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1 INTRODUCTION

1.1 Purpose

One of the cornerstones of the classical and new classical
macroeconomics is Fisher's theory of interest rates, which states
that real and nominal interest rates always differ by an amount
equivalent to the inflation rate. Moreover, the real interest rate
is determined mainly by the long-term rate of time preference, and
is therefore considered to remain relatively constant. In an
economy in which the Fisher-effect holds, allocation of capital to
different uses is unaffected by variations in the price level.
Hence, inflation cannot have any real effects in the classical
theory, not at least via the capital markets.

The Keynesian view on the consequences of inflation, or variations
in inflation, differs vastly from the classical interpretation.
The standard Keynesian assumption of rigid or less-than-fully
flexible nominal wages provides a simple example of circumstances
under which the Fisher-effect does not hold. If, for example, the
nominal wage is fixed and the price level drops, the real profits
of firms also fall. This reduces real income, and hence the real
rate of return, on shares. On the other hand, the nominal terms of
government bonds, foreign bonds and other assets without Timited
1iability are typically either regulated or. for other reasons
partially independent of the price level. The real interest rate
on bonds with fully regulated nominal returns rises with defla-
tion. Thus, the real rates of return on shares and such bonds are
affected in a different way by variations in the price level.

The reason why the Fisher-effect fails in the Keynesian case is

that the rigid nominal wage makes distribution of factor income
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between capital and labor dependent on the price level. Should all
input supply decisions be made by one representative agent, then
variations in income distribution need not have any real effects.!
On the other hand, if capital and labor supply decisions are
partly or fully separated, i.e. made by different agents following
different decisions rules, a source of distortions exists in the
economy. If allocation of capital can be adjusted more flexibly
than nominal wages adjust, then optimizing capital suppliers will
move capital away from and into firms as exogenous shocks make the
price level vary. Through the neoclassical production function,
such reallocations of capital have real effects in terms of
variations in output and employment.

As a technical construction, the above source of real fluctuations
in the economy is similar to what is known as the Tobin effect in
the context of growth models (see Tobin (1965}, Fischer (1979)).
The Tobin effect is due to the fact that the nominal rate of
return on money is fixed at zero. Consequently, the real rate of
return on money varies one-for-one with the inflation rate.
Therefore, an increase in the inflation rate makes investors shift
their portfolios towards investments in real capital, which
increases output and unemployment.

It is the purpose of this study to analyze some important macro-
economic issues in an economy in which the Fisher-effect fails in
the sense described above. On one hand, we shall study the
familiar question of the neutrality of stabilization policy in the
closed economy context. This analysis can be connected to the
works of Lucas (1972) and Fischer (1979}, and we hope to be able
to add some new aspects to this very well known debate. In

INote that in principle real effects could emerge if the aggre-
gate income of the representative agent is increased by the
reallocation of capital. One could imagine such a case to be
possible in a small open economy which perceives a very profitable
investment opportunity abroad.
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particular, however, we will emphasize the view on the policy
neutrality issue adopted by Leijonhufvud (1972, 1981). In Leijon-
hufvud's view, an economy has the corridor property: i.e. the
economy absorbs small shocks by means of automatic stabilizers,
but large shocks cause real fluctuations unless stabilization
policy is conducted.

On the other hand, we shall investigate the adjustment of a small
open economy to exogenous shocks. Specifically, we will contribute
to the discussion on endogenous exchange rate cycles in a small
open economy following a fixed exchange rate regime (for the
devaluation cycle, see e.g. Paunio (1969), Korkman (1978), (1980);
for exchange rate jumps caused by speculation, see Krugman {1979),
Turnovsky {1980), and Obstfeld (1983).

1.2 Stylized facts

Rigidity of the nominal wage and separation of input supply
decisions - the two vital assumptions motivating this study - are
to a considerable extent empirical facts in the institutional
setting of the type of economies found in the Nordic countries
(Denmark, Finland, Norway and Sweden). In these economies, a
typical empirical observation is that a small number of trade
unions, perhaps even only one, represent workers in the Tabor
market. These unions usually negotiate nonstaggered nominal wage
contracts with employers. The contracts normally specify a
percentage wage increase, which applies throughout the contract
period and is less than fully indexed.

Another stylized fact in the Nordic economies is that financial
markets are not very well developed and tend to be ‘thin' and
inefficient (see KdhkSnen (1982), Introduction). One manifestation
of these features is that a relatively narrow menu of alternative
assets is effectively available for average consumers. A large
proportion of household savings takes the form of bank deposits,

mortgage payments for loans, and 1ife and pension insurance
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payments. Under these circumstances, actual capital supply
decisions are in fact made by highly sophisticated financial
agents, such as banks and insurance companies. Given the strong
position of trade unions in the labor market and financial
intermediaries in the capital market, input supply decisions are
indeed strongly, if not completely, separated in the Nordic
economies.

In addition to the two empirical observations important for the
motivation of the cases to be studied, we will introduce one more
commonly observed empirical finding for purely technical reasons.
This observation - that substitution possibilities are limited in
the production function (i.e. technology is approximately fixed
coefficient) in the short run - facilitates the technical analysis
in a useful manner.

1.3 Methodology

Given the assumption of nominal wage rigidity and the aim of
dynamic analysis, we face a very challenging situation from the
analytical point of view. Any rigidity in adjustments of relative
prices generates nonlinearities in the standard macroeconomic
relationships, which can easily become an obstacle for analytical
manipulation. If the variations in income distribution implicitly
caused by the wage rigidity are made a potentially important
reason for real fluctuations by separating input supply decisions,
complexity is further magnified.

Dynamic general equilibrium analysis provides a natural framework
for studying effects of distortions when agents follow optimizing
behaviour. This is also the approach that we will mostly pursue
here. To minimize the complications referred to above, and yet at
the same time to insert the desired features into the analysis, we
have to make further choices that restrict the general Walrasian
model. The first specific assumption is to model capital supply

decisions according to the principles of dynamic portfolio theory.




The main advantage of the portfolio theoretic approach is that it

is relatively well understood and widely applied in various fields
of economics, and that its analytical foundations are firmly
established.

Thus, we will, for instance, see later that the approach is very
versatile with respect to various types of changes in the environ-
ment that set off dynamic adjustment processes. This proves to be
particularly useful, since the distortions are transformed into
real effects via capital supply decisions in our model. The
portfolio approach reétricts analysis in two respects. First, the
continuous-time representation is much more appropriate for
dynamic portfolio analysis than the discrete-time representation,
which is more familiar in macroeconomic applications in general.
Second, for different assets to be held by a portfolio investor,
uncertainty must be introduced into the rates of return on assets.
Furthermore, the stochastic processes specifying the rates of
return must be of rather specific type.

Uncertainty is introduced into the economy in a very simple manner
by assuming that the production process is fundamentally
stochastic. Specifically, we propose that the marginal produc-
tivities of factors follow stochastic processes, which will be
defined Tater in detail.

The overall analytical approach of the study can then be character-
ized as stochastic continuous-time general equi]ibriﬁm analysis.
The derivation of the framework as well as the references to the
methodological literature will be presented in the second chapter.
The only departure from the general approach will be made in the
open economy analysis, where the nonlinearity of the key relation-
ships of the model will reach such a high order that strict ad hoc
linearizations are needed to carry out even a tentative analysis.
These choices are discussed in the fourth chapter and the asso-
ciated appendix.



1.4 Outline of the study and the main results

As was mentioned above, the main task to be accomplished in the
second chapter is to derive analytical frameworks for dynamic
macroeconomic analysis in which rational agents operate in a
potentially distortionary environment. Some important technical
results are derived in the chapter. First, a general compefitive
equilibrium (with flexible prices) is constructed in the
stochastic dynamic economy and the general equilibrium relative
prices are solved. Second, the macroeconomic frameworks for closed
and open economy analysis are developed from the basic model. The
contract wage rigidity, the separation of capital and labor supply
decisions, and the short-term fixed-coefficient technology are
built into these frameworks. Finally, the speculative behaviour of
investors is modelled in open economy conditions in which there
are positive probabilities of discrete shifts in exchange rates.

In the third chapter, the familiar policy neutrality question is
reconsidered. In the analysis, it will be seen that, similar to
the results of Fischer (1979), anticipated shocks cause fluctua-
tions in real variables unless stabilization policy is conducted.
On the other hand, it will also be seen that Fischer's distributed
lag-lead price level equation only results in our framework if the
timing -of the-shock is known with certainty and if there are
quadratic adjustment costs in production. The standard interpreta-
tion of an anticipated shock is that both the magnitude and the
timing of the shock are exactly known. The results will be very
different if, instead, we interpret the notion of an anticipated
shock in a nonconventional sense. The interpretation we apply is
that a shock is anticipated if its magnitude is known, and if a
time-interval within which the shock can randomly occur is known
but not the exact timing of the shock. Under this interpretation,
gradual price adjustments before the start of the shock will
indeed be observed, as Fischer predicts. But also, and differently
from Fischer, there is almost certainly overshooting.in the price
level. Specifically, if the actual shock implies a decrease in the




price level, then the expectations on the timing of the shock

generate inflation until the shock hits the economy. Thus, under
the above circumstances, a positive relationship between the price
level and unemployment rate - or a positively sloped Phillips
curve - would be empirically observed in the short-run.

The model of the third chapter incorporates Leijonhufvud's
corridor property in a certain sense. Thus the economy can adjust
to unanticipated shocks through automatic stabilizing mechanisms,
in our case through the real balance effect. Stabilization policy
is needed for neutralization of the real effects of anticipated
shocks. If the timing of the anticipated shocks is known with
certainty, then only Keynesian fiscal policy can prevent real
effects from emerging. If, on the other hand, the timing of the
shocks is uncertain, then a specific monetary policy analogous
here to the interest rate targeting policy familiar from e.g.
Poole (1970) neutralizes by conducting fiscal policy. Another
specific monetary policy, analogous to 'money targeting', can
never neutralize anticipated shocks of either kind. The inter-
pretation of small and large is specific and intuitively appealing
here. A shock can be large if either its measurable magnitude is
large, or if there is Tittle confusion about its timing, i.e. if
the distribution for the shock to start within a given short
sub-interval is dense. A shock is small if either its-magnitude is
small or if there is a lot of confusion concerning its timing. If
there is no confusion about the timing, then the shock is always
large, no matter what the size of the shock is. This extreme case
is the standard anticipated shock. If there is no information at
all on the timing of the shock, then the shock is always small.
This is the case of unanticipated shocks in the standard sense.

The role of speculative behaviour in the macroeconomic adjustment
procéss of a small open economy following the fixed exchange rate
regime is analysed in the fourth chapter. In general it will be
seen that an economy which has the contract wage rigidity as an
institutional feature is likely to experience endogenous devalua-




tions and revaluations. The presence of speculating investors

reinforces the tendency for exchange rate jumps to occur. In
particular, if the country loses or gains a sufficient amount of
reserves for exogenous reasons, then a strong self-fulfilling
speculation begins, which only can be stopped by a strong
exogenous shock or policy measure operating in the opposite
direction. As real fluctuations are associated with the variations
in reserves, speculative behaviour can be said to have real costs.
Countries with no labor mobility across borders as well as
countries with money illusion in wage-setting are likely to
experience devaluations more often than revaluations. Countries in
which contract wages are set according to an ad hoc policy are
more likely to experience cyclical fluctuations and exchange rate
changes than countries in which a feedback wage-setting policy is
followed. On the other hand, the economies of the former type
recover more steadily after a devaluation than economies of the
latter type.




2 OPTIMIZING AGENTS AND MACROECONOMICS:
TOPICS IN DYNAMIC MODELLING

2.1 Introduction

In the following, some dynamic macroeconomic models of a Cobb-
Douglas economy are developed. The purpose of these essentially
technical exercises is to derive frameworks for both closed and
open economies in which questions of dynamic adjustments of the
economies in response to exogenous shocks can be analyzed.

As was pointed out in the first chapter, the economic analysis of
this study is going to be carried out under non-Walrasian assump-
tions, i.e. in a general equilibrium framework in which the
presence of distortions is allowed. However, it seems useful to
first developed the model under standard Walrasian assumptions of
flexible prices, fully rational agents, complete information and
perfect competition in all markets. In the Walrasian model,
consumers and firms operate in a continuoys-time stochastic
environment, maximizing intertemporal objective functions.
Uncertainty is introduced on a very basic level as a property of
the production technology. One of the analytical contributions of
this chapter is the solution of the general equilibrium relative
prices of the Walrasian model in the stochastic stationary state.

The Walrasian model is then modified by adding the assumptions
that introduce the desired distortions into the framework. The
consumers are thus divided into two groups: investors, who only
supply capital, and workers, who only supply labor. It turns out
that the natural behavioural pattern for investors is similar to

that of a closed economy investor and quite different, even in




open economy conditions, from that of an international consumer-

portfolio investor familiar from e.g. some open economy analyses
(see Macedo (1981), Meerschwam (1982)). The workers, on the other
hand, are assumed to behave so that, in order to hedge against an
uncertain income flow, they form a trade union representing all
workers in the labor market. The union negotiates wage contracts
with employers. The contracts fix the time path of the nominal
wage over a finite period of time. Other prices in the economy are
assumed to remain fully flexible.

The emphasis of the economic analyses of the third and fourth
chapters is on the demand side of the economy, i.e. on the
behaviour of investors and workers. Therefore, several simplifying
assumptions are made on the supply side of the economy. Because of
technical difficulties, no real aggregate capital accumulation in
excess of potential replacement investments is allowed. Adjust-
ments of capital stock are assumed costless in each firm. The only
exception made in the Tatter respect is in the applied open
economy analysis of the fourth chapter. The technology of the
firms is assumed to be fixed-coefficient in the short-run and
flexible-coefficient in the Tong-run. Hence, all shocks that
ultimately affect employment and output in the short-run exercise
their effects only through responses of investors to these shocks.

The connections between the frameworks to be developed here and
the Titerature are rather diverse. In some sense, one can of
course say that the models of this study are related to the entire
recent literature on rational expectation;. In a specific sense,
perhaps only the recent work of Kydland - Prescott (1982) is
fairly similar in approach and goals to ours. However, the
differences between the studies are vast. The more explicit
specifications and the stronger emphasis placed on deriving
analytical results force this study to impose considerable
simplifications on the supply side of the economy, in particular.
For similar reasons, Kydland - Prescott are able to apply a more

general consumer utility function. On the other hand, the way in




which our models build in ‘the persistence of unemployment' may be
a more realistic description of the crucial macroeconomic features
of small, Scandinavian-type open economies.

In terms of the general approach to macroeconomic issues, our
models are very alike in spirit to Tobin's asset accumulation
approach (see e.g. Tobin (1980), Tobin-Macedo (1980), Kouri-Macedo
"(1978)). Asset markets phenomena, including speculative portfolio
behaviour, have a central role in our analyses and can have strong
and persistent effects on real variables.

Technically, we apply methods developed in stochastic growth
theory (see e.g. Bismut (1975), Merton (1975)), in finance (see
Merton {1969), (1971), (1973), Malliaris-Brock (1982)), in
international finance (see Macedo (1981), Meerschawn (1982),
Adler-Dumas (1983)), and in applied mathematics (see Arnold
(1974)). Two particularly useful reviews in the technical. field
are those by Malliaris-Brock (1982) and Chow (1979).

We will proceed as follows. In the second section, the basic
nonmonetary closed economy model is derived. In the third section,
the public sector and money are added to the basic model. In the
fourth section, the basic framework is further extended to include
the features of a small open economy. In the last section, the
behaviour of an investor speculating on expected devaluation is
fully derived. The work in this section constitutes a preliminary
analysis for the open economy studies of the fourth chapter. The
analytical method itself has, however, a much broader general
applicability and we shall use it in the third chapter as well.
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2.2 The simple nonmonetary economy with flexible prices

Consider an industry producing one homogeneous good by means of
technology, using capital and labor as inputs.

Suppose that the competitive firms are identical and that the
representative firm has the following basic Cobb-Douglas
technology

- 1By 1-8
(1) Yy = LK

where YO production
L
K number of units of capital

g € (0,1) = constant

“number of units of labor input

In the dynamic context, technology (1) defines the instantaneous
rate of production, so that total output over an arbitrary
time-interval (to,tl) is given by:

t
1 A
(2) Yit,,t,) = [ LBKIBds = (t,-t, LBkl
0t} 74 17%
0

where tl > to.

The firms raise one unit of capital by issuing one share and hire
one unit of labour by signing one wage contract. The prices of
shares and wage contracts are instantaneously determined in the
markets for capital and labor via the competitive mechanism. Let
the instantaneous price of a share or the instantaneous price of
capital be QB(t) and the instantaneous price of a wage contract be

QH(t). The present value of profits of the representative firm
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over the time-interval (to,tl), or V(to,tl), is then defined by?

tl -p(s-t
(3 Wtg.t) = [ e

o

)
07 [LPk1 B agg(s)K-AQ, (s)L ] ds

where A is a constant to be determined later in the general
equilibrium
p is the rate of time preference.

In (3), the two cost terms are dynamic representations of input
costs, i.e. stochastic analogues of Jorgensonian user costs. The
term A QB(S) corresponds to the user cost of capital under
certainty in a world with no depreciation, while the term A QH(s)
is the instantaneous wage rate in general equilibrium. The
constant A is determined in the general equilibrium implied by the
stochastic stationary state, which will be specified later.

It is useful to apply the Euler decomposition for a function which
is homogeneous of degree one, and write (3) as follows:

tl -p(s-t
(4) Vitg,t)) = e

%

)
0% ([Mp -AQy (s)]L + [MP-AQ(s)]K)ds

2Note that we are analyzing a nonmonetary economy here. Hence,
(3) defines real profits, and Qg(t) and Qu(t) are the real price
of a share and a wage contract, respectively. Note also that no
adjustment costs are assumed to be incurred as a result of
investments. Thus only two simple forms of investments could be
introduced into (3): On one hand, we could view investments as
frictionless, instantaneous shifts in the capital stock employed
in the production process. On the other hand, we could define
output net of replacement investment needed to maintain productive
capacity intact.
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g LPkIP
where MPL =T = marginal productivity of labour
_a)1 Byl-B
MPK = il_é%k_ﬁ___ = marginal productivity of capital

Under certainty, the firm always maximizes the value of integral
{4) by choosing the amounts of inputs so that the marginal
productivity of each input is equal to its price. Furthermore,
competition among firms drives the value of integral (4) to zero.
Formally, the following identities must hold in the dynamic
competitive equilibrium:

MP

(5a) AQH(t) L

(5b) AQB(t) MP

K

Under uncertainty, matters become more complicated. For one thing,
one must be careful about the meaning of uncertainty in this
context. If the revenues of the representative firm follow a
stochastic process and all prices are perfectly flexible, then the
firm can in principle pass the uncertainty in revenues through
completely to factor payments and thus make the profits flow
riskless, so that maximization of (4) is a valid behavioural
assumption for the firm. On the other hand, if there are rigid-
ities in price adjustment - for instance because of wage
contracts - then the firm cannot make the flow of profits risk-
less. In such cases, the assumption about the risk attitudes of
the representative firm becomes important. In the relevant parts
of this study, i.e. in cases where there are some price rigid-
ities, we will follow the convention that the risk attitudes of
firms are the same as those of the shareholders. This assumption
implicitly specifies an insurance contract between shareholders
and workers. To see this, consider a situation between a firm
with stochastic revenues and its infinitely risk averse workers.
Such workers are only willing to work at a certain wage rate.
Imposing the preferences of the shareholders on the decision



making of firms then specifies the competitive risk premium in the
general competitive equilibrium which shareholders require for
providing complete insurance to the workers. As the shareholders
will be assumed to have Cobb-Douglas preferences, the firm facing
an uncertain profits flow will, instead of (4), maximize the
expected discounted logarithmic utility of the profits flow, i.e.

; b1 —p(s-tp)
(4') V(ty.t) = By { e Tog([M P, -A-Q(s)]L
0

+ [ M Pe-AQg(s)]K)ds

where Q(to,tl) is the expected discounted utility over the
planning horizon.

Under uncertain profits flow, competitive firm behaviour is
defined by the entry condition: If expected instantaneous utility
V(to,t0+dt) is larger than a constant log C, then there is
costless entry into the industry. The entry condition fixes the
level of the competitive risk premium, the determination of which
is examined in appendix 1. Note that the actual entry condition is
stated in terms of the expected utility from producing over the
contract period, but with Jogarithmic preferences, for which the
coefficient of relative risk aversion equals one, the instanta-
neous time-independent risk premium results (see appendix 1).

To make conditions (5a,b) meaningful in a dynamic environment with
uncertainty, we need to specify the dynamic behaviour of the two
marginal productivities. This specification also amounts to
choosing one basic source of uncertainty in our stylized economy.
An analytically simple and empirically somewhat interesting source
of variations in real output is the qualities of the labor force.
Suppose then that the productivity of the labor force increases
over time because of continuing learning-by-doing, but that the

increase occurs at an uncertain rate. Hence, when the representa-




tive firm hires a fixed amount L of labor input, it actually

receives a stochastic sequence of labor input services, denoted by
i(t). Furthermore, suppose that this sequence' of services can be
fully characterized by the following stochastic process of
geometric brownian motion type:3

(6) d. = L(adt+oLdzL)

where EdzL =0
E(dz )% = dt.

zL(t) ~ N|0,1|, with independent increments zL(s) - zL(u);
u>s?> t0,¥-u, 3

This specification of labor input services means intuitively that
the effective amount of labour input that can be deployed in
production changes in an infinitely persistent manner at a rate at
+ ¢ ['dz . This can be seen clearly when we write explicitly the
solution of the stochastic differential equation specified in (6):

- t
(7) L(t) = L exp{a(t-ty)+o) [ dz

i

Y
We interpret the parameter a as the rate of learning-by-doing in
production, and the standard deviation oL as representing
absenteeism and other types of labour disturbances in production.

When the labor force has the property specified in (6}, i.e. that
the efficiency of each unit of labor changes over time in an
uncertain fashion, dynamics with uncertainty are also introduced
into the aggregate production. This becomes particularly clearcut

3For a precise definition of the geometric brownian motion
process, see Malljaris-Brock (1982), pp. 36 - 38 or Arnold (1974),
pp. 45 - 56,
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when we study the behaviour of the instantaneous production
function with the stochastic process of-the efficient labor input
included. Denoting the stochastic time path of output by y(t) and
directly applying Ito's lemma, we have that

(8)  dy(t) = [sladto dz ) - 3 s(1-g)o’dt]y(t).
where y(t) = yo-g(t), with g(t) as specified below in (9).

The solution of this stochastic differential equation is

t

(9) y(t) = ygexp{v(t-ty)+o [ dz;} = yyg(t)
t
0

where v =ga - %—B(I-B)OE

g =

BGL

t
exp{v(t-tg)+o [ dz;} = g(t)
t

Assuming that the production process starts exactly at the
nonstochastic rate of production,4 the solution can further be
written as

B, 1-8 t
(10) y(t) = L°K exp{v(t-t0)+o / dzL} = Yog(t)
t

0

By differentiating (10) directly with respect to L and K, the time
paths of the marginal products are easily found to be )

4This is a convention in the case of geometric brownian motion
processes, see Malliaris-Brock (1982), p. 34.
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sLBxlB

L

t

exp{v(t-ty)to [ dz;} = MPg(t)
t
0

(11a) MPL(t)

(1-g)LBk 1B
(653 S

t
(11b) MP, (t) = exp{v(t-ty)to { dz } = MPg(t)

0

Thus the two marginal products follow exactly the same stochastic
processes, and there only can be a constant difference between the
levels of the marginal products at each point of time. This
convenient property is due to the Cobb-Douglas technology. Note
that introducing an analogous basic property for capital would only
change the parametrization of the g(t) function, and not the
general structure at a11.5

In (1la,b) we have stated the dynamic solutions for the two
marginal productivities, given the assumption on the basic
dynamics specified in (6). In the general competitive equilibrium

5In conclusion, then, our assumption on the form of the
stochastic sequence of labor input services results in a model of
production with three possible regimes, which can be interpreted
in terms of the parameters of the labor input process.

1.v>0, i.e. a> %(ls)of, or the learning-by-doing effects

overcomes the labor disturbances effect; there is stochastic
Hicks-neutral technical progress in the economy at an expected
rate v. .

2.v <0, i.e. acx %(18)05, or the labor disturbances effect -

overcomes the learning-by-doing effect; there is stochastic
Hicks-neutral technical regression in the economy at an
expected rate v.

3.v=0, i.e. a = %ils)of, or the two effects cancel each other

out completely; the technology is stationary with stochastic
disturbances.
The second regime is somewhat problematic in the general equilib-
rium and is therefore ruled out from later interpretations.



with flexible prices, conditions (5a,b) must hold. Hence, we find
that the real price of a share and a wage contract must have the
following general solutions:

(12a)  Q,(t) %MPLog(t)

(12)  Qy(t) = % MP o9 (t)

There are an infinite number of solutions (12a,b), because the
initial marginal productivities, or the initial general
equilibrium price of a share and the corresponding wage rate, are
still undetermined. To find the appropriate initial values, we
have to model the demand side of the economy.

The consumers 1in our economy are assumed to be identical in every
respect. Thus, they have identical tastes, endowments, and
abilities. They plan over an infinite time horizon, which is also
the time they can participate in the production process. Each
consumer is assumed to have nominal initial endowments %VBO and
%VHO of nonhuman and human wealth, respectively, at the initial
moment tg. Nonhuman wealth consists of the value of a stock of
resource, which can be either consumed or used as the capital
input in production. The aggregate initial endowment of the
resource is k and the initial price QBO’ For one unit of resource
given to a firm, the consumer receives one share in that firm.

To define the concept of human wealth, we first state that each
consumer has a constant maximum working capacity %H in the
production process. If the consumer sells the right to use the
working capacity to the producer, he will receive a wage contract
worth QH(t) in return. Hence, one unit of human capital has a real
market price QH(t) at time t, so that the initial endowment of
human wealth owned by agent j is



1
Voo =7 1V

1
n

In the whole economy, there are n agents 1iving at any moment, all

HO*

of whom have the same initial endowments of human capital. Summing
up over the n agents we get the following for the economy's
aggregate endowments:

A
Vo = Vpo
A
Yo = Vio-

Consumers derive utility from consuming the consumption good and
from leisure. Thus the consumers can either consume their wealth
and the returns on it by buying consumer goods, or alternatively
directly consume their human wealth by not working.

We assume that the representative consumer has the following
utility function in instantaneous rates of consumption cl(t) and
leisure cy(t)

(13) U(t) = alog(c;(t)) + (1-a)Tog(c,(t)
ac(0,1).

Thus the instantaneous component of the utility function is of the
Cobb-Douglas type. If we now assume that the representative
consumer maximizes the expected discounted value over the planning
horizon of the instantaneous utility function specified above, we
can characterize the consumer's decision making situation by the

following dynamic programming problem.
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o -p(t-t,)
(e Olaloglc,(t)
t

0
+(1-a)Tog(c,(t))]dt}

(14) max

E
e (£),c,(8)]

0

s.t. appropriate constraints.

where p = rate of time preference

Expression (14) js a stochastic dynamic programming problem with
two control variables, instantaneous real consumption cl(t) and
instantaneous leisure cz(t). Since both forms of spending are
based on the stocks of and returns on either nonhuman or human
wealth, the stock of total wealth must be the state variable of
problem (14), so that the solutions for the controls must be
functions of the stock of wealth only. We define the total real
wealth W(t) as the sum of real human wealth VH(t) and real
nonhuman wealth VB(t), i.e.

(15)  W(t) = V() + Vo(t) = [y+(1-y)JH(t) = Q (t)H + Qy(t)K

where we have defined

0, (t)H
YEQTEH+ 4 (DK

Note that in general cases, vy would vary with time. In our case,
flexible prices and the homogeneity of the Cobb-Douglas technology
guarantee that y remains constant.

In order to solve problem (14), we have to derive the dynamic
equation of motion for the state variable, i.e., the stochastic
differential equation governing the behaviour of total real

wealth. Differentiating (15), we have




dvy (t) dvp(t)
(16) di(t) = [VH(t) Y+ V(e (1-y)Ju(t).

) dVH(t) dVB(t) .
The expressions for VH(t) and VB(t) are obtained directly by

differentiating stochastically the definitions for VH(t) and VB(t)
and recalling the general solutions for QH(t) and QB(t) presented
above in (12a,b). Thus we have that

dVH(t) dQH(t) dg(t)

L9163 I 3 T 62 R LAY
dv(t)  dQ,(t)

B -’ _ B - _ dglt) _
L/ €2 I 3 T €3 LA

Substituting this back into (16), we obtain the following form for
the stochastic differential equation of real wealth:

(17) dw(t)

[(vdt+chL)Y + (vdt+odzL)(1-Y)]W(t)

[vdt+odz) JW(t)

Expression {17) is not yet the complete form of the stochastic
differential equation for real wealth, because it does not include
the effects of the two forms of consumption. Instantaneous real
consumption decreases the change in real wealth directly by the
amount cl(t). Instantaneous leisure, on the other hand, decreases
the change in real wealth by the flow of real wage income lost by
not working, denoted by f(t). In our framework, f(t) is by
definition the product of the instantaneous wage rate w(t) and the
instantaneous rate of leisure, cz(t). Formally,

f(t) = witde,(t).
Substracting the two consumption value components cl(t) and f(t)

from (17), we finally obtain for the stochastic differential
equation governing the time path of real wealth the following:



(18) dw(t) = [vdttodz JU(t) - c;(t)dt - wlt)c,(t)dt.

Equation (18) is the desired complete form of the equation of
motion for problem (14).

Using equation (18), we can rewrite problem (14) in the following
revised form:

totT ~o(t-tp)
(19) JW(t),t) = max E,{] e [alogle, (t))
{e;(t)ie, (B} "0 ¢

+(1-a)Tog(c, () ]dt}

st d(t) = [vdtradz [W(E) - [c)(t)-wlt)c,(t)]dt

To complete the specification of the problem, we have yet to
discuss the transversality condition for the problem. Our economy
is a potentially growing or stagnating economy. In both cases it
appears reasonable that, because the consumer plans over an
infinite horizon, we require that, in order to be optimal, the
consumer's decision must be such that the expected value of real
wealth neither goes to zero or infinity in finite time. This
amounts to requiring that at any point t of time, t > tys the
condition Ey[ W(t)] = Wy holds. With this convention, we choose to
study the economy in one specific steady state, the stochastic
stationary state, the properties of which will be discussed
somewhat later.

By applying Bellman's principle of optimality and adding the
transversality condition, we have that the maximizing choices of
real consumption and leisure in problem (14} also give the
maximizing value of the function ¢(W(t),t) defined by



(20) o(W(t),t) = 0= max aloglc, (t)) + (1-a)log{c,(t))
(e, (e, ey o0 T

- pa(u(1)) + ML yt)-c (t)

2
1 5°J(u(t),t) 2 2
—ulthey ()] + L LML) 2042y
dE(t)
(20a) Eto[w(t0+T)J = W,
where (20a) is the transversality condition

As usual, the optimal solutions for the control variables can be
found by establishing the first order conditions of (20) and
setting them equal to zero. The first order conditions are

2o (H(E),8) _ o adli(t),t) _
(21a) pe, (t) ¢ () SWIE) 0

do(Wlt),t) _ 1- ad(W(t),t) _
(21b) Se, (e - cz(%) - wit) =gy = 0

To obtain explicit solutions for the control rules, we have to
find the explicit form of the J(W(t),t) function. Let us start by
assuming that the J(W(t),t) function has the general form given by

(22)  Jd(t),t) = Bylog(W(t)) + B,

with undetermined parameters B0 and Bl' We assume that the control
rules take the homogeneous-of-degree-one forms in wealth -

cflt) = al(t)-W(t), and c5(t) = az(t)W(t), where 61(t) and §,(t)
are the consumption and 1ei§ure shares, respectively. The first
two partial derivatives of (22) needed for calculations are



3J(W(t),t) _ Bo

SW(E) T WlE)
s23W(t),t) _ _ Bo
aW(t)2 W(t)2

Substituting the candidate control rules, assumption (22} and the
partial derivatives of (22) into equation (20), we obtain the
following equation:

(23) af Tog(s, (t))+Tog(W(t))| + (1-a)[log(s,(t))+1og(H(t))]

y B
- 0By10glH(t)) = pBy+ e (=5, (£)=5,(t)w(t) (t)

B
0 2 2
-—=30 W(t)® =
Wit)
Equation (23) implies the following identities in the coefficients
of the terms involving the state variable of the same degree

(24a) a+1l-a-pB

(24b) -pB1 =0=>B, =0

P

Having solved the va]ues of parameters B0 and Bl’ we easily find
the optimal control rules c*(t) and c*(t) by substituting the
aJéﬁ%E; ) o w%t) into the first order conditions

(21a) and (21b). The so1ut1ons are:

ey

implied value

“opW(t) = avi(t)

(252)  cf(t)

Note that the transversality condition (20a) requires that p = v
holds in solutions (25a,b). This justifies the second equality



signs. If p > v were to hold, then agents would consume real input

resources in the expected value sense and their expected consump-
tion possibilities would end in finite time. On the other hand, if
p > v, then there would be net saving in the economy and the
expected future consumption possibilities would become infinitely
Targe in finite time. These properties show that the steady state
equilibrium that we are going to construct is indeed a stochastic
stationary state. Consumers spend all their income and do not
accumulate or decumulate capital. A11 the change in income and
consumption is due to variations in productivity change and
constant amounts of inputs are employed in production. The con-
sumption rules have a very simple interpretation. Thus, the term
avl(t) represents the flow of instantaneous income, measured in
real terms relative to consumption of goods. The consumption rules
(25a,b) are then exactly analogous to the corresponding rules in

a static Cobb-Douglas economy, the only difference being the
income factor v. Consumption of each good is a fixed fraction of
the nominal income scaled by the relative price of the type of
consumption. The fraction is the preference weight of the good in
the consumer's utility function.

Consumption of leisure defines the labor supply behavior of
consumers. It will be shown later that the general equilibrium
wage rate w(t) equals vQHog(t). Using this and the definition of
real wealth, the instantaneous consumption of leisure can be
written as:

1
—
,_.
S2
~—
<

(26) C’z"(t) = W(QBOK+QHOH)9(” . |

The second form of (26) defines the fraction of real income in
terms of the wage rate which is consumed in the form of leisure.
This fraction remains constant over time, as both the wage income
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and the capital income grow at the same rates. If (26) is divided
by H, then the fraction of potential labor input which remains
idle because of the preference for leisure is obtained. Denoting
the fraction by 1-2, we have the following expression for it:

QoK

(27) l-g = (1-0&)['0?'
H

+ 1]

Hence, the labor supply rule of consumers, or the fraction of
their working capacity that they want to supply as labor, g,
becomes:

Q,~K
= BO
(28) 2 =0 - (1-a) W

Thus, with Cobb-Douglas preferences, the fraction of the potential
working capacity supplied as labor equals the weight of consump-
tion in the utility function corrected by a term involving the
initial relative capital income in terms of the labor income.
Intuitively, the correction term specifies the effect of capital
income on the labor supply behaviour of the consumer. The higher
is the value of the capital endowment of the consumer, as valued
in the general equilibrium via the production function, the less
Tabor the consumer supplies. Empirically, the labor supply rule
includes aspects of both intertemporal substitution and wealth
distribution. Intertemporal substitution from working to leisure
occurs if the capital income rises faster than the Tabor income.
Agents with large capital endowments are Tess willing to work than
those with small endowments.

Having now modelled the behaviour of all the agents in the
economy, we have all the ingredients necessary for finding the

specific solutions for real prices of shares and the real wage
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rate. Such relative prices specify the general competitive
equilibrium in the economy .6

As we stated above on p. 27, finding the specific solutions to
prices of shares and wage contracts amounts to finding the initial
prices of them. The jnitial prices are found by analysing the
equilibrium conditions in the three markets of the economy.

The equilibrium conditions of the dynamic economy over time
interval [ty = 0,h] are the following

h h

(29a) [ yls)ds = [ cy(s)ds
t0=0 t0=0

(29b) L =2H

(29c) K=K

Condition (29a) defines the goods market equilibrium, (29b) the
labor market equilibrium and (29c) the capital market equilibrium.

The last two conditions are time independent, because the
respective control rules of the agents are time independent. By
letting h > 0, we can write condition (29a) approximately as

(29a') Yoh = ovlih <=> yq = avli,

Thus we have a justification for solving the initial equilibrium
prices from a rather simple purely static problem.

61n general, the question of the existence of equilibrium in
continuous-time stochastic models is a difficult problem of
mathematical economics. The commodity space becomes infinite
dimensional and, in particular, the compactness of production sets
becomes much more difficult to establish than in standard exist-
ence proofs. For attempts to prove general results, see e.g.
Bewley (1972), Foldes (1978), and Chichilnisky {(1981).
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A convenient way to find the equilibrium relative real factor
prices in the static situation, i.e., for a very short time
interval [t0=0,h], h+ 0, is to note first that the first order
conditions of a firm are

BYO _ o

T " My =

(1'B)YO

—x " Mg =0
BYO

=> ] = ———
Ayo

¢ = (l‘B)yO

AQpg

Then we get that, if production is to be efficient, the following
capital-labor ratio must be observed:

(1—B)QH0

K D
H

3

superscript D indicates the demand side (in factor markets

We know, on the other hand, that in the growing economy the factor
supplies are given by

15 = oH

kS = K

Thus we have that the capital-labor ratio from the supply side is

S
) =

b ]
=

(31) (

=
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In equilibrium, the capital-labor ratios on the supply and demand
sides of the factor markets must be equal. Equating (30) and (31)
gives us the desired result:

Qo gk
(32) g, T e

The relative factor price (32) must emerge from the input market
equilibrium. It depends, as is expected, on endowments, technology
parameters and tastes. Equation (32) provides a means of showing
that for a flexible price economy the labor supply rule is a
constant. Substituting the solution for g in (28) into (32), we
obtain the following equation:

QHO sk

BO ( ) ( )QBOE
1‘5 -{1- H
I_OL ¢4 Q-——HOHJ

From this equation, the following solution for the ratio of
initial nonhuman wealth to initial human wealth can be developed:

QBOK _ all-g)
QHOH g + (1-g){1-a)

If the right hand side of the above identity is substituted into
(28) for the left hand side expression, the labor supply rule
takes the following form:

| - of
(28") 2 = T

(28') shows that the labor supply rule is indeed a constant, so

that ¢ can be treated parametrically in (32).




Hence, we can also solve for the absolute levels of the input
prices Qy and Qgq by using (32) and the goods market equilibrium
condition (29a). Note that (32) can be written as

BK Q
Q. = BO
HO ~ TI-gle-H

Substituting this solution into (29a') for Qyp and using the
appropriate control rules, we can write the equilibrium condition
(29a') in the following form:

n B”]."B = = (1—8 )£+B "
This can be solved for QBO to yield

(1"8)2/)/0 _ (1'8)}'0

(33)

0 . -
BO o[ (1-gletslk WK

The absolute value of the price of labor input QHO can then be
easily solved by substitution. The solution is

ByO Byo
el

(34) o = STTTe i ]H -

Initial input prices (33) and (34) are prices which - if we assume
technology, preferences, endowments and the initial commodity
price py = 1 as given - will clear factor and goods markets in the
jnitial equilibrium. Note also that (33) and (34) imply that the
parameter A used in the profits determination in e.g. (3) must
equal v in the general equilibrium. Due to the time independent
control rules of the agents, factor markets will always stay in
the same equilibrium state in terms of quantities. The quantities
produced and consumed will, on the other hand, change continuous-
ly. To see that goods markets also stay continuously in equilib-



rium, let us write for convenience the complete solution for the

price of a share and a wage contract:

(1-g ).Yo
(35a) Qp(t) = exp{v(t-ty) + o f dz) } = Qpoa(t)
\)K 0
B.YO t -
(35b) QH(t) = ;En~exp{v(t—t0) +o [ dzL} = QHog(t)
t

0

Note that the above equations and the fact that A = v imply that
the user costs of inputs to firms, or the instantaneous capital
income and wage rate for consumers, are:

AQy(t). = vQBog(t)
AQH(t) = vQHog(t) = wog(t) = w(t)

The latter equalities provide the justification for the
substitution applied above in (26).

When solutions (35a,b) are inserted into the expression for real
wealth and the terms in the goods market equilibrium condition
{29a) are explicitly written out in full, condition (2%9a) becomes:

h s h (1-8)yg -
(36) / (yOEXp{\)(S-tO)+c /d })ds = f (av[———=K
t.=0 t =0 vK
0 0 0
BYo
+ 5y Hlexpiv(s-tg)+o f dz, })ds

0
h h
<=> [ yag(s)ds = [ ynq(s)ds
RS tg=0
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The last equality proves that there is continuous equilibrium in
the goods market. The equality reqhires that on the right hand
side of the first equality the following holds:

The condition can be checked by carrying out some simple algebraic
operations.

Note one particular property of the general equilibrium in the
simple model; namely, that the price level is indeterminate. The
equilibrium price of a share and the wage rate were defined in
real terms with the specific implicit assumption that the price of
goods remains constant at Py = 1. But any other assumption for the
time path of the price level can be chosen equally well. Thus, our
model demonstrates the general fact that in the competitive
equilibrium only relative prices in terms of the numeraire are
determined, and the absolute level of all prices remains
indeterminate.

2.3 The monetary economy with the public sector included

To include the public sector in the analysis, the framework must
be extended on two fronts. On one hand, we need to specify the
needs of consumers for public expenditure by changing their
preferences. On the other hand, we have to define the forms of
participation of the government in the economy.

The role of the public sector in an economy with as much explicit
rationality as ours is not obvious. For illustration, it seems
useful to first model the public sector as just another
competitive sector of the nonmonetary economy, which produces
goods to satisfy the needs of consumers. After we have seen the
equilibrium characterization of this idealized economy, we will
then proceed to develop a model in which the role of the public

sector is more conventional.
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2.3.1 The public sector and the economy: the idealized case

Consider an industry which has a Cobb-Douglas production
technology for instantaneous production at the initial point of
time t = g, defined by

-8 1-8
(37) Ygo = LgOKgO .

The production process defined by (37) uses labor and capital as
inputs to produce public goods. It is assumed that when the
industry hires an amount Lg of labor it actually receives a
stochastic sequence of labor input services defined by the
stochastic process:

(38) dLg = (agdt+cgdzg)Lg,
d =90
E( zg) s

E[ (dz8) | = dt.

zg ~ N(0,1), and the increments z{s) - z(u), u > s > tgs
¥ u, s, are independent.

In (38) the parameter a, describes the continuous process of
learning-by-doing at a rate ag and the parameter g represents the
labor disturbances in the production process.

We know from the analysis of section 2.2 that, as a consequence of
assumption (38), the rate of production and the instantaneous
marginal products of the two inputs are solutions of stochastic
differential equations. The solutions take the following forms:

(39) Yg(t) = Ygoexp{vg(t-to)+og / dzg},



8’0 t
(40) MPLg(t) == exp{vg(t-t0)+og { dzg},

I 0
(41) MPKg(t) = —-K'g—— exp{vg(t-t0)+cg {o ng},

where we have used the notations

Vg = ag - %(l—s)og, the mean instantaneous rate of change

of productivity in the public sector, and

6. = Bo,., the instantaneous standard deviation of the

g g’
rate of change of productivity in the public sector.

From the analysis in section 2.2, we also know that in a perfectly
competitive environment with flexible prices such an industry
bears no profits risk and has an optimal capital labor ratio of

K (1-3)030

9 8O3

where ng and ng are, as in section 2.2, the initial prices of
one unit labor and capital input. The discounted profits of such
an industry over an arbitrary time interval (tO,tl) are given by:

t
1
- -o(s-t ) _ g
(43) Vg(to,tl) {0 e [pg(s)yg(s) AgQ (s)Lg(s)

- g
AgQB(s)Kg(s)]ds

where Ag is again a constant to be determined in the general
equilibrium,



The Tevel of production and the relative prices of the output,

capital and labor of the industry are again determined in the
general competitive equilibrium via the preferences and initial
endowments of consumers in an analogous manner to the determina-
tion of corresponding variables in the simple model. The demand-
side assumptions differ from those of the basic model only in that
the preferences of consumers now incliude demand for the good of
the new industry.7 The new preferences are:

(44) u(t) = a11ogc1(t) + a21ogc2(t) + a31ogc3(t);

a1+a2+oc3=1

where ) and ag are the preference weights of private

consumption, leisure and public expenditure, respectively.

The composition of wealth changes in that consumers now hold a
fraction £1 of their nonhuman wealth in the shares of the first
industry and a fraction Es in those of the second industry. Hence,
the wealth of the representative consumer becomes

(45)  W(t) = g)[Qp(t)K+Q, (£)H] + £,[QI(LIK+Q, (tIH]

In (45), we have followed the convention that, with homogeneous
labor markets, the wage rates must be the same in the two
industries.

TTechnically, we are analyzing the demand for a publicly produced
private good here. By this simplification, the well-known diffi-
culties in representing the aggregate preferences for public goods
are avoided. The ‘concept public good is used for convenience in
place of the cumbersome concept publicly produced private good.
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The dynamic decision making problem of the representative consumer
- analogous to problem (19) in section 2.2 - based on preferences
(44) and aggregate wealth (45) is then:

0*T —p(s-t,)

(46) JW(t),t] = max E e

{
{e){),6,(),c5(t),E,,5,} O
[allogcl(s)+a21ogc2(5)+a31ogc3(s)]ds}

s.t. di(t) = [g; (vdtrodz ) + gz(vgdt+ogdng)JW(t)
- [cl(t)+w(t)c2(t)+pg(t)c3(t)]dt

(i) Ep tEy=1
(i) - E[W(tgtT)] = Wy, s € | tg,ty+T]

where the notation of section 2.2 has been used to represent the
first industry, or the private sector.

Constraint (ii) in problem (46) can be taken finto account as an
integral part of the standard solution, but because of constraint
(i) the following Lagrangian must be formed for (46):

(47) L = a1109C1(t) + a21ogc2(t) + a3logc3(t) - pd(UH(t),t)

N aamut:),t)(Lglwgz(vg-Hg)jW(t) - ¢ (t) - wlt)e,(t)

2
pglticg(t)) + 32 ‘:“M‘E’S"t)[a§02+zalg2012+a§og]mt)2 |

[

A (El+€2'l)

where o919 = cov(dzL,dzg)

Equation (47) implies a set of first order conditions which are
straight-forward to determine. To shorten the exposition we only
1ist here the solutions for the control variables implied by such
first order conditions:
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(48a) Cl(t) = alpW(t)

il

(48b) cz(t)

(48¢)  cylt) = p—(% W(t)

{48d) E] = oy * o

(48e) 52 =1 - ¢M = ¢S
2
% " %12 - i . .
where oy T 7 > = minimum variance portfolio fraction

o +o_. -2

g 12
v = (v_-1)

b = 29 g = speculative portfolio fraction
o to, - 2012

However, the solutions in (48) are not yet completely open to
simple interpretations. The role of the preference weights aq and
ag, and the income flow of the representative consumer must~be
analyzed further. First, if we adopt the notation in which W(t)
stands for the effective real wealth net of human capital spent in
leisure, then aq and ag must be appropr1ate1y adjusted. The con-
sumer consumes all the income earned on net wealth. Hence, it must

be assumed that a;+ay = 1 when spending is based on w(t). It is
¢ (13

and l-a =

0L1+0L3 0.1+0L3

‘associated with W(t). With the above notation, the two goods

convenient to use the notation o =

markets equilibrium conditions can be written as:
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t
(49a)  ygexp{v(t-ty)to [ dz|}
Y
~ t
= ap (g, [QpK+QptH]exp{v(t-ty)to [ dz }
t
0
~ t t
+ £, Qpok+QygtH] expl {v - M (t-tg) + o [ dzg=o [ dz)}
t ty
¢ -
_ - (1-0)pW(t)
(49b) ygoexp{vg(t t0)+og { dzg} ErGEe

0

The equilibrium conditions reveal a very impoktant fact: The goods
markets can only be in a dynamic equilibrium if the price of the
public good follows the following stochastic process.

dPg
Pg

(50) = Hgdt + oHdZH = (vg-v)dt + chL - o.dz

g9

Note that the time path of the price of the public good implied by
(50) is

t t
(51) pg(t) = pgoexp{(vg—v)(t—to) +g { dz, - I { dzg}
0 0

If (50) and {51) are substituted into the equilibrium conditions
(49a,b), the conditions can be written as:

t
(492')  ygexp{v(t-ty) +o [ dz ]

t

0

- t
= ap| QpK+QygtH] exp{ v{t-t;)+o { dz, |
0
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t
1 _ + d
(49b") ygoexp{vg(t ty) o {O z

g

- (1-a)p
Pg

. t
| QggK+Qygeh]explv g (t-ty)to, {0 dz g} ;

In (49a',b'), the exponential terms on the supply and demand sides
of the markets are identical. Hence, if the initial values of the
relevant variables equilibrate the markets in the initial state,
then the economy will continuously remain in equilibrium.

The general message of requirement (50) is that in a two good
model with Cobb-Douglas preferences the price of the good in the
production of which the mean productivity growth rate is higher,
must deflate on the average. Also, the required price behaviour of
the public good makes the two investment alternatives identical
for the investors, so that investors are indifferent between the
shares of the two industries. Hence, the portfolio fraction§

51 ang £y are determined in the goods markets so that g1 = o and
€3 = ag. The labor supply rule becomes analogous to the one in
section 2.2, i.e.:

Qp K
BO
(52) 2 =1 -0, - cyp 7

2 2 QuoH
The initial state equilibrium conditions of the extended economy
which determine the initial relative prices are:



49

(53a) v = apl Qpgk+QyeeH]

(53b)  yy = 1%;%13[QBOK+QHOzH]
(53c) L+ Lg = g+H
(53d) K+ K =K

Conditions (53a—dj imply the relative prices of capital, labor and
the public good in terms of the initial price Py = 1 of the
private good. The solutions.for such relative prices are obtained
in a similar way as those in section 2, and they are:

_ B.YO
(5b) . (1-)yq
BO pk
{54c¢) Pgo =1

The above solutions imply that the parameter Ag in the profits
function of the public sector must equal p. Note again that the
absolute prices are not determined in the general equilibrium, as
the price of the private good, or the numeraire, can be freely
chosen.

2.3.2 The public sector and the economy: the conventional case

In this section, a relatively conventional macroeconomic model is
developed in which the idealized two sector model is modified in
several important respects. The role of the public sector in the

economy will be made technically more conventional by replacing
the profits function (43) by the government budget constraint. The
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Keynesian features described above in the first chapter, i.e. the
separation of capital and labor supply decisions together with
nominal wage contracting, are introduced into the analysis. Also,
the distinction between the short-run and the long-run technology
is stated.

It is clear that when we introduce Keynesian features into the
analysis we have to compromise with the notion of rationality to a
certain extent. In the first chapter, we proposed the separation
of input supply decisions and nominal wage contracting as institu-
tionally plausible assumptions in the economies of the Nordic
countries. It seems useless to discuss the rationality of such
institutional arrangements from the point of view of welfare
economics in this study. However, even the way in which the
properties are built into the framework poses some questions. One
of the empirical stylized facts stated in the first chapter is
that financial intermediaries make the actual capital supply
decisions in Nordic economies. .

According to the standard neoclassical assumptions, financial
intermediaries are owned by consumers, exist to economize the
operations of monetary economies and maximize the preferences of
the owners. The Tast characteristic raises the question: why
should such intermediaries make decisions which could under some
circumstances decrease the wage income of the owners by causing
lay-offs? Also, why should owners form a trade union to negotiate
wage contracts when they will in any case receive the whole of the
national product as factor payments? These questions suggest that,
in order to make the effects of variation.in income distribution a
logically consistent property of the model, financial intermedi-
aries must be consuming agents in technical analysis. Hence,
despite the connotations associated with it, we apply the assump-
tion of two types of consumers. Thus there are, on one‘hand,
investors, who supply only capital, and, on the other hand,
workers, who supply only labor. We will assume that the relative

weights of different forms of consumption (except for leisure) are

/
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the same in the preferences of both types of consumers. Note that,
with Cobb-Douglas preferences, the above assumption is almost
identical to the assumption of homogeneous consumers and one
financial intermediary which maximizes the owners' preferences,
but only takes the non-human wealth into account in its qecision-
making. Both technical model constructions will generate the same
consumption, income and unemployment consequences if in the Tatter
case we restrict the fntertempora1 substitution possibilities of
consumers in labor supply by requiring that a consumer can only
work either a fixed number of hours per day or not at all.

We assume first, then, that there are n consumers in the economy.
In the initial state, the investors in the economy owned the total
amount K of real capital. There are n investors in the economy,

each of whom held a fraction %— of the real capital stock in the
1
initial state. In the initial state general equilibrium, the

investors exchanged the units of real capital for shares issued by
firms and for government bonds. One unit of capital corresponds to
one security, so that the total number of securities equals the
number of units of capital. On the average, the investors hold all
the shares .and bonds, but, at times, some securities may also be
held by the workers. The investors do not supply labor at all. The
holders of the shares own the firms, and here we take this to mean
that, in addition to receiving the general equilibrium factor
payments for capital, the shareholders also receive the profits or
bear the losses of the firms.

The preferences of all the investors with respect to the real
instantaneous consumption of the private good, ci(t), and the real
consumption of the public good, cgi(t)’ are identical with each
other and are defined by the following utility function:

(54) Ui(t) = ai1og(ci(t)) + (l-ai)log(cgi(t)); aie(O,l).
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The rest, n-nqy, of the consumers are workers who supply labor but
no capital on the average.8 Each worker has a maximum instan-

taneous working capacity ﬁ%ﬁ—-H, which he can either consume as
1

leisure or supply as labor. The workers also receive utility from
the instantaneous real consumption of the private and the public
good. Each worker has identical preferences in the three forms of
consumption, which are represented by the following instantaneous
utility function:

(55) Uw(t) = a1w1og(cw(t)) + “2w1°g(cgw(t)) + a3w1og(cgw(t))

oqs ogy € (0,1)5 oy =1 = ajy = oz

cw(t) = worker's consumption of the private good.
Czw(t) = worker's consumption of leisure.
cgw(t) = worker's consumption of the public good.

We require also the following to hold:

Condition (55a) indicates that the relative weights of the private
and the public good in the preferences of all agents are the same.

81In our analysis, 'trend' saving and capital formation are
assumed away. This implies that when the economy is on the trend
path, i.e. when the rate of time preference and the rate of
instantaneous real income are equal, the workers will not
participate in the asset markets at all. However, in short-term
analysis, variations in the rate of time preference are, in
principle, allowed. This implies that there can be net saving and
dissaving in the model in the short run. Consequently, workers can
temporarily, at Teast in principle, participate in the asset
markets. Thus the fundamental difference between workers and
investors is that the latter do not supply labor at all.
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Secondly, we assume that the workers are organized into a trade
union.? The union negotitates nominal wage contracts with a large
number of competitive firms. The contracts with each individual
firm start at the same time and their length is fixed at Tc time
units. Under the assumed conditions in the labor market, the
contract negotiations will be dominated by the union. The union's
policy aims at guaranteeing its members the maximum expected real
wage rate, given expected full employment. The contract wage, and
thus the actual nominal wage rate paid to the workers, is such
that the expected rate of change in nominal wages is equal to the
expected rate of change in the value of the marginal product of
the firm, and the expected utility for the firm from producing
during the contract period is at the competitive level. All
expectations are formed at the time of contracting. The contract

9The assumption on the presence of the trade union can be theore-
tically defended by the asymmetric position of the workers and
investors with respect to extreme states of nature. If the sub-
sistence rate of consumption is somewhat higher than the lowest
possible instantaneous real income then there are some states of
nature in which starvation would threaten consumers. Investors
could survive such states of nature, if real capital is assumed
edible, but the workers do not have any means of survival. This
creates a strong incentive for founding a union, which negotiates
wage contracts in which the extreme states of nature are elimi-
nated. Note that this is not a decisive argument, since forming a
union is just one way of achieving the security objective. Alter-
native (and possibly superior) ways would be e.g. storage of
goods, insurance, or precautionary saving by workers.
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wage determination in the economy over an arbitrary contract
period [to,tO+TC] is then given by the following two expressions:10

dQH(t) d(p(t)MPL(t))

(562) ol rer] = Frolpremprer—] =% =

Qy(t) 1
(56b) Eto[fﬂiﬁ—J = ey E{MPL(t)~edLy(t)J,

where dL is the minimum risk premium associated with the use of
Tabor input in production such that the firms are
indifferent between producing and not pr‘oducing.11 Other
notation is adopted from the second section.
w = rate of increase in the contract wage

Although simple, our assumption on the nature of wage contracts
describes fairly meaningful union behaviour. In addition to
equating the expected rate of change in real wages to the expected
rate of change in marginal productivity of labor, the specifica-
tion implies that the expected ratio of wage income to capital
income remains constant in the economy. Moreover, even though the
trade union introduces an externality into the decision making of

10gxpressions (56a) and (56b) can be motivated in a simple way by
considering the problem of a profit maximizing firm which operates
in a static riskless environment. The first order conditions for
such a firm with Cobb-Douglas technology are

BPY - QuL = 0

(1-8)pY - OBk = 0

If we define that

8Y _

T "™

then (56b) is a dynamic representation of the first order con-
dition for labor under uncertainty concerning actual productivity.
(56a) is obtained from (56b) by direct differentiation.

HThe expression for the risk premium d; is derived in appendix 1.
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the firms by forcing them to bear some profits risk, it also
allows the firms to adjust to unanticipated distortions in the
economy by changing the price of the commodity accordingly within
the contract period. In particular, note that, according to the
contract setting rule, the contract wage does not respond at all
to the potential excess demand and supply situations in the labor
market. This feature creates the possibility of persistent
unemployment in the analysis.

Note also that we assume the contract wage to be binding on the
government as well.

Firms pay the fixed nominal rate of return on shares. Within the
wage contract period, exogenous productivity and price shocks may
hit the economy. Because of the rigid Tabor costs, this would
affect the profits of the firms. It is assumed that the firms
accumulate such profits and losses in each subperiod in a separate
fund, which is established by the shareholders as part of the
terms of shares. The proceeds of the fund are shared by investors
in proportion to their holdings of shares. As a consequence of
this assumption, the firms do not substitute between capital and
Tabor within the contract period. Only shocks of a fairly struc-
tural nature, such as changes in the contract wage setting rule,
will cause variations in the capital-labor ratio. The technology
becomes essentially a fixed-coefficient technology in the short
run and a Cobb-Douglas technology in the long run. The variations
in the balance of the fund may affect the expected returns on
shares and thereby the portfolio decisions of the investors. Hence
the investors, by their portfolio choices, set the scale of pro-
duction. The firms adjust unemployment so as to maintain the
equilibrium or long-run capital labor ratio.

The last general assumption we state is that the economy is a
monetary economy. Thus, the government has established a conven-
tion that all prices in the economy are expressed in terms of the
currency, which is the only means of payment in the economy. The



56

transactions demand for money is determined by the transactions
technology, which is assumed to be such that, for one unit of
expenditure, b(t) units of money are needed to carry out the
transaction. Thus the quantity theory, or, in a dynamic context,
the Cagan money demand function, defines the aggregate transac-
tions demand for money in the economy. Formally, this can be
expressed as

(57) p(t)y(t) = b(tIM(t)
where M(t) = transactions demand for money.

The consequences of the above assumptions on the private sector
deserve some comments. First, and as usual, the key role of the
quantity theory identity (57) is in fixing the price level of the
economy. Second, the separation of workers from investors makes
labor supply independent of income distribution. Third, the
construction of profits funds, which makes the technology fixed-
coefficient in the short run, also makes the conventional aggre-
gate supply curve vertical. Thus, all the shocks which affect the
profits of firms may affect aggregate supply only by making
investors adjust their portfolios; consequently, the aggregate
supply curve shifts. In the standard static graphical exposition,

the goods markets can be represented by the following figure:
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Fig. 1.

GOODS MARKETS EQUILIBRIUM

In the figure, goods markets are in an equilibrium at point
(po,yo). A typical demand shock would shift the demand curve to a
new position. Whether there will be real effects or not in the
economy depends on whether the investors react to the implied
change in the price level by adjusting their portfolios. If they
do, the supply curve will shift as well and there will be real
effects. If they do not, the supply curve remains where it was and
the price adjustment equilibrates the goods markets.

The government produces public goods by means of the technology
defined in (37), where vg =V is assumed for simplicity. To hire
the desired amount of labor, the government pays the same contract
wage to workers as private firms do. To raise capital and to
finance deficits, the government issues two types of bonds. One
bond of either type is exchanged for one unit of capital. One of
the bonds is the riskless asset of the economy, i.e. its nominal
rate of return is riskless. By contrast, the other bond is risky,
having a stochastic nominal return. The prices of the two bonds

follow the following processes:
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d Qé )

(58a} - = ert + oGde
Q%
d Q2

(58b) G _pat
-2
%

where Qé(t) price of a risky bond at time t

Qé(t) = price of a riskless bond at time t
r = nominal rate of return on the riskless bond
re = nominal mean rate of return on the risky bond

We assume that the riskless return r is always positive and fixed.
Hence, riskless bonds dominate money holdings as the riskless
asset of the economy and money is only demanded for transactions
purposes. Note that, with these assumptions, riskless bonds are in
effect the speculative money of the economy.

The mean return re on the risky bond is determined in the asset
market equilibrium in a way to be seen later via the requirement
that the total fraction of capital held in public assets is l-q.
The government raises revenues by levying taxes on income. The
aggregate net tax flow is t(t), the determination of which is
discussed below.

Under the new assumptions on the economy and the public sector,
the decision problem of consumers must be split into the problem
of a representative investor and the problem of a representative
worker. The two problems can be formulated as follows:

0T -0, (s-ty)
(59) J;(Vg(t),t) = max E,{ ] e !
{ci(t)cgi(t),gl,gz,%} 0 t,

-[a11ogci(s)+(1—ai)1ogcgi(s)]ds}
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s.t. dvg(t) = [gl(rBdtchdzB) + gplredttopdz,) + gardt]Vy(t)
- [plt)e;(t) + pg(t)cgi(t)]dt

tB3=1l-¢8 -8

(60) JyVy(t),t) = max c 1] e
{e),(t)scy(t) ey (t)} t t,

-[a1w1ogclw(s)+a2w1ogc2(s)+a3w1ogc3w(s)Jds}

s.t. v, (t) = WdtVH(t) - [p(t)clw(t)-w(t)cz(t)—pg(t)c3w(t)]dt

where indexes i refer to the representative investor and indexes w
to the representative worker. The notation concerning the
non-human wealth determination in (59) has been generalized from
that used in the idealized case of section 2.3.1. The notation
will be defined completely below after equations (61).

The two problems are relatively easy to solve along the Tines
followed in section 2.2, and therefore we only list here the
optimal consumption, labor supply and portfolio rules which are
consistent with our assumptions for the extended model:

(610) ¢ (t) = (oado v () + Uoado y 1)
' pg(ti ( ) 'H

(1-a2w
(61C) e (t) = -m')—' VH(t) =1 - oczw

(61d) El = —2(———2—“‘8-!") -
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SR S S S
) T 5
o l-pBG )

(61e) (rB—r).

ogg(1-rpg )
(61F) 53 =1 - El - ‘52’

where the following notation and assumptions have been used

clt) = ci(t) + Clw(t)
cg(t) = cgi(t) + c3w(t)
_ 1w
Tooagy toagy,

3y
T ooy Tog,

v, (t) = Q(t)eH
£y = portfolio fraction of shares,
€y = portfolio fraction of risky government bonds,
Eg = portfolio fraction of riskless government bonds
rB(t) = rgdt + opdzg = nominal return on shares,
' rg = v, chzB = cdzL
rG(t) = rgdt + ondze, = nominal return on risky govern-
ment bonds, °GdZG = cgdzg

r = nominal return on riskless government bonds,

2(t) = rate of labor supply,

°pg = correlation coefficient between processes
(dzB, de).

Conditions (61d-f) define directly the required mean return re on

the risky government bond, given the rest of the parameters. To

simplify notation and subsequent analysis, we assume that the
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government bonds are less risky than shares and that the
stochastic pY‘dCGSSES dZB and dZG are correlated so that

9g = OpPpg* These technical assumptions imply the economic
assumption that, when capital moves between the two sectors, the
portfolio fraction E3 remains constant and substitution only
occurs between shares and risky bonds. Using (61d-f) and the above
assumptions, and requiring that l-o = E1 t &9, We obtain the
following solution for rg:

- 2 2
(62) Y‘G = Y‘B - (xoB(l-pBG )

By the above assumptions on the public sector asset returns, the
prices of government bonds are given by the following functions:

1,y _ Al 2 2 t
(63a) QG(t) = QGOexp{(rB-acB(l-pBG ))(t~to) + og [ dz

%

6!

2 2
(63b) Qg (t) = Qggexpi r(t-ty)}
The analogue of the idealized public sector profit function in the

present more realistic case is the government budget constraint.
By our assumptions, the government budget constraint is given by:

(64) dM(t)

dQé(t)Bé(t) + dQé(t)Bé(t) + dy ()L (1)
1,001 2\ 2
+ dL(t)0h(1) + aB2(t)Q2() + dL (t)gy(t) - o(t)
dz
= (rgtog 7oL (0BL(E) + re(t1Bd(n)

+ rBé(t)Qé(t) + dBé(t)Qé(t) + 00, (t)L (t)

+ dLg(£)0,(t) - <lt) = G(t) - <(t)




62

where dM(t) = instantaneous change in monéy supply

Gt) = dof (tIBR(t) + d0f(LIBR(E) + doy (L ()

1 1 2 2
+ dBG(t)QG(t) + dBG(t)QG(t) + dLg(t)QH(t)

According to (64), the instantaneous change in money supply
follows a stochastic process determined by several factors. The
first three terms on the right hand side of (64) refer to factor
payments made by the government to the private sector. Conven-
tionally, these terms can be interpreted as government expen-
diture. The following two terms are the effects of changes in the
stocks of the two types of government bonds. Such changes can be
indications of either open market operations, implying that
ng(t) = -ng(t), or crowding out or crowding in, requiring capi-
tal flows between the private and the public sector. The sixth
term is the effect of a change in public sector employment on the
financial position of the government. The last term is the tax
revenue of the government.

A1l possible government policies can be characterized in terms of
the government budget constraint. As to the effects of policies,
recall, for instance, that, through the quantity theory equation
(57), decisions on the right hand side of (64), which cause money
supply to vary, give rise to variations in the price level. The
first question of interest is to try to find the policy which
would guarantee a full employment general equilibrium. Such a
policy is simply found. If the government sets Lg = (1-a)2H,

Bé+ Bz= (1-¢)K always, and then collects back all the factor
payments from consumers in taxes, general equilibrium is reached.
This requires different tax flows from workers and investors,
however. Specifically, for the general equilibrium the government
has to setl?

12Note that in order for policy (65), (66) not to allow for
distortions, the classification of consumers into investors and
workers must be exogenous. A distortion would arise if some of the
consumers could choose whether to be a worker or not.
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_ anl 1 2 2
(65) Ti(t) = dQG(t)BG + dQG(t)BG + dMi(t)
(66) Tw(t) = dQH(t)Lg + de(t)
where i refers to investors and w to workers.

With the general equilibrium policy, the production and consump-
tion of public goods are at equilibrium levels. Also, all the
income created by public activities is taxed so that only the
income generated by the private sector is left for purchasing
private goods. Hence, as consumption is independent of income
distribution between workers and investors, private production and
consumption must be equal.

The policy that guarantees full employment equilibrium seems to be
very unrealistic, however, if practical situations are considered.
Problems with demand revelation mechanisms in the case of public
goods are well-known, and we have chosen a very simple way to
avoid them by studying publicly produced private goods. Moreover,
in reality, lack of information may prevent the government from
conducting the perfect policy. For these reasons, we will next
briefly describe alternative practical policies and their
formulation.

It is clear that there are many alternative policies available to
the government which guarantee full employment and government
budget balance in the sense of (64) when the economy operates on
the Tong-term trend path. It is only in the distortionary
situations that the role and type of policy become critical. To
ignore uninteresting cases, let us define that, for any plausible
government policy, the budget balance holds in the sense of (64)
when there are no distortions present in the economy, i.e.:



(67) T(t) = G(t) - dM(t)

where - refers to the general equilibrium time paths of
variables

The government's role can be simplified in the formal model by
using the familiar disposable income notation. The model (61) then
becomes:

(61a') clt) = E}Tﬂp(vB(t)H?H(t))—r(t)J

(61c-f) as above

Note that, if the government is running a balanced budget and no
expenditure is financed by money printing, then the following
identity must hold in the consumption function (6la‘):

(68)  p(Vy(t)+V,(t)) - x(t) = p(tly(t)

Equation (68) states that consumers spend all national income
earned in the private sector on private goods, if the government
runs a balanced budget in the restricted sense above. With the
notation of the simplified model (6la'), {61lc-f), all the charac-
terizations of fiscal policy can be carried out in terms of the
disposable income.

Three different policy regimes will be considered in the analysis
of the third chapter. A common feature to all the regimes is that
the government always employs a fraction l-a of the Tabor force.
The choice of the three specific regimes is based on the type of
distortion that the policy maker is to deal with. In our analysis,
the potential distortion arises from the fact that, owing to some
exogenous events, the price level may fluctuate. This makes the
real rate of return on shares fluctuate. As the riskless nominal
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interest rate is always fixed at r, investors will be willing to
reallocate their portfolios, if this is allowed, or if the
distortion is not neutralized.

In order to make the analysis interesting, we impose the.following
general restriction: The government prevents all speculative
actions that are taken after the shock has started. This assump-
tion can be motivated by some considerations. First, it is
reasonable to assume that the government observes the shock and
understands its consequences at the latest at the time when it
occurs., If this were not accepted, the government would be
believed to have inferior information relative to the investors.
Second, the government also knows that any action that the
investors take after the onset of the shock aims at samehow
circumventing the effects of the contract wage rigidity, which
they are already péid for in the form of the risk premium. If the
government were to allow the portfolio adjustments after the shock
has hit the economy, it would be conducting policy in favor of
investors. One example of a policy that would eliminate trading
after the onset of such a shock is a specific tax.13

What investors can do under the above restriction is to engage in
speculative portfolio adjustments before the shock actually
occurs. Any government's policy rules must be related to such
behaviour in circumstances where the government may have poor
information. The first policy regime can be viewed as analogous to
the familiar money targeting monetary policy. When the government
follows this regime, it fixes a money supply rule and sells as
many bonds on thé;ferms defined in (58a,b) as investors want to
buy. Since thé boﬁds sell at the general equilibrium terms, the

13an appropriate policy would be to impose a specific capital
income tax on investors. If the government announced that all the
additional income that investors would receive from portfolio
adjustments after the shock would be taxed to finance unemployment
benefits indirectly caused by those portfolio adjustments, then
investors would have no incentive to reallocate investments.
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government knows that, when there are no distortions, it will
raise the Qenera] equilibrium amount of capital. When a shock that
changes the price level hits the economy, there will be redis-
tribution of income between investors and workers. If the
investors anticipate the shock in advance, by the substitution
assumption stated above after (61) they trade shares for risky
bonds, or vice versa, depending on the shock. Hence, the amount of
speculative money remains constant and the 'money targeting
policy' characterization is justifiable for the regime. The money
targeting policy regime can be specified by the following ex-
pressions:

(69a) %%%}l = v

doR(t)
(ng) Q—G-(—t-)—— = Y‘Gdt + OGdZG

(69C) W = rdt

In (69a), we have determined that the government chooses the
specific money supply rule by which the money supply grows at the
mean rate of growth of productivity.

The second policy regime can be seen as analogous to the interest

rate targeting monetary policy. In this policy, the government

tries to adjust the nominal terms on government bonds so that

variations in the price Tevel do not cause capital to shift

between the two sectors. The rate of return on the riskless bond '
must be held constant by definition, so that only the mean rate of

return or the nominal price of the risky bonds can be adjusted.

Later, it will be seen that, under this policy regime, the

investors speculate by trading risky bonds for riskless bonds, and

vice versa. As riskless bonds are an exact analogue of speculative

money in our model, we can let the government fix the transactions
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money supply and yet have a perfectly flexible supply schedule of
riskless claims on the government. This, on the other hand, is
the key characteristic of the interest rate targeting policy in
traditional analyses {see e.g. Poole (1970)). Formally, we can
define the interest rate targeting regime by the following
expressions:

(70a) Qﬁ?&%l =y

0aa(t)  Qg(t)

(700) 8T 7 gTD)

o0 d Qg(t) ;
Oc = r dt
' Qo)

Condition (70b) requires that the ratios between the real price of
a risky bond and the real price of a share, indicated by subscript
R, and between the respective nominal prices must be equal. This
is the requirement that variations in the price level will not
cause variations in the relative preferability between risky bonds
and shares.

Finally, we will specify the regime of the Keynesian stabilization
policy, the objective of which is to minimize real fluctuations in
the economy. In our model, this amounts to minimizing the
unemployment rate. In the Keynesian regime, the government can
freely choose both the net tax flow t(t) -and the money supply
rule. The Keynesian regime can be characterized by the following
minimization problem: '

(71) min (un(t))2
[ (t), M(t)}
s.t. (64)
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(L(t)+Lg(t)-(L(t)+Lg(t))

where un(t) = unemployment rate =

L(t) + Lg(t)

]

refers to the full employment equilibrium level
of the respective variable

In the cases which we will study, the minimization problem (71)
turns out to be trivial, as policies guaranteeing a zero rate of
unemployment are always available.

In the general framework presented above, various experiments in
closed economy macroeconomics can be studied. Particular
complexities in the model due to stochastic variations about the
trend path can be avoided by studying cases in which there is an
exogenous shift in some of the parameters, but during which the
stochastic variations, at least in the public sector, are equal to
zero. One such case is studied in the third chapter, where the
effects of a temporary shift in savings behaviour are analyzed.

2.4 A model of a small open economy

The basic assumptions of the 'conventional' closed economy model
are used to a large extent as the underlying assumptions in the

open economy model. Thus the assumptions on two different groups
of consumers, the trade union, wage contracts and profits funds

are retained unchanged in the open economy analysis. Additional

assumptions are needed for different blocks of the economy: the

preferences of consumers must include the need for imports, the

position of the government with respect to the economy has to be
simplified slightly, and the links between the home country and

the rest of the world must be specified.

It is assumed that the representative investor has a weight
agq in his Cobb-Douglas utility function representing consumption
of imported goods, or cmi(t)' The corresponding weight of the

representative worker is a, . In particular, we require that
p 4w
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%44 %4y °

(72) =
agg Fagy tagyoap, tag, Tagy,

Condition (72) states again that the relative weights of imports
are the same in the preferences of both investors and workers.

The government of the home country, is in principle, similar to
the one specffied in the closed economy model. Thus the government
provides the economy with public services, supplies money and

" levies taxes to partially finance public expenditure. The main
difference js that the government issues only one bond at a
riskless rate of return r to raise capital in the home economy.
The government fixes the size of the public sector at ag, i.e. the
government always employs a fraction ag of the labor and capital
of the home economy in public sector activities. At a rate of
return r, a fraction £3 of the capital owned by investors is
supplied to the government. Hence, if £3 < ag, then the government
borrows the implied difference in capital from abroad. If,
alternatively, E3 > a3 then the government invests the excess
capital abroad. If labor is immobile, the government has no
corresponding problem with labor supply, as long as it pays the
contract wage to workers. The other difference in the government
position is that the autonomy of the government with respect to
the money supply rule is limited by the influence of the rest of
the world. Our specific assumption in this respect is that the
government sets the money supply rule so as to eliminate
systematic, anticipated inflation rate differences between the
home country and the rest of the world.

The home country is a small economy relative to the rest of the

world. In particular, the foreign currency prices p%(t) and pi(t)
of the imported and exported goods are exogenous to the domestic
investors. In the analysis, we ignore variations in the terms of

trade and assume that imported and exported goods are physically
measured in units such that px(t) = pi(t) = p*(t). The world price
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level is determined by the money supply abroad through the
quantity theory. The rate of growth of money supply abroad is
given by:

(73) M) L ey = (i)t + odu

where du ~ N(0,1) i.i.d.
v* = world rate of growth of productivity
I* = mean world inflation rate

The time path of the world price Tevel, p*{t), implied by the
quantity theory and the money supply rule (73) is:

t
(74) p*(t) = pﬁexp{n*(t-to) + o* [ du}
t

According to (74), the world price level follows a geometric
brownian motion stochastic process, where the random component is
due to the presumed inability of the policy authority of the rest
of the world to set the money supply precisely. We stated above
that the home country government sets the money supply so that no
systematic differences occur between domestic and foreign
inflation rates. This requires that the domestic rate of growth of
money supply under nondistortionary conditions is:

(75) %"%l m(t) = (vHI*)dt

Money supply rule (75) implies that the time path of the expected
home country price level, Etop(t), becomes

(76) EqoP(t) = pgexp{m*(t-t4)}

On the other hand, the domestic price Tevel and the world price
Tevel must be connected via the exchange rate s{t) as follows:
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(77) p(t) = s(t)p*(t)

We assume that the home country tries to keep the exchange rate

P
fixed at the initial level Sy = 52u Hence, the actual price level

0
in the home country becomes:
t
(78) p(t) = sgp*(t) = sypfexp{m*(t-ty)+o* ft du}
0

Thus, the actual price Tevel is the home country varies directly
with the world price level variations.

The home country supports the initial exchange rate by intervening
continuously in the market for foreign currency. To be able to do
so, the central banks of the home country and the rest of the
world exchange currencies at the initial exchange rate, so that
the expected time path of the foreign exchange reserves of the
home country, EtOR(t)’ is:

(79) EoR(t) = Roexp{v(t-t))} = R(t)

When domestic agents respond to exogenous shocks, the time path of
actual reserves may deviate from the autonomous path. We assume
that there exist a critical Tower bound R(t) and an upper bound
ﬁ(t) of reserves such that, if the actual level of reserves falls
below R(t), then the home country devalues, and, if the reserves
rise above ﬁ(t), then the home country revalues. The limits are
defined by:

(80a) R(t) Boexp{v(t-to)}

(80b)  R(t)

i

Ryexp{v(t-ty)}
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The exogeneity of the limits R(t) and R(t) is assumed for con-
venience here. Endogenous determination of such limits could
possibly be derived along the principles of some inventory theore-
tic models or models of the demand for transactions balances
(models of Miller-Orr, Baumol-Tobin etc.), but such a specifica-
tion is considered too costly in terms of additional complexities
to be worth deriving here.

The percentage of both the devaluation and the revaluation is
always assumed to be constant at k. The idea behind the assumption
is that such a policy is required by an outside authority, e.g. by
the IMF. This type of policy assumption is at first glance very
naive. However, it turns out later in the fourth chapter that it
is not as restrictive as it may appear. For it will be seen that,
if k is arbitrarily set small and e.g. a devaluation must be
carried out, there is practically always speculation going dn at
the time of the devaluation. If a devaluation of k-percent is not
large enough, speculation continues and a new devaluation must
occur. This process must be repeated until the economy has
‘searched' the devaluation which is correct multiple of k-percent.

The interest rate in the world financial market is uncertain.
Specifically, the nominal rate of return on bonds denominated in
foreign currency is:

dQ*B(t) * *kdr%
(81) —QTBT.E)—— = Y‘Bdt + OBdZB

"where r§ mean foreign interest rate

o§ standard deviation of the process dz§
dz§ ~ N(0,1) i.i.d

At this rate of return, domestic investors and the government can
invest in foreign bonds or borrow from the foreign financial
market. To simplify the analysis, we adopt the assumption that
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substitutions in the porfolios of domestic investors occur only
between shares and foreign bonds, and thus the portfolio share of
the government bonds remains constant. Technically, we assume that
the risks attached to foreign bonds are smaller than those
attached to shares. In that case og = pp«Ops Pp& = corr(dzdeﬁ),
guarantees the proposed portfolio adjustments.

Given the above assumptions, we could reformu]ate decision
problems of the representative investor and worker. Since,
ﬁowever, such formulations would be exactly analogous to those
presented in section 2.3, we do not present them here. In
conclusion, we 1ist the aggregate consumption and portfolio rules
of the economy.'14

(82a)  c(t) = %%%LVB(wQH(t)J

—p—a}(%—LVB(t)HNIH(t)J

(82b) c (t) =
g g

0L4p

(82¢) ¢ (t) = S—OWT)-[VB('C)HNIH(t)]

14Note the interesting difference between portfolio rules (82e,f)
and the conventional portfolio rules of an international
consumer-investor found in e.g. Macedo (1981) and Meerschwam
(1982). Rules (82e,f), derived under the fixed exchange rate
regime, are similar to closed economy portfolio rules, while the
conventional rules of the international investor, obtained under
flexible exchange rates, include hedging against variations in the
international purchasing power of the portfolio. The latter type
of hedging becomes effective under fixed exchange rates only
through speculation against discrete jumps in the exchange rate.
This effect will be derived in section 2.5.
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(82d) L = l-azw
(82e) El = —2——-1—2—(?"8-7“5)
GB(I'DB*)
- 1 1
(82f) EZ = (r%-r) - —'2_—‘2—(Y‘B-Y‘)
UBDB*(l'pB*) OB(I-OB*)
(82g) Eg=1-8) -t

where G T agys 93 T agys G T Ogs
c,,(t) = demand for imports
£ = portfolio fraction of shares
£y = portfolio fraction of foreign bonds
g3 = portfolio fraction of government bonds

We can again abstract from the public sector and Teisure consump-
tion in the consumption rules above, and state the rules in terms
of disposable income. Let, then, o be the preference weight of
consumption of the domestic good and 1-o that of imports. Then
(82a) and (82c) can be replaced by

(82a')  c(t) = ﬁﬂ(plvs(t”";H(t)J - 2 (1))
(82¢)) ¢ (1) = E(()—t,?(‘%)—(p[VB(t)+\NIH(t)] - ()

On the basis of (82a'), (82c') and (82e-g) we can state the
important open economy variables relevant for further analysis.
Since production in the domestic private sector is determined in
the same way as in the closed economy model, exports are given by
the following residual

(83) x(t) = y(t) - c(t)
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The current account surplus in home currency then becomes:
(84) S(t) = sgp*(t)[clt)-c (t)]

The stock of capital exports is the value of domestic capital held
in foreign bonds. The stock of capital imports, on the other hand,
is the residual capital imports by the government needed to

satisfy capital needs in the public and, possibly, the private
sector.15 Denoting the home currency values of the stock of exports
by Xc(t) and the stock of imports by Mc(t), the expressions for
them are:

(85a) X (t) = sgE,(t)QE(tIK

(85b)  M_(£) = s(1-,(t)-£,(£))QG LK

The net inflow of capital, C(t), measured in home currency,
follows from instantaneous changes in the stocks in (85a,b), and
is given by:

(86) C(t) = -spde, (£)QF(LIK

Note that valuation changes in (85a,b) represent interest receipts
and payments, and are included in the disposable income and hence
in the current account surplus.

15The needs in the public sector can include the equilibrium gap
in finance, or ¢3 - €3, and the possible finance for government
budget deficit. The latter will be ignored here. The needs in the
private- sector can be due to the equilibrium gap 1-93-%1, as
investors could in principle be net exporters or importers of
capital in the equilibrium. Full employment equilibrium in the
home country requires capital imports by the government, if
investors are net exporters of capital in the equilibrium. This
could happen in the general equilibrium, if the government lets
investors hedge optimally against all risks and bears the
aggregate risk itself. In the open economy model, the government
would then be financing firms by loans.
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The current account surplus and the net capital inflow together
determine the instantaneous change in reserves in excess of the
exogenous policy-generated change that was implicitly defined in
(79). Measured in home currency, the non-policy-generated
instantaneous change in reserves is simply:

(87) dR(t)" = s(t) + c(t)
Expression (87) defines a complicated stochastic differential

equation. This can be seen by writing out its complete explicit
form as follows:

t
(88) R(t)" = soPgexp{m*(t-ty)+o* [ du}[yoexp{v(t—to)
t
0
t . t
+o [ dz} - {v(|g (t)Qpgexp{rp(t-ty)toy [ dzg}
t Y

t
+£5(t)Qgexp{ rp(t-ty)+ok { dzg}
0

+g3QGOexp{r(t—t0)}]i

+ (£ (£)4a3)Q,0exp{v{t-ty ) }H) - T(t)}]

- sqde, (t)Qfgexp{rg(t-ty)+o} }tc dzg}
0

It is clear that the global general equilibrium mean of the
non-policy-generated change in reserves is zero, even though the
expected change for other than policy reasons can temporarily
differ from zero. Such temporary deviations are due to speculative
responses of agents to exogenous events. The stochastic parts in
(88) will not in general sum to zero, except under very specific

assumptions concerning government policy analogous to assumptions
(65) and (66) in the closed economy case.



The change in total reserves consists of the po1i§y—generated
change defined in (79) and the non-policy-generated change
specified in (88), and is

(89) dR(t) = dR(t)P + dr(t)"

The above remarks concerning the non-policy-generated change
indicate that the probability distribution of the change in total
reserves is Tikely to have time dependent parameters. In addition,
the time dependence of the moments of {89) may be highly
nonlinear.

The model developed so far provides a sufficient framework for
open economy analysis except in one important aspect. The policy
of the home country government to try to follow the fixed exchange
rate regime can, with appropriate sequences of shocks, to which
agents respond, create devaluation or revaluation expectations.
These expectations can generate speculative behaviour, which may
have strong feedback effects on the economy and can lead to
temporary deviations from zero of the mean of (88) as mentioned
above. Therefore, we have to examine in what ways exchange rate
expectations and the implied speculation may affect decision
making.

2.5 Speculation and fixed exchange rates

In principle, expectations of discrete jumps in the exchange rate
can affect the economy through both the goods and the financial
markets. If goods are storable, devaluation expectations would,
for instance, most likely lead to a speculative build-up of
inventories of the imported goods before devaluation. Furthermore,
such expectations would cause exports of capital, since the
expected rate of return on foreign asset would increase. In our
analysis, we have assumed goods to be non-storable, so that only
the asset market effects of jump expectations are relevant for our
purposes. Consider then the representative investor in the open
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economy environment. He can, as was assumed above, invest his
wealth in shares, government bonds and foreign bonds. With the
assumed preferences, his consumption and portfolio problems are
separable, and hence we will suppress the consumption decisions
for simplicity at this stage. The portfolio problem of the
investor can be completely characterized by the following Bellman-
equation:

(90) 0 = max E
{€1589,E3}
aJ(VB(t,s),s,t)
aVB(t,s)

solulc(t)] - pd(Vplt,s),s,t)

+

dVB(t,s)

. aZJ(vB(t,s),s,’c)I
P TRV S) |avglt,s)] |

where dVB(t,s) = [EI(rBdt+chz) + gz(rgdt+c§dz*) + g3rdt]VB(t,s)
E3=1'51'52

ulc(t)| = generalized utility index

In order to find out how the behaviour of the investor changes
with exchange rate jump expectations, we have to determined in
what ways equation (90) must be adjusted so that it takes discrete
jumps in the exchange rate into account.

First, we construct a purely technical derivation and give an
interpretation to it at a later stage. Suppose, then, that there
is a small probability ; that, at any instant, the exchange rate
can discretely jump from the initial level So to the Tevel

5 = (1+k)so. In economic terms, this means that a k-percent
devaluation is likely to happen in the home country, but that
the timing of the event is unknown within a finite time interval

and can occur with equal likelihood at any moment. With these
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assumptions, the exchange rate follows a Poisson process defined
by16:

(91) ds = kdv

where dv
| dv

0 with probability 1 - A
1 with probability A
| A is defined by the following statements:

Pr{devaluation occurs once in the time interval (t,t+h)}
= xh + 0(h)

Pr{devaluation does not occur in the time interval
(t,t+h)} = 1 - xh + O(h)

Pr{deva]dation occurs more than once in the time interval
(t,t+h)} = 0(h)

and 0{h) is of the asymptotic order zero in the following

sense: ¢(h) is 0(h) if Tim (p(h)/h) =0
h+0

It can be shown that, with assumption (91}, the Bellman equation
representing the decision making situation of the investor changes
into the following form:17

(92) 0 = max Eiqfulclt)] - pd(V,(t,s),s,t)
{€1:89583} *0 ;
aJ(VB(t,s),s,t)

+
aVB(t,s)

dVB(t,S)

1 BZJ(VB(t,s),s,t%
Yz v s

+2[dVg(s),t),5,,1) = 35050, ,50,8)]}

16see Merton (1971), pp. 395 - 396.

175ee Malliaris- Brock (1982), pp. 121 - 124.
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Intuitively, the change in the Bellman equation due to the
possible jump in the exchange rate is easy to interpret. The last
term in (92) represents the expected value of the change in the
utility of the investor, given that the wealth level of the
investor may jump with the probability ;.

Equation (92) can be developed into an operational form by
studying the change in real wealth due to the jump in the exchange
rate. The total wealth levels of the investor measured in home
currency before and after the devaluation are the following:

(93a) Vg (t,s) = [£, (1) (t)+z, (s Q(t)+e,(£)Q (1)K
(930)  Vg(t,s;) = [£](£)Qp(t)+e,(t)s, Qh(t)+e,(£)QL(£)IK

Thus, as is to be expected, the change in real wealth is a
fraction k of the home currency value of the foreign currency
denominated assets in the portfolio, where k is the devaluation
percentage. By using (94), we can now develop an operational
representation for the last term of equation {92). Applying the
Taylor approximation, the term can be written as follows:

(95)  A[IVg(t,s)),t,5)) = I(Vg(t,50),t,50)]

~ 3d(Vp| tysq)st,sqy))
] gl £250)5%,5g
= MV TS o f2 Vg(t.sp)

220 (V5[ £,50),t,50))
]2

2 2 2
+ gz(sl—Esl) VB(t,so) )

BVBLt,so),t,so

The approximation in {95) becomes useful when one observes that
the other partials of the J-function in (92) are also evaluated at
s = sq. If we assume first that the devaluation percentage is
known with certainty to be equal to k, then the second order term
in (95) disappears from the point of view of equation (92), in




which expectations are taken over the entire right hand side of
the equation. Substituting (95) now into (92), taking into account
the constraints of {90) and reordering terms, we can write
equation (92) in the following form:

{96) 0= max {u[c(t)] - pJ(VB(t,so),so,t)

BJ(VB(t,so),so,t)J o
+ (T 5,) L[51(rB—r)ﬂ;z(rB+>\k-r)—r]VB(t,so)

2
223(V5(t,5,),5:t)

22
> |

E10p*2E) Epppxopap

1
-C(t)J‘ + '2-
aVB(t,so)

+5082 Vo (t,5,)2)
53'—'1"51"52

With the Cobb-Douglas preferences, the above Bellman-equation
implies the following optimal portfolio rules:

_ 1‘ DB* - ~
(97a) El = —ZH—Z_)(I"B-Y‘) - _T(l_——z_)( r§+>\k-r‘)
ogtiTPpx 9o PR
(97b) = 1 (r*-;k-r) - i {(r,-r)
27 2T E x(1-p2,) B
og '*7Ppx 998"t TPp*
(97¢) g5 =1 - 51 - £

Thus the effect of-devaluation speculation on investment behaviour
is startlingly simple. If the devaluation percentage k is known
with certainty, the effect is simply that the mean return on
foreign assets is -increased from the investor's point of view by
;k percent. Otherwise, the portfolio rules remain exactly the same
as they were without devaluation expectations.
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1f, alternatively, it is assumed that k is perceived to be an
independent random variable with distribution k ~ F(k,oﬁ) and that
the higher-than-the-second moments of the distribution are not
critical for the validity of approximation (95), then matters
become only slightly more complicated. With such assumptions,
equation (96) becomes:

(98) 0= max {ulc(t)] - pd(Vg(t,sp),5q,t)
{£1, £}
8J(Vg(t,s5),55,t)

+
aVB(t,so)

{[El(rB-r)+52(r§+;k-r)]VB(t,so)

2
3°3(Vp(t,s4),54,(t))
R )g €7 05+28; £popxopah

+E§(o§2+icﬁ)JVB’* Sy

Equation {98) leads to the following optimal portfolio rules:

( ) (0§2+;ci) ( \
99a £, = = r,-r
1 2 ,2 2 2- 2 B
(GBGE (l-pB*)+chok)
PpxOpoX .
- e (riker)
(o50% (1-p oy ) Haproy)
B"B B* B™k
2
(99b) £, = °8 (r&enk-r)
2 - 2 .2 2 27 2 B AN
(UBGE (l-pB*)+oBAok)
i OB*OBOE (o)
( 2 *2(1 )2+ ? 2) B
op%g P px oBAok
(99c¢) Eg=1-8 -¢

The portfolio rules in (99) with an uncertain devaluation
percentage differ from (97) in only two respects. First, the
uncertainty of the devaluation percentage increases the total
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uncertainty of the devaluation percentage increases the total
variance of the portfolio, thus increasing the common denominators
in £1 and Eoe This means an adjustment of portfolios towards the
riskless asset. Secondly, the risky devaluation speculation adds

a discount to holdings of sharés, because shares are free from
this type of risk. Consequently, the demand for shares becomes
Targer with a risky than a riskless devaluation percentage.

The technical derivation of the effects of exchange rate
speculation on the behaviour of an investor is now complete. In
the analysis, the probability ; was treated purely parametrically
and here we seek to present an interpretation for the endogenous
determination of i.

The determination of reserves was specified above in (89), where
exchange rate speculation was not explicitly included. An equation
of type (89) determines the instantaneous probability distribution
of the change in reserves. Let the density function and the
distribution function of dR(t) at time t be ft(dR(t)) and
Ft(dR(t)), respectively. An evaluation point of Ft(dR(t)) defines
the probability for the event that reserves change by the spec-
ified amount during the following time-interval dt. The two
evaluation points that are analytically of special interest to us
are the devaluation and revaluation limits R(t) and R(t) defined
above in (80a,b). Two probabilities can be defined in terms of
R(t) and R(t) as follows:

(100a) Pr{devaluation occurs within the time interval (t,t+dt)}

= = d
Ft(g(t)) = Ay
(100b)  Pr{revaluation occurs within the time interval (t,t+dt)}

r
t

= l-Ft(R(t)) = A
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The probabilities xg

devaluation or a revaluation to occur within a short interval.

and A: are the gross probabilities for a

Note that, in the technical portfolio rules, the gross probabil-
ities would enter symmetrically but with opposite signs, since the
sign of the rate of return effect depends on the sign of the
change in the exchange rate. It is then useful to define two
alternative probabilities which combine the effects of the gross
probabilities. Specifically, we state that

(101a) &

t Pr{devaluation occurs and revaluation does not occur
within the time interval (t,t+dt)}

-,d rose.d r
= At- xt,1f At> Ay
(101b) A, = Pr{revaluation occurs and devaluation does not occur
within the time interval (t,t+dt)}
=, ' d ;o1 d
= Ay = A F AL A

The probabilities i, defined by flOla,b) are the operational
counterparts of the probability A used in the technical analysis.
Note in particular that, if Xg > A; and there are 'net' expecta-
tions of devaluation, then the A's in the portfolio rules (97) and
(99) can be replaced directly by the x, defined in (101a). If,
alternatively, AE > Ag, then the A's can again be replaced by the
" defined in (101b), but the signs of all the terms involving
revaluation speculation must be changed. How the probabilities At
are actually obtained is an entirely different issue, the com-
plexity of which is easily hidden by techﬁica] treatments such as
the one above. In principle, agents form estimates of Mg by
interpreting economic events in light of the open economy model
that generates the instantaneous distribution Ft(dR(t)) of the
change in reserves. It would be natural to assume that such
estimates were rational expectations on the probabilities Ags
However, the information processing problem of agents in forming
such estimates is a formidable challenge. The dynamics in the

change in reserves is likely to be of a high order and the
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problems in determining the time path of the probabilities Ag in
the fourth chapter where the macroeconomic consequences of
speculation are analyzed in a linearized version of the open
economy model developed above.

It should be clear that the procedure developed above is
applicable to a variety of situations in which an agent fis
speculating on an event the timing of which he does not know
precisely. We will also apply the procedure in the closed economy
‘ana1ysis of the third chapter, where one case to be analyzed
includes a demand shock, the magnitude of which agents know with
certainty, but the timing of which they are unsure of.

2.6 Concluding remarks

In the above analysis, three different frameworks were developed.
First, a simple closed economy nonmonetary model was derived. The
computation of the general equilibrium relative prices of this
economy was presented. The basic framework was then extended to
include the public sector, demand for money and the input market
mechanism generating Keynesian rigidities in the economy. Finally,
the model was extended further to include exports and imports of
goods and capital under the small open economy assumptions.

As a somewhat separate piece of analysis, the behaviour of an
international investor making decisions under devaluation
expectations was examined. The portfolio rules of the investor
were derived, given both a certain and an uncertain devaluation
percentage. It was shown that a positive probability of a
k-percent devaluation, where k is certain, makes the investor
favour assets denominated in foreign currency. It was also shown
that if k is a random variable, then demand for the riskless asset
increases relative to the case of a certain k and more at the cost

of the foreign assets.




3 SPECULATION AND THE REAL BALANCE EFFECT: THE NEUTRALITY OF
STABILIZATION POLICY RECONSIDERED

3.1 Introduction

In the historical debate on the policy-neutrality question, three
phases can be distinguished. The basic classical position was
that, with flexible prices, the Walrasian general equilibrium
world operates continuously in full employment and there is no
room for welfare improvements by means of economic policy. The
opposing claim was that, by introducing Keynesian rigidities into
price adjustments, it became possible to model situations in which
the full use of real resources required policy actions from the
public authority. The classical school found a counterargument in
the real balance effect (see Pigou (1943) and Patinkin (1948,
1956) for the traditional position, Tobin (1980) and Fischer
(1981) for a reconsideration, and McCallum (1983) for a recent
application in a dynamic rational expectations model), being again
able to claim that no policy was necessary. The essence of the
real balance effect was that variations in the price Tevel create
capital gains or losses for those égents who are holding money.
These capital gains or losses have a balancing effect on aggregate
demand, thus allowing the economy to adjust in full employment.

The same kind of policy effectiveness debate has been going on
again since the early 1970's. The emphasis in the early phases of
the controversy (e.g. in the early works of Lucas) was on the
rational expectations hypothesis. In short, it was claimed that,
if agents form their expectations rationally, then systematic
policy would, once again, have no effects on real economic
variables. Later on, it became clear through the counter examples
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of e.g. Phelps - Taylor (1977) and Fischer {1977) that the crucial
assumption for policy neutrality was, in fact, the price flexibi-
1ity assumption, and not so much the rational expectations
hypothesis. This point was especially emphasized in Tobin (1980,
essay 2).

In the following, we try to carry out a dynamic policy
effectiveness analysis in which the separation of capital and
labor supply decisions and a Keynesian rigidity in the form of
nominal wage contracts are allowed to create potentially feasible
conditions for nonneutrality results. However, we also allow for
the presence of the real balance effect, which provides the
economy with a potential automatic stabilizing mechanism.

Specifically, we will study effects of demand disturbances in the
cldsed economy model developed above in section 2.3. The money
targeting regime, as defined in section 2.3, is the neutral
government policy in our model, because it does not eliminate in
any way the fundamental distortion in the economy. Hence, we say
that the autaomatic stabilizing mechanism, i.e. the real balance
effect, neutralizes the demand shock if the shock causes no real
effects under the money targeting policy. The consequences of the
same shocks are then compared under the alternative monetary
policy, or the interest rate targeting, regime and under the
Keynesian stabilization policy. If the shock causes no real
effects under the policy regime, we say that the policy is
nonneutral.

The basic demand disturbance - a temporary shift in the rate of
time preference of consumers, or a savings shock - is analyzed

under three different informational assumptions. First, it is
assumed that the shock is unanticipated. Second, the shock is
assumed to be anticipated in the sense that agents know precisely
the timing of the demand shift. Finally, the shock is assumed to
be anticipated, but now in the sense that agents know exactly the
time-interval within which the shock hits, but do not know the
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precise timing of the shock within the time-interval. A specific
feature and novelty of the analysis is that, while the analysis
itself is carried out in continuous time, the shocks are discrete
events in all the three cases. This choice reflects the view that,
in many or even most cases, events are fundamentally discrete in
nature but occur in a timewise continuous environment.

The two types of anticipated shocks cause very different responses
in the economy. If the timing of the shock is known precisely,
then both the price level and output adjust an instant before the
shock occurs, and never start adjusting gradually at the time when
the shock is announced. Gradual adjustment patterns would only be
obtained if costs of adjustment were assumed. If the timing of the
shock is uncertain, then both the price level and output start
adjusting gradually at the time when investors get to know about
the shock. The price path always includes overshooting. Thus,
during the speculation preceding the actual onset of the shock,
the price Tevel changes in the opposite direction to that implied
by the shock itself. Consequently, during the speculative periods
before the shock, the price level and the unemployment rate are
positively associated, i.e., the observed Phillips-curve rela-
tionship is positively sloped during these periods.

The effects of anticipated shocks on the price level and output
are similar to those obtained in Fischer (1979) during the period
when the shock is in effect. However, there are marked differences
in the dynamic responses of the variables before and after the
shocks. Contrary to what was stated out above about the responses
in our model, in Fischer's model the price level always adjusts
gradually to anticipated temporary shocks, with geometric lead and
lag weights assigned to the shocks. Moreover, overshooting in the
price level never results in Fischer's model, given the parameter
assumptions that he uses.

Our findings can also be connected to a small branch of the
Titerature initiated by Leijonhufvud (1973, 1981). The main point
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of Leijonhufvud's analysis was that an economy has the corridor
property: the economy can adjust to small shocks without policy
intervention, but needs policy measures to absorb large shocks in
full employment. Furthermore, Keynesian fiscal policy rather than
monetary policy is needed to neutralize the real effects of very
Targe shocks. We will reach analogous conclusions in terms of the
unanticipated and anticipated shocks, and in terms of the money
targeting, interest rate targeting and Keynesian policy regimes.
In particular, we will see that the real balance effect combined
with the money targeting policy regime will only neutralize shocks
if they are unanticipated. The interest rate targeting policy will
neutralize anticipated shocks which are of moderate size, while
Keynesian fiscal policy is needed to eliminate the real effects of
very large anticipated shocks.

The fundamental reason for the results obtained is variations in
income distribution implied by the fixed contract wage. Investors
react to such variations within the contract period, and their
responses make the vertical supply curve shift. Viewed from a
slightly different angle, variations in the price level make the -
relative preferabilities of different investment opportunities
vary, and hence make investors adjust their portfolios. This
mechanism, generally called the Tobin effect and first introduced
in Tobin (1965) and Mundell (1963), is widely used as a way of
introducing the non-neutrality of money into a neoclassical growth
model and is the driving force of e.g. the analysis by Fischer
(1979).

3.2 Description of the experiments and the basic argument

The model of the monetary economy with the conventional public
sector developed in section 2.3.2 will be used in the following
analysis. It was seen that the model is a general equilibrium
model, in which agents behave optimally and form their expecta-
tions rationally. A Keynesian rigidity is built into the economy
by the assumption of nominal wage contracts, which are negotiated
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between individual firms and the trade union representing the
workers. Both the technology and preferences in the economy are of
the Cobb-Douglas type, but the simplifying assumptions on profits
funds described in section 2.3.2 and the nonresponsiveness of
union behaviour to disequilibria in labor markets make technology
fixed-coefficient in the short run.

The equations of the model and the notation used are listed here
for convenience;

(102)  c(t) = Jylp V)V, (£))-n(1)]

(102b) g =1- %oy
- 1 PBRG
(102¢c) £y = —7?1——7?—; (rB-r) - 0 ) (rG-r)
98" *"Ppg 98%"'*""Ba
(102d) Ey = _TT;L_TZ_— (rG-r) - il (rB-r)
cG(l pBG) oBoG(l-pBG)
(102e) &3 =1-¢; -¢&y
(102f)  y(t) = £, (LH)B(K) 1 Bexp{v(t-t )+ Fa
y g2 exp{v{t-tylto { z, |
0

(102g) pltly(t) = b(tIM(t)

1

where c(t) aggregate demand, or consumption

y(t) = aggregate supply

p(t) = price level

Vg(t) = nonhuman wealth [EIQB(t)+£2Qé(t)+£ng(t)]ﬁ;
K = stock of real capital

VH(t) = actual human wealth = 2QH(t)H

L = Tabor supply; H = stock of working capacity

(t) tax flow
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g1 = portfolio fraction of shares
£o = portfolio fraction of risky government bonds
£3 = portfolio fraction of riskless government bonds

rB(t) = rBdt + chzB = ydt + odzL = nominal rate of
return on shares

rG(t) = redt + odz. = nominal rate of return on risky
government bonds

r = nominal rate of return on riskless government
bonds

PRG correlation coefficient between processes
(dzB, de)

M(t) = transactions demand for money

b(t) = velocity of money

The contract wage, which is also binding on the public sector, is
always set in the way specified above in section 2.3.2 i.e.:

(103a) w=v

Q(t) )

To simplify the exposition - without making the analysis any less
general - we assume that the mean velocity of money equals one and
that short-term variations in the velocity completely absorb
random variation in the instantaneous'output. These assumptions
can be formalized as follows:

t
(104b)  b(t) = exp{c [ dz}
%

In our case, this assumption guarantees that the time path of the
price Tevel will not be affected by stochastic variations in

output about the mean.
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The effects on the economy of very simple demand shocks are
analyzed in the following. In principle, analysis of two types of
shifts in demand behaviour is possible in our framework. From the
point of view of economic motivation, a shift in the preference
weights of consumers is the simpler case. If the preference weight
of public services increases in the utility functions of con-
sumers, there is a decrease in the equilibrium size of the private
sector. If the shift of inputs between sectors is frictionless,
then this type of shock has no analytical interest, as full
employment general equilibrium is always guaranteed. If, on the
other hand, moving resources between sectors is costly, then the
case becomes interesting, but technically complicated even with
the simplest adjustment cost assumptions.

The second type of shocks are shifts in saving behaviour. The
transversality condition (46 iii) set above in section 2.3.1 for
converting the infinite horizon problem into a finite horizon one
implies that ¢ = v always holds. This is the same as requiring
that no capital formation, or no net saving, ever occurs in the
economy. To allow for the possibility of saving shocks, we have to
weaken the transversality condition.

Interpret then the representative investor and worker, who are
optimizing over infinite time horizons, as a sequence of
overlapping generations of agents with constant 1ife-times of

T time units and with some weight for a bequest motive in pre-
ferences. Consider the agents whose Tife-times end at t0+NTL,
where N is a very large integer. In discounting problems, the
decisions of the Nth generation must have a positive amount of
capital at the end of its Tife-time, because the bequest motive
has some weight in the utility function of the generation. We can
then assume - without significantly affecting the decision making
of the generations in the near future - that the representative
investor of the Nth generation has a stock k of capital at the end
of his Tife-time. With equally minimal effects, we can assume that
at the same time the representative worker has no capital. At time
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t0+NTL, then, the economy has the same endowments as at time to.
If we assume further that later generations have identical pre-
ferences to the Nth generation, we no longer restrict the choices
of the generations in the near future. On these assumptions, the
transversality condition (46 ii) in section 2.3.1 must be
replaced by the following condition:

(105) EtOK(t0+T) =K ¥T»> t+ NT

tot NT,
Condition (105) differs from (46 ii) in that, in the former, the
equality p = v must only hold from time t0+NTL on, whereas, in

the latter, it must hold throughout the time horizon.

With condition (105), we have a theoretical justification for
allowing for differences between the rate of time preference o and
the mean rate of growth of productivity v in the near future. Such
differences imply temporary accumulation or decumulation of
capital, i.e. periods of net saving or dissaving. A complete
theory of saving and investment could be constructed in our model
by specifying a relationship between the'rate of time preference
p, the rates of return on different assets, the contract wage rate
increase and the bequest targets of each generation.18 To keep
matters simple, we are much less ambitious and will only consider
temporary exogenous shifts in the rate of time preference p.
Specifically, we will study the adjustments in the economy if the
rate of time preference drops from the zero saving level p = v to
the level (1-k)p, where k € (0,1). After a while, a shift back

to the initial level p occurs. A shock of this type can be thought
to represent an exogenous increase in the preference weight of the
bequest motive. Note that in order for condition (105) to hold, at

18This type of theory development would imply endogenization of
the rate of time preference e.g. in the sense developed by Uzawa
(1968) and recently applied by, for example, Obstfeld (1981).
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Teast one generation before t0+NTL must dissave to an appropriate
extent.

The above basic savings shock will be studied under three differ-
ent informational assumptions and the assumption that agents hold
rational expectations. In the first case, all consumer start
saving at the same time, but they are only aware of their own plan
in advance. A similar asymmetry concerning information on indi-
vidual and aggregate decisions is assumed to hold when agents
return to the trend behaviour. Thus, the temporary demand disturb-
ance is an unanticipated event in the first experiment. In the
second case, all consumers both start and stop saving at the same
time, and are fully aware of this fact in advance. The demand
shock is then anticipated and agents know the timing of the shock
with certainty.

In the third case, a more general shock is analyzed. The basic
structure of the case is that all agents are known to make the
same savings decision within a certain time-interval. The deci-
sions of a fraction of agents are smoothly distributed over the
time-interval, while the decisions of other groups of agents are
truncated about different time points within that interval. None:
of the agents knows which segment he belongs and no one can infer
better than probabilistic information on the timing of the
truncated decisions. Thus the agents have subjective probability
distributions for both the decisions of the fraction of agents in
the first cohort and for the timing of the truncated decisions
within the interval. Note that the decisions of agents in the
first cohort accumulate the aggregate shock continuously, while
the effects of the truncated decisions are discrete.

The idea behind the above general shock structure is that while,
in general, the decisions of 'atomic' agents can be thought to be
spread over the whole time interval according to some smooth
distribution, there could be factors unspecified in the model
which would implicitly 'group' the decisions of some fractions of



agents about the same time point. Empirically, such unspecified
factors could, for example, be exogenous changes in pension
schemes, which would probably make agents close to retirement and
young agents respond very differently. One could imagine that the
former group would react quickly and at about the same time by
changing their saving behaviour, while the reaction of the young
would be more diffuse.

We abstract from the complicated general structure by studying the
simple case in which only the workers start and stop saving at the
same times, but in which investors know only the scale of the
decision and the time-intervals within which the commencement and
termination of saving occur with probability one. To make the
magnitude of the aggregate shock comparable to the other cases, we
- knowing that the income share of workers is B(l-dL) in the
stationary state - assume that the workers' rate of time pre-
ference falls to the level {1 - ETT%HTE)p’ which investors know.

The saving increases the potential supply of capital in the
economy. If the consumers actually supply the accumulated capital
to firms and the public sector, then the economy will move to a
new equilibrium. In the new steady state, both production and
consumption would be greater than in the initial state. The .
relative price of capital would be lower, since the ethba} would
move along the aggregate production function. For simplicity, we
want to abstract from shifts in stationary states and merely
concentrate on analyzing pure demand disturbances. Hence, we make
the final simplifying assumption that the net saving is pure
hoarding, i.e. that the aggregate supply of capital in the input
markets remains constant. With this assumption, the only direct
consequence of the savings shock is a shift in aggregate demand.

The three experiments are analyzed under the three policy regimes
defined above in section 2.3.2. The basic argument concerning the
policy neutrality issue can be illustrated in terms of Figure 2.
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Fig. 2.
DEMAND DISTURBANCE AND REAL EFFECTS

D As! AsO

T ADO
———— AD'

In terms of the familiar static demand-supply diagram, the savings
shock implies, in all three experiments, a temporary shift of the
aggregate demand curve form the initial position ADO to position
AD_l. With a vertical aggregate supply curve, there will only be
real effects as a result of the shock if the supply curve moves
from the initial position AS0 to an arbitrary new position AS'l.
The shift in the supply curve will take place if investors take
speculative actions against the demand shock. Investors are likely
to do so, as the decrease in the price level implied by the demand
shift will change their investment opportunities. The latter is
caused by the wage contracting, which makes the Fisher effect
fail. If any of the policy regimes is such that under it the shift
in the supply curve will not occur, then we can say that this
policy is not neutral relative to the disturbance.
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3.3 Adjustment of the economy to unanticipated shocks

Let us consider first the case of unanticipated shocks. Suppose
then that at time tS each agent starts to hoard a fraction k of
his income flow. Furthermore, let all agents be aware only of
their own saving plans in advance so that the aggregate shock
emerges as a surprise to all agents. The aggregate shock implies
that the nominal money balances available for transactions uses
drop to a new time path (1-k)M(t). The quantity theory equation
determines the price level of the economy continuously, i.e. the
following identity must hold:

=

(t <> Eglylt)] = M(t)

(106) Y(t) = b{t) —(-ﬂ'

g

where the latter identity is based on (104).

In the pre-shock equilibrium, money supply grows at a constant
rate v in all policy regimes so that the price 1e9e1 stays
constant at py. Let us therefore denote the general price p(t) by
the multiplicative form h(t)po. Using this notation, the quantity
theory equation becomes:

(107)  Egly(t)] = L)

Because the shock is unanticipated, investors cannot take specu-
lative actions in advance and at time t production y(t) remains
unchanged. Consequent1y, the price must drop to the level (1- k)p0
in order to make the remaining money ba]ances sufficient for
carrying out all the transactions in the goods market.

Investors observe at time ts that the profits of firms fall as the
price level drops. This makes shares a less favourable investment
" for them relative to government bonds and investors would, ceteris
paribus, be willing to adjust their portfolios towards bonds. But

at the same time the government observes the shock as well, and,
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by our assumption stated in section 2.3.2 above, prevents such
profitable trading. Hence, investors are stuck with their port-
folios and income distribution changes in favor of workers.
Because of the Cobb-Douglas preferences, this does not have any
effects on aggregate consumption, as it is neutral to variations
in income distribution.

At time ts+TS, again as a surprise, agents stop accumulating
hoarding balances. Nominal transactions balances return to the
path M(t) and, again, there is no change in output since investors
cannot speculate on the unanticipated event. With the unantici-
pated shock, the function h{t) governing the time path of the
price level takes the following form:

(108) h(t) =1 -k for té€ (ts, ts+TS)
1 for t ¢ (ts, tS+TS)

Graphically, the time path of the price level in the case of the
unanticipated shock is shown in Figure 3.

In the aggregate demand-aggregate supply framework, the effects of
the unanticipated shock can be represented as a temporary shift in
the demand curve. This is done in Figure 4.

The demand curve shifts at time t; from position ADO to position
ADl, and moves back at time ts+TS. Because investors cannot make
speculative arrangements to eliminate the effects of the shock on
their wealth position, the aggregate supply curve stays in its

initial position AS. The economy adjusts to the shock purely in

terms of price adjustment. The temporary price decrease raises the
real value of the residual money balances so that the goods market
equilibrium is guaranteed. Thus, we can say that the real balance
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Fig. 3.

THE TIME PATH OF THE PRICE LEVEL ASSOCIATED WITH AN
UNANTICIPATED TEMPORARY INCREASE IN SAVING

p (1)

T

(1-K)pg]

Fig. 4.

SHIFT IN AGGREGATE DEMAND ASSOCIATED WITH AN
UNANTICIPATED TEMPORARY INCREASE IN SAVING

(1—k)p0
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effect fully neutralizes the unanticipated disturbance, and none
of the policy regimes can do any better in stabilizing real
fluctuations.

3.4 Adjustment of the economy to anticipated shocks
with certain timing

Alternatively, let us consider the same saving shock with the only
difference being that private agents know at time tO < ts that all
agents start hoarding a fraction k of their income at time ts and
continue net saving for TS time units. Both workers and investors
then know that at time tS the nominal transactions balances drop
discretely to the new time path (1-k)M(t), returning back to the
original path M(t) at time tS+Ts.19

Even with perfect information on the event, workers cannot hedge
in any way against price level variaiions, as they have no -
alternative ways of earning their income and have already fixed
the contract wage before ts. In this case they obviously would
have no motivation for such behaviour, as the price level is
1ikely to fall if there were no employment effects. Investors, on
the other hand, can hedge against price level variations, as they
can in principle adjust the composition of their portfolios.

To see the hedging alternatives of the representative investor,
let us study the change in the value of one share relative to the
value of other assets. In the second chapter, we adopted the
convention that the riskless government bonds are identical with
money except for having a positive nominal interest rate. Hence
the real price of a riskless bond varies in exactly the same way
as does the real price of money, or follows the time path given

by:

19\ote that, for simplicity, the shock is assumed to start and
stop within one contract period in all the three cases. This
restriction is only relevant in the anticipated cases.




101

(109)  QGq(t) = h—%—ﬂ 0é(t)

where h(t): plt) = h(t)p0

FEquation (109) implies that if the price level falls, i.e. if

h{t) < 1, then the real price of the riskless bond rises. Because
h(t} = 1 before the shock, the investor can trade one share for
QB(t)/Qé(t) riskless bonds any time before the shock. When the
shock occurs and the price level changes, this exchange ratio
changes as well. Note that the price level change is deterministic
and does not change the stochastic properties of the time path of
the price of shares. Consequently, we can simplify the analysis by
studying the change in the mean price path of shares.

With the assumed contract wage determination and assuming a
discrete shock, the mean real price of one share is determined by
the profits function of the firm as follows:

- ) 1 poi(t)
(110) QBR(t) = BBFT{T_[h(t)_B]_—CK_—_
- [h(t)—BJ yit)
hit) vK

where QBR(t) = mean real price of one share

B = B(I-dL) = pisk-premium-corrected income share
of labour
y{t) = mean output

The mean real price of a share in no-shock conditions is obtained
from (110) simply by setting h(t) = 1. Equation (110) implies that
the real price of a share decreases with the saving shock. This is
due to the fact that the nominal wage is ihdependent of the price
level, and therefore the real labor costs rise as the price level
falls. As the owners of firms, investors must bear all the losses
of sales revenues. By comparison, recall that the real price of
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one riskless bond rises with the saving shock. The difference in
the asymmetric changes in real prices of different assets is an
indication of the fact that the Fisher-effect does not hold in the
rigid contract wage economy.

The shock-adjusted mean real price of a share can also be
expressed in terms of the no-shock real price as follows:

p _ (h(t)-B) y(t)
(111)  Qgp(t) = RETIEY (LB)

= é&%%%iE%T'EOLQBR(t)J

Presuming that h(t) < 1 during the saving period, it is clear that
the jnvestor has two different mean relative prices at which he
can trade shares for riskless bonds: one price at time ts-dt and
another - a less favourable one - at time ts+dt. By using (111),
the two relative prices can be expressed in easily comparable

forms
Qrolt) =  EnQpg(t)
(1122)  Eg| = - IR
{h(t)-B)
(112b)  Ep|— - W {(I ) 5
%rtY  wrEr Eofr(t)
_ (n(t)-B) Eo%g!t)
~{1-B) 5
EoQ5g(t)

where - refers to time ts - dt and + to time ts + dt, and E0 to
the expectation formed at time ty-

Equation (112b) reveals that the real value of one share in terms

of the price level changes by a factor i%%§%§§l at time ts. This

observation gives us a foundation for deriving the trading policy



for an optimizing investor who knows the timing and the magnitude

of the shock in advance.

In his trading strategy, the investor has to consider two factors.
First, the saving shock tends to decrease the price level in a
similar way as in the case of the unanticipated shock. Second, the
investor reduces aggregate supply in the market as he moves
capital from firms to the public sector. Through the quantity
theory equation, this tends to eliminate the price level effect of
the saving shock. The two contributions to the price level can be
seen by writing out the quantity theory equation which takes the
speculative action of the investor into account:20

(113)  (1-v(t))y(t) = (irl]-!;)h;(()t)

where v(t) = fraction of output lost by the actions of
investors.

Identity (113) can only hold if

(114)  h(t) = T%:TI(()T)T

The investor's problem of optimal speculation (or arbitrage in the
‘riskless case) can now readily be specified. As the production
technology of the firms has the fixed-coefficient property in the
short run, then the variable v{t) can be interpreted as the
fraction of the share of capital allocated to firms in the
investor's no-shock equilibrium portfolio that he trades for’
bonds. Formally, the variable v(t) can be defined as:

20Note that in (113) we have used assumption (104) on the specific
form of b(t).
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(115) v(t) = — ~
£1 &1

where 51 = equilibrium value of the fraction of shares

The gain for the investor from trading a fraction v(t) of shares
for bonds at time ts-dt rather than at ts+dt, denoted by GS, is
given by the following expression:

(116)  6° = v(v)[1 - {HEIB),
L. 1-k
vin)| L EL

The motivation contained in expression (116) can most clearly be
seen from the first form. The first form states, namely, that, by

: : ; (h(t)-B)
trading at time t_-dt, the agent avoids a Toss [1 - —T_:—TT—_] per
unit, or the drop in the real value of a share. The optimal! policy
of the investor is obtained by maximizing (116). Specifically, the

investor's trading problem is:

1 -k
1 - _._____(_)_
(117) max V(t) I-——]._]-—:-—E!LJ
{v(t)}

The feasible solution for (117) is given by:

(118) v(it) = v=1-/(1-k)

Thus the investor moves a fraction 1 - v{1I-K) of his capital in
firms into government bonds at time ts-dt. Private production then
drops by a factor v{1-k). Using (114) the price level equation
becomes
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(119)  p(t) = h(t)p, = /TIKT p,

Therefore, the price level drops at time ts by a factor v(1-k), or
equiproportionately with production.

An exactly analogous sequence of events occurs at time ts+TS.
Investors move capital from the public sector to the private

sector and the equilibrium savings behavior resumes. The time path
of the price level is drawn in Figure 5. ‘

The price level drops to the Tevel YTI-k) p, at time t_ and then
rises back to Po at time tS+TS. Note the difference between the
standard results for price level behaviour in the case of
anticipated shocks, presented e.g. in Fischer (1979), and the path
drawn in Figure 5. We shall discuss the difference in detail in
section 3.7.21

In the static supply-demand diagram in Figure 6, the effects of
the shock can be demonstrated very clearly. At time ts, both the
demand and supply schedules shift to the left so that both the
price level and output drop by a fraction vy{I-k) on:the new
equilibrium paths. At time tS+TS, both curves move back to their
initial positions.

2lNote that we have ignored the fact that the trading must occur
dt time units before the shock. This would imply another dis-
continuity in the price level at time tg-dt. However, when we let
dt approach zero, then at the 1imit we will approximately have the
price path of the form obtained in the analysis.
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Fig. .

THE TIME PATH OF THE PRICE LEVEL ASSOCIATED WITH AN
ANTICIPATED TEMPORARY INCREASE IN SAVING
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Fig. 6.

SHIFTS IN AGGREGATE DEMAND AND SUPPLY ASSOCIATED WITH
AN ANTICIPATED TEMPORARY INCREASE IN SAVING
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So far, we have not made any reference to the policy regimes in
effect. This is because the above analysis is valid for both the
money targeting and the interest rate targeting policies, and,
because under the Keynesian regime, the disturbance can be
completely neutralized. In the money targeting regime, the
government is always ready to trade any amounts of risky bonds at
the prevailing general equilibrium terms. Thus investors will
effectively trade shares for risky bonds before the start of the
saving period and risky bonds for shares before the return to the
trend saving behaviour. On the other hand, in the interest rate
targeting regime, the government ties the price of the risky bonds
to the price Tevel so that the ratios between the real prices of
shares and risky bonds and their nominal prices remain the same.
Hence, investors will perceive shares and risky bonds as neutral
investment opportunities relative to price level variations. But,
by assumption, the nominal price of riskless bonds (speculative
money) is fixed. Therefore, investors will shift capital between
the private and the public sector by exchanging shares and
riskless bonds in the same way as before. In conclusion, both
types of monetary policy regimes will lead to the same real
effects described above. In this sense, both policy regimes are
neutral relative to the demand disturbance.

It is easy to construct an example in which a Keynesian stabiliza-
tion policy fully neutralizes the real and the price effects. Let
the government run a budget deficit during the saving period by,
e.g., decreasing the tax flow and assume that the deficit is
financed by money printing. Specifically, let the deficit be of
'such a magnitude that at time ts, money supply increases by a
fraction kM{t) and continues to follow the escalated time path
until time Tse Then the nominal transactions balances in the
economy remain on the equilibrium time path regardless of the
hoarding decision of consumers. Hence, the price level stays at Py

throughout the time axis. But then there is no motivation for
investors to speculate and there will be no real effects either.
The Keynesian stabilization policy is nonneutral in that it
completely eliminates the real effects of the demand shock.
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The Keynesian stabilization policy is nonneutral in that it
completely eliminates the real effects of the demand shock.

3.5 Adjustment of the economy to anticipated shocks
with uncertain timing

As the final case, we will now consider a more general anticipated
shock. Investors know that a fraction k of the aggregate transac-
tions balances is temporarily hoarded by workers, but they do not
know precisely the timing and the duration of the shock. Specifi-
cally, at time ty investors form expectations that, by time ts,
the described aggregate saving starts discretely with probability
one. Once the shock has started, investors find out that, by time
ts+Ts > ts, the trend behaviour resumes, again discretely and with
probability one. The time path of the transactions balances net of
hoarding are depicted in Figure 7.

Fig. 7.

THE SAVING SHOCK WITH UNCERTAIN TIMING
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The figure indicates that the shock can start at any moment within
the time interval (to,ts). The shock can stop at any time within
the whole interval (to,tS+Ts). If the shock startes at time to,

then it will stop by t0+TS at the latest, but can stop at any time
before t0+Ts. If the shock starts at the last feasible moment ts’
then the last possible time by which the shock will end is at tS+TS.

For simplification, we assume that the timing of both the start
and the end of the shock is expected to be uniformly distributed
over the respective time interval. Consider the start of the
shock. If the probability that the shock will start within_ the
time interval (tO,tS) is one and the event has a uniform
distribution, then the following holds:

(120a)  Pr{shock starts within an arbitrary subinterval h, h » dtj

1

ts - t

Ah

(120b)  Pr{shock does not start within interval h}

1

to -

=1 -

(1-2)h

(120c)  Pr{shock starts more than once within interval h} =0

Thus the instantaneous probability for the start of the shock
satisfies the conditions of the Poisson process and we can invoke
the approach developed for devaluation speculation in section 2.5
for modelling the behaviour of investors here.

Note the important fact that the instantaneous probability A
depends on time. To see this, assume that the shock has not
started by time tl € (to,ts). The probability that the shock
starts within interval (tl,ts) is one and the occurrence of the
event within small subintervals of equal length is still uniformly
distributed. Then the probability, denoted by A, that the shock

starts within an arbitrary small subinterval h » dt € (tl,ts),
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given that it did not start by t;, s given by the following
expression:

(121) A

The general instantaneous probability Ag corresponding to
x1 in (121) is obtained as

(122) Agdt = Pr{shock starts within an arbitrary subinterval
h+ dt, h€ (t1 ts), when it is known that it did

. 1 ts - %
not start by time t} = ;== = == Adt
s s

The time path of the instantaneous probability Ay as defined in
(122) is drawn in Figures8,

Fig. 8.

TIME PATH OF INSTANTANEOUS PROBABILITY A,
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Note that if the shock did not start by time ts-h, where h is the
unit of measurement, then the probability that the event will
occur within the last interval h equals one.

We saw in the previous section that the start of the saving shock
makes shares less desirable to investors, so that they should
adjust their portfolios appropriately. On the other hand, in
section 2.5 we developed an approach by means of which the effect
of a devaluation with uncertain timing could be taken into account
in the decision making of an investor. The saving ‘shock as modelled
here is an exact analogue of a devaluation with uncertain timing,
as to the analytical technique. Thus similar portfolio rules to
the rules in (97) specify precisely the time dependent substitu-
tion in the representative investor's portfolio. Applying directly
portfolio rule (97a), we obtain the following for the fraction of
shares which takes into account the uncertain timing of the saving
shock:

(123) El(t) = Tl—-g— l'rB-rG-)\ti;J

where i =

In (123), the last term in the square brackets captures the effect
on portfolio composition of the event that a drop of k per cent
occurs in the price level with a probability xt.zz We saw above
that Ay is an increasing function, so that (123) implies a gradual
shift of capital from the private sector to government bonds. But
this decreases private sector output by exactly the same percen-
tage as the portfolio composition changes. Through the quantity
theory equation, the price level must inflate as the shock has not

22pecall from section 3.4 that a decrease of k-percent in the
price level does not affect the real price of a share equipropor-
tionately. The actual effect k is obtained by substituting 1-k for
h(t) into (112b) and subtracting the result from one.




112

yet occurred, and therefore rule (123) must be corrected for the
possible effects of inflation.

How the rule is affected by inflation rate depends on how the mean
real rates of return on various assets are related to a non-
stochastic inflation rate. The mean real rates of return on
government bonds and shares are obtained by logarithmically dif-
ferentiating the mean real price of the respective securities and
are given by:

=1
dqQ,,(t)/dt
(124a) —GR 7 " _ . _ dh(t)
1 G -~ h(T)
0gg(t)
0 dh(t)
dg, . (t)/dt B
(124b) —BR —~ - 1N

= r +
Qg(t) B MO

From (124a,b) it is clear that the Fisher effect does not hold in
our model. As was pointed out in the previous section for a
discrete jump in the price level, it is the fixed contract wage
that makes the real rate of return on shares respond nonneutrally
to inflation. While a positive inflation rate decreases by its
absolute magnitude the mean real interest on government bonds, it
actually increases the mean real rate of return on shares.

The inflation-adjusted portfolio riule for shares is obtained by
substituting the right hand sides of (124a,b) for re and '

respectively, in equation (123). The inflation-adjusted rule then
becomes:
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| : dh(t)/dt
| _ 1 Thit) ~
‘ (125) El(t) = —2—(—1—_——2—)- [Y‘B-Y'G"‘ E—T——B—]— - )\tk]
9g'*™Ppg 11€3)
- dh(t)/dt )
= g]_ + 1 hit - )\tk]

7, 2 B
og{l-opg) [1 - frgyl

Equation (125) is.a complete expression for describing the gradual
shift of resources from the private to the public sector. Note
that the two terms in the square brackets have different signs but
that the second terms must dominate in magnitude. The second term
specifies the effect on the investor's behaviour of speculation on
the event that the shock hits the economy. The first term speci-
fies the counter effect due to the fact that investors speculate
on the possible shock before it occurs. This implies a movement of
capital between the two sectors and makes the actual price level
shift in the opposite direction to that implied by the actual
shock.

Equation (125) is useless, however, unless we are able to deter-

mine the implied time path of the price level prior to the '
occurrence of the actual shock, or the form of the function h(t).

In order to do so, we form an expression for the variable v(t)

- the fraction by which the private sector output changes because

of speculation - and then use the quantity theory equation to

determine the function h(t).

Sy .

Equation (125) impTies a representation for the variable v(t).
Applying directly ‘the definition of v(t) stated in {115) on (125),
we obtain
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dh(t)/dt

1 h{t)

.

- L B

3 (rB—rG) (1 - FT?T)

= --fo[——(1 H(t% ) - Ati]
T REY

(126)  v(t)® - A4k

)S

where vit percentage deviation of capital in the private

sector from the trend value El, as implied by (124)

1
f T o —————————
0 £ (rg-re)
_ dh(t)/dt
n{t) = e

As was seen in equations (113) and (114), the quantity theory
equation implies directly that prior to the occurrence of the
shock

(127)  h(t) = —L
1 - v(t)s

With the right hand side of (126) substituted into it for v(t)>,
equation (127) determines implicitly the time path of the actual
price level before the shock occurs. It is clear that equation
(127) contains so much nonlinearity that it cannot be analytically
solved. For small shocks, we can simplify equation (127) by using
the evaluation h(t) = 1 for all.t. Then (127) can be solved for
the inflation rate as follows:

(128)  T(t) = (1-B)ak = Ak = £

According to (128), the price level rises at an accelerating rate

dn(t) :
('Hi"” > 0) before the shock enters.



The solution for the function h(t) implied by (128) is of the
general from:

(129)  h(t) = hgexp{-k Tog(t -t}

The value of the constant h0 can be found by considering the
situation just before time tes the Tast possible moment for the
shock to enter. If the shock has not occurred and ts-t » dt, then
the probability Ay grows large. At time ts-dt, or one unit before
ts; the probability that the shock hits in the following interval
dt is one. Therefore, at time ts-dt, the investor is exactly in
the same position as he is if he knows the timing of the shock
with certainty. It was shown above that in that case the optimal
price level for the investor at time t, is /TI-K) py, or that
h(t,) = v{I-K]. If the shock has not hit by time t.-dt, then, by
the principle of optimality, the following must hold:

(130) h(ts-dt) = yTI-k} + k

Identity (130) is simply due to the fact that, within the
subinterval (ts-dt, ts), the price level must fall by a fraction k
and it must end up at the level /{I-k) py. If the right hand side
of (130) is substituted into (129) for the left hand side and the
right hand side of (128) 1is evaluated at t = t,-dt, the following
is obtained:

(131) k + /TI-k) = hyexp{-k Tog (1)}
(131) implies that

hg = k + v (1K)
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The particular solution of (129) which is feasible from the point
of view of the principle of optimality is then

(132)  h(t) = [k + /TIKT]exp{-k Tog (t.-t)]

where  h(t) is the approximate solution for h(t)

Recall here that solution (132) is only an approximation for the
actual function h(t). Solution {132) approximates by first order
dynamics the actual higher order nonlinear dynamics. The result
seems plausible, however. To see this, substitute (132) and- (128)
into (126) for h(t) and m(t), respectively. At h(t) =1,

v(t)® equals zero. At h(t) > 1, the second term of (126) in square
brackets'becomes larger than the first term. Hence, v(t)S becomes
strictly positive. Furthermore, v(t)S increases at an accelerating
speed as h{t) increases. A1l these properties implied by the
approximate solution (132) are in harmony with the fact that the
driving force in the price dynamics is speculation on an event, the
probability of which increases with time at an accelerating speed.

Because of the solution for h(t) is only approximate, substitu-
tions of h(t) and m(t) into (126) will not give a solution for
v(t)S which will satisfy the quantity theory equation (127). For
the correct h(t) with higher than first order dynamics, the ter-
minal condition (130) due to the principle of optimality would be
Jjust one boundary condition fixing one of the unknown constants of
integration. Other conditions would be needed to guarantee that
v(t)® generated by (126) would satisfy the quantity theory equa-
tion. Therefore, we have to solve the approximate v(t)° directly
from (127) by substituting the approximate solution (132) into
(127) for h(t). Such an approximate solution for v(t)S, denoted by
;(t)s, then becomes




(133)  v(t)® = 1 - [h(t)]™F = 1 - [k + /TKT) Lexp(k Tog(t -t)}

The approximate time paths of the price level and the portfolio
fraction ¢,(t) are drawn in Figure 9. Note that, with the short-
term fixed-coefficient technology, the portfolio fraction gl(t) is
a representation of output that abstracts away from the poten-
tially confusing stochastic trend in output itself.

The figure is drawn assuming that the shock actually starts at
time ts. Were this not the case, the only difference would be that
price Tevel and output would follow the same time paths for a
shorter period of time.

At time to, when agents first get to know about the shock, both
the price level and output jump, the former upwards and the latter
downwards. After that, the price level inflates and output
decreases gradually until the shock enters.

At the time when the saving period actually begins, the price
Tevel jumps discretely downwards by k-percent. At the same time,
investors start forming expectations and speculate on the end of
the saving period, as well as start increasing investments in the
private sector. This begins to flood the goods,mérket with excess
supply, so that via the quantity theory equation the price level
begins to deflate. The price level and the portfolio fraction
gl(t) follow time paths analogous to {132) and (133) until again
the shock enters, i.e. the saving period ends.

In conclusion, we present in Figure 10 the time paths of the price
level and the portfolio fraction gl(t) throughout the entire
period when speculative behaviour is in effect.
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Fig. 9.

PRICE LEVEL AND PORTFOLIO FRACTION &, (t) WHEN
INVESTORS SPECULATE ON A SAVING SHOCK WITH
UNCERTAIN TIMING: SITUATION BEFORE THE SHOCK
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Fig. 10.

PRICE LEVEL AND PORTFOLIO FRACTION ¢,(t) WHEN INVESTORS
SPECULATE ON A SAVING SHOCK WITH UNCERTAIN TIMING:

THE WHOLE PERIOD
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At time g5 investors get to know about the aggregate saving shock
within the next t-tg time units. They begin to speculate on the
start of the shock so as to derive capital gains from the expected
change in the real relative prices of various investment oppor-
tunities. It is optimal for the investors to choose a speculative
path, which implies a drop in the price Tevel to /{1-K) Po if the
shock occurs at time ts, the last possible time. The optimal spe-
culative behaviour of investors leads to gradual decreases in
capital - hence in output - in the private sector. Through the
quantity theory equation, the gradual decline in aggregate supply
causes a gradual increase in the price level. The implied price
path has the property that, if the shock hits at time ts, then the
price level does indeed jump to the level YTI-K) p,.

If the shock actually starts at time is < ts’ then the price Tevel
Jumps down immediately by k percent to the path shown by the
broken Tine in the figure, which is parallel to the original path
valid before the shock. Note that the actual price level after the
start of the shock is now Tower than it would have been if the
timing of the shock had been known with certainty. This is an
indication of the fact that investors take a more cautious specu-
lative position if there is uncertainty concerning the timing of
the shock.

At time 15’ or when the aggregate saving period starts, investors
form the view that, within the next TS time units, the stationary
state consumption-saving behaviour resumes. They gradually start
investing more and more in the private sector. The optimal specu-
lative path is again, in principle, determined by the terminal
condition that the price Tevel must end up being /TT:FT3pé at the
last pos§ib1e time for the stationary state behaviour to resume,
or at ts+Ts. This cannot be right, however. Ihe initial price
Tevel pé for the new speculation period, or p(ts), is lower than

the corresponding price level vTI-k) Pp in the case of the shock
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with certain timing. This would imply that the new stationary
state price level would be lower than the corresponding price
Tevel before the shock if the drop in saving occurred at the
Tatest possible time. This means, on the other hand, that output
would be on a higher path in such a stationary state equilibrium.
Because of the labour constraint, this cannot be possible and
therefore optimizing investors cannot plan such an investment
policy. The relevant terminal condition for the investors must
then be that, if the shock hits at the Tatest possible time, then
the price level must jump to the initial stationary state level,
i.e. to py. This is the same thing as requiring that~the fraction
El(t) must be at the stationary state level at time ts+Ts, or at
the Tast possible time for the shock to occur.

With this terminal condition, the time paths of p{t) and gy (t)
shown by the solid lines result. If the stationary state consump-
tion-saving behaviour resumes at time %s+%s’ or before the last
possible time, then the stock of capital in the private sector has
not returned to the stationary state level, but is below that
level. Consequently, aggregate supply ends up on a Tower and the
price level on a higher time path than in the general equilibrium
stationary state before the shock. There is no mechanism in this
model which would move the economy back to the stationary state in
the short run. However, in the ensuing wage contracting the
implied permanent shift in income distribution in favour of
capital will be corrected. According to the wage contracting condi-
tion (103b), the expected real wage over the contract period must
be equal to the value of the marginal product of labor corrected
for the risk premium. Enforcement of this condition decreases the
real return on shares so that investors move back to their initial
stationary state portfolio composition. With the fixed money
supply rule, this implies a drop in the price level back to pg so
that the initial stationary state resumes. The adjustments in the
economy can again be illustrated in the static demand-supply

diagram. This is done in Figure 11,
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Fig. 11.

AGGREGATE DEMAND AND SUPPLY IN THE CASE OF AN
ANTICIPATED SAVING SHOCK WITH UNCERTAIN TIMING
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When speculation on the falling price level begins, the supply
curve starts moving to the left. The shock hits when the supply
curve is in position AS1 and moves the demand curve to position
ADl. Speculation on the upward jump in the price level then
starts, shifting the supply curve to the right. When the supply

" curve is in position ASZ, the saving period ends, shifting the
demand curve back to position ADO. The goods market equilibrium
moves first along the demand curve AD0 from point 0 to point 1,
then jumps along the supply curve AS1 from point 1 to point 2,
again moves gradually along the demand curve AD1 from point 2 to
point 3, and finally jumps along the supply curve AS1 from point 3
to point 4. At the following contracting time, the supply curve
shifts back to the initial position AS0 and the initial stationary
state general equilibrium resumes. This must happen because the
long-term determinants of the equilibrium - technology,
preferences, and endowments - remain unchanged.

Finally, we note that the dynamic paths in the present case con-
tain an interesting prediction. During periods when investors spe-




culate on an event but the event has not occurred, the price Tevel
and output are positively related. Hence, during such periods,
positively sloped short-term Phillips curves would be empirically
observed. The average medium-term implicit Phillips-curve rela-
tionship would have the standard negative slope, while the long-
term implicit Phillips-curve would be vertical. In the example,
medium-term would mean e.g. the period of speculation on the start
of the shock and the actual start, while the Tong-term would
include the whole adjustmént process.

3.6 Anticipated shocks with uncertain timing and
the neutrality of policy

In the analysis of the previous section, we assumed implicitly
that the government is following the money targeting policy
regime. The analysis showed that real effects result under this
policy regime. Hence, we say that the money targeting monetary
policy is neutral in eliminating the real effects of demand
disturbances.

Consider, alternatively, the economy in which agents are antici-
pating the same shock but know that the government is following
the interest rate targeting policy. Under this policy, the govern-
ment ties the nominal rate of return on risky bonds to the infla-
tion rate in such a way that the real rates of return on both
shares and risky bonds vary identically as the inflation rate
varies. In (124a,b), we stated the 'non-administered' real rates
of return on the risky government bonds and shares. Let us denote
by rG(t) the inflation dependent nominal rate of return on the
risky bonds. We can then solve for this rate of return by
establishing the following condition: 4

dh(t)
B
h(ET dh(t) 1 _
(134) Y‘B +m)-_—B - [Y‘G(t) - —ﬁ'(';E)—‘:I = Y‘B - ]"G
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The inflation dependent nominal rate of return implied by (33) is:

_ dh(t)
(135) .rG(t) = re t RET =B

Recall that the interest rate targeting policy makes the real
price of a risky bond remain in constant proportion to the real
price of a share. Hence capital gains and losses due to discrete
price level changes are the same for holding either risky bonds or
shares in numbers worth the same amounts of money. Using the
latter fact and {135) in equation (125), which gives the time-
dependent equation for the portfolio fraction £,(t), one observes
that, under the interest rate targeting policy, the portfolio
fraction of shares becomes independent of the inflation rate.
Mathematically, thjs can be seen by noting that, if

dh(t) . . .
PG(t) - wE Atk is substituted into (125) for r

o’ then the
second term in the Tatter form of the solution becomes equal to

zero.

The above conclusion clarifies the motivation for the interest
rate targeting policy. By following such a policy, the government
tries to neutralize the consequences of the failure of the
Fisher-effect or the basic distortion. What the interest rate
targeting policy actually does is to transform the movements of
capital between the private and the public sector caused by
anticipated price level variations into portfolio adjustments
among the public sector assets. Thus, in effect, the interest rate
targeting policy eliminates crowding out and crowding in phenomena
that are the manifestation of the real effects under the money
targeting policy. The portfolio adjustment among the public sector
assets implied by the interest rate targeting policy can be seen

dh{t)
B ~ .
e e h(tY dh(t)
by substituting "t REE - Atk for rgs rG(t) * AR - xtk for

dh(t) . . . .
e and r - RE for r into the portfolio fraction of risky bonds

stated in (102d). If the basic convenience assumption oG = OpPpg

is used, the price-level-dependent portfolio fraction P becomes:
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dh(t) Y

(136) gxlt) = £y + fi[pryp = Ak
where T
1 22
°B°BG
52 = general equilibrium Tevel of Eo

According to (136), the portfolio fraction £, increases if the
inflation rate rises and decreases if there are expectations of a
downward discrete jump in the price level. Since the fraction

£q remains constant, the fraction of riskless government bonds (or
speculative money) must adjust accordingly.

Equipped with (136), we are ready to analyze price and output
adjustments under the interest rate targeting regime. When the
only shock affecting the economy is the anticipated discrete
demand shift with uncertain timing, we can further simplify
equation (136). In such a case, the actual inflation rate is zero
before the shock, as long as &1 remains constant at El. Thus, the
time path of £ becomes very simple in the case that we are
studying and is23:

(137) gz(t) = 22 - flxtk

The time path of Eg is drawn in Figure 12, where it is assumed
that the shock hits at the last possible moment ts.

23Note that if there were a mixture of shocks - say the decisions
of some agents were smoothly distributed over a time interval and
the rest were anticipated to decide at the same unknown time
within an interval - then the general expression (136) for £2(t)
would become relevant. In such a case, the dynamics of &2(t) could
potentially become complicated.
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Fig. 12.

PORTFOLIO FRACTION &, UNDER THE INTEREST RATE
TARGETING REGIME

£ (1)

Two alternative time paths for £,) are drawn in the figure, one
for a small parameter value k (curve gz(t)) and the other for a
large k (curve gz(t)) The latter leads to a faster substitution
from risky to riskless bonds and, at time tc’ all risky bonds are
converted into riskless bonds. The substitution possibilities are
then exhausted at time tc, given that the government will not
finance the ongoing speculation. The time path with a small value
of k, on the other hand, implies a positive value of £y at time
ts, so that all of the adjustment capacity has not been exhausted
during the speculation period. In practical situations, there
could be a positive constraint for £y @s well. Such a constraint,
Tike Eo in the figure, could arise if e.g. the government only
adjusts the nominal terms of the maturing risky bonds when they
are re-issued. If such an institutional constraint were to exist,




then the adjustment capacity would be insufficient in the case of
the small shock as well.

A question of considerable importance is then: what happens if no
more substitution among public sector securities is possible? The
answer lies in the fact that, once such a situation emerges, there
are still two investment alternatives open to investors. While the
investors cannot speculate any more on the demand shock by
substituting from risky to riskless bonds, they can still continue
speculation by shifting capital from shares into riskless bonds.
But the latter speculation is approximately characterized by the
price level equation (132) and the shift coefficient equation
(133). What happens, then, at the time when there are no more
substitution possibilities among the public sector assets is that
investors shift their investments discretely from the private to
the public sector to the extent that the portfolio fraction gl(t)
drops discretely on the time path implied by (133) evaluated at
that time. Likewise, the price level jumps discretely on the time
path (132). The shifts are indeed discrete, because the investment
opportunity set changes discretely. From the time of the shift
onwards, equations {132) and (133) govern the dynamics of the
price level and real variables.

As a final point concerning the interest rate targeting regime,
one should note that, even in cases where k is so small that Ey 85
determined by (137) will not come up against any constraint within
the interval (to,ts), there can be real effects. This is due to
the fact that (137) will characterize the behaviour of investors
only up to time ts—éh, h + dt. If the shock has not started by
time ts—h, or one unit of measurement before the last possible
time for the shock to enter, agents know with certainty the timing
of the shock, i.e. that it will start at ts. We know from the
analysis of section 3.4 that under such circumstances the money
targeting and the interest rate targeting policies are indiffer-
ent. Under both policies, the underlying factor in the behaviour
of investors is that it is optimal for them. to make the price
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level fall by a factor v{I-k) rather than by 1-k. Under the
interest rate targeting regime, they can only carry this out by
moving all risky bonds and a fraction y{I-k) of capital invested
in firms into riskless bonds.

In principle, there can be three different types of adjustment
processes in the economy under the interest rate targeting policy,
given the anticipated demand shock with uncertain timing. The
price level and output adjustments in the three cases are
illustrated in Figure 13.

In panels (a) and (b), two alternative péths for the price level
and the portfolio fraction gl(t) are drawn for a small shock. The
shock is considered to be small in this context if the speculation
caused by the shock does not imply a level of the portfolio frac-
tion £y smaller than the exogenous constraint &p during the inter-
val (to,ts) in which the actual shock is known to bit. The solid
lines portray the case in which the shock hits at ts < ts. They
show that the price level jumps temporarily to the level (1-k)p,
and that the portfolio fraction El remains constant at £q- Thus
the paths are identical to those in the unanticipated case. The
interest rate targeting policy has neutralized the shock. The
broken Tines, on the oyher hand, show the case in which the shock
starts and stops at the last possible moments, i.e. at times

tg and tS+TS, respectively. The price level jumps temporarily down
to /TI-kJp, and the portfolio fraction £, drops as well. These
effects are similar to those in the anticipated case with certain
timing. For both cases in panels (a,b), the adjustment paths of
the portfolio fraction £, are also drawn. In both cases, £, drops
discretely at time t,. If the shock stops before }ime tS+TS, or
before the latest possible time if it started at ts, then there is
a discrete jump in £s at the time when the shock stops. This is so
because the price level returns to Po after the shock stops and

52 is the optimal £y for investors at that price Tevel.




Fig. 13.
PRICE LEVEL AND PORTFOLIO FRACTION 21(1:) WHEN INVENTORS

SPECULATE ON A SAVING SHOCK WITH UNCERTAIN TIMING UNDER
THE INTEREST RATE TARGETING POLICY REGIME
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In panels (c) and (d), the time paths of the price level and the
portfolio fraction al(t) are drawn in the case where the value of
parameter k is so large that the portfolio fraction £, Comes up
against the constraint £y at time tc < ts, or before the shock
starts. At time tes investors observe the discrete change in
investment opportunities and reallocate their portfolios so that
the fraction ¢, jumps down to the path implied by (133) and the
price level up to the path determined by (132). Output decreases
and the price level inflates until time %s’ at which point the
shock starts and the price level falls by the factor 1-k.
Investors then start to speculate on the end of the saving period.
The portfolio fraction £1 increases and the price level deflates.
At time tS+Ts, saving ends and the price level jumps up by factor
I%F' Ifi as in our case, the shock ends before the last possible
moment tS+TS, then the price level does not fall as far as the
level (l—k)po. Consequently, the new no-shock price level is above
the stationary state price level Py- Qutput is, respectively,
below its stationary state time path. Investors will not adjust
their portfolios to the stationary state allocation, because doing
so would decrease the price level and cause them larger capital
losses than gains. The final adjustment to the stationary state

equilibrium occurs at the next wage contracting time tcontr‘

The consequences of the shock could also be illustrated by means
of demand-supply diagrams, but they would clearly only be replicas
of the previous figures and are not therefore shown here.

A general conclusion concerning the neutrality of alternative
monetary policies emerges from the analysis. The money targeting
policy regime is always neutral, i.e. it cannot eliminate the real
effects of any anticipated shocks. This is so because it has no
impact whatever on the basic distortion, whose effect is felt
through variations in investment opportunities. From this point of
view, the money targeting policy can be seen as the passive policy
or the no-policy option of the government. The interest rate
targeting policy, on the other hand, affects the basic distortion
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by partially regulating investment opportunities. Hence, this type
of policy is not neutral relative to small anticipated shocks.
However, large shocks cause real effects under the interest rate
targeting regime as well. The size of the shock must be understood
in a special way here. A shock is large in the conventional sense,
if parameter k takes a large value. However, a shock is also large
if the probability Ay is large. Thus, an intuitively appealing
interpretation arises:-the less confusion there is about the
timing of shocks, the more likely it is that there will be real
effects under this type of monetary policy.

Again it is clear that Keynesian stabilization policy can
eliminate all real effects, i.e. it is always nonneutral. If the
government announces that, if a shock occurs, it will always
depart from the balanced budget in the way described in

section 3.4, there will never be anticipations of variations in
the price level and hence no real effects either.

3.7 Neutrality of policy: Connections with Fischer and
Leijonhufvud

Qur analysis is linked to the conventional policy neutrality
debate on the rational expectations models in a slightly different
way than usual. We construct an economy with a distortion by
introducing contract wage rigidity. We also allow for the possi-
bility that an automatic stabilizing factor - the real balance
effect - possibly neutralizes the real conseguences of demand
disturbances. Under this general setting, we study whether demand
disturbances will have effects on the level of output and un-
employment when the government follows alternative policy regimes.
We say that a policy regime is nonneutral if there are no real
fluctuations under the regime.

Because of the slight difference in emphasis, our analysis is not
phrased directly in the same way, e.g. in terms of the money
supply rules, as are the 'classic' writings on the theme by Lucas
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(1972), Sargent-Wallace (1975), Phelps-Taylor (1977) and Fischer
(1979). It should be clear, however, that, given the distortion in
our model, at least some 'standard' nonneutrality propositions
must be implied by the model.

Two properties of our model serve to locate our analysis in
relation to the models in the literature. First, we have built the
property of a vertical aggregate supply curve into the model. Real
effects can only result if the aggregate supply .curve shifts.
Hence, our model differs strongly from the standard Lucas-Sargent-
Wallace approach, in which confusions among firms about local and
global price shocks generate a short—térm negatively sloped
Phillips-curve which makes unanticipated events have real effects.
Second, a mechanism analogous in a stationary economy to the Tobin
effect of some models of growth economies is a central driving
force of the real effects in our mode?.24 Thus, variations in the
anticipated inflation rate change the allocation of capital
between real and nominal assets. This feature of our model
immediately identifies the analysis by Fischer (1979) as being
closely related and potentially comparable to ours.

Comparisons of the results of the two studies are only relevant as
Tong as they concern anticipated events. This follows from the
fact that, in our model, only shifts of the supply curve can cause
real effects. Such shifts can, as was seen in sections 3.3 - 3.6,
only be realized if an event was unanticipated at the wage
contracting time but is anticipated by investors before it
actually occurs. It is clear from our preceding analyses that
anticipated events in the above sense, which cause variations in
the price level - be they either changes in money supply or demand
shocks under the money targeting regime - will have real effects.
Qualitatively, this conclusion is identical to Fischer's.

24The Tobin effect, introduced in Tobin (1965) and Mundell (1963),
is an important component of the recent studies of e.g. Fischer
(1979), Singleton (1983), and Summers (1981).
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However, there are two important differences between the studies
concerning the dynamic paths of the relevant variables. First, if
the anticipated discrete shock with certain timing in our analysis
is taken to correspond to Fischer's anticipated temporary shock,
then the studies differ in that the price paths generated in our
experiment will never have the geometric Tead and lag structure
typical of the price paths in Fischer's study. In particular, an
agent who started speculating on a shock with certain timing at
the time when it is announced, would behave suboptimally in our
model. The only way in which one could obtain gradually adjusting
price paths in our model is by introducing adjustment costs into
portfolio adjustments. To us, this seems to suggest that, in a
model with similar structure to that of Fischer, the phrase 'money
is nonneutral' is in fact identical to another phrase 'portfolio
adjustments are cost]y'.25 Note that the above conclusion points
out the different sources of nonneutralities in the two types of
models: our model does not assume adjiustment costs, but money is
nonneutral in it. The origins of the nonneutrality in our model
are the separation of capital and labor supply decisions and the
rigidity of the contract wage. These assumptions make variations in
income distribution become influential in the economy. In a
technical sense, this is the same thing as saying that the Tobin
effect is the driving force of the model.

Another d%fference between the dynamic paths generated by the two
models arises if the case of the anticipated discrete shock with
uncertain timing is compared to the case of the temporary antici-
pated shock in Fischer. The former event generates gradually
adjusting time paths for both the price level and real variables.
However, the crucial feature of this case is that the price level

250ne comment by Fischer gives some indirect support to our
interpretation. While discussing anticipated temporary shocks, he
states "For neutral money, neither anticipated nor unanticipated
changes in the money stock have any effect on subsequent price
levels" (Fischer (1979) p. 241).
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always overshoots, which never happens in Fischer's case. Thus, if
the actual shock decreases the equilibrium price level, the
speculative behaviour before the shock makes the price Tevel
gradually inflate. The overall effect will always be in the
direction implied by the discrete event itself, and is thus
analogous to the price response in Fischer. The gradual dynamics in
our model in this case, even without adjustment costs, can be
understood by noting that confusion about the timing of the event
creates opportunity costs of not speculating before the event,
since the expected value of speculative actions is positive. These
opportunity costs are exactly analogous to standard adjustment
costs, and it would be a surprise if the two did not result in
similar dynamic paths in a given model.

As to overshooting in the price level, it seems that Fischer's
analysis precludes this phenomenon, because he requires that 'the
expected real return on capital has a greater influence on the
demand for capital than on the demand for real balances relative
to the influence of the expected rate of inflation on the respect-
ive asset demands' (Fischer, p. 232). This requirement guarantees
that the coefficient of the expected price level is positive in
the equation for the current price level. However, in our view,
the requirement seems to ignore the fact that if investors
substitute in favour of capital in the current period in anticipa-
tion of higher inflation in the future, they flood the goods
market in the current period. With a fixed money stock, this would
decrease the current price level. In conclusion, we would prefer
changing the direction of the requirement which would guarantee
overshooting. However, this might change other results of the
model as well, and would make other parts of the discussion above
potentially irrelevant.

One of the main results of our analysis was that it provided
rankings of alternative policy regimes relative to their effi-
ciencies in neutralizing real fluctuations caused by demand shocks.

Viewed in this 1ight, our results can be interpreted in terms of
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the notion of corridor first introduced by Leijonhufvud (1973).26
According to his view, an economy can adjust by means of automatic
stabilizing mechanisms to small shocks, but adjustment to large
shocks in full employment requires stabilization policy measures.
Furthermore, as regards the shocks requiring policy measures, the
smaller shocks can be absorbed by monetary policy, but the larger
ones require the use of traditional Keynesian fiscal policy.

In our specific set-up, unanticipated discrete shocks can never
make optimizing jnvestors speculate on variations in income
distribution. Hence, the change in the price level implied by the
shock changes the real value of transactions balances so that the
goods markets remain in equilibrium and no unemployment results.

In this sense, the automatic stabilizing mechanism in our economy

- the real balance effect - neutralizes the unanticipated shocks so
that no real fluctuations emerge.

If, on the other hand, the demand shocks are anticipated, stabil-
ization policy is always needed to neutralize the real effects.
Owing to the specific type of distortion in our model, the money
targeting policy regime is useless for stabilization, and hence
the interest rate targeting regime is the relevant monetary policy
to consider hence. Our analysis showed that the interest rate
targeting policy is effective in neutralizing relatively small
anticipated shocks. However, If the shocks are very large, then
only the traditional Keynesiun fiscal policy can eliminate the
real consequences of them. The size of the shock must be under-
stood in the specific extended sense characterized above in
section 3.6. A shock is large in the standard meaning if the

26There are only a few papers known to this author in which the
notion or corridor is even referred to. Besides Leijonhufvud
(1973; also published in his essay collection in 1981), there are
only a comment by Grossman (1974) and two papers by Howitt (1978,
1979) which deal with the issue. The only formalized examples of
the phenomenon familiar to this author are in Howitt (1978). See
also the book review by Howitt (1983).
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magnitude of the parameter characterizing the shock - in our case
the magnitude of k - is large. But a shock is also large if the
probability distribution of its timing is dense. In the extreme, a
shock, the timing of which is known with certainty, is so large
that, independently of the value of parameter k, real effects will
always result under monetary policy.

In conclusion, the economy that we have constructed seems to have
the corridor property, although in a slightly different spirit
than in Leijonhufvud's original description. If we accept the view
that the likelihood of an event being anticipated increases with
the value of the shock-size parameter k, then the resemblance
would be even closer. A basic difference is, of course, that we
have derived the results in a fairly neoclassical framework, in
which only the contract wage is a fixed price. Leijonhufvud's
remarks are mostly made in a fix-price environment.

3.8 Reality and robustness of the results: critical remarks

The reality and robustness of the results can be questioned in two
respects. One could, on one hand, raise some doubts on the
empirical relevance of the key assumptions that generate the
results. On the other hand, one could critisize some theoretical
and technical choices that we have made.

In our model, the distortion that is the driving force of the
nonneutrality and the corridor results is due to two assumptions.
First, input supply decisions are separated. Second, fixed
contract wages are negotiated over finite time-intervals between
employers and trade unions representing workers. These assumptions
make variations in income distribution influential in the economy.
If a shock that affects the price level enters within a contract
period, investors can respond optimally to the implied change in
income distribution, while employees are tied to the wage

contract.
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0f the two assumptions, the separation of input supply decisions
is an institutional fact in some Nordic countries. Actual
allocation of capité] among alternative investment opportunities
is mainly carried out by often cartellized or oligopolistic
financial intermediaries. Labor supply behaviour is decided by
trade unions, which represent a very large proportion of the Tabor
force. The assumption of rigid nominal wages over the contract
period is not entirely accurate in Nordic labor markets. Wage
drift has been substantial at times, but never in such proportions
that the nominal wages were actually fully flexible. Some rigidity
in nominal wages over the contract period is guaranteed merely by
the fact that, e.g. in the public sector, wage drift is
negligible.

Separation of labor and capital supply decisions as constructed in
our model implies a sharp departure from the standard neoclassical
assumption. In the neoclassical modé1, labor supply decisions are
based on intertemporal substitution between leisure and work.27 the
labor supply decision of an agent then becomes dependent on his
capital income. In our model, such intertemporal substitution
possibilities are completely eliminated by the above separation.
Thus, labor supply is always fixed and unemployment is caused by
investment decisions, hence being involuntary. Our choice for the
unemployment mechanisms possibly reflects the common view among
practicing economists in the Nordic countries that hardly any of
the standard macroeconomic hypotheses are less plausible than the
notions of intertemporal substitution and the implied voluntary
unemployment. The standard critique of the neoclassical Tabor
market model would claim that weekly working hours, i.e. the issue
of intertemporal substitution, are set for years or decades by
legislation. An individual has basically a choice between working
zero hours or working the agreed full time. Flexibilities in

27This has been the standard approach at least since the seminal
work by Lucas-Rapping (1969) and is the assumption adopted
recently by, among many others, Kydland-Prescott (1982).
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full-time working in the form of overtime or part-time work are
insignificantly small. Few individuals are believed to have any
flexibility in labor supply under such circumstances.

An empirical example of macroeconomic adjustment processes in
which variations in income distribution are believed to play an
important role is the phenomenon called the devaluation cycle.
This phenomenon is analyzed more closely in the following chapter,
but we briefly mention here the main features of the cycle.
Exogenous events and wage contracts may make the profitability of
firms decrease. Indirectly, this is associated with increasing
pressures against the exchange rate. If the process continues so
long that a devaluation is carried out, the profitability of firms
improves substantially. Because returns on shares and income
distribution vary accordingly, it is likely that firms, or their
owners, act so as to accelerate the process and to shorten the
cycle. Such acts will have real effects, as will be seen in the
following chapter.

There are some remarks to be made concerning the theoretical
choices that we have adopted. The most important and consequential
choice in the theoretical arguments is the approach followed in
modelling investor behaviour. The portfolio behaviour in our model
is a variant of the mean-variance tradition, which has been
heavily critisized in general. The particular property of the
mean-variance analysis, which proves to be crucial in our
analysis, is the linearity of the optimal portfolio rules in the
mean rates of return on assets. Besides being very convenient
analytically, this property is the fundamental technical factor
that generates the corridor property for the economy. Linearity
implies that there are rates of return on each asset at which
implied demands for those assets would become negative, i.e.
_agents would 1ike to sell short in those assets. To illustrate the
issue, we draw the demand function for the riskless bond as a

function of the inflation rate in Figure 14.
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Fig. 14.

DEMAND FOR RISKLESS BONDS AND THE INFLATION RATE

™~
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Note that the figure is drawn under the interest rate targeting

regime, If the inflation rate (or Atk for an expected upwards jump

in the price level) rises above n*, then agents want to borrow at

the riskless rate from to government. This creates a problem if

one recalls that riskless bonds were specified so. as to be exact

analogues of speculative money, the only difference being that
bonds pay a positive interest rate. Thus, at inflation 1*,
'conventional' speculative money would not be held at all. The
linearity of the demand function then makes room for the inter-
pretation that there would be a very high inflation rate at which
all money holdings would fall to zero, an empirically implausible
situation. Such an interpretation is incorrect, however. Immedi-
ately an investor starts converting more than his speculative

money holdings into other assets, he begins to give up his
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transactions balances. Through the quantity theory equation, given
an interest inelastic velocity of money, this will cause decreases
in the price level because output remains on its equilibrium time
path. Therefore, such portfolio adjustments are not optimal. The
inflation rate cannot escape the level 1* and there is a discon-
tinuity in the demand function for speculative money at that
inflation rate.

What the foregoing discussion points out is that the separation
between transactions and speculative money demand is very import-
ant. This is why we have replaced speculative money in the
analysis by a dominant asset, the riskless bond. The question
whether the demand for the riskless asset can become negative or
not is then purely one of an institutional constraint. If the
government also lends at the riskless rate, then the linear demand
function for riskless bonds continues into the negative region as
well as inflation rates above 1*; otherwise it does not.

While the linearity of asset demand functions does not pose a
problem in terms of empirically plausible portfolio holdings, it
js, of course, a restrictive assumption in the general sense.
However, in general, any dynamic analysis requires sufficiently
Tinear functional forms. For instance, the portfolio demand
equations in Fischer (1979) are linear in rates of return as well
as in the inflation rate.

Another theoretical approach worth some discussion here is our
decision to study discrete shocks in a continuous-time model. Even
though the choice may seem implausible at first glance, it has
several merits. First, it is likely that individual agents always
respond discretely to any changes in the environment. In addition,
changes in the environment are basically discrete events - even
rates of change adjust discretely at times. The basic issue is
then whether the decisions of different agents are so spread out
over some time-interval that the aggregate decision is smoothed to

an approximately continuous adjustment. Another relevant question
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is whether agents anticipate a discrete or smooth aggregate shock.
Nothing conclusive can be said here on these questions. Second,
the analysis of discrete events seems to be considerably simpler
than one might have expected. In fact, it seems that speculation
on discrete events does not necessarily increase the nonlinearity
from which smooth aggregate shocks would arise. Actually, it would
be hard to find simpler price and output dynamics in an analogous
model with smooth aggregate shocks. Third, discrete shocks with
uncertain timing seem to generate quite plausible dynamics in
relevant variables. This would become especially clear if one
added other shocks to the model which partly affected within the
same time-interval, or if one made the speculation interval
flexible, i.e. allowed the latest possible time for the shock to
start to vary. Augmented by these two features, our model could
generate price and output paths with rare and moderate discrete
Jjumps. Costs of adjustment in portfolio reallocations would
further smooth out discrete jumps in the time paths.

3.9 Conclusion

The main results of the analysis were broadly discussed and
evaluated in the two previous sections. Therefore, only few
concluding remarks are made here.

The presence of rationally behaving investors in the asset markets
seems to have a potentially destabilizing effect on the economy.
When anticipated demand shocks hit the economy, such agents
respond by adjusting their portfolios optimally. These responses
force the government to adopt the interest rate targeting monetary
policy regime. Otherwise, crowding in and crowding out periods may
result, implying variations in the rate of unemployment in our
framework.

The monetary policy reactions of the government may not be
sufficient to guarantee full employment. If the anticipated demand

shocks are very large either in the sense of having a large
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absoTute magnitude or in the sense of having 1ittle uncertainty
concerning their timing, real effects result under monetary
policy. 0n1y-traditiona1 Keynesian fiscal policy can neutralize
such effects. Thus the economy has the corridor property: The
economy can adjust to very large demand shocks in full employment
only by means of Keynesian stabilization policy, while adjustment
through monetary policy is possible in the case of moderately
Targe anticipated shocks and through the real balance effect in

the case on unanticipated shocks.




4 SPECULATION, FIXED EXCHANGE RATES AND
THE SMALL OPEN ECONOMY

4.1 Introduction

It is sometimes suggested that countries operating under fixed

~ exchange rate regimes experience periodic exchange rate changes
which are generated by the responses of the agents in these
countries to exogenous shocks. These endogenous exchange rate
adjustments are thought to have the tendency to repeat themselves,
i.e., to be cyclical in nature.

The specific phenomenon of endogenous exchange rate cycles has
received 1ittle attention in the literature. Two categories of
studies can be distinguished. In the Finnish experience, cyclical-
1y recurrent devaluations have been an empirical fact. This
observation has given rise to a number of studies, including
studies by Paunio {1969), Korkman (1978, 1980), and Kouri- (1979),
in which recurrent devaluations are an important building block 1in
the general macroeconomic adjustment process. The lack of flexi-
bi]ify in the wage-price adjustment mechanism due to economywide
wage contracting is, in a sense, replaced by the adjustment forms
generated By the devaluation cycle. In its most simplified
interpretation, the devaluation cycle can be related to variations
in factor income distribution and to the underlying struggle for
income shares in the economy between trade unions and, indirectly,
the shareholders of firms. Thus, in the course of the cycle, but
before devaluation, wage contracts are such that the real profit-
ability of the firms decreases, causing losses to the share-
holders. On the other hand, devaluation generates capital gains to

portfolio holders who have positive net posifions in foreign
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assets. After the devaluation, the profitability of the firms
improves since their home currency revenues rise. Thus the
cumulative relative income gains of employed labor in the course
of the cycle up to the devaluation are partially, fully, or more
than fully eliminated by the relative losses after the devalua-
tion. Associated with these cyclical trends in the profitability
of firms are the real adjustments. Thus, typically, unemployment
increases in the .course of the cycle before the devaluation and
decreases after the devaluation. According to this view, the
fundamental reason for the recurrent devaluations is the loss of
international competitiveness in the open sector of the home
country.28 This, it is claimed, is due to the tendency for nominal
wages to be set too high in wage contracts.

The idea of endogenous exchange rate jumps has also been studied
in a more restricted sense. The works of Krugman (1979), Turnovsky
(1980) and Obstfeld (1982) view such jumps as consequences of
exchange rate crises caused by optimizing investors who speculate
on the timing and magnitude of the exchange rate jump. If, for
instance, an economy has suffered substantial reserve losses,
speculating agents launch an attack on the remaining reserves in
order to maximize capital gains perceived to emerge as a con-
sequence of the devaluation. This attack ultimately forces the
authorities to carﬁy out the devaluation. In this approach,
general macroecondmic aspects are largely ignored, both to avoid
technical prob]emsland because there is not motivation for such
considerations sinée all prices in the economy except the exchange
rate are perfect]yv¥1exib1e. ‘

In the following, we analyze the macroeconomic adjustment process
of a small open economy in which there is wage contracting. Our
main interest is the nature and the role of exchange rate jumps in

28 clear description of the stylized facts of the devaluation
cycle can be found in Kouri (1979), pp. 137 - 142.
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this process. Two different wage contract rules are studied. It
will be shown that if the wage contract exerts any rigidity on the
adjustments of firms, i.e. if nominal wages adjust more slowly
than prices, then endogenous exchange rate jumps are an essential
element of the general macroeconomic adjustment process. Specu-
lators are assigned an important role in the unfolding of the
endogenous cycle. In particular, it will be shown that at some
point in the macroeconomic adjustment process, speculation can
become so potent that, unless it is countered by strong exogenous
sﬁocks, it becomes self-fulfilling.

The analysis also shows that the economy has the same 1ikelihood
of experiencing both self-fulfilling revaluation and devaluation
speculation only if there is fully flexible Tabor supply, even at
the domestic full-employment level. This implies internationally
mobile Tabor and an infinitely elastic Tabor supply at the home
country wage rate. If there is any rigidity in Tabor supply at the
full-employment level, then the economy is biased towards ex-
periencing endogenous devaluation cycles more often than revalua- >
tion cycles. In this light, jumps in the exchange rate provide the
economy with an ultimate adjustment channel when nominal wages,
labor supply and the amount of reserves fail to adjust.

The contract wages are set either according to an ad hoc rule, in
which the rate of increase in the real contract wage is a1wayé set
equal to the expected rate of growth of productivity, or according
to the feedback rule. In the latter, the rate of increase in the
contract wage is set so as to maximize trade union preferences,
which give weight to both nominal wage rate increases and un-
employment. It turns out that if the union follows the ad hoc
policy, then the economy is more prone to exchange rate cycles
than if the union follows the feedback policy. This conclusion is
independent of whether the economy is biased or neutral relative
to the two types of exchange rate cycles. On the other hand, the
former type of economy is more responsive to exchange rate policy

than the latter; a devaluation Teads to a steadier recovery in the
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ad hoc wage setting economy than in the feedback wage setting
economy.

Technically, the analysis of this chapter is developed on the
basis of the open economy model of sections 2.4 - 2.5. The
important departure from that model in the technical sense is that
the analysis here is carried out in the discrete-time format. The
economic forces generating the results are the same as in the
closed economy analysis of the previous chapter. The separation of
input supply decisions and the contract wage rigidity make
variations in income distribution influential in the economy. This
amounts to making the Tobin effect operate in the allocation of
capital. The portfolio choices of investors then give rise to the
possibly systematic tendencies towards reserves and unemployment.

In the general sense, our work can be related to the main body of
recent studies on open economy macroeconomics. Hence, our reserves
determination model is a fixed exchange rate regime analogue to
the exchange rate determination models under flexible exchange
rates. Our model makes extensive use of portfolio theoretic
arguments and is therefore an intellectual relative of the
Branson-Kouri portfolio balance approach. But in addition to the
monetary side, our model includes the real side of the economy as
well. Thus, our work also parellels the branch of Titerature
started by Dornbusch (1976). In comparison to Dornbusch, the real
side of the economy is more complete and is based on a general
equilibrium framework with optimizing consumers and firms.
Interestingly, although not surprisingly, an analogue of the
overshooting hypothesis can result in our model, but is not a
necessary outcome in it.

We proceed as follows. First, we describe the basic research
question in a discrete-time open economy variant of our general
framework developed in sections 2.4 - 2.5. The discrete-time
variant is a somewhat linearized version of the basic model, but

still contains seriously nonlinear features. Consequently, only
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approximate qualitative properties of the model can be discussed.
Secondly, using the qualitative properties of the nonlinear model,
we develop a strictly linear framework, in which the research
questions can be analytically answered.

4.2 Existence of the endogenous exchange rate cycle:
the nonlinear model case

We follow a two-stage strategy in our analysis. In the first
stage, we briefly study the exchange rate cycle in general terms
in a discrete-time nonlinear model. In the second stage, we
construct a linear model in which questions relating to the
macroeconomic adjustment process are investigated in some detail.
The reason for the chosen strategy is to be found in technical
difficulties. The nonlinear model is an essentially direct
conversion of the continuous time analysis developed above in
sections 2.4 - 2.5. Hence, the model also has the strong choice-
theoretic foundations of the basic framework. However, the model
is inherently too nonlinear for a satisfactory study of the type
of problems that we are interested in here. Therefore, we hope to
be able first to derive enough information on the local behaviour
of the nonlinear model, so that we can form a linear model with
the same local properties. In doing so, we hope that some‘of the
strengths of the general equilibrium choice-theoretic approach
will be transmitted to the conclusions.

4.2.1 Description of the nonlinear model

The notion of the small open economy is the general set-up for our
analysis. The agents of the home country are price takers in all
the international markets. In particular, the world market prices
of the imported and the exported goods are pﬁt and p;t, respect-
ively. As we want to abstract from variations in the terms of
trade and instead concentrate on variations in the world price

level, we assume that goods are physically measured in units such




149

that p%t = p;t = pg. The world price level p% is determined by the
quantity theory of money and is given by

(138) *

'*_*t*
¥ (1+mg-v ) ph

where m* = rate of growth of money supply abroad

* ot

rate of growth of productivity abroad.

We assume that the world money supply rule follows the fo]]oﬁing
stochastic process

(139) h; = v¥ 4+ %+

Uy~ 1.d.d. N(0,02)

1* = world inflation rate

Using (2), we can write the world price level equation as
follows:

(138') % =

pt 'l_1+]'[*+uij6

=
o

J

If the exchange rate is assumed for the time being to be at its
initial level S0 the corresponding domestic price level becomes:

(140) Pt

1
TRz

[1+H*+ujjsop6

j=0

il
0 e

L1+n*+uj]p0

J=0

Note that while the analogues of price paths (138') and (140) in
continuous-time representations are perfectly plausible for all
states of nature, price paths (138') and (140) imply that there
always exist some states of nature with positive probabilities in
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which the price levels would fall to zero. However, we ignore the
problem because it clearly is associated with the formulation,
since the formulation applied in (138') and (140) s only valid
for relatively small shocks uj. In the general discrete-time
representation, log-normally distributed additive shocks would
have to be used to formulate uncertainty so as to avoid the
inconsistency for any state of nature. However, the adopted
formulation is commonly used in the background of macroeconomic
models and serves well in setting up the linear model.

In addition, the stochasic process of the nominal world interest
rate is fully exogenous to the home country agents. The rest of
the world behaves in a non-strategic way with respect to the home
country, so that home government policy actions do not generate
retaliatory reactions in the rest of the world. The home country
government tries to operate in a fixed exchange rate regime by
means of direct intervention, i.e. by being prepared to make any
offered currency trades at the official exchange rate.

As in the continuous-time model, we assume specifically that the
home country and the rest of the world have a permanent currency
exchange arrangement so that the reserves grow autonomously at the
rate of growth of productivity v. Similarly, the critical
devaluation and revaluation Timits Ry and ﬁt are assumed for
simplicity to grow at rate v. If the actual level of reserves
falls below Bt’ then the_home country will devalue the currency,
while if it rises above Rt’ then the home currency will be
revalued. In both cases, the country follows the k-percent policy
described in section 2.4, which is not very restrictive, as will
be seen in section 4.3.3.

The monetary and fiscal policies in the home country assumed in
the following are simple. The world price Tevel fixes the domestic
price level completely in the case of the small open economy. The
quantity theory equation holds in the home country. In order not
to cause serious disturbances in the economy, the home country
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follows the monetarist money supply rule. The quantity of money \
then grows at the rate

(141) i, = v* + 0%

or at the same rate as in the rest of the world. Note that in
(141) there is an implicit assumption that the home country rate
of growth of productivity v equals v*. As in the closed economy
analysis, we assume that the velocity of money adjusts so as to
absorb random variations about the mean demand for nominal
transactions balances.

The home country always hires fractions ag of the aggregate
capital stock and the labor force in order to provide public
services and gbods. 1f there are no shocks, then the government
borrows a fixed fraction (a3—g3) of the aggregate capital stock
from abroad.29 As, by assumption, the portfolio fraction £3 remains
constant at £34 independently of shocks (see note 29), the
government's borrowing from abroad to finance this permanent gap
remains constant except for changes in valuation. The government
runs a balanced budget so that it finances all the public
expenditure, 1ike wages and the debt service of the public sector,
by raising taxes.

29%recall from the analysis of section 2.4 that a3 is the
preference weight of public expenditure in the preferences of
consumers, whereas £3g is the portfolio fraction of government
‘bonds in the portfolios of investors. For simplicity, we assume
that £10 = ®1+%4 so that the portfolios of investors exhibit
'correct’ general equilibrium allocation of capital to the private
sector in the initial state (i.e. imply full employment in that
state). Also, we assume that substitution in the portfolios of
consumers only occurs between shares and foreign bonds so that €3
always remains constant. In the continuous-time model of section
2.4 this jmplies the assumptions that o* = Pp*0p if v¥ > v, or
Op = PB*O* if v > v*. Neither of the assumptions restricts the
generality of the analysis to a nonnegligible extent.
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The implications for the tax rule, disposable income and the
capital account of the above assumptions will be studied later.
Finally, we state that the riskless rate of return on government
bonds issued only to domestic investors is r., while the interest
rate on foreign borrowing is the world interest rate specified
below.

Two different periodic sets of events must be distinguished in the
input markets as well as in the whole economy. Production,
consumption and investment decisions are made for each period. In
addition, exogenous shocks can hit the economy in each period. By
contrast, a wage contract is negotiated between the firms and a

trade union only every nth

period. The outcome of the negotiations
specifies the contract wage for n periods. This distinction would
empirically correspond to the notion that, while wage contracts
are negotiated for, e.g., one year at a time, a number of other
economically significant decisions can be made much more

frequently, e.g., monthly or quarterly.

The firms have a stochastic Cobb-Douglas technology defined by:

: B8
(142)  yy = T (Ltvin ILiKY
J=0
where v = mean growth rate of productivity
ﬁt = productivity shock

ng~ dai.de N(0,07)
n

Technology (142) implies that the marginal productivities of both
labor and capital are stochastic. Note that the remarks on price
paths made above after equation (140) also apply where appropriate
to the technology.

Similarly, as in the basic models of sections 2.3 - 2.4, the firms
choose the levels of inputs by maximizing expected logarithmic

utility, or the preferences of investors, over the contract
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period. The workers are represented in the labor market by a trade
union. The trade union negotiates a wage contract with the firms
for each contract period. For simplicity, the wage-setting rule is '
specified in the nonlinear model by the following statements:

(143a) w=v +1*

4 v Bpl-B By 1-8
(143) W 8 (1-d, ILgKy i BLoKp
0 L L

where w = growth rate of the contract wage
wy = initial wage Tevel
dL = pisk premium paid in wages as the price of avoiding
variations in the marginal productivity of labor
B = 5(1—dL) = jncome share of labor corrected for the
risk premium

The rule states that the expected rate of increase in the real
wage rate equals the mean rate of growth of productivity.

In the Tinear analysis, another, more realistic, wage-setting rule
will be applied as well.

1t is important to notice that the specific wage-setting rule does
not respond to excess supply in the labor markets, if such
situations emerge within the contract periods. For their factor
services, the shareholders receive the mean nominal interest rate
rg =v * n* plus the profit effects of price level shocks and of
all the productivity variation in technology. For also bearing the
productivity risks of the workers, the investors receive the risk
premium dL.39

30For derivation of the risk premium, see appendix 1.
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Again we assume on the grounds of the same arguments as in section
2.3 that the firms keep the capital-labor ratio constant in the
short-run despite variations in the price Tevel. To utilize the
short-run fixed-coefficient property of the technology implied by
the above assumption, we define next the concept of norm produc-
tion. The norm production in period t is the output in private
sector and if capital and labor are only employed in the private
sector and are used in quantities corresponding to the long-run
optimal capital-labor ratio, given the wage-setting rule and the
productivity growth. Formally, we can express the norm production
Yis conditional on the wage-setting rule specified in (143), as:

o+

(144) g = 0

(1+yn , JHBKLB
; i

0

where zHO is the full employment level of labor supply

total capital stock owned by the investors

~ix

Using the norm production concept and the fixed-coefficient
property of the technology, we can now express the aggregate
private sector production as:

(145) Y T E1eVe
E1¢” portfolio fraction of shares for period t

Formulation (145) will be extensively used in the analysis. Note
that if the wage-setting rule remains unchanged throughout time,
then the representation (145) is valid globally.

Because of the preferences, the analysis of the demand side of the
economy is simple if only we can develop a shock-dependent
representation for aggregate real wealth. However, with Cobb-
Douglas preferences and the assumption of an exogenous price level
set by the world price level, it is more convenient to carry out
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the analysis in terms of the periodic accumulation of real wealth, i
or, real income. Under these assumptions, both consumption and |
jmports are fixed fractions of real income.

In order to determine the real income we state first the ex-
pressions for the nominal prices of assets and the nominal wage

rate:

t
(146a) Qg = j20[1+r8+auuj+ananQB

t v,
{146b) Qf = jEOL1+r§+n§J06

(146c)  Q, = | L+re) "o,

(186d)  w, =v| I+vir*| by
where rg =V + 1* = nominal rate of return on shares
r§ + n{ = nominal world interest rate,
2 . .
* .
T]_t N(O’Gﬂ*) 1.1.d.

In (146a), the coefficients o, and o of the price and
productivity shocks are the simplest linear approximations of the
respective nonlinear factors in the continuous-time model of
section 2.4.31

Corresponding real variables are obtained by dividing expressions
(146) by the price level given in (148). Assuming that p, or the
rate of time preference of consumers, equals v, defining E1s E9s
and £g as the portfolio fractions of shares, foreign bonds and
government bonds, respectively, and applying directly the

3lFor the derivation of the coefficients, see appendix 2,
equations (All) - (A20).
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definition for disposable income in (82'), we can write the real
disposable income as follows:

t

v I l_l+\)+ot U.ta n.

. JQBO
t 1t 5=0 ulJ nJ

Py
t 505

K X *
* EppY j50l1+r =uyn3

(147) 1

t 0

T - -

+ Egqv j20[1+rG 1 ujjpo * (g1441-840)
t Q

HO

c v I |[lv-u,]— -1
3=0 JPg Rt

= ¢l * Eaglt * E3¢ly ¥ (Eretl-ggp) e - Tpe

t

v I [l+vte U.ta n.

| Qo
Bt j=0 ugJg n

where I ——
Po

real income on shares if all capital is invested in
shares at the general equilibrium rate of return
t 50Q6
v I | L+r*er*ey 4|
3=0 Jd J Po
real income on foreign bonds if all capital is

—
*
m

invested in foreign bonds

+r -y.| —
v I [ r UJJ pO

real income on government bonds if all capital is

—
m

invested in government bonds

t Q
HO
I, = v T [l+v-u,| —
Ht j=0 J PO

real wage income

Expression (147) specifies the real disposable income as a
weighted average of different income components net of real taxes,
where the weights are appropriate portfolio fractions. The

expression can be simplified appreciably by investigating the net
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tax function TRt The government collects taxes to pay wages and
interest payments abroad and to domestic investors, and runs a
balanced budget. The government is assumed for simplicity to face
the same world interest rate as the private investors. Therefore,
the tax function must be of the following form:

By noting that az=Egq = g20,32 the real income (147) can be
rewritten in the following relatively simple form:

(149) I ( I,.)+(

= - *

¢ = E1elTetTue) * (Epp P01}

Expression (149) indicates that the real disposable income in the
home country includes the real value of domestic output and the
interest revenue on the net foreign lending in excess of the

initial holdings of foreign bonds.

With the Cobb-Douglas preferences, real consumption and imports
are fixed fractions of the real income and are thus given by:

(150a) Cy = ait

(150b) Cnt " (l—a)It P

where ¢ and l-o are the Cobb-Douglas preference weights for
consumption of the private good and the imported good,
respectively.

32This can be seen from the following sequence of identities:
a3 = 1-(agtag) = 1-£10 = £20*£30-
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Exports can be obtained simply by subtracting the consumption of
the private good from the production of it. Formally, exports are
then given by

{151) Xp = Eqp¥y - otIt

Besides the autonomous component, the actual Tevel of real
reserves at the end of each period is affect by the two
traditional channels, namely, the current account and net capital
flows. The real current account surplus for period t, denoted by
St’ is defined as the net exports during that period valued at the
initial foreign price p§ = 1. Using (151) and (150b), we obtain
directly that the real current account surplus is given by

(152) St = solgltyt-ltj
The determination of the real net flow of capital is relatively
simple as well. The stock of capital exports from the home country
is given by the fraction of total capital held in foreign bonds.
The stock of capital imports is given by the residual demand for
capital by the government. As was mentioned above, this residual
demand is determined by two factors. First, the government always
employs a fraction ag of the home economy's total inputs in

public production. On the other hand, the government only receives
the fraction of capital corresponding to the portfolio fraction of
government bonds directly from the home country investors. The
rest of the capital the government borrows from abroad. The real

stock of capital exports, Dt’ and capital imports, F,, at the end

t’

of period t are then given by the following expressions:
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S
0
(153a) Dt = 5{ thQtB

S
(153b) F, = E% (ag=E34)04B

In (153a,b), the stocks are valued in the home currency and at the
initial price level.

The real net inflow of capital during period t, or the capital
account surplus, Ct’ consists of the difference between the one
period changes in stocks (153b) and (153a). The net interest
income from abroad is included in the disposable income. Then we
can write the capital account surplus in the following form:

(154) Ci = Fy = Feop = [DyDyoq]

The 'endogenous' change in actual real reserves during the period
t is given by the sum of the current account surplus and the
capital account surplus. The autonomous change caused by the
exchange arrangement gives the trend in the real reserves. Thus,
using {152) and (154), we obtain the following expression for the
changes in real reserves:

PP -
= Ry - Reop *Pofreye - It

*Fp - Feg - [DgDyy]

(185) Ry - Ry 4

where Ri = autonomous real reserves at the end of period t

At the initial contracting time, the portfolio fractions of
investors are at their general equilibrium values, derived from
utility maximization, which we denote by £10° £20 and E30° Within
the contract period, the portfolio fractions are affected by pro-

ductivity and world price shocks, and exchange rate jump expec-
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tations. In section 2.5, we showed that devaluation expectations
are analogous to deflation of the world price level in that both
raise the expected rate of return on foreign bonds. The difference
between the two shocks is that devaluation expectations have no
effects at all on the actual return or income as such; only if a
devaluation actually occurs will the expected real income
increases be realized as capital gains. This is due to the exoge-
neity of the world financial markets to the home country
investors: the real returns on foreign assets do not respond at
all to exchange rate speculation in the home country.

The portfolio decisions of investors are also affected by inertia.
This is because we assume that there are costs associated with
aggregate portfolio adjustments.33 For convenience, we adopt here
the technically simplest possible representation for the inertial
portfolio adjustment. Let then f2 be the partial derivative of the
. portfolio fraction of shares of an optimizing agent with respect
to a unit change in the mean real rate of return on shares.3% The

33Empirica11y, it is quite plausible to assume that portfolio
adjustments are costly, because only relatively small fractions of ’
the total private sector portfolios - mainly some very short-term
financial investment - are fully Tiquid assets. We used the
costless adjustment assumption in the theoretical analysis of the
third chapter and it might be preferable here as well for this
reason alone. However, in the succeeding analysis we actually need
some friction in adjustments, because the idea of the speculative
exchange rate cycle implies instability of the dynamics to be
studied. Under rational expectations, such an unstable system
would explode at the very moment when speculation grows so strong
that the instability becomes understood by all investors. Thus, we
need rigidity in adjustments to prevent momentary jumps in
reserves. Even though the friction could possibly be constructed
in an analogous way to section 3.5, the partial adjustment
mechanism is the simplest technical formulation in linear discrete
time analysis.

34Note from portfolio rule (97a) that
1

2 2
UB(l-pB*)

fo =
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portfolio fraction of shares of an optimizing investor for period
t, operating in frictionless conditions, would be

(186) €9, =&, + Tz,

where zy = arbitrary anticipated change in the mean rate of

return

But the investors are also affected by friction in portfolio
adjustments. The simplest available representation of such effects
is to assume that ﬁhe portfolio fraction 1t is determined by the
partial adjustment mechanism as follows:

(157) )

. . -
E1p = E1a1 T 2B B
a€ (0,1)°

E1t T %1t " %10

E1t-1 7 B1t-1 T B10

0 _ 0

g1t T %1t %10

The reduced form so}ution for the stochastic difference equation
(157) takes the form

=

1

(158)  &y4 = £30"* @ o Tro(T=aNIT %t
= % ~ug f, 3 (1-a)z, .
10,7 "2 529 t-J

pa N
s

§r

If the definition of the variable £, is directly applied to

equation (158), we obtain the solution for the portfolio fraction
gq¢ as:
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3 (1-a)z

(159) £, = E,n+taf
1t~ °10 2 520

t-J

With the simplifying assumption on the variance-covariance
structure between return on shares and foreign bonds (see
note 29), the substitution in porfolios only occurs between
shares and foreign bonds. We can then write the portfolio
fraction of foreign bonds directly as:

(160) g, =ty *af, .Zo(lla)az
J:

t-J
Thus, the investment fraction of government bonds remains constant
at £30 independently of the shocks.

The building blocks of our noniinear model have now been specified
in terms of end-of-period magnitudes of the relevant variables.

4.2.2 Basic properties of the nonlinear model

The basic logic of the properties of the open economy model is
almost exactly analogous to that of the closed economy case of the
previous chapter. The wage contracts fix the nominal wage for
several periods (in the present simplified case, for all periods).
If any exogenous anticipated events hit the econOMy during the
contract period, they change the mean real rates of return on
different assets in a non-neutral way. Consequently, investors
adjust their portfolio composition in an optimal manner. Given the
specific construction of the model, capital moves between the
domestic private sector and the rest of the world. Employment and
output vary accordingly in the home country.

The open economy case differs from the closed economy setting in
two respects. First, all transactions between the home country and

the rest of the world involve changes in the reserves of the home
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country. As the home country tries to maintain the fixed exchange
rate, and yet has Timited autonomous reserves, strong speculation
may strengthen the tendencies towards real fluctuations in the
home economy. Secondly, financial connections between the home
country and the rest of the world, i.e. borrowing and lending, can
involve genuine capital gains or losses to the home country.

A1l the responses of the variables of the model are due to either
portfolio substitution effects of capital gains effects. Portfolio
effects alone determined variations in the real variables and
capital flows. Because of the latter, the capital account effects
on reserves are relatively easy to detect. On the other hand,
income formation is affected simultaneously by both types of
effects. Therefore, the current account effects on reserves are
much less clearcut and more diffucult to model than the capital
account effects.

An increase in either the rate of growth of productivity or the
world inflation rate which was unanticipated at the time of wage
contracting makes investors reallocate their portfolios away from
foreign bonds towards the shares of the domestic firms. The reason
for this is that the firms' profits fall since the nominal labor
costs are fixed by the contract and hence independent of the
shocks. A productivity shock of a given size (say a one percentage
point increase in the rate of growth of productivity) causes a
Targer portfolio effect than a world price shock of equal
magnitude. The reason is that the price shock changes the real
rate of return on shares only because a part of factor payments,
i.e. wages, is paid.at a fixed rate. Thus, price variations only
cause income redistribution. The productivity shock, by contrast,
increases the real rate of return on shares by increasing output
and therefore total revenues. Hence, positive productivity shocks
both generate more disposable income in the aggregate and re-
distribute income in favor of investors.

To understand the shock-dependence of real income, which is

necessary for understanding the current account effects of the two
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types of shocks, Tet us write the domestic real income presented
in (149) in the following form:

(161) I (1

t = BrelIpet I TE) * £0l%
In obtaining (161), we have used (159) and {160) and the
definition g tEoteg = 1.

Let us first investigate the world price shocks. Denoting the
first order difference operator by A, we can decompose the change
in real disposable income from the previous period in the follow-
ing way:

(162) Al (1 (AIBt+AI -AIt)

= <T%*
8¢ Tpe 1 g1 1-1) * B1en
AT

Ht

In the decomposition, the first term is the direct portfolio
substitution effect. Income changes because capital moves from the
home country abroad or vice versa and labor is consequently laid
off or hired. The following two terms represent the direct income
effects; income changes because different types of income are
making capital gains and Tosses on account of the shocks. The
second order effects are ignored.

The decomposition can be simplified by recalling that, since price
variations only cause variations in income distribution, the
capital gains possibly made by the shareholders are exactly equal
to the capital losses made by the workers, i.e. AIBt = -AIHt.
Applying this fact, the decomposition can be written as follows:

(163) Al (1 ) + AT

Bt-1tThe-171%-1) * (1078141

t T A1y
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The sign of (163) is ambiguous. If there is acceleration in world
inflation, investors adjust their portfolios towards shares and
hence AEqy is positive. A positive AEq g implies increases in real
national income because more capital and labor is employed in
domestic production. On the other hand, it jmplies decreases in
real income because less capital is earning revenue abroad. We
assume that the overall effect of a positive AEyy is positive,
j.e. real national income is assumed to increase when unemployment
decreases in the home country. The second term is unambiguously
negative. Because of the fixed coefficient short-term technology,
zero is the minimum of £10751¢-1 if no labor mobility is allowed.
The real returns on foreign bonds decrease as world inflation
accelerates. Hence, AI{ is negative, making the second term
negative.35 This negative effect may or may not make the aggregate
change in income negative.

The ambiguity of the sign of the aggregate change in real national
income is, fortunately, not a very serious difficulty as regards
the total current account effect on reserves. This can be seen by
noting that the change in production due to the price shock is:

(164) Ay = Mgy g = 881 (Tpe ¥ luey)

In the case of an acceleration in inflation, the change in output
is positive, as more inputs are employed in firms. Furthermore,
the change in output is larger than the corresponding change in
real income. This becomes formally obvious if one compares (163)
and (164) and recalls the definition of income in (149).
Intuitively, it is due to the fact that output increases by the

35The interpretation of the second term is simple. The fraction
£10-E1t-1 indicates, if positive, that the economy is out of the
full employment equilibrium. Then, the revenues derived from the
fraction £ot-1-£20 invested in foreign bonds are not taxed by the
government to cover the interest payments on the public debt
raised abroad, but are subject to capital losses.




166

full impact of the shift of inputs into firms, while income only
changes to the extent that new alternative uses of inputs generate
more income than the old ones. By the above conclusions, exports
must always increase more than imports when a world price shock
causes increases in private production. Hence, the current account
effect of such a shock on reserves must be unambiguously positive.
Because of the positive portfolio effect, the capital account
effect of the given shock on reserves is positive as well.

Next, let us briefly study the income effects of productivity
shocks. In the case of such shocks, foreign investments or labor
income are not subject to capital gains or losses at all. Hence,
the change in real national income becomes:

(165) Al I

= =Tk
t = 201¢{ gy 1 hegThog) + Epgglpy
In (165), using the convention adopted above in the context of
(163), both terms are of the same sign. Shifts of capital into the
domestic private sector can only happen, if the productivity shock
is positive, or, of AIBt is positive.

Output changes in the case of a productivity shock in the
following way:

(166) Ay, = BEpyyy ) * Egp 1Y

The crucial point to observe here is that, since shareholders
receive all the additional revenues caused by the productivity
shock, then AIBt = PAY¢ must hold. Hence, in the current account,
the capital gains effect on the demand side and the productivity
effect on the supply side neutralize each other. The total current
account effect on reserves of a productivity shock is then a pure
portfolio effect, which in our case is positive by the same
argument, as in the case of the price shock. The capital account

effect is again positive.
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In conclusion, we can say that the nonlinear model is in fact too
nonlinear for analytical purposes. To see this clearly, let us
convert the nonautonomous change in reserves in equation {(155)
into the difference operator notation as follows:

n N .
(167) ARy = A(gltyt) - Al + aF, - ADy

Applying equations (163 - 166) and by recalling. that AF, = 0 and
ADt = —AgltDt_1 when changes in valuation are neglected, equation
(167) can be written in the following form:

n_ ~
(168)  aRY = 28y P¥y_1=(Tpe 1+ Theo1"TE-1)*0 1]

NSRS ESRLE:

In equation (168), the first term in the square brackets repre-
sents the production effect and the second term the income effect
on the current account. The third term represents the capital f]ow
effect. These three terms are due to the fact that capital moves
between domestic private sector production and the rest of the
world, and, consequently, the unemployment rate varies in the home
country. The last term, on the other hand, is the capital gains
effect on the current account and is the 'disequilibrium' effect
on reserves. The capital gains effect is always positive if the
country can only be a net investor in the world market, i.e. if
the home country is limited to the full employment level of
domestic activity by the immobility of Tabor and by the fixed-
coefficient production technology. If the country were a net
borrower in the world market, then this effect would be positive.36

36)Note that fluctuations in the nominal world interest rate would
generate other capital gains effects, which would follow the
opposite sign pattern relative to the gains arising from the
capital movements. We will abstract away from such capital gains
effects.




If equation (168) were inserted into equation (155) in an

appropriate form, it would be seen that the change in reserves
could potentially include dynamics from several additively
associated sources. This indicates that the underlying dynamics,
even with the simplest available assumptions, would be of muitiple
order. Moreover, incorporating speculation explicitly into the
analysis would further complicate the dynamics. It is therefore
necessary for further analysis to develop a simpler, preferably
fully linear, model which includes the Tocal properties of the
nonlinear model as accurately as possible. In section 4.3, we will
proceed along these lines. It will then be seen that ignoring the
capital gains effects facilitates the linearization to the extent
that even a simple notion of speculation can be included in the
analysis.

A most illustrative way of presenting the properties of the
nonlinear model is by means of a set of figures. In Figure 15, two
series of shocks - a sequence of increases in world inflation and
in productivity growth from their mean rates - hit the economy.
Despite the serious nonlinearity of the reserves equation, it is
assumed that the time series of the logarithmic deviations from
the trend paths of production and reserves and the current account
and capital account surpluses can be easily constructed. For the
purposes of illustration, it is assumed that the time paths of the
deviations are linear. In the four panels of Figure 15, the solid
lines represent the responses of the model to the set of world
price shocks and the broken lines the corresponding responses to
the productivity shocks.
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Fig. 15.

LOCAL PROPERTIES OF THE NONLINEAR MODEL
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4.,2.3 Existence of speculative exchange rate cycles

The foregoing discussion on the basic properties of the nonlinear
model made it clear that feasible sets of unanticipated produc-
tivity or world price level shocks can, at least in principle,
lead to such responses that implied reserve losses or gains cause
endogenous devaluations or revaluations. The reason for this is
that contract wage rigidity reduces the ability of the economy to
automatically absorb shocks in full employment equilibrium. Here
we examine what role speculation plays in endogenous exchange rate
changes in the nonlinear model and under what circumstances
speculation can be the immediate cause of exchange rate jumps. By
immediate cause we mean that, at least during the subperiod ending
in an exchange rate jump, there are no exogenous shocks at work in
the economy.

The intuitive characterization of the issues associated with the
question is fairly simple. Uncertainties in productivity and the
world price level make the level of real reserves at the end of
each period a random variable. In our case, the distribution of
reserves is likely to be some time-dependent variant of the
log-normal distribution, but here we allow for a general
distribution, the density and distribution functions of which are
denoted by ft(Rt) and Ft(Rt)’ respectively. Note that in the
general case the density ft and the distribution Ft are time-
dependent, i.e. the moments characterizing them vary endogenously
over time. The only restriction for the distribution and the
devaluation and revaluation limits Bt and ﬁt is that, if the
economy is on its trend path, then the probabilities of devalua-
tion and revaluation are equally large. Formally, this can be
specified in the following way:

(169)  Fy(Ry) =1 - Fi(R))




171

If a shock now enters the economy, it shifts the actual level of
reserves so that the probability A of a devaluation or a revalua-
tion occurring during the next period becomes positive. This :
magnifies the pure shock-induced reserve effect, as speculating
investors adjust their portfolios. If the density function of
reserves has the conventional single-peaked form and the peak is
between the limits R and ﬁ, then the sequence of changes in the
probabilities A is increasing in the deviations from the trend
path.37 Hence, it becomes possible that, after a sufficient amount
of cumulative shocks, the implied increase in the probabilities A
becomes so large that no additional exogenous shocks are needed,
and the reserves still continue to deviate more and more from the
trend path. Thus expectations of an exchange rate jump may become
self-fulfilling: changes in reserves-caused by speculation
continue until the exchange rateAjumps.

i To present the argument more formally, a critical observation has
to be made: during a devaluation cycle, capital flows out while

i the opposite is true during a revaluation cycle. This observation

4 is particularly useful because the devaluation and revaluation

4 cycles can be given simple definitions in terms of the portfolio
fraction Eqte The definitions are:

(170a) if Et-l(glt—glt—l) < 0, then a devaluation cycle 1is in
operation

(170b)  if Ey_;(g14-E14_q) > O, then a revaluation cycle is in
operation

Variations in the portfolio fraction g4 are in our formulation a
function of variations in the expected yield differential between

37This claim ignores the fact that the time-dependence of higher
- than -first moments of the distribution F¢ would possibly imply
stricter conditions for guaranteeing the increasing sequence of
the probabilities A.




172

shares and foreign bonds. This differential depends, on one hand,
on exogenous world price level and productivity shocks. On the
other hand, we showed in section 2.5 that this differential also
depends on exchange rate jump expectations. Specifically, we saw
that if a k-percent devaluation is expected to occur during period
t with a probability Ags then the yield differential between
returns on shares and foreign bonds diminishes by a factor Mgy
Denoting the exogenous shocks by Zys the solution for the
portfolio fraction £yt can be written as:

- 2 n
(171) Ep =810 - 2 f2[2t+(l-a)zt_1+(1-a) zt_2+...+(1-a) Zi n

2 n-1
rghkt(l-aday (k+(1-a)A, ok+...+(1-a)" "a k]

t-n+l

£10 = @ fol 2 2y g Phgkthy gK]
= 2
where 7, , = (1-a)z, , + (1-a)%z, , + ... + (1-a)zy .

= 2 n-1
Ay q= (1-adag o + (1-a)%2 ceo *+ (1-a) M

t-2 * t-n+1

Forming the corresponding solution for £1¢-1° We can express the
change in the fraction 1t in the following form:

_ a a
(A72) gy = E14oq = @ Folzgm 155 Zy Mgk 107 Ayogk]

On the basis of (172) and using definition (170a,b), the two types
of cycles can be distinguished formally by conditions

a 7 . z
(173a) If zp ¥ Ak > 122 705 Z,1 >0,
then a devaluation cycle is in operation

a 5 . >
(173b) If Zt + th > 1-3 Zt_l, Zt"l < O,
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then a revaluation cycle is in operation
where Zt—l = Zt—l + At-lk’ or the cumulative present effect of
past shocks.

The role of speculation in the course of the cycle is formally
seen if we set zZ, = 0 in conditions (173a,b). Considering only the
devaluation cycle case, the condition becomes:

(174) Xy > o Lt

The condition says that, if the endogenously generated probability
of devaluing is larger than the cumulative effect of the past
shocks multiplied by %3 then the devaluation cycle continues
without the contribution of present exogenous shocks. Furthermore,
if the probability Mg satisfies condition (174), then the reserves

decrease further during the tth

period. This makes the probability
M+l larger than the probability Ao Hence, no t.+1St period
exogenous shocks are needed for the cycle to proceed, and so on.
Speculation based on devaluation expectations makes the reserves
fall, so that ultimately the expectations are fulfilled and the

devaluation takes place.

Note the important fact that the argument (170 - 174) is only
relevant for illustration. In the whole argument, the
probabilities Ay are treated parametrically, on the assumption
that they are exogenously generated and in linear relationship
with the portfolio fraction E1te In general this cannot be the
case, and the essence of the idea of speculative exchange rate
cycles is that the probabilities Ay are endogenously generated by
the model and hence in a nonlinear relationship with the portfolio
fraction Eqge To gain some insight into the difficulties
associated with endogenizing the probabilities A in condition
(174), let us consider a special assumption on the distribution
Ft' With this assumption, the generation of probabilities Ay can

be approximated in terms of actual and expected reserves.
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Specifically, let us assume that the density ft and the
distribution Ft are time-independent, so that the higher-than-
first moments of Ft are constant. Ip such a case, the effects of
shocks on reserves become relatively strajghtforward. Such
time-independent functions are denoted by f and F in the
formalizations below. In Figure 16, the density function of the
reserves and the reaction limits R and R are drawn in the initial
equilibrium and after some reserve losses.

Fig. 16.

APPROXIMATION OF PROBABILITIES » ¢

Ry R2

If the economy Toses reserves, then the location of the density
shift to the left so that the mean of the distribution moves to
the left to position R1 at the end of period one. This move can

also be represented by moving the 1imits to the right by the
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amount RO-R1 to positions Bl and Rl' The probability mass to the
1eft of Bl is larger than the corresponding mass to the right of
Rl' If another fall in reserves occurs in the second period, the
Timits move to positions BZ and Ry. In general, for period t-1 the
probability of devaluation is ex-post, i.e. knowing the actual
reserves Rt—l given by

(175) A

F(R

Req) - [1-F(R,_)]

The first order approximation of the probability Ag can now be
written as

(176) A

Apog ¥ f(gt_l)Et_lARt + f(Rt_l)Et_lARt

Xt—l + (@t+wt)Et_1ARt

where  w, = f(Ry ;)

Wy f(Rt_l

)

If the right hand side of equation (176) is substituted into (174)
for Aps W obtain

(177 ayy * g )E (8R > riere 2y

Equation (177) defines implicitly the cumulative reserve losses
required by the end of period t-1 in order for the endogenous
changes in the probabilities ) to become large enough for a
speculative devaluation cycie to get under wéy from period t on.
Both the weighting functions @y Bt and the reserve losses ARt are
nonlinear functions in our model, which makes further analysis of
the equation without linearizations impossible. It should be

understood that condition (177) is in fact a condition for the
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dynamics of reserves. Roughly speaking, condition (177) states
that there is a critical level of reserves, smaller than the trend
reserves, such that, if actual reserves fall below this level,
then the endogenous dynamics in reserves becomes unstable,
characterizing the presence of self-fulfilling devaluation
speculation. This is the line of argument that we will follow when
we establish conditions for the. existence of self-fulfilling
speculation in the linear model.

4.3 Cyclical fluctuations in a small open economy:
the linear model case

4.3.1 The basic linear model

In the following three subsections, the linear open economy model
will be presented, its properties characterized and its macro-
economic implications pointed out. As far as possible, we try to
keep the exposition on the intuitive Tevel. With this purpose in
mind, we will discuss the key assumptions of the model and only
state the results of the formal analysis. The derivations of the
results are carried out in appendix 2, the relevant parts of which
will be referred to in the following sections.

We are interested in both the real and monetary adjustments in the
economy when exogenous shocks introduce disturbances into the
economy. In the analysis, we will characterize real fluctuations
in terms of the dynamics of the unemployment rate. Monetary
responses in the open economy are summarized by the time path of
real reserves. It will turn out later that this choice of 'indi-
cator' variables is very convenient from the analytical point of
view. For the unemployment rate, we can find an exact linear
representation, while the dynamics in reserves are so complicated
that for linearization we have to simplify the determination of
reserves in the nonlinear model by invoking some ad hoc assump-
tions.
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An important and useful observation is that in our model all real
variables, including real reserves, grow at the mean rate of
growth of productivity v if the economy is on the trend path. This
fact makes it possible in principle for us to aim at deriving a
linear representation in the Togarithmic or percentage deviations
of reserves from the trend path. Hence, we 'save' one order of
dynamics in the Tinearization and also need fewer ad hoc assump-
tions 'in the derivation. Moreover, logarithmic deviations from the
trend path is precisely the concept of reserves that has the
simplest connection with the unemployment rate.

In section 4.2.3, we mentioned that all first order effects of
shocks on reserves are either portfolio substitution effects or
capital gains effects. Among the two types of effects, the
portfolio effects are not very nonlinear, as the dynamics of the
portfolio fractions was already linearized in equations

(159 - 160). On the other hand, the capital gains effects are
multiplicative in shocks, as can be seen from the last term of
equation {168) above. There is no convenient approximation which
could be used to linearize such effects. Thus, the current account
effects of shocks on reserves are inherently nonlinear, given the
capital gains effects.

To avoid further difficulties in attempts to linearize the capital
gains effects, we choose to ignore them entirely. This assumption
is a good approximation if the economy is not very far from the
initial general equilibrium £1¢ = £10° The capital gains effects
arising from variations in the world price level can potentially
be relatively large if the economy deviates greatly from the
initial general equilibrium. Recall from the remarks below (168)
that the income effects associated with the capital gains effects
are negative if international labor mobility is not allowed, but
can also be positive if it is allowed. Hence, the decision to
ignore such effects implies that the approximation of the current
account effects of shocks on reserves will be an underestimate in
the former case and can be either an under- or an overestimate in

the latter case (see also note 36).
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Given the assumption that the capital gains effects are negli-
gible, reserves can deviate from the trend path only because of
portfolio substitution effects. Such effects arise by our assump-
tions from changes in output, changes in disposable income and
changes 1in grosé capital exports due to portfolio adjustments.
Formally, we can state on the basis of equation (168) that the
deviation of reserves from the trend path at the end of period t
is:

P _ ~

In equation (178), the contributions of terms Pgyy and D, are
clear. The term IBt + IHt - I% represents the income effects on
the current account, and its origin can be most easily seen from
equation (163). As was mentioned above after (163), this type of
term represents the income changes in the current account, because
some income earned on foreign lending will be Tost if capital is
shifted into domestic firms. The capital that is shifted then

~ generates new income for both labor and capital in the domestic
production process. The net effect is the difference between the
two effects with opposite signs. Note that when the capital gains
effects are ignored then the three terms in the square brackets
are actually evaluated at the trend values.

Equation (178) can be developed into a more convenient form by

defining the following fractions:
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EOI*
(179a) Y = .
PoEoYt
= unit opportunity national income earned by domestic
capital if invested abroad38
Sg ~
f20 5% Eolt¢
{179b) e =

£10PoF0Yt
= ratio of the home currency value of the mean gross
lending abroad to the mean value of output

where v, € (0,1) by assumption; v. > 0
I C

Using (179a-b) and recalling that pOEOSlt E (I, +I

write (178) in the following form:

Eg Bt+ Ht) we can

“jP = (g,.- y
(180) Ry - Ry = (g54-810) vyt lE1oPoEgYy

381ntuitively, Y1 has an appealing interpretation. If one unit of
capital is invested in domestic private firms, it generates one
unit of mean output, which has the real trend value pp. On the
other hand, if one unit of capital is invested abroad it generates
an amount equivalent to

of national 1ncome in the home country. This is approximately
equal to v if measured in terms of the domestic oppor-
tunity incsmg % national income earned abroad can be considered

smaller than the corresponding income earned in the home country,
because the latter generates both labor income and capital income,
while the former only generates capital income. Implicitly, we are
assuming that if labor moves abroad with capital, then only the
capital income is repatriated, while the labor income is spent
abroad.
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One more definition is needed before we are ready to state the
expression for the logaritmic deviation of reserves from the trend
path. Let then YR be defined as follows:

. s £10PofoYt
R P
Ry
ratio of the mean value of output to the autonomous

(181)

reserves

Using (180) and (181), the percentage or logarithmic deviation of
reserves from the trend, denoted by e is given by:

p
R, - R
.t t .
0= = - Etio) el
t

(182) r

Note that in (182) Y1 represents the current account effects due
to the fact that domestic resources move between two alternative
uses that generate different amounts of national income per unit
of resources. The capital flows effects are captured by the term
Yoo Note that, in general, both Y1 and Yo can be time-dependent,
but for convenience we will treat them as constants in the
following. Finally, parameter YR» @ constant, scales the varia-
tions that are actually measured about the trend value of output
into percentage deviations about the autonomous reserves.

A representation for the unemployment rate is easily obtained. The
short-term fixed-coefficient technology implies directly that, if
the portfolio fraction it is below the initial general equilib-
rium level £10° then a fraction £107E1¢ of the domestic labor
force is unemployed. The definition for the unemployment rate,
denoted by un,, is then:39 :

39Note that if £3g < £1¢, then (183) specifies the Tabor imports
as a fraction of the total domestic labor force.
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(183) ung = Ey0 - B4

Comparison of (182) and (183) indicates that there is a Tinear
relationship between the Togarithmic deviation of reserves from
the trend path and the unemployment rate. Specifically, the rela-
tionship is:

- 1
(184) unt W)— Y't

Thus, once we have derived a dynamic representation for one of the
variables, the corresponding representation for the other is
implied by (184).

The logic in the dynamics of reserves and the unemployment rate is
clear from (182) and (183). The driving force of the time paths of
the two variables 1ies in the choices of investors, which are
fully characterized by the time path for the portfoiio fraction
E1t: The real rates of return for the different investment
opportunities vary relative to each other, as different shocks
distort the economy. The ultimate reason for the distortions is to
be found in the rigidity of the contract wage and the exchange
rate.

We will consider four types of shocks which affect the decisions
of investors. The two purely exogenous shocks are random
variations in the world price level and in domestic productivity.
Endogenous shocks are generated by wage-setting, as to alternative
trade union contract policies are considered. One of the two
policies implies contract wage-setting in which the mean rate of
growth of the contract wage may systematically differ from the
mean rate of growth of productivity. The fourth type of shock is
the effects of.exchange rate speculation on the decisions of

investors.
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The general dynamic representation for the portfolio fraction

E1¢ With the partial adjustment mechanism included was presented
above in (159). In this representation, the arbitrary rate-of-
return shocks z; were left unspecified. To obtain a Tinear
formuTation for the shocks zZy in terms of the four types of
shocks, we apply directly portfolio rule (97a) in which exchange
rate speculation is explicitly formulated. Specifically, we obtain
the following representation for the 'frictionless' portfolio
fraction g?t:

0 — ‘ * .
(185) 3, = Fol rplug,ny Wy-w*)-r¥ A k]

1

where f, = 55—
2 2 2
CB(]-‘DB*)

rate of increase in the contract wage in period t

wk =y + %

probability for a revaluation to occur within
period t

From the continuous time analysis of the second and third
chapters, we know that the mean real rate of return on shares is
nonlinear in variations in the inflation rate. The same holds for
the other two types of shocks as well. Hence, we are obliged to
develop simple forms which specify linear relationships between
the shocks and the real rate of return on shares. Such forms are
derived in the appendix (see expressions (All - A20) in

appendix 2), and here we only state the final result in terms of
the equation of motion for the portfolio fraction g?t:

(186) &1, - &0 = &7y = Folyrlpy (Uy-lhgi)) + oz n#a K]
In (186), the expression in the square brackets corresponds to the
arbitrary shocks z; in (159). Therefore, the specific solution for
the time path of the portfolio fraction Eqgs in which the friction
in adjustments is included, becomes:
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o 1 B .
(187) Elt = glo + afz Tmmq— [-(T:ﬂ(ut-(wt-w*))
* 1oy e k]

The linear coefficients of the inflation, contract wage and
productivity shocks are intuitively quife appealing when one
recalls that B and (1-B) are the risk-premium corrected income
shares of labor and capital. The coefficient of the productivity
shocks is larger than that of the other two shocks because the
former shocks include variations in total income in addition to
implying variations in income distribution. The latter shocks
involve only income redistribution.

Solution (187) implies by (182) the following representation for
reserves:

- T B 2 e 1
(188) ]"t = m[ B (ut-(wt-w*) + T1-87 T]t + )\tk]
where T = YR(YI+YC)af2

In (188), the contract wage effects and effects of speculation
need to be formalized before further analysis is possible. The
latter effects will be specified here, while discussion on the
former will be postponed til1l1 the following section.

The behaviour of investors underlying (188) is based on the fact
that Uy
t. But, in that case, (188) is a deterministic relation and there

and ng are anticipated shocks at the beginning of period

can be no role in it for speculation. To make (188) genuinely
stochastic, we have to distinguish between unanticipated and
anticipated shocks in the aggregate. In both cases, individual
agents have anticipations concerning Uy and Nge In the aggregate
unanticipated case, individual agents do not know the anticipa-

tions of other agents and their best estimates are that the
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aggregate anticipations of price and productivity shocks are draws
from probability distributions Uy and Ngs respectively. In the
aggregate anticipated case, agents either have uniform anticipa-
tions about the shocks, which all agents know, or then all agents
know what the aggregate weighted anticipatioﬁ is if individual
anticipations differ.

According to assumptions (139) and (143), the exogenous shocks are
normally distributed independent random variables, i.e.

Uy ~ N(O,cﬁ) and ng ~ N(O,oﬁ). If the shocks are unanticipated in
the aggregate, then by (188) and by the standard theorem on the
tinear combinations of independent, normally distributed random
variables, the distribution of e is:

(189) r

2

2 2
B 2.1 21y _ 2
t N(Ut,HI_ (m) 0u+(1_—B) GT]]) = N(ut,or)

where uy = time-dependent mean of e
H

It

constant implied by the solution for i

The exchange rate speculation of investors is based on the dis-
tribution (189) and on how the devaluation and revaluation limits
o and FO’ defined in the appendix, are located re1§tive to the
mean . The important properties of the distribution (189) are
that the variance is constant and that higher order moments dis-
appear. Then, the approximation procedure for the probabilities
Ag proposed in section 4.2.3, equation (176), can be applied in
the present analysis. The key idea in the procedure is that the
drift in the mean of the distribution (189) can be replaced by
making the limits ry and ?0 time-dependent, and by evaluating the
probabilities relative to the trend path Eo(rt) = 0. The approxi-
mation is derived in the appendix (see equations A23 - A3l in
appendix 2) and the derivation is not repeated here. Instead, we

state directly that the approximation rule of the probabilities
Mg is the following:




1 .
f(Et_lrt—rt_l) + o f (Et_lr —rt_z)

-4
1
=2
-

where rioq) = flogrg q) if rg g <0
= f(ry_4) = flrgtr y) ifr, ;>0

fl

I
-
-

fl

£ v q) ifre,>0

and f and f' are the density function of the distribution
(189) and its derivative.

In the analysis, f and f' will be treated as constant evaluations
of the density and its derivative, but in the description of the

results of the analysis the actual time-dependent f and f' prove

to be very useful. The limitations of the rule given in (190) are
discussed in the appendix.

The form (190) is not a closed form approximation of the probabil-
ities Ags @s the past probabilities A¢.q appear in it. In cases
where the past effects of speculation affect the present state of
reserves, the closed form representation is needed. By iterating
(190} form the initial state, it can be seen that the closed form
solution is a sum of the infinite sums of the last two terms in
(190). However, by considerations presented in the appendix, an
unweighted sum of the last terms in (190) is Tikely to be an
overestimate of the past effects. Therefore, the closed form
solution for (190) to be used in the relevant contexts is:



) . 1 .. 1
(190") Ag = f Ey qre ¥ 5 f TI:VBET[Et-lrt'rt—Z]

. )40
t-j-1 t— t-J-l

Equipped with the approximation rule (190), we can write the
general expression for the logarithmic deviation of reserves from
the trend path in the following form:

- y B s s 1
W9L) vy = prerrmanT eyl v (e W)+ gy
1 o
+ k[xt_1+f(Et_1rt-rt_1) tm FHEL yrery o) ]}
The dynamic representation for the unemployment rate is directly

defined by the identity in (184), in which ry is replaced by
(191).

The description of the basic linear model is now complete. In the
following section, the technical properties of the basic model and
its extensions will be studied under two alternative contract
wage-setting policies.

40The right hand side of the equality is exactly the following:
t

T f(E
Jj=0

= flE,_ r.+(E )+(E

T LTIV R DAL PSP PPy
*oo(Egry-ry)-rg]

= flE

t-j-1 t- -j t- -j- 1)

t-1"t 21 22" e e 72T

where z; are i.i.d. expectations errors.

If the system starts from equilibrium, then rg = 0. For i.i.d.
expectations errors, the sum of the errors converges asymp-
totically to zero. Therefore, the form used in (190') is asymp-
totically justified.
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4.3.2 Analytical properties of the basic Tinear model

The dynamics in reserves and unemployment can be characterized in
terms of different parameters implicitly included in the structure
of a second order stochastic difference equation such as equation
(191). We will characterize the dynamics under two alternative
trade union contract wage-setting policies, which are very
different in nature.

According to the first contract wage-setting policy, the trade
union always sets the contract wage so that the expected rate of
change of the contract wage equals the sum of the mean rate of
growth of productivity and the mean world inflation rate.
Specifically, then, we have that for the first policy

(192) \‘Nt =y +0F =W ¥t

Hence, under the first policy there is no feedback from the

unemployment rate or any other variables of the model to contract

i " wage-setting, and the term Wt
of reserves and unemployment.

-w* disappears from the determination

The first policy, while a commonly proposed guideline for contract
wage-setting in public debates, is very ad hoc in nature and also
unsatisfactory from the theoretical point of view, as it contains
no feedback from labor market disequilibria to the wage-setting. As
an alternative for the ad hoc rule, we assume that the union sets

the contract wage so as to maximize the following preferences:
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- o e 1
(193) {‘maf Gy = ap(we-w*) - ol Ey g (ungtun, )]
W -w*}
1 2
- G3lz Eyg (unghung,y)]

where 9> Gps O3 2 0

-~ Wk = -
Wt w Wt+1 w

According to the second policy, there is a continuous feedback
from the labor market disequilibria to the contract wage-setting.
The union sets a wage contract for two periods at a time, and for
convenience we assume that the rate of growth of the contract wage
is the same for both subperiods. It is shown in the appendix that
the first two terms in (193) resemble the static Stone-Geary
preferences in the corresponding level variables. The third
quadratic term represents the feedback mechanism in wage-setting.
In particular, it will be seen later that the first two terms in
preferences (193) generate a natural rate of unemployment in the
economy. The role of the quadratic term is then to correct the
contract wage in each contract so that the expected unemployment
rate is stabilized about the natural rate.

The magnitudes of parameters > 9> and a3 determine what is the
actual natural rate of unemployment implicitly chosen by the union
that behaves according to the preferences given in (193). Yet
another interpretation for the preferences is that the first two
terms represent the degree of money illusion in the trade union
behaviour. It turns out - see appendix 2, equations (A64 - A65)

- that the maximization problem in (193) produces the following
general wage-setting rule:

(194) i, - i = v+ 3 EBlan g s ee)

2
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-8 |, %R

where VO = — 7 ql W)
2q3(sz)
_ 1
Sy = Et_lk[f(Et_lrt-rt_l) + ?‘Et-lrt'rt-z)]
-1, -1 _
L™ s LTSy = Sy
e, = E [ B U, # ok ]
t - Ft-1TTSBY Yt T TSR Mt

B o 4+ L1 -
TI=BY "t * TI-B) "t

shocks anticipated at contracting time t-1 to occur

in period t

Intuitively, the wage-setting rule given in (194)-15 quite easy to
interpret. The term V0 represents the autonomous money illusion
component in the rate of increase in the contract wage. The rest
of the terms represent adjustments in the rate of increase in the
contract wage needed to stabilize systematic fluctuations about
the natural rate of unemployment caused by structural speculation
and anticipated shocks. A1l the feedback terms enter as arithmetic
averages of the values that the respective terms adopt in the two
subperiods which the contract covers.

Next, contract the wage-setting rules in (192) and (194) are
applied to the general equation for reserves, equation (191) and
the implied equation for the unemployment rate. To distinguish
between the rules, we will throughout use the superscripts A when
we are referring to specific values associated with policy rule
(192) and superscripts F when we want to identify the regime
implied by rule {194). The first rule will be called the ad hoc
rule and the second rule the feedback policy.

The time paths of the Togarithmic deviations of reserves from the
trend path and the unemployment rate implied by the ad hoc
contract wage-setting rule are given by the following expressions:
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A A
H H
A _ 1 2 B 1
(195)  r} = L (1_KKL)][T((1-B) Ue * 11-87 "t
1 2
A A
f, M H
Al M 2 B 1
(196) uny = - == ][T(TTTFT Uy * 118y ng)]

Ry A
(1-K5L)  (1-K51)

Both expressions are essentially differences of two infinite sums
of past price and productivity shocks scaled by appropriate
constants. The signs of the two equations are mutually plausible:
when i is negative, uny is positive, and vice versa. A more
detailed characterization of the dynamics in reserves and un-
employment requires information on parameters H and K. First, it
can be shown (see A49 - A54 in appendix 2) that 0 < K? <1 and

K? < Kg; and that both Hf and Hg are negative. From these facts,
it follows that the second infinite sum in (195) and (196) is
larger in absolute value than the first sum. Also, the sign of the
second sum is positive: if Uy and ny are positive, the accumulated
second sum will be positive. Then, the aggregate effects of world
price and productivity shocks on reserves and unemployment have
plausible signs. Negative price and productivity shocks will cause
losses in reserves and increases in unemployment.

A question of fundamental interest is whether the dynamics of
reserves exhibits properties that are characteristic of self-
fulfiiling exchange rate speculation. To formulate the question
properly, recall that exchange rate speculation is specified in
terms of the probabilities Ag in our model. The approximation of
these probabilities introduces the second order dynamics in
reserves into the model. Hence, if the implied dynamics becomes
unstable for some plausible parameter values, meaning that
reserves will hit any finite 1imit in finite time, we can say that

a process of self-fulfilling speculation is going on in the
economy. In technical terms, the existence of self-fulfilling
speculation can be characterized by imposing a simple condition on
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the dominating parameter ng if Kg > 1, then the dynamics in

reserves is unstable and ultimately the home country is forced
either to devalue or to revalue. It is shown in the appendix
(A55 - A56 in appendix 2) that the following condition can be
established:

(1-v,)
(197) K’z* = 1 <> flltyg) + ' = 2 "o
ark Tk

where Ta =

]
—

In condition (197), the evaluations f and f' of the density of
reserves and its derivative are treated as fixed points. If these
fixed values are replaced in condition (197) by the appropriate
variable values f(v, ;) and f'(r;_;), and some properties of the
normal distribution and the definitions of the limits ?t-l and
fiq are used, condition (197) can be developed into the follow-
ing, intuitively appealing form (see A57 - A58 in appendix 2):

A
(198) Ky > 1 <=> > I_ [T - = ] - (].+V )] = p* 7
2 o T Hark otk 0 .
= revaluation speculation limit
r (1-vy)
L I i L AR
Oy 2 ark Tk

devaluation speculation limit

According to the condition in (198), if standardized reserves rise
more than r* per cent above the trend path, then self-fulfilling
revaluation speculation begins. Similarly, if reserves fall more
than r** per cent below the trend path, self-fulfilling
devaluation speculation begins.

The properties of condition (198) are quite plausible. The

speculation limits are negatively related to all of the structural
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parameters. Thus, increases in the parameters make self-fulfilling
speculation a more 1ikely phenomenon in the economy. This is
intuitively natural for the following reasons. First, increases in
the 'shock-multiplier’ ; magnify the income and capital flows
effects of shocks on reserves. Second, increases in parameter a
represent falls in portfolio-adjustment costs, and hence make
investors more sensitive to shocks. Third, an increase in para-
meter k makes exchange rate speculation more profitable, thus
enhancing the motivation for speculation. Fourth, increases in the
evaluation of the density, f, increase the weight of speculation
in the decision making of investors.

Condition (198) can also be stated in closed form, i.e. by
developing Taylor expansions about some initial point for f and f'
in condition (197), and then solving for the required reserves
limits. The derivation of the closed form condition is presented
in appendix 2 (A9 - A61) and here we only state the result:

r (1-v,)
(199)  Kp> 1> L, g 2 T 0 o A
Iy ark rk
r {1-v,)
:'1 < - 30[—3— .0 ]+ By = -
r ark Tk

where Bg» By > 0; r*A and r**A are speculation limits

Not that the closed form conditions have the same properties
relative to parameters as the implicit condition (198). The closed
form conditions turn out to be useful later in comparisons with
the feedback wage-setting model.

The time paths of the logarithmic deviations of reserves and the

unemployment rate generated in the feedback wage-setting economy
- corresponding to the respective paths (195) and (196) in the
ad hoc wage-setting economy - are specified by the following
relationships:
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Again, (200) and (201) are differences of two infinite sums, one
summing effects from the past and one from the future. Given that
Ki and Kg are rea1,41 the above equations have analogous technical
properties to those of equations (195) and (196). In such a case,
0 < Ki < Kg, HE and Hg are both negative, and T' is positive.
Hence, the infinite sum defined by the Tead operator is the
dominating sum in both equations. The forward looking sum
contributes positively to the deviations of reserves: positive
future surprises increase ry and negative future surprises
decrease it. Therefore, the dynamics in reserves has expected

properties relative to shocks.

AlEquations (200) and (201) are not 'as well behaved' as equations
(195) and (196). In particular, equations (200) and (201) may
exhibit implausible fluctuating dynamics for the parameter values
suggested in appendix 2, p. 258, unless the economy is relatively
rigid in adjusting, i.e. unless parameter a is small. The problems
with plausible dynamics are probably due to the fact that,
analytically, we are restricted to two periods wage setting at
most. As past systematic effects of speculation are eliminated
from equations (200) and (201), the only role of speculation in
these equations is in capitalizing future surprises, and is thus
relatively weak. If wages were fixed for more periods than two at
a time, the range of plausible behaviour of the equations under
study would possibly be extended. If the role of speculation is
magnified in the model by e.g. changing the parameters in an
appropriate way (see appendix 2, p. 227), the above equations
become much better behaved.
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When equations (200) and (201) are well-behaved, then it is also
possible that periods of self-fulfilling speculation occur in the
feedback wage-setting economy. Again, the condition for
self-fulfilling speculation to exist is that Kg > 1 must hold. In
terms of observable variables, this condition can be formulated as
follows (see (A74 - A75) in appendix 2):

(202)  K,>1 <> b, 2 . B, =
p a(rk+1)
r - -
t-1 -8 2 . B, = prxl
Op a(rk+1) 1
where ;1, éz > 0; r*F and r**F are the revaluation and

devaluation speculation limits

According to condition (202), self-fulfilling speculation begins
in the economy if standardized reserves at time t-1 are fuf per
cent above the trend path or r**F per cent below it. In the former
case, agents are expecting a revaluation and in the latter case a
devaluation. The properties of the conditions in (202} are
qualitatively plausible. The required deviations of reserves from
the trend path that would trigger self-fulfilling speculation
decrease if either the ability of the economy to adjust increases
(a increases}, or the shock-multiplier ; or the size of exchange |
rate jump k increase. We can also conclude that the limits in
(202) are 1ikely to be larger than the corresponding Timits in
(199) (see parameter values By and By in (A61) and ;0 and él in
(A75), and remark 3 on p. 227 in appendix.2). Hence, under
practically any circumstances, the feedback wage-setting economy
is Tess likely to experience self-fulfilling speculation generated
by random shocks than the ad hoc wage-setting economy. The
intuitive reason for this result is that, in the feedback
wage-setting economy, the wage-setting provides the economy with
an additional channel for adjusting to exogenous disturbances,

while in the ad hoc wage-setting economy, the only ways for the
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economy to adjust are through variations in employment and capital
flows.

On the other hand, there could be an autonomous, natural
unemployment rate in the feedback wage-setting economy caused by
the money jllusion included in the preferences of the trade union.
In equations (200) and (201), this shows up if the term rvq, is
positive. The lead-Tag polynomial multiplying permanent, constant
shocks rVO implies convergence in the Tong-run to a constant
which, as defined by equation (201), is the natural rate of
unemp1oyment.42 In principle, the term PVO could be negative as
well, indicating negative money illusion in the preferences of the
union. This alternative seems implausible to us, since it implies
a negative natural rate of unemployment, i.e. permanent labor
imports.

According to the discussion above, the two types of economies
differ substantially in the ways in which cycles of exchange rate
jumps are generated in them. In the ad hoc economy, a favourable
sequence of random shocks may cause such deviations of reserves
from the trend path that strong'Specu1ation on an exchange rate
jump begins, ultimately causing the jump. The economy 'inherits'
the past disturbances, as there is no mechanism in it which would
neutralize the past effects. The exchange rate cycle is the only
way in which this type of economy adjusts to sequences of

42Note that, for plausible results in all cases, the permanence of
shocks I'Vg implies a specific restriction on the lead-lag
structure in (200) and {201). If, namely, K; > 1 occurs, the lead
sum becomes immediately infinite, because the sum goes to in-
finity. This is not very plausible for practical interpretations.
Consequently, we have to assume that, for instance, the lead sum
of terms rVg represents the sum of the terms of the first 10
periods into the future and the lag sum the sum of the terms of
the first 10 periods into the past, respectively. With such an
assumption, the autonomous component in (200) and (201) never
becomes infinite.
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disturbances. In the feedback economy, there is an efficient
mechanism for eliminating past and anticipated future shocks. The
contract wage increases are set precisely so as to neutralize such
shocks, and therefore, only shock§ that were unanticipated at the
contracting time, i.e. shocks Ug=Uy and Mg Ngs remain effective.
Even these expectation errors will be taken into account in the
following contract negotiations, as they will affect the expected
unemployment rate for the subsequent wage contract period. In
particular, future wage contracts will always be fully indexed to
permanent shocks which start within contract periods. In
principle, we can distinguish four different types of reasons for
the realization of self-fulfilling speculation in the feedback
wage-setting economy. First, the 'average' wage-setting over two
subperiods may generate systematic unanticipated averaging erros
into equation (200). As a practical reason, we ignore this
contribution. Second, new exogenous shocks may drive reserves to
the jump 1imit. Third, the autonomous money illusion shock may,
given the assumption in note 15, gain sufficient weight to cause
the jump. Fourth - and genuinely in the spirit of self-fulfilling
speculation - investors may generate an unanticipated shock by
themselves, by actually speculating, if they believe that the
exchange rate jump can be endogenously enforced within a contract
period. For this to happen, the reserves must be driven close
enough to the jump 1imit by other shocks, so that a maximum one
period portfolio shift can cause the jump.

Both equations (195) and (196), and equations (200} and (201) for
reserves and the unemployment rate are symmetric about the
domestic full employment equilibrium, if it is assumed that shocks
VOt .are zero. Given this assumption, it is equally likely in both
types of economies that devaluations will be experienced. The
symmetricity about the domestic full employment equilibrium
implies perfectly flexible labor supply when the entire domestic
Tabor force is employed. This is an implausible implication, as
the additional Tabor supply must be in the form of either overtime

work by domestic labor or imports of Tabor. Neither costless
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overtime working nor internationally frictionless labor mobility
seem empirically valid assumptions.

To introduce a simple notion of less than fully flexible labor
supply at the domestic full employment level, we define the
elasticity of the negative unemployment rate with respect to the
rate of growth of the wage rate Wt to be the following at or above
the full employment level:

AEqy AW,  (Eqo=Eqn) Wy -W¥)  £,.- £
(203) - 1t/7_§ - 1; 10 / ? . .1t .10 = s
10 w* 10 w* W, - w*

given that 1t > £10
where § >0

The above partially flexible labor supply assumption is
j1lustrated in Figure 17. The key assumption in (203) is the
constant elasticity of labor supply over the whole relevant range.

For our purposes, it is not necessary to specify the source of the
additional labor supply, but the negative unemployment rate could
well be interpreted either as the supply of overtime work by

domestic labor, or then as the residual labor supply function of
the rest of the world.

%




Fig. 17.
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It is clear that if the economy starts at full employment and a
positive world price or productivity shock hits the economy,
output will not risesby as much as it would if the economy started
from an unemployment situation. When firms hire more labor, they
bid up wages, which affects the rate of return on shares negative-
ly. Hence, investors will not be willing to increase their
investments in firms by as much as they would if wages did not
respond. The connections between the labor supply assumption (203)
and the determination of reserves and the negative unemployment
rate are derived in appendix 2 (see A63 - A65), and only the
outcomes will be presented here. Thus, under assumption (203),
given that £y, > £,,, the deviations of reserves and the negative
unemployment rate are given in the ad hoc wage-setting economy by
the following equations:
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The corresponding equations for the feedback wage-setting economy
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In the technical sense, the important property of equations
(203 - 207) is that, as is seen in appendix 2, world price shocks
Uy have smaller coefficients than Igg-in the above equations.
Similarly, productivity shocks ng have smaller coefficients than
T%F in (203 - 207). This is precisely an indication of the
property that, if assumption (203) is adopted, then the responses
of the economy are no longer symmetric. Specifically, the
asymmetric economy will, on the average experience unemployment,
reserves below the trend level and devaluation speculation more

often than the corresponding phenomena on the other side of the
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full employment equilibrium. The feedback effect from wages
dampens the effects of all shocks when the economy is above the
full employment equilibrium. Note that the above properties are
independent of which wage-setting regime is studied.

4.3.3 Predictions of the linear model: the macroeconomic
adjustment process of a small open economy

We have now completed the technical analysis and characterization
of the dynamic adjustment processes operating in a small open
economy. From now on, we shall dispense with technical exercises
and try to provide an intuitive description of the most important
aspects and properties of the stylized open economy that we have
constructed.

The general logic of cyclical fluctuations is quite simple in our
model. Wage contracts fix the nominal wage for a number of periods
at a time, while all other types of economical decisions can be
made in each period. When exogenous world price and productivity
shocks hit the economy, the profitability of firms and the real
rate of return on shares change. Hence, investors will observe
incentives to adjust their portfolios. The implied flows of
capital between the home country and the rest of the world are the
driving force of real and nominal effects in our model.

Consider first a sequence of decelerations in the world inflation
rate or, alternatively, a sequence of negative productivity
shocks. Both types of shocks reduce the profitability of firms,
which are paying fixed nominal wages to employees. Consequently,
investors will perceive shares as a less favourable investment and
start shifting capital into foreign assets. The outflow of capital
has several implications. First, output and employment fall.
Second, income falls, proportionately less than output, as the
foreign investments are earning opportunity income abroad. These
two effects together generate a negative reserves effect: both
exports and imports decrease, but the former decrease more. The
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negative current account effect is reinforced by the negative
capital account effect. As capital flows out and no capital
imports by the government for counter-cyclical purposes are
allowed, reserves are lost. When the sequence of negative profit-
ability shocks continues, investors will understand that the
probability of the home country government being forced to devalue
the currency becomes nonnegligible. This observation will further
magnify the effects on output, employment, income, capital outflow
and reserves as the investors start speculating on the devalua-
tion.

When the home country eventually devalues, the profitability of
firms improves as long as wages remain nonindexed to the devalua-
tion. Investors again begin to invest more in domestic firms and a
reverse process to the one described above may result.

An analogous chain of events takes place if a sequence of positive
profitability shocks hits the economy. Investors import capital
(or, rather, repatriate it) and output and employment increase.
Income increases proportionately less than output. The subsequent
current and capital account effects on reserves are positive.
Unless inflexibilities in labor supply prevent the process from
continuing, the accumulation of reserves reinforced by revaluation
speculation will make the home country revalue. This decreases the
profitability of firms, turning the cycle towards recession.

The general logic of events can be' further clarified and deepened
by making a few remarks on some more limited issues. First, and
independently of the different model cases and regimes, two types
of cyclical fluctuations can be distinguished in the economy. If
the exogenous shocks that distort the economy are relatively small
and money illusion hés no weight in the contract wage-setting,
then unemployment, output and reserves fluctuate mildly about the
respective full employment general equilibrium levels, and no
jumps in the exchange rate will occur. If, on the other hand, the
exogenous shocks are large, then the real variables and reserves
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may fluctuate with considerable amplitude, and exchange rate jumps
are observed. Cycles of the former type will be called stable
cycles and those of the Tatter type speculative cycles.43 The two
types of cycles are illustrated in Figure 18, in which the
stylized time paths of the logarithmic deviations of reserves from
the trend path and the unemployment rate are drawn. The solid
‘lines represent reserves and the broken lines the unemployment
rate. In both panels of Figure 18, the revaluation and devaluation
Timits ?0 and o and the revaluation and devaluation speculation
limits r* and r** are drawn. Actual exchange rate jumps occur when
reserves hit ?O or ro- Self-fulfilling speculation begins when
reserves hit either r* or r**, The Tatter two points indicate the
lTosses or gains of reserves that have to be decumulated or
accumulated before K2 > 1 can result. In the stable cycle,
reserves will never rise to r* or fall to r**, and hence self-
fulfilling speculation never gets started.

Another property of some interest is the partial irrelevance of
the size of the exchange rate jump percentage. The size of k is
important in that it directly affects the dynamics of the model.
But, as to the actual change in the exchange rate, it is not
jmportant. The country could, for instance, apply a one percent
devaluation rule mechanically every time a devaluation is carried .
out. If such a devaluation were not large enough to reverse the
trend in reserves, unstable speculation would continue. The
country would be forced to devalue again, and so on. Thus, the
markets would search for the cumulative devaluation percentage
that would be large enough to reverse the trend in reserves.

43The terminology is due to the fact that the two cases are
distinguished by the stability condition on reserves. During
stable cycles, reserves will always follow stable time paths, i.e.
K2 < 1. During speculative cycles, on the other hand, Kp > 1 will
always hold at the latest at the time when the exchange rate
jumps, and the dynamics of reserves are unstable.
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Fig. 18.

STABLE AND SPECULATIVE CYCLES
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In our model, average deviations in reserves and real variables
from the full employment general equilibrium levels are caused by
two types of factors. If money illusion enters into the trade
union's preferences, reserves will be lower and the unémp]oyment
rate higher, on the average, than their respective full employment
general equilibrium values. Similarly, a country in which there
are rigidities in labor supply at the domestic full employment
level is asymmetric with respect to symmetric shocks. Of course,
it is possible even in the asymmetric cases to observe e.g.
revaluations and periods of full employment, but these are
generated by feasible stochastic events, which may not have very
high probabilities.

The two different wage-setting policies, while they have rather
similar analytical properties, may possibly differ in their
economic implications. The essential feature of the ad hoc
wage-setting economy is that it has no mechanism for eliminating
cumulative effects of past and present shocks. Thus, with a
feasible sequence of shocks, such an economy is bound to end up in
a speculative cycle, and possibly experience relatively large real
effects as well. On the other hand, this type of economy is also
responsive to policy shocks. A devaluation or a revaluation will
have rapid and strong effects on real variables in this kind of
economy, the reason being that devaluation and revaluation affect
the profitability of firms and are not neutralized by actions of
other agents.

The feedback wage-setting economy is efficient in eliminating past
shocks. It also has the basic autonomous component of a natural
rate of unemployment caused by the money illusion. Still, one
might suggest that such an economy performs better relative to
exogenous shocks than the ad hoc wage-setting economy. An argument
in support of this suggestion is the fact that, even with the
permanent money illusion shock, the feedback economy rarely
experiences shocks large enough to bring about the deviations of
reserves needed to make the self-fulfilling speculation start. The
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weakness of the feedback economy may 1ie in the fact that it could
actually be 'too' efficient in eliminating any anticipated and
past shocks, such as a change in the exchange rate. It might well
be that in such an economy wage contracts are indexed to changes
in the exchange rate at the first possible moment. Then, effects
of e.g. a devaluation on the profitability of firms would be
neutralized, and the desired adjustments in employment and output
would not happen.

To see the above point more clearly, consider equations (195),
(196), (200), and (201) when they are subjected to a sequence of
specific shocks. For simplicity, assume that the shocks are
announced at the beginning of the period in which they occur, so
that they are anticipated one period before, but unanticipated
earlier. Suppose that wage contracts are negotiated at times

t+ 2i, i =0,1,2. Let us study the simple special case in which
Uy_q, and ug hit the
economy. Let all other shocks except the permanent money illusion
shock be equal to zero. Given these shocks, the unemployment rate
and the deviations of reserves from the trend path at the end of
period t are the following in the ad hoc and feedback wage-setting
economies:

deflationary world price shocks Up_3>

= - L, +#Au kA ]
t 1" TI-B)t 't the-1T'017 Ug-3

A B A
+ HyT gyl ugHqug 1 +(K]) U 5]
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The two economies differ fundamentally in their responses to the
above shocks. The shocks Ug_q and u, 5, which were known at the
wage contracting time, are neutralized completely in the feedback
wage-setting economy, but have full effects in the ad hoc economy.
On the other hand, the money illusion shocks VOt create a
structural deviation of reserves from the trend path and a
‘natural’ rate of unemployment in the feedback wage-setting
economy.

To make the experiment interesting, let us assume that for bofh
types of economies the deviations of reserves from the trend path
at time t are smaller than the respective devaluation speculation
Timits, thus causing self-fulfilling devaluation speculation to
start. For convenience, let us also assume that a k-percent
devaluation occurs at time t+1 in both economies and that
investors observe it before their decisions concerning the period
t+2. The reserves at times t+2 and t+3 in the two types of
economies are then the following:

2 2
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Equations (210a,b) clearly indicate that the ad hoc economy is
well-behaved in the recovery from the period of high unemployment
and lTow profitability preceding the devaluation. By well-behaved
we mean that, if the devaluation leads to increases in the
reserves in the first period after the devaluation, then the
reserves will continue rising in the subsequent periods as well.
Ultimately, the reserves will overshoot to a new level above the
trend path level, unless new shocks change the environment.

On the other hand, according to equations (211a,b), the feedback
economy is not at all well-behaved during the recovery. Reserves
may increase in the first period after the devaluation if the
devaluation percentage k is large enough. In the first period
after the devaluation, there are two effects which can potentially
resist the direct effect of devaluation on reserves. First, the
autonomous money illusion shock again has a negative effect on
reserves. Second, the feedback wage-setting policy implies

- besides indexing wages fully to anticipated shocks - that wages
are subsequently adjusted so as to eliminate partially the effects
of unanticipated events as well. Thus, on one hand, wages are
adjusted downwards to eliminate the expansionary effect of the
price shock ug on unemployment. But, on the other hand, wages are
also adjusted upwards to capitalize, as wage increases, part of
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the decrease in unemployment caused by the devaluation in the
first period, when the union had no possibility to respond to it.
The difference k-(K[i-)zut represents the aggregate response of
wages to unanticipated shocks, and it is 1ikely to be positive.
But in such a case the reponse of the contract wage to un-
anticipated shocks has a negative effect on reserves in the
aggregate.

Even if reserves increase in the first period after the devalua-
tion, they may, and are likely to, decrease again later. This is
because in the following wage contract the wage rate is fully
indexed to the devaluation. Hence, the positive profitability
shock due to the devaluation can only be temporary, and exists
only in one period in our special case. After the first period,
only the autonomous shock and the response of wages to un-
anticipated shocks remain, and both of these are likely to have
negative effects on reserves.

The time paths of reserves and unemployment are drawn in Figure 19
for the two types of economies and assuming the shocks discussed
above. In panel (a), the consistent recovery of reserves and
employment after the devaluation is shown in the ad hoc wage
setting economy. In panel (b), the corresponding alternative time
paths of reserves and unemployment are presented in the feedback
wage-setting economy. It is observed in all alternatives that a
sustained recovery after the devaluation is unlikely. If the
increase in reserves in the first period after the devaluation is
so small that the economy remains in the speculative regime

(r** > p then Kg > 1 holds, and in the subsequent periods the

)
t+2'
money illusion shocks will drive the economy to a new devaluation.
If the reserves increase so much in period t+2 that the economy

returns to the stable regime (r** < Pesoo K; < 1), several alterna-

tive cases are possible. If the shock k-(Kg)zut is positive, the
reserves begin to fall again from the second period after the
devaluation and finally converge on some stationary level if no
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Fig. 19.

THE AD HOC AND FEEDBACK WAGE-SETTING ECONOCMIES;
DEVALUATION AND RECOVERY

a) Ad hoc wage setting economy
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more shocks emerge. This level may be above or below r**, If the
Tevel is below r**, then, at some point of time, the speculative
regime resumes and the autonomous money illusion shocks cause a
new devaluation. If the level is above r**, then reserves and
unemployment converge gradually to new 'natural' levels.

These levels must imply reserves below and unemployment above the
initial ‘natural' levels. This can be easily seen by iterating
equation {211b) further into the future. Shocks VOj are the same
for all periods j, but, in addition to the autonomous shocks,
there is also the effect of unanticipated shocks in the equation
for reserves. Hence, the new natural level of reserves cannot be
the same as the initial Tevel. Only in the case where k-(K;-)zut is
negative and the reserves still increase in the first period after
the devaluation so that r** < e would the reserves continue
rising in the subsequent periods as well. This case can be
considered very unlikely, because the devaluation percentage k
must be relatively large in order to make even the first period
effect on reserves positive.

Now we are ready to characterize in general terms the macro-
economic adjustment processes in the two types of economies. We
take the partially elastic Tabor supply at the full employment
level to be the general constraint for both types of economies.
The dynamic behaviour of the ad hoc wage-setting economy is then
characterized by equations (195) and (196) when E1¢<Eq1g» OF there
js unemployment in the economy, and by equations (204) and (205)
when £1¢810° The corresponding equations in the feedback wage-
setting economy are (200) and (201) if Eq4<Eqp» and (206) and
(207) if £1¢E10° The general implication of the partially elastic
labor supply assumption is that, merely for this reason, both
types of economies tend, on the average, to experience periods of
unemployment, reserves below the trend level, devaluation specula-
tion and devaluations more frequently than periods of labor
ijmports, reserves above the autonomous level, revaluation specula-
tion and revaluations.
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In the ad hoc wage-setting economy, exogenous shocks are the
immediate reason for cyclical fluctuations in reserves and
unemployment. Since the contract wage is rigid, exogenous shocks
cause variations in the real profitability of the firms. From the
point of view of investors, the relative desirability of different
investment opportunities varies, making them willing to adjust
their portfolios. Thus fluctuations in reserves and unemployment
replace the lack of flexibility in the labor costs of the firms as
channels of adjustment in the economy. The cyclical fluctuations
would occur both with or without exchange rate sbecu1ation. What
speculation adds to the adjustment process is that it speeds up
the cyclical fluctuations: given a specific sequence of shocks
that leads to a devaluation, both with and without speculation,

- the devaluation occurs earlier in a speculative economy. Exchange
rate changes are an efficient policy measure in the ad hoc
wage-setting economy. They constitute permanent profitability
shocks to firms, which guarantee consistent adjustments from the
disequilibria towards the full employment general equilibrium.
However, because of the permanence of devaluation and revaluation
shocks, a given single exchange rate change always overcorrects
the disequilibrium. A revaluation implies convergence of reserves
to a level below the trend path and unemployment. Hence, only a
combination of at least two exchange rate changes in opposite‘
directions can correctly neutralize the effects of exogenous
shocks in the economy. These facts are an indication of the
overshooting property that our model has if the exchange rate
jumps. Overshooting in reserves is a natural property in a fixed
exchange rate economy with a relative price rigidity, as there is
nothing ultimately different in the model relative to the rational
expectations models under flexible exchange rates, in which
overshooting results (see Frenkel-Rodriguez (1982)).

The nature of the macroeconomic adjustment process is sharply
different in the feedback wage-setting economy. If the information
sets of the trade union, investors and firms are the same, then
only shocks which were unanticipated at the contract wage-setting
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time and occur within the contract period can cause fluctuations
in reserves and unemployment. A1l anticipated and permanent shocks
are eliminated by full indexation in the wage contracts. In this
sense, the feedback wage-setting economy experiences fewer and
milder fluctuations than the ad hoc wage-setting economy. On the
other hand, there may be a higher average unemployment rate in the
feedback wage-setting economy because of the possible weight given
to money illusion in the preferences of the trade union. Non-
indexed shocks can cause an exchange rate change in the feedback
wage-setting economy. The sensitivity of the economy to such
shocks is increased by the presence of exchange rate speculation.

Let us now ignore the money illusion for a moment. Then, the
crucial general property that follows from the feedback wage-
setting is that the efficiency of exchange rate changes as policy
measures is substantially weakened. Exchange rate changes are
permanent shocks and therefore the wage contracts concluded after
an exchange rate change are fully indexed to it. Hence, devalua-
tions and revaluations are profitability shocks to firms only in
the short-run, in our specific case only for one period. Thus,
exchange rate policy has desirable effects on real activity and
reserves only in the first period. Moreover, in subsequent periods
the exchange rate change is 1ikely to have the opposite effect on
reserves, since future wage contracts will include the response of
wages to the exchange rate change because it was an unanticipated
shock in the period when it occurred. The role of exchange rate
speculation then becomes important if the combined effects of the
exchange rate change and the unanticipated shock keep the economy
in the range of destabilizing speculation. In that case, the
economy is relatively sensitive to future shocks and repeated
exchange rate changes may result.

The autonomous money illusion shocks make the consequences of
devaluations and revaluations asymmetric. If exogenous shocks
cause a revaluation and reserves decrease in the first period

succeeding it, they are likely to continue decreasing further.
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This is due to the fact that, while the only effect of the
revaluation itself is that it was an unanticipated shock to the
union, money illusion shocks are permanent negative profitability
shocks, which drive the economy towards the state of the natural
rate of unemployment. On the other hand, if a devaluation is not
Targe enough to 1ift the economy out of the range of destabilizing
devaluation speculation, then the money illusion shocks enforce a
new devaluation. Thus, with money illusion, it is much harder to
steer the economy towards higher levels of activity through
devaluations than to bring it down from booms through revalua-
tions. In conclusion, we can say that the partial sterilization of
exchange rate policy in the feedback wage-setting economy is an
indirect policy neutrality result in the Lucasian spirit.
Exogenous shocks combined with a structure in which different
groups -of agents make decisions according to different criteria
can generate states which are undesirable from the social welfare
point of view. However, neutralization of such distortions by
means of policy is difficult, because agents consider permanent
policy changes as anticipated events. They change their decisions
so that the effects of policy measures are partially eliminated.
Only policies based on surprises or regulation of the wage
determination can correct the distortions.

4.3.4 Comparison of the results with some other studies

From the analytical point of view, the novelty in the above
analysis is the introduction of the notion of endogenously
determined exchange rate speculation into an open economy model.
Exchange rate speculation under fixed exchange rates has been
examined in a few studies (see Krugman (1979), Turnovsky (1980),
and Obstfeld (1982)), but in all of them speculation is based on
deterministic information on the timing of the actions of the
government. In our analysis, the probability of a discrete jump in
an exchange rate within a given time-interval is endogenously
determined by the whole macroeconomic model. The technique of
continuous~-time stochastic programming provides a means of
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formulating the effects of such endogenously generated probabil-
ities on the decisions of agents. The key idea in the derivation
of decision rules that take possible exchange rate jumps into
account is to interpret the jump probabilities as instantaneous
probabilities of a Poisson process. Turnovsky (1980) briefly
mentions a case in which the agents expect the exchange rate to
jump with some probability within a given time-interval, but he
takes the probability as exogenous.

Exchange rate speculation interpretd in terms of an endogenously
changing probability of deriving discrete capital gains or losses
leads to two interesting general analytical properties. First, it
was seen above that there exist 1imits defined in terms of losses
or gains in reserves beyond which speculation becomes self-
fulfilling. These Timits correspond to the notion of speculative
attacks by agents on reserves, which is the central feature in
both Krugman's (1979) and Obstfeld's (1982) analyses. Second, the
notions of plausible dynamics and stability in our model differ
sharply from those in other rational expectations models in the
theory of flexible exchange rates (e.g. the original contributions
of Kouri (1976), Branson (1976), and Dornbusch (1976)) as well as
those in the closed economy context {e.g. Taylor {1980), Fischer
(1977), (1979)).

In the tradition of rational expectations or perfect foresight
analyses, the general convention has been that the saddle-point
solution for the dynamics is the only plausible case to be
considered. While it is well-known that there is only one path
which has the saddle point property and an infinite number of
unstable paths, the general assumption is that agents find the
stable path, because other paths would imply outcomes which are
implausible given the rationality assumption. Such irrational
outcomes could, for example, generate infinite capital losses for
agents in finite time (for an interesting discussion on this
point, see the early paper by Shell-Stiglitz (1967)).
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In our model, on the other hand, the whole characterization of the
self-fulfilling speculation is based on the fact that, at some
point in the dynamic process, the underlying dynamics can change
from the stable to the unstable regime. In particular, such a
change is perfectly consistent with rational behaviour. The reason
for the nonconventional view on plausible dynamics in our study is
that the actions of the government support the global stability of f
the economy. The government always reacts by changing the exchange
rate before its reserve losses or gains become too large. When the
agents know this, they can indeed speculate - and, by so doing,
generate the unstable dynamics - without worrying about states of
nature that would e.g. imply zero wealth for them. This idea that
economies are likely to contain forces which prevent the worst
states of nature from occurring and guarantee that the economy
stays within a 'corridor' no matter what the dynamics of the
system is between the limits, should be of substantial interest in
macroeconomic analysis in general. It might be fruitful and
interesting to analyze e.g. the Branson-Kouri portfolio balance
model under such a general assumption.

Concerning the economic predictions of our analysis, two studies,
in particular, are directly comparable to ours. Both Korkman
(1978) and Kouri (1979) analyze the phenomenon of the devaluation
cycle observed in e.g. the Finnish economy. In both studies, the
tradeables - nontradeables framework with capital accumulation is
used. In our model, we ignore issues of variations in the terms of
trade as well as those of capital accumulation. Thus, our model
neither has the two-sector distinction nor specifies the differ-
ence between savings and investment. On the other hand, we specify
rational behaviour, speculation and expectations formation in a
genuinely uncertain environment, and pay special attention to
trade union behaviour by assuming that the trade union is a
monopoly relative to the firms in the labor market.

Wwhile all three studies charaterize the devaluation cycle in terms

of variations in the profitability of firms (in the tradeables '
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sector in Kouri and Korkman), our analysis provides some new
aspects concerning the explanation of the phenomenon. First, our
analysis gives a natural interpretation in terms of rigidities in
labor supply at the full employment level or money illusion in
wage-setting to why an economy may be biased towards the
devaluation cycle. Second, our analysis distinguishes between two
types of wage-setting policies, and makes clear the sharply
different cyclical fluctuations implied by the two policies.
Third, our analysis points out the different roles of optimizing
behaviour in the open economy. In particular, the distortionary
role of exchange rate speculation and the policy neutralizing role
of feedback wage-setting are emphasized. Fourth, our analysis
shows that, from the point of view of microeconomic theory, the
origin of the cyclical fluctuations may Tie in the fact that,
while agents behave optimally, they may maximize different
preferences so that their internally consistent decisions need not
result in socially optimal aggregate outcomes.

4.4 Concluding remarks

In the foregoing analysis, an open economy model was developed. In
the first stage, we converted the basic choice-theoretic framework
derived in chapter one into a discrete-time nonlinear open economy
model. The key economic properties of the model were determined,
and the role of exchange rate speculation in it was demonstrated.
In the second stage, a completely linearized version of the
nontinear model with similar local properties was developed.

It was shown that endogenous exchange rate jumps can be part of
the macroeconomic adjustment process even if the contract wage-
setting policy of the trade union is based on maximizing prefer-
ences in expected unemployment within the contract period and the
contract wage rate. This result is due to the difference in
adjustment speeds between wages and prices, and the separation of
capital and labor supply decisions. As wages are set for a longer
time than other economic decisions are binding, the wage contracts
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introduce a rigidity into the economy. The economy facing
exogenous shocks ultimately adjusts the consequences of this
rigidity by setting the exchange rate at a new level.

The role of speculation was seen to be crucial in generating
endogenous exchange rate jumps. If exogenous shocks Tead to
sufficient losses or gains in reserves, then speculative behaviour
can become so decisive that only strong exogenous events operating
in the opposite direction can prevent the expectations behind the
speculation from becoming fulfilled.

The ad hoc wage-setting policy and the feedback wage-setting
policy turn out to have strictly dichotomous properties in respect
to causing cyclical fluctuations. The ad hoc rule makes the
economy more prone to cyclical fluctuations caused by exogenous
shocks than the feedback rule. On the other hand, the ad hoc
wage-setting makes the economy consistently responsive to policy
measures. Under such wage determination, a devaluation leads to a
steady recovery in the level of real activity. An economy in which
wages are determined by the feedback rule may, by contrast, remain
locked to Tow levels of activity after the devaluation. Such a
wage-setting policy neutralizes anticipated policy measures in the
standard Lucasian fashion.

Finally, the elasticity of labor supply and the weight of money
illusion in the preferences of the trade union are crucial in
determining whether the economy is symmetric relative to devalua-
tion and revaluation cycles. If the labor supply is perfectly
elastic at the full employment level, implying completely flexible
Tabor mobility, and there is no money illusion in the wage-
setting, then the economy is equally likely to experience both
revaluations and devaluations. If labor supply is partially
elastic at the full employment level, or there is money illusion
in wage-setting, then devaluations are carried out more often in
the economy than revaluations.




5 SUMMARY AND POSSIBLE EXTENSION

The results of the study will only be briefly.reviewed here, as
Chapters 2 - 4 include their own conclusions. Furthermore,
sections 3.8 - 3.9 and 4.3 contain relatively detailed discussions
on and interpretations of the results of the closed and open
economy analyses.

In the second chapter, analytical frameworks for the study were
developed. The method of continuous-time stochastic dynamic
programming was applied to derive optimfzing behaviour for
different types of agents. The main innovations of the chapter
were the derivation of an explicit general equilibrium solution
for the simple basic closed economy model and the decision rules
of an investor facing discrete jumps in some of the relative
prices.

As macroeconomic issues of a specific type of economy were the
main interest of the study, a distortion characteristic of the
institutional setting of that type of economy was introduced. The
distortion consisted of two parts. First, the capital and labor
supply decisions were separated by assuming that the decisions are
made by entirely different agents. Second, nominal wage adjust-
ments were made sticky by assuming that one trade union, a
monopoly relative to the firms, sets the contract wage concerning
the whole economy for a certain contract period at a time. This
type of distortion essentially makes the Tobin effect the driving
force of the analysis.

In the third chapter, the case of the closed economy was investi-
gated. The main conclusion was that an economy with the above
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distortion has Leijonhufvud's so-called corridor property. The
economy can absorb 'small' demand shocks in full employment by
means of an automatic stabilizer, in our case by means of the real
balance effect, but requires actions by the policy maker to remain
in full employment when subject to 'large' demand shocks. A shock
was interpreted as being 'small' if it is unanticipated or
anticipated in the limited sense that the timing of the shock is
not precisely known. On the other hand, a shock was interpreted as
being ‘large' if it is anticipated in the conventional sense.
Interpreted in 1ight of the standard policy neutrality analyses,
our analysis produced dynamics which differ from the dynamics
obtained in analogous contexts and considered conventional
(Fischer (1979)). Some hidden assumptions in Fischer's analysis
were pointed out, which seem to explain the differences. The
interest rate targeting policy turned out to be superior to the
money targeting policy in neutralizing real effects.

In the fourth chapter, the case of the small open economy was
studied. The analysis was carried out in a linearized discrete
time approximation of the underlying continuous-time model.
Exchange rate speculation under fixed exchange rates and the
general distortion were the sources of cyclical fluctuations in
real and nominal variables. It turned out that, with symmetric
exogenous world price and productivity shocks, the economy is
biased towards devaluations and real activity below capacity
levels if labor supply is not infinitely elastic at the domestic
full employment level., This would require labor which is fully
mobile internationally. Money illusion in the wage-setting
provides the same result. Two’a1ternative wage-setting policies

- the ad hoc policy, in which the rate of increase of the expected
real wage is always set equal to the trend growth rate of pro-
ductivity, and the feedback policy, in which variations of
unemployment are minimized about a natural level of unemployment
- turned out to predict very different cyclical fluctuations. The
ad hoc policy leads to more frequent fluctuations than the
feedback policy, but an economy with such wage determination is
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also more amenable to control by the government through exchange
rate policy. Under both types of wage determination, the economy
was shown to have the property that a self-fulfilling exchange
rate speculation can emerge. Specifically, levels of reserves were
shown to exist such that, if actual reserves deviate from the
trend reserves further than specified by these 1imits, then
speculation on the jump in the exchange rate can begin and this
ultimately enforces the jump, unless exogenous events intervene.

The analytical framework and approach of -our study can be applied
and extended to numerous contexts and issues. Here we will mention
only three possible extensions, which we consider the most
interesting and immediate.

First, the closed economy model of the third chapter could be made
linear and converted into thé discrete-time format. Then the model
would be comparable to the conventional rational expectations
models. The interesting modification in the converted model in
relation to conventional models would be the notion of shocks
which occur with some endogenously generated probability within a
given time-interval. The dynamics of the price level and real
variables could be analyzed in a standard fashion. The dynamics
with endogenously generated probabilities for the occurrence of
shocks would possibly imply unstable dynamics for some states of
nature. To support the global stability of the system, the
government reaction could then be made endogenous. Then the agents
would know that, if their destabilizing speculative actions take
the economy far enough from the full employment equilibrium, the
government is guaranteed to 'bail out' the economy. The two
aspects of this extension, i.e. that in practice many events are
expected to occur at an unspecified time within a given time-
interval and that, for individual agents, it is natural to think
that an exogenous force will always intervene in the course of
events if disturbances grow too large, are certainly of great

theoretical and practical interest.
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Another extension of some interest would be to convert the Tinear
open economy model into the flexible exchange rate regime. The
model would then be directly comparable to other exchange rate
determination models. Again, speculative behaviour could be made
an important factor in exchange rate determination, if it were
assumed that the government allows exchange rates to be determined
in the market as long as the market rate stays within certain
1imits. Beyond these 1imits the government would intervene in the
market. The dynamics of the exchange rate would most likely differ
substantially from what is predicted by, for example, the port-
folio balance models.

The final extension we mention concerns the assumptions of our
linear fixed exchange rate open economy model. The variations in
the terms of trade could be an important factor in the cyclical
fluctuations of the small open economy. Therefore, including such
variations in the model would generalize it further. However, the
difficulty with such variations is that they might further
complicate the nonlinear dynamics. In such a situation, which is
1ikely to be the case, we would be obliged to introduce another
Tinear approximation into the model. This would reduce the
possibilities of identifying different effects. Even so the

exercise would certainly be worth trying.




APPENDIX 1

Derivation of the Risk Premium dL

The condition that implicitly defines the risk premium dL is the
formalization of the requirement that the expected discounted
utility from producing over the contract period is at the competi-
tive level for individual firms, i.e. at the level at which firms
are indifferent between producing and not producing.

Te -os Te -ps
(A1) Ey [~ e Toglu(s)|ds = [~ e™>[1ogC]ds, where C > 1
0 0

In (Al), profits, or u(s), is given by
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The stochastic differential of profits can be written as:
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Let us evaluate (A3) at the point

s
Eoexp{cédz} =1,

which yields

(1-4)
du(s) _ 1 L” 2
(M) grer - [v "ZT"JdS i
L

(A4) can be solved for the logarithm of instantaneous profits, or

(A5) Tog(u(s)) = log(u(0)) + {v - F—a—0 ]s + %f—f dz.
d LO
L -

Using the fact that u(0) = spoyodL, the expectation of the
logarithm of instantaneous profits can be written as:

1 (l-dL)O
(A6) Eolog(u(s)) = 1og(Bp0y0dL) + v - 2———57———— s.
L -

Note that condition {Al) must hold for the initial riskless state
in which h = (O,TC) —> 0. Then we have that the following

equality must hold:

(A7) 1ogsp0y0dL = JogC

Using (A7), the expectations of the logarithm of instantaneous
profits simplifies to:

. 1 (l-dL)C
(A6') Eolog(u(s)) = logC + |v - 2-———:;;——— S.
L
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Using (A6') and assuming that the expectations operator can be
included in the integral operator, the condition (Al) can now be
written as:

Te s 1 (l-dL)o Te s
(A8) [ €P3logC + |v - 5 ——=—| s | ds =] e "°[logC]ds
. 0 d 0
L2

The condition can only be satisfied if

| (1-d))”
(Ag) V-z——d—z——=0
L

From condition (A9), d_ can be easily solved as:

- /?I;Z)Z + 8v02) - 02
i

v

(A10) 4

According to (A10), dL is positive, independent of time, and,
perhaps somewhat surprisingly, also independent of the length of
the contract period. These facts are due to the logarithmic
objective function, in which the coefficient of relative risk
aversion is one. From this it follows that accumulation of profits
over time does not change the risk-premium, and hence the length

of the contract period becomes irrelevant.




APPENDIX 2

The complete Tinear model

A2.1 The structure of the Tinear model

In section 4.2, the discrete-time version of the basic open
economy model of section 2.4 - 2.5 was outlined. It became clear
that the model is seriously nonlinear in shocks and hence
impossible to study by means of analytical methods.

In this appendix, we specify and-analyze an ad hoc dynamic
discrete~time model which has qualitative properties closely
related to the local properties of the nonlinear model and which
is linear in shocks. For our purposes, i.e. for the study of the
macroeconomic adjustment process in an open economy with speculat-
ing investors, it is sufficient to formulate representations for
the dynamic behaviour of reserves and unemployment. These two
equations, the former describing ‘nominal‘' adjustments and the
latter real fluctuations in the economy, capture fully the effects
of wage and exchange rate rigidity and the separation of input
supply decisions.

To derive an ad hoc representation for reserves, it is useful to
note that, by our assumptions, all real variables, including real
reserves, grow at the rate of growth of productivity v if no
shocks affect the economy. Then it seems reasonable to model the
dynamics of real reserves as percentage or logarithmic deviations
from the long-term trend path.

The logarithmic deviations of reserves from the long-term trend
can in principle be related to present, past and possibly future
productivity and world price shocks, and correspoding deviations

of portfolios from the trend composition. According to equation
(155), shocks can affect reserves directly by changing output and
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real income, and indirectly by making investors adjust their
portfolios, which cause changes in output, real income and net
capital flows. In addition, these changes are reinforced by the
fact that optimizing investors may start speculating on possible
Jjumps in the exchange rate if observed or anticipated events make
such jumps Tikely.

In the considerations of section 4.2.2, it was pointed out that
real reserves follow a very nonlinear dynamic path. This is mainly
due to capital gains effects. Capital gains that affect the
current account are mainly caused by world price shocks. In the
following analysis, we abstract from the capital gains effects on
real income formation. Also, we ignore variations in the nominal
world interest rate. With these assumptions, non-autonomous
changes in reserves are only caused by changes in fhe portfolio
fraction £, as all other terms in equation (168) disappear. In
particular, the non-autonomous change in reserves, measured in
home currency, takes the following form:

n .
(A1) ARy = 8gq (Poy, 4-(1 I I ) + D)

Bt-1""t-1" t-1
With the simplified assumptions, the reserves can only deviate
from the trend path as long as investors want to adjust their
portfolios. The latter occurs if shocks are anticipated and if
there is exchange rate speculation going on. Analogously to (Al),

the deviation of reserves from the trend path is given by:
_RrP = - - T 1%
(A2) Rt Rt (Elt E;lo)EO[POyt (IBt+It It) + Dt]

To develop an expression for the logarithmic deviations of
reserves from the mean path, we have to develop the right hand
side~of (A2) into a more convenient form. First, note that

POEOyt = EO(IBt+IHt)' Let us define the ratio of the mean gross
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revenues on domestic capital if it is invested abroad and the mean
value of output, denoted by Yis 8S follows:

E0I¥

(A3) Ty = =
PokoYe

Another interpretation would be that Y1 is the unit opportunity
national income earned by domestic capital if invested abroad.

For simplicity, we assume y; to be time-independent, even though

this would not be the case in general. Next, let us define the ~
ratio between the home currency value of the mean gross lending

abroad and the mean value of output, denoted by Ye» @S follows:

S, ~
0 *

ED £20 Tp, Eo%K
_ Eoby o't

(A4) YC = = =

g10PoB0Yt  t10Pofovt

Again, we abstract from complexities by assuming that Yo is
time-independent.

Equipped with definitions (A3) and (A4), we can write (A2) in an
alternative form:

- .
(AS) Ry = Ry = (E34-810)¥1YclE10PoE0Yt

To proceed from (A5) towards an expression for the logarithmic
deviation of reserves from the trend path, we still need to define
the ratio between the mean value of output and the autonomous

reserves. Denoting this ratio by YRo the definition for it is:
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- © ot
£10PofoYt _ E10Po¥p(1*y)

Yp =
R P P t
Rt R0(1+v)

(A6)

. t10Po¥%0
o
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Using definition (A6), the percentage or Togarithmic deviation of
reserves from the trend, denoted by e is given by:

(A7) rp= —p— = (-t el

Note that in (A7), Y1 represents the net current account effect,
while Ye represents the capital account effect. The interpretation
of (A7) 1is simple: If the difference £1¢-Eqp equals, say, -a, then
reserves deviate from their trend path by -a[yi+yc]yR percent. One
should bear in mind that (A7) is an approximation, as the capital
gains effects, shocks in the world interest rate and the actual
time-dependence of coefficients Y1 and Yo have been ignored.

While the dynamic representation for reserves is somewhat of an

ad hoc nature, we can develop an exact formulation for the
.unemptoyment rate. With short-term fixed-coefficient technology,
the deviations of the portfolio fraction £y from the trend level
£10 also indicate labor market disequilibria. When the actual

g1 is above £10° then a fraction £1¢7%10 of the total Tabor force
in the home country is imported from the rest of the world. When,
on the other hand, £q is below E10» then a fraction 10761t of the
domestic Tabor force is unemployed. Hence, the natural definition
for the unemployment rate, denoted by un,, is
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The important thing to notice in (A7) and (A8) is that the real
and nominal effects, i.e. variations in the unemployment rate and
reserves are proportional to each other. Specifically, the
relationship between uny and ry is: '

1
(A9) un, ?ETVE;?ET re

Hence, as soon as we have found a representation for the
logarithmic deviation of reserves, we have a solution for the
unemployment rate as well.

In (156) - (159) above we derived the general relationship between
shocks in the mean rate of return on shares and the portfolio
fraction 1 This relationship left the shocks completely
unspecified. In the following aralysis, shocks of four types will
be considered. Random world price and domestic productivity shocks
are the two purely exogenocus disturbances in the analysis. The
third type of shock is caused by contract wages. As we will study
different contract wage setting rules, we allow for the contract
wage rate increase to deviate from the mean growth rate of
productivity under some circumstances. The above three types of
shocks affect the portfolio fraction E1g - if they are antici-
pated - by affecting the mean real rate of return on shares. The
fourth shock is due to exchange rate speculation. If the probabil-
-ity to devalue or to revalue increases, the effective mean rate of
return on foreign bonds changes accordingly, making the portfolio
fraction E1t change. This effect was formally stated in section
2.5 in the portfolio rules (97).

The general relationship between the portfolio fraction 1t and
all the four types of shocks can be specified by applying directly
portfolio rule (97a), and using the assumption that o§ = ppxOp-
Under these circumstances, we can write the general expression for
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Under these circumstances, we can write the general expression for
the portfolio fraction gg, with exchange rate speculation included
and under the assumption of costless adjustments, as follows

0 Ld .
(A10) E1¢ = f2[rB(ut,nt,wt-w*)-r§+Atk]

_ 1
where f2 = 55—
GB(l-pB*)
Wt = rate of increase in the contract wage in period t

w* = v + I* = rate of increase in the contract wage
according to the ad hoc rule, when wp = v+ o* ¥ t

= probability that a revaluation occurs within
period t

In order to proceed, we need to specify linear relationships
between the mean nominal rate of return on shares rg and the three
(anticipated) shocks ug, ng, and Wt—h*. To do this, it is most
convenient to resume the continuous-time exposition for the
moment. Let us again write first the definition for the mean real
price of a share

(A1) Qup(t) = (1-8) X - Grayz(e) - spnIzie))

p(t)vK

where the bars refer to means of the respective variables

Consider then a shift function y(t) which can enter (All) in three
different ways, corresponding to the three types of anticipated
shocks. In the first case, there is an anticipated multiplicative
shift v(t) in the world price level within a wage contract period,
while production is assumed to stay on the mean path. In this
case, (All) takes the form:

-

(A12) (t) = Lu(t)-B) y(t)

QBR

v (t) vK
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¢

The real rate of return on shares in case (Al2) is:

dgp(t)  pay(t)

(A13) = -
MIEAICIAE:)
Qg (®)

+ v

If we approximate (Al3) by assuming that y(t) is close to one,
we obtain

dQpp(t) B
(AL4)  —BR =y + 2 dy(t)
Qgg(t) -8

(Al4) is the linear approximation that we will use to formulate
the effect of anticipated price shocks on the real rate of return
on shares.

Secondly, let us assume that y(t) represents a productivity shift
which is anticipated by investors, but is not indexed in wage
contracts. In this case, the expression for the real price of a
share becomes:

(t) = (y(t)-8) L)

(A15) X

QR

The real rate of return on shares is the following:

Q.. (t)
(a15) R - _Gu(t)
Qgp(t) v

+
<

The approximation of (A16) corresponding to (Al4) is:
dQpq(t)
(a7) SR

1
+ dyp{t)
(t) 18

Qgr
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(A17) is the Tinear approximation of the relationship between the
real rate of return on shares and anticipated productivity shocks.

Consider finally the case that the actual nominal wage shifts.
The real price of a share is then:

(M18)  Qpp(t) = (1-By(t)) LY

QBR

The rate of return on a share is now:

(A19) fQBR(t) - _ _Bdp(t) . dy(t)
Qpp(t) =BT gy

The linear approximation of (Al9) is:

dQgg (t) B
(20) R oy L Byt
Qgp(t) -8

The form (A20) will be used in modelling the effects of contract
wage shocks on the real rate of return on shares.

Now we are ready to return to the discrete-time exposition. If we
assume that the shift dy(t) corresponds to the different discrete
shocks and apply directly the Tinear approximations (A14), (A17),
and (A20) to specify the relationship between anticipated shocks
and the real rate of return on shares, we obtain the following
stochastic difference equation for the optimal 'frictionless'
portfolio fraction g?t:

0 -0 B o 1
(ALY E1g = £10 = E1¢ = Polyroppluy (D) + qragy nghak]

We observe immediately from (A21) that the sum in the square
brackets corresponds to zy in (156) above. Then we obtain the
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solution for 1t immediately by substituting the sum in the square
brackets in (A21) into (159) for z,. The solution is:

i 1 B ..
E1p = &1 * 3 Trorray vy U (e W)

(A22)
+ .1 +2 k]
T-B "t "t

The interpretation of (A22) is relatively simple as long as it is
recalled that B and 1-B are the risk premium corrected income
shares of labor and capital. An anticipated increase of one
percentage point in the world price level or an equivalent
decrease in the difference ht-ﬁ* increases the mean real rate of
return on shares by the percentage ng. An identical productivity
shock, on the other hand, increases the return by the percentage
T%g. The reason for the fact that a productivity shock has a
larger effect than price and wage shocks is that the former
represents a gain in the aggregate, while the latter two
essentially involve income redistribution.

An operational formulation of (A22) still requires an approxima-
tion of the probabilities i,. Before developing the approximation,
it is worth making a few points concerning the stochastic nature
of (A22). According to assumptions (139) and (142), the exogenous
shocks Uy and ny are both normally distributed about zero and
independent, identical random variables for all periods t. On the
other hand, (A22) was derived assuming that shocks ug and ng are
anticipated at the beginning of period t. If this is always the
case in the aggregate and investors hold similar anticipations,
(A22) is a deterministic relationship and agents know with
certainty when the possible jump in the exchange rate is going to
happen. To obtain a meaningful definition of the probabilities Ao
we have to distinguish between unanticipated and anticipated
events in the aggregate. In the former case, we assume that all
individual investors have anticipations about the shocks uy and

Nge Thus, they behave according to (A22) as individuals. We also
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assume that individual investors do not know each other's antici-
pations, but behave as if the anticipations of individual
investors were distributed so that the aggregate anticipated price
and productivity shock would have the distributions Uy and Nge
Specifically, this assumption means that the individual investors
believe that the weighted aggregate anticipations constructed from
the anticipations of individual investors are distributed accord-
ing to distributions up and Ngs respectively. Thus, whatever
aggregate anticipations result, individual investors interpret
them to be draws from random variables Uy and Nge An aggregate
anticipated event, on the other hand, is an event about which
either all investors have identical and correct anticipations in
advance, or about which all investors know the aggregate weighted
anticipation. Such an event causes a certain shift in the port-
folio fraction £q as well as in reserves.

The form of (A22) indicates that, under aggregate unanticipated
events, the deviation of reserves from the trend path in period t
has a normal distribution which is a linear combination of the
normally distributed random variables Uy and Nye Hence, the
distribution has constant parameters and we can develop a rela-
tively simple approximation for the probabilities At along the

Tines presented in section 4.2.3.

The first step is to specify expressions for the counterparts of
devaluation and revaluation limits that are comparable to the
logarithmic deviation concepts. By our assumptions, the two limits

are;

= t
(A23a) R, = (1+)'Ry
(A23b) R, = (1+) "R,
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The limits grow at the same rate as the mean of reserves. The
logarithmic deviations of the limits from the trend reserves are:

R
- =ty _
(AR24a) d= 1ogtﬁg) = Tog Ry - log Ry
SR
(A24b) d = 109(R;) = log Ry - Tog Ry

To simplify matters, we assume that -d = d = d. Then the initial
devaluation and revaluation limits that correspond to the
logarithmic deviation of reserves from the trend can be defined as

follows:

(A25a) ry=v -d

(A25b) vy = +d

where o and ?0 are the devaluation and revaluation limits,
respectively

If the reserves deviate from the trend path, the probability
distribution of the logarithmic deviation of reserves for the
following period is no longer concentrated about v, but, instead,
about Fe-1° Shifts of this type can be taken into account by
making the limits vary accordingly over time and by fixing the
mean of the distribution at v. The particular time-dependent
1imits are of the following form:

{A26a)

1]
-
o
]
-
P

LA

(A26b)
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According to (A26a), the devaluation Timit L increases, thus
making devaluation more likely if reserves fall below the trend
path. The revaluation Tlimit ?t decreases, hence raising the
probability for revaluation, if reserves rise above the trend
Tevel,

Having derived the limits ry and Ft’ we can apply the approxima-
tion for the probabilities Ay suggested in (176) in the context of
the nonlinear analysis. In the linear analysis, a construction of
type (176) cannot be directly applied as the specification of the
speculative behaviour. The problem is that a straightforward
Tinearization of the weighting function 9t+5t would Tead to
quadratic expressions in logarithmic deviations of reserves. This
fact is an indication of the fundamental nonlinearity that
speculation can generate in the determination of reserves.
Somehow, this nonlinearity must be captured in any linear
approximation that could be considered satisfactory.

Let us use the notation that F(rg) and f(rg) are the distribution

and density functions of re evaluated at rg. With this notation,
and applying (A26a), (A26b), and (176), the probability in
period t for devaluation, or Ay can be written as:

(A27)  ay = Flr, ;) - [1-F{Fy )] + Flry 1 MEg_qary)
+5F0 (g ME,_qar )2+ FF_(E, ar,)

1z 2
+ 5f (rt_l)(Et_lArt)
(A27) can be simplified to the form:

(A28)  Ap =2y g * | flrg o +Flr,_)](E, jary)

! [ I s 2
+ L f (ry (R IE, qary)
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To see the assumptions needed for the linearization of (A28),
Figure 20 is illustrative:

Fig. 20.

LINEARIZATION OF A

f(r)
Flr,_1) //

The figure demonstrates that if the devaluation probability
becomes positive, then the values of both the density function and
its derivative at the adjusted devaluation limit point r, ;

become much larger than the corresponding values at the
revaluation Timit point ?t—l' For linearity in (A28), we prefer
ignoring the smaller values and use a combined fixed evaluation

point for both the value of the density function and its
derivative. Let such fixed values be f and f'. These assumptions
allow (A28) to be written as:
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= 1., 2
(A29) Ay = ap g * FEL (reryq) + 5F (Eg 1M Teop)

(A29) is still nonlinear in the second degree term and it is
difficult to find a good linear approximation for the squared

term. We suggest the following approximation:

{A30) ( = E -r

Eome 1)’ = Eete - Moo

Note that approximation (A30) is quite accurate, if

Ary ~ 2 ~ Ary_q- Moreover, it captures the nonlinearity, at least
to a certain extent, since it introduces second order dynamics
into the analysis. Furthermore, the approximation overestimates
the nonlinearity for slowly accumulating reserves, i.e. for

Ary < 2, and underestimates it for rapidly accumulating reserves,
i.e. for ATy > 2. Hence, when we use (A30), the resulting effect
of speculation on reserves is too strong for economies with slow
trends in reserves and too weak for economies with strong trends
in reserves. Applying (A30), we obtain the final form for (A28):

= 1.

Approximation (A31) will be used in the analysis as the specifica-
tion of the effects of speculation on real reserves. Note that
equation (A31) is not a closed from solution, as the probability
Ag-1e capturing the accumulated effects from the past, appears in
it. In analytical contexts in which the systematic effects from
the past are eliminated by the structure of the model, form (A31)
is a valid representation. One of the two specific cases to be
studied is of this type. However, in the other example, the past
effects exercise an influence in the model. Therefore, we have to
develop an approximate closed form solution for (A31). Iterating

equation (A31), we obtain the following forms (see note 40 in
Chapter 4):
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)

t
A =Ag t X [f(Et—j-lrt-j'rt-j-l‘

J=0

1.
+ o (B 51 ey g2

t
A ¥ FIEL_jryrg) + 2—f x (E,C j—lrt-j+rt-j-2)
Assuming that the initial probability Ay and the initial deviation

rg are equal to zero, we have that

_ 1.
Ay = f(Et_lrt) +’Zf z (Et §o1"t-5 "4~ 2)

The problem with the. form obtained is that the second term is
Tikely to seriously overestimate the sum of (Et -j- -1Ary ) , which it
is meant to approximate, because in the early stages of the
process reserves are 1ikely to deviate only slightly from the
trend path. To remedy this problem, we suggest the following
corrected approximation:

] — 1 ] 1
(A31") )\t = f(Et_lr‘t) + -z-f -(-1—_-\7(-)—[)- (Et_lrt-r‘t_z)

where vy € (0,1)

In (A31'), low we1ghts are given to the second differences far
back in the past. “The form (A31') is the closed form solution for
the probab111t1es kt that will be used in-appropriate contexts.

It should be understood that approximations (A31) and (A31') are
not very general. In defending their use, however, we can say that
any linear approximation of probabilities of combined events that

are generated by the normal distribution and move over time are
going to be unsatisfactory. It will be seen that, even with the
simple notion of ‘the dynamic motion of probabilities, the result
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of the analysis are intuitively plausible and relatively easy to
interpret in terms of the parameters in (A31) and (A31').

Substituting (A31) into (A22) for Ags We obtain the following
expression for the portfolio fraction 1t

af
2 B .« e 1
[T:WT?ETIT{TTZETLut'(wt'w*)] i =y

1

(A32) +

£1¢ T %10

By using (A32) in (A7) in an appropriate way, the following
representation for the logarithmic deviations of reserves from the
trend path results:

af
(A33)  ro = vplvpHvcd TI:TT%ETET {TiggT[“t'(wt'w*)] * (]}B) "t

- 1.,
+ k[At_1+f(Et_1rt-rt_1) + 5f (Et_lrt-r‘t_z)]}

The dynamics of equation (A33) is studied in the following two
sections under two different contract wage-setting rules. Once the
dynamics of e is made clear, then the dynamics in real variables
will follow directly from (A9).

A2.2 The dynamics of reserves and unemployment under
the ad hoc contract wage-setting rule

In this section, we analyze the dynamics of reserves and
unemployment when the contract wage always increase at the rate
vHI*, or at the trend rate of growth of productivity corrected by
the trend world inflation rate. Under this assumption, Wt = wx
always so that the contract wage-setting never introduces shocks

into the economy.
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Under the ad hoc wage-setting rule, the equation for the
logarithmic deviation of reserves from the trend path, or equation
(A33), can be written in the following form:

af2

_ B 1
(A34) re = YR[YI"'YC] TI-(1-alL] {TF§T"t+ 1-B"t

1
+k[At_1+f(Et_1rt-rt_1)+ ?fl(Et-lrt'rt-Z)]}

Imbedded in (A34) is a second order stochastic difference equation
governing the behaviour of expected deviations of reserves from
the trend path. To find the solution for the equation, we take
expectations dated at t-1 on (A34), obtaining:

(A35) - Tk

t-1"t = TI=0i=aT LA e-1*F(E

1"t Fe-1"e-1)
+ 5T (Eg gy g Typ)]
where T = YR[YI+YCJaf2
In (A35), the term A1 still appears, including the accumulated
effects of the lagged values of Py Therefore, we have to replace

Mg by the closed form approximation (A31'). By doing so, we obtain
the following equation, in which i, , does not appear:

- rk 1o 1
(A36) Ex 1Tt = TT=(I=a0] [fEt_lrt+ il TT:VEET(Et-lrt'rt-Z)]

Rearranging terms and using the standard lag operator notation,
(A36) can be written in the following form:
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(A37)  [1-Tk(f+ 3F') = (L-arvy- Tkfyg)l + (vg(l-a)+ 5 rkf')L?]
Ee1Tt T ey

where € is an arbitrary autonomous shock to be replaced later
by actual shocks

The solution for (A34) is found by studying the lag polynomial in
(A37). The polynomial can be factorized as follows:

1 '
(1-a+v0-rkfv0) vO(l-a) + 5Tkf

(A38) 1- L+

2 _
L= = (1-K1L)(1-K2L)

1 - rk(f+ %—f‘) 1 - Tk(f+ %—f')

Following Sargent (1979), the values of the undetermined coef-
ficients K1 and K2 are found by solving the characteristic

equation:

2 -
(A39) Z C2 - ZC1 +1=0

1 ‘
i vo(l-a) + Erkf ) 1-a+ Vo - I‘kfvO
where C2 = 1 . C1 = - T
1 - Tk{f+ Vil ) 1-rk(f+ Vil )
1
Z=y

The solutions for K1 and K2 implied by (A36) are:

(A40) K; =

(A41) K

]
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2(vy(1-2)+ %ka')

=
=
0]
3
2]
o
[«
[]

o
|

, = Mygll-a)+ %rkf'vo)(l-rk(f+ %f')

Using the factorization, the solution for (A37) can be written as:

1 — ¢
(1-rk(f+ Vil )

(A42) E, ,r

_ 1
t-1't (1-K1L)(1-K2L) t

The coefficient operator on the right hand side of (A39) can
further be written as follows:

1 Ao A
= +
TIR DKL)~ TR0 TIK,0)

: (A43)

The undetermined coefficients A0 and A1 in (A40) can be solved by
cross-multiplying the numerators by denominators and then equating
the coefficients of terms of the same degree on both sides. The
solution are

]

(A44) A,

(A45) A

By applying (A44) and (A45), the solution (A42) can finally be
written in the closed form as follows:

(A46) E

e | Ky 1% L
t-1"t T LR KT TIKLT ™ TRyK,) TTK,L

1

(1T k(F+ %-f'))Jet
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In (A46), we have the solution for the expectation of the
logaritmic deviation of reserves at the end of the tth
formed one period earlier, given an autonomous arbitrary shock €y

period

Naturally, then, the actual Togarithmic deviation of reserves from
the trend path becomes:

(A47) r

- Ky 1 5 1
t = TR KT TKIT ™ RyK,) IR,

T B 1
‘L(l-rk(f+ 3£ sy Ut + 1roey "t

LHl o 1[0 L1 1
T-K L7 -~ [Tk LU =By Y © 117 ™t

m

where the notation used in the Tatter form is obVious.

Applying the definition for the unemployment rate presented above
in (A9), we can write the present period unemployment rate as:

(M8)  uny = -2z L M Tl i)
un, _F—l(l—KlL) (T-K,L) TT-BY Yt * TT-BY "t

To see the properties of the solutions for reserves and the
unemployment rate, we need to study parameters Kl’ K2, Hl’ Hz, and
T. First, let us write the solution for K in the following general
form:

Dy

b, + /[02-D,]

1

(A49) K=

From the form (A49), we can see that K1 and K2 are real if

D%—D2 > 0. After some algebraic steps, the following condition can

be established:
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(A50) Df -D, =1+ (a-vo)2 + 2avy + R + 2(1-a-vg)Tkfyg

where R>0

The smallest feasible value of (A50) is obtained at a = Vg = 1-¢,
where e is very small. With these values, the condition becomes:

(A51) Df - Dy~ 3 +R - 2kf

The most negative estimate of (A51) is obtained at R = 0. The
implication of such an estimate is:

? _ 3
(A52) D] - D, < 0 <=> rkf >> >

That condition (A52) is unlikely to hold for plausible parameter
values will be seen after we establish another condition which
more precisely specifies the nature of the dynamics in equation
(A48) and (A49).

If, namely, K1 and K2 are real, then 0 < K1 < K2 holds always if
D2 > 0. This is the case if

(A53)  Alvg(l-a)+ Jrkf'vg)(1-Tkif+ 3¢') > 0

= 1oy oy g 1
<=> 1 > rk(f+ »f )y <=> f' < ZLFE -f]

In (A53), Tk = YR(YC-YI)af
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We suggest the following values for parameters:

=20 (ratio of trend value of output to trend
reserves)
Yo = 0.2 (ratio of gross trend foreign lending to trend
value of output)
Yy = 0.4 (opportunity unit national income earned by
domestic capital if employed abroad)
f2 =1 (partial derivative of the portfolio fraction
£q with respect to a change in the mean return
differential)
0.05 (devaluation or revaluation percentage)
0.5 (adjustment coefficient)

YR

[ I
n i

The suggested parameter values generate a value Tk = 0.3. Hence,
for these parameter values, D% < D, can never occur as f € (0,1).

Also D2 > 0 holds always.

In conclusion, then, 0 < K; < K,. With the notation of (A53),
H1 and H2 can be written as follows:

|
A
o

(A54a) H1 i S

1]
A
o

(AS4D)  H, = p—pm

The signs of K and H provide us with two important conclusions:

1 Because K2 is larger than Kl’ the second infinite sum
dominates the time paths of reserves and unemployment.

2 Because H1 and H2 are both negative, then the sign of the
aggregate effect must be positive, i.e. a positive shock

on reserves exercises a positive effect through the
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infinite sums as well. This is due to the fact that
H2 enters with the negative sign in the infinite sum that
is defined by the dominating parameter K2.

From the preceding remarks on the magnitudes of constants YR Y1»
Yoo 5, k, f, and f', it is clear that the parameter T in (A47)
and (A48) is positive. In conclusion, then, this fact and results
(A49) and (A54a,b) tell us that the logarithmic deviation of
reserves from the trend path has plausible properties. If there is
an anticipated acceleration in the world inflation rate or an
anticipated rise in the rate of growth of productivity, neither of
which are indexed in the wage contracts, then reserves become
Targer than the trend reserves.KSimi1ar1y, labor is imported, i.e.
the unemployment rate becomes negative. The opposite effects
result if the shocks in question are negative,

Through approximation (A31), exchange rate speculation is imbedded
in equations (A47) and (A48). Therefore, a question of some '
interest is whether equations (A47) and (A48) become unstable at
any plausible parameter values. If this is the case, we can claim
that speculation is self-fulfilling, i.e. that speculation leads
to the realization of the event that agents are speculating on.
Self-fulfilling speculation exists in the linear model if the
dominating parameter K2 grows larger than one.

The simple condition for K, to be larger than one is obtained
from the constants of the characteristic equation (A39) as follows
{see Sargent (1979}):

(R55) Ky > 1 <=> G+ Cy > 1

1 '
-1+ a- Vg * rkfv0 + vo(l-a) + Eka

<=> > 1

1 - Tk(f+ 3F')
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Manipulating the last inequality in an appropriate way, we obtain
the following condition:

(A56) Ky =1 <=> f(1+v0) + f =L
ark Tk

where T =

<17 R

Condition {A56) can be further developed by recalling that f and
f' are evaluations of the density and its derivative of one of the
random variables Ft-l and ry_;, in particular, evaluations of the
moving jump limit which is closer to v. The effective exchange
rate jump Timits ?t-l and r, , have normal distributions with
means ?t-z and r, , and variance oi given by:

2 2
2 B 2,1 2
(A57) GY‘ = HI_ (T-_B) O'u'*'('l'_—B—) GnJ
_ 2
where  H = | (H -H,)T]

r -r r
Note that the random variables t'ld t-2 . 2'1 have standard

r r

normal distributions.

The standard normal density function and its derivative are
related in the following way:

fr = expi- H———————
C1 s v (AN
(r -r, )
. - t-1 - "t-2
FilF ) = -f(F, 2L
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Using this fact in condition (A56), we can solve for the following
condition in terms of ;t—l and the ultimate parameters:

r -7r r (1"V )
(A58)  K,»> 1>l W2 T, 12 0,

Op r 2 ark rk
-(1+v0)] = p*
Pee1” Pe2 el 1,2 3=V
- < [TT" - p——

Op Op 2 ark Tk

- (l4vg)] = r*

The interpretation of condition (A58) is very simple and
appealing. If the standardized reserves rise more than r* percent
above or fall more than r** percent below the trend path, then
agents perceive the speculative prospects very favourable. They
start speculating so strongly on the possible revaluation or
devaluation that their actions actually cause the jump in the
exchange rate even if no other exogenous shocks emerge. The
properties of condition (A58) are quite plausible. The 'threshold’
deviation of reserves from the trend path required to generate

K2 > 1, or the self-fulfilling exchangg rate speculation,
decreases with the 'shock-multiplier' r and the fixed devaluation
and revaluation percentage k. It also decreases with parameter a,
so that a rigidly adjusting economy (small a) is less prone to
self-fulfilling speculation than a flexible economy (large a).
Note that in the present case, r* and r** are symmetric relative
to the trend path, which is due to the assumption of flexible
labor mobility under which the results were derived. The responses
of the Timits r* and r** are also negative with respect to the
technical parameter vj. This should be expected, as it increases
the weight of speculation in the approximation (A31f), thus making
speculative behaviour a more important factor in the determination
of reserves.

Condition (A56) can be developed into a more explicit form by

approximating f and f' on the left hand side by a first order
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Taylor approximation developed about a convenient point. The left
hand side of (A56) can be written in the following form

-1 "o
(A59) fll+vy) + f' ~ [ftfi(——= - —)](1+v,)
0 00 oy 9 0
r r
+ fé + fa t1_0
% %

Let the convenient initial point be ry = -/?br, so that r <0

is assumed. Then we have that

t-1

2
1.r)
-7
(o)
fp=——e " =21__o0u3
Vor V2lle
. I/_Z.O'r _ 1
fy = fo I
Op VTe
/?br 2
fo = ( = ) fo * fo
r
/2le

Substituting these values into the approximation {(A59), we obtain
the following expansion:

. 1 1, "t-1
(A60) f(l+vy) + f' ~ | + —(/2 - )] (1+v,
Y2Ze JTe s /Te

. r
+ 3 7 - ;"1)
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After some manipulation in (A61) and after substituting the outcome
into condition (A56), we can establish the following conditions,
which are approximate closed forms corresponding to conditions
(A58):

r (1-v,)
(61)  Ky> 1 <> Ly 2 o0y g
Op ark Tk
v 1 2 (l-VO)
r ark Tk
V2le

where Bp = —————
/?Yl+v0) + 3

3(1+v0) + &7
8 = —— e s
1 /’Z(1+v0) + 3

Conditions (A61) add no new information to what is obtained from
the conditions in (A58). Parameters 8o and Bys which scale the
structural part in conditions (A61), depend on the initial point
about which the expansion is developed.

The analysis under the ad hoc contract wage-setting is now
completed. Two remarks are, however, in place here before moving
on to analyze the alternative union policy. First, throughout the
analysis, we treat f and f' parametrically as fixed evaluations of
the density and its derivative. This is necessary to keep the
dynamics of reserves technically manageable. In this sense, the
dynamics of reserves and unemployment can only be analyzed
qualitatively under alternative regimes in which f and f' adopt
different but fixed values.

Second, the analysis was carried out under the assumption that
Tabor is completely mobile internationally. The situation changes
drastically, however, if labor mobility is Timited. Consider first
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the case in which there is no mobility of Tabor at all, nor any
possibility of overtime work. If the economy is in equilibrium
under such circumstances, i.e. E1t = 100 and investors anticipate
further improvements in the profitability of domestic firms, they
will not continue increasing investments in the domestic
production, If they decided to do so, their actions would only
lead to the firms bidding for workers from each other. This would
lTead to the following wage shock in period t+l:

’ L] - - 1
(A62) Wipp - wx =

Upr1 + B Nl

where W = actual rate of increase in the wage rate

By (A62), the shareholders' gain from their action would be zero
in period t+l. Furthermore, if the rise in wages is indeed wage
drift and the contract wage is always set according to the ad hoc
rule, then the action of investors causes a permanent jump
downwards in the profitability of firms in future periods. Hence,
it is not optimal for the investors to continue investing in
domestic firms under the prevailing circumstances. But, our
economy can never gain more reserves than what is implied by the
autonomous generation of reserves. Regardless of the normally
distributed exogenous shocks, it will never be optimal for
investors to speculate on revaluation, since by doing so they
would eliminate the causes of speculation.

Consider now a more realistic case in which partially flexible
labor supply in the form of e.g. labor imports is allowed at the
domestic full employment level. In particular, let us assume that
the elasticity of the (negative) unemployment rate (rate of labor
imports) with respect to the percentage deviation between the rate
of increase in the actual wage rate Wt and w* is the following at
and above the full employment level:
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where § >0

Khen investors observe a shock that makes them invest more in
domestic firms and there is full employment in the domestic
economy, they will have to take (A63) into account. Their
investment decisions start bidding up wages, and consequently the
real rate of return on shares will not rise by as much as it would
if the unemployment rate were positive. Given a sequence Uy of
price shocks, the negative unemployment rate can be written as
follows:

E14 - E10 = ML L pagy{ugm (i)

w af2 H1 H2 ]
where H{L} = ———4 - T
T (I-KlL) (I-KZLS

Applying (A63) to the unemployment rate, we obtain:
. Ad - . B L L]
8 (Wy-w*) = H(L)[TI:ET(ut-(wt-w*))J

The solution for Wt - w* of the above equation is:

. e BH(L)
W = WS IRy v BT Yt

The result is the additional rate of increase in the wage rate
which the firms have to pay in order to hire the implied amount of
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labor. The expression for the unemployment rate that takes the
partially flexible labor supply into account is obtained by
substituting the solution for the additional rate of increase in
the wage rate into the equation for the unemployment rate. The
substitution gives the following result:

_ B BH(L)
(A64a) &1t - £10 = WLy~ 1rpye + Banry Y]

= H(L)|

Bs
(=875 * BATLY Ut]

The corresponding equation for reserves is obtained directly by
applying the definition between the unemployment rate and
reserves:

_ T B§
(A64b)  r, = OA L rrogyg s Aty Yt

The first form of (A64a) indicates clearly that the coefficient of
the price shocks uy is smaller than Tgﬁu This is the expected
result when labor supply is partially flexible, and the wage rate
must adjust if employment changes.

The coefficient polynomial for productivity shocks under the
partially flexible labor supply can also be derived easily along
the lines applied above. The equation for the negative unemploy-
ment rate when only a sequence Ny of productivity shocks occurs
is:

_ §
€1t - €10 = MW+ smry ni!

Again, the coefficient for shocks ng is smaller than T%_3 or the
coefficient in the case when some labor is unemployed.

Equations (A64a,b) and the above information on the case of

productivity shocks can be combined to formulate the. general
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expressions for reserves and negative unemployment when labor
supply is governed by (A63). The equations are:

T B(Sut + snt ~
(A65a)  ry . af, HLY g BT = Tt
1t7%10
Bc‘sut + Snt
(A65b) 51{‘510! e H(L - rgysarey! = U
£1t%10

The jmportant property of equations (A65a,b) is that symmetric
shocks will no longer cause symmetric deviations in reserves and
the unemployment rate about the full employment equilibrium.
Instead, reserves will, on average, be below the trend path if
labor supply is partially flexible above the full employment
level. Furthermore, the economy will, on average, experience
unemployment. Finally, the economy is more 1ikely to experience
devaluations than revaluations because positive shocks in (A65a)
‘'will be scaled down by the wage effect.

A2.3 The dynamics of reserves and unemployment under
optimizing contract wage-setting policy

In the final section of this appendix, we briefly analyze the
dynamics of reserves and unemployment when the trade union follows
an optimizing contract wage-setting policy. We assume that the
union sets a contract wage for two periods at a time, while
investors can respond to shocks in each period. The contract
specifies one unique rate of growth w of the contract wage for
both subperiods. The union sets the contract wage by considering
both the nominal wage increase and the unemployment rate during
the contract period. Specifically, we state that the union sets
the rate of increase in the contract wage relative to the mean
growth rate of productivity so as to maximize the following
objective function:
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- . e 1
(A66) _max Gi= qp(we-w*) - qp[5E, ; (ungtung,,)]
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where Qs Gy» and q are nonnegative constants

Preferences (A66) consist of two parts. The first two terms are
somewhat analogous to the static Stone-Geary preferences under
certainty. To see the connection, let us compare the static
Stone-Geary preferences in the corresponding level variables with
our dynamic formulation:

% %
max{w-w*) ~(L*-L) <=> max{qllog(w-w*) - q21og(L*-L)

9, bt B
Wy ! LT ? (Tw gy ' L3 i
max| (—) If") | <=> max| {(—; (IT-un )L*)
w; t (l-w*)W*t_l e

<=> max{q;| Tog(1+w,)-Tog(1+w*)]+q,l0g(1-un,)}

<=> max| q (W -w*)-q,un, |

For simple demonstration, it has been assumed in the latter chain
of equivalences that there are deviations between the target and
actual value only in the present period.

The last term, on the other hand, represents the quadratic element
technically necessary for maximization with respect to the control
variable. The economic meaning of the term is that expected
variations in the unemployment rate about some natural rate cause
frictional disutility to the union leaders. The natural rate of
unemployment is specified by the first two terms of preferences
(A66). If the expected unemployment rate falls below the natural
rate, then the contract wage rate increases are too small to
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maximize preferences, and vice versa. In effect, the third term
corrects contract wage-setting so that the expected unemployment
rate is stabilized about the natural rate.

To proceed, let us apply equation (A32), which by (A8) defines
the unemployment rate under an arbitrary contract wage policy.
Equations (A32) and (A8) imply the following forms for the second
and third terms in (A66):

1 o %af
(A67a)  qpl5E, jlunptuny, )] = - orray

e[ B )+ LD g rso)
-8 "¢V 7 t-1+S¢7e¢) ]

2
1 2 _ q3(af2) B . - 2
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-(1-a
-1,2 .
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- B 1
e = Epqltop Yt * 108 "t

TEE Uy + T%E ng ® anticipated shocks

m

If expression (A67a,b) are substituted into (A66) for the
respective terms and the appropriate first order condition is

formed, the following solution for the contract wage-setting rule
is obtained:
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According to the rule given in (A68), the rate of growth of the
contract wage is set below the mean productivity growth rate if
the cumulative effects of speculation and exogenous shocks, repre-
sented by the second terms, have run down reserves sufficiently
far below the trend path, thus implying unemployment. The first
term can be either positive or negative, depending on the magni-
tude of parameters. If the union applies relatively greater weight
to nominal wage increases than expected unemployment, then the
term is positive. Otherwise, the opposite is true.

We proceed by deriving the solution for the time path of rgs O
the Togarithmic deviation of reserves from the trend path. If
(A68) 1is substituted into the general equation for reserves,
equation (A33), the following results:

T B 1
t ~ TI-T{T-alL] ey % * 55 - Vor

(A69) r
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where Vg = 5——%— (ay - 15
a3 728

The expectation of (A69) formed at t-1 is:

’

_ ot 1,. -1
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(A70) E
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Note that in (A69) and (A70) we have time-indexed Vg» as it is a
permanent shock with a constant magnitude due to union preferences
rather than a constant.

Equation (A70), comparable to equation (A35) in the analysis with
the ad hoc wage-setting rule, seems a relatively complicated dif-
ference equation in the present form. Fortunately, it can be
simplified by observing some properties. First, by approximation
rule (A31), ka,_ *S, = ki, Second, Lka, | = ka, as well. Third
-1 o . e o

L St = St+1‘ Using these facts in (A70), it simplifies to:
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Note, in particular, that no Ag-q appears in (A71). This implies
that the union's contract wage-setting policy completely
eliminates the systematic effects of past speculation on the
unemployment rate. Instead, there is an autonomous shock VOt in
the equation, which will have systematic effects on reserves and
unemployment. The term VOt can, in a sense, be interpreted as the
money illusion component in wage contracting.

Equation (A71) is the second order difference equation that

defines the dynamics of reserves under the feedback wage-setting
policy. It is exactly analogous to equation (A36) in the case of
the ad hoc union policy. The solution procedure in solving (A71)
is the same as in solving (A36) and will not be repeated here. The
solution for reserves implied by (A71) is the following:
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The corresponding solution for the unemployment rate is:

af2 Hl H2

- ! B u
(A73) unt = - —F“[(l_KlL) - (1-K2L_1)](T [(I-B5(ut-ut)
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Structurally, the solutions (A72) and (A73) differ from the
corresponding solutions (A47) and (A48) derived under the ad hoc
wage-setting rule in two respects. First, in (A72) and (A73),
there is one lag operator and one lead operator,.with the Tatter
providing ‘the potential self-fulfilling speculation, as will be
seen later. This reflects the fact that wage-setting neutralizes
past destabilizing shocks, but cannot eliminate unanticipated
shocks that occur within the contract period. Second, there is a
potential autonomous tendency in reserves towards the devaluation
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or revaluation 1limits caused by the autonomous component VO in
contract wage-setting.

The technical properties of the dynamics of reserves as well as
the existence of the speculative cycle can be shown in exactly the
same way as in the previous section A2.2. Therefore, we only list
here the important properties and results together with some
remarks.

1 Equations (A72) and (A73) are very different in nature
from the corresponding equations {A47) and {(A48) in the
ad hoc wage-setting case. For the parameter values stated
above on p. 258, it is even possible that the dynamics in
reserves could be fluctuating. To guarantee nonfluc-
tuating dynamics in (A72) and (A73), relatively small
values of parameter a would be needed, given the other
parameters. Thus rigid adjustments in portfolios guaran-
tee plausible properties for the dynamics of the feedback
wage-setting model. The problems arising in connection
with plausible dynamics reflects the fact that, in prin-
ciple, only one period shocks can trigger speculation
when the wage is set for two periods at a time. Past
shocks are neutralized in the new wage contracting. If
wages were set for several periods at a time, these
problems would probably disappear, but, analytically, we
are restricted to two-period wage-setting.

2 If speculative motive is made stronger in the economy by
changing the basic parametrization, the feedback wage-
setting model becomes closely analogous to the ad hoc
wage-setting model. The condition in the feedback wage-
setting model for the speculation to become self-
fulfilling is the following: '

_ _2
(A74) K2 > 1 <=> Tk 5F - 1

If the parametrization is changed so that Yp = 50,

Y1 =0.5, Y¢c = 0.4, k = 0.2, f=0.25, a = 0.8, then the
condition is satisfied and speculation is self-
fulfilling. In the economy with the above specificatians,
the probabilities of exchange rate jumps are always rela-
tively high and capital gains from speculation large.

3 Condition (A74) can also be solved for the approximate
reserve gains or losses by a similar approximation
procedure as was applied above in {A59 - A61). The
approximate critical reserve limits implied by the
procedure (with the same initial point used in the
Taylor expansion) are the following:
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Conditions {A75) indicate the fact that the feedback
wage-setting economy is less likely to experience
self-fulfilling speculation than the ad hoc wage-setting
economy. In {A75), the structural part is smaller in
magnitude than in (A61), but the coefficient fg is much
larger than gg in (A61). Coefficients g1 and gy are
roughly of the same magnitude. Hence, 1imits (A75) imply
larger accumulated losses of reserves than limits (A61)
in most cases. However, if the shock-multiplier T and the
jump size parameter k are very large, implying very
strong effects of speculation on the economy, then the
forward-looking feedback wage-setting economy may require
smaller limits.

4 The economy with the feedback wage-setting rule is
symmetric about the full employment equilibrium. This
economy could also be made asymmetric by introducing the
notion of labor mobility defined in section A2.2. Such a
change would make the present economy more prone to
devaluation cycles than revaluation cycles.
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