIC MODEL BUILDING

Econometric objections (Sims 1980) as well as more basic theoretical
criticism
(Lucas and Sargent 1978)
have called into question the
established structural econometric models. These models are based despite Keynes' veil-known objections to econometrics (Keynes 1939,
Schips 1986) - on the Keynesian framework.
Structural econometric
models are

characterized by

a strong

emphasis on the demand side of

the economy.
Supply-side restrictions are considered
- if at all only by indicators of excess demand in the list of exogenous
variables.
In principle, these models are based on an e q u i l i b r i u m concept of the
neoclassical synthesis type. Due to delayed reactions of the market
p a r t i c i p a n t s , informational problems, adjustment costs and differing
expectations, however, the actual phenomenon lies outside the context
of this special e q u i l i b r i u m solution and must therefore also be
adequately modelled. This is usually
a t t e m p t e d by incorporating
adjustment processes into the model. From the theoretical point of
view l i t t l e is known about the specification of dynamic relationships
in a model. The lag structures of a model must therefore be found by a
trial-and-error process using alternative structural estimations. They
should provide a good description of the observed development and not
be at odds w i t h the usual a priori assumptions of economics. However,
it is theoretically i m p o r t a n t that, by the assumption of adjustment
processes, market d i s e q u i l i b r i a or q u a n t i t y rationing of a specific
constellation (Keynesian regime) are incorporated in this type of
model.
Among

other

considerations,

the

discouraging results obtained w i t h

traditional types of structural models have led to a revival of
earlier d o u b t s
w i t h regard to econometric methodology and the
theoretical bases of those models (Schips 1986). Proponents of New
Classical Macroeconomics (NCM) directly address the issue of market
clearing since by assumption all market p a r t i c i p a n t s always take
advantage
of all exchange opportunities. The markets are therefore
always in equilibrium. This basic assumption, however, does not imply
permanent market clearing and is thus not in contradiction to
r i g i d i t i e s observed in reality (Barro, 1977). Informational and

adjustment problems, risk preferences, etc. are not considered by NCM
to be a priori sufficient for market disequilibria. These variables
must be modelled as determinants of the maximizing behavior of
economic agents. This approach resolves an obvious discrepancy between
theory and empirical observations (Tobin 1980) but requires the
explicit integration of all relevant supply and demand factors into
the behavioral

functions. If that were possible, market disequilibria

could be explained
by reference to maximizing behavior. However,
irrespective
of
the
aggregation
problem, we must take into
consideration all informational
and
adjustment
problems,
risk
preferences
and expectational processes
in the supply and demand
functions. It is clear
that this task is practically unsolvable,
leaving these
simplifying modelling a t t e m p t s open
to the same
objections levelled at convential structural models (Barro 1981).
Another response to the c r i t i c i s m of the usual structural models is
New Keynesian Macroeconomics (NKM) (Barro and Grossmann 1971, 1976,
Malinvaud 1977, 1980). The characteristic feature of this approach is
the emphasis
on a few markets and the d i s t i n c t i o n of different
rationing regimes. NKM models assume
the possibility of adjustment
processes, as in traditional models. R i g i d i t i e s may lead to prices
which do not clear the market. This rationing leads
to changes
in the behavior of other markets. The inclusion of such spillovers is
characteristic of this approach. Economic processes are interpreted as
a sequence of different rationing regimes. In this way, it is possible
to by-pass the problematic assumption that market
transactions are
determined in all cases by the demand side, and the Keynesian model
becomes a specific example of the more general NKH approach.
We must therefore
try to model the different regimes w i t h their
specific structures. Structural shifts in the form of parameter
instabilities in the traditional approach appear now as a change
in regimes. To remain realistic, we must assume that any specific
economic
process
is defined by a specific m i x t u r e of different
regimes. Therefore,
continous rather than discrete regime changes
must be expected (Malinvaud 1982). It is open to question whether the
existence of such different regimes and their changes may be derived
from individual behavior (Ramser 1982). Malinvaud allows for this
objection and treats the NKM approach more as a cognitive structure
than a model structure for empirical research. Nevertheless, if this
approach can be allowed

for adequately in empirical analysis, it seems

6
to be more appropriate than the NCM approach, which tries to explain
economic reality as a mere succession of equilibria (Lindbeck and
Snower 1985).
Theoretical c r i t i c i s m of t r a d i t i o n a l structural econometric models has
also been accompanied by strong objections from the point of view of
statistical methodology.
If non-stationary time series are used in the estimation of structural
models
this may result in spurious regressions.
To avoid these,
Granger and Newbold (1977) suggest applying a difference operator to
the data in such a way that the transformed time series can be viewed
as the realization of a stationary process. This procedure is not
unproblematical, however, for example there is a possibility of an
increase in the bias of the estimated coefficients due to measurement
errors (Schips and Stier 1975, Läufer 1984).
A somewhat different line is taken by Lucas (1976) and Sargent (1976).
They argue that the i d e n t i f i c a t i o n of a policy-invariant structure is
a necessary prerequisite for policy-oriented models. Being focused on
the formation of rational
expectations, they
demand that the
dependence of expectations of endogenous variables on various policy
variables should
be made explicit in structural econometric models.
Only then is it possible to obtain a model structure which is
invariant with respect to variations of policy variables.
This
criticism is taken into account by including rational expectations in
the NCM models (Muth 1961, Wallis 1980), the resulting estimation
problems being
solvable, even in the case of future rational
expectations (Shiller 1978, Lösch 1983). The major problem is that a
model with unobservable rational e x p e c t a t i o n s can only be evaluated as
a whole, that is to say, by referring to this specific expectation
hypothesis (Wallis 1980).
Similar

considerations

prompt

Sims

(1980)

to

criticize the usual

exclusion restrictions
as theoretically unfounded and arbitrary.
This criticism is even more justified as the dynamics of a model add
to the problem of i d e n t i f i c a t i o n of the parameters (Hatanaka 1975). In
conclusion, Sims (1980) accepts estimated structural models only as
an instrument for indirect e s t i m a t i o n of potentially complicated
reduced forms, and not as a mapping of economic reality. He suggests
the estimation of a multivariate autoregressive system rather
than a

structural model. The major
problems of this approach are the design
of the necessary filtering process dealing with time series and the
ascertainment of the maximal lags. Usually, the only criteria applied
to choose the form of such

an autoregressive

system are

the ex post

forecast
errors.
Therefore,
these
systems
are not free of
theoretically doubtful or arbitrary a priori decisions either (Cooley
and LeRoy

1985)

A fundamental c r i t i c i s m of structural econometric models derives
from a critical review of the model building process. To be correct,
an econometric model should cover all the influential variables and
the model interdependencies should correspond to economic behavior.
However, economic theory is usually
not detailed enough to define
uniquely a model which can be confronted w i t h empirical data. For
these reasons, econometric modelling is an i t e r a t i v e process in which
economic thoughts are made precise, simplified and condensed
to a
model which has to be reformulated u n t i l it passes some judgmental and
s t a t i s t i c a l checks (Zellner 1979). A model which results from such a
trial-and-error process
can scarcely be considered as being correct.
It is at best a simplifying approximation of the main features of an
economic phenomenon. As a consequence, Granger
(1969) and others
a t t e m p t a systematic application of data analysis in order to detect
economic dependencies. As pretests, such procedures are i m p o r t a n t aids
in the construction of models, but econometric models cannot be
entirely replaced by exploratory data analysis.
The main point w i t h structural models is that, as an approximation of
reality, they reflect historical experience (Sims 1982). They can
therefore be useful
tools in economic analysis in spite of the
criticism mentioned above. Their proper use is possible as long as
thé specification and evaluation procedures are executed carefully.
From this point of view, for example, the rational expectation
c r i t i c i s m (Lucas and Sargent 1978) can be reduced to the well-known
fact that statistical models must be considered unreliable when
applied to data far outside of the sample, which certainly happens in
the case of major changes in economic policy.
Besides these criticisms, there are some critical aspects concerning
the applied estimation methods. Most of the classical econometric
estimation methods are only asymptotically justified. However, it can
be doubted whether the asymptotic properties of an estimator are

really relevant as long as there is no explicit information available
on how large a sample must be to allow inference from the asymptotical
behavior of the estimator to its finite sample properties, and as long
as économe t ricians usually have to deal with small sample sizes
(Zellner 1979). An even more serious
point of c r i t i c i s m regarding
asymptotically
justified
estimation
methods
stems from
their
essentially being based on the hypothesis that the underlying model at least
the nonstochastic part of the model specification - is
correct.
Taking into account
the model
building process,
the
stochastic p r o p e r t i e s which depend on the correctness of the model are
not valid anymore. As a result, e s t i m a t i o n methods that are only
asymptotically justified lose much of their relevance. Nevertheless,
we can always judge the p r e d i c t i v e relevance
of a model and use
prediction-oriented
estimation
methods. Wold's (1965) fix-point
method
is
the
most
important
member
in
the
group
of
prediction-oriented e s t i m a t i o n techniques. These prediction-oriented
estimation methods do not focus on the a s y m p t o t i c properties of the
estimators and therefore require only weak assumptions w i t h respect to
the s t o c h a s t i c model structure. It can be shown, however, that as soon
as the
same strong
assumptions as
in the
maximum-likelihood
estimation, say, are made, prediction-oriented methods also tend to
exhibit the same a s y m p t o t i c properties (e.g., consistency etc., Lösch
1980).
For the analysis of the three markets presented below, we tried to
take into account the problems and arguments mentioned above. Instead
of a m u l t i v a r i a t e autoregressive system we have chosen a structural
econometric
model.
As the a priori restrictions of a model should
be as weak as possible, we do not assume an equilibrium mechanism.
Hence, we were looking for a model of the NKM-type rather than a model
of the NCM-type or a traditional demand-oriented structural model. The
canonical disequilibrium model to be described in the following
chapter has many characteristics of NKM models. As the assumed model
specification is i n t e r p r e t e d as an a p p r o x i m a t i o n of real economic
behavior
only, the applied e s t i m a t i o n techniques
belong
to the
prediction-oriented estimation procedures.
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3. PREDICTION-ORIENTED ESTIMATION METHODS FOR THE CANONICAL
DISEQUILIBRIUM MODEL

Most of the proposed
econometric models for a single and isolated
market
in
disequilibrium
are
variations
of
the
canonical
disequilibrium model (for an overview see Quandt (1982)). This model
consists of a demand and a supply equation

(la)

D t = f(x°) + u°,

(Ib) St = g(x*) + u*,
where t is time index, D is demand and S is supply. x° and x s are
vectors of independent variables appearing
in the demand function
f and the supply function g, respectively. The functions t and g
must be derived from theoretical considerations about the considered
market. They might be non-linear but they contain unknown coefficients
which have to be estimated. u° and u s denote the error terms. They are
assumed
to be
distributed:

(2)

serially

u° ~ N(0,o^)

,

Uncorrelated

and

independently

normally

u= ~ N(0,ff*).

A market
is defined to be in d i s e q u i l i b r i u m if the quantity actually
exchanged is not determined by the balance of demand and supply but by
a mechanism
that does not clear
the market. The basic assumption of
this disequilibrium model is that the market realization - the actual
q u a n t i t y exchanged - is determined by the m i n i m u m of demand and supply

(3)
A

Qt

= min (D fc ,S ).

disequilibrium

model

is

characterized

by

the

fact that demand

and supply are not d i r e c t l y observable. The only dependent variable
that can be observed is the market realization Q t . It is assumed that
there is no information available whether Q is determined by demand
or by supply.
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By the assumed
model specification the
a random variable. The expectation of Q t is
(4)

E(Qt)

=

§(-Xt) D t +

§(Xt) S t -

market

realization Q t is

'X+s's < » > < X t > :

where
Dt

= f(x°)

X

=

,r .

(5)

D

,

St

=

g(x*),

- S

*
2
V+tf
D
S

and its variance is given by

(6)

Var(Qt)

(<+^>

=

v

(^t>.

with

(7)

v ( X t^ )

^

=

$ ( - X t ) —-H2

a-i+e
D
S

+

+

J
s

§(Xl ) 2

2
tf +ff
D
S

(Xt §(Xt) + 9 ( X t ) ) (Xt §(-Xt) - < p ( X t ) ) ,

9 denoting the

density

function

and

§

the

d i s t r i b u t i o n function

of the standard normal d i s t r i b u t i o n (cf. Frei 1984, 1986).
Which regime
terms :

determines Q t

depends on

the realization

(8a) Q t = D t

M

D t + \ < S t + u^,

(8b)

^

u° - u s
*
*
y 2
^
tf
D + S

D
<

-

*

- St

'VD+cr2S

=

- X.

of the error
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Hence

the

separation

of

the

demand

and supply regime is a random

variable as well.
The expression on the left-hand side of (8b) has a standard normal
distribution N(0,l). Therefore, the probability P that the exchanged
quantity equals demand or supply respectively is given by
(9a)

P(Qt = D t ) = §(-Xt),

(9b) P(Qt = S t ) = $(\t).
This probabilistic separation of the two regimes (which follows
in a natural manner from the specification of the canonical disequilibrium model) can be regarded as an implementation of Malinvaud's
idea of continous changes of the restricting market side (cf. chapter
2).
The stochastic!ty of the regime separation has a counterpart in
the expression
for the expected value of the market realization
(4). The first two terms are a weighted average of expected demand and
expected supply, w i t h weights corresponding to the probability law of
the regime separation. The third term expresses
the disequilibrium
aspect. This term is always negative and becomes important as soon as
expected demand and expected supply are close to each other. Through
the influence of this disequilibrium terra, the minimum of the
expectations of demand and supply always overestimates the expected
value of
the market
realization. The disequilibrium mechanism
diminishes the exchanged quantity mainly when the expectations of the
two market sides are close to each other.
The stochastic character of the regime separation has to be taken
into account when the model is estimated. For this reason, estimation
techniques that separate a sample into periods of either demand or
supply regimes are not coherent w i t h the assumed model specification.
The

likelihood

function

for

the

canonical disequilibrium model is

not bounded at the boundary of its domain, nor is it easy to handle
from a numerical point of view (Quandt (1982)). The estimation
techniques that are presented here are prediction oriented and they
respect the implications of the assumed model specification. A
comparison based on sampling experiments between the usual maximum
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likelihood

extimation and nonlinear least squares methods was

made by Quandt (1986).
that the
against

The t e n t a t i v e

proposed p r e d i c t i o n

this study show

oriented e s t i m a t i o n technique does well

the other methods.

As the market realization
(4), the

conclusions of

recently

should be

unknown variances o"

with the parameters

of

the

e s t i m a t e d according

and a"

to equation

must be e s t i m a t e d simultaneously

behavioral

functions.

Usually, unknown

variances are e s t i m a t e d as functions of the residuals. As demand and
supply are not directly observable the residuals of the two behavioral
equations are not known even if the market realization is given. There
are two p o s s i b i l i t i e s to achieve Q t :

(lOa) u° = Q

- D

and

us > Q

- S ,

(lOb) u° > Q

- D

and

us = Q

- S

According to the assumption that Q t is the only dependent variable
that can be observed, there is no information available to distinguish
between these two cases. All that can be derived from these equations
is the joint posterior d i s t r i b u t i o n of u° and u s , based on the assumed
prior d i s t r i b u t i o n functions (2) of the residuals.
From this posterior p r o b a b i l i t y d i s t r i b u t i o n function
expected

residuals

and

the

conditional

expected

the conditional
squares

residuals can be derived.

\)

\>

\>

(lia) E(u°|Q ) =

+

X

e>

(lib) E<u»|0t>

S

\)

D

- ^f~ ( Q t - i t ) +V^T°i
tf
à>
~ '
+

\)

S

\)

(12a)

2
n )\ _
°
l( Q
n -n
\2
E ( ( u, D° \) 22 |l Q
= ^t
t Dt)

+

^- (1 + ^ < Q t - D t » ^,

(12b)

E ( ( u = ) ' | Q t ) . ^- ( Q t - V 2

+

^- (l^ s ( Q t - i t ) ) ^ ,

where

of

the
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J Q 'i, ~i i S t }
f
Tl y
J
^ =
2—^
ff\\

(13)

r Q.-s.
u -s

Qt Dt
..
yJ .. i "

roi

\f
ff
J
5_^_

>-

„

.

•i»

i t-Dt
_ rr Q

5
».«{-i- )
S

*„«{D
ff
l

D

These e x p r e s s i o n s can now be used to e s t i m a t e crD and ff s

( 1 4 a ) ff2 =

J- J E ( ( u ° ) 2 | Q t ) ,
D
t

(14b) ^ =

1- £ E ( ( u = ) 2 | Q t ) ,

where

ND

and

NS

denote

the

sample size, corrected for degrees of

freedom of the demand or supply function, respectively.
By these equations, tf 2 , and
and

they

depend

on

the

ff 2

are

unknown

given

in

coefficients

implicit
of

form only

the

behavioral

funet ions .
Four methods

are

proposed

to

the demand and the supply
variances according to (14).

estimate
function.

the
Each

unknown
of

parameters of

them estimates the

Method I
Estimate

the

unknown

coefficients

by

minimizing

the

sum

of the

estimated variances of the error terms:

min

\L ffD2 + cfs2

Method II
This method tries to o p t i m i z e the d e s c r i p t i v e quality of the demand
and the supply functions by minimizing the squares
of the expected
residuals.
variances,

As

the

two

error

terms

are

assumed

to have

different

the conditional expected values are not comparable and must
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therefore be standardized before combining:

•2 +

-2.

fl

V

<*» **> (w-L

min

E(u°|Q )2
*' *
o"
o

1;—

t

.1 r
+ !V
"s t

s- 2.

E(uf|Q );
*' *
1
tf'
s

5— )

Method III
Least

squares

is

assumed

to

the model's d e s c r i p t i v e quality

be
for

the
the

adequate
market

method to o p t i m i z e
realization.

Taking

he teroscedast icity into account, the coefficients have to be estimated
by minimizing
_ (E(Q )-Q.)2
1

- »

I

v(xV

Method IV
This technique works only

if

the

demand

and

the

supply

functions

are linear in the coefficients:

(15a) D t = x^a + u°,
(15b)

St = x=ß + ust.

To e s t i m a t e the unknown
c o e f f i c i e n t s of the behavioral e q u a t i o n s ,
the market realization can be w r i t t e n as:

Mfi ,
(16)

V^X ? < X t >
*(-\) o
*<M s ß
.
,
=
,
i x oc +
,
i x I? + e ,
/v(\t)
/v(Xt)' *
/v(\t) *
*

with the function v appearing in the variance of Q t .
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The error term st satisfies

Thus equation (16)

is a common linear behavioral equation with

as dependent variable and

(19)

.

t

,x°

and

as independent variables.
Hence,
ordinary regression
techniques
can be applied to e s t i m a t e a and ß. Since
\t depends on the unknown
coefficient vectors, this yields an iterative procedure.
This method is an approximation of method III in the case of linear
behavioral equations. This technique has the advantage that it is very
easy to c o m p u t e , all that is needed is a program
for ordinary least
squares. As starting p o i n t , the OLS coefficients of the functions (15)
are chosen.
In chapter 4, a comparison of the results of the four methods is
given. It seems that these methods do not d i f f e r very much from
each other so that in the remaining chapters 5 and 6 only
the results
from one m e t h o d , i.e., m e t h o d III are presented.
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4.

INVESTMENT

IN RESIDENTIAL CONSTRUCTION

4.1 Introductory Remarks
Over the last three decades, investment in residential construction
has been subject to marked cycles in many industrialized countries.
There are two arguments in favour of anticyclical monetary or fiscal
policies. First, it has been argued that the cycles in housing
construction
tend
to
destabilize the economy, while creating
inefficiencies in the housing construction industry
by forcing
temporary

suspension

of

inputs

such

as

labor

and

construction

equipment. Secondly,
cyclicality presumably causes higher housing
costs and therefore raises questions of consumer welfare and equity.
In addition, there is some empirical evidence
to support
the view
that investment in residential construction is a leading indicator of
the business cycle, and that monetary impulses are transmitted to
housing construction first. Apart from the disequilibrium estimation,
the emphasis of this chapter is on the question of whether monetary
impulses are
indeed t r a n s m i t t e d to investment spending through
interest rates as well as through interest rate and inflation
expectations.
A traditionally large proportion of total labor engaged in the Swiss
construction sector consists
of foreign
workers. This applies
particularly to the period up to the post-war recession in 1973-1975.
Because of the low unemployment rate in Switzerland, construction
capacity could only be increased by large inflows of foreign workers
during the boom years, implying considerable search costs in terms of
money and time. Moreover, it has been argued
that the building
industry's capital stock, i.e., construction e q u i p m e n t , is only
increased
if
the demand for construction work is regarded as
permanent. Hence, contractors are likely
to be fairly slow in
adjusting actual to desired capacities. Both the search cost of hiring
foreign workers and the cost of adjusting construction equipment might
have caused
the supply of new construction to react more slowly than
demand during the period in
question, implying,
in
turn,
disequilibrium in
the residential construction market over the long
term.
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However, a disequilibrium

analysis

might be

applicable in

the short

run as well. In boom years at least, there is some evidence that
collusion between regional contractors, cartels, or project-oriented
collaboration of the consortium type led to bid prices which prevented
the (residential) construction market from clearing. The relationship
of unfilled
orders to "normal" order levels could be used to describe
short-run disequilibrium. In fact, unfilled orders play a predominant
role in econometric investment functions of Keynesian-like models of
the sixties and early seventies
(see,
e.g.,
Evans, 1969). Although
these models are conceptually equilibrium models which include some
supply-oriented
restrictions, such as unfilled orders, investment
functions are typically demand-oriented, leaving little room for
supply
functions.
spending are, in
adjustment type.
In the

next

The short-run demand functions
of investment
general, of the distributed-lag or partial stock-

section,

the

demand

for

residential

construction by

private and institutional investors is derived from a simple portfolio
model which emphasizes
the transmission of monetary impulses to
investment
in residential
construction. It will be shown that this
model (proposed by Büttler and Schiltknecht, 1985)
gives a better
description of the cycle
in residential construction than earlier
studies (Schelbert, 1962,
Schiltknecht
and Stopper,
1972, Büttler,
1975).Re-estimations of these models fail to explain the variation of
investment in residential construction since 1973.
In the third
section, the supply of residential construction by the
housing
industry is
derived from
profit maximization. Single-equation
estimations assuming
equilibrium are then compared to disequilibrium
estimations in the fourth section. The observation period encompasses
the years from 1955 to 1982, annual data are used, and the variable to
be explained
is real investment in residential construction in
Switzerland.

4.2 Demand for Investment in Residential Construction
Some seventy percent of the population in Switzerland lives in rental
apartments. Landlords
are predominantly institutional investors such
as insurance
companies, pension funds, and the like, who are required
by law to invest a large part of their portfolio in low-risk assets,
e.g., government bonds. For the sake of simplicity, we assume that
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investors can choose two assets only, i.e., a composite asset (yi) and
new apartments (hd). The composite asset may consist of existing
apartments, stocks, and bonds, all elements of which are assumed to be
perfect substitutes, and is represented here by a hypothetical consol
paying one unit of money a year in nominal terms. Then y^ stands for
both the number of consols and the nominal interest income thereon.
Investors
are
subject to
two constraints when choosing
their
portfolio. The first constraint says that the sum of the value of
both assets evaluated at the beginning of the planning period cannot
exceed "disposable wealth" a. The latter is defined as the sum of the
beginning-of-period wealth W Q and a term e representing savings minus
cash balances. The second term is based on the following assumptions.
Labor income and consumption both take place at the beginning of the
planning period (Samuelson, 1969). Consumption
choice and portfolio
selection are independent of each other. (For instance, this holds
true for an isoelastic utility function, see Samuelson
1969, which
belongs to the family of hyperbolic absolute risk aversion (HARA)
u t i l i t y functions, all members of which can suitably be approximated
by a mean-variance utility function to be used below). Cash balances
are held for transaction purposes only and, hence, are independent of
portfolio selection. Then the term e is labor income minus consumption
minus cash balances. The first constraint is equation (1):
(1)

a := w0 + e > y1pi + h d p 2 - y 3 ,

where p x is the price of a consol,
residential construction, and y 3
housing (hdp2).

p 2 is the price of one unit of
is the mortgage on the value of

The second constraint is given by the condition that the
mortgage
cannot exceed
the lending limit which is set by commercial banks as a
fraction (f) of the market value of the residential building:
(2)

y. < f h d n .

The lending l i m i t is taken as representative of a bundle of devices a
bank can use to deal w i t h a disequilibrium in the mortgage market,
bearing in mind that the mortgage rate is a floating but administered
rate in Switzerland. For instance, in the case of excess demand for
mortgages on the part of investors,

a commercial

bank can

lower the
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lending

limit,

increase

the

interest

rate

on

construction loans

("Baukredite", i.e., loans which are granted for the construction
period only and are converted thereafter into mortgages), apply
s t r i c t e r assessment criteria to the valuation of residential property,
or ration mortgages. The latter phenomenon has been investigated, for
example, by Goldfeld et al. (1980) for the U.S.A. and by Kugler (1985)
for Switzerland.
Denote the length of the planning period as T, the price of a consol
at the end of the planning period as -n^ , the net rent per unit of
housing and year as r 2 , the resale price of a residential unit at the
end of the planning period as ir,, and the mortgage rate per year as
r 3 , then the end-of-period value of wealth is given by:
(3)

w = yjd+irj + h d (Tr 2 +TT 2 ) - y 3 (l+Tr 3 ).

It is assumed, that only prices TTI and -rr2 are unknown to investors at
the beginning of the planning p e r i o d , i.e., they are regarded as
random variables which, in turn, imply that the end-of-period value
of wealth (w) is a random variable, too.
The resale price of a residential unit TTZ depends on the discounted
value of future housing rents evaluated at the end of the planning
period. Future housing rents are subject to two effects. First,
housing rents will rise to the extent of the inflation rate, given
that relative prices remain constant. (A higher future price of a
residential unit will cause a capital gain because mortgage funds
borrowed at the beginning of the period are usually kept constant in
nominal terms. It has been argued that the expected capital gain was
the main m o t i v e for the alleged "flight into real assets".) Secondly,
the relative rental price of housing (real housing rent) will rise if
there is an excess

demand

for

housing,

other

things

being equal.

Suppose
that the natural vacancy rate hypothesis applies, then the
excess demand for rental housing is given by the difference between
natural and actual vacancy rates (Rosen and S m i t h , 1983, Chinloy,
1980). Using a linear expansion, the resale price of a residential
unit can be written:

(4)

Tr2 = p 2 + c^u + < x 2 z ,

o c l t a 2 > 0,

where y is the future inflation rate and z is the future excess demand
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for rental housing expected to prevail during the planning period.
It is assumed that the variance-covariance matrix of ir^ , u, and z is
independent of actual prices and rents. Further, it is assumed that
the covariance between inflation rate and excess demand for rental
housing and the covariance between future price of a consol and
excess demand for rental housing are zero, i.e., cov(u,z) = cov(-wi,z)
= 0. The first (and similarily the second) assumption can be justified
as follows.
Provided that (i) the demand for rental housing is
homogeneous of degree zero in prices and income, (ii) consumer prices
and income rise proportionally in the short run as the rate of
inflation increases, and (iii) the stock of housing is fixed in the
short run, then the inflation rate and the excess demand for rental
housing are independent random variables.
It is assumed that investors maximize the expected utility of the
end-of-period value of wealth (w) within the mean-variance framework.
Taking the expectation of the second-order Taylor
expansion
of the
utility function u(w) around a constant value w* which is close to the
mean value of the end-of-period value of wealth (w), investors are
assumed to maximize the following objective function ("mean-variance
utility function"),

(5)

max {k + u'(w*) w - y«u'(w*) var(w)},

where k is a constant value, a prime denotes a derivative, var(-)
denotes variance, and a is the constant Arrow-Pratt measure of
absolute risk aversion, i.e., a := - u''(w*)/u'(w*).
Maximization of the mean-variance utility function (5) with regard to
consols (y1 ) , new apartments (hd), and mortgages (y3) is subject to
constraints (1) and (2). For an interior solution, it turns out that
constraint (1) is binding in any case (by the Kuhn-Tucker conditions).
It is assumed that constraint (2) is also binding for the following
reason. Disregarding default risks, it pays for the investor to
extend his demand for mortgages up to the lending l i m i t as long as the
rate of return on residential investment is greater than the mortgage
rate, which was probably the case in Switzerland in the past. Using
(3)-(5) and binding constraints (l)-(2), the demand for investment in
residential construction becomes:
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(6)

hd = [ - p 1 p 2 ( l - f ) ( T + T T l ) + p ^ ( T r 2
+ < x a ( p 2 (1-f )var(trl ) -

P I AI

+

p 2 + o^q

+

<x2z) - £ p J p 2 ( l +Tr3)

cov^ , y ) ) ]

/ {«[p'Cl-f^vard^) + pj(«jvar(y) + <x*var(z))
- 2 ( l - f ) p 1 p 2 « 1 c o v ( T T 1 ,y) ]},

w h e r e a bar o v e r a r a n d o m v a r i a b l e d e n o t e s a mean v a l u e .
The signs of the f i r s t p a r t i a l d e r i v a t i v e s are:

(7a)

3 h d / 3 r 2 , 3h d /3y, 3h d /3z > 0,

(7b)

a h " 5 / ^ , 3 h d / 3 r 3 < 0,

(7c)

3h d /3p 2 , 3hd/3p1( 3hd/3a, 3hd/3f ^ 0.

The demand
for investment in residential construction is positively
related to the housing rent, the expected inflation rate and the
expected excess demand for rental housing, but negatively related to
the expected price of a consol and the mortgage rate. The gross price
effects and the wealth effect are ambiguous, a d m i t t i n g the possibility
of gross s u b s t i t u t e s or complements, as well as inferior and Giffen
commodities. The empirical application will be based on the linearized
form of (6):
(8)

h d = b 0 - b^ + b 2 ? 1 + b 3 p 2 + b 4 r 2 - b 5 r 3 + b 6 u + b,z
±

b,£ + b 9 a,

b. > 0,

(i := 1. .9).

As explained in the fourth section,
transformed further in order to take
the available data.

the demand function will be
into account the properties of
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4.3 Supply of Investment in Residential Construction
The supply of investment in residential construction
(hs) by the
residential construction industry is derived from profit maximization
under the assumption of perfect competition. Denote profits
long-run

cost

function

of

C(-)i and the price of the ith input as ci
are writ ten :

(9)

as P, the

the residential construction industry as
(i :=

l..k), then profits

P = p 2 h s - C(hs;Ci).

Besides the usual regularity properties (Diewert, 1982), the cost
function is assumed to be convex in output for any given vector of
input prices, i.e., marginal cost increases with output (progression
of cost). There are four principal inputs to be considered: (i)
construction equipment (e.g., machines, moulds, etc.), (ii) labor,
(iii) raw materials (e.g., concrete, lumber, reinforcement steel,
energy, etc.), and (iv) land to be used for the residential building
in question. Maximizing profits in (9) with respect to output yields
the usual first-order condition that output price equals marginal
cost, defining i m p l i c i t l y the supply of investment in residential
i
construction:
(lOa) h s = h ' C p j i C i ) ,

(i := l..k).

The supply
function is homogeneous of degree zero in output and input
prices, as well as increasing with output price due to progression of
cost, i.e.,
(lia) 3hs/3p2 = l/(32C/3hs2)

> 0.

The first d e r i v a t i v e of supply with respect to the i-th input price is
given by
(lib) 3hs/3c. =

32C/(3hs 3c.)
32C/3hs2

'

The denominator of (lib) is positive by assumption and the numerator
of (lib) is equal to the change in the demand for the i-th input as
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o u t p u t changes by Shephard's lemma. Since an input is defined to be
superior (inferior) if the demand for it goes up (down) as o u t p u t
increases
(Diewert,
1982, p.568), the supply of investment in
residential construction goes up as the price of the ith input
increases if, and only if, the ith input is inferior.

(lie) 3hs/3ci > 0
Shs/Sci < 0

if inferior i n p u t ,
if superior input.

The form of the supply function cannot be derived explicitly from a
cost function which satisfies the usual regularity
conditions. For
instance, using a translog cost function that satisfies the regularity
conditions locally (Diewert, 1982), the supply function is in i m p l i c i t
form only. Therefore, a flexible non-linear form was tested first:
k

(lOb) h s = ß 0 +

£

ß. xfi

i =1

where ßi , ei are coefficients to be e s t i m a t e d , and x.^ are independent
variables, i.e., output and input prices. In the supply function, two
principal inputs out of four cannot be used due to the lack of data.
First, data for the price of raw materials are not available.
Secondly, it has been argued in urban economics theory that using an
average of land rents, even if observable, is not appropriate because
land rents are typically d e p e n d e n t on the location of the residential
building and, therefore, vary to a great extent within an urban area
(Henderson, 1977). As a consequence of this incomplete specification,
we do not suppose that the supply function (10) is homogeneous of
degree zero and, hence, do not use relative prices. Since the
coefficients &i in (lOb) are sufficiently close to one except for the
rental
price of construction e q u i p m e n t , the linear form is finally
chosen. Moreover,
it seems
that the linear form is more robust
against incomplete specification than the nonlinear form. The linear
form to be estimated is equation (lOc):
(lOc) h s = ß0 + ß1 p 2 + R2 c: - ß3 c 2 ,
where c1 is rental price of

construction

Ki > 0,

(i :=, 1..3),

equipment

and

c2

is wage
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rate. The signs of the coefficients are based on the following
reasoning. Consider the production function which is dual to the cost
function used above (Diewert, 1982). Clearly, progression of cost
corresponds to decreasing returns to scale of the production function.
In addition, the above definition of a superior input using a cost
function corresponds to the d e f i n i t i o n - using
the dual production
function - that the demand for that input tends to rise if output
price increases, which can be shown by applying Shephard's lemma.
Considering
in the dual production function the possibility of
technical progress (which
is not explicitly tested in the supply
function),
it is expected that capital input (e.g., machine hours)
tends to decrease with non-decreasing output, i.e., capital is
regarded as an inferior input. This is in line with the empirical
evidence for a Hicks-neutral technical progress rate for the whole
construction industry of about 2-3 percent a year (Büttler, 1975). It
can be shown that at least one of the input factors must be superior
(Intriligator 1971, p.200). In the two-input case considered, labor
must then be a superior input. Hence, by equation (lie), the wage rate
has a negative impact on the supply of residential construction. In
fact, this is in line with the empirical observation that the
correlation coefficient between real output of the whole construction
sector and respective working hours is close to one (Büttler, 1975).

4.4 Data and Empirical Results
So far, the specification of the demand and supply functions has not
taken into account the s t a t i s t i c a l method by which the data for
investment in residential construction are compiled in Switzerland. As
a m a t t e r of fact, these figures encompass the annual construction
costs of all residential buildings under
construction, whether
completed or not. Suppose that the construction period lasts two
years, then a residential building which was started two years ago
will contribute to observed investment in the current year to the
extent of construction costs originating in
the current year.
Therefore,
all explanatory variables enter the demand and supply
functions with a d i s t r i b u t e d lag, the length of which is at least as
long as the construction period itself. Since construction costs
increase approximately linearly as time evolves,
the weights of the
distributed lag are supposed to be equal. The following lag function
is used for an explanatory variable x:

28

(12)

,0.5 x. + 0.5 x. _ , ,
for 1955-1960
L(x) := {
0.333 x t + 0.334 x t _ 1 + 0.333 x t _ 2 , for 1961-1982

This lag function is based on an empirical study which shows that the
average
construction period was shorter than one year during the
period 1955-1960, but thereafter rose to about 18 months due to
increased building heights (Biittler, 1975).
In order

to compute mean values as well as permanent non-labor

to be used in (14),
the usual
1960) for a variable x is used:

adaptive

expectation

process

income
(Muth,

IX

(13)

M(x) := X

£

(1-X)1 x t _ . ,

i «0

where X is speed of adjustment. Given the rather broad d i s t r i b u t i o n of
the inflation rate in Switzerland, the informational content of the
recent inflation rate is q u i t e low as regards the formation of future
inflation rates (Béguelin et al., 1983). We therefore assume a low
speed of adjustment for the mean values (X := 0.2). On the other hand,
the d i s t r i b u t i o n
of growth rates of income is rather
narrow,
suggesting a high speed of adjustment (X := 0.7).
For data reasons,
the summation in (13) is truncated after three periods in the case of
permanent non-labor income and after five periods in the case of mean
values. A f t e r truncation, the weights, normalized so as to sum up to
unity, are given in the list of variables.
Since data on wealth are not available in

Switzerland, the

beginning-

of-period value of wealth W Q has been calculated on the assumption
that permanent non-labor
income is the return on it, using the
government bond yield rl as the rate of return. To compute permanent
from current non-labor
income by (13),
it has been assumed that
current non-labor
income be a fraction S of gross domestic product
(Q), for the time series on non-labor
income as used
income accounting is not quite reliable. Then W Q reads
(14)

w 0 := M(tfQ)/r 1(

The term

0 < 5

<

in national

1.

e in equation (1) has been computed as follows: labor

[(l-tf)Q] minus consumption minus the stock

of high-powered

income

money. It
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turns out to be small relative to initial wealth for reasonable values
of tf between 0.2 and 0.3,
and, considering
the accuracy
of the
constructed time series on beginning-of-period wealth, has been
deleted. Hence, the fraction $ becomes a mere scaling factor which,
for the sake of simplicity, was set equal to one.
The excess
demand for rental housing
negative of the actual vacancy rate,

can be represented by the
provided that the natural

vacancy
rate remained constant during the observation period. Due
to the fact that institutional investors in Switzerland are quite
risk averse, we suppose an instantaneous adjustment in the formation
of expectations as regards excess demand for rental housing, i.e., the
mean value of excess demand (z) is set equal to the negative of the
actual vacancy
rate. This assumption is based on the fact that
the actual vacancy rate, except for the short period 1974-1977, has
been well below one percent in Switzerland.
Since data on the lending limit (f) are not available,
this variable
has been o m i t t e d . In order to reduce the number of explanatory
variables (or to increase
the degrees of freedom) of the demand
function, two pairs of collinear variables, i.e., (v1,pl) and (r 2 ,p 2 )
have been used as ratios. Given the signs of the partial derivatives
in (7),
residential investment is forced to be both a normal "good"
and a gross s u b s t i t u t e for the composite asset.
(In the case of
the non-binding
constraint (2),
the composite asset and residential
investment are gross substitutes (complements) if the covariance
between inflation and interest rate is negative (positive) which, in
turn, holds true when the liquidity effect dominates (is outweighed
by) the Fisher price effect during the planning period. There is some
empirical evidence that the liquidity effect dominates the Fisher
price effect in Switzerland in the short run.)
Under
these assumptions, the disequilibrium model to be estimated
consists
of the modified equation (8),
(lOc), and the minimum
condition, repeated for convenience as equations (15):

<15a>

hd

L(^)

L(r2)

• b » - b i LOTTT + b: R?77- b 3 L < r 3 >
+ b4 L ( y ) + b5 L ( z )
b 4 > 0,

(i

±

:= 1 . . 6 ) ,

b6

L(a),
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(15b)

h 3 = ß0 + ß1 L(p2) + ß2 L(Cl) - ß3 L(c2),
Ri > 0,

(15c)

h

(i := 1..3),

= min (hd, h s ),

where h d denotes demand for investment in residential construction, h s
denotes supply of investment in residential
observed real investment spending.

construction,

and

h is

OLS estimation results based on the equilibrium hypothesis, and
disequilibrium estimation results are given in Table 1. In the
disequilibrium model, almost all coefficients have the hypothesized
signs but not in the OLS estimation. Both specifications are performed
without
partial
stock
adjustment.
The
results of the four
disequilibrium estimation methods explained in chapter 3 are given in
Table 1 in order to demonstrate their differences. In the succeeding
two chapters, method III will be used only.
As can be seen from Figure 1 and 2, the OLS estimation results suggest
that the variation of investment in residential construction has been
dominated by variations in the demand for investment in residential
construction for the period 1968 to 1982. The demand equation fits
the observed data quite well, whereas the supply equation, following,
by and large, the cycle of residential construction, shows a very low
coefficient of determination (corrected
for degrees of freedom) of
about 0.6.
The variation of the demand for investment in residential construction
is mainly
determined by one real and three monetary variables.
Monetary
impulses are transmitted through the current and expected
price of a consol and the expected inflation rate. The most important
real factor is the expected excess demand for rental housing as
proxied by the negative of the actual vacancy rate. Contrary to
earlier studies which focus on the residual credit market hypothesis,
the impact of the mortgage rate on investment demand is rather small,
if not negligible, in the d i s e q u i l i b r i u m model. Since the mortgage
rate, being a floating but administered interest rate in Switzerland,
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Table 1 : Estimated Coefficients of the Demand and Supply Function.
Comparison of Different Methods.
The dependent variable is real investment in residential construction
in Switzerland. The estimation period is 1955-1982. L(-) denotes the
distributed lag function as given in equation (12). ffD and &s are the
standard deviations of the residuals of the demand and supply
functions, respectively.

Disequilibrium Estimât ion
Explanatory
Variables

Demand
Cons tant
L(^)/L(Pl)
L(r2)/L(p2)
L(r3)

L(V)
L(i')
L(a)
Supply
Cons tant

L(P2)
L<C!)
L(c2)
tf

D

^S

Method:
I

OLS

II

III

IV

- 4909
- 4333
13080
500
25933
6636
191

5199
- 15695
18428
55.66
24118
7264
191.7

2001
- 12278
17217
138.8
24714
7150
194.4

3241
- 14358
18986
135.4
23275
7341
179

466
- 13324
20937
- 72.05
26284
7402
188

- 2023
248
- 308
- 130

-

-

-

-

1099
1671

7637
347.8
16.03
- 179.9
412
1132

8781
369.9
26.48
- 191.5
497
1221

9337
386.6
- 6.03
- 200.8
468
1157

8673
380
6.51
199
471
1172
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follows the general level of interest

rates with

a considerable time

lag over the course of the cycle, the expected costs of mortgages
most likely already discounted in expected bond yields.

are

The demand and supply functions estimated in disequilibrium are
depicted in Figure 3 and the prior probabilities of excess demand
or excess supply, respectively, in

Figure

4.

The

cycle

of housing

construction can be d i v i d e d into five "regimes" of excess demand
or supply, respectively, provided that a probability of one-half
is accepted as the borderline between the two states. In the first
"regime" from 1956 to 1964, there was an excess demand for investment
in residential construction. This boom period coincided with an
upswing in the Swiss business
cycle, exemplified by accelerating
construction costs. As a consequence of persisting excess demand
pressure, the Swiss parliament enacted regulations
to contain the
demand for private and public construction, which was effective from
1964 to 1966. Certain types of residential building costs exceeding a
predetermined amount of money were made subject to official approval.
The effect of this demand rationing shows up in the disequilibrium
estimation as a period of excess supply from 1965 to 1967, whereas
earlier demand-oriented studies were not able to demonstrate this
effect. The
third period 1968 to 1971, for which the disequilibrium
model finds an excess demand "regime", corresponds to the boom years
of the Swiss business
cycle, the peak of which was reached in 1973,
exemplified by accelerating inflation rates and construction costs.
The fourth period is determined by the severe post-war recession from
1974 to 1977, coinciding w i t h the introduction of flexible exchange
rates, which allowed for a more autonomous and restrictive monetary
policy to bring down inflation rates of more than ten percent in the
early seventies.
High interest rates coupled with falling inflation
expectations as a result of r e s t r i c t i v e monetary policy, the first oil
price shock, and the repercussion effects of international trade
linkages, among other things, led to a drop in real investment in
residential construction of about fifty percent and to a reduction in
the labor force of more than 100,000 foreign workers, who were forced
to leave
the country. As can be seen from Figures 3 and 4, the fourth
period is identified by the disequilibrium model as an excess supply
"regime". In fact, information provided by the Association of Swiss
Building Contractors shows
that the sharp
fall in residential
construction supply as depicted in Figure 3 coincides with a decrease
in both employed workers and the stock of construction equipment which
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Figure 3 : Disequilibrium Model of Equations

(15)
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METHOD III
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Figure 4: Disequilibrium Model of Equations (15). Prior Probabilities
that Demand Equals Market Realization (Excess Supply) and
Supply Equals Market Realization (Excess Demand).
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was either disposed of or leased abroad (mainly to oil-exporting
countries who were facing a construction boom). Finally,
the fifth
period, from 1978 to 1982, qualified as an excess demand "regime",
exemplified by a strong recovery of the economy
during which the
supply of

residential construction

percent. Again, data supplied by

increased by

the

Association

roughly one hundred
of

Swiss Building

Contractors support the empirical finding of the disequilibrium model.
In fact, the stock of construction equipment almost doubled over the
period, leading
to current overcapacities. A comparison of the demand
and supply functions in equilibrium with a disequilibrium estimation
(using method III) is given in
disequilibrium model fits the
equilibrium models.

Figures 5 and 6, which show that the
observed data
better than both

4.5 Description of Variables
The truncated functions of
in the case of mean values:
F(x)

: = 0.30

x + 0.24

the adaptive expectation process (13)

x _ 1 + 0.19

x _ 2 + 0.15 x _ 3 + 0.12

and in the case of permanent non-labor
G(x)

:= 0.72 x + 0.22 x _ 1 + 0.06

The following
proxies
variables in the text:

have

are

x_4,

income:

x_2.

been

used

to

represent

h,h d ,h s

Real investment
at 1982 prices.

Pj

Price of a hypothetical consol.
maturity on government bonds.

TTj

Expected price of consols: v^ = F(pt).

r2

Net housing rent of a residential
existing stock of housing.

p,

Price of a unit of residential construction.

in residential

theoretical

construction in Switzerland

Reciprocal

unit.

of

yield to

Rent index of
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Construction cost index of Zurich. For a comparison with
other official and unofficial construction cost indices
see Büttler (1972) .
Mortgage rate for recent residential buildings.
Expected inflation rate. Denote P as consumer price index.
The inflation rate over the planning horizon (assumed
to be
three years) is m := ln(P)-ln(P_3). Expected
is calculated as y := F(m).

inflation rate

Expected excess
demand for rental housing
assumed to
be equal
to the negative of the actual vacancy rate (for an
explanation see text).
"Disposable wealth" defined as a := W Q + e, where W Q is
beginning-of-period value of wealth and e is savings minus
cash balances. Beginning-of-period wealth is calculated from
(14), and e is negligible for reasons given in the text
following equation (14).
Rental price of stock of construction e q u i p m e n t approximated
by a medium-term interest rate.
Wage rate of c o n s t r u c t i o n workers calculated as a weighted
index from s t a t i s t i c s provided by the Association of Swiss
Building Contractors ("Schweizerischer Bauraeisterverband" ) .
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5.

THE MONEY STOCK

5.1 Introductory Remarks
In a macroeconomic c o n t e x t , financial assets markets are generally
viewed as markets that always
clear. On the other hand, there is
extensive literature on the question of credit rationing, the roots of
which can be traced
back to Keynes (for
a survey see,
e.g.,
Baltensperger and
Devinney, 1984,
and for a recent empirical
application see, e.g., Goldfeld et al., 1980). Considering
the stock
of narrowly
defined money which we are going to investigate in this
chapter, there are at least
two
motives for
e s t i m a t i n g this
aggregative
"market" in disequilibrium. First, the specification of
money-demand and money-supply functions usually set up in empirical
investigations does not allow for a straightforward interpretation of
equilibrium. Secondly, under the assumption of short-run equilibrium,
estimated money-demand
and money-supply functions do not, in general,
describe satisfactorily the time path of the observed money stock, nor
are the estimated coefficients sufficiently stable as to variations in
the sample size. In
particular, the
out-of-sample
forecasting
performance of normal
money-demand equations is rather poor for the
period of flexible exchange rates.
The first reservation mentioned above deserves some comments. Noting
that we focus on the money stock Hi , defined as the sum of currency in
circulation in the non-bank sector plus demand deposits
held by the
public at commercial banks, the simplest aggregative model to explain
the money stock consists of an aggregated money-demand
function, an
aggregated
money-supply
function, and an equilibrium condition.
Taking the liquidity-preference approach (Laidler, 1977), the demand
for money
is a function of the volume of transactions (or income) and
the rate of interest. W i t h a m u l t i p l i e r approach
(Burger, 1971), the
supply
of money
is the algebraic product of money multiplier and
monetary base. Since the former depends on commercial
banks' asset
management, i.e.,
on interest
rates,
the supply of money can be
stated as a function of monetary base and interest rates. In
estimating these functions, it is generally
assumed that the public
and the banking system do not immediately adjust
their actual to
desired
cash
balances
(for a
survey of earlier works see, for
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instance, Rasche, 1972; for a description of two recent detailed
models, see, for instance, Anderson and Rasche, 1982; and for a survey
of recent single-equation estimations, see, for instance, Judd and
Scadding, 1982). Two different approaches are usually followed: either
distributed lags of the explanatory variables or partial stock
adjustment. The former approach presupposes that desired cash balances
are always held by economic agents but that the desired stock of
money depends
on permanent
rather than actual values
of the
explanatory variables. These
permanent
values,
in
turn, are
represented by a distributed-lag function. Earlier examples of the
distributed-lag approach can be found in Smith and Winder (1971), for
instance, or in Shapiro (1973). In the second approach, however,
economic agents do not immediately adjust their actual to desired cash
balances.
Earlier examples of this approach are Chow (1966) and
Goldfeld (1973). Interpreting functions of desired cash balances as
long-run functions and functions of actual cash balances as short-run
functions, the distributed-lag approach deals with equilibrium of
long-run functions, whereas the stock-adjustment approach presupposes
equilibrium of short-run functions. Although these two approaches are
different in
this perspective,
both yield the same empirical
specifications for money-demand and money-supply functions, if error
terms are disregarded, and if the distributed-lag functions are the
same for all permanent values of the explanatory variables. (If
different distributed-lag functions are used
for, say, income and
interest rate, then the money-demand function is not identified; see
Feige, 1967, p. 468). In other words, these two approaches cannot, in
general, be discriminated empirically. This explains
our first
reservation above that there is not a straightforward interpretation
of equilibrium in empirical investigations of this kind.
As regards
to explain

the demand for money, many arguments have been advanced
its sluggish adjustment. For instance, Pierce and Thomson

(1972) argue that the public's reaction to changes in interest rates
is complex and time consuming. If the rate of interest rises, the
public does not reduce its cash balances immediately as long as the
change in the interest rate is not perceived as a permanent one.
Moreover, the term structure of interest rates affects the demand for
money with a time lag, too. This effect may be either direct or
indirect. The direct effect using Friedman's
(1977) dynamic approach
derives from the opportunity cost of holding cash balances, whereas
the indirect effect is the result of transactions between different
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financial assets due to changes in relative interest rates, with the
demand for money viewed as a buffer stock for these transactions
(Pierce and Thomson, 1972). In both cases, however, only permanent
changes in the term structure are regarded as affecting the demand for
money.
Similar arguments apply to the volume of transactions. In
particular, it is Friedman's (1959) hypothesis that the permanent
rather than the actual volume of transactions is the appropriate
explanatory variable of the money-demand function. In summary, the
time it takes to perceive a change in interest rates or the volume of
transactions as a permanent one, the time it takes to decide and to
react, and the fact that a large number of economic agents are
continuously engaged in this evaluating process are generally the
arguments put forward to explain the sluggish adjustment of the demand
for money.
Even

though

commercial

banks

presumably

react

much

faster

than

the public, it is most likely
that the money-supply process does
not immediately adjust to, say, changes
in interest rates (Pierce
and Thomson,
1972). Considering the supply of demand deposits by
the banking system as the outcome of the portfolio management
processes of i n d i v i d u a l banking firms, the supply of demand deposits
depends on the interest rates for both assets and liabilities
of the
banks, as well as on the cost of real resources
such as labor and
physical capital (for a survey of competing models of the banking firm
see Baltensperger, 1980). To a large e x t e n t , it is the real resource
aspect that makes it reasonable to assume that commercial banks do not
adjust
their p o r t f o l i o s t r u c t u r e if changes in interest rates are
perceived as transitory, because the consolidation and transformation
of risks, as well as the production and maintenance of financial
contracts and transactions can be performed by the banking firm w i t h
the help of labor inputs only. Moreover, the monetary policy pursued
by the central bank influences the behavior of the banking system,
either through changes in monetary instruments such as the required
reserve ratio (see, e.g., Bernholz, 1972) or through changes in the
trend rate of the monetary base (see, for instance, Büttler and
Schiltknecht, 1983). B u t , it takes time for the banking firm to react
to such changes in monetary policy.
Returning to
the question of equilibrium versus disequilibrium
estimation, it should
be noted that the empirical specification
of

short-run

money-demand

and

money-supply

functions,

using

the
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stock-adjustment approach, with the base period of a quarter, say, is
derived from long-run
functions, i.e., desired cash balances to be
realized outside the base period by definition. Since the d i s t r i b u t e d lag approach cannot empirically be discriminated from the stockadjustment approach, the same applies, in principle, to the former. In
empirical applications of the aggregative money-market model, these
short-run functions are estimated. Given the equilibrium condition, it
implies that one explanatory variable, e.g., "the" interest rate,
fully adjusts w i t h i n the base period so as to equate short-run demand
and supply, provided that the remaining variables, such as the volume
of transactions and the monetary base can be regarded as exogenous for
the same base period. For instance, Brunner and Meltzer (1964) in an
empirical investigation for the U.S.A. and Schelbert (1967, 1972) for
Switzerland
both
estimate
money
stock
and
interest
rate
simultaneously, assuming "a" flexible interest rate. On the other
hand, if one disregards
the rather unlikely possibility of an equal
adjustment speed of both demand and supply, the assumption of shortrun equilibrium intrinsically implies long-run disequilibrium. As a
consequence,
these long-run
functions
should
be
estimated in
disequilibrium. Obviously, if "the" interest rate is sticky rather
than flexible in the short run (e.g., rates controlled
by the
government or a cartel), these short-run functions should be estimated
in disequilibrium, too.
In the next
two sections, we will re-estimate some conventional
specifications of money-demand and money-supply functions in short-run
equilibrium for Switzerland, using the stock-adjustment approach.
These results will then be compared
section, in which the corresponding

to those obtained in the fourth
functions are re-estimated in

disequilibrium. Since it is not clear which of the possible interest
rates included in the equilibrium model will fully adjust within the
base period of a quarter, the short-run equilibrium model is estimated
by OLS rather than by a simultaneous-equation technique. Finally, it
should
be noted that it is not the purpose of this study to find
either a suitable sample size for a given money-demand or money-supply
function, or, with the help of a trial-and-error process, to develop
suitable functions for a given sample size in order to forecast the
stock of money, say. This study aims to emphasize the explanatory
power of disequilibrium versus equilibrium models with the same
underlying demand and supply functions.
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5.2 Demand for Money
It has long been recognized that the demand for money, most strikingly
in the U.S.A., has shifted in the last decade. This fact has been
a t t r i b u t e d to financial innovations and institutional changes in the
financial markets, as well as to the introduction of sophisticated
methods of cash management by corporations. Whereas the shift in the
money-demand curve has been accentuated since
the introduction of
floating
exchange
rates
(Laidler, 1980,
Judd and Scadding, 1982),
there is some empirical evidence that such shifts have also occurred,
albeit
to a much smaller
extent, in earlier observation periods
comprising both a pre-war and post-war sample (Schelbert,
1972). In
the sequel, we will deal w i t h an observation period - delimited by the
availability of data - that falls entirely within the period of
floating exchange
The

first

rates.

equation

to

be

tested,

resting on the transactions and

precautionary motives for holding money, presupposes
that the desired
d
(long-run) real money balances (m ) are positively related to the real
volume of transactions (v) and negatively related to a vector of
interest rates (r).
In the functional form most widely used all
variables except for interest rates are in logarithms. As in Laidler
(1980), we choose a logarithmic form for all variables:
(1)

log(m d ) = a„ + ai log(v) - a 2 log(l+r),

aj,a 2 > 0.

The sum of gross domestic product and imports serves as a proxy
for the volume of transactions (Schiltknecht, 1974). The variables are
deflated by the corresponding price indices as used in national income
accounting. Since we do not focus on the question of testing competing
hypotheses to explain the demand for cash balances, money illusion is
eliminated from the outset, except for the test of real interest rates
below (which, of course, is an incomplete test of money illusion).
Also, we will not test d i f f e r e n t functional forms. Obviously, equation
(1) is close to the conventional specification that includes interest
rates in non-logarithmic form because the logarithm of the compound
interest rate is approximately equal to the interest rate itself,
i.e., log(l+r)R: r. For instance, Blundell et al. (1984) use the
compound instead of the nominal interest rate in an investigation of
the money-demand functions of several OECD countries during the period
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of floating exchange rates. It is assumed that the vector of compound
interest rates in equation (1) measures the opportunity cost of
holding money w i t h respect to substitutes for money.
Two cases are considered in formulating the partial adjustment of
actual to desired money balances. In the first case, it is assumed
that economic agents revise their data each quarter, whereas in the
second
case, revisions
take
place monthly.
Consider
quarterly
adjustments first:
(2)

log(m d ) = logCmfj) + X[log(m d ) - logCm^)],

where X is "speed" of adjustment in

0 < X < 1,

quarters, m

is short-run demand

for money, and the subscript (-1) indicates a lag of one quarter.
Throughout, it is assumed that adjustments take place with respect to
real rather than nominal money balances, although there are arguments
in favor of the latter approach (see Milbourne, 1983, and Gordon,
1984). S u b s t i t u t i n g (1) into (2), the standard short-run money-demand
function is obtained:
(3)

log(m d ) = Xa0 + Xa1 log(v) - Xa 2 log(l + r) + (1-X) logCm^).

Next, consider
the long-run

the

adjustment

of

money

balances. Rewrite

function (1) as:

(!') log(m d ) = a 0 +
where the

monthly

3j

log(v.) - a 2 logCl + r^,

(j := 1..3),

subscript j denotes the jth month of a quarter.

the "speed" of adjustment X* in
can be written:

months, the

Introducing

partial stock adjustment

(2') log(md) = logdn^j) + X* [log(md) - logdn^)]
= X*log(m d ) + (l-X'HogCm^).

Substituting (!') into (2') yields an analogous equation to (3).
Since monthly data on the volume of transactions are not available,
equation (!') and (2') are aggregated into quarterly data by using the
following approximation for a variable x:
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(A) i-

2 log(x.)

* log(i Sx.),

j-l

(n := 3),

3=1

Equation (!') aggregated into quarterly data
equation (2') becomes (211):

(2")

log(m d ) = X*log(m d ) + (1-X*) i £

yields equation

(1) and

log(m d _ i )

s*log(m d ) + (1-X*) |
[ |

logCm^) + log(m d l ( n ) - log(md)

^*log(m d ) + (1-X*) [log(md) + I {log(m d i i n ) - log(md)}].

Solving

(211)

for

log(m d )

and

s u b s t i t u t i n g (1) for log(m d ) yields

short-run money-demand equation (3') based on monthly

adjustments:

(3') log(m d ) = a 0 + a, log(v) - a 2 log(l + r) - ^- log(md),
nX*
log(m d ) := log(m d ) - log(m d l i n ).
All variables in (3') except m d are quarterly data, where
the third monthly figure of a quarter (n := 3), and m^
monthly figure of the preceding quarter.

n

m d denotes
the third

It should be noted that the coefficients of the long-run rather
than
the short-run
function are estimated in equation (3'). The
introduction of a monthly adjustment process has two advantages.
First, it permits more light to be shed on whether adjustments are
completed w i t h i n a quarter or not, when compared to the quarterly
model. Secondly, experience with Swiss data has shown that a specific
lapse of time for a given adjustment is more plausible.
For instance,
the time it takes
to complete an adjustment of 90 percent is about
five years in Kohli (1984) (annual adjustment process),
but only nine
months in Ettlin (1984) (monthly adjustment process). Therefore, both
adjustment processes will be used for each equation to be estimated.
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Following Friedman's
(1977) dynamic approach to the demand for
cash balances, in which the time profile of holding money is regarded
as a Markovian process, the demand for money is a function of the term
s t r u c t u r e of interest rates. Hence, we use two interest rates as a
proxy for the term structure, i.e., the yield on government bonds (rb)
to represent "the" long-term interest rate and the rate of interest on
time deposits (rt) to represent "the" short-term interest rate.
The first a t t e m p t s to estimate equation (3) failed to give reasonable
results for the coefficient of the volume of real transactions, the
values of which mostly turned out to be negative. The reasons for this
might be the following.
F i r s t , the coefficient's e s t i m a t e could be
seriously biased due to OLS e s t i m a t i o n . Gordon (1984) shows that if
the central bank follows a feedback rule with regard to income (or
volume of transactions) and prices in order to control the monetary
base, then the supply of money is negatively related to income. In
estimating the reduced form of the money stock, it is conceivable that
the income elasticity of the money supply outweighs that of the
money demand. This effect could show up in the OLS estimation of the
structural money-demand equation as well. Secondly, quarterly rather
than annual data contain more noise, i.e., measurement errors.
Thirdly, given
the perceived shifts in the money-demand curve,
presumably due to financial innovations such as computerized banking,
sophisticated cash management by corporations, and the increased use
of credit cards, it is plausible to assume
that the transactions
elasticity of money was not constant in the last decade. This does not
contradict the empirical observation that the income velocity of money
in Switzerland, contrary to that in the U.S.A., does not follow a
preceptible trend, since in the IS-LM framework ex post observed
income velocity is equal to the reciprocal of transactions elasticity
only if the demand for money is perfectly inelastic with respect to
the interest
rate. In order to take account of the variable
transactions elasticity of money, it would be possible
to apply an
appropriate estimation
technique such as the Kaiman filter in
single-equation estimations. However, we take a much simpler route
here. Let z be the ratio of transactions paid in cash to the sum of
transactions made in cash and by payment transfers, then we define the
corrected volume of transactions v* as:
(5)

v* : = z v .
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This

corrected

volume

of

transactions

serves

for the change in payment habits, particularly, due

as a proxy variable
to the increasing

number of purchases by credit cards. Since there is a tendency that
more and more purchases by credit card are drawn on deposits which
belong to broader defined monetary aggregates such as M 2 or M 3 , this
causes, at least partly, a s u b s t i t u t i o n between different monetary
aggregates over the course of time. Hence, equation (1) is estimated
as equation (6 ) :
(6)

log(m d ) = a 0 + ai log(v') - a 2 log(l + r b ) - a 3 log(Urt),

subject to the monthly and quarterly adjustment processes (3) and
(3') and provided that the short-run demand for money (md) is equal to
the observed stock of money (m), i.e., short-run equilibrium.
So far, we have assumed that there is no interest rate on demand
deposits. In fact, demand deposits do pay a relatively low rate of
interest in Switzerland, and this rate is fairly
involatile. However,
it has been argued
that commercial banks pay implicit interest on
sight deposits even though this interest might explicitly be nil
(Laidler, 1977). Two arguments have been put forward. First, it has
been assumed that commercial banks vary the interest rate on demand
deposits merely by adjusting the fees they charge for servicing
checking accounts. Hence, the variations in the ratio of the total
value of service charges
to the volume of demand deposits should
inversely correlate to the rate of interest on demand deposits. The
second
argument states that banks pay, albeit by covert means, a
" c o m p e t i t i v e " rate of interest to their customers in order to
circumvent any cartel arrangements (Klein, 1974). In the simplest
case, this i m p l i c i t rate of return is calculated as follows. A
fraction of an extra unit of demand deposits outstanding is held in
non-interest-bearing reserves, the rest could be invested in interestearning securities. If demand deposits were truly non-interestbearing, and no other marginal costs were involved, the marginal
profit to be made by having an extra unit of de'posits outstanding
would be the interest earned on securities. Competition then forces
the bank to pass this marginal profit on to its depositors. Hence, the
implicit rate of interest r d on demand deposits is:
(7a)

r d := (1-R) r b ,
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where R is ratio of reserves
to demand deposits and r b is interest
rate on securities
(actually the yield on government bonds). The
own rate of return on money r m can be defined as the weighted average
of the

zero rate

borne by currency and the implicit interest rate on

demand deposits:

(1-R) r
(7b)

D

r m :=
«i

where D is demand deposits outstanding and Mj is stock of money.
A d d i n g the own rate of return on money to equation (6), the next
money-demand equation to be estimated is obtained:
(8)

log(m d ) = a 0 + a i log(v*) - a 2 log(l+r b ) - a, log(l+rt)
+ at log(l+r m ),

a 4 > 0.

Although there is no obvious evidence that explicit fees for servicing
checking
accounts
differ greatly between banks in
Switzerland,
equation (8) is tested here because,
first, commercial
banks do pay
interest on demand deposits, and secondly,
it is possible that
services provided to customers may explicitly or implicitly differ
between banks, even though charges may not.
Instead
of the nominal interest rate, the real rate of interest
has been considered in several studies as an additional explanatory
variable of the demand for money. For instance, Hamburger (1977) and
Laidler (1980) use the ratio of stock dividends to the deflator of the
gross national
product as a proxy for the real interest rate. As
pointed out by Laidler himself (see appendix B), this "real" interest
rate can be interpreted as the nominal rate of return on a real asset
as well. Provided that physical assets
are substitutes for money, as
Friedman (1956) argues in his restatement of the quantity theory of
money, a rise in the rate of inflation would shift the relative shares
in one's portfolio in favour of physical assets. Hence, the expected
inflation rate, apart from nominal interest rate and volume of
transactions, would
be the appropriate variable. There is, of course,
likely to be some degree of substitution between
physical goods and
wider definitions
of money,
which is the definition
Friedman
envisages. However,
it is difficult to believe that the demand for
narrowly defined money, which is used primarily for transaction
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purposes, should be sensitive to moderate expected rates of inflation.
Although a number of studies have reported the opposite (see, e.g.,
Shapiro, 1973, and Goldfeld, 1973), Milbourne (1983) has shown that
the alleged negative effect of the expected inflation rate, other than
via nominal interest rates, on the demand for narrowly defined money
is due to an incorrect specification of the stock adjustment process
in real rather than nominal money balances. We do not intend to repeat
this test here but merely consider the expected inflation rate via
real i n t e r e s t rates, a d m i t t i n g the possibility that the speculative
m o t i v e d e t e r m i n e s the demand for narrow money as well. Deleting the
own rate of return on money, equation (8),
including real interest
rates, is e s t i m a t e d as equation (9):
(9)

log(m d ) = a 0 + &1 log(v*) - a 2 log( l + rb--IT) - a 3 log( l + rt-TT)

where TT is the expected inflation rate. Equation (9) can be justified
in two ways. F i r s t , by simply s p l i t t i n g up nominal interest rates into
real
rates
and
inflation
rate, imposing constraints on the
coefficients to be estimated. Secondly,
if we use a simple meanvariance analysis comprising money balances and financial assets that
maximizes expected u t i l i t y of real wealth in terms of consumer goods,
then the demand for real money balances can be derived as a function
of (compound) real interest rates and (compound)
inflation rate.
Approximating log(l+x) by x, equation (9) can be written as (9'):
(9') log(m d ) = a 0 + a x log(v*) - a 2 r b - a 3 r t - (a 4 -a 2 -a 3 ) tr.
If physical assets
are a s u b s t i t u t e for money, then a 4 should be
greater
than a 2 +a 3 . Based
on earlier experience,
it is assumed
that price expectations are formed adaptively. For the quarterly
adjustment model, equation (9') would be estimated by substituting m
for m d , and by including the lagged money stock. It is interesting to
note that the resulting equation can also be derived from desired
money
balances, as given in equation (6), in conjunction with a
quarterly adjustment process
for nominal rather than real money
balances (see Milbourne, 1983, and Gordon, 1984).
For the sake of importance, it should be mentioned that currency
s u b s t i t u t i o n induced by changes
in expected exchange rates has
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recently
been viewed as a serious determinant of the demand for
money (see, e.g., McKinnon, 1982, and Miles, 1978). Since earlier
attempts failed to show any significant impact of changes in expected
exchange rates on money demand in Switzerland, and since there are, at
least,
three variables conceivable
to measure an expected currency
appreciation or depreciation (i.e., the interest rate differential,
the deviation
of the exchange rate from purchasing power parity, and
the forward premium) the problem of currency substitution will not be
studied here.
The OLS estimations
for equations (6), (8) and (9) are reported
in Table 1. The time lapse in quarters (N) and in months (N*),
for an adjustment of 90 percent is calculated from equation (10):
(10) N = logd-p) , N* = logd-P) ,
log(l-X)
log(l-X')

where p = 0.9 is the fraction of adjustment. As regards the model
underlying quarterly adjustments,
all
three specifications must
be rejected because
the coefficients of the corrected volume of
transactions as well as those of the interest rate on time deposits
are not significantly different from zero. In a d d i t i o n , the same
applies to the own rate of return on money in equation (8). The
long-run elasticity
of money
with respect
to the volume
of
transactions is in all three equations in the order of magnitude of
0.23, which is relatively low compared to earlier studies (Schelbert,
1972, Vital, 1978, Kohli, 1984, Ettlin, 1984), where values range
from 0.8 to almost 1.0. In the model with quarterly adjustments, the
lagged money stock explains between 60 and 88 percent of the total
variation of the stock of money. Although producing better fits and
showing no stochastic misspecification, the quarterly rather than the
monthly adjustment model is inferior with respect to the explanatory
power of the independent variable of the long-run
money-demand
function. However, the results of the monthly adjustment model are not
conclusive either. Whereas the elasticity of money with respect to the
volume of transactions now doubles and differs significantly from
zero, the coefficients of the interest rate on time deposits and the
own rate of return on money still do not differ significantly from
zero; nor do the coefficients of the lagged money stock (m,). This
casts some doubt on the relevance of the monthly adjustment process.
To explain this result, it is conceivable that the approximation for
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Table 1:

Demand for Money (for notes see next page)
Quarterly data; period: 73:01-83:03, OLS
Quarterly adjustment

Monthly adjustment

equ. (6)

equ. (8)

equ. (9)

equ. (6)

equ. (8)

equ. (9)

Constant

2.5791
(4.2850)
0.00
8.7784

2.6331
(4.1778)
0.00
8.9137

2.5352
(3.9845)
0.00
8.8768

7.2920
(8.7977)
0.00

7.5251
(8.8135)
0.00

7.2892
(7.6802)
0.00

log(v*)

0.0702
(0.9853)
0.06
0.2389

0.0663
(0.8453)
0.05
0.2244

0.0663
(0.8637)
0.04
0.2321

0.4007
(4.3189)
0.56

0.3753
(3.8181)
0.51

0.4016
(3.8201)
0.17

Iog(l4-rb)

-2.6817
(-2.5819)
0.04
-9.1276

-2.7331
(-2.4573)
0.04
-9.2522

-9.8340
(-9.3658)
0.25

-10.0115
(-8.2787)
0.24

log(H-rt)

-0.4507
(-1.6014)
0.03
-1.5340

-0.5880
(-1.2171)
0.04
-1.9905

0.3298
(0.9606)
0.03

-0.3968
(-0.5651)
0.04

log (Urn,)

0.2528
(0.3432)
0.01
0.8558

1.3289
(0.9215)
0.06

log(H-rb-ir)

-2.9799
(-2.8182)
0.10
-10.4338

-10.1846
(-6.8824)
0.25

log(H-rt-ir)

-0.5517
(-1.7013)
0.02
-1.9317

0.0967
(0.3411)
0.00

3.0833
(3.8636)
0.24
10.7959

9.0910
(8.8345)
0.54

log(l-ir)

log(m_i)

0.7062
(9.7504)
0.88

0.7046
(9.6122)
0.87

0.7144
(9.7394)
0.60

log(m*)

-0.3860
(-1.4200)
0.16

-0.3736
(-1.3597)
0.15

-0.3759
(-1.2651)
0.05

0.4634

0.4715

0.4700

X.X*
N,N*
R2

0.2938

0.2954

0.2856

6.6

6.6

6.8

3.7

3.6

3.6

0.9313

0.9295

0.9282

0.7356

0.7309

0.7144

S

2.7

2.7

2.7

5.2

5.3

5.4

h, p

1.399

1.347

1.799

0.6485

0.6477

0.6666
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Notes to Table l

In the case of the quarterly adjustment model, the first
short-run
jack-knife

coefficient,
analysis, the

value is the

the second the t-value obtained from a
third the relative share of variance in

total variance, and the fourth the long-run
coefficient. In the
case of the monthly adjustment model, the first value is the long-run
coefficient and the remaining values correspond
to those of the
quarterly adjustment model. X,X* are the "speed" of adjustment as
given in equation (2) and (2'), respectively. N,N* are adjustment time
in quarters and months, respectively, as given in equation (10). E2 is
the coefficient of determination corrected for degrees of freedom, s
is the root mean squared error multiplied by 100. h is the Durbin-h
s t a t i s t i c and refers to the quarterly adjustment model, p is the
estimate of the coefficient of first-order autocorrelation and refers
to the monthly adjustment model.
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aggregating monthly data as given in equation (4) is not good enough
in viev of the seasonal variation of the money stock, but works well
in the case of annual data. Re-estimation on the basis of annual data,
however, is not possible due to the limited data set. In addition, it
m i g h t be possible that adjustments take place, on average, every
second, fourth or other m o n t h , or that there are no adjustments at
all. For instance, Schelbert (1967) and Rich and Béguelin (1982) find
empirical evidence

supporting

instantaneous

money-demand

functions,

whereas our results, not reported here, do not (similar estimates
are shown in Table 5). A p a r t from the fact that the coefficient of the
lagged money
stock (m.) is not significantly different from zero, the
high coefficient of first-order autocorrelation points to a possible
misspecification, too. As can be seen from Table 1, the lagged money
stock now explains only between 5 and 16 percent of total variation.
The
time lapse
for a 90 percent adjustment is in the order of
magnitude of 6.5 quarters in the quarterly adjustment model and about
3.5 months (adjustment coefficient not significant) in the case of the
monthly adjustment model as opposed to 2 to 3 quarters
in V i t a l
(1978).
For two

reasons,

the

t-values presented

in Table

1 are

based on a

jack-knife analysis
instead of a classical
test of significance.
First, the presence of lagged
dependent variables restricts the
classical tests to s t a t e m e n t s which only hold asymptotically. Secondly
and more i m p o r t a n t l y , these tests are based, first, on
strong
assumptions with regard to the p r o b a b i l i t y d i s t r i b u t i o n of the error
terms and, secondly,
on the assumption that the underlying demand
function is
time-invariant ("stable"). A
jack-knife analysis,
however, is distribution-free and reveals that the coefficients of all
three money-demand functions are subject to considerable variation.
Hence, the classical assumptions do not seem to hold and the classical
t-values were therefore replaced by jack-knife based t-values.
Various elasticities are given in Table 2,
discrimination of the money-demand functions.
with respect to the long-term interest rate of
magnitude of that obtained in earlier studies.
(1967, 1972) obtains -0.78 for the period 47:1

allowing for possible
The long-run elasticity
-0.4 is in the order of
For instance, Schelbert
- 63:2 and Vital (1978)

obtains -0.18 for the period 59:1 - 76:2. The long-run elasticities of
money demand with respect to the short-term interest rate are
relatively small but comparable to those in Vital (1978) in the case
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Table 2:

Elasticities of the Demand for Money

In the case of the quarterly adjustment model, the first value is
short-run elasticity and the second value long-run elasticity. In the
case of the monthly adjustment model, long-run elasticity is given.
Interest rate elasticities refer to the following mean
values:
=4.5353/100, ft=3.2286/100 and rn=l.9615/100. Inflation elasticity
refers to the mean value of the calculated expected inflation rate
which is TT =3.2540/100.

Quarterly data; period: 73:01-83:03, OLS
Quarterly adjustment
Monthly adjustment
equ. (6)
equ. (9)
equ. (8)
equ. (6)
equ. (8)
V*

Tb

r

t

r

m

t

equ. (9)

0.0702
0.2389

0.0663
0.2244

0.0663
0.2321

0.4007

0.3753

0.4016

-0.1163
-0.3960

-0.1186
-0.4014

-0.1334
-0.4672

-0.4267

-0.4344

-0.4561

-0.0141
-0.0480

-0.0184
-0.0623

-0.0178
-0.0624

0.0103

-0.0124

0.0031

0.0049
0.0165

0.0256

0.0100
0.0350

0.0246
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of

the

quarterly

adjustment

model.

In

the

case

of

the monthly

adjustment model they are not significantly different from zero and
in two equations they have the incorrect sign. In any case, the
elasticities w i t h respect to the inflation rate are small and of
incorrect
sign.
Considering
the
results
of
corresponding
disequilibrium estimations which are not reported here, the real
interest rate approach in equation (9) must be rejected. As said
before, physical assets are not likely as a s u b s t i t u t e for narrowly
defined money.

5.3 Supply of Money
In empirical studies, there are at least three possible approaches to
the money-supply process. In a first approach, assets and liabilities
of the banking system are explained in a
general equilibrium
framework, possibly including the real sectors of the economy (for an
early theoretical approach see, e.g., Tobin, 1963). For instance, if
reserves, credits and deposits are the only items of the balance sheet
of the banking system, then the monetary sector consists of two
"markets" in
equilibrium. In
the one
market, equilibrium is
established by equating the monetary base to the sum of demands of the
banking system for reserves and of the public for currency. In the
other market, the public demand for deposits is equal to the implicit
supply of deposits by the banking system. Given the principle of
assets equalling liabilities, the latter is the sum of the demand for
reserves and the supply of credits. In equilibrium, these two markets
determine simultaneously interest rates and money stock (defined as
the sum of currency and deposits). This approach requires, in general,
the estimation of a rather large-scale structural model as exemplified
in that of the Federal Reserve Board or the Federal Reserve Bank of
San Francisco (see Anderson and Rasche, 1982). Obviously, the moneysupply process always contains the public's demand for currency and,
therefore, cannot be estimated independently of the demand for various
monetary
aggregates like ttl, M 2 , or M 3 . In a second approach, the
money-supply process is based on the semi-reduced form as given by the
money m u l t i p l i e r (see,
for instance, Brunner and Meltzer, 1964, or
Burger, 1971), which is a function of several ratios, particularly the
reserve and currency ratios. Whereas these ratios are estimated as
behavioral equations
which depend on interest rates, monetary base,
and institutional arrangements, the money supply is identically equal
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to the algebraic product of money multiplier and monetary base. Again,
this approach requires a detailed structural model. Finally, the third
approach makes the simplification of aggregating
the money-supply
process into a single
behavioral equation. In viev of the difficulty
of estimating multiple markets in disequilibrium, this approach will
be taken here.
Suppose that the behavior of the banking system can be described
by the real resource model of Niehans (1978), then the aggregate
supply of money is a function of monetary base, interest rates,
and factor costs of labor and capital. Neglecting
factor costs,
the first specification to be estimated is equation (11):
(11) log(m s ) = b 0 + bj log(h) + b 2 log(l+r k ) - b 3 log(l+r p ),
b i > 0,

where ms
is long-run
high-powered money, r k

(i := 1..3),

real money supply, h is real stock of
is interest rate on credits supplied by

commercial banks, and r
is interest rate on deposits. The signs of
the coefficients are derived as follows. Niehans (1978) has shown that
the desired reserve-deposit ratio decreases as the interest rate on
credits goes up. Since the money multiplier increases
as the reservedeposit ratio goes down, the money supply is positively related to the
interest rate on credits. On the other hand, Niehans has shown that
the desired reserve-deposit ratio increases as the interest rate on
deposits goes up, implying a negative effect on the money supply.
However, there is a possible opposite effect of the currency-deposit
ratio. Most likely,
the currency-deposit ratio decreases
as the
interest
rate
on
deposits
goes up, reflecting the
public's
substitution of interest-bearing deposits for non-interest-bearing
currency. Since the money multiplier increases as the currency-deposit
ratio goes down, the money supply is positively related to the
interest rate on deposits via the currency-deposit ratio. Considering
the rather small elasticities of money demand with respect to the
interest rate on time deposits as shown in Table 2, it is presumed
that the elasticity of currency demand with respect to the interest
rate on deposits is relatively small and such that the total effect of
the deposit interest rate on the money supply is negative. Again, the
short-run
money
supply
(m8)
is
derived
from
the partial
stock-adjustment processes
of equation (2) and (2'), and first
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estimated under the assumption of short-run equilibrium.
If one assumes in analogy to money-demand equation (9) that commercial
banks seek to maximize the expected real rather than nominal p r o f i t
within the framework of Niehans' real resource model, then equation
(11) can be w r i t t e n in terms of real interest rates:
(12)

log(m s ) = b 0 + b x log(h) + b 2 log(l+ rk-TT) - b 3 log( l + rp-Tr) ,

where TT is again the expected inflation rate. For instance, Tobin
(1969) uses real interest rates to derive the optimal choice of
assets and liabilities of the banking system. Apart from the two
interest rates considered so far, there is a third "interest rate" in
the real resource model of Niehans, called the penalty rate, which
measures the o p p o r t u n i t y cost of temporary illiquidity of the banking
firm. We use the interest rate on Eurofranc deposits (re) as a proxy
for the non-observable penalty cost of illiquidity in equation (12).
Since a t t e m p t s to estimate the penalty rate in connection with nominal
interest rates have failed, we do not report these results here. The
modified equation (12) is:
(13)

log(m s ) = b 0 + b1 log(h) + b 2 log(l + rk--rr) - b 3 log(l + rp-tr)
- b 4 (log(l + re-ir) .

The money supply is negatively related to the penalty rate because (i)
the desired reserve-deposit ratio increases as the penalty rate goes
up (Niehans, 1978) and (ii)
the money multiplier decreases
as the
reserve-deposit ratio goes up.
The OLS e s t i m a t i o n results of equations (11)-(13) are shown in
Table 3. First of all, it should be noted that all money-supply
equations fit the observed money stock b e t t e r than the money-demand
equations of Table 1 for both the quarterly and monthly adjustment
model. Hence, it is not comprehensible why forecasts of the money
stock based on one market side mostly rely on the demand-for-money
function. As
can be
seen from
Table 3, the coefficient of
determination is again much higher for the quarterly than the monthly
adjustment
process.
In
the
quarterly
adjustment model, all
coefficients have the correct sign but some are not significantly
different

from

zero.

The

relative

share of variance of the lagged
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Table 3:

Supply of Money (for notes see Table 1)

Quarterly data; period: 75:03-83:03, OLS
Quarterly adjustment
equ.(ll)
Constant

log(h)

0.4363
(0.5737)
0.00
0.9285

o.^as
(3.5301)
0.39
0.9/64

Monthly adjustment

equ.(12)

equ.(13)

equ.(ll)

-0.2557
(-0.1712)
0.00
-0.5797

-0.2540
(-0.1851)
0.00
-0.5808

2.6023
(1.4051)

0.4937
(4. 7536)
0.37
1.1192

0.4896
(4.3516)
0.37
1.1196

0.8145
(2.8636)
0.86

0.00

log(H-rk)

1.5957
(0.8284)
0.01
3.3958

-1.2749
(-0.6479)
0.01

log(Urp)

-2.4413
(-2.4200)
0.03
-5.1954

-1.4818
(-0.3239)
0.03

equ.(12)

equ.(13)

0.4274
(O.b827)
0.00

0.2863
(0.4979)
0.00

1.0201
(5.6911)
0.77

1.0315
(6.1264)
0.70

logd-H-fc-ir)

3.0395
(4.6094)
0.06
6.8907

2.9406
(3.1513)
0.06
6.7244

3.8082
(2.8185)
0.08

5.9441
(4.2327)
0.11

log(H-Cp-ir)

-2.9261
(-4.1055)
0.05
-6.6336

-2.7955
(-2.4942)
0.05
-6.3926

-3.6675
(-2.7023)
0.07

-6.5410
(-4.2047)
0.11

log(l+re-ir)

log{m_i)

-0.0483
(-0.0695)
0.00
-0.1105
0.5301
(14.6M5)
0.56

0.5589
(12.3685)
0.51

0.5627
(9.2234)

0.52

log(m*)

X,X*

0.4699

N,N*
I2

1.1125
(2.3340)
0.02

-0.3765
(-1.7819)
0.10

-0.4552
(-2.5463)
0.09

-0.3770
(-2.0284)
0.06

0.4696

0.4552

0.4693

0.4411

0.4373

3.6

3.9

4.0

3.6

3.8

3.6

0.9648

0.9628

0.9615

0.8793

0.8564

0.8672

s

1.9

2.0

2.0

3.6

3.9

3.7

h,/>

0.052

0.013

0.019

0.1714

0.1042

0.1560
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Table 4:

Elasticities of the Supply of Money

In the case of the quarterly
short-run elasticity
case of the monthly
Interest

rate

adjustment

adjustment model,

elasticities

refer

r_=4.8686/100.
r p =3.6516/100 and
R
refers to

the mean

model,

the

first

value is

and the second value long-run elasticity. In the

value of

to

long-run elasticity
the

following

r• =3.8254/100.

the calculated

is given.

mean

values:

Inflation elasticity

expected inflation rate

which is TT =3.2540/100.

Quarterly data; period: 75:03-83:03, OLS
Quarterly adjustment

Monthly adjustment

equ.(ll)

equ.(12)

equ.(13)

h

0.4588
0.9764

0.4937
1.1192

0.4896
1.1196

r

0.0741
O.lb/7

0.1456
0.3302

r

-0.0860
-0.1830

-0.1064
-0.2413

k

P

r

equ.(12)

equ.(13)

0.8145

1.0201

1.0315

0.1409
0.3222

-0.0592

0.1825

0.2848

-0.1017
-0.2325

-0.0522

-0.1334

-0.2379

-0.0018
-0.0042

e

ir

equ.(ll)

-0.0025
-0.0057

-0.0020
-0.0046

0.0423

-0.0031

-0.0143
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money stock is now roughly 55 percent and smaller than in the case of
money demand. The time lapse of a 90 percent adjustment ranges between
3.6 and 4 quarters, supporting the surmise that the banking system
reacts
faster to changes
in the explanatory variables
than the
non-banking sector. A different picture is obtained for the monthly
adjustment model. In equation (11), the coefficients of the nominal
interest rates and the lagged money stock are not significantly
different from zero, whereas
in equation (12) all coefficients have
the correct sign and are significantly different from zero. In
equation (13), all but the coefficient of the interest rate on
Eurofranc deposits differ significantly from zero and have the correct
sign. Contrary
to the money-demand function, the coefficient of
first-order autocorrelation
does
not
point
to
a stochastic
misspecification. It takes between 3.6 and 3.8 months for a 90 percent
adjustment of the short-run to the long-run money supply. The long-run
elasticity of the money supply w i t h respect to the monetary base is in
both adjustment models in the order of magnitude of one. Schelbert
(1967) obtains a value of 1.5 for a comparable specification.
It is possible
to d i s c r i m i n a t e the three equations (11)-(13) when
considering the elasticities of the money supply in Table 4. The
long-run elasticities of the money supply with respect to the expected
inflation rate have in all cases the correct sign but are negligible
both in absolute and relative size. As in the case of the demand for
money, the hypothesis that real interest rates affect the money supply
is rejected.
Results of the corresponding disequilibrium estimation
which are not reported here support this finding. Confining ourselves
to the specification in terms of nominal interest rates, it is only
the quarterly adjustment model that does not need to be rejected on
the grounds
of incorrect coefficient signs. The long-run elasticities
of the money supply w i t h respect to interest rates are rather small
relative to the demand for money. Moreover, the long-run elasticity of
the money supply w i t h respect to the credit interest rate is roughly
one third of that obtained by Schelbert (1967). However, interest rate
elasticities will change considerably in the disequilibrium estimation
(cf. Table 6).
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5.4 Disequilibrium Estimation
In summary, under the equilibrium hypothesis the estimations of money
supply and demand show the following results (cf. Tables 1 and 4). The
supply of money adjusts faster to long-run equilibrium than the
demand for money. However, the indicated stochastic misspecification
gives some evidence that the monthly adjustment process probably does
not apply to the money-demand function. The money-supply function is
superior to
the money-demand function as regards the ex post
forecasting performance.
To estimate the aggregative model of the stock of money under the
disequilibrium hypothesis, three dummy variables as proxies for the
seasonal variation of the money stock have been added to the moneydemand and
money-supply functions. Various combinations of the
functions discussed so far have been estimated in disequilibrium. The
best model
in terms
of estimation fit and correct signs of
coefficients consists of the following combination:
(14a)

log(md) = a0 + a1 log(v* ) - a 2 log(l + r b ) + a 3 log(l+r m )
±

a

4dl

-

a t > 0,

(14b)

a

5d2

-

3

6d3'

(i := 1. .6),

log(ms) = b 0 + bj log(h) + b 2 log(l+r k ) - b 3 log(l+rp)
± b « d x - M2 - b 6 d 3 ,

bi > 0,

(i := 1..6),

(14c) log(m) = min [log(m d >, log(ms)],
where ai (i := 1..3) are seasonal dummy variables for the first
three quarters of a year and m is the observed stock of money supposed
to be the minimum of demand and supply. Since the seasonal pattern of
the money stock is likely to be time-dependent, it is rather difficult
to separate clearly the influence of each dummy variable.
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It should be noted that no distinction is made between short-run and
long-run functions in the disequilibrium estimation of equations
(14a)
and (14b), as opposed to the preceding equilibrium estimations.
Equations (14a)
and (14b) are regarded as the actual money-demand and
money-supply
functions, the
minimum
of
both
being
observed.
Alternatively, one could use their stock-adjustment versions as the
actual functions. Since we are comparing the disequilibrium estimation
not only vith the two adjustment models in equilibrium discussed in
the preceding sections but also w i t h an equilibrium version where
there is no adjustment at all, functions (14a)

and (14b)

are preferred

to their stock-adjustment versions. Moreover, including the lagged
money stock demanded or supplied, the stock-adjustment versions of
equations
(14a)
and
(14b)
cannot
easily
be
estimated in
disequilibrium. Furthermore, it should be noted that the money-demand
and the money-supply functions used in the disequilibrium model of
equations (14)
are conventionally specified. Provided that there are
some r i g i d i t i e s in the money market, excess supply or excess demand
can occur.
If this
phenomenon is
called
into question, the
conventional
redefined.

money-demand

and

money-supply

functions

must

be

The empirical results of equations (14)
as well as those of the
corresponding
OLS estimations are given in Table 5. As regards
the demand for money, the results can be summarized as follows.
All coefficients, except those of the dummy variables,
have the
correct sign and are significantly different from zero in the first
equation, for which an instantaneous adjustment of actual to desired
money balances
is assumed. The coefficient of determination, however,
is rather low and the Durbin-Watson test statistic points to a
possible misspecification. The quarterly adjustment model underlying
the second equation results in an adjustment period of 7.8 quarters,
which seems
to be too long. Moreover, the long-run elasticity with
respect to the corrected volume of transactions is unreasonably small
and the coefficient of the own rate of return has the incorrect sign.
Nevertheless, the second equation fits the observed money stock quite
well: its root mean squared error is only half the size of the other
errors, and the dummy variables have plausible effects on the money
demand. The third equation for which a monthly adjustment process is
assumed seems to be misspecified because
both the coefficient of
first-order autocorrelation
is quite large and the
coefficient
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Table 5: Disequilibrium Model of Equations (14) (for notes see next page)

Quarterly data; period: 75:03-83:05, ÖLS and d i s e q u i l i b r i u m estimation
Demand
1AM

Constant

0.3315
(0.1343)
0.00

logtv»)

1.1786
(4.3101)
0.08

log(Ur b )

-12.9383
(-9.4618)
0.02

logdtrj

2.3167
(2.7169)
0.01

1 og (m_ | )

Supply
QAM

MAM

2.7006
(7.2131)
0.00
10.5947
0.0148
(0.0810)
0.00
0.0581
-2.7057
(-2.1055)
0.01
-10.6148
-0.9616
(-1.7716)
0.01
-3.7725
0.7451
(9.2860)
0.31

1.2378
(0.4661)
0.00

1.7052

1.0802
(3.6805)
0. II

1.0367

-12.6731
(-9.0559)
0.03

-13.6213

1.7578
(1.6872)
0.01

1.7116

log Cm,)

DM

1AM

2.4755
(1.8031)
0.00

QAM

0.7452
(1.1641)
0.00
1.6556

MAM

1.8842
(1.7380)
0.00

DM

-9.7390

0.5499
(10.1811)
0.32
-0.2805
(-0.9381)
0.02

log(h)

0.8266
(6.2219)
0.44

-0.6853
(-4.1740)
0.05
0.8866
(8.4438)
0.27

l

0.1638
(3.7571)
0.61

-0.0203
(-0.6997)
0.14

0.1280
(2.2066)
0.69

O.IIOI

-0.0063
(-0.3259)
0.07

0.4091
(5.6465)
0.19
0.9089
1 .0793
(0.7444)
0.01
2.3979
-2.2120
(-2.3112)
0.02
-4.9145
-0.0181
(-2.0565)
0.17

d2

0.0410
(1.6538)
0.15

-0.0273
(-1.9392)
0.19

0.0210
(0.6404)
0.11

0.0120

0.0333
(1.6431)
0.36

-0.0055
(-0.5524)
0.05

-0.0063
(-0.3384)
0.04

0.0744

"3

0.0330
(1.2868)
0.13

-0.0482
(-3.1813)
0.36

0.0060
(0.1567)
0.04

0.0219

0.0104
(0.5065)
0.12

-0.0240
(-2.4326)
0.25

-0.0389
(-1.9469)
0.26

0.0611

log(Ur k )

-2.1738
(-0.6909)
0.01

log(l+r p )

-0.3615
(-0.1730)
0.00

d

\,\*

1

0.2549

0.5430

N,N*

0

7.8

2.9

-2
R

0.7913

0.9512

0.7904

s

4.7

2.2

4.7

D.W., p

0.5921

0.1885

0.6447

1

3.8

2.0359

0.5880
(0.2305)
0.00

9.1698

-2.8748
(-1.6488)
0.01

-5.2446

-0.0586
(-2.97%)
0.36

0.0427

0.4501

0.3272

0

3.8

5.8

0.8588

0.9715

0.9135

3.9

1.7

3.0

0.9697

0.2086

0.4186

2.7

65
Notes to Table 5

The following abbreviations are used:
1AM: Instantaneous

adjustment model

QAM: Quarterly adjustment model
MAM: Monthly adjustment model
DM: Disequilibrium model
The first three specifications are estimated by OLS. In the case
of the quarterly adjustment model, the first value is the short-run
coefficient,
the second the t-value obtained from a jack-knife
analysis, the third the relative share of variance
in total variance,
and the fourth the long-run coefficient. Otherwise, the first value is
the long-run coefficient and the remaining values correspond
to those
of the quarterly adjustment model. X,X* are the "speed" of adjustment
as given in equation (2) and (2'), respectively. N,N* are the
adjustment
time in
equation (10). R2 is

quarters and months, respectively, as given in
the coefficient of determination corrected for

degrees of freedom, s is the square root of the estimated variance of
residuals multiplied by 100. D.W. is the Durbin-Watson
statistic and
refers to the instantaneous adjustment model, p is the estimate of the
coefficient of first-order autocorrelation and refers to the remaining
OLS estimations (QAM, MAM).
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of the lagged money stock is not significantly different from zero.
Remarkably,
the disequilibrium estimation
given in the fourth
equation differs only slightly from the first equation for which an
instantaneous adjustment is assumed. Apart from the dummy variables,
all coefficients have the correct sign and the long-run elasticities
shown in Table 6 are now in the order of magnitude of earlier studies
(Schelbert, 1972, Vital, 1978).
As regards the money supply, the d i s e q u i l i b r i u m estimation is at least
as satisfactory as the OLS estimations. In the first equation,
for which an instantaneous adjustment is assumed, the coefficients of
both interest rates are not significantly different from zero, that of
the i n t e r e s t rate on c r e d i t s has the wrong sign, and the Durbin-Watson
test s t a t i s t i c m i g h t point to a possible misspecification. The results
for both the quarterly and monthly adjustment
model, given in the
second
and third equations, are q u i t e satisfactory, though not all
coefficients are significantly d i f f e r e n t from zero. Apart from the
effects of
the dummy
variables which are not plausible,
the
d i s e q u i l i b r i u m e s t i m a t i o n given in the fourth equation brings about
higher elasticities as shown
in Table 6. In particular, the long-run
elasticity of the money supply w i t h respect to the interest rate on
credits of 0.44 is now in the order of magnitude of an earlier study
(Schelbert, 1967). In the case of both the quarterly
and monthly
adjustment, this elasticity is 0.11 and 0.03, respectively, which
seems to be too small a plausible value (cf. Table 6). If the interest
rate on both credits and deposits increases by the same relative
amount, then the supply of money will increase in the long run in the
case of the d i s e q u i l i b r i u m and instantaneous adjustment models but
decrease in the case of the two partial adjustment models.
The d i s e q u i l i b r i u m e s t i m a t i o n of equation (14) is depicted in Figure 1
and the prior probabilities of "excess
d i s e q u i l i b r i u m model can best be tested
extraordinary events such as the large-scale
rate i n t e r v e n t i o n by the Swiss National Bank
quarter of 1978, during which the stock
increased by 11 and 25 percent at quarterly

regimes" in Figure 2. The
when considering
some
non-sterilized exchangein the first and fourth
of high-powered money was
rates, respectively. For

both periods, the d i s e q u i l i b r i u m model identifies an excess supply of
money with a probability of 0.98 and 1.0, respectively. If one
considers a p r o b a b i l i t y of one-half as the borderline of excess supply
and excess demand, approximately six different "excess regimes" can be
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Table 6 : Elasticities of Money Demand and Money Supply
(For notes see Tables 2, 4 and 5)

Quarterly data; period: 75:03-83:03, OLS and disequilibrium estimation

TAM

QAM

1.1786

0.0148
0.0581

1.0802

1.0367

r

-0.5613

-0.1174
-0.4605

-0.5498

-0.5910

r

0.0446

-0.0185
-0.0726

0.0338

0.0329

h

0.8266

0.4091
0.9089

0.8866

2.0359

r

-0.1009

0.0501
0.113

0.0273

0.4396

r

-0.0127

-0.0779
-0.1731

-0.1013

-0.1848

V*

b

m

k
P

MAM

DM

68
o
,-. io
•^ N
.-l -H

(0

c tu

OK
•H
JJ +J
(Ö (1)
3 X

tr n
Cd «0
E

>M

n

2

•
>1

ZU.
LiJ =3
dOO
II II
00

^^
>->-

O -H i-t
•8 O,

i-i -c a
D -P 3

03

ai

73
CO
O >i

s •>-> M
-H O

e
«H
3 -H

rg
•H 43 C
VJ "3 (B

m

X! ja e

O.Q-

W«!

^s-yaSjKjsjtgj^wsySssSSjtyStsS^«^ i/i
O)
M

6'0

tP
••H
h

B'O

fO

9'0

S'O

fO

E'O

2'0

PO

C
O
•H
•M
10
D1
O
H

<ü
•O

S
E
3
•H

M
XI
•H

D1
(U

in

•H
Q

(U
3

Q_ Q_

er a:

^Saj^^;'?.'.^;^

en

.. .

cccc
oo

•H O 01
H iH Q
•H PJ
3
(O
D1 M iH
Q) O fd
05 -H 3
•HMD1
Q O) W

-H
b

.

ÛQCD
<xcc
tnca
00
en ce

6'0l

•01

i'OI

9'0l

S'OI

f 01

E'OI

distinguished. An excess supply of money occurred in the first period
between the second quarter of 1975
and the second quarter of 1976,
which coincides with the trough of the business cycle. During the
economic recovery from the third quarter of 1976 to the fourth quarter
of 1977 investment spending, particularly on residential construction,
accelerated (cf.
chapter on residential construction). Hence, it is
quite plausible that the disequilibrium model assigns an excess-demand
"regime" to this period. If we admit the possibility that the excess
demand for money might have been affected by currency substitution,
then we would expect the Swiss franc to have appreciated against its
major currencies. In fact, the Swiss franc appreciated about 60
percent against the U.S. dollar (cf. Figure 3) and about 35 percent
against the Deutsche mark in 1977.
Concerned about the loss of
competitiveness in international trade, the Swiss National Bank
intervened heavily in the foreign exchange market, thereby increasing
the stock of high-powered money by some 11 percent at quarterly rates
in the first quarter of 1978.
(To be exact, intervention started in
December 1977.) The disequilibrium model assigns an excess-supply
"regime" to this third period. In the fourth period from the second to
the third quarter of 1978, an excess demand for money is obtained by
the disequilibrium model. In these two quarters, the Swiss National
Bank reversed the monetary expansion of the first quarter and returned
more or less to the target path set at the end of the preceding year
(cf. Figure 4). As the Swiss franc continued to appreciate against the
U.S.
dollar and other major currencies in 1978, precipitating a
conflict between monetary and exchange rate targets, the Swiss
National Bank decided to focus temporarily on the exchange rate and
started large-scale
interventions in the foreign exchange market at
the beginning of October 1978.
By the end of 1978, the stock of
high-powered money had risen by some 25 percent at quarterly rates
(cf. Figure 4). Monetary expansion was reduced step by step from 1979
to 1981 until the target path set before 1978 was reached (cf. Figure
4). Consequently, one would expect the fifth period from the fourth
quarter of 1978 to the second quarter of 1982 to be a period of excess
supply of money. Apart from the fourth quarters of 1980 and 1981,
Figure 2 shows that the prior probabilities of excess supply of money
are indeed greater than one-half in the fifth period. Finally, there
is a sixth period of excess demand for money in the remaining quarters
of the observation period.
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The
availability
of
data
restricts
the
estimation of the
disequilibrium model of equation (14) to the period between the third
quarter of 1975 and the third quarter of 1983. In order to test the
influence of a variation of the sample size on the pattern of "excess
regimes",

the

model

(14)

has

also

been

estimated

in a modified

version. The own rate of return (rm) has been deleted from the demand
function (14a) and the interest rate on three-month Eurofranc deposits
has been s u b s t i t u t e d for the interest rates on credits and deposits in
the supply
function (14b). The modified model is estimated for three
different observation periods, i.e., 67-83, 73-83, and 75-83 (cf.
Figures 5-7).
In all cases, the patterns of prior probabilities of
"excess regimes" are q u i t e stable,
similar to that given in Figure 2.

and

in

particular,

they are

In summary, the disequilibrium estimation does not bring about
dramatic changes in estimates of coefficients of the money-demand and
money-supply functions but a gradual i m p r o v e m e n t of the money-supply
function in the direction
of plausible
values
of
long-run
elasticities w i t h
respect to interest rates. In a d d i t i o n , the
empirical findings corroborate the hypothesis that it takes time
for both commercial banks and the public to adjust actual to desired
money balances, while refuting the notion that money supply and
demand adjust
instantaneously. The adjustment of supply takes about
half as long as that of demand. The estimates of the disequilibrium
model are at least as plausible as those of the single equations under
the assumption of short-run equilibrium and partial stock adjustment.
The prior probabilities of "excess regimes" define six different
periods which can q u i t e plausibly be explained by
facts .

observed historical

Another possibility to evaluate the quality of an econometric model
is a simulation of out-of-sample forecasts.
Such simulations can be
done using both equilibrium and disequilibrium based models. Because
of the l i m i t e d availability of data we had to re-estimate the
different structures for a shorter sample period, namely from the
third quarter of 1975

to the

fourth quarter

of 1982.

The results of

these re-estimations may serve as a first test of the models. For all
models based on the equilibrium assumption we receive instability in
the estimated coefficients, not only in the magnitude but also in the
sign (see Tables 7 and 8). As regards
the disequilibrium estimation,
both the

demand and

the supply functions seem to be quite unaffected
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Table 7s

Coefficient Estimates of the Demand Function for
Two Different Estimation Periods

Instantaneous adjustment model
75:03-83:03

75:03-82:04

constant

0.3315

-1.5462

log (v*)

1.1786

1.3863
-12.9891
2.3585

log (l+rb)
log (1+rJ

-12.9383
2.3167

log (m_t)

l
d2

0.1638

d3

0.0330

d

Table 8:

0.0410

0.1891
0.0424
0.0356

Quarterly adjustment model
75:03-83:03
2 . 7006

75:03-82:04

3.6717

0.0148
-2.7057
-0.9616
0.7451

-0.1296

-0.0203
-0.0273
-0.0482

-0.0400

-2.2656
-1.1106
0.7756

-0.0311
-0.0522

Coefficient Estimates of the Supply Function for

Two Different Estimation Periods

Instantaneous adjustment model

constant

75:03-83:03

75:03-82:04

75:03-83: 03

2.4755

2.5351

0.7452

0.7935
0.5400

0.8246
-4.1588
1.1764
-0.0144

0.5499
0.4091
1.0793
-2.2120
-0.0181
-0.0055

log (m_1)
log (h)

log (l+rk)
log (l+rp)
*i
12
d3

Quarterly adjustment model

0.8266
-2.1738
-0.3615
-0.0063
0.0333
0.0104

0.0286
0.0072

-0.0240

75:03-82:04

0.4160
0.4528
-1.7310
-0.0208
-0.0060
-0.0230
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Table 9;

Coefficient Estimates of the Disequilibrium Model
for Two Different Estimatipn Periods

Supply

Demand

constant
log (v* )
log (l+rb)
log (1+rJ
log (h)
log (Urk)
log (l+rp)
*i
d2

d,

75:03-83:03

75:03-82:04

1.7052
1.0367
-13.6213
1.7116-

0.2450
1.1965
-13.2476
1.6105

0.1101
0.0120
0.0219

0.1304
0.0158
0.0226

3.8

4.1

75:03-83:03

75:03-82:04

-9.7390

-10.3233

2.0359
9.4698
-5.2446
0.0427
0.0744
0.0611

2.0983
8.5514
-4.7304
0.0394
0.0600
0.0570

2.7

2.6

75
by the variation of
all signs of the

the estimation period (Table 9). In particular,
coefficients remain unchanged. Thus, from the

point of view of s t a b i l i t y of the estimated coefficients w i t h respect
to changes in the estimation period, the disequilibrium model seems to
be superior to the single-equation models based on the equilibrium
hypothesis.
The available data p e r m i t t e d simulated forecasts over seven periods up
to the third quarter of 1984.
The results are depicted in Figures 8
and 9.
In view of minimal mean squared prediction error the
equilibrium-based money-supply function

with

a

quarterly adjustment

process gives the best results. This confirms the superior description
quality of the money-supply function compared to the money-demand
function, a result already obtained w i t h ex-post simulations.
Since the disequilibrium model does not rely on an adjustment process,
its simulation results should be compared to the demand and supply
functions based on the instantaneous adjustment equilibrium model,
which does not include the lagged
dependent variable
(lagged money
stock). All three models (i.e., the demand function with instantaneous
adjustment, the supply function w i t h instantaneous adjustment, and the
disequilibrium model) show similar forecast errors but slightly
underestimate the observed money stock. As far as the prediction of
the qualitative development is concerned, the disequilibrium model
yields the best results. Only for this model is there a correspondence
between predicted and observed turning points.
Besides the forecasts for demand, supply and market realization, the
disequilibrium model provides a
forecast
for
the probability
distribution of the market structure. For the considered forecasting
period the model predicts a high probability of
10).
In

summary,

it

is

shown

that

the

excess demand (Figure

coefficients

of the canonical

disequilibrium model remain quite unaffected by a variation of the
estimation period and that the model describes the development of the
money stock quite well. The p r e d i c t i v e relevance of the disequilibrium
model is at least comparable w i t h equilibrium-based models.
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Figure 10: Predicted Probabilities of Excess
Demand and Excess Supply.

1983

1985

m-m>M&mtä P R I O R P R O B R B I L 1 T Y P (Q = DEM)
l
l PRIOR P R O B f l B I L l T Y P(Q=SUP)
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5.5 Description of Variables
The following variables
have been used in estimating the equations
explained in the text. The a d a p t i v e expectations process
is described
by the following function
F(x)

:= 0.30x + 0.2Ax_ 1 + 0.19x_ 2 + 0.15x_ 3 + 0.12x_ 4 .

For an explanation see the chapter on residential construction.
dltd2,d3

Dummy variables for the
of a year, respectively.

h

Real stock of high-powered money ("Zentralbankgeldmenge"),
non-adjusted
and
period
average.
Nominal
stock of
high-powered money d i v i d e d by the i m p l i c i t deflator of
the volume of transactions.

m

Real stock of narrowly defined money (^ , period average.
Nominal stock of money d i v i d e d by the i m p l i c i t deflator of
the volume of transactions.

p

Implicit deflator of the volume of transactions. Nominal
d i v i d e d by real volume of transactions.

tr

Expected inflation
(P/P_ 4 )-1 at
IT := F(x).

annual

first,

rate. Using

second and third quarter

the

rates, the

inflation

rate x :=

expected inflation rate is

rfc

Yield to m a t u r i t y on government bonds.

rd

Implicit interest rate on demand deposits:
r d = (l-R)rb.

re

Interest rate on three-month Eurofranc

rk

Calculated average interest
average of
interest rates

deposits.

rate
on credits.
Weighted
on Eurofranc
deposits and

mortgages. Weights are time-dependent relative shares of
these credits in total credits of the banking system taken
from the quarterly s t a t i s t i c s ("Bankstatistik") compiled by

79
the Swiss National Bank.
r

Implicit own rate of return on money defined as
r m = (l-R)rfc D/Mj , where Mj^ is narrowly defined money stock
and D are demand deposits outstanding.

r

Calculated average interest rate on all deposits. Weighted
average of interest rates on time deposits, saving accounts,
and medium-term notes issued by commercial banks ("Kassenobligationen"). Weights are time-dependent relative shares
of these deposits in total deposits with the banking system
taken from the
Swiss National Bank quarterly statistics
("Bankenstatistik").

rt

Interest rate on three-month

deposits

at

large commercial

banks.
R

Reserve-deposit ratio.

v

Real volume
product and
accounts.

v*

Corrected real volume of transactions: v* = vz.

z

Ratio of cash transactions to the sum of cash transactions
and payment transfers through the postal check
system

of transactions. Sum of real gross domestic
real imports
taken from
national income

("Postscheck").
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6.

THE AGGREGATE LABOR MARKET

6.1 Introductory Remarks
In most industrialized

countries,

the

unemployment

rate

has risen

considerably in recent years compared to the sixties. It is therefore
safe to say that, in future, labor market problems will be attracting
more attention in both political and theoretical discussions. This
also applies
to Switzerland
where the
unemployment rate, in
statistical
terms, has reached
the unusually high level of over
one percent. At first glance, this seems to be a negligible figure
compared to those of most western industrialized countries. When
comparing these figures, however, one should
bear in mind that the
Swiss labor force lost more than 100,000 foreign workers through
compulsory repatriation during

the

first

severe

post-war

recession

from 1975
to 1978.
Consideration of
the demographic
factors
determining the labor supply, as shown in Figures 1-3, readily reveals
some of the tasks confronting labor market policies. Figure 1 shows a
falling trend in both productivity of labor and real wages during
the observation period, but with the labor productivity curve below
that of real wages. In a c o m p e t i t i v e labor market, this implies a fall
in employment in the long run. The productivity of labor is compared
to the working-age population in Figure 2, the latter being defined as
the number of persons between 16 and 64 years of age (not to be
confused with the working population as defined in the U.K.). While
the working-age
population shows a slight rise, the productivity
of labor is on a downward
trend, indicating a widening gap between
these two determinants of supply and demand. Figure 3 compares the
working-age population to employment,
quite different patterns over the

the time series of which have
course of time. On the basis of

Figures 1-3, one would suspect that the Swiss aggregated labor market
was not flexible enough
to be cleared at any "instant" of time. We,
therefore, consider a disequilibrium estimation worth analyzing.
Moreover, the aggregate labor-supply function has always been a
cornerstone of macroeconomics. Labor market policies as well as the
question of the efficacy of monetary and fiscal policy depend, of
course, on the ability to explain the fluctuation of employment over
the business cycle. As regards aggregate labor supply, there are two,
albeit interrelated, points of interest. On the one hand, the short
run inflation-employment trade-off as described by the Phillips curve
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is contingent

on the

structure of the labor-supply function.

Whereas

the long-run supply of labor should be almost inelastic with regard to
the real wage rate in order to be consistent with neoclassical growth
theory, the short-run supply of labor should
be very elastic with
regard to

the real

wage rate

to show

a Phillips-like trade-off. In

addition, this short-run elasticity plays a crucial role in supply
side economics as well. The average
income tax rate that maximizes
total income revenues becomes greater the smaller this elasticity is
in absolute value. Given a simple macroeconomic model, the average
income tax rate approaches unity if the supply of labor
is completely
inelastic (cf. Fullerton, 1982). On the other hand, there is the
question of whether the real wage rate is flexible enough to clear the
labor market at any "instant of time".
If one considers
and corresponding
two-market model,
aggregate labor and

the possibility of rationing in single markets
"spillovers" to
"adjacent"
markets,
then a
at least, should be analyzed, consisting of an
goods market. The existing problems, however, of

estimating multi-market models and of identifying their structure (cf.
Quandt, 1982) force us to restrict ourselves to investigating a single
market. This

is the approach also followed by Quandt and Rosen (1984)

in a recent study of the Phillips curve. Employment, as explained in
the labor-market model below, is defined as man-hours engaged in
production
per year in the civilian and government
sectors. As
can be seen from Figure 4, employment was q u i t e volatile over the
business cycle despite the low unemployment rates.
In the next two sections, we will test three different approaches
to the supply of and demand for labor, given the assumption that the
labor market always cleared during the observation period. The
e s t i m a t i o n technique will be ordinary least squares. In the f i r s t ,
most widely used approach, proposed by Lucas and Rapping (1969), the
emphasis is on a d a p t i v e e x p e c t a t i o n s with regard to real wage rates
and prices and hence allows implicitly for a Phillips-like trade-off.
Whereas
in
the
second
approach proposed by Merrick (1984),
expectations are rationally formed, the third approach by Rosen and
Quandt (1978) does not include an expectations formation at all. The
best equilibrium solution from the statistical point of view, will
then be compared to the corresponding disequilibrium estimation. In
contrast to a recent study of the Swiss aggregate
labor market by
Stalder
(1984), we conclude that several "excess regimes" (to be
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described in section 6.4) occurred, thereby implying the
rigid real
wage rates
that prevented
the labor
continuously clearing over the observed business cycle.

existence of
market from

6.2 Supply of Labor
According to Lucas and Rapping (1969), there are two features a model
of the labor market should possess. First, it is generally assumed
that population growth is exogenous - though in the very long run this
might not be the case - and that the supply of labor from any fixed
population is an inelastic function of the real wage rate. Secondly,
it is commonly assumed
that, in the short run, the labor supply is
infinitely elastic at some rigid real or money wage rate. In a d d i t i o n
to these features, since consumers choose simultaneously their demand
for goods and their supply of labor, whereas producers
choose
simultaneously their supply of goods and their demand for labor,
supply and demand functions of the production-employment sector should
be modelled in such a way that the supply of goods has the following
two characteristics. It should, for a fixed capital stock, become
perfectly inelastic w i t h respect to output price over a long period of
stable aggregate demand for goods. On the other hand, it should react
elastically w i t h respect to output price in the short run, consistent
with the observed fluctuations in real o u t p u t and employment in the
face of shifting aggregate demand for goods. Both characteristics are
included in the Lucas and Rapping (1969) model, which is explained
briefly below.
The starting point of their study is the utility maximization of
a "representative" consumer who faces the choice between present and
future consumption and present and future working time. Denote as n
and n*, respectively, the number of working hours to be supplied
presently and in the future, and denote as c and c*, respectively, the
current and future goods consumption, then the consumption-leisure
trade-off can be w r i t t e n as:
(1)

u = u(c, c*, n, n* ) ,

where u is the utility function of the "representative" consumer. The
marginal
utilities are assumed
to be positive with respect to
consumption

but

negative

with

respect to labor supply. The u t i l i t y

maximization is subject to the constraint that the present value of
consumption cannot exceed the present value of income. Present values
are computed using a nominal interest rate r, at which
the household
may lend any amount up to its current assets or borrow any amount up
to that which may be secured by future income. The initial non-human
assets, fixed in money terms, are denoted as v. If present and future
goods prices are denoted as p and p * , respectively, and present and
future money wage rates as <jj and w* , respectively, then the budget
constraint
(2)

reads:

pc + f^f- < v

+

^+ ÎTinr n

Maximization of (1) subject to (2) yields a labor-supply function
which is homogeneous of degree zero in all arguments, so that if the
current goods price p is chosen as a deflator, the supply of labor
can be written as:
(3)

_

_

f/W __U

n

-

tl

P

V.

p'p(l+r)'p(l+r)'p)-

The signs
of the first derivatives are indicated below each variable
in equation (3), given that the following conditions hold: first,
future goods
and leisure are substitutes for current
leisure;
secondly, leisure is not inferior; and thirdly, the asset effect is
negative but small.
Based on the invidual labor supply, the authors suggest an aggregate
labor-supply function that relates total man-hours supplied annually
(n), deflated by an index of the number of households
(m), to the
empirical counterparts of the independent variables
in equation (3).
The index of the number of households is defined as the weighted
increase in the labor force that would have occurred because of the
change in the population of different age-sex groups if their base
period p a r t i c i p a t i o n rates had remained unchanged. Based on equation
(3), a log-linear relationship is postulated for the aggregate supply
of labor:
(4)

log(£) = ß0+ R.log^) - ß2log(F^lFy) - ß;iog(FTT^T)
- ß4log(^ir),

ß. > 0,

(i := 1..4).

In (4),
assets are corrected for the change
in the number of
households.
Define the following real variables for wage rate and
assets :

, c \ v :» -,
w
(5)
v

u;
w * := —,
P

v
s := -,

then equation (4) can be w r i t t e n as

(6)

(6):

log(£) = B0 + ß^ogCw) - ß 2 log(w*) + ß3[log(l+r) - log(j^-)]
- ß4log(f),

ß3 := ß 2 + BJ > 0.

The third variable in equation (6) can
interest rate. The supply of labor

be
is

interpreted as the real
an increasing function of

real wage rate and real interest rate, but a decreasing function
of expected real wage rate and real assets. This
neoclassical
labor-supply
function is consistent with earlier
approaches in
which a
distinction is
made between permanent and transitory
components of the real wage rate (cf. Friedman, 1962, Mincer, 1962,
Cain, 1962). The first two variables in equation (6) can be written as
shown below:
(6') log(jj) = ß0 + B1log(wT) + (B,,- ß2)log(w*) + ...
w
The natural interpretation of the expected real wage rate (second
variable in (6')) is to assign it to the permanent component of the
real wage rate. Hence, the elasticity of the labor supply with respect
to the expected real wage rate may have either sign, a d m i t t i n g the
possibility of a backward-bending supply curve. The first variable in
(6') is the ratio of current to permanent real wage rate. If current
wages are higher than permanent wages, more labor is supplied than
would
be implied by the long-run labor-supply function, and vice
versa. Thus, the short-run labor-supply is more elastic with respect
to current real wages than the long-run supply of labor.
Since foreign workers
constitute a considerable proportion of the
total Swiss labor force (some 23 percent in 1980)
one has to be
cautious in applying equation (6) to Swiss data. Official terminology
distinguishes the following groups of workers
in Switzerland: Swiss
citizens,
länder"),

foreigners
foreigners

with residence
with annually

permits ("Niedergelassene Ausrenewable residence permits
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("Jahresaufenthalter"), foreigners
w i t h residence p e r m i t s for a
shorter period than one year ("Saisonaufenthalter"), and finally
foreign workers who commute daily across the border to Switzerland
("Grenzgänger"). For the purposes of the supply of labor, persons of
the first two (maybe three) categories can be lumped together into one
group, henceforth to be designated as "Swiss workers", whereas the
remaining divisions can be aggregated into a second group, termed
"foreign workers". Earlier studies on the Swiss aggregate labor market
have been confined to either Swiss or foreign workers. One exception
is the study by Schelbert (1975) on the Phillips curve in which the
emphasis lies on the relationship between excess demand for labor and
total employment. Lambelet and Schiltknecht (1970)
as well as
Schiltknecht (1974) consider the supply of indigenous labor by Swiss
workers as endogenous while treating foreign labor as exogenous. Rossi
and Thomas (1971) take the opposite approach considering the supply of
foreign labor as endogenous and that of d o m e s t i c labor as exogenous.
In their study, immigration depends to a critical extent on the
difference between d o m e s t i c and foreign real wage rates. Given the
considerable gap between Swiss real wage rates and those of countries
from which most foreign workers immigrated during the observation
period 1962 - 1982, the supply of foreign labor can be considered
theoretically as being perfectly elastic with respect to the domestic
real wage rate, b u t , since limited by immigration laws, can be treated
as exogenous. This is the reason we estimate the labor-supply function
of both the Swiss and the total labor force. For data reasons, the
former will be estimated using data of Swiss citizens because a
consistent times series of foreigners with residence permits does not
exist for the entire observation period. Man-hours of Swiss workers
are denoted as \> and the index of the number of Swiss households is
denoted as u, whereas n and m are the corresponding

variables for the

total workforce.
Lucas and Rapping
following way:

posit

an

adaptive

expectation

(7a) log(w*) = Xlog(w) + (l-X)log(w*1) + X',

(7b) log(p*) = Xlog(p) + (l-X)log(P:i) +

scheme

in

the

0 < X < 1,

X".

Real wage rates have a trend X' and prices a trend X''. It should
be noted that both real wage rates and prices adjust at the same
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pace by assumption. Substituting (7) into (6),
using
a Koyck
transformation, dropping real assets as in Lucas and Rapping, and
taking the index of the number of households to the right-hand side to
fit the supply function for the m i n i m u m condition of the canonical
model (incidentally, Rosen and Quandt, 1978, 1984, proceed in the same
way), the supply of Swiss labor to be estimated can be written as:
(8a)

log(\)s) = a0 + a1log(w) - a 2 log(w_ 1 ) + a 3 log(l+r)
- a 4 [log(l + r _ j ) - logCp/p^)] + a5log(u) - a 6 log(u_ 1 )
+ a1log(^1),

where

a. > 0,

(i := 1..7),

Xß0 - X'ß2 - X''ß,
- Xß2 ,
&1 < <a 2 /a 7 )
(l-X)ß1

ßl

ß

3

(l-X)ß 3 ,

l
l - X,
l - X.

The estimation of (8a)
will not be restricted with regard to the
coefficients; but we will test, however, whether the conditions given
in (8a)
are violated or not. Since we will later estimate the
aggregate demand for total man-hours engaged in the Swiss economy, our
aim is to analyze the total labor supply. One way of doing this is to
treat foreign workers as exogenously given. Adding man-hours actually
worked by foreign labor to both sides of equation (6) and taking a
Taylor expansion, this yields a half-logarithmic equation for the
total supply of labor. However, we have chosen another procedure for
the following reason. The available time series of employed Swiss and
foreign workers
are annual averages, taking into account typical
seasonal employment cycles in different industries. In particular, the
figures for foreign workers with a seasonal permit, as well as the
figures for cross-border commuters show very strong seasonality,
whereas the figures for the remainder behave, by and large, like those
of Swiss citizens over a period of one year. On an annual average, the
first two groups above constitute a rather small fraction of total
employment, so that, in a first approximation, we can treat the supply
of foreign labor in the same way as Swiss labor. Replacing the
variables \) and p by n and m, respectively, we obtain an analogous
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equation for total aggregate supply of labor:
(8b) log(ns) = a0 + a^ogCw) - a 2 log(w_ 1 ) + a 3 log(l + r)
- a 4 [log(l+r_ 1 ) - log(p/p_ 1 )] + a 5 log(m) - a 6 log(m_ 1 )
+ a-jlogdif,),

a. > 0,

We assumed
that the (average) real
Swiss and foreign workers.

(i := 1..7).

wage rate

is the

same for both

The second approach followed is that
of Merrick
(1984). The
specification of the labor-supply function is the same as that of
Lucas and Rapping as given in (6). In both studies, the labor market
is assumed
to clear in any period of t i m e , implying complete
flexibility of real wage rates. There are two differences, however, to
be noted. F i r s t , derrick's labor-supply function is nested in an
aggregative e q u i l i b r i u m model, in the s p i r i t
of New Classical
Economics, which consists of a commodity and a labor market. Secondly,
expectations of prices and real wage
rates are assumed to be formed
rationally. Following an empirical investigation by Mishkin (1981),
the observed real interest rate can be used as an unbiased estimator
of the a n t i c i p a t e d real interest rate, i.e., the forecasting error of
the public is assumed
to be white noise. The additional assumption
that Merrick states is that the equilibrium real wage rate cannot be
distinguished from that of a random walk w i t h d r i f t . Under this
specification, the anticipated real wage rate is equal to the current,
the latter already being included in the labor-supply
function in
equation (6).
The beginning-of-period stock of real non-human wealth
is approximated by the prior year's value of the Standard and Poor's
500 stock index divided by the lagged value of the GNP deflator.
Although we do not share the view that the real stock index (s) is a
good approximation of the value of real assets, we proceed in the same
way in order to test Merrick's specification "unbiasedly". Moreover,
Merrick adds a t i m e trend (t) to the labor-supply function to capture
all those possible effects which are not considered explicitly. Under
the assumptions mentioned above, the supply of Swiss
labor and all
workers, respectively, can be w r i t t e n in the following way:
(9a) log(^8) = B0 + (gt - U2)log(w) + g,[log(l+r) - log(p+1/p)]
- ß 4 log(s/y) + ß5log(w) ± g 6 t ,
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(9b)

l o g ( n s ) = ß 0 + (ß 1 - B 2 ) l o g ( w ) + B 3 [ l o g ( l + r ) - l o g ( p + 1 / p ) ]
- ß4log(s/m) + ßslog(m) + B 6 t ,

Although Merrick deleted the index
his

estimation,

we

feel

that

of

the

retaining

ß i > 0,

number
it

of

does

(i

:= 1 . . 6 ) .

households
not

harm

in
his

specification, but is consistent with his own intention, namely
to use the labor-supply function proposed by Lucas and Rapping. On the
other hand, Merrick's estimation procedure is a modified two-stage
least
squares, whereas we expose equations (9) to ordinary least
squares only. It should be noted that the short-run elasticity
with respect to the real wage rate is not obtainable from equations
(9); the coefficient (ßj-ßj) is the long-run elasticity. If one admits
the possibility of a backward-bending supply
curve, the sign of
(ßj-ß2) could be negative as well, although we regard this
as rather unlikely.

possibility

The third approach to be tested here has been proposed by Rosen
and Quandt (1978). It is based on a one-period utility maximization
model which in contrast to Lucas and Rapping assumes that anticipated
prices and wage rates have no effect on the supply of labor. Instead
of the gross wage rate, Rosen and Quandt use the wage rate net of
income taxes (based on an average
income tax rate); and instead of
real wealth they use current disposable income from wealth defined to
be the sum of rents, dividends, interest, and earnings net of income
taxes, and excluding retained earnings, unrealized capital gains, and
imputed income from durables. In view of the difficulty of computing
an average
income tax rate for federal, cantonal and local income
taxes in Switzerland, the concept of gross variables is retained here.
Under these assumptions, the supply function reads
(lOa) log(^s) = B 0 + B 1 log(w) - ß 4 log(a/u) + ß5log(u),
(lOb) log(n8) = ß0 + ß x log(w) - ß 4 log(a/m) + ß5log(m),
where a is real capital income. Both the coefficient R 5 in equations
(9) and (10) as well as the coefficient a 5 in equations (8) should be
close to unity.
The results of the OLS estimation for labor-supply equations (8)-(10)
are reported in Table 1. None of these are entirely satisfactory as
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Table 1:

Supply of Labor (for notes see next page)
Annual observations; period: 62-82, ÖLS estimation
Swiss workers
Total workforce
equ. (lOa)

equ. (8a)

equ. (9a)

Constant

21.5612
(1.8379)
0.00

-15.4576
(-1.1948)
0.00

12.7003
(3.6331)
0.00

6.8320
(1.9934)
0.00

5.0244
(4.2119)
0.00

7.2432
(3.6558)
0.00

log(w)

0.5105
(1.7891)
0.17

0.4561
(3.9615)
0.01

-0.2096
(-1.8229)
0.77

0.2414
(0.9474)
0.16

-0.1905
(-0.4914)
0.02

-0.4420
(-6.8793)
0.79

equ. (8b)

log(w_1)

-0.6380
(-1.8660)
0.23

-0.5816
(-1.5574)
0.42

log(Ur)

0.55..
(1.4448)
0.05

0.20. .
(0.2081)
0.04

logU-K-^)
-0.77..
- logCp/p.!) (-1.9335)

-0.28. .
(-1.5071)
0.28

0.37

log(l+r) log(p+1/p)

-0.36. .
(-2.6425)
0.01

log(a/p) ,
log(a/m)

logCp.i),
log(m_i)
log(v_i) ,
log(n_i)

0.2243
(2.0617)
0.04

0.0646
(3.3450)
0.00
-5.7794
(-2.3167)
0.09

3.7106
(2.4951)
0.00

0.0233
(1.3925)
0.01
0.3651
(0.6495)
0.06

1.2775
(4.1566)
0.07

6.0146
(2.1490)
0.09

-0.2474
(-0.1448)
0.02

-0.4963
(-1.0569)
0.00

0.0861
(0.1398)
0.00

t

equ. (lOb)

-0.15..
(-1.0120)
0.02
0.2298
(5.6925)
0.17

log(s/)j) ,
log(s/m)
log(y),
log(m)

equ. (9b)

-0.0360
(-3.9964)
0.97

1.3606
(6.2636)
0.01

1.1412
(3.3610)
0.17

-0.0071
(-1.8670)
0.93

R2

0.7794

0.7239

0.7675

0.9219

0.9243

0.9229

s

1.1

1.2

1.1

1.1

1.1

1.1

2.17

1.12

1.97

1.13

p, D. W.

-0.0148

-0.1237
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Notes to Table l
The variable to be explained is the supply of Swiss labor v° and the
total labor force (Swiss plus foreign workers) n 8 . If two different
variables are assigned to one row, then the first refers to Swiss
labor and the second
to the total labor force. For each variable,
three figures are given: The first is the coefficient, the second is
the t-value based on a jackknife analysis, and the third is the share
of the coefficient's variance in total variance. R 2 is the adjusted
coefficient of determination; s is the square root of the estimated
variance of residuals multiplied by 100;
p is the coefficient of
first-order autocorrelation, which refers to the first and fourth
column; D.W. is the Durbin-Watson s t a t i s t i c , which refers
to the
remaining columns.
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regards
signs
of coefficients and statistical significance. In
particular, the labor-supply equations for Swiss workers are rejected
on the following grounds: The coefficient of the index of the number
of households, a 5 , is far from being close
to unity, whereas it is
much closer
to unity in the case of equations (8b)-(10b); the
coefficients of both the index of households and the lagged dependent
variable
in equation (8a) have the wrong sign; the coefficient of
d e t e r m i n a t i o n is rather low. We therefore concentrate on total
labor-supply functions in the sequel.
In the specification of Lucas and Rapping in (8b), all coefficients
have
the correct sign.
However, only
one coefficient differs
significantly from zero. Since we did not restrict the estimation, it
is not surprising that two out of three conditions given in (8a) are
not fulfilled, namely a 4 ft a 3 a ? (0.28 i 0.02) and a.6 ft a7 (0.2474 4
0.0861). The "speed" of adjustment of the a d a p t i v e expectation
formation of equation (7) is very high, i.e., X = 0.9139. The shortrun elasticity of the supply of labor w i t h respect to the real wage
rate has a value of 0.24 which is in the same order of magnitude as
Schiltknecht (1974) found for Switzerland; but it is considerably
smaller
than that for the U.S.A. Lucas and Rapping, for instance,
report values between 0.78 and 3.93. The long-run real-wage elasticity
of the labor supply (ß t -ß 2 ) turns out to be -0.37. This is greater in
absolute value than that found by Schiltknecht, who reports values in
the range of -0.072 and -0.086 for the period 1957 - 1969. The
corresponding values for the U.S., computed by Lucas and Rapping,
range from -0.07
to 0.58, but lie mostly close to zero. As said
before, we regard an approximately zero rather than a negative
long-run
real-wage
elasticity of the labor supply as plausible, as
long as the real wealth effect is small.
In the specification of Merrick in (9b), the coefficients of the
real interest rate and real wealth have the wrong signs. Again, only
one coefficient differs significantly from zero. The real interest
rate, appearing
in both the labor-supply and the
labor-demand
functions, is a key variable in the sense that, as Merrick shows by
means of an aggregative two-market model consisting of a labor and
commodity market, its elasticities determine the
wage-employment
variation over the business
cycle. If the elasticity of the labor
supply with respect to the real interest rate is greater than that of
the demand for labor, then real wage rates and employment move in
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opposite directions, as predicted
theories

of

employment

by both

determination.

neoclassical and Keynesian
On the other hand, real wage

rates are positively correlated with employment, if the elasticity of
labor supply with respect to the real interest rate is less than that
of labor demand (cf.
Merrick, 1984,
p.23). In any case, both
elasticities should be non-negative. In contrast to Merrick, who finds
empirical evidence for the countercyclical behavior of real wage rates
in relation to aggregate employment, the interest-rate elasticities of
both labor demand and labor supply as shown in Tables 1 and 2 turn out
to be negative, and significantly different from zero in the case of
labor demand. Moreover, the long-run
real-wage elasticity of labor
supply is negative as well, but in absolute value only half the size
of that in (8b).
In the specification of Rosen and Quandt in (lOb), the
the real wage rate, which is to be interpreted
elasticity, and the coefficient of wealth income have
sign. All coefficients, however, are significantly
zero. A similar result was obtained by Rosen and

coefficient of
as a short-run
the incorrect
different from
Quandt on the

assumption that the labor market cleared (using a two-stage leastsquares estimation). A comparison of all three approaches as estimated
in equations (8b)-(10b) leads us to conclude
that the approach
proposed by Lucas and Rapping, implying adaptive expectations, does a
satisfactory job of explaining the data. This is an interesting result
with regard to economic policy because it is only this approach that
allows for a short-run employment-inflation trade-off (cf. Lucas and
Rapping, 1969, p.735 for a discussion of the Phillips
curve). In
evaluating the approach by Rosen and Quandt, it should be borne in
mind that our test of their hypothesis is incomplete in the sense that
we do not consider their wage adjustment equation explicitly, neither
in the equilibrium nor in the disequilibrium estimation.

98

6.3 Demand for Labor
There are two conceivable ways of estimating a neoclassical labordemand function. On the one hand, the "true" demand function, given a
capital stock (assumed to be fixed in the short run), depends on the
nominal wage rate and the output price. On the other hand, one can
rely on the marginal p r o d u c t i v i t y of labor in order to avoid the
problem of measuring the stock of capital or the utilization rate of
the capital stock. Since the marginal p r o d u c t i v i t y of labor depends on
real o u t p u t , which is clearly not an exogenous
variable with respect
to employment,
Preferring the

there is a trade-off between these two approaches.
l a t t e r , Lucas
and Rapping
derive the marginal

p r o d u c t i v i t y of labor from a CES production function
(11)

log(nd) = o-log(q) - o-log(w) + log(y),

where n d is the total aggregate demand for labor, cr1 is the elasticity
of s u b s t i t u t i o n between labor and c a p i t a l , q is the scale factor of
labor in the CES p r o d u c t i o n function, w is the real wage rate and y is
real aggregate o u t p u t . It should be noted that Lucas and Rapping
include an index of labor quality in equation (11) which we dropped
for data reasons.
This index serves as a Hicks-neutral technical
progress rate in the CES p r o d u c t i o n function. The use of equation (11)
rests on the hypothesis that labor
is a freely variable
input. This
abstracts from the presence of adjustment costs when varying the
q u a n t i t y of labor input in p r o d u c t i o n . Moreover, equation (11) implies
that the ratio of aggregate employment to real aggregate output varies
proportionally w i t h real aggregate o u t p u t . There is a great deal of
empirical evidence in almost all industrialized countries, however,
that the employment-output ratio declines during upturns in the
business cycle and rises during downturns. For these reasons, Lucas
and Rapping observe that the p r o d u c t i v i t y of labor should depend on
current and lagged o u t p u t and employment. They assume ad hoc the
following functional form:
(12)

log(nd) = C Q -

Cl log(w)

w i t h c 0 = (1 - c, )crlog(q) ,
0 < c4 < 1

+ c 2 log(y) + c 3 log(y_ 1 ) + c 4 log(n d 1 ),
c1 = (1 - C4)cr,

(monotonie convergence),

The restrictions on the

coefficients

c.

c 2 + c 3 = 1 - C4 ,
ci > 0,

(i:=0..4)

(i:=0..4).

follow

from the
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condition that in the stationary state, i.e., when n d = n d x and y =
y _ 1 ( equation (12) should reduce to equation (11). S u b s t i t u t i n g for c 3
in.equation (12), we finally obtain equation (13):
(13)

log(nd) = c 0 - c1log(v) + c 2 log(y/y_ 1 ) + c 4 log(n d /y)_^
+ c 5 log(y_ 1 ),

c 5 = 1.

The e m p i r i c a l e s t i m a t i o n of equation (13) permits the computation of
both the elasticity of s u b s t i t u t i o n (ff) and the scale factor (q) of
the CES production function. The estimation will be done without
restricting the coefficient c 5 to unity, and under the assumption that
the labor market always clears, i.e., n d = n s = n.
The starting point of the second approach as proposed by Merrick
(1984) is the "true" demand-for-labor function, which is derived
as follows. Consider a representative firm's problem of maximizing its
present value of net cash flows in a two-period setting. It is assumed
that the firm faces a fixed capital stock, for which there is no
market place, and that the firm regards its inherited capital stock as
a depreciable, non-renewable resource. The firm's production function
is assumed to be:
(14)

y = f(u,k,n),

where y is the flow of real output of the final product, u is an
index of the rate of capital utilization (0<u<l), k is the existing
stock of capital, and n is the flow of labor services employed, i.e.,
man-hours engaged
in production. The following assumptions are made:
usually, the marginal product of each input is positive and decreasing
w i t h respect to increases
in its own usage) as regards the cross
derivatives, the rate of capital utilization and the stock of capital
are each complementary to labor services in production; furthermore,
the firm faces a "user cost" of capital utilization. Vhile an increase
in the capital utilization rate raises both output and the marginal
product of labor, it has an adverse effect on the rate of physical
depreciation of the existing capital stock. Hence, the relationship
between the depreciation rate (s) and the capital utilization rate (u)
takes the form:
(15)

s = s(u),

s' > 0.
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The firm seeks to maximize the present value of the cash flows arising
from the operation of its capital stock. Using an asterisk
to denote
anticipated, i.e., planned future values, the present value (G) can be
written for this two-period model without uncertainty
(16)

G = pf(u,k,n) - un + [p*f(u*,k*,n*) - u*n*]/(1 + r) ,

where p is

the

current

product

price,

u;

is

the

current nominal

wage rate,
and r
is the current nominal
interest rate.
The
maximization of the present value is subject
to the depreciation
function (17) describing the time path of the existing capital stock
(17)

k* = [1 - s(u)]k.

It says that the planned future capital stock is equal to the current
capital stock diminished by the depreciation due to user cost.
According to this specification, the firm faces an output-utilization
trade-off. Either it increases the rate of utilization of the capital
stock in the current period at the expense of a lower output in the
future period, or it decreases the utilization rate in the current
period in favour of a higher output in the future period. Maximization
of the present value in equation (16) subject to equation (17) yields
the following labor-demand function in real terms (cf. Merrick, 1984,
p.20):
(18)

n d = n d (p(l+r)/p*,w,w*,k),
+
- + +

where w := u/p is the real wage rate and w*
:= u>*/p* is the
anticipated real wage rate. The demand for labor increases as the real
interest rate (first term), the a n t i c i p a t e d real wage rate, and the
capital stock rise, but decreases as the current real wage rate
rises.
The signs are indicated
(18). In estimating equation (18),

below each variable in equation
Merrick first assumes a functional

form which is logarithmic with respect
to all variables; secondly,
replaces the capital stock by a time trend whose effect is expected to
be positive; and thirdly, adds a new variable to equation (18),
i.e.,
the relative price of energy (f),
capturing other inputs than labor
and capital. On the presumption that energy is a substitute for labor,
the coefficient of the relative price of energy should have a negative
sign. Following the same reasoning as for the supply of labor, the
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anticipated real interest rate is replaced by the ex post observed
real interest rate, and the expected real wage rate by the current
real wage rate. The labor-demand
is given in equation (19):

function

estimated

by

Merrick

(19) log(nd) = bfl - b1log(w) + b 2 [log(l+r) - log(P+1/p)]
- b 3 log(f) + b 4 t ,

As for the supply of

labor,

b 1 > 0,

the

(i := 1..4).

coefficient

bi

is

the difference

between the elasticity of labor demand w i t h respect to the current
real wage rate and that w i t h respect to the expected real wage
rate; it is to be interpreted as a long-run elasticity which, given
"the law of demand", should be negative.
The starting point of the third approach by Rosen and Quandt (1978) is
the marginal p r o d u c t i v i t y of labor as given in equation (11) augmented
by a linear
time trend, the effect of which is expected to be
negative :
(20) log(nd) = b 0 - b 1 log(w) + b 2 log(y) - b 3 t ,
b. > 0,

(i := 1..3).

As Rosen and Quandt point out in Footnote 6, equation (20) can
be derived from a CES production function including a Hicks-neutral
technical progress rate.
The OLS estimation of the
(20) are reported in Table 2.

labor-demand
functions (13), (19) and
In the first approach by Lucas and

Rapping of equation (13), all coefficients have the correct sign,
are significantly different from zero, and fulfill both conditions of
equation (12), i.e., 0<c 4 <l (0<0.34<1) and C 2 <l-c 4 (0.65<0.66). The
latter implies a very small value of the coefficient c 3 in equation
(12), which, in turn, points to a sluggish adjustment with respect to
past real o u t p u t . The elasticity of substitution between labor and
capital becomes a = 0.69, which is comparable to earlier results
computed for the Swiss economy. For instance, Ardenti and Reichenbach
(1972) report a value of 0.68 for gross domestic product and Büttler
(1975) a value of 1.40 for real investment in construction. Only the
coefficient of

lagged output

c, = 0.83 is not close to unity. On the
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Table 2:

Demand for Labor (see notes to Table 1)

Annual observations; OLS estimation
period: 62-82 for eqns. (13) and (20)
63-82 for equation (19)
equ.(13)
Constant

log(w)

equ.(19)

6.0554
(4.2202)
0.00

14.5785
(13.3403)
0.00

9.2100
(28.2050)
0.00

-0.4518
(-3.9967)
0.14

0.4392
(1.1835)
0.02

-0.5353
(-6.4092)
0.10

log(n/y)_i

0.3432
(1.9522)
0.09

logCy/y^)

0.65. .
(16.8790)
0.56
0.7094
(18.7739)
0.09

log(y)

log(y_i)

equ.(20)

0.8314
(15.8098)
0.21

log(l+r)-log(p+.1/p)

-0.92. .
(-2.5688)
0.06

log(f)

-0.02. .
(-0.0559)
0.02

t

-0.0161
(-1.4043)
0.90

-0.0037
(-1.5287)
0.81

R2

0.9756

0.5532

0.9665

s

0.6

2.7

0.7

D.W.

1.1

0.97

0.78
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whole, the results for equation (13) are quite satisfactory. However,
they contrast
to the result recently obtained by Stalder (1984). In
this study, the dependent variable is not man-hours
engaged in
production but an index of employed full-time workers which does
not take account of either variation in working time per worker or
switching from full-time to p a r t - t i m e jobs.
The second
approach by Merrick in equation (19) has to be rejected on
the grounds that all coefficients, except that of the relative price
of energy, have the incorrect sign, and that only the coefficient of
the real interest rate is significantly different from zero. The
coefficient of determination is much lower than for the other two
equations. Since both the real interest rate elasticity of labor
demand and supply turn out to be negative, this model fails to predict
either a procyclical or countercyclical pattern of real wage rate and
aggregate employment as was the purpose of Merrick's

approach.

The third approach by Rosen and Quandt as given in equation (20) is
quite satisfactory despite the lack of adjustment variables, though
slightly worse than that of Lucas and Rapping. However, as said
before, our test of Rosen and Quandt's model is incomplete because we
do not take account of their wage adjustment equation, which might
improve its performance considerably. All coefficients have the
correct sign and are, except for the time trend, significantly
different from zero. The e l a s t i c i t y of labor demand w i t h respect to
the real wage rate turns out to be -0.45 in equation (13) and -0.53 in
equation (20), which is comparable to that obtained by Lucas and
Rapping for the United States, i.e., -0.46. However, Rosen and Quandt
obtained estimates of -1.5 for their model in equilibrium, including
the wage adjustment equation.

6.4 Disequilibrium Estimation
The single-equation estimations of the supply of labor and demand for
labor have shown that the neoclassical
approach
as proposed by
Lucas and Rapping explains a great deal of the variation in Swiss
aggregate
employment, even though labor-market clearing
has been
assumed. The model of Rosen and Quandt, whose wage adjustment equation
has been o m i t t e d here, serves almost as well as that of Lucas and
Rapping,
whereas the specification of Merrick has to be rejected,
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at least
for
equilibrium.

a

Swiss

aggregate

labor

market

assumed

to

be in

Therefore,
we used four different models for the disequilibrium
estimation. The first relied entirely on Merrick's specification of
the labor-demand and labor-supply functions. Since the result was not
convincing, the model has been rejected.
The second model consists

of equations

(lOb), (20),

and the minimum

condition
(21c). This is the model by Rosen and Quandt, excluding
their wage adjustment equation. The disequilibrium estimation still
yields a negative elasticity of labor supply with respect to the real
wage rate. Moreover, a s t r i c t zero-one
structure of excess supply is
obtained. Up to 1973, i.e., the last year before the severe recession,
the estimated probability that the demand for labor is greater than
the supply
of labor is equal to one, whereas in the years following
1973, the estimated probabililty that the demand for labor was greater
than the supply of labor is zero. This rather unreasonable result
might be due to the fact that in both labor-demand and labor-supply
functions lagged variables are missing. The estimation
of this
disequilibrium model (but including a wage adjustment equation) by
Rosen and Quandt themselves, is still not satisfactory (cf.p.376). For
instance, the elasticity of labor supply with respect to the real wage
rate is in all variants of the disequilibrium model not significantly
different from zero and in two out of four cases negative. Moreover,
the coefficient of net unearned income has the incorrect sign in all
variants of the model. Their estimations, however, clearly indicate
that the adjustment of wage rates is quite sluggish with respect to
excess demand for labor.
The third disequilibrium model we e s t i m a t e d consists of the basic
labor-supply
function of Lucas and Rapping as given in equation
(6) and the labor-demand function of Rosen and Quandt as given in
equation (20).
All coefficients
have the
expected sign. The
probabilities of excess supply in each year are very similar
to those
obtained from the fourth model now to be described.
The fourth model consists of the basic labor-supply function as
given in equation
(6) and the labor-demand
function as given in
equation (13), both proposed by Lucas and Rapping. We use equation (6)
instead of equation (8b)
for three reasons. First, in equation (6)
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there are less coefficients to be estimated than in equation
(8b).
Secondly, the adaptive expectation process of equation (7) assumes the
same speed of adjustment for both the real wage rate and output price.
Interpreting the expected real wage rate as the permanent component of
real income, the variations of real income and prices during the
observation period suggest that expectations of real income should
adjust more quickly
than those of prices. Hence, we use the two
adaptive expectation processes
as described in chapters 4 and 5.
Thirdly, we avoid the problem of using the lagged supply of labor
(n^) in
equation (8b)
which is
the outcome
of the Koyck
transformation. For convenience, we repeat the disequilibrium model in
equations
(21):
(21a)

log(ns) = U 0 + BjlogCw) - I5 2 log(w*) + K3[log(l + r) - log(U-n-)]
+ ß4log(m),

(21b)

log(nd) = c 0 -

Cl log(w)

+ cslog(y_1),

(21c)

I54 = 1,

+ c 2 log(y/y_ 1 ) + c^logCn/y)^
c5 = 1,

log(n) = min(log(n s ),log(n d )>.

As regards the supply of labor in equation
(21a), real assets per
household
have been deleted as before, and the ratio of expected
to current o u t p u t price is replaced by one plus the expected inflation
rate. Regarding
the demand for labor in equation (21b), it is assumed
that the ad-hoc adjustment is based
instead of the lagged labor demand.

on the

lagged market

realization

Estimates of model (21)
as well as OLS estimates of the single
equations (21a) and (21b) are reported in Table 3. All coefficients,
except that of lagged
employment (n/y)_ lf have the same sign in both
estimations. The coefficient of lagged
employment
( C 4 ) has the
incorrect sign for the disequilibrium estimation, but it is negligible
compared to the OLS estimate, enhancing the conjecture that it is not
significantly different from zero. Suppose that c4 were zero, then the
elasticity of s u b s t i t u t i o n between labor and capital turns out to be
0.86,
and all tests of coefficients as given in equation (8) are
satisfied. In both estimations, the elasticity of the labor supply
with respect
to the real interest rate has the wrong sign and is not
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Table 3:

Disequilibrium Model of Equations (21)
(see notes to Table 1)
Annual observations, period: 62-82,
DIS: Disequilibrium estimation
Supply of Labor

Demand for Labor

OLS

OLS

DIS

DIS

Constant

5.4747
(4.2905)
0.00

7.6555

6.0554
(4.2202)
0.00

15.3185

log(w)

1.5501
(1.2599)
0.41

1.8942

-0.4518
(-3.9967)
0.14

-0.8654

log(w*)

-2.0026
(-1.7356)
0.55

-2.2151

log(l+r)-log(H-ir)

-0.07. .
(-0.3384)
0.01

-0.65. .

1.4005
(8.0848)
0.03

1.0896

log(y/y_i)

0.65. .
(16.8790)
0.56

0.76. .

log(n/y)_i

0.3432
(1.9522)
0.09

-0.0785

0.8314
(15.8098)
0.2.1

0.8438

log(m)

log(y_1)

R2

0.9237

s

1.1

p

0.0328

0.9756
0.7

0.6

0.3878

0.5
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significant in the single-equation estimation. It should be noted that
Lucas and Rapping do not include the real interest rate in their
empirical applications. Instead, they
simply use
the expected
inflation rate
in the context of the Phillips curve. In the
disequilibrium estimation, the elasticities with respect to the real
wage rate become greater in absolute value. The short-run real-wage
elasticity of the labor supply of 1.9
magnitude as those obtained by Lucas
considerably greater than the short-run
found
for Switzerland. The long-run

is now in the same order of
and Rapping for the U.S., but
elasticity Schiltknecht (1974)
elasticity of the labor supply

w i t h respect to the real wage rate turns out to be -0.32, for the
disequilibrium
estimation,
and
-0.45, for the single-equation
estimation. As an absolute value this still seems
too high for
long-run elasticity. The elasticity of labor demand with respect to
the real wage rate lies between those obtained by Lucas and Rapping
and Rosen and Quandt. These results suggest that the short-run supply
of labor is elastic, but the short-run demand for labor is inelastic
with respect to the real wage rate. Finally, the disequilibrium
estimation has improved the estimates in
the sense
that the
coefficient of the lagged
index of households (B4) as well as of
lagged o u t p u t ( C 5 ) are closer to unity than in the single-equation
est imat ion.
The estimation of the disequilibrium model of equation
(21) is
depicted in Figure 5 and the prior probabilities of excess demand, or
excess supply, respectively, are shown in Figure 6. If one considers a
probability of one-half as the borderline of excess supply and excess
demand, approximately four different "regimes" can be distinguished in
the observation period. In 1962, and most likely
in the preceding
years, there is a high probability of excess demand for labor. This is
consistent w i t h the observation of a "huge" inflow of foreign workers
coupled w i t h high rates of growth of gross domestic product in
the late fifties and early sixties. According to Figure 6, the second
"regime", one of excess supply of labor can be considered to last from
1963 to 1965. This empirical finding is supported by the fact that
three federal resolutions designed to restrain aggregate domestic
spending were passed in this period. First, the federal regulation
restricting foreign immigration, issued in 1963 and tightened in 1964;
this l i m i t e d the number of foreign workers employed in Switzerland by
assigning
a
fixed quota to each company. Second, the federal
regulation controlling the volume of bank credits, which was in force
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from 1964 to 1967;
and third, the federal regulation controlling the
demand for private and public building construction, effective from
1964 to 1966. These regulations were coupled with a slow-down in the
growth of GDP. A third "regime", one of excess demand for labor, can
be assigned
to the years 1966
to 1972.
Clearly,
this period
corresponds to the continuing upswing in the business
cycle, the peak
of which was reached
in 1973. Disregarding 1981, the fourth "regime"
identifies the period 1973 to 1982 as one of excess supply of labor.
This seems likely,
apart from the peak year 1973, given the first
post-war recession from 1974 to 1978,
during which more than 100,000
foreign workers
were expelled from the Swiss labor market. Looking at
the figures of man-hours engaged in production in Figure 4, it is also
probable that the excess supply of labor persisted in the years
following the recession. During
this period, the unemployment rate,
defined as the ratio of unemployed full-time workers to potential
working population, rose steadily from almost zero to 0.3 percent in
1982 and 1.1 percent in 1984.
(Of course,
the unemployment rate in
Switzerland does not fluctuate as much as in other countries because
the denominator of this ratio is relatively larger.) On the whole, we
find certain empirical evidence for the results obtained by the
disequilibrium model that four d i s t i n c t "excess regimes" occurred
during the observation period from 1962
to 1982.
This differs from
Stalder's investigation, in which he claims that the Swiss aggregate
labor market was,
at almost any time, in a state of Walrasian
equilibrium, apart from the two very short periods between the fourth
quarters of 1964 and 1965, and between the fourth quarter of 1974 and
the second
quarter of 1975. It is possible that a more sophisticated
story of the aggregate labor market will be obtained when real output
can be treated as an endogenous variable, i.e., by introducing the
aggregate goods market. The
task of
estimating interdependent
disequilibrium models, however, is left for future research.
Finally, the disequilibrium model of equations (21) is compared to the
third model mentioned above, which consists of the labor supply
function of equation (6) as proposed by Lucas and Rapping and the
labor-demand function of equation (20)
as proposed by Rosen and
Quandt. The results of the third model are d e p i c t e d in Figures 7 and
8. To a first approximation, the same four "excess regimes" are
obtained, but this time identifying the peak year 1973 (and the
recession year 1974) as a year of excess demand.
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6.5 Description of Variables
The following functions have been used in constructing the ex-pectation
variables in equation (21):
F(x)

:= O.SOx + 0.24x_ 1 + 0.19x_ 2 + 0.15x_ 3 + 0.12x_ 4

G(x)

: = 0.72x + 0.22x_ 1 + 0.06x_2

The first function describes a slow, the second a fast adjustment.
The following variables have been used in estimations:
a

Real non-labor income as used in national income accounting.
Income of self-employed (account no. 1.2),
plus rental
income of households (account no. 1.4),
plus wealth income
of households (account no. 1.3) adds up to nominal non-labor
income. The deflator is the price index of gross domestic
product (p).

f

Relative price of energy. This is the price index of the
energy c o m m o d i t y group in the wholesale price index divided
by the GDP deflator (p).

m

Index of the number of households. Calculated as the number
of Swiss and foreign persons, males and females, between 16
and 64 years of age at the end of each year, plus the
average of the April and August numbers of foreign workers
with residence p e r m i t s for a period shorter than a year
("Saisonarbeiter")
and
of
cross-border
commuters
("Grenzgänger" ) .

M

Index of the number of Swiss households. This is the number
of Swiss citizens, males and females, between 16 and 64
years of age at the end of each year.

n s ,n d ,n

Man-hours engaged in production per year in the civilian and
government sectors. Calculated as the algebraic product of
man-hours per employed worker and the average annual stock
of employed
Swiss and foreign workers.
Man-hours per
employed worker and year is defined as the algebraic
product of

working time

per week

and the number of actual
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working weeks per year. The former is the average of
quarterly
figures of actual working hours per week, plus
reported (permitted)
overtime
per
week
in civilian
industries. The latter is assumed
to be constantly 47
weeks per year during the observation period. Data obtained
from a big company reveal the following figures: 1964
46.4,
1972 46.0,
and 1981
45.5 weeks per year, given an almost
constant share of female workers of some 25 percent in the
total workforce during the observation period.
Man-hours of Swiss workers engaged

in production per year in

the civilian and government sectors. Calculated in the same
way as n, using employed Swiss workers instead of all
workers.
Implicit GDP deflator.
Expected inflation rate, x := p / p _ 1 - l , TT :=

F(x).

Nominal rate of interest. Yield on federal government bonds.
Real stock index: Stock index compiled by the Swiss National
Bank, divided by the GDP deflator (p).
Time trend.
Real wage rate. The nominal wage rate is calculated as the
ratio of labor income of employees used in national income
accounting (account no. 4.8) to employees. The latter is the
average annual
stock of employed Swiss and foreign workers
less the number of self-employed. The number of selfemployed
is c o m p u t e d from a t i m e trend derived from a
regression
on data taken from the "Betriebsstatistik",
which is compiled every ten years. The nominal wage rate is
divided by the GDP deflator (p).
Expected real wage rate: w

:=

G(x).

Real gross d o m e s t i c product at market

prices.
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