Labour Markets, Wage Indexation
and Exchange Rate Policy

By
JOUKO VILMUNEN
M.Pol.Sc.

Doctoral dissertation to be presented, by permission of
the Faculty of Social Sciences of the University of Helsinki,
for public examination in Auditorium III, Porthania,

-Hallituskatu 11-13, on March 27, 1992, at noon.

Helsinki 1992




Labour Markets, Wage Indexation
and Exchange Rate Policy

By
JOUKO VILMUNEN
M.Pol.Sc.

Doctoral dissertation to be presented, by permission of
the Faculty of Social Sciences of the University of Helsinki,
for public examination in Auditorium III, Porthania,

Hallituskatu 11-13, on March 27, 1992, at noon.

Helsinki 1992




JOUKO VILMUNEN

Labour Markets, Wage Indexation
and Exchange Rate Policy

ISBN 951-686-307-8
ISSN 0357-4776
Bank of Finland Publications, Series B:45

OY TRIO-OFFSET AB
Helsinki 1992




Acknowledgements

This doctoral thesis is a theoretical inquiry into the relationship between
labour markets, wage indexation and exchange rate policy in a stochastic
macroeconomic framework of a small open economy. I became interested
in the subject matter after reading Gray’s (1976) seminal paper on wage
indexation and macroeconomic stability. My graduate and licenciate
work, in 1986 and 1989 respectively, bore witness to an ongoing interest
in this topic.

The major part of the study was carried out in the Research
Department of the Bank of Finland in 1990 while I was on temporary
release from my normal duties. The Research Department provided an
excellent working environment for my research. The contribution,
including constructive criticism and encouragement, made at different
stages of my research by my official examiners, Erkki Koskela and Pertti
Haaparanta, cannot be overstated, and is deeply appreciated. The
cooperation with them has been both a privilege and a challenge. I also
owe a debt of gratitude to Heikki Koskenkyld, Seppo Kostiainen, Kari
Puumanen and Juha Tarkka for their comments and stimulating
conversations. Additonal comments from Juhana Vartiainen forced me to
think about the first principles of Nash bargaining under uncertainty.
These comments are gratefully acknowledged. Needless to say, I am
solely responsible for the final outcome.

During various phases of the work, I have received able assistance
from a number of persons. Jarmo Kontulainen and Paavo Peisa patiently
guided me in Mathematica, enabling me to draw the various computer
graphs appearing in the text. Malcolm Waters checked my English.
Aila Raekoski typed the equations appearing in the text and Pirjo Fohr-
Tolvanen was responsible for the final word processing and layout of the
publication. Antero Arimo and Marja Hirvensalo-Niini organized the
printing work. The Bank of Finland Library — as always — provided
excellent service. Sincere thanks are also due for all this help.

Finally, I wish to express my deep appreciation to my wife Merja
and my children Jussi and Jenni for their patience and emphatic support.

Helsinki, March 1992

Jouko Vilmunen




Contents

Acknowledgements

1 Introduction

2 Wage Indexation and Foreign Exchange Intervention
in an Open Economy: the Gray—Fischer Approach

2.1
2.2

2.3

24
2.5

2.6

Introduction
The labour market model
2.2.1 Comments on the Gray—Fischer labour
market model
A small open economy subject to wage rigidity
and foreign exchange intervention
2.3.1 Exchange rate expectations
2.3.2  Full information output
2.3.3  Actual real wages and output
2.3.4 Optimal wage indexation and foreign exchange
intervention from the point of view of
macroeconomic stability
2.3.5 Optimality of a single instrument
2.3.5.1 Optimal wage indexation under
a given exchange rate regime
2.3.4.2 Optimal degree of intervention given
the degree of wage indexation
Introducing terms-of-trade changes
Wage rigidity, foreign exchange intervention and
the degree of openness
2.5.1 A two-sector economy with wage indexation
and foreign exchange intervention
2.5.2 Optimal degree of wage indexation and
foreign exchange intervention and openness
2.5.3 Optimality of a single instrument
2.5.3.1 Optimal wage indexation under a
given exchange rate regime
2.5.3.2 Optimal degree of intervention given
the degree of wage indexation
Summary of chapter two and discussion

Page

14

14
15

16
21
26

28
28

29
34
34

37
39

45
46

52
62

62

67
70




3 Bargaining, Trade Unions and Wage Formation in an

Open Economy 78
3.1 Introduction 78
3.2 Bargaining between trade unions and firms 78
3.3 Indexed contract wages: an operationalization
of the asymmetric Nash bargaining models 86
Appendix to chapter three 104
4 Exchange Rate Variability and Wage Formation 106
4.1 Introduction 106
4.2 A marcomodel of a small open economy with :
union-firm wage bargaining 108
4.3  Steady state effects of indexation and foreign
exchange intervention 115
4.3.1 Steady state output under fixed and flexible
exchange rates 116
4.3.1.1 Fixed exchange rates 117
4.3.1.2 Flexible exchange rates 119
4.3.2  Structural features of the labour markets 122

4.3.3  Variability versus level; policy makers’
objectives and optimality of a single

instrument 125
5 Summary and Discussion 143
References | 154




1 Introduction

This study presents and discusses an extension to an open economy of
the macrocontracting approach to the Phillips curve of Gray (1976) and
Fischer (1975, 1977a and b) for the purpose of analyzing the interaction
between foreign exchange intervention and wage indexation. As the
labour market model incorporated in this type of approach is only weakly
justified by casual reference to actual contracting processes, an attempt
is made to scrutinize the wage formation process more rigorously by
placing wage determination within a (partial equilibrium) union-firm
bargaining framework. The modelling strategy applied here involves a
novel feature in that the bargaining approach explicitly allows for
exogenous uncertainty, which will be seen to have some important
implications for the steady state behaviour of the economy under
consideration. To derive a more tractable bargaining model, explicit
functional forms for the union utility function and firms’ production
technology are assumed so that the resulting wage equation can be
employed relatively easily in the type of macroframework used in much
of this study.

Bearing in mind that, in the 1970s, the flexible wage rational
expectations macromodel generated some very strong policy neutrality
results, it is not surprising that economists have sought to construct
macromodels that somehow justify a role for stabilization policy. The
Gray—Fischer macrocontracting framework can be seen in this light, but
there are no compelling reasons to invoke such economic-historical
motives for the approach. As Fischer (1977b) forcefully argues against
Barro (1976), the assumed wage and employment processes incorporated
in the approach are at least seemingly consistent with actual labour
market practice. Further, this approach can only partially justify a role for
stabilization policy, since even though the approach is empirically
valuable, it is theoretically largely ad hoc in the sense that the wage and
employment patterns in these macrocontracts cannot be easily rationalized
on the basis of the first principles of rational optimizing behaviour as
regards the agents involved.

But, by the same token, our knowledge of wage formation is still
very incomplete. This applies to attempts to provide solid choice-theoretic
foundations for the macrocontracting models as well as for the micro-
economics of wage formation itself. For example, the prediction
generated by models in the optimal labour contract literature as to the
efficiency of the contract outcome are highly sensitive to the information




asymmetries involved as well as to the restrictions on the relative risk
aversion of workers vis-a-vis that of firms (see e.g. Haley, 1990, p. 129,
Nickell, 1990, p. 408). Further complications and uncertainties arise when
we seek a theoretical rationale in e.g. the optimal contract literature for
the policy predictions generated by these macrocontract models (see e.g.
Cooper, 1987, pp. 59—65).

In first part of this study, we shall stay strictly within the macro-
contracting framework in order to compute and characterize the relevant
policy optima of foreign exchange intervention and wage indexation. The
approach is simple enough and leads us to characterize the policy mix as
a mechanism for dealing with the signal extraction problem introduced
by imperfect information on the underlying shocks to the economy.
Later, we shall make a distinct departure from the contracting approach
by adopting a union-firm bargaining approach to wage determination.
The focus of the analysis changes, since policy non-neutralities emerge
as a result of the assumed wage formation under uncertainty. Specifically,
the study is organized as follows.

The study is divided into three distinct parts. Chapter 2 remains
stictly within the standard macrocontracting approach. It begins with a
description and discussion of the labour market model incorporated in the
macroframework of Gray and Fischer (sections 2.1 and 2.2). Then a
"representative" small open economy model producing one internationally
traded good is constructed in order to compute and characterize the
optimal policy mix of foreign exchange intervention and wage indexation
within Gray’s framework for the determination of optimal wage
indexation. The relevant policy optima for the case of a single instrument
is also computed and discussed. Section 2.3 introduces endogenous
terms-of-trade changes, but only to the extent that that they illustrate how
Gray’s model of the determination of optimal wage indexation can be
extended to this case as well. The novel features here is the suggestion
that wages be indexed to a price index derived from the labour market
equilibrium condition. Details of the computation and characterization of
the relevant policy optima are relegated to the references cited therein.

Section 2.4 provides a further extension of the contracting approach
to a two-sector economy - (nontraded and traded goods). We extend
Aizenman’s (1986) analysis to the case where the country in question is
not constrained in its choice of the exchange rate regime to flexible
exchange rates. Once again the relevant policy optima are computed and
discussed, but now the focus of the analysis is on the dependence of the
(stabilization) policy regimes on the degree of openness of the economy,
or to put it differently, the dependence of the policy regimes on the
strength of the relative price adjustment generated by the sectoral
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structure of the economy. The general conclusion drawn is that monetary
policy is not a perfect substitute for relative price changes in terms of
aggregate adjustment of the economy.

After summarizing the main findings of chapter 2 and criticizing the
labour market model incorporated in the macrocontracting approach,
chapter 3 sets out to model wage formation from an entirely different
perspective. The Nash bargaining solution to labour market bargaining
between employee union(s) and firms is outlined and the basic bargaining
approaches to wage and employment determination, i.e. efficient bargains
and labour demand equilibrium models, are described, the chief
motivation being that the existence of (strong) unions in modern labour
markets should be formally incorporated in a model of wage and
employment determination. The description ends with the suggestion that
a "right to manage" model of wage and employment determination is a
viable alternative as a model of actual bargaining processes. Section 3.3
builds upon explicit functional forms and restrictions on the static Nash
bargaining solution under uncertainty to derive a wage equation suitable
for the macroanalysis of chapter 4. The novel feature in section 3.3 is the
introduction of uncertainty in a "right to manage" model, which, coupled
with the possibility of indexed wages, seems to have important
implications for the steady state behaviour of the economy. The principal
implication is that non-neutrality of monetary policy, in the form of
foreign exchange intervention, with respect to steady state employment
and output emerges as a consequence of (exogenous) uncertainty
impinging on the bargaining outcome.

Thus, our model will not possess the natural rate property. The
contract wage process in our bargaining framework under uncertainty
explicitly models the feedback from the expected "state of the economy"
in the subsequent contract period to the contract wages themselves, and
this generates the dependence of the steady state of our open economy
on the parameters of the money and actual wage process. This is in sharp
contrast to the standard models of chapter 2, where this feedback is
abstracted away by imposing the natural rate on the model through the
choice of the contract wage as the solution to the ex ante non-stochastic
equilibrium in the labour markets'. The natural rate property in standard
models clearly conveys the message that the authorities can pursue, at
least approximately, welfare improving stabilization policy without
imposing (notable welfare) costs on the economy in terms of the steady
state level of aggregate economy activity. This is a typical feature of

! Together with the log-linear macromodel and i.id. shocks, (stable) rational
expectations are static in these models.
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models incorporating the natural rate, in that they postulate a "core
equilibrium" for the private economy, which cannot be affected by public
policy actions, and interventionist policy can at best influence the
variability of the (aggregate) economy around this equilibrium level2.
The modelling strategy in chapters 3 and 4 clearly suggests that, as far
as policy implications are concerned, we cannot measure the desirability
or otherwise of policy actions merely in terms of the stability of the
aggregate economy, since these policy actions will impinge on the steady
state level of aggregate economic activity.

The above-mentioned policy implications are further explored in
chapter. 4, where the macromodel of chapter 2 is restructured so as to
incorporate wage and employment determination from the static Nash
bargaining framework of section 3.3. Assuming the degree of wage
indexation to be exogenously given, the analysis in chapter 4 starts by
discussing the relationship between exchange rate variability and steady
state real wages, employment and output, with a heavy emphasis on fixed
and flexible exchange rates. Tentative conclusions are drawn as to the
effects on the steady state of introducing more competitive labour pricing,
since the logic of the model suggests that there may exist a trade-off
between mark-up and risk pricing as labour pricing becomes more
competitive, especially under non-indexed wages. There thus seems to be
an interesting relationship not only between indexation and aggregate
price risk, as effects due to uncertainty will be called, but also between
indexation and competition.

Chapter 4 continues by extending Gray’s model of optimal wage
indexation to the present case of wage indexation and foreign exchange
intervention. This time, however, the conventional loss function
representing policy makers’ preferences in Gray’s analysis has to be
respecified, since a policy mix of wage indexation and foreign exchange
intervention has direct steady state effects, which must be duly accounted
for in policy makers’ preferences. Chapter 4 suggests that a reasonable
approximation to the policy makers’ objective in the present context
consists of maximizing steady state output (or employment) subject to the
constraint that losses due to imperfect information are as small as

? Many of the so-called real business cycle models are explicitly constructed on the
premise of the natural rate (see e.g. Kydland & Prescott, 1982, Lucas’s lectures, 1987,
McCallum’s survey, 1986). Whereas e.g. Lucas concludes on the basis of a
Kydland—Prescott type dynamic macromodel (ibid. p. 105) that welfare gains from activist
stabilization policy are likely to be small, Baily (1978, p. 47), by employing a different
approach, forcefully argues that "private economic behaviour will be altered by the
existence of active policy". Needless to say, the critical and highly substantive issue is the
overall (i.e. theoretical and empirical) validity of the Nntural rate property.

12




possible. This enables us to derive and analyze the relevant policy optima
of wage indexation and foreign exchange intervention in much the same
wage as in more standard open economy models of optimal wage
indexation and foreign exchange intervention. Finally, chapter 5 provides
a summary, and considers possible important extensions of the themes
taken up in this study.

13




2 Wage Indexation and
Foreign Exchange Intervention
in an Open Economy:
the Gray—Fischer Approach

2.1 Introduction

In this chapter we shall review the basic macroeconomic theory of wage
indexation and foreign exchange intervention by constructing a simple
stochastic general equilibrium macromodel incorporating the dual
assumption of short-run wage rigidity and a foreign exchange
intervention rule on the part of the monetary authority. The analysis
based on this single commodity macromodel follows the standard
extensions of the Gray—Fischer framework or macroeconomic contracting
approach to open economies (see e.g. Aizenman & Frenkel, 1985a, b and
Turnovsky, 1986). After section 2.3 we shall comment briefly on how
the model’s predictions change once we relax the assumption of perfect
commodity arbitrage (i.e. purchasing power parity). This also gives us a
chance to discuss the problem of the appropriate price index to which
wages should be indexed.

The analysis of the single commodity macromodel is followed by an
extension of the macroeconomic contracting approach to an open
economy consisting of two sectors, an open sector and a closed sector.
We shall extend Aizenman’s (1985) analysis of wage indexation under
flexible exchange rates by allowing the exchange rate system to be
chosen by the monetary authority via an intervention rule. The analysis
focuses on the effects of relative price movements on wage rigidity and
foreign exchange intervention from the point of view of macroeconomic
stability. Since the variability of relative prices is directly related to the
openness of the economy, the analysis proceeds in terms of how the
openness of the economy affects indexation and intervention and the
relationship between the two.

Since the labour market model in these two macroeconomic models
is the same, we shall start the analysis by describing labour market
behaviour. The chapter concludes with an evaluation of the macro-
economic contracting approach to questions concerning macroeconomic
stability.

14
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2.2 The labour market model

Labour market behaviour in the Gray—Fischer model is contract-based.
However, care should be taken in interpreting these labour contracts, at
least from the point of view of the modern microeconomic theory of
labour contracts (see e.g. Azariadis, 1975). The labour contracts in the
model are extremely simplified; the determination of wages and
employment is not based on individual optimization or, less extremely,
the "microeconomics" of the wage and employment rule are not
explicitly spelled out.

The contracting parties are a risk neutral employer(s) and
employee(s). This assumption abstracts completely from allocation of risk
as part of (optimal) labour contracts, which is so prevalent e.g. in implicit
contracts a la Azariadis. The main justification for this assumption seems
to be that the Gray—Fischer analysis is concerned solely with the
macroeconomic stability implications of wage rigidity; the determinants
of wage rigidity, such as risk sharing between a risk averse employee and
a risk neutral employer, are not specified but stem from the existence of
labour contracts.

Contracts are drawn up before uncertainty is resolved, i.e. before
random shocks affecting production and employment decisions are
realized. Since wages and employment are not determined by spot market
equilibrium, contracts have to specify how wages and employment are
determined. The Gray—Fischer model of labour markets assumes that,
given wages, employment is determined by the demand for labour, i.e.
by the marginal productivity condition. Actual wages are determined by
two factors; the base wage together with an indexation scheme, whereby
wages are indexed to changes in the price level(s). The base wage is
determined by the ex ante non-stochastic equilibrium in the labour
markets; let W, denote nominal wages in period t, P, product prices in
period t and C, consumer prices in period t. Then the base or contract
wages W, determined at the end of period t-1 for period t, solve

NY[W/P,] =N [W;/C,], (2.1)

where N and N° denote, respectively, demand for and supply of labour,
and where , emphasizes that the equality of demand and supply is
evaluated at non-stochastic values of the relevant variables, i.e. at values
where all the random variables take the value zero. Given contract wages,
actual wages are given by the wage formula

W, = f[P,/P,,C,/C); W,b,,b,], (2.2)
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where the function f is homogenous of degree b,+b, in (P,C), or
homogenous of degree zero in (P,C,P,,C;). The (exogenous) parameters
b; are indexation coefficients." Given the structure of the labour market
model, the focus of the analysis is on how the introduction of uncertainty
affects the behaviour of the aggregate economy or how uncertainty is
transmitted via the wage formula (2.2) into aggregate economic
fluctuations, particularly fluctuations in aggregate employment and
output.

Given this kind of normalization, it is immediately evident that the
non-stochastic equilibrium of the economy is completely independent of
indexation arrangements in the labour markets (and foreign exchange
intervention for that matter).”> We shall return below (see section 2.4) to
this strict separation of level and variability of an aggregate variable
around that level, which is characteristic of a model incorporating an
assumption on the natural rate.

For now, we take the labour market model as given and analyze the
behaviour of the aggregate economy subject to short-run wage rigidity
induced by the labour markets. The main emphasis in what follows will
be the interaction between wage rigidity and foreign exchange
intervention from the point of view of macroeconomic  fluctuations
defined generically as fluctuations in aggregate output around the full
information equilibrium output.

2.2.1 Comments on the Gray—Fischer labour market model

Before turning to the analysis of the macroeconomic implications of
wage rigidity and foreign exchange intervention, we briefly discuss the
criticism directed against Gray—Fischer labour contracts. Although these

! Note that in the Gray—Fischer analysis the justification for wage indexation is not
spelled out; potential indexation arrangements are taken as an "institutional datum". That
these models do not provide any rationale for wage indexation stems from the structure
of the macromodels employed, in which only labour markets do not clear. According to
Blinder (1989), the rationale for the existence of indexation in contracts stems from the
"inherently incomplete market structure”, whereby market opportunities for hedging are
limited because of the imperfectness or incompleteness or even non-existence of certain
(insurance) markets. This kind of analysis should, however, be interpreted with care, since
(indexed) labour contracts can go a long way towards explaining the non-existence of
certain markets, notably insurance markets for labour, as e.g. Wright (1989) persuasively
argues.

? Permanent shifts in e.g. exchange rate policy can be envisaged to have these steady

state effects, but the point is that these shifts cannot be scrutinized within the
Gray—Fischer macromodel. '
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sticky price models provide a very simple approach to analyzing the
interaction of the real sector and financial markets, the labour market
behaviour embedded in them seems to have some serious-drawbacks and
to be at odds with rational maximizing individual behaviour. Thus to find
some (theoretical) support for these labour market constructs would be
more than comforting.

As argued above, the Gray—Fischer contracts consist of two
(interrelated) elements, the wage rule and the employment rule, which are
related to each other by the neoclassical labour demand function. Actual
wages are assumed to be determined by the wage indexation formula,
while contract or base wages are modelled as being determined by the
ex ante labour market equilibrium. Thus, after shocks to the economy
have occurred and actual wages been computed, employment is
determined by the demand for labour.?

As such, these macrocontracts’ are ad hoc, and focus on the
consequences of specific contracting structures without providing any
firm justification for them. An obvious remedy for this is to develop the
microeconomic base for macrocontracting models. This has proved
difficult, especially as far as the employment rule is concerned. The
reason is intuitively obvious. The optimal (implicit) contracts literature’
describes state-contingent compensation levels and, independently, state-
contingent employment levels. The crucial point however, is that the
employment rule need not correspond to points on either the labour
supply or labour demand curves. Thus, in terms of employment rules, the
optimal contracts literature does not seem to support the assumption on
employment determination contained in the Gray—Fischer model. The
same point is made by Barro (1977).°

Cukierman (1980) explores the significance of the labour demand
employment rule for the implications of essentially Gray’s macromodel

* Thus the model implicitly .posits no constraints from the side of labour supply (e.g.
unemployed workers).

* This aspect of the Gray-Fischer contracts should be emphasized, as is evident from
the title of Gray’s original contribution (1976): Wage indexation; a macroeconomic
approach.

5 See Azariadis (1975, 1978), Baily (1974), Gordon (1974) and Grossman & Hart
(1981, 1983). For surveys, see Rosen (1985), Stiglitz (1986) and Haley (1990).

¢ Gottfries (1990) analyzes optimal labour contracts in a simple macromodel with
insiders and outsiders. When insiders have job security this has important implications for
labour contracts. Optimal labour contracts leave employment to be determined by the firm.
Note further that in his model small costs associated with writing state-contingent labour
contracts can be prohibitive for indexed contracts.
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by adopting an apparently ad hoc employment adjustment rule in states
of labour market disequilibrium, according to which actual employment
is a weighted average of the demand for and supply of labour:

N = ON%+(1-O)N*, (2.3)

While arbitrary, it preserves linearity in a rational expectations model and
includes as a special case the min-rule for actual employment. Further-
more, a simple aggregation argument can be invoked to give (2.3) as an
aggregate employment function; ® is the proportion of those labour
"submarkets" where excess supply of labour prevails and employment is
determined by the labour demand function. Incorporating (2.3) into a
macromodel, Cukierman concludes that the employment function is
critical for Gray’s results concerning the degree of wage indexation in the
presence of specific exogenous shocks impinging on the economy.” This
is intuitive enough, but it is difficult to imagine what sort of pressure
Cukierman’s specification and results put on Gray’s formulation, given
that both are based on "equally" arbitrary formulations.

As far as the rule for wage determination is concerned, there are at
least two elements contained in it, i.e. indexation or the appropriate
indexation' rule, and the wage patterns implied by the particular
indexation rule employed in these contracts. As for the former, the
problem arises since typically only price level information is utilized in
adjusting wages in these models. This may imply that information,
including information provided by the model at hand, is inefficiently used
or that implicit restrictions on information utilization are not work. This
may sound dubious, especially in the context of rational expectations.
This is the point made by Karni (1983), who notes that an indexation
rule dominating that of the Gray—Fischer rule can be found, once the
contracting parties are allowed unrestricted use of the information of the
model] they enteriain at the time of contracting.® These indexed contracts

7 This feature of Gray’s model is somewhat dependent upon the specification of the
equilibrium in labour markets as well as upon the highly aggregative structure of her -
model, since e.g. Gray (1983) demonstrates that full wage indexation in the presence of
only demand shocks is no longer a desirable state of affairs if, in a multisector economy,
there are also sector-specific disturbances present in the economy. To continue, the
destabilizing effects on aggregate output of full wage indexation in the presence of only
supply shocks seems to vanish in e.g. efficiency wage models; see Waller (1989).

® Essentially, this implies that the underlying shocks to equilibrium real wages
become de facto observable via the use of the equilibrium condition for labour markets,
which is sufficient to generate equilibrium real wages via the indexation rule. For an
application of this logic to wage indexation in an open economy, see Vilmunen &
Haaparanta (1988).
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may, however, be highly complex and even unenforceable in practice,
since information on variables relevant for the wage indexation rule
becomes available with a different lag, so that the simple price indexation
rule may be an "optimal compromise".’

Karni’s argument is directly relevant for Barro’s (1976) analysis of
indexation in a rational expectations model. In a Lucas-type economy,
where the Phillips curve is due to confusion or misperception on the part
of the rational agents involved between local, market-specific shocks and
aggregate shocks, Barro considers ex post price indexation, whereby
prices are ex post adjusted for a number of observable state variables.
The model’s information structure is rather delicate, generating imperfect
information typical of Lucas’s (1972) island economies; information
flows are "noisy", being contaminated by a mixture of local and
aggregate shocks in a way that makes it impossible for agents to
disentangle local shocks from information available to them.® What is
crucial, however, is that the resulting rational expectations equilibrium
fully reflects this lack of perfect information; it is an equilibrium, albeit
one of imperfect information. There is no way agents can improve upon
their state of affairs, given the information available.

In this set up, Barro demonstrates that the type of indexation he
considers does nothing to clarify the information signals relevant for real
decisions. In this sense indexation is inconsequential or redundant in a
rational expectations model; it only gives a rule for ex post transfer
payments across markets. Barro’s analysis has problems, many of them
detailed in Karni (ibid., pp. 288—289). The main practical problem is that
the length of the contract coincides with the time lag in obtaining
information about aggregate variables (the price level in Barro’s specific
instance). This can be objected to on empirical grounds, since the length
of most wage contracts exceeds the time lag involved in obtaining
information on aggregate variables (Karni, ibid., p. 288).

At a more theoretical level, Barro’s analysis simply begs the main
question, as far as the role of wage indexation in alleviating the friction
introduced by labour contracts is concerned. Barro’s indexation duplicates
the equilibrium that would obtain if labour services were contracted for
after the occurrence of the stochastic disturbances. As argued above, in

? The wording is taken from Blanchard (1979). He argues that in general it would
be desirable to correct indexed wages for changes in relative prices, but if these
corrections are available only at high costs, it may be an "optimal compromise” to index
wages only to the price level. Further, the correlation between the price level and
individual prices may be so high as to reduce the need for additional adjustment of wages
due to changes in individual prices.

10 1 ucas (1973) summarizes some international evidence bearing on his island model.
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this instance the relevant equilibrium notion fully reflects the
imperfectness of information; nevertheless it is a general equilibrium that
corresponds to spot labour markets. The perception that not all
information is current has implications for the nature of the frictionless
equilibrium, but is quite irrelevant for the issue of the role of indexation
in alleviating the frictions due to labour contracts (Karmni, ibid., pp. 288—
289). In this sense, then, Barro’s analysis seems to have little bearing on
the original problem posed by the Gray—Fischer analysis.

Now, what of the second question posed above, that is can we find
any support in the optimal contract literature for the wage patterns
implied by the Gray—Fischer macrocontracts? In this respect, Cooper
(1987, pp. 60 - 65) tentatively gives a positive answer by constructing an
overlapping generations model in which an equal number of risk neutral
and risk averse agents are born each period. Uncertainty in this economy
is generated by both real and nominal shocks to the system as in Lucas
(1972). Under certain conditions concerning the expectation of the
inverse of the next period’s price level conditional on the current period
price level and workers’ attitudes towards risk, compensation (wage)
patterns vary with the price level as predicted by the macrocontracting
models of Gray and Fischer, i.e. "the degree of indexation" falls as the
variance of the real productivity shock increases relative to the variance
of the monetary shock. This sounds comforting, but we should be ready
to acknowledge, that much research on the microfoundations of
macrocontracts still remains to be done before we will be able to say
more definitive and conclusive about the robustness of the predictions
generated by these macromodels of wage and employment contracts.

So a reasonable conclusion from the above analysis seems to be as
follows. The macrocontracting models of Gray and Fischer seem to
contain many of the ingredients encountered in actual labour contracts,
albeit in a highly simplified form, but justifying these specific contract
structures in terms of the first principles of rational optimizing behaviour
has proved a difficult task. The crucial problem is not to construct
optimal contracts, optimality being defined in some precise manner.
Rather, the relevant question is "why are contracts encountered in
practice astonishingly simple?", a question motivating e.g. Gottfries’
(1990) work. It is this question to which an answer should be given on
the basis of the first principles, if we are also to have empirically
meaningful theories of wage and employment determination in a contract
economy. Further, these foundations seem to be almost a sine qua non
for a meaningful welfare analysis of the implications of interactions
between policy and contract structures.
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2.3 A small open economy subject to wage
rigidity and foreign exchange intervention

The framework presented below is a standard stochastic IS-LM model of
a small open economy subject to short-run wage rigidity induced by
labour contracts. The model is widely used in the indexation-intervention
literature and is summarized in e.g. Aizenman & Frenkel (1985a, b),
Turnovsky (1984, 1986) and Vilmunen (1989). The log-linear model
consists of the following equations:

InY, = alnN, +x, O<a<l1 (2.4)
InN{ = B(InP,-1nW,)+Bu, B = 1/(1-a)>1 (2.3)
InN} = g(InW,-InP) (2.6)
InW, = InW; +b(InP, - InP) 2.7)
InM, -1nP, = InY, ki, +u,, k=0 (2.8)
InM -InM = -3(InS, -InS), 8= (2.9)
InP, = InP} +InS, (2.10)
i, = i;+InS,,, -InS,, 2.11)

where

Y, = real aggregate output in period t

N, = aggregate employment in period t

P, = price of domestic aggregate output in period t

W, actual nominal wages in period t

nominal money stock in period t

exchange rates in period t (price of foreign currency in terms of
domestic currency)

domestic interest rates in period t

foreign price level in period t

foreign interest rates in period t

long-run target level of the money stock set by the monetary
authority

long-run target level of exchange rates held by the monetary
authority

contract wage for period t negotiated at the end of period t-1
non-stochastic equilibrium value of the domestic price level.
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Equation (2.4) gives short-run aggregate output as a function of labour
input. The production function displays diminishing returns and u
represents aggregate shocks to productivity, whose distributional
characteristics together with other random processes will be specified
shortly. Demand for labour is given by equation (2.5). It is a derived
demand based on profit maximization by a representative competitive
firm. Demand for labour depends negatively on the actual (log of the)
real wage InW, — InP,. Furthermore, demand for labour is subject to
random shocks due to productivity disturbances.

Supply of labour, equation (2.8), is optional, and is more properly
called ex ante labour supply. It is needed for the benchmark case of full
information equilibrium, where spot market equilibrium prevails in every
market. Supply for labour is a stable function of the real wage, and is not
subject to any preference or shocks. Since the spot labour markets are
missing or not active, the labour supply function becomes redundant for
the confract economy once the exogenous shocks are realized.

Actual wages are driven by the wage scheme (2.9), according to
which actual wages equal contract wages corrected for changes in the
price level due to random shocks. The elasticity of wages with respect
to the price level around the non-stochastic equilibrium is the indexation
coefficient b. When b=0 nominal wages and when b=1 real wages are
completely rigid. Needless to say, the wage formula is the critical
element in the model for understanding the results derived from the
model. It is critical in its form, since wages are assumed to be indexed
only to the price level. For example, Karni (1983) has demonstrated that
the Gray—Fischer contracts are dominated by a contract where wages are
also indexed to real income. Optimal indexation would involve no
efficiency loss, since the dependence of wages on real income would
make the underlying productivity shock observable (via the labour market
equilibrium). The main motivation for using this rather simplistic
indexation rule seems to be its popularity in practical indexation
arrangements in various countries (see, however, Simonsen’s discussion
on wage indexation in Brazil, 1983).

Equations (2.8) and (2.9) describe money market behav1our Money
markets are assumed to adjust continuously to equilibrium, an assumption
embodied in equations (2.8) and (2.9). Equation (2.8) gives the
conventional stochastic LM function according to which demand for real
balances depends on real income and interest rates. The parameter k is
the semi-elasticity of money demand with respect to domestic interest
rates i. We have, for simplicity, set the income elasticity of money
demand equal to one. This is a critical assumption in the ensuing
analysis.
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Equation (2.9) describes the foreign exchange intervention rule
utilized by the monetary authority. According to this rule, changes in the
money stock around the long-run target level M° depend on changes in
exchange rates around their long-run level S°. The elasticity of money
supply with respect to changes in exchange rates, -9, is the foreign
exchange intervention parameter. The above equation implicitly defines
a whole spectrum of exchange rate regimes, from fixed exchange rates
(8=c) via dirty floating to clean floating (6=0) and perhaps "over and
above" clean floating,.

Devereuex (1988) calls this simple intervention rule a "restricted"
intervention rule, and justifies its use on the grounds of the existence of
transaction costs and the complexity of more sophisticated intervention
rules. A more sophisticated intervention rule whereby changes in the
money stock depend on a number of observables could easily be adopted.
This might be especially recommended, if the main focus of the analysis
is on the design of optimal monetary policy from the point of view of
macroeconomic stability in an open economy subject to wage rigidity and
various stochastic disturbances. Aizenman & Frenkel (1985b) and
Turnovsky (19832, 1986), for example, favour a more sophisticated
policy rule in their analysis."" This would, however, involve a detailed
description of the information flow concerning the timing of events and
observability of various variables to the participants in the economy, as
Turnovsky’s analysis demonstrates. Typically, information on the real
variables becomes available with a lag, while asset market information
is available almost instantaneously. This enables the monetary authority
to improve upon the simple rule above, but we do not wish to refine the
structure of the model in this direction, since the main point of the
analysis is highlighted when the more restricted intervention rule is

1 For a discussion of the design of more sophisticated policy rules and their applica-
tions in a macrocontext, see Fischer (1977a), Karni (1983) for closed economies, and Tur-
novsky (1983a, 1986), Marston (1983), Marston & Turnovsky (1984), and Aizenman &
Frenkel (1985b) for open economies. What these studies convey to us is that in many
cases it is possible in principle to design a single instrument so that the efficiency losses
due to suboptimal labour markets can be reduced considerably, even eliminated
completely. This means that the other instrument is redundant or can be used for other
objectives. One of the instruments is not, however, redundant if it provides information
about shocks influencing equilibrium real wages not contained in the other instrument.
Granted that the design of such a sophisticated set of policies is possible, it is still relevant
to ask why we so seldom observe them in practice. For example, evidence on labour
contracts suggests that the simple price indexation rule applied in this study, perhaps
adjusted for productivity (see Simonsen, 1983), is the best we observe. Clearly, the
implementation of more sophisticated policy rules hinges upon the costs associated with
the use of these rules; do the marginal gains in efficiency outweigh the marginal costs?
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applied. We shall, however, return to the question of the availability of
information to agents shortly.

Equations (2.10) and (2.11) are the two parity conditions widely used
in open economy macroeconomic models. Under the purchasing power
parity (PPP) rule, the level of exchange rates is such that the costs of a
representative commodity bundle are equalized throughout the world. It
is an arbitrage condition, which finds its application in well developed
and internationally intergrated commodity markets. A small open
economy takes its prices as given; i.e. they are determined in inter-
national commodity markets. The uncovered interest parity condition
(UIP) (2.11) can be supported by a similar arbitrage argument as is
applied to risk neutral investors in well developed and internationally
intergrated asset markets. According to UIP, domestic interest rates are
equal to foreign interest rates plus a premium for an expected
depreciation of the domestic currency. Of the two parity conditions, it is
PPP which is most consistently rejected in empirical studies.’* This does
not mean that the debate PPP is over, since estimating and testing PPP
involves a whole range of problems ranging from data quality and
selection of proper price indexes to the specification of the equation to
be estimated and estimation and testing methodology itself. The inclusion
of PPP along with UIP leads to a very tractable macromodel, as Marston
(1983) has argued, and it is advisable to include at least one of them in
a macromodel in order to maintain analytical tractability.

Expectations concerning exchange rates, as well as other variables,
are rational. Thus

X\ = BIX,,01]
for all variables and s=0 and t, where I, denotes information available to
agents in period t. The information set I, includes the structure of the
model and the history of all variables dated t and earlier. Muth’s (1961)
expectations formation hypothesis is the norm in modern macro-
economics, and it derives its authority from the idea that information is

a scarce commodity and thus subject to optimization. In general, the
adoption of rational expectations may involve major theoretical and

> This applies to both the absolute version and the relative version, according to
which changes in exchange rates are such that changes in price levels are equalized around
the world. For a discussion of these issues, see e.g. Dornbusch (1985); for a discussion
of time series characterizations of real exchange rates and testing of versions of PPP, see
Corbae & Ouliaris (1988), Enders (1988), Giovannetti (1988) and Taylor (1988), to
mention just a few.
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computational problems.” This is one reason why assuming a linear
structure in one’s model is so important.

Finally, equation (2.12) specifies the stochastic structure of the model
according to which shocks to foreign prices and interest rates and to the
domestic money market and productivity form a stationary serially

uncorrelated vector whose components are also uncorrelated with each
other:

InP} = InPg+v,,

L Y
Ly = 1 +V,

(2.12)
(4,5 U, Vi, VZt)' ~N(0,%)

. 2 2 2 2
2 = diag[o,,0,,07,0)],

where 0 is a 4-vector of zeros. The model thus contains four random
shocks, two of which are of domestic origin. Furthermore, the important
distinction is between productivity shocks and other shocks, which is also
of key importance in Gray’s original contribution.

The model determines domestic output, exchange rates, the domestic
price level and interest rates as functions of the exogenous stochastic
disturbances. We shall, however, proceed by transforming the model,
using Gray’s normalization to express the model in deviation form.
Denoting the deviation of (the log of) a variable from its (log) non-
stochastic equilibrium value by a small case letter the model can be
written in the following form:

' Although Muth’s idea is intuitively appealing, the justification for the concept of
rational expectations equilibrium seems to be more complex than Muth’s vision of it as
a direct extension of the usual rationality postulates for individual economic behaviour,
as the recent literature has recognized. Evans & Honkapohja (1990), in analyzing learning,
convergence and stability with multiple rational expectations equilibria, argue that this is
primarily due to the interdependence of the stochastic process of the-endogenous variables
and the perceptions of that process formed by economic agents. The complexity of the
associated inference problem has potentially far-reaching consequences, one of them being
the likelihood of indeterminacy and the possibility of a high dimensionality of equilibria
(Evans & Honkapohja, ibid. p. 1; see also the references therein).

** The time index has been dropped from the subscript for the sake of simplicity.
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y = on+u | (2.4°)

n¢ = p(p-w)+Bu (257
n* = &(w-p) (26
w = bp 2.7°)
m-p =y-ki+u (2.8°)
m = -3s (2.9°)
b= pres (210)
i=1i"+s S. (2.11°)

Leel

The intepretation of the model runs in terms of deviation from the non-
stochastic equilibrium, where the deviation is driven by serially
uncorrelated random processes. We can immediately see that indexation
and intervention affect the way shocks are transmitted into fluctuations
in key macroeconomic variables, notably aggregate employment and
output. Before analyzing the transmission of shocks in the economy, we
- solve for rational exchange rate expectations and full information output.

2.3.1 Exchange rate expectations

We shall work with the model form (2.4°) - (2.11°). From the money
market equilibrium (2.8”), we obtain, after substituting from equations
(24°), (2.5%), (2.7°) and (2.9°) - (2.11"), an equation for the changes in
exchange rates

[1+k+3+oB(1-b)]s = ks, . -, | (2.13)

el

where t = [u+Bu+(1+aB(1l-b)v, -kv,].

From equation (2.13) we obtain a first order difference equation about
expectations of future changes in exchange rates conditional on period t
information
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S ds =0

t,t+i_ t, t+i+l | (213’)
d = k/[1+k+d+aB(1-b)].

We write the solution this homogenous equation, with one degree of
freedom, in the form

S, = Cd, for some real C (all i=0). (2.13")
The parameter C in the solution is arbitrary, but the interesting point is
that the solution and the convergence of exchange rate expectations
depend on the indexation coefficient, and more critically on the
intervention coefficient 8. The intervention parameter is critical for the
convergence of exchange rate expectations. Specifically, if

~-[1+aB(1-b)]>d>-[1+aB(1-b) +2k],

then expectations fail to converge. Otherwise expectations converge,
but become indeterminate, depending on the choice of intervention para-
meter 8.” So, we have a continuum of solutions to exchange rate
expectations. Because of this possible indeterminacy and instability,'
we choose-the solution obtained by setting C = 0. While this choice is
arbitrary, it is simple and has the virtue of yielding a solution the form
of which is independent of the choice of intervention parameter d (see,

3 So stability considerations do not alone suffice to tie the solution to s,,,; = 0, if
abs(d) < 1. The problem is intrinsic to the solution of a general first order stochastic
difference equation; the solution, without further side conditions, always has one degree
of freedom. Thus, as McCallum (1983) so forcefully argues, indeterminacy is not specific
to rational expectations, but to the method of solution. He has further suggested a criterion
of minimal state representation for providing a unique solution, according to which the
solution should not be based on extraneous variables. After all, he argues, in a rational
expectations model an arbitrary factor enters the solution function because it is rationally
expected to enter it. Whether this argument substantially suffices to set C = 0 in the
present context is not entirely clear and perhaps problematic. But, given the stochastic
structure, and the intuitive appeal of static expectations in the present model, this choice
gains in plausibility.

16 The procedure of picking the stable root is typical of rational expectations models
(see, also, fn. 4) and is often justified on the grounds that the instability that would
otherwise occur would be inconsistent with observed behaviour (agents can see when they
are on an unstable path, and instantaneously adjust expectations to a stable path).
Alternatively, it is sometimes justified more formally by appealing to transversality
conditions from appropriate optimizing models, which, provided the underlying utility
functions satisfy suitable restrictions, ensure that the expected price movements remain
bounded; see, for example, Brock (1974).
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also, Turnovsky 1983, 1984). All in all, this particular choice of the
solution to exchange rate expectations means that they are static.
Intuitively, this choice increases the plausibility of this particular solution,
given the stochastic structure of the model."

2.3.2 Full information output

The full information output is based on the spot market equilibrium of
the labour markets. Thus, from equations (2.5”) and (2.6), we have that
spot equilibrium changes in real wages satisfy

(w-p)f = Bu/(e +B), (2.14)
which implies that the full information output is given by

yf

eoiu/(e + ) +p (2.15)
[B(1 +€)/(e +B)]u.

]

From equations (2.14) and (2.15) we can immediately deduce a form of
classical dichotomy, ie. that only productivity disturbances affect
equilibrium real wages and real output (and of course employment). The
money market, or more generally demand-side disturbances, have no
effect on full information equilibrium. This distinction between sources
of uncertainty will be of great importance when we turn to discuss wage -
indexation, especially from the point of view of signal extraction.

2.3.3 Actual real wages and ouput

Actual wages are given by the indexation scheme (2.7’), and since actual
employment is given by the demand for labour (2.5%), changes in actual
aggregate output are obtained by substituting the demand for labour
function into the output equation (2.4°). Thus,

y = aB(1-b)p+Bu. (2.16)

7 Note that the stable forward solution to exchange rate expectations is consistent
with either "leaning with a wind" (9<0) or "leaning against the wind" (8>0) exchange rate
policy. An interesting implication of this fact is that the corresponding stable backward
solution is consistent only with a "leaning with the wind" policy.
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Equation (2.16) gives the contract-based Phillips curve; changes in the
price level p are transmited into changes in aggregate output via the
wage formula (2.7”). The slope of the Phillips curve is directly related to
the degree of wage indexation. At one extreme we have completely rigid
nominal wages (b=0), while at the other we have completely rigid real
wages (b=1), implying a vertical Phillips curve in the (y,p)-plane. As in
the original closed economy Gray—Fischer model, neither of these polar
cases need be optimal in the sense of minimizing the variability of
aggregate output around the full infromation output y’. For example, in
the case of rigid real wages we have

[yt = 1B +e)e+B)lul< IBul =yl

so that if supply shocks are the dominant source of aggregate fluctuations
in the economy, wage indexation tends to increase their effects on
aggregate employment and output. Of course, the classical dichotomy
would be clearly evident in the contract model with full wage indexation
if there were only money market or demand disturbances in the
economy. Thus fully rigid real wages completely insulate output from
money market disturbances.

On the other hand, under partial indexation money market
disturbances have real effects. Furthermore, monetary policy in the form
of foreign exchange intervention has (second order) real effects achieved
by influencing the price level via the intervention rule. Thus (partial)
wage indexation provides leeway for systematic monetary policy or, more
generally, the contracting approach provides one macroeconomic channel
for the interaction of financial markets and the real sector of the
economy. We shall analyze the effects of indexation and intervention
more thoroughly in next section in the context of optimal wage
indexation and foreign exchange intervention.

2.3.4 Optimal wage indexation and foreign exchange
intervention from the point of view of
macroeconomic stability

One of the chief motivations for Gray’s analyses was to show that the
ultimate effects of wage indexation on aggregate fluctuations depend on
the source of the exogenous disturbances; while full wage indexation
insulates the real sector from monetary disturbances, it increases the
effects of productivity shocks on aggregate employment and output. This
distinction between sources of disturbances is also relevant in an open
economy context, but the ultimate effects of the various disturbances also
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depend on the exchange rate regime chosen by the country concerned.
In particular, the efficiency consequences induced by wage rigidity can
be better monitored by the use of active monetary policy. This is the
theme taken up in this section.

On the assumption that the labour markets are the only ones not
clearing continuously, Gray has suggested an efficiency or welfare
criterion based on an approximation of the welfare loss induced by non-
clearing labour markets to analyze the determination of optimal wage
indexation. This approximation is derived from basic utility maximization
by Aizenman & Frenkel (1985b, appendix). Its extension to an open
economy context requires that the optimal mix of wage indexation and
foreign exchange intervention, (b*,6*), be such that

(b*,0) = argmin , \B{(y -y")2:_}. (2.17)

Thus the optimal mix (b*,0%) is such that the (conditional) expected
squared difference between actual and full information output is
minimized. Since E[y:I,;] = 0 = E[y"],,], the criterion requires that the
(conditional) variance of y — y' be minimized. Using the production
function (2.4°), we see that the loss function (2.17) indicates that we
should minimize the expected squared difference between actual and full
information equilibrium employment, which from the labour demand
function and labour market equilibrium reduces to minimizing

H = BE{[(w-p)-(w-p) L}, (217)

where B depends on the model’s parameters, excluding b and §.

From equations (2.7°) and (2.14) we have (w-p) = —(1-b)p and
(w-p)" = Bu/(e+8). On the other hand, PPP (2.10°) and the exchange rate
equation (2.12) together give

p =v,ts = v -1/[l +k+d +aB(1-b)]
{kv, +(k +d)v, - (u+Bu)}/[1 +k +& +aB(1 -b)].

(2.18)

The loss function (2.17°) has to be minimized with respect to b and .
Holding d fixed for the moment, the loss function is first minimized with
respect to the indexation coefficient b. Under the stated assumptions the
loss function is the expected residual sum of squares from regressing
equilibrium real wages (w—p)' on actual real wages ~(1-b)p. Setting
(1b)/[1+k+6+0B(1-b)] = I" and {kv, - (k+d)v; — (u+Bu)} = ®, we have

" = -cov{®,Bu/(e +B)}/var(D), (2.19)
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where I'* denotes the value of I" minimizing the loss function holding &
fixed. Using the definition of " and making some manipulations, we
have that the optimal degree of wage indexation b* is given by

. . 1+k+9]
b* = b*(&) = 1- L , 2.20
(©) [Q+1 +¢] ( )
where
o’ o o
Q = kz._2+(k+6)2__1+_3 B+e)
Gf; crz O‘i B?

From equation (2.20) we can immediately see that

abZ>0, x =1,2,u ab2<0; ob >0,

3o, go, Ot

These comparative static results demonstrate that the results obtained by
Gray generalize to an open economy context; i.e. dominant productivity
shocks decrease and dominant demand-side shocks increase the optimal
degree of wage indexation, given the degree of intervention &. This is
intuitively obvious, since equilibrium changes in real wages are driven
only by productivity shocks.

More specifically, when there are only productivity shocks or
demand-side shocks, actual real wages, as implied by the corresponding
indexation coefficient (2.20), coincide with equilibrium real wages.
Finally, for a more elastic labour supply function, the bulk of the
equilibrium adjustment in the labour markets takes place through changes
in employment, so that teal wages are relatively more rigid. This
translates into a requirement that the optimal degree of wage indexation
increases with the elasticity of labour supply function. All these results
are familiar from Gray’s analysis.

Differentiating the loss function with respect to 6 and setting the
resulting expression equal to zero we obtain

oH oT" 2
2 +2(k+d)oiI? = 0. 221
ar 35 (k+0)er (2:20)
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Using the envelope theorem, i.e. assuming that the degree of wage
indexation is at its optimal value, we have (0H/0I') = 0. Thus, the
optimal degree of foreign exchange intervention 8* is given by

5 = k. (2.22)

Alternatively, (2.22) can be obtained directly by inspecting the value of
® in the loss function and noting that in order to minimize the loss
function we need to set 8* = —k. This is an exiremely simple intervention
rule, since it is completely independent of the stochastic structure of the
exogenous disturbances. This feature is a consequence of the simple
exchange rate intervention rule employed in the model, and it is not
present in models with more sophisticated intervention rules (see e.g.
Turnovsky, 1986). It should be further noted that under this particular
intervention rule changes in the domestic price level are independent of
foreign price level shocks p*.

A second interesting feature about the optimal intervention rule is
that it implies an exchange rate policy of "leaning with the wind". Thus
when exhange rates are above (below) the steady state level, the
monetary authority increases (decreases) the supply of money above
(below) the steady state level. There are two reasons for this result.
Furthermore, there is one important implication regarding the effects of
wage indexation on price level variability so prevalent in the standard
contracting approach to the Phillips curve.

First, by adopting a policy of "leaning with the wind" the monetary
authority is able to generate efficiency improving changes in actual real
wages relative to equilibrium changes. Secondly, the optimal intervention
policy can at least partly be justified by noting that it maximizes the
absolute correlation between the price level and the underlying
productivity shock. Thus efficiency improving changes in actual wages
are generated by optimal intervention policy because of the improved
information content of the price level with respect to productivity
shocks.'® '

As far as the implication mentioned above is concerned, one can
observe from the price level equation (2.18) that indexation increases
price level variability. That wage indexation destabilizes the price level
is often quoted in practical debates as the most important factor

¥ An analogous argument explains the welfare superior performance of flexible
exchange rates in Flood & Marion’s (1982) analysis of exchange rate regimes under
optimal wage indexation. A particular exchange rate regime can be optimal relative to
specific shocks, but overall flexible exchange rates are optimal across the alternatives they
analyze.
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explaining the non-existence of widespread indexation arrangements in
actual labour contracts.'* However, care should be taken when judging
the behaviour or performance of the model in this respect, since there are
at least two factors greatly affecting a serious welfare evaluation of
increased indexation; on the one hand, increased indexation increases
price level variability, but, on the other, increased indexation makes "it
easier to live" with price level instability. It is -quite conceivable
(Cecchetti & Ball, 1989) that the latter "insurance" effect dominates in
terms of welfare.

We can derive a further aspect of the optimal wage indexation
coefficient by manipulating the expression (2.20). By setting =0 and
assuming that v, = 0 = v, in (2.20), we obtain the closed economy
version of the indexation optimum, i.e.

bt =LYk (2.20°)
© [Q+1 +g]
2
o,B+e
Bzof,

This is the same optimum derived by Aizenman (1983, eq. (30)) in
analyzing wage contracts with incomplete and costly information. The
optimal degree of wage indexation depends now on the magnitude of the
monetary shock relative to the productivity shock.??

On the other hand, setting & = 8* = -k, the optimal degree of wage
indexation reduces to

1
b g = 17— 2.20"
|5.—.5 [Q+1+8] ( )

O, Oi (B +¢)

9 For a macroeconomic analysis of wage indexation and price level variability, see
e.g. Fischer (1983b).

2 Note that if, in the closed economy, there are only aggregate productivity shocks,

the optimal degree of wage indexation reduces to- 1 — (1+k)/(1+¢), which may well be
negative. ~
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Upon comparing equations (2.20”) and-(2.20"), we can deduce that

b, < b*|,_,., so that at the optimum, real wages are more rigid in the
open economy. This may to some extent be a model-specific result,
since, as Aizenman & Frenkel (1985b, p. 412, fn. 11) note this result
reflects the specification of the nature of the model’s stochastic shocks
whereby the openness of the economy does not increase the exposure to
foreign real shocks. In principle, the relative importance of real shocks
may be greater in the open economy if, for example, it faces shocks to
the price of imported raw materials. These may affect equilibrium real
wages in the home country in such a way as to make the optimal degree
of wage indexation in the open economy less than in the corresponding
closed economy.

2.3.5 Optimality of a single instrument

In practice, it is frequently the case that the parties to labour contracts
have committed themselves only to a certain prespecified degree of wage
indexation, which need not be based on any efficiency calculation, or that
the monetary authority actually commits itself to a certain degree of
foreign exchange intervention. It is then of interest to ask what is the
optimal degree of intervention (in the former case) or of indexation (in
the latter case) as regards fluctuations in aggregate output and
employment.

2.3.5.1 Optimal wage indexation under a given exchange rate regime

Treating the degree of foreign exchange intervention as exogenously
given, the optimal degree of wage indexation is given by equation (2.20).
The relationship between indexation and intervention embodied in (2.20)
implies that for a fixed exchange rate regime (8=c0), real wages should
be completely rigid, i.e. b*=1. This policy mix induces a welfare loss
equal to

Hfix] =[ B2 }@fw (2.23)
(B+e)?

In a fixed exchange rate system, exchange rates do not adjust to shocks,
so the only shock affecting the price level and thus actual real wages is
the foreign price shock (via PPP), whose influence on real wages can be
eliminated by setting b=1. This, however, leaves no room for adjusting
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real wages to productivity shocks, whose influence is transmitted in full
to employment and output fluctuations. This is captured by the value of
the loss function in (2.23). On the other hand, the introduction of a small
degree of exchange rate flexibility lowers the optimal degree of wage
indexation, i.e.

ab”

=5 5o > 0.

If the economy is constrained in its choice to flexible exchange rates
(8=0), the optimal degree of wage indexation is

1+Kk)
pr| = 1-_L 2.24)
o [Q+1+g] (
1 2 2 2
_ 0, %0, Oy Oy||B+e
e e :ﬁlgz]'
I p n

Thus, under flexible exchange rates, real wages are not completely rigid.
Note, however, that flexible exchange rates are fully consistent with
nominal wage rigidity, i.e. b*=0, even though this may require very
special parameter values (Q2+¢ = k). The efficiency loss under flexible
exchange rates is equal to

H[flex] = H[fix]+F (2.23)
B |2
)]
F=- Bre < 0,

5]

B+e
where Q is given in (2.24). This means that under a flexible exchange
rate regime efficiency losses are smaller than under a fixed exchange rate
regime, when wages are optimally indexed, a result also derived by
Flood & Marion (1982). The rationale for this result is that under fixed
exchange rates real wages do not adjust, not even for productivity shocks,
which imply equilibrium changes. Flexible exchange rates do not fully

insulate the real economy from demand disturbances, but in terms of the
overall welfare of efficiency, this is outweighed by the option of
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adjusting actual real wages, employment and output to productivity
shocks.?

The relationship between the exogenously given degree of inter-
vention and optimal wage indexation is depicted in figure 2.1 (see
Aizenman & Frenkel, 1985a, p. 12).

Figure 2.1 Optimal degree of wage indexation for a given
degree of intervention

index.

large variance

small variance

} + interv.
-0.5 5

"Small (large) variance" refers to small (large) variance of the
foreign price shock

As it stands, the relationship between the two is by no means monotonic.
In fact, we can calculate from equation (2.20) that

ab”

sign {. =5 }

] (23 +8) +(k + O [ (2.26)

oi[kzorg +07] B

2! Note, however, that unless the (semi)elasticity of money demand is zero, the
flexible exchange rate regime is not the optimal choice in terms of aggregate real
fluctuations. The (unconstrained) optimal policy mix (b*,0*) is such that §*=-k.
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from which we deduce that (9b*/88) | 5.5 < 0. We already know that
(95*/38) | 5. > 0, s0 the dependence of optimal wage indexation on the
exchange rate regime has to change its sign in the interval [-k,o0].
Actually, we can see from equation (2.3.25) that

ab* |
35

2
> 0, for o] =

< 0, for of —0.

The economic rationale for this is that if the foreign price is very volatile,
money market disturbances under flexible exchange rates reflect mainly
foreign price shocks. If the monetary authority adopts a policy of
"leaning with the wind" (8<0), exchange rates are used to neutralize the
effects of foreign price shocks on the price level. This implies a lower
degree of optimal wage indexation. If, on the other hand, the moenetary
authority "leans against the wind" (8>0), it fights the current change in
exchange rates, so that the ultimate effects of the foreign price shecks on
the price level tend to be stronger. This calls for higher cptimal
indexation to mitigate the effects of foreign price shocks on actual real
wages. The case where foreign prices are relatively constant and money
market disturbances reflect mainly foreign interest and money demand
shocks can be handled by noting that their effects on the price level, and
real wages, come about only through exchange rate changes.

2.3.5.2 Optimal degree of intervention given
the degree of wage indexation

If the degree of wage indexation in labour contracts is given, the optimal
degree of foreign exchange intervention can be derived by minimizing
the loss function H with respect to 8. After appropriate manipuiations,
this gives

(1-b)[Kio% + 0 + B0, | - pnb’o, e

TR i
(1-b)¢o; +mh’c),

(2.27)

4

where ¢ = [1+aB(1-b)] and & = 1/(B +¢).

As can be immediately seen from equation (2.27), if there are only
money market and/or foreign interest rate shocks impinging on the
economy, the optimal exchange rate regime, given b, is that of
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completely fixed rates. This is the only way their effects on the domestic
price level, and thus output, can be eliminated by means of exchange rate
policy. For the same reason, if there are only foreign price shocks
impinging on the domestic economy, the optimal intervention rule
coincides with the unconstrained optimum, i.e. 8*(b) = -k = &7(b").
For domestic productivity shocks, the optimal intervention rule is
given by 8*(b) = (1 +&)(1-b)-(1 +k), which is consistent with either
"leaning with the wind" or "leaning against the wind" exchange rate
policy. The implied exchange rate policy depends heavily on wage
rigidity. For elastic labour supply, small changes in real wages are
needed to restore labour market equilibrium following productivity
shocks. If nominal wages are rigid because of a low degree of
indexation, it is optimal for the monetary authority to try to reduce price
level variability by dampening exchange rate variability. This implies that
5*(b) > 0, i.e. an exchange rate policy of "leaning against the wind". On
the other hand, for relatively rigid real wages, high price level variability

is needed for real wage adjustments. This is achieved by increasing
exchange rate variability, i.e. an intervention policy with 6*(b) < 0.

Figure 2.2 plots the relationship between the exogenously given b
and the corresponding optimal d*(b) (see also Aizenman & Frenkel,
1985a, p. 14). As can be seen from (2.27), the nature of the relationship
depends on the magnitude of the variance of the foreign price shock, o2,.
For small 02, the relationship is approximately linear (figure 2.2a), while
for large 02, figure 2.2b plots a representative graph of the relationship.

Figure 2.2 Optimal degree of intervention for a given degree
of wage indexation

interv.

index.

-0.5t large variance

-11 small variance

See note to fig. 2.1
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Figure 2.2 also shows the unconstrained optimum policy mix

(8% b*(8*)), where 8*= -k and b*(d*) is the corresponding value for
optimal indexation from equation (2.20). Note that the extreme policy
mix (8*(b),b) = (—(1+k),1) should be interpreted as a limiting case, as
Aizenman & Frenkel (ibid., p. 14) argue; when the degree of wage
indexation approaches onme, the corresponding optimal degree of
intervention approaches the value —(1+k). Economically, the interpretation
of this result is that full indexation introduces complete real wage
rigidity. Consequently, changes in the price level which can be brought
about through changes in the exchange rate will be inconsequential since,
owing to complete real wage rigidity, such changes in the price level

induce equiproportionate changes in nominal wages (Aizenman &
Frenkel, ibid., p. 14).?

2.4 Introducing terms-of-trade changes

The previous analysis was based on the assumption of a continuously
holding PPP relation between domestic and foreign price levels. The
status of the PPP relation in making open economy macromodels
analytically simple and tractable should not be underestimated, but its
overall validity, both theoretical and empirical, is admittedly problematic
(see the references cited in fn. 11, section 2.3). In the context of our
specific macromodel considered so far, in particular in the context of the
money supply rule employed, we have seen that the inclusion of PPP
leads to a very strong prediction about the nature of the unconstrained
optimal intervention policy; the optimal intervention rule is such that
changes in the domestic price level are independent of shocks to foreign
prices. Furthermore, this particular intervention rule is completely
independent of the distributional characteristics of the exogenous
disturbances.

What if we relax the assumption of continuous PPP? What is the
nature of the optimal policy mix in this case, and more importantly, is it
amenable to analytical characterization? First of all, the PPP relation fits
nicely into our open economy framework, in that we assumed a small,
competitive open economy facing well integrated international commodi-
ty markets. Clearly, one can think of reasons why PPP does not hold

2 That full wage indexation and the implied real wage rigidity is an effective
constraint on activist monetary policy is also clearly brought out by e.g. Fischer’s (1983b)
analysis of supply shocks, wage stickiness and accommodation.
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even in the small open economy context” but a particularly simple
extension of the model is generated if we assume that domestic and
foreign goods are not perfect substitutes,” so that the demand for
domestic goods by domestic citizens depends on the price of domestic
goods relative to the price of foreign goods in terms of domestic
currency. This relative price will henceforth be called the terms of trade,
denoted by T. Thus T = P/(SP*), where P denotes domestic product
prices, P* foreign prices and S exchange rates.

To be more specific, we shall assume that percentage changes in the
demand for domestic goods (around the non-stochastic equilibrium) take
the following form:

¥, = ©,(p,~p:-8) ~O,[i,~(c,,; ~c)] *d,
8, =006,=0.

(2.28)

The non-positivity of ©, implies that the Marshall-Lerner condition is
assumed to hold. In addition to depending negatively on the terms of
trade, changes in the demand for domestic goods depend negatively on
changes in the expected real interest rate [i,-(c,,,, ~c)], where
c, = ap,+(1-a)(p;+s,) denotes changes in consumer prices. d, is a
(NID-)demand disturbance capturing unexpected shifts in the demand for
domestic goods.?

Introducing endogenous terms-of-trade changes into our model of the
interaction between wage indexation and foreign exchange intervention
complicates the analysis further, due to the fact that the real wages
relevant for labour demand and supply decisions do not generally
coincide; demand for labour depends (negatively) on the producer’s real
wage W/P, while supply of labour depends (positively) on the worker’s
real wage W/C. More formally,

N¢ = NYW/P) and N*® = NY(W/C). (2.29)

2 These could include differences in the structure of the economies engaged in
international trade, perhaps with different productivity conditions in the open and closed
sectors of the economies, differential preferences of domestic and foreign citizens etc.

* For example, because to the domestic country produces a differentiated good.

% In the original Gray model, an interest-elastic aggregate demand schedule is not
postulated, and the goods market equilibrium is a residual determined by the money
market equilibrium, where money demand is specified by the quantity equation.
Cukierman (1980), however, demonstrates that this particular specification of macromodel
is not critical for Gray’s results on the effects of wage indexation on macroeconomic
stability. In many senses, the critical feature of Gray’s formulation is the employment rule.
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Combining these decision rules with the spot labour market equilibrium
requirement gives equilibrium employment as an increasing function of
the terms of trade T:

N = N(T), N’ > 0, (2.30)

which, with the production function Y = F(N), F” > 0, gives aggregate
output as an increasing function of the terms of trade:

Y = G(T), G' > 0. (2.31)

So changes in the terms of trade T produces changes in (equilibrium)
aggregate output. Furthermore, and this is important for the present
analysis, changes in the terms of trade T change the producer’s real wage
relative to the worker’s real wage, since [W/C]/[W/P] = T"*. On purely
analytical grounds, this may cause some problems, since when we come
to discuss wage indexation, we face the problem of choosing a proper
price index for the wage formula. Should wages be indexed to product
prices P or consumer prices C, or to both? The form of the indexation
rule is important, since the macroeconomic implications of wage
indexation (and intervention for that matter) depend on the precise form
of the indexation rule; different price indexes have differential
macroeconomic effects, and ultimately the desirability or otherwise of a
particular price index depends on the source of the (exogenous)
disturbance impinging on the economy (see e.g. Marston, 1983a).

Various price indexation rules have been employed in an open
economy context (see Marston, 1984, Turnovsky, 1983, Haaparanta,
1986, Marston & Turnovsky, 1985a, b), the most common ones being
product and consumer price indexing, or an indexation rule, whereby
wages are indexed separately to domestic product prices and foreign
prices (in domestic currency, see Turnovsky, 1983). Haaparanta (ibid.)
introduces terms-of-trade indexation into his model and analyzes how its
introduction is related to macroeconomic stability, either in the sense of
insulating the economy against all disturbances, or of generating minimal
departures from the full information equilibrium of the economy, as in
Gray’s original model of optimal wage indexation. Furthermore, he poses
the question of the optimality of the weights in the consumer price index,
and derives conditions under which these weights are optimal.

Despite their merits and empirically plausible nature, these indexation
rules make the closed form application of the Gray—Fischer framework
of optimal wage indexation intractable; no tractable closed form
expression for the optimal policy mix of wage indexation and foreign
exchange intervention can be derived from a macromodel employing
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these conventional indexation rules, unless the structure of the exogenous
disturbances is heavily restricted.?® The root cause of this problem is,
as noted above, the existence of two real wages in the labour market, and
the use of these conventional indexation rules implies that price
information relevant for only one of labour the demand or supply
decisions is actually utilized.

There is, however, theoretically an elegant and precise way to solve
this problem. It starts by posing the question "what is the relevant price
index for the labour market (spot) equilibrium?" Since there are two
prices which affect the labour market equilibrium wage rate, there has to
be some combination or average of the two to summarize price level
information in the economy. Let us consider once again the labour
market equilibrium, but now in a more specific form. Suppose labour
‘demand and supply are given by

N¢ = A,[P/W]* (2.32)
Ns = A [W/C], | (2.33)

where the A’s are constants and 8 and ¢ are the elasticities of labour
demand and supply with respect to real wages.  generally depends on
the parameters specific to the (decreasing returns to scale) production
technology. Now, solve for the labour market equilibrium wage rate W,
denoted by W*;

wW* = CQ, (2.34)
where

Ad n1
C=_2and Q = PXSP")y™
AS
_ B +ae
B+e

What is relevant here is that in deriving the equilibrium wage rate, we
have defined a new price index Q, dubbed the equilibrium price index or
optimum weight index by Vilmunen (1989); Q is a weighted geometric
average of domestic product and foreign prices, where the weight for the
domestic product price depends on labour demand and supply elasticities
and a, the weight domestic product prices have in the consumer price

% The typical mode of analysis has been to focus on the optimal policy mix under
specific disturbances, as exemplified by Turnovsky (ibid.) and Marston (ibid.).
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index C.7. For labour market equilibrium, Q-is the relevant price index
in that it summarizes price level information relevant for labour demand
and supply decisions. Thus, it seems only natural that actual wages
should be indexed to this particular price level, i.e. we should write

W

- (.g_)b. (2.35)
t 0

where W°, denotes contract wages for period t, determined by the non-
stochastic equilibrium of the labour market (cf. (2.34)), Q, is the non-
stochastic equilibrium value of Q, and b denotes the degree of indexation.

This is exactly the approach taken by Devereuex (1988) and
Vilmunen (1989) in analyzing the optimal mix of wage indexation and
foreign exchange intervention in an open economy subject to endogenous
terms of trade changes. The main contributions of this approach to
indexed wages is that the extension to an open economy of the
Gray—Fischer framework for deriving policy mix optima can be readily
applied under the hypothesis that wages are indexed according to the
formula (2.35). Thus, the interaction between wage indexation and
foreign exchange intervention need not be analyzed separately in cases
where only a subset of the exogenous disturbances is present in the
economy, a notable feature in e.g. Turnovsky’s (ibid.) approach.

Furthermore, and at more substantial level, there is a direct
correspondence between the present approach and the one followed in the
previous section, where PPP was assumed to hold; there the problem was
that of choosing a policy mix such that changes in actual real wages
[W/P] were as informative as possible about changes in equilibrium real
wages [W/P]*. According (2.35) actual real wages are [W/Q] and
equilibrium real wages [W/Q]*. The point is, of course, that the relevant
real wage for the labour market as a whole is defined by [W/Q].%

We shall not go into the details of the result on the relationship
between wage indexation and foreign exchange intervention in an open
economy consisting of the macromodel in section 2.2 restructured so as
to incorporate equations (2.28) and (2.35). For these details we refer to
Devereux (ibid.) and Vilmunen (ibid.).?” There is, however, one feature

2 To gain some intuitive understanding of the price index Q, direct calculation
reveals that it is equal to the consumer price index corrected for (equilibrium) terms of
trade, i.e. Q = CT", where w = B(1-a)/(8+€).

% Which, of course, reduces to [W/P] if PPP holds.

% For results from more conventional wage indexation models, see e.g. Marston
(ibid.), Turnovsky (ibid.) and Haaparanta (ibid.).
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of the optimal policy mix of indexation and foreign exchange
intervention that deserves special attention. This is that there emerges a
nice separation between the optimal degree of wage indexation and
foreign exchange intervention in that the latter is independent of the
distributional information associated with domestic supply or productivity
disturbances,” while the former is affected by the whole variance-
covariance structure of the disturbances.”

The intuitive reason for this independence is the wage indexation
scheme and the fact that only domestic productivity shocks are
hypothesized to induce unexpected shifts in equilibrium real wages
[W/Q]*. Due to the signal extraction problem, the price index Q provides
only imperfect information on the underlying sources of exogenous
disturbances, so that the single instrument of wage indexation cannot
perfectly adjust actual real wages (and employment and output) to its
market-clearing level. Optimal foreign exchange intervention attempts to
reduce the influence of demand disturbances on the price index Q,
thereby making the price index more informative about the underlying
domestic productivity shock. Thus the efficiency of the optimal
indexation rule in achieving market-clearing is improved (see, also,
Devereuex, ibid., p. 389).

Otherwise, the optimal degree of wage indexation behaves much as
in the previous section in that it represents a trade-off between optimal
policy for all demand disturbances (full real wage rigidity) and optimal
policy for domestic supply disturbances (partial wage indexation). For a
given degree of exchange intervention, the actual degree of wage
indexation depends upon the size of the variance of the domestic supply
shock relative to a weighted average of the variances of the demand
disturbances. Finally, for the case of only two sources of exogenous
variability, a demand disturbance coupled with the presence of domestic
supply shocks, the optimal policy mix eliminates the efficiency loss
completely, a result familiar from the analysis of e.g. Aizenman &
Frenkel (1985b), where the potential for the elimination of the efficiency
loss depends on the relationship between the number of independent
indicators policy makers have and the number of independent sources of
exogenous disturbances.*?

% The optimal degree of intervention can imply either a "leaning with the wind" or
"leaning against the wind" exchange rate policy.

3 Later in section 2.4 we shall see that this same separation emerges from our two
sector economy model. :

32 For specific results on the optimal mix in the case of two shocks, see e.g.
Devereux (ibid., p. 391, table 1).
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2.5 Wage rigidity, foreign exchange intervention
and the degree of openness

In this section we shall further extend the contracting approach to an
open economy. This time the focus of the analysis is different. The open
economy framework applied so far has been a highly aggregative, one
commodity model that has served the purpose of highlighting how the
stochastic behaviour of certain key macroeconomic variables is affected
once short-run wage rigidity is introduced into the model. Thus the only
relative price subject to changes is the real wage, and any possible role
assumed by other relative prices in the adjustment of the aggregate
economy is abstracted away by postulating a one commodity model.

But certainly other relative prices also adjust after shocks to the
economy have occurred. Changes in relative prices imply reallocation of
resources in the economy, and to analyze the behaviour of the aggregate
economy, from the point of view of stability or otherwise, there is a clear
need to take into account these allocational effects of relative price
changes.”

We shall take a step towards reconsideration of the implications of
wage indexation (and intervention) by postulating a two-sector economy,
where the open sector is fully competitive and internationally integrated
and the closed sector’s price adjusts to eliminate any excess demand for
its product. From the point of view of macroeconomic stability, this
framework opens up a new vista by making it possible to consider the
effects of changes in the relative price of the closed sector on mac-
roeconomic stability. Changes in the relative price are closely related to
the degree of openness of the econoomy, as measured by certain
substitutability parameters in production and consumption and/or the size
of the open sector. This means that by analyzing the effects of changes
in relative price on macroeconomic stability we are in effect analyzing
how the degree of openness affects macroeconomic stability. More
precisely, we shall analyze how the degree of openness of the economy
affects the relationship between the degree of wage indexation and
foreign exchange intervention.

This section extends Aizenman’s (1986) framework for the degree
of wage indexation and openness of the economy. Aizenman builds his
model on the assumption that the economy under consideration is
constrained in its choice of exchange rate regime to flexible exchange
rates. Vilmunen (1989) relaxes this constraint by allowing the exchange

3 To be more specific, changes in price variables other than real wages.
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rate to be determined by an intervention rule, whereby changes in the
money stock are tied to changes in the exchange rate, a rule applied in
earlier sections (see 2.2—2.3). Some of the key results obtained by
Aizenman, especially those related to the efficiency considerations under
flexible exchange rates, need to be reconsidered in the light of this more
general setting., Furthermore, a nice separation of the policy instruments
emerges from this model in that the degree of foreign exchange market
intervention depends only on the stochastic structure of foreign variables,
while the degree of indexation focuses mainly on domestic variables,
especially on domestic productivity shocks.

2.5.1 A two-sector economy with wage indexation
and foreign exchange intervention

Consider a two-sector economy producing traded and non-traded goods
under perfect capital mobility, and assume that it can freely choose its
exchange rate regime. Consumers are assumed to have identical
homothetic preferences, generatlng a price index given by*

P, = [P J°[P,* (a+B=1), (2.36)

where P, and P,; are money prices of non-traded and traded goods at
time t, and o and B denote the share of non-traded and traded goods,
respectively. Real aggregate output is given by

- Yl tPl t Y2 tPZt (2 37)
t P H !

t

where Y, and Y, represent the output of non-traded and traded goods,
respectively. The demand for non-traded goods is given by

| i ‘

D, = [52] Y,exp[C-0G, -], (238)
1,t

where T denotes (compensated) demand elasticity, i is the money interest

rate, and 7 is the expected inflation:

3* This price index is the "price dual" corresponding to Cobb—Douglas preferences,
where the parameters o and B correspond to budget shares of the two sectors’ products,
respectively.
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_ BP. P, (2.39)
T )

t

TT

where E, is the conditional expectation operator corresponding to the use
of information available at time t, which is assumed to include the
structure of the model and the values of all variables dated t and
earlier®. Thus, expectations in equation (2.39), as elsewhere in the
following, are assumed to be rational. A higher real interest rate is
assumed to discourage current consumption, and ¢ in equation (2.38) is
the interest rate semi-elasticity of demand for non-traded goods.
The demand for money balances takes the following form

M{ = PYexp[-ki,+u], k =0, (2.40)

while the supply of money is based on the now familiar intervention rule

M} = Mo[_s_t_]%, (2.41)
0

where M, and S, denote the target (steady state) values of the money
stock and exchange rates, respectively, and 6 measures the degree of
foreign exchange intervention (or the elasticity of money supply changes
with respect to exchange rate changes). Money markets are assumed to
clear continuously, so the two money market equations above are
supplemented with the money market equilibrium condition

M{ = M;. (2.42)
The law of one price (PPP) is assumed to hold for traded goods:

P, =SP;, (2.43)

2.t

35 Note that the informational assumptions imply inter alia that employment decisions
are based, as earlier, on the actual values of the productivity shock, and not on its
observed values. The latter leads to a signal extraction inference problem, whereby the
producers infer the values of the productivity shock from observed information. A
modification of the model along these lines does not lead to any substantial changes in
the model’s implications. It only introduces in an additional parameter describing the
precision of information in observed variables regarding the underlying productivity shock,
so we will continue to assume that the productivity shock is observed by the producers
before making employment decisions.
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where S, is the exchange rate at time t (domestic money price of one unit
of foreign currency) and P*,; denotes the price of traded goods in
internationally fully integrated commodity markets. Capital is perfectly
mobile, and in the absence of risk aversion, an (approximate) arbitrage
condition links the domestic and foreign interest rates:

-} = e S (2:44)
St

To model short-run wage rigidity, we refer to the contracting approach

outlined in section 2.1. We shall not repeat the whole approach here, but

merely write down the relevant equations. The supply of labour is given
by

'
Ni = AT (2.45)

t

where W, is the money wage at time t and € denotes the labour supply

elasticity. Labour is the only mobile factor and sectoral outputs are given
by

Yl,t = AI[Nl,t eeXp(/‘t)
Y,, = AN, [°exp(w),

(2.46)

where N, denotes labour employed in sector i (i=1,2). Note that i) output
labour elasticities are assumed to be equal in both sectors and ii) there
are no sector-specific productivity shocks, i.e. the same productivity
shock impinges on both sectors.

The assumptions amount to saying that, apart from scale factors A,,
the sectors share a common short-run production technology. As
Aizenman argues (ibid., p. 541 fn. 1), relaxing the former assumption has
no systematic effects on the results, but it simplifies that the
computations involved. The common shock assumption implies the
sectoral production possibility sets are not affected by idiosyncratic (i.e.
sector-specific) shocks so that changes in the relative price of non-traded
goods do not reflect changes in production possibilities. It further implies
that the analysis focuses only on aggregate productivity shocks, not on
sector-specific shocks. That there is only one aggregate productivity
shock and that the output labour elasticities are equal may be highly
counterfactual assumptions, but if, for example, sector-specific
productivity shocks are introduced into the model, the simple indexation
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scheme, whereby nominal wages are' indexed to the aggregate price level,
may not be fully justified.

Producers are maximizing profits, so that the demand for labour
functions are given by

P
N, = (AP Pexp(iy)
‘ (2.47)

P
N,, = [Az]h[—%]heXP(hﬂt),

where h = 1/(1-8). Actual wages are indexed to the aggregate price level
according to the indexation scheme

P
W, = Wi, - (248)
where b denotes the degree of indexation, W¢ the contract wage for
period t and P° is the aggregate price level in non-stochastic equilibrium.
To close the model, we have to specify the stochastic structure of the
various disturbances. For foreign prices, we assume P, = = exp(p,,), and
for the vector process X, = (4,U,P;l;)  We assume

X, ~ NID(0,%)
z = diag[cz,cﬁ, Gf,oz].

As in the earlier sections, in order to analyze the effects of the various.
shocks we shall normalize the model by defining the non-stochastic
equilibrium of the economy as the equilibrium in the economy where the
values of all the random variables are zero, i.e. X, = 0. We assume that
in this equilibrium prices are given by: Py, =Py, =S, =1. Furthermore, let
lowercase letters denote the percentage deviation of a variable from its
non-stochastic equilibrium value, i.e. X, = (XXX, for a variable X.
Given the stationarity of the model’s stochastic structure, we delete the
time subscript from the variables, i.e. (XyXy) IS replaced by (X,X,y). The
above model is cast in a deviation form by log-linearizing it around
its non-stochastic equilibrium. This is equivalent to the use of a first-
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order approximation of a Taylor expansion around the non-stochastic
equilirium.*

Substituting from equations (2.47) into equations (2.46), we can
represent the percentage deviation of sectoral outputs in the form

= h*(p, -w) +h
Y (py~W) +hu (2.46)

¥, = h'(p,~w) +hus,

where h* = ®h. Aggregating and substituting in the equation for changes |

in actual wages, w = bp, p = ap; + Bp,, we obtain an equation for the
Phillips curve relating changes in aggregate output to changes in the price
level:

y = h*(1-b)p+hu. (249)

In equation (2.49) h*(1-b) corresponds to the Phillips-curve slope, which
depends critically on the degree of wage indexation b. Full wage
indexation completely eliminates the dependence of output changes on
(unexpected) price level changes, while a lower degree of wage
indexation enhances the output effects of (unexpected) price level
changes.

Since markets for non-traded goods clear continuously, equilibrium
in this sector implies that

y, = WP, ~py) +y ~9¢({A+P)- (2.50)

Equilibrium in the money market is given by’

m-p =y-ki+u; 1=1i"-s. (2.51)

Note that the real interest rate is i + p, since an unexpected price level
increase induces andexpectation that the price level will fall next period
by p (see, also, Aizenman, ibid., p. 543). Equations (2.46"), (2.49) and

3 This approximation is useful, if the variances of the disturbances are sufficiently
small. Furthermore, for the aggregate output equation, first order Taylor approximations
with respect to the sectoral outputs only are employed.

3 In equations (2.50) and (2.51) we have implicitly used the fact that rational

expectations are static here, i.e. Ep, = 0 = Esy, for k > 0. The argument in favour of
these choices is given in section (2.2.1) and is not repeated here.
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(2.50) provide the short-term equilibrium condition, which implies that
changes in the relative price of non-traded goods have to satisfy

(" +p2)
p.-D, = - % Lok (2.52)

where @ = ¢ + (v + Bh¥)/a. A rise in the foreign interest rate, or a
transitory increase in the foreign price, leads to a higher real interest rate,
which reduces the current demand for both goods. Since the market for
non-traded goods clears continuously, the relative price of non-traded
goods should fall. Greater substitutability of the two goods in
consumption (t) or production (h*) reduces the needed adjustment in
relative prices. Notice that changes in the relative price of non-traded
goods are independent of the productivity shocks impinging on the
economy, as argued earlier. This is due to assumption that there are no
sector-specific productivity shocks affecting each sector’s production
possibilities. Thus, changes in the relative price of non-traded goods
reflect only shocks affecting the demand for each sector’s goods.

Continuous equilibrium in the money market implies that equilibrium
changes in exchange rates satisfy

= D1{-[1+h*(1- R,
s = D7{-[1+0"(1-b)][1 - =Ip,

+[k +(%>(1 +h(L-bYJi" - (u + 1},

(2.53)

where D = [1+k+d+h*(1-b)].

The equation for equilibrium changes in exchange rates has the familiar
form, but now the reduced form equation is heavily influenced by the
parameter related to the sectoral structure of the economy, i.e. by the
parameters determining the degree of openness of the economy.
Openness can be measured either by the share of traded goods B, or by
the substitutability in consumption (t) and production (h*).®

3 Note that dlog[Y,/Y,]/dlog[P,/P,] = h*.
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2.5.2 Optimal degree of wage indexation and foreign
exchange intervention and openness

To derive some welfare implications of wage indexation and intervention,
we shall employ the welfare criterion suggested by Gray (1976). To this
end, we have to solve for the fully flexible or full information
equilibrium of the economy. First of all, the loss function employed is

H = E{(y-y")":L.4}
= AE{(n-nH%1_} n = on, +Bn, (2.54)

= BE{[(W-p) -(W-P)T": ],

where I,; denotes the information available to the agents at the end of
period t-1 (i.e. at the time contracts are written), A and B are constants
not depending on b and 8, and where the superscript "f" indicates the full
information equilibrium value of a variable. From the full information
labour market equilibrium, equations (2.45) and (2.47), we obtain

(w-p) = [ h ]u (2.55)
h+e
y' = [hs}hpc. (2.56)
h+eg

Since actual real wages are given by -(1-b)p, the loss function to be
minimized reduces to

h

H = E{[(1-b)p+[-—

L} (2.54%)

To obtain a reduced form equation for the changes in the domestic price
level we compute

p = ap, +8p,

I

Ik + —-__q_)_ “+[k-Tk + _(B i* 2.57
D {[k +8][1L - p; + [k~ [k +)( )i (2.57)

~(u i)}
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From equation (2.57) we see that the ultimate effects various shocks have
on the changes in the domestic price level depend heavily on the degree
of indexation, the exchange rate regime and on the sectoral structure of
the economy or openness of the economy. Only under flexible exchange
rates do foreign prices and interest rates exert an equal effect on the
domestic price level. The rationale for this is that, under flexible
exchange rates and static expectations, exchange rates adjust so that
foreign price and interest rate shocks have an equal effect on domestic
interest rates. On the other hand, given the choice of (b,3), shocks to
foreign prices and interest rates exert smaller effects on the price level
due to adjustment in relative prices, but unless exchange rates are
flexible, exchange rates provide an additional channel for foreign interest
rate shocks to affect domestic price level variability. This effect is
magnified in a more closed economy. This feature is present in the
structure of the model, since it envisages an economy fully open as
regards its money and capital markets, but whose openness as regards
commodity markets varies (as measured by ®). Thus, in a relatively
more closed economy, foreign disturbances reflect mainly capital market
disturbances. Finally, as previously observed, a higher degree of wage
indexation, ceteris paribus, increases price level variability.

Substituting in the equation for changes in the domestic price level,
the loss function takes the form

h

H = BE{[PQ+[— 1.}, (2.54")
where
)

[1+k+d+h"(1-b)]

[1- “’][6+k]p;+[k-(k+6><%>]i*—(u+nu>.

Q —_
d

As before, -I'D represents changes in actual real wages, while h//h+e)u
denotes changes in equilibrium real wages. The second moment of the
difference between these two, arising from imperfect information, is
proportional to the variance of the deviation (y-y"). The problem is to
choose those values of b and &, the optimal policy (b*,0%), that
minimizes H. Fix the value of & for the moment. Since the loss function
is the mean squared error resulting from regressing equilibrium real
wages on actual real wages, the optimal degree of wage indexation b,
given 9, can be found from the regression coefficient I'*:
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—cov[Q, by ]

I - h+eg
var(€2) (2.58)
h? |2
_|h+e[”
= >
where

2 2 2
g, o] o]
K - o1+ +(2) + [ +0)(1 - D) +1(-0L) +ig1 - 2Dy,
G/‘. ® Gl‘ @ @ G#
Using the definition of T, we finally obtain an expression for the optimal
degree of wage indexation

b* =1 L1K*0 (2.58")
K'+1+e _
where K' = [ZZ2]((=) -1+ )
()
u

As can be seen from this equation, in addition to its dependence on the
stochastic structure of the economy and on the exchange rate regime, b*
also depends on the openness of the economy, as fully reflected in the
parameter K*.*’ Certain special cases are of interest here.

First, setting 8=0, i.e. under flexible exchange rates, the parameter K’
reduces to

2 2 2
o, 0, +0
K = (A2 - 2p 2y,
b O ® Oy

* A direct inspection of equations (2.58) and (2.58’) reveals that the openness of the
economy is fully captured in the parameter K’ as far as the share of the traded goods
sector (B) and substitution in consumption (t) are concerned. Since, however, h* = 6h,
substitution in production affects the various policy instruments and their comparative
statics properties independently of K’. As we move on in our analysis, this qualification
should be borne in mind. Thus if, for example, we postulate that ® — oo, this limit
process is strictly speaking feasible only for T — c and/or o. = 1-g — 0.
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so that the corresponding optimal degree of wage indexation reduces to
the one obtained by Aizenman (ibid., p. 545, eq. (24)). On the other hand

b —> 1- 1+k+d
K’+1+¢
2 2 2
e} O (6]
O LA TR RN R
T A

when @ —> oo, which is equivalent to the optimal degree of wage
indexation obtained previously using the one-commodity open economy
framework (see section 2.3.4, eq. (2.54) as well as Aizenman & Frenkel,
1985a, b). To interpret this, we note that the condition @ — oo describes
a "limit economy" which is completely open, i.e. it depicts a small open
economy producing one homogenous product and facing fully intergrated
international commodity and money markets.*

Furthermore, setting (v,8,0) = (0,0,0), which describes a closed
economy, implies that b* is given by

b =1- 1+k ,
h+g,, Cu

Sl 1
U

which is exactly the same as the equation derived earlier (see eq. (2.54°).

Note further that the effects on the optimal degree of indexation (and,
of course, on the optimal degree of intervention, as we will shortly see)
of openness is critically dependent on the interest rate semi-elasticity of
the demand for non-traded goods (¢). To be more precise, if ¢ = 0, b*
is independent of our openness measure @. In this case demand for non-
traded goods is independent of the real interest rate i + p. But this
implies that the equilibrium condition for the non-traded goods sector is
independent of the real interest rate, so that no changes in the equilibrium
relative price of non-traded goods is generated as a result of shocks to
real interest rates (cf. equation (2.52)). If, on the other hand, ¢ — o -
shocks to real interest rates are completely accommodated by equilibrium

“ As explained above ® parameterizes the openness of the economy, so that higher
values of ® mean that the economy is more open. This intuitive picture can be more
formally checked by inspecting the constituents of ®; higher values of ® come from
greater substitutability (t) between traded and non-traded goods or a greater share of the
traded goods sector (B). ‘
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changes in the relative price of non-traded goods. Thus shocks to
domestic real interest rates have no aggregate affects (cf. eq. (2.57))."

Differentiating the loss function H with respect to 3, we obtain the
necessary condition for the minimum implicitly defining the optimal
degree of foreign exchange intervention 9*:

oH oT h
+2B{[TQ + . 2.59
9T 90 il (h+s)’] “1} (259)

Since this expression is evaluated at the optimal b, the first term on
the left-hand side of equation (2.59) disappears. Finally, solving the
remaining equation for §, we obtain

R
(2.59)
F = {[1-270}+(2ycl).

From (2.59°) we can immediately see that the use of the simple
intervention rule for determining exchange rates produces at the optimum
a rather surprising result: the optimal degree of foreign exchange
intervention, 0*, is independent of the stochastic structure of the
productivity and money market disturbances, i.e. domestic disturbances.
There is thus a certain degree of specialization between indexation and
intervention in that intervention policy focuses only on foreign
disturbances while indexation also takes into account disturbances in
domestic productivity and money markets. Note, however, that the
optimal degree of intervention depends heavily on the sectoral structure
of the economy, since

o* — -k,

as ® — oo, ie. in a fully open economy the optimal degree of
intervention is completely independent of the stochastic structure of the

“ Note that even for the case ¢ = o« shocks to the foréign interest rate impinge on
the aggregate domestic economy through exchange rates, unless the country happens to
choose flexible exchange rates (8=0), as can be readily verified from equation (2.57).

“2 That is, an argument based on envelope theorem dictates that the first term
disappears.
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economy. This is the result we also derived earlier. We also argued that
strict adherence to the PPP rule coupled with the simple money supply
rule used by the monetary authority produces this result.

That optimal intervention is independent of domestic shocks is a
consequence of the particular choice of the form of the policy instrument
in use. Indexation attempts to adjust the real wage w - p (and, according-
ly, employment and output) to its market-clearing value. Because price
level variability reflects both demand and supply shocks, in general the
single instrument of wage indexation cannot accomplish the needed
adjustment, i.e. the price level is not a sufficient statistic for all of the
underlying disturbances. The indexation scheme carries out a trade-off
between the costs of allowing the demand disturbances to affect output
(or the real wage) suboptimally and the benefits of optimally adjusting
output to supply shocks. The optimal intervention rule actively reduces
the influence of foreign shocks on the price level, thereby improving the
efficiency of the wage indexation rule in achieving the market-clearing
real wage, i.e. intervention increases, at the aggregate level, the economic
relevance of supply shocks embodied in the domestic "signal" (u+hy).

Note, however, that the optimal policy mix (b*,0*) is designed to
improve the adjustment of the aggregate economy, but the relative price
adjustment, due to its allocational effects, also reduces the aggregate
effects of the foreign shocks. Since relative price adjustment is stronger
in a more closed economy, the aggregate relevance of changes in relative
prices is directly related to the openness of the economy.

Note further that the optimal intervention rule implies that the
corresponding exchange rate policy can be either "leaning with the wind"
or "leaning against the wind", but that in a relatively more open
economy, optimal exchange rate policy is likely to be one of "leaning
with the wind". The rationale for this is that the need to adjust exchange
rates to maintain PPP increases with the openness of the economy.

A feature worth noticing in the optimal mix (b*, 8*) is that in cases
where there is only one foreign shock in addition to one domestic shock,
the real wage implied by the corresponding optimal mix is the
equilibrium real wage. This result serves to supplement Tinbergen’s
theorem concerning the relationship between targets and instruments of
economic policy. The target here is the elimination of a distortion due to
wage rigidity, and the instruments consist of wage indexation and foreign

“ Note that for interest inelastic demand for non-traded goods, i.e. ¢ = 0, produces
this particular intervention rule, while infinite (semi-)elasticity (¢ = o) produces flexible
exchange rates. This latter result follows from the fact that flexible exchange rates fully
insulates, the domestic aggregate real economy from shocks to foreign interest rates, if the -
relative price of non-traded goods fully accommodates shocks to domestic real interest
rates.
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exchange intervention. The wage indexation scheme and intervention rule
are able to eliminate the distortion only if they provide enough
information about the determination of the equilibrium real wage. In our
economy the equilibrium real wage depends only on the productivity
shock. In cases where only one foreign and one domestic productivity
shock impinge on the economy, optimal intervention is capable of
eliminating its influence on the domestic price level, which accordingly
signals only domestic productivity shocks. Since the optimal degree of
wage indexation in this case optimally captures the effects of domestic
productivity shocks on actual wages, this results in actual real wages
being equilibrium real wages. To put it briefly, in these two shock cases
(w,s) is a sufficient statistic for the underlying shocks. In cases where
there are more shocks, more instruments or "independent indicators"
(Aizenman & Frenkel, 1985b, p. 412) are needed.

Note further that the optimal degree of wage indexation need not
behave properly with respect to openness, if, in addtion to domestic
productivity and/or money market shocks, there are only foreign interest
rate shocks, since the (intuitively acceptable) restriction Osb*<1 is likely
to be violated even in a relatively closed economy for reasonable
parameter values. The reason for this is, as Devereuex (1988, p. 387, fn.
5, but see also Turnovsky, 1983) observes, that the market-clearing
nominal wage and the price level can be negatively correlated for some
parameter values. This problem is accentuated in an open economy, since
the optimal choice for the exchange rate regime is completely fixed rates,
implying an unbounded (negative) degree of wage indexation. But this
case is somehow degenerate, since if only foreign interest shocks (in
addition to domestic shocks) impinge on the domestic economy, and the
monetary authority reacts by fixing the exchange rates, then the price
level becomes a constant in an open economy, and provides no valuable
information as regards the underlying shocks.

Aizenman derived some comparative statics results concerning the
relationship between openness and the optimal degree of wage
indexation, and it is of interest to ask whether these results are still valid
under this more general specification. More precisely, Aizenman
concluded (ibid. p. 545) that the optimal degree of wage indexation under
flexible exchange rates increases with openness, i.e. (db*/d®) > 0. This
implies that we are likely to expect more rigid real wages in a more open
economy, a result which follows from the fact that (sectoral) adjustment
due to relative price changes is weaker in a more open economy. This
implies that for more open economies more of the after-shock adjustment
takes place at the aggregate level, enhancing real wage rigidity due to
absence of the cushioning (Aizenman, ibid. p. 546) of the foreign shocks
provided by relative price changes.
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Aizenman’s result needs some qualifications, once the domestic
economy is not constrained in its choice of flexible exchange rates. From
equation (2.58”) we obtain that

L)
00 3

90, 9b” 2.60
]q,[aq)] [aCD]"" (2.60)

The last term on the right-hand side of equation (2.60) gives the effect
of openness on the optimal degree of wage indexation keeping d fixed.
From (2.58”) we can see that, given 3, our measure of openness affects
the optimal degree of wage indexation only through K’, so that

o o {2o%o§k2(—§§><1—{g><gg>}
'56'6%‘ = ‘é‘alaw = 3 > 0.
[°F?]

so that we will face more rigid real wages in more open economies given
that exchange rate policy follows optimal intervention rule d*.

The first term on the right-hand side of the above equation is
composed of two terms, the first of which gives the effect on the optimal
degree of wage indexation of changes in the degree of foreign exchange
intervention given the degree of openness ®. The second term measures
the effect on b* of adjusting the degree of intervention & to openness.
Once again from equation (2.58”) we deduce that

ab”

)l

sign[(

2

. ¢ ¢\, Oz
—sign{[k -(k +5)(5)] [k+(2+k+ 6)(6)](—7)

Oy
C[k+8][1 - L P2+ k8] (hy () +1 4e}.
T 7

If evaluated at & = §*, we have

2
ob* H Oy
S lovw = I - Dolo +H ) + 14} <

oK f
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where H = (h+€)/h% So, given @ a marginal reduction in exchange rate
variability around the optimum, 8* will increase real wage rigidity.
Finally, if the monetary authority follows the optimal policy rule &%, the
effects on the degree of intervention of openness is given by

<> 0.

S, (-1 -(2ye}
oD F?

Thus, the (optimal) degree of intervention can either increase or decrease
with openness. For the above expression to be negative, we need either
a sufficiently open economy (high ®) or sufficiently flat distribution of
foreign price shocks (high o7). If these sufficient conditions are met,
then under the optimal exchange rate policy 8*, the optimal degree of
wage indexation will increase with increases in the openness of our
economy. Figure 2.3 illustrates the possibilities involved; we have plotted
the optimal degree of wage indexation against openness, b*[8*(®),®D]
say, given that exchange rates are optimally adjusting for openness.

Figure 2.3 Optimal dégree of wage indexation and openness

opt. index.
0.517

large variance

small variance

openness

Although overall the effects of openness on the optimal degree of wage
indexation under optimal intervention are ambiguous, it seems worthwhile
to try to seek some understanding of the positive relationship between
openness and optimal indexation noted above. For more closed
economies changes in the equilibrium relative price of non-traded goods
cushions the effects of shocks to foreign interest rates and prices on the
pricelevel more powerfully. Intervention policy is dominated by the
attempt to neutralize the effects of foreign interest rate shocks on the
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domestic price level, since the money market effects of interest rate
shocks on the aggregate economy for a given b are reinforced in a more
closed economy. This calls for an intervention policy to reduce exchange
rate variability, i.e. an exchange rate policy of "leaning against the wind".
Finally, flexibility of real wages should be increased because of
productivity shocks, i.e. the optimal degree of wage indexation should
fall in a more closed economy.

Substituting the optimal degree of wage indexation and intervention,
equations (2.58”) and (2.59%), respectively, into the loss function (2.54"M,
we obtain an expression for the efficiency loss, once the degreg of
indexation and intervention are optimally adjusted for openness and the
stochastic structure of the economy.

I (N PR SRR (R 2.61
H B[h+e]0"{1 A(CD)} [h+a]0’“ (26

where A(®) is an increasing function of @, and A(®) = 1 for all values
of ®. This implies that by differentiating the loss function with respect
to @, we have

9H o, (2.62)

o®

i.e. efficiency losses due to suboptimal labour markets increase with
openness, when indexation and intervention follow the optimal policy
mix (b*,0%). Aizenman (ibid., p. 546) derives the same result, under the
assumption that the economy is constrained to flexible exchange rates.
The idea Aizenman wants to highlight in his analysis is the stabilizing
effect of relative price changes vis-a-vis the aggregate economy, and
(2.62) does seem to suggest that the welfare effects of the use of the
single instrument of wage indexation do not depend critically on the
exchange rate regime. This is not to say that flexible exchange rates are,
under all possible contingencies, the optimal exchange rate regime for a
country to choose.

On the contrary, flexible exchange rates are the optimal choice only
under special circumstances (cf. (2.59”)). The above result merely
suggests that, in terms of aggregate efficiency, the use of the simple
intervention rule determining money supply is not a substitute for relative
price changes, i.e. sectoral adjustment brought about by changes in
relative prices has a strong stabilizing effect on the aggregate economy.
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2.5.3 Optimality of a single instrument

As above, it is instructive to analyze the behaviour of the aggregate
economy when only one of the two instruments can be adjusted
optimally, given that the other instrument is fixed, for example through
an administrative process. Labour market participants certainly take into
account the prevailing exchange rate regime while contracting. On the
other hand, certain countries (see e.g. Simonsen’s description of the
Brazilian experience, 1983) have adopted a specified, publicly available
wage indexation rule, which should be considered as a constraint on
monetary policy.* In this section we shall investigate separately the
aggregate effects of the optimal use of one of the instruments; taking the
other as exogenously given.

2.53.1 Optimal wage indexation under a given exchange rate regime

To fix ideas, we shall first take the degree of foreign exchange
intervention as given, e.g. through an administrative process. This implies
that exchange rates are not optimally adjusted for openness and stochastic
shocks, so that the burden of adjustment falls entirely on wage indexati-
on. Of particular interest is the rigidity of real wages as a function of
openness, once the constraint on exchange rate variability is taken into
account. This question is addressed by analyzing the optimal degree of
wage indexation, equation (2.58), for a given d. Equation (2.58’) is
reproduced here for completeness

by = 1-_LTK*O (2.58")

K'+1+¢

The sectoral structure of the economy is completely embedded in K’,
which is given by

h+g
h2

]{—-+[<k+6><1 ‘*’)12 k- (k+6>—12—}

Oy Gﬂ 0#

K =]

* It is not argued that monetary policy is designed to improve aggregate adjustment
due to suboptimal labour markets or that the policy rule is the one considered here. We
are merely saying that the labour market practice is a constraint on monetary policy, so
that when evaluating the ultimate effects of monetary policy, the repercussions or feedback
effects from labour markets should be duly accounted for.
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By differentiating K’ with respect to @ we find that

aK, - Cq) 2 q) 2

o = a0y - ot - Lol ek tyei).

In principle, any conceivable value can be given to 9, but if we restrict
ourselves to the range 8 = —k, we deduce that the sign of this derivative
hinges upon the inequalities

o) o) of

k k+8)[()-(1-2)—
o) ¢ of

b) k K+ (Y -(1 - 22 ).

Given the restriction d=-k, we can immediately see from these inequali-
ties that the relationship between openness and indexation hinges upon
the characteristics of the unconstrained intervention rule §*¢ If 6* < 0, i.e.
the optimal exchange rate policy for our economy is one of "leaning with
the wind", real wage rigidity increases with increases in openness. For
real wage rigidity to fall with increases in openness, it is not, according
to inequality b), sufficient for the optimal exchange rate policy to "lean
against the wind" (8* > (). The reduction in exchange rate variability
brought about by the optimal intervention rule has to be sufficiently large
in order to induce a fall in the degree of wage indexation. It is hard to
formalize further the conditions needed to make this statement more
precise, but note that the likelihood of a negative relationship between
optimal indexation and openness decreases as our economy becomes
more open.”

Notice that if the actual degree of intervention happens to coincide
with the (unconstrained) optimal degree of intervention &%, then, as we

% Inequalities a) and b) jointly define a "critical" value of ®, ®* say, as a result of
which the dependence of wage indexation on openness changes its sign. This value is
given by

_ 0k +8)(or+0p)

k(0y +05) +00]

Thus (0b*/0®) <> 0 as & <> ®*. Note that under flexible exchange rates (6 = 0) O*
equals ¢, from which Aizenman’s comparative statics result immediately follows, since
D= ¢.
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showed in the preceding section, (db*y/d®) > 0. Notice further that by
setting =0, i.e. flexible exchange rates, then

dby _ Co, , G2, 2
ﬁ)‘lt‘wo = -qu-k [1_5][01+02] > 0.

Thus, under flexible exchange rates real wage rigidity unambiguously
increases with increases in openness (cf. Aizenman, ibid.). The rationale
for this is that under flexible exchange rates the effects of shocks to
foreign prices and interest rates on the domestic interest rates are equal.
The optimal degree of wage indexation under flexible exchange rates
reduces to

1+k
b*(flex) = 1 - ————, 2.58
(flex) K'+1+¢ ( )
where
2 2 2
’ h+g, Oy Oy +O.
K =[R2 - yp 2y,
h O ® O

Thus only the sum of the variances of the foreign shocks relative to
domestic productivity shocks matter, not the individual variances. The
corresponding efficiency loss under flexible exchange rates is given by

“J

h 2 1
H[flex] = [—]%0;[1 ~—————], 2.63
[fex] = [T} -——] (2:63)
where
K= 5
h+¢

On the other hand from equation (2.58”) we can see that under fixed
exchange rates (8=), the optimal degree of wage indexation is one, i.e.

b*(fix) = 1. (2.58%)

The corresponding loss is now
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H[fix] = [hllg]zg;, | (2.64)

From (2.63) and (2.64) we deduce that

[ h 262
Tl # 2.65
H[flex] -H[fix] = Ih;e <0 (2:63)
+

Thus, given the degree of openness of the economy, efficiency losses are
always higher under a fixed exchange rate regime than under flexible
exchange rates, confirming the overall conclusions of Flood & Marion
(1982) concerning the welfare properties of various exchange rate
regimes. Note that under flexible exchange rates and partial indexation
nominal shocks affect the real equilibrium of the economy, while under
fixed exchange rates and full indexation they do not. However, full
indexation is a hindrance to real wage adjustment due to productivity
shocks. The complete rigidity of real wages under fixed exchange rates
induces costs that outweigh the costs due to nominal shocks under
flexible exchange rates and partial wage indexation.

One further interesting point about equation (2.65) is that losses
under fixed exchange rates relative to flexible rates decrease as the
economy becomes more open. To gain some understanding of this, we
note that in the above calculations the degree of wage indexation is
optimally adjusting for openness. From the preceeeding discussion we
know that the degree of wage indexation also increases with increases in
openness under flexible exchange rates. Accordingly, it is the rigidity of
the real wages in more open economies, rather than a particular exchange
rate regime, which explains why the difference in welfare losses under
flexible and fixed exchange rate regimes shrinks with increases in
openness. o

Tables 2.4.1a—1b simulate the dependence of the optimal degree of
wage indexation on the degree of intervention and openness, assuming
particular values for the parameters in the model.*

46 The parameter structure corresponding to figure 2.2 is given by (8,¢,k) = (0.8,1,0.5)
with unit variances for the shocks except for foreign interest rates, which is larger.
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Table 2.4.1a

Table 2.4.1b

Optimal degree of wage indexation under fixed
and flexible exchange rates as the degree of
openness @ varies

Values of b*(flex) H(flex) Db*(fix) H(fix) b*(0*)
0]

d 02086  0.0512 1 0.62 0.2986
1.0 03608  0.0773 1 0.62 0.5559
5.0 03712  0.0819 1 0.62 0.5813

10.0 03725  0.0825 1 0.62 0.5839
o 03741  0.0832 1 0.62 0.5865

b*(d*) refers to the optimal degree of wage indexation, given the
optimal degree of intervention 3*.

Optimal degree of wage indexation for an
open and "closed" economy as the degree of
intervention varies

Values of b*;. b*se H(b*;0) H,(b*s;0)
-6 0.5865 0.5865 0.0676 0.0676
-1 0.3435 0.4032 0.0517 0.0785
0 0.2986 0.3741 0.0512 0.0832
1.0 0.0233 0.2338 0.0946 0.1617
10.0 0.7127 0.7435 0.5586 0.5648
00 1.0000 1.0000 0.6200 0.6200

The subscripts ¢ and o refer to relatively closed and open
economies. The optimal degree of intervention is 0 and -.6,
respectively.

From table 2.4.2a we can tentatively draw the conclusion that, under the
assumption of equal variances, wage indexation tends to be too low
under flexible exchange rates and certainly too high under fixed exchange
rates compared to the optimal policy mix (b*(6*),8*). What is also of
some interest is the rather narrow range of optimal wage indexation
under the optimal policy mix, and expecially if the degree of intervention
is exogenously fixed.

Table 2.4.2b immediately reveals the power of the adjustment
induced by relative price changes. For moderate values of the degree of
intervention, the optimal degree of wage indexation drops much more
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sharply in a closed economy than in an open economy. For unit elastic
money supply with respect to exchange rate changes, nominal wages are
almost fully rigid in a relatively closed economy, whereas in an open
economy the optimal degree of wage indexation is still 0.2338. This
means that some 23 % of the price level changes are transmitted into
changes in nominal wages in an open economy. Once the variability of
the exchange rate decreases as a result of an exchange rate policy of
strongly "leaning against the wind", the difference between the optimal
degree of wage indexation in closed and open economies disappears.

Tables 2.4.1 immediately reveal the power of the adjustment induced
by relative price changes. For moderate values of the degree of
intervention, the optimal degree of wage indexation drops much more
sharply in a closed economy than in an open economy. For unit elastic
money supply with respect to exchange rate changes, nominal wages are
almost completely rigid in a relatively closed economy, whereas in an
open economy the optimal degree of wage indexation is still relatively
high. This means that a relatively high percentage of price level changes
is transmitted into changes in nominal wages in an open economy. Once
the variability of exchange rate decreases as the result of an exchange
rate policy of strongly "leaning against the wind", the difference between
the optimal degree of wage indexation in a closed and open economy
disappears.

2.5.3.2 Optimal degree of intervention given the degree
of wage indexation

We shall now turn to the case where labour market arrangements produce
a given degree of wage indexation and the monetary authority takes this
into account in designing optimal intervention policy for the two-sector
economy in question. We can quite reasonably argue that this is the
relevant case in practice, since labour market contracts are typically long-
term contracts, and monetary policy has the time (and resources) to react
to various disturbances. We shall not pursue this argument further, but
shall return to it in the next chapter, when we approach labour raarket
coniracting from an enuvely different angie. Here we shali merety derive
the optimal degree of intervention given the degree of wage indexation.

The optimal degree of foreign exchange intervention for a given b
can be derived by minimizing the loss function H with respect to 8.
Solving the first order conditions for & we obtain
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Expression (2.66) is very involved and the nature of the dependence of
0* on wage indexation and/or openness is not readily available. We can
simplify the analysis a bit by considering the two polar cases of full
wage indexation and no wage indexation. Under the former the optimal
degree of intervention approaches the limit

8oy = —(1+K), (2.67)

while formally the associated efficiency loss is equal to the amount
generated under fixed exchange rates. Note, however, that this value for
0* is a limiting value, which implies an unbounded variability for
exchange rates and the price level (cf. equations (2.53) and (2.57)). This
result is purely formal, since with full wage indexation, changes in the
price level brought about through changes in exchange rates are
inconsequential (see, also, Aizenman & Frenkel, 1985b, p. 410 fn. 8).
With completely rigid nominal wages, 8* reduces to

,, r,
8o = —k+F2, | (2.68)
where
I, = {koZk+( )] +[0? +h 202} - [ ]o?
1 2 D u 4 hie' *
- S R TR AV B (R
T, = {h(1- Y0} + (e k(D)o + L 1ol

As in the case where the degree of wage indexation is b (not necessarily
-0 or 1), the effects of openness on the optimal degree of intervention are
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in principle ambiguous, but for a sufficiently open economy to start with,
0%y (and 0*,) will decrease (algebraically) with further increases in
openness.

There is no point in comparing the these two polar cases in terms of
efficiency loss, since the case of full wage indexation is rather
pathological. Instead, we shall simulate the behaviour of &* under the
assumption of full nominal wage rigidity and near real wage ridigity as
the degree of openness @ varies. This is the message of tables 2.4.2,
which relate 0* to the degree of wage indexation and openness of the
econonomy. Specific parameter values are as in tables 2.4.1.

Table 2.4.2a Optimal degree of intervention with nominal and
real wage rigidity as the degree of openness varies

Values of @ 0% 0% H(®*,0) H@*,)
1 4.005 -0.777 0.2811 0.3763

1.0 2.719 -0.792 0.3078 0.3729

5.0 2.329 -0.794 0.3082 0.3723
10.0 2.282 -0.794 0.3081 0.3723

© 2.235 ~0.794 0.3080 0.3722

0%, corresponds to the case where the degree of wage
indexation is 0.95.

Table 2.4.2b Optimal degree of intervention in a "closed" and

open economy as the degree of wage indexation
b varies
Values of b %, 0%,  H0%;b) H(5%;b)

0 4.005 2.235 0.2811 0.3080

2 3.943 2.383 02872 03018

4 3.624 2.406 0.2992 0.3023

6 2.826 2.092 0.3189 0.3135

8 1.206 0.979 0.3487 0.3398

95 =777 -794 0.3763 0.3722

The subscripts ¢ and o refer to a relatively closed and
open economy respectively.
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Tables 2.4.2a—2b give evidence on the observation that real wage rigidity
leaves no room for monetary policy to improve the aggregate
performance of the economy. If real wages are almost completely rigid,
the degree of intervention is almost a constant regardless of the degree
of openness, and the gains in efficiency brought about by an exchange
rate policy of "leaning with the wind" are marginal as the economy
opens. By way of contrast, if nominal wages are completely rigid, a
"leaning against the wind" exchange rate policy is followed in a closed
and open economy, but the inflexibility of exchange rates is less
pronounced in a more open economy.

Notice further that the degree of intervention seems to shift
uniformly downwards as the degree of openness of the economy
increases.”” When a relatively high degree of wage indexation is
reached, exchange rate policy rapidly changes regime from "leaning
against the wind" to "leaning with the wind". The rationale for this is that
intervention policy fights against real wage rigidity, inducing price level
variability through exchange rate variability. From the last two columns,
we can see that in a more open economy more rigid real wages and
more variable exchange rates generate relatively less efficiency loss, an
observation made earlier in the context of optimal policy mix. Finally, by
way of a curiosity, table 2.4.3b indicates that for this equal variance case,
flexible exchange rates go with relatively rigid real wages.

2.6 Summary of chapter two and discussion

In this section, we briefly summarize the implications of the open
economy Gray—Fischer frameworks presented above, which we call
standard (macro)models of wage indexation and foreign exchange
intervention. We then pave the way for the topic to be taken up in the
next chapter, where we shall take a closer look at wage formation under
uncertainty. The ensuing approach is based on imperfectly competitive
labour markets, which are due the to presence and influence of strong
trade unions, an institutional feature prevalent in many OECD countries,
notably in the Nordic countries. Some new and interesting features of
wage formation emerge from the suggested model, which are further
explored in the macromodel of chapter 4.

41 1t should be recalled that "openness" in the present context is measured as the
exposure of the domestic product market to international influence, so that a relatively
closed economy means that the size of the open sector is relatively small or that
substitutability between traded and non-traded goods is relatively low.
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For the moment, we take the Gray—Fischer model of labour markets
or contracts as given. Later we shall return to this part of the framework.
Wage rigidity relative to spot wages emerges in these models largely as
a aresult of two interrelated elements in the models; a simple indexation
rule and the fact that the price index employed in the indexation rule
provides, in general, only imperfect information on the underlying
disturbances impinging on the economy or the (spot) equilibrium in the
labour market. This basic setting gives rise to the signal extraction
problem, which is the driving force in the determination of the optimal
policy mix of wage indexation and foreign exchange intervention. Also,
this imperfect information resulting from non-optimal wage formation
generates efficiency losses which are amenable to reduction by proper
choice of the policy mix. The exact amount by which losses can be
reduced depends in general on the relation between the number of policy
instruments employed and the number of independent stochastic sources
of exogenous disturbances.

As far as the (optimal) degree of wage indexation is concerned, the
traditional closed economy Gray—Fischer analysis differentiates between
sources of exogenous uncertainty; pure demand-side shocks entail
complete real wage rigidity and supply shocks entail partial wage
indexation. Optimal wage indexation resides between these two
(equilibrium) cases. This differentiation between sources of exogenous
uncertainty is relevant in an open economy context as well, although the
exact relationship between exogenous variability and the optimal degree
of wage indexation is heavily dependent upon the prevailing exchange
rate regime, hypothesized to be chosen by the monetary authority via a
foreign exhange intervention rule.

Thus to understand the behaviour of actual real wages in these
models a clear distinction should be drawn between disturbances to the
equilibrium real wage and other disturbances. If the former are absent
from the economy, which in the present context means that no exogenous
shifts occur in the economy’s production possibilities, then equilibrium
real wages are constant and consequently actual wages should be
perfectly indexed to the price level (complete real wage rigidity), no
matter what the prevailing exchange regime or the degree of openness is
(cf. equations (2.54) and (2.58")).

As far as the relationship between the optimal degree of wage
indexation and foreign exchange intervention is concerned, not much in
the way of full generality can be asserted on the basis of the models
employed, even admitting their simplicity. The structure of the optimal,
mix (b*,0%) is deeply rooted in the signal extraction approach assumed
~ to drive the determination of the optimal mix. Certain weak theoretical
predictions seem, however, to be suggested, especially when we come to
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consider the optimality of one instrument in sections 2.2 and 2.4. First,
taking the degree of foreign exchange intervention as exogenously
determined and evaluating the behaviour of wages around complete fixity
of exchange rates, we can conclude that the introduction of (minor)
exchange rate flexibility (8 < o) increases the flexibility of real wages, i.e.
the optimal degree of wage indexation falls. The increase in real wage
rigidity can be very sharp, depending somewhat critically on the behaviour
of foreign prices. More precisely, if foreign prices are almost constant, the
increase in real wage flexibility due to the introduction of exchange rate
flexibility is very sharp, but further increases in exchange rate flexibility
may in fact lower real wage flexibility. If, on the other hand, foreign prices
are highly volatile, i.e. shocks to foreign prices are big, real wage flexibility
seems to increase rather monotonically with increases in exchange rate
flexibility. Once again, however, there could be a sharp fall in real wage
flexibility around the unconstrained optimum degree of foreign exchange
intervention. Over all, then, we have a rather non-monotonic relationship
between the exchange rate and real wage flexibility.

Take now the other constrained case, where the degree of wage
indexation is exogenously determined. If real wage flexibility increases due
to a fall in the degree of wage indexation, then this seems to produce a fall
in exchange rate variability. This relationship always prevails around the
unconstrained optimum degree of wage indexation. The optimal degree of
intervention responds to increased real wage flexibility in this monotonic
fashion, if shocks to foreign prices are small enough, but non-monotonicities
emerge in cases where foreign prices are highly volatile. Thus, the model
in section 2.2 produces the possibility that after some particular point
exchange rate variability due to optimal intervention policy starts ..
(marginally) to increase with further increases in real wage flexibility. This
possibility emerges because shocks to foreign prices are the dominant signal
in the observed price level variability, and intervention policy is accordingly
adjusted.

How does openness of the economy (section 2.4) change this picture
of the relationship between exchange rate variability and wage patterns?*®
Openness as such, or the structure of the economy, greatly affects the
qualitative picture of the optimal policy mix or the optimality of a single
instrument. This is not, perhaps, so surprising, taking into account the fact
that adjustments in relative prices heavily influence aggregate adjustment in
the economy. At the most general level, we must conclude from section 2.4
that monetary policy is in general not a perfect substitute for relative price
changes from the point of view of aggregate adjustment. The model in
section 2.4 is constructed so that relative price adjustment enhances

* And by implication employment and output patterns.
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macroeconomic stability, and once the economic relevance of relative price
adjustment diminishes due to increased openness of the economy, monetary
policy cannot fully offset, in terms of efficiency, the cushioning effect
produced by relative price changes.

Some weak prediction can once again be deduced from the two- sector
model of section 2.4. The optimal policy mix is such that, given a
sufficiently open economy to start with, intervention policy is likely to be
one of "leaning with the wind". The increased exchange rate variability
implied by the optimal policy mix goes with increased real wage rigidity as
the economy becomes more open. Further, the increased real wage rigidity
for more open economies seems to suggest that the differences in efficiency
losses under fixed and flexible exchange rates diminish. The intuition behind
this result is that, although flexible exchange rates increase the economic
relevance of productivity shocks, this flexibility becomes more
inconsequential as regards aggregate adjustment as the economy becomes
more open as a result of increased real wage rigidity. In terms of efficiency,

the advantage of flexible exchange rates over fixed rates does not vanish for.

an economy like the one represented by the model in section 2.4, since
there is in general some real wage adjustment under flexible exchange rates.
Finally, increased exchange rate variability is in general implied by the
optimal intervention policy in response to increased real wage rigidity, a
general feature somewhat dependent upon the degree of openness of the
economy.

Extensions of the basic Gray—Fischer framework to an open economy
subject to endogenous terms-of-trade changes have traditionally proved to
be less successful because in such an economy labour demand and supply
decisions are generally dependent on different real wage measures, the
producer’s and worker’s real wage or the consumption real wage,
respectively, so that equilibrium aggregate output depends on the terms of
trade. Under conventional wage indexation rules, whereby wages are
indexed to producer or consumer prices, the closed form solution to the
optimum posed by Gray is not available. The analysis of the optimal policy
mix typically reduces to the derivation of the optimal combination subject
to the presence of only a subset of the original exogenous disturbances.

Section 2.3 argues that the Gray—Fischer framework can readily be
extended to this case by indexing wages to a price index "relevant for the
labour markets as a whole", meaning that we should search for a price
index summarizing price level information relevant for both labour demand
and supply. This price index is derived from the labour market spot
equilibrium condition, the index being a weighted average of producer
prices and foreign prices in domestic currency. The weight for the
producer’s price is a function of the elasticities of labour demand and
supply schedules and the weight given to producer prices in the consumer
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price index. This index was called the "optimum weight index" and was
considered to be a consumer price index corrected for terms of trade. It was
suggested that this index be used to index wages; which implies that the
formal framework of section 2.2 for deriving the optimal policy mix can be
invoked. References for detailed analyses based on this approach are
Devereux (ibid.) and Vilmunen (ibid.).

We shall now return to the specifics of the Gray—Fischer model of the
labour markets. Although the Gray—Fischer contracting model can be seen
as a highly convenient approach to modelling the interaction between the
real sector and financial markets, it si still true that these contracts lack firm
choice-theoretic foundations. The need for firm foundations is more than
obvious, given the great potential for monetary policy to affect wage,
employment and output patterns in an economy represented by these
standard contracting models. Historically speaking, the heavy emphasis the
Gray—Fischer framework places on the macroeconomic approach
incorporated these highly simplified labour contracts may seem justified,
given the then available knowledge on the implications of alternative models
of labour contracts within a macro context.*’ It seems, however, that this
does not dispense with the need to employ alternative models of wage
formation, perhaps more deeply rooted in the tradition of rational
maximizing behaviour.

What, then, are these alternative models of wage formation? To
simplify the classification scheme, we identify the following alternative
approaches to wage formation; implicit contract theory, efficiency wage
theory and trade union models of wage formation. Implicit contract
theory®® starts with the presumption that e.g. employees are constrained in
their access to capital markets, so that possibilities for intertemporal
smoothing of consumption in the face of uncertain and perhaps erratic
income streams are severely restricted. Firms (shareholders) are typically
assumed to have almost free access to capital markets so that they have
better opportunities to insure against idiosyncratic risk by appropriate
portfolio management. Given this set-up, employees typically seek insurance
through labour contracts with firms, i.e. there are assumed to exist expected
gains from optimal risk sharing between employees and employers.

Optimal (implicit) labour contracts thus characterize optimal wage and,
independently, employment patterns, where, at least in some basic versions

“ From this historical perspective it seems reasonable to assert that the strong
neutrality results derived from various rational expectations flexible price models in the
1970s have had an influence on the form the Gray—Fischer approach originally took.

% For a survey of implicit contract theory, see e.g. Rosen (1986), Stiglitz (1986) and
Haley (1990).
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of the theory, wages serve to allocate risk optimally (see e.g. Cooper, 1987,
pp. 6—18). Thus wages do not typically serve as signals for eliciting supplies
of, and demand for, labour.

Implicit contract theory, however, suffers from some drawbacks as far
as wage stickiness and/or unemployment are concerned. First, it is clearly
an attempt to explain real wage rigidity, not nominal wage rigidity. Second,
although overemployment is a frequent outcome of many of the implicit
contract models, the outcome is critically dependent upon the assumptions
that are made regarding access to information and firms’ attitudes towards
risk; implicit contracts with risk neutral firms and perfect information are
efficient, but do not generate unemployment. Alternatively, implicit contracts
with risk averse firms and imperfect information generate unemployment,
but are not efficient. Third, the model explains underemployment (work
sharing), not unemployment; it does not provide a compelling reason why
firms prefer to lay off workers (see Haley, 1990, p. 129). Finally, the
predicted form of the labour contract is much more complicated than those
actually observed (Oswald, 1986). This has led to some scepticism about the
value of these models as a foundation for a theory of wages and
employment, perhaps most trenchantly expressed in Stiglitz (1986).

The basis of the efficiency wage® hypothesis is the assumption that
worker productivity is a function of the wage paid. From this we conclude
that the amount of labour available to the firm for production is not simply
the number of labour units, but rather the number of efficiency labour units
(Fisher, ibid., p. 3). Another fundamental idea underlying efficiency wage
models is that firms set wages and gain some benefit from paying higher
wages which offset direct costs (Nickell, 1990, p. 408).”* Firms face a two-
stage optimum problem, where in the first stage wages are set so as to
minimize the (wage) cost per unit of efficiency labour subject to a constraint
that wages are at least at some exogenous level W*. In the second stage,
with wages thus determined, firms choose labour and capital input 5o as to
maximize profits.

We shall not delve into the logic of efficiency wage models, any
further, particularly the justifications given for the assumption that worker
productivity or effort is positively related to the wage paid. Various
explanations have been forward, and we refer the reader to Stiglitz (ibid.),
Haley (ibid.), Fisher (ibid.) and Nickell (1990) for more detailed analysis.
One must nevertheless feel somewhat uncomfortable about how integral a
part of rational, optimizing behaviour these ratinalizations of the positive

5! For surveys, see Stiglitz (ibid.), Haley (ibid.) and Fisher (1989).

52 This second feature of efficiency wage models clearly implies a departure from e.g.
competitive models of wage setting, where markets set the wage rate.
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relationship between productivity and effort really are”® Rather, we note
some difficulties of the efficiency wage hypothesis as a theory of (sticky)
wages and (un)employment.

It seems that efficiency wage models offer insights into the importance
of relative wage structures in preserving the proper incentives, but it does
not really explain why all firms would not uniformly lower their wages in
response to a fall in aggregate demand (Haley, ibid. p. 138). On the other
hand, the findings of Macleod & Malcolmson (1986) on incentive
compatibility in efficiency wage models when no restrictions are placed on
the form of the contract between the firm and the worker and Chiswick
(1986) on the interaction between labour quantity and quality suggest that
efficiency wage models are really not capable of explaining unemployment.
The intuition is that for the efficiency wage hypothesis to apply, firms must
be able to vary the quantity of labour input over some relevant range
without affecting its price. This can only occur if there is already
unemployment (Haley, ibid., p. 137). Finally, although there exists some
empirical evidence supporting the efficiency wage hypothesis, it is not
overwhelming (on this, see Nickell, ibid. and the references therein).

Both of the above approaches to wage formation can be further
criticized on the grounds that they seem to ignore some (economically and
otherwise) important institutional features so very prevalent in many labour
markets in modern industrialized nations; one cannot help feeling that trade
unions, both employee and employer, should be explicitly incorporated into
all models of wage formation in modern industrialized countries. Both
employees and employers have, to varying degrees, joined unions, and more
often than not contractual arrangements, notably wages and employment, are
agreed upon in negotiations between employee and employer organizations.
From the modelling point of view, we enter into the worlds of bargaining
between firms and workers or their unions. The resulting approach to wage
(and employment) formation will be called trade union models (or
bargaining models).

Or course, the idea that unions, a particular form of imperfect
competition, critically influence wage and employment formation and
dynamic adjustment to various shocks, in an economy is not new, but the
idea that union-based labour market behaviour is an integral part of an
analytical structure representing an economy is. That is, the methodological
tone of voice is new; trade union models are treated as viable models of
labour market behaviour, and much analytical work has been done on them

53 Efficiency wage models were first applied to the modelling of wage formation in
developing countries where the logic goes that higher wages would improve nutritional
standards and increase worker productivity (Haley, ibid., p. 129).
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and at a growing pace.* In addition to these theoretical developments in
the bargaining relationships in labour markets, empirical applications of
these theoretical constructs been steadily increasing in number (for surveys
on empirical applications, see fn. 28). It seems that the basic logic of these
models is now well understood, even though both theoretical and empirical
problems certainly still exist, and certain extension of these models, notably
dynamic trade union models,” are still in their infancy.

In the next chapter we shall employ a trade union model to wage
formation in an open economy subject to exogenous uncertainty. The choice
of this approach to wage formation does not imply that we take trade union
models to be unquestionably superior to e.g. implicit contract theory or the
efficiency wage hypothesis referred to above. Rather, the choice rests on
institutional considerations; we think that these trade union models conform
well with modern labour market institutions and practices in general, most
notably in highly industrilized countries like Finland, Sweden and Norway.
Thus our approach is mainly a reflection of these actual labour market
institutions.

In what follows we shall invoke the static generalized Nash bargaining
solution in a bargaining game over wages between employee trade unions
and (competitive) firms or their representatives. Employee unions are
supposed to have some, but not necessarily complete, power over the
determination of wages, but none over employment. The resulting
bargaining model is called the "right to manage model" (Nickell &
Andrews, 1983). We shall make an extension of this framework to the case
where there exists exogenous uncertainty and wages are determined before
this uncertainty is resolved. We shall try to justify this choice of approach
as we proceed in the next chapter, where we shall in addition try to
operationalize and modify the Nash bargaining framework in order to make
it suitable for an analysis of uncertainty in the present context. These
macroeconomic implications are discussed in chapter 4, where we once
again consider the macromodel of this chapter under the maintained
hypothesis on bargaining-based wage formation.

>* See the special issue of the Scandinavian Journal of Economics, 1985, vol. 87,
no. 2, especially Oswald’s and Pencavel’s survey. Further references include McDonald &
Solow (1981), Farber (1985).

% See Minford (1983) for an empirical applications to an open economy of a
dynamic monopoly union, Lockwood & Manning (1988) for a theoretical analysis of
dynamic wage and employment bargaining with adjustment costs, and Espinosa & Rhee
(1989) on efficient wage bargaining as a repeated game.
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3 Bargaining, Trade Unions and
Wage Formation in an Open
Economy

3.1 Introduction

In this chapter we shall we return to wage and employment formation,
taking as given the existence of (strong) trade unions in the labour
markets. First, we provide some theoretical background concerning
issues relating to unions and bargaining (section 3.2). The ensuing
description is restricted to the presentation of the static Nash
bargaining solution of wage and employment determination. Section
3.3 presents a model for the determination of the contract wage by
developing a workable form of the bargaining structure or Nash
programme while section 3.4 derives and comments on the contract
wage. Macroeconomic implications of the wage formation process are
postponed to chapter 4.

3.2 Bargaining between trade unions and firms

We shall consider a union or unions representing a given number of
workers. Unions negotiate with employers or employer organizations.
In countries like Finland, unionization has not been confined solely to
employees. Rather, the degree of unionization is nowadays relatively
high among enmployers as well, in Finland, and more often than not
the level of bargaining between employer and employee organizations
takes place on a nationwide basis (see Erikson, Suvanto & Vartia,
1989). '

Basically, we can distinguish two approaches to union-firm
bargaining, depending on the scope of bargaining, ie. on which
variables are subject to bargaining. These approaches or models are
the efficient bargain model and the labour demand equilibrium model
(LDEM). The latter includes the "right to manage model" (Nickell &
Andrews, 1983) and the "pure monopoly union model", which can
further be seen as a special case of the right to manage model.

The distinguishing feature between these two types of models is
that in the efficient bargain model both employment and wages are
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subject to bargaining, whereas in the labour demand models only
wages are subject to bargaining, and demand for labour by firms,
which is based on marginal productivity considerations, serves as a
binding constraint for unions. The difference between the right to
manage model and the pure monopoly union model is one of the
degree of bargaining power; in a pure monopoly union model, the
union is all powerful, being able to impose on firms its desired wage
subject to the labour demand constraint, whereas in the right to
manage model the union is less powerful, so that there is genuine
scope for bargaining over wages.

The efficient bargain model and the LDEM can be formally
derived from a two-person bargaining framework by invoking the
generalized or asymmetric Nash bargaining solution (NBS, Nash,
1950, 1953). Let us denote by X the set of feasible outcomes of the
bargaining game.! Then an element x* ¢ X is a Nash bargaining
solution to a two-person bargaining game if

x* = argmax[U(x) -U"°[V(x) -V*]'"®, (3.1)
xeX

where U and V are the utility functions of the union and firm,
repectively, U* and V* are the threat or disagreement points of the
bargainers, and © denotes the bargaining power of the union. Thus the
static Nash bargaining solution is found by maximizing the weighted
geometric average of the utility rents or surpluses of the players above
the threat points, with weights equal to the bargaining powers of the
players. The axiomatic justification for the symmetric (@=%) NBS is
given in Nash (1950).2 Extensions to n-person games are provided by
Harsanyi (1959), while Harsanyi and Selten (1972) have extended the
NBS to take account of the unequal bargaining positions of the
players. The strategic justification for the static NBS, based on
Selten’s refinement of Nash equilibria in noncooperative games, i.e. on

! The interpretation of X depends on physical considerations as well as on variables
subject to bargaining.

? Nash’s (ibid.) axiomatic derivation is a cooperative justification for the NBS. In his

1953 article he provides a noncooperative justification for the NBS by considering his
famous demand game.
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the notion of subgame perfect equilibrium, is given by Binmore et al.
(1986)*.

The threat points in the Nash product in (3.1), U* and V¥,
respectively, represent each side’s options during a dispute or their
options should bargaining break down. These options are influenced
by various factors in the bargaining environment such as each side’s
financial resources and access to "solidarity funds" as well as long-run
opportunity costs of labour and capital (Dorwick, 1989, p. 1127,
Binmore et al., ibid.). These factors are treated here as exogenous (i.e.
unmodelled).

From a technical point of view, the bargaining power of the union,
®, determines the location of the NBS on the boundary of the set of
feasible outcomes (i.e. picks one of the Pareto-optimal outcomes). In
other words, in the efficient bargain model it determines a particular
point on the contract curve, while in the right to manage model it
determines a point on the labour demand schedule. From a substantive
point of view, it can be interpreted either as depending (negatively) on
a union’s time preference or a union’s subjective probability of the
game breaking down before next "bargaining" round (Binmore et al.,
ibid., Hoel, ibid.). It is treated as exogenously given.’

Efficient bargains

If x = (W)N), where W denotes wages and N employment, the NBS
to the efficient bargain lies on the contract curve, i.e. on the curve
representing common tangency points of the union’s and firm’s

3 Roth (1985) argues that, in addition to the works of Selten on the notion of perfect
equilibrium, Harsanyi’s (1967, 1968a, b) work on games of imperfect information has had
an influence on the progress of the strategic approach to bargaining.

4 The paradigm of the strategic approach is Rubinstein’s (1982) perfect information
alternating offer model, from which the static NBS (with a linear utility function) can be
derived as the time lag between successive offers vanishes. An extension of the Rubinstein
model to nonlinear utility functions is provided by Hoel (1986); see also Canning’s (1989)
analysis of a finite version of the Rubinstein model.

* Svejnar (1986) argues that © should be made to depend on various exogenous or
institutional factors which affect the bargaining outcome but are not themselves subject
to bargaining (e.g. legal restrictions on the bargaining process, indexation arrangements,
price and wage controls etc.). Thus we should write © = ©(z), where z represents these
institutional factors. Furthermore he argues that the bargaining solution should reflect,
locally, the union’s risk aversion or fear of disagreement, a notion which he defines in
terms of the union’s utility function. He then replaces Nash’s symmetry axiom of equal
bargaining powers by "equality of bargaining powers relative to fear of disagreement”.
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indifference curves. The tangency condition for the firm is given in
terms of the isoprofit curve, i.e. those wage-employment combinations
giving constant profits. Since®

0 = U,dW+UdN
(3.2)
0 =, dW +m dN,
the equation for the contract curve is given by
InL T (33)
Uy 7y

.
i.e. by the equality of marginal substitution of wages and employment
in the union’s utility and firm’s profits; see points A and B in figure
3.1. The slope of the contract curve depends on the functional forms
of the union’s utility function and the firm’s revenue function. For
"conventional” functional forms (e.g. a utilitarian vnion with a CRRA
utility function for a representative member and a concave production
function for a profit-maximizing firm) the contract curve is upward
sloping, as in figure 3.1.

Figure 3.1. Efficient contrast

Wage

Profits

Employm.

"Profits" refers to those wage-employment levels giving
constant profits and "U" to the union’s indifference curve

¢ Here we have implicitly written V(W,N) = v(s(W,N)) for some v.
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Efficient bargains are (by construction) Pareto-optimal, i.e. wages and
employment in these bargains are such that no welfare improving
adjustments in wages and employment exist for both union and firm.
In this respect they are very similar to the classical pure exchange
problem, where two agents engage in an exchange in an expectation of
mutual gains from the exchange. This optimality property results from
the maximization of joint utility, i.e. internalizing the effects of one
agent’s choices on the other agent. Optimality is an attractive feature,
but problems, both theoretical and empirical, attach to these efficient
bargains, to which we shall return later. At this point we merely note
that efficient bargains (or NBS) have the property that

U-U* = @U-U"+V-V*, (3.4)

which characterizes the distribution of the utility rents at the optimum,
i.e. the bargaining power of the union(s) corresponds to the share of
labour in the total surplus created by the wage-employment bargain.’

Labour demand equilibrium models

In the right to manage model (Nickell & Andrews, 1983) the scope of
bargaining is restricted to wages alone and the union faces a binding
contstraint in the firm’s demand for labour function. In terms of the
generalized Nash maximand, the right to manage model solves

W* = argmax,, {[UW,N(W)) ~UIP[V(W,N(W)) -V'[9},  (35)

where N(W) is the profit-maximizing level of employment, given
wages W, i.e

N(W) = argmax u(W,N). | (3.6)

The distinguishing feature of the right to manage model is that the
solution to it lies on the neoclassical labour demand curve (see figure
3.2). This is taken care of by the constraint (3.6), which guarantees that
employment is determined according to the marginal product of labour.

" This property provides some intuition for understanding the role played by the
NBS. In principle any point on the contract curve represents an optimal outcome. To pick
a specific point on it, we need some specific sharing rule for selecting that particular
point. The NBS solution wages and employment, i.e. an efficient bargain represents such
a sharing rule.
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Figure 3.2 Right to manage model

Wage

Employment

"Vmp" refers to the value of the marginal product of labour.
See also note to fig. 3.1.

The first order condition for the maximum in (3.5) is

O(W) = B[V -V7][Uy, +UyNy]
+(1-®)[U -U"IV, [m, +m Ny ] = 0,

(3.7)

where Ny, denotes the partial derivative of the labour demand function
with respect to the wage W, i.e. Ny = 1/pf”(N) < O for a profit-

maximizing firm with a concave production function. Moreover, as is |

clear from the definition of profits, my = -N and my = pf’(N) -
which is zero by the constraint. Thus the term myNy, drops out of the
above equation.®

Some special cases are of interest. For a pure monopoly union, - @ 1,
which according to (3.7) implies that either V = V* or Uy + UyNy =
0 (or both) The latter condition is the familiar tangency condition for
the union’s indifference curve and firm’s labour demand schedule. The
condition V = V* and Uy, + UyNy = O formally satisfies the above
first order condition for maximum. Substantially it says that the
monopoly union cannot force firms to accept profit levels below their

8 Second order conditions require that ¢’(W) < 0 at the optimum. To implement the
unique static Nash bargaining solution, convexity of the set of feasible utility outcomes
with a concave Pareto-optimal boundary would be an attractive feature.
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fall-out profits. Equilibrium in the "pure" monopoli case corresponds
to the point A in figure 3.2, giving the maximum wages an all-
embracing monopoly union can obtain from the bargain.

Cn the other hand, if ®=0, so that only profit maximizing matters,
equation (3.7) implies that U = U*, or W = W¥*, in which case the
union is pushed to a wage bargain corresponding to the "competitive"
wage level’ This is illustrated by point C in figure 3.2. Now, the
solution to the right to manage model lies along the segment AC of
the labour demand curve, depending on the bargaining power of the
union. A typical solution point for a given © is the point B in figure
3.2. Furthermore, by differentiating the first order conditions, and
solving for oW/40, we obtain

aw __ OTIU-UIV, N (3.8)
00 ¢'(W)

where

¢'(W) = B[V - V*][Uypy +2U Ny, + Uy Ny + UgNyo]

-NV (U, +UN,) +(1-@)[V_N2-V N_] < 0

by the second order conditions for the maximum of the Nash
maximand, and my, = -N from the profit function. So the solution
wage is an increasing function of the union’s bargaining power. This
is intuitive enough, and something to be expected. "
Even though efficient bargain and labour demand models are the
main approaches employed in modelling trade union behaviour,

° Note that if we take these polar cases, i.e. W* and W™, say, as our bounds on the
set of feasible wage levels, we obtain a compact set [W* ,W™], so that the maximum in
(3.10) exists assuming continuity of the Nash maximand. Note further that to justify the
vague notion of "more competitive labour pricing as © falls (to zero)" requires an
additional assumption, which is only implicit in much of the literature on bargaining in
labour markets between unions and competitive firms. This is that as the bargaining power
of firms rises, i.e. © falls, any collusive or cooperative behaviour of firms generating
possible monopsony pricing has to be assumed away. We shall not make an exception to
this implicit assumption in what follows.
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Manning’s (1987) sequential 2-stage bargaining framework'® suggests
that we are not in fact constrained in our choice of bargaining models
to efficient bargain and (generally) inefficient labour demand models.
The choice is simply not so dichotomous. Two problems are involved
here. First, in searching for possible causes of inefficiencies in a
unionized economy, we ought to focus on possible differences in the
union’s bargaining power over different decisions of the firm. These
differences impose a particular form of a constraint on the union’s
decision over variables of interest. Secondly, the standard models of
union-firm bargaining should be seen as special cases of a more
general sequential bargaining game, where the imposition of special
constraints on the bargaining parameters generates these standard
models. In this respect, all standard models are somewhat special,
although the monopoly union models seem even more extreme."!

In what follows we shall propose an operationalization of the static
asymmetric Nash bargaining framework in order to generate a wage
equation in an open economy subject to union-firm bargaining. Further-
more, in applying the bargaining framework, we shall explicitly incorpor-
ate uncertainty into the partial equilibrium wage in the labour markets
(see e.g. Oswald, 1985, Andersen & S¢rensen, 1989) by assuming that
the wage is agreed before uncertainty is resolved, i.e. before random dis-
turbances are realized. Basically, uncertainty is generated by stochastic
shocks to the price level and production technology. We shall make
further comments on certain features of the framework, while imposing
specific constraints on the Nash maximand and the functional forms
embodied in it.

10 The efficient bargain and labour demand models can be incorporated into the unified
sequential bargaining framework proposed by Manning (ibid.). Manning formulates the labour
market bargain as a sequential two-stage bargaining game between employees and employers,
where either wages or employment is determined in the first stage and the other in the second
stage of the bargaining game. The solution of the first-stage bargain is constrained by the choice
in the second stage of the bargaining game. The union’s bargaining power need not be equal
in both stages of the game, which clearly increases the generality of the model. Manning proves
(ibid., p. 126) that a sufficient condition for an efficient bargain is that there should be no
wedge between the union’s bargaining power in the two stages of the sequential bargain, and
goes further in suggesting, but not formally proving, that any inefficiency induced by trade
union activities is not likely to be the result of union power per se, but rather of the difference
in its power with respect to particular issues.

1 Note that the only constraint facing a monopoly union is the demand for labour function
of the firms. It is certainly true that the main (theoretical) virtue of the labour demand model,
especially in its simplest (pure monopoly) form, is its simplicity, even in a dynamic context,
which is not to be expected from a bargaining framework in general. Dynamic bargaining
models, although rare, have started to appear; see e.g. Lockwood & Manning, 1988, Espinosa
& Rhee, 1989. For a dynamic monopoly union model in an open economy, see Minford, 1983.
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3.3 Indexed contract wages:
an operationalization of the asymmetric
Nash bargaining model

In this section, we employ the right to manage model to generate a
wage equation in our unionized economy. Not choosing an efficient
bargain approach or even a more general version due to Manning,
despite its optimality properties, involves restrictions that have to be
justified somehow. These considerations are both theoretical and
empirical. On the theoretical side, we note that there are potential
problems as to the ex post enforceability of efficient bargains.

These stem from the fact that, although efficient bargains are
Pareto-optimal, so that no welfare improving adjustment in wages and
employment exists for both parties, there exists for each wage-
employment combination on the contract curve a wage-employment
combination on the labour demand schedule that gives firms the same
profits as the bargain on the contract curve, but where production
efficiency is also guaranteed. Thus, ex post firms have incentives to
renege on the negotiated bargain, i.e. to adjust wages and employment
so as to reflect production efficiency. This means that the
enforceability of efficient bargains presents a problem, which is not
solved by reference to the Pareto-optimality of efficient bargains alone.
Enforceability means that the union is strong enough to force the
employer to stick to the wage-employment combination that has
already been committed to (Holmlund, 1989, p. 18).

From the empirical point of view, however, "casual empiricism"
concerning actual bargaining processes suggest that in practice
employers seem to exercise substantial discretion over employment
decisions. At this point it is worth making a distinction between two
things; is the employment level per se a variable subject to bargaining
and are negotiations related to employment restricted to work rules,
working conditions etc. in actual bargaining processes? We rarely see
the first of these in practice. From an intuitive point of view, this
seems understandable, since it is difficult to imagine how, in a market
economy, a particular employment level could be enforced for each
firm, especially if these employment levels are negotiated centrally
(Hoel, 1990).

As such, empirical evidence concerning either union preferences or
the efficiency of labour contracts is mixed (for a survey, see Farber,
1985, pp. 29—44). Thus, the first preliminary evidence as to the
inefficiency of labour contracts is found in Ashenfelter & Brown
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(1983) in their empirical study of International Typographical Union
data. However, McCurdy & Pencavel (1984), working on the ITU
data, reject a version of the labour demand model, thus suggesting that
"in the case of ITU the wage-employment bargain is not characterized
properly by a union selecting a wage to maximize its objective
function subject to the constraint that is imposed by the labour demand
schedule" (Farber, ibid., p. 41). ;

Major problems nevertheless attach to the empirical
implementation and interpretation of trade union models, in addition to
the technical problems related to estimation methods etc. First, most of
the studies so far on unionized labour contracts' simultaneously seek
to estimate the parameters of the union’s objective function,
conditional on employment being on the labour demand schedule. To
this end, certain functional forms for union preferences, notably wage
bill and wage rent specifications, are rejected, largely because unions
typically place more emphasis on employment than these preferences
imply. The essential point is, however, that the rejection of the null of
a labour demand model may be entirely due to misspecification of
union preferences. This is the crux of Manning’s (ibid., p. 127)
observation on these tests; if we interpret a point off the labour
demand curve as a result of the efficient bargain model, we run the
danger of accepting misspecified preferences for the union.

Second, as to the efficiency of labour contracts themselves, we quote
Farber (1985, p. 41; see also McCurdy & Pencavel, ibid.): "a rigorous
test of the contract equilibrium model™ is not possible without making
more restrictive assumptions regarding the form of the union objective
function and the associated marginal rate of substitution".* So, one
must be agnostic as to whether the contract is, in fact, efficient.

Thirdly, and in summary, Farber (ibid., p. 42) suggests a plausible
interpretation of the empirical test so far: a reasonable interpretation is
that the structure of bargains is such that the parties negotiate over
wages and a set of work rules. However, there is no presumption that

12 Including Farber (1978a, b), Dertouzos & Pencavel (1981), Carruth & Oswald
(1983), Pencavel (1984a, b), but also Ashenfelter & Brown (ibid.) and McCurdy &
Pencavel (ibid.).

13 That is, the efficient bargain model.

14 This particular wording refers to the form the test takes in McCurdy & Pencavel;
in their test an equilibrium condition in the contract equilibrium model is identical to that
in the labour demand model, exept for an additional term in the former model representing
the marginal rate of substitution in the union objective function. Their test amounts to
checking the importance of this term, but needless to say, the structure of union
preferences imposes restrictions on the form of this term.
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these work rules are sufficient to ensure that the bargain is efficient.
The union has, at best, partial control over employment.’

So, we proceed on the assumption that the right to manage model] of
Nickell and Andrews is a reasonable approximation to union-firm
bargaining. The ensuing bargaining model is best understood as
representing bargaining between one economy-wide union and a
‘representative competitive firm or an employer organization representing
competitive firms. An implication of this institutional set-up is that the

effects on the aggregate price level of centralized wage setting are taken:

into account in the solution to this bargaining game. This particular
institutional setting gives an approximation to that prevalent in Nordic
countries, where wage setting has, more often than not, been highly
centralized. We shall start with the specification of the bargainers’ utility
function.

Union preferences

The union is assumed to have well specified preferences'® concerning
real wages and employment, represented by a (at least twice)
continuously differentiable function U = U(WN), U; > 0, i=W,N,
where W is the wage rate and N denotes employment. A variety of
functional forms for the union preferences U have been suggested in
the literature.', including Stone-Geary (Dertouzos & Pencavel, ibid.,

5 The above-mentioned studies of union preferences also indicate that the structure
of the bargain, including work rules, is situation-specific, and that there seems to be a
great deal of variation in union preferences across locations and industries. Thus, one
cannot escape the conclusion that these studies do not provide any convincing evidence
on the efficiency of labour contracts or the validity of the labour demand model in the
economy in general or in the newspaper industry in particular.

16 Problems relating explicitly to preference aggregation (of union members) are
generally bypassed. The implicit aggregation convention is given by assuming a specific
form for the union utility function. For a discussion of these problems see e.g. Farber
(ibid.) and Carruth & Oswald (1987). Further, the problems related to the philosophical
question as to from where the union inherits its preferences are abstracted away. Farbcf
(ibid.) suggests that it seems reasonable to posit the union as a utility maximizer, but the
political process within the union can greatly affect union preferences, and should as often
as possible be analyzed in the context of representing union preferences. Note that this
problem of union preferences is somewhat deeper than the now classic problem associated
with the preferences of a society in that in addition to the proper aggregation of divergent
individual preferences, there is the problém associated with non-union, but potential union,
employees.

7 For a survey, see Oswald (1985); but also Carruth & Oswald (ibid.) and Farber
- (ibid.).

88

Y



Pencavel, 1984a, b, McCurdy & Pencavel, ibid.) and augmented
addilog (Pencavel, 1984a). By far the most popular union model is
that of a utilitarian union, whose preferences are represented by™®

U(W,N) = Nu(W)+(M-N)u(a), M = N
= Mu(W), M <N,

(3.9)

where M is the fixed” exogenous membership of the union, u is a
concave twice continuously differentiable utility function of an
individual or representative member and a represents outside income
opportunities of an unemployed member. It is assumed that lay-offs
are generated by a random device. This, together with fixed member-
ship, implies that the union’s objectives can be written as U(W,N) =
pu(W) + (1-p)u(a), for M=N, where p = N/M. The expression pu(W)
+ (1-p)u(a) gives the expected utility of union membership, so that in
this case the utilitarian union behaves as if maximizing the expected
utility of a representative member. A

The preference functional of a utilitarian union can be quite hard
to operate because of the "kink" in its indifference curves at
membership. More formally,

8 Note that for fixed membership, the utility function of a utilitarian union is
observationally equivalent to that of a union whose preferences collapse to the preferences
of a median-aged member. The main virtues of the utilitarian union model are its
tractability, both in theoretical and empirical work, and the fact that it incorporates as
special cases various functional forms considered in the literature, e.g. wage bill
specification, wage rent specification. A Stone—Geary specification is also widely used,
and its virtues stem mainly from its success in applied consumer theory. It also includes
the above-mentioned functional forms as special cases. But the Stone—Geary does not
seem be as well suited for dealing with union preferences under uncertainty as the
utilitarian union model, so simplicity once again dictates the choice.

*® Variable membership is thus abstracted away. It is quite conceivable that
membership considerations affect union objectives (Farber, ibid.). In fact Jones &
McKenna (1989) argue that it should also affect the utilitarian union’s objectives. The
argument is that the standard utilitarian union attaches a zero weight to the utility of
employed outsiders. Hence the union treats unemployed and employed outsiders alike.
But this ignores the important difference between employed and unemployed outsiders,
i.e. that the former group may become insiders whilst the latter group cannot. So a union
which cares about future membership will be interested in current employment of
outsiders (Jones & McKenna, ibid., p. 1570). While the reformulation suggested by these
authors implies that the union’s indifference curves have a kink at membership, i.e. at
N=M, these indifference curves are otherwise negatively sloped, a property not shared by
the Carruth—Oswald (1987) formulation.
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~[u(W) ~u(a)]/Nu'(W)
(3.10)

= 0,

so that the union’s indifference curves become horizontal after
membership.?**!

Another unattractive feature of the utilitarian union model with
fixed membership, which is partially removed by a reformulation
suggested by Jones & McKenna (1989), is revealed most clearly in the -
case of a pure monopoly union model. In this case the monopoly
union determines its most desired wage and imposes it on the firm,
thereby forcing the firm to accept some minimum profit level ("fall
back" profits). This model has a very peculiar comparative static
property in that a necessary condition for generating growth in
employment beyond membership is a fall in the price of output.?
What this result says is that procyclical movements in employment
beyond membership are impossible in this model. This is the reason
for the reformulation of the utilitarian union preferences to take into
account the preferences of employed outsiders in Jones & McKenna
(ibid.). Their models give rise to the possibility of procyclical
employment growth beyond membership, a possibility - depending
heavily on the behaviour of the labour demand function in the range
N>M.

Despite these theoretical shortcomings of the utilitarian fixed
membership model, we shall exploit it below because of its analytical
simplicity and tractability. Furthermore, being essentially a utility
representation of a representative member, aggregation is especially

* 9w/oN|_and ow/oN |, denote one-sided derivatives (from the left and right,
respectively).

2! Since u is concave it can be shown that the contract curve is now upward sloping
for M>N, becomes vertical at M=N and coincides with the labour demand function after
N.

%2 For a proof, see Carruth & Oswald (ibid., p. 436).
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simple. But to restate and make the ensuing maximizing problem work
well, we explicitly assume that M=N.”

Firms
The production technology of a (representative) risk neutral® firm is
given by a Cobb—Douglas production function:
Y = INeexpu), 0<a <1, (3.11)
o

where u represents random shocks to productivity or production
possibilities, and whose distribution is given by the distribution
function F. Product markets are competitive,® and firms maximize
profits

Pr = PY -WN, (3.12)

where P is the price of (domestic) output, v real profits and W denotes
(actual) nominal wages. Profit maximization by the firm leads to the
familiar demand for labour function, where demand for labour depends
on the real wage relevant for the firm:

Nd¢ = P5WBexp(Bu), 8 = > 1. (3.13)

2 This assumption, together with the concavity of the utility function u, implies
enough structure for the union maximization problem to be well behaved. It should,
however, be emphasized that there could be e.g. some institutional constraints or
conventions in real economies that imply a violation of the constraint M>N, thus giving
rise to a corner solution. Such institutional constraints include union shops (USA) and
open shops (UK), where every new worker must join the union (Carruth & Oswald, ibid.,
p. 435). These imply that membership tends to very close to employment. Note further
that in this setting assuming random selection in lay-offs drives a wedge between an
efficient bargain and a monopoly union model, i.e. the latter cannot be efficient. If, instead
of random selection, lay-offs are by seniority (’last in, first out’), then union indifference
curves are horizontal, and efficient bargains are on the labour demand curve, as
demonstrated by Oswald (1985).

2 The firm’s utility function is thus an identity mapping, i.e. V(%) = .

% For the implications of industrial structure for wage-employment bargains, see
Dorwick (ibid.). '
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This solution to the profit-maximization problem gives us the profit
function of the firm (maximal profits given P and W), obtained by
substituting (3.13) into (3.12):

Byyi-8
Pr* = Pr(P,W) = © WBC’;P(B“). (3.14)

As can be seen from (3.14) the profit function is homogenous of
degree one in (P,W), thus verifying the usual property of profit
functions (see e.g. Varian, 1984, p. 46). For future reference, we note
that real profits are given by &t = P! Sexp(Bu)/(B-1).

Uncertainty and labour contracts

A typical feature of modern labour contracts is that they are long-term
contracts. For example, in Finland contract duration is typically one to
two years, and sometimes even longer-term contracts are written, with
possible periods of renegotiations for reviewing the terms of the
current contract. Given that the contracting are forward-looking in the
sense that contracts incorporate expectations concerning at least those
variables greatly affecting the realized terms of the contracts, a
pervasive problem facing the contracting parties at the time contracts
are negotiated is uncertainty, at least in the form of exogenous
disturbances impinging on the economy during the contract period.
Thus there is a need to incorporate uncertainty explicitly into our
model of union-firm bargaining,.

Trade unions under uncertainty have not been dealt with much in
the literature. Notable exceptions are Oswald (1982) and Andersen &
S¢rensen (1989). Oswald investigates possible alterations in the
comparative statics implications of a utilitarian (monopoly) union
under uncertainty. Introduction of uncertainty into the trade union
model does not destroy the familiar comparative statics results (see
e.g. Oswald, 1985) derived from the corresponding models under
certainty.”® Andersen & S¢rensen employ the utilitarian (monopoly)
union model under uncertainty to analyze the relationship between
unionized wage formation and exchange rate variability, a tentative

% A minor problem is caused by the effects of the "comparison wage" (Oswald,
1979) on the marginal utility of income (consumption) in that it could change in sign in
such a way that the effects of the comparison wage on the marginal utility of income and
the expected value thereof have the opposite sign (Oswald, 1982, p. 107).
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conclusion being that exchange rate variability may have adverse
effects on the steady state equilibrium of the open economy (output,
employment and current account). In fact, we shall extend Andersen &
S¢rensen in that we impose more structure on wage formation by
employing a right to manage model, and we shall be more explicit in
our macromodel about the sources of aggregate price variability.

Restrictions on the generalized Nash maximand

As noted above, we shall employ a right to manage model of union-
firm wage bargaining under uncertainty. Thus, the scope for
bargaining is restricted to wages or to put it in Manning’s terminology,
in a two-stage sequential wage-employment bargain, the union has no
power over employment in the second stage. Furthermore we will be
more specific about the sources of exogenous shocks generating
stochastic price level variability”’ in chapter 4 in the context of our
macromodel. To simplify the derivation of the wage formula, we shall
impose the following restrictions on the Nash product:

i) we shall exploit Svejnar’s extension of the asymmetric Nash bargain
by transforming the product so as to reflect explicitly the firm’s
bargaining power only. Furthermore, we shall modify the standard
Nash maximand so that instead of writing the functional to be
maximized as [EU - U*][Bx - x*]° we propose the following
functional

E{[U - Ux][r - mx]®), (3.15)

where © denotes the firm’s bargaining power: ®=0 corresponds to the
monopoly union model, and as © tends to infinity, only (expected)
profit maximization carries weight. This parameterization of the Nash
maximand greatly simplifies the computations involved. The
expectation operator E denotes the assumption that the labour contract
will be signed before uncertainty is resolved, i.e. union-firm bargaining
takes place under uncertainty.

Clearly, then, the suggested functional does not strictly conform to
the standard assumptions of the Nash bargaining game, and some
justification, and preferably rationalization, based on the first principles

21 And, of course, giving rise to the normal distribution of the logarithm of the price
level assumed later in our analysis (see p. 102).
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of bargaining theory to support it would be desirable. The differences
between the standard Nash product and the functional (3.15) reduce to
the way uncertainty is assumed to be resolved in the bargaining
process. We shall not try to give any formal treatment of the problem,
but merely rely on informal arguments and intuition.

The standard formulation of the static Nash bargaining game (see
e.g. Osborne & Rubinstein, 1990, pp. 9—11) starts out by defining a
bargaining situation as a 4-tuple consisting of the number of players,
the set of possible outcomes or agreements, disagreement outcomes
and each player’s preferences. Players’ preferences are defined on the
set of lotteries over possible agreements, not just on the set of
agreements themselves. There is no explicit risk in the bargaining
situation thus defined. Preferences satisfy the assumptions of von
Neumann and Morgenstern. Thus, agreement x is at least as good as

agreement y to a player if and only if the expected utility of x exceeds = -

that of y. L

Some points deserve special attention here. In a bargaining situa-
tion thus defined, uncertainty or risk is fully captured by the notion of
the set of feasible agreements (and disagreement points). This set
consists of the list of all Iotteries available in the game. This
information is given exogenously, i.e. it is"an unmodelled element of a
bargaining situation. What is even more important in the present
context is that this set of agreements is in no way affected by the
choices of the players. In this sense no risk or uncertainty is generated
in or from the bargaining situation itself, and uncertainty is resolved in
it in a highly decentralized way through individual utilities. Actually,
uncertainty is resolved before bargaining between the players starts.

But once contracts allow wages to be indexed, complications arise
due to the fact that the strict exogeneity of lotteries with respect to the
choices of the players no longer holds, i.e. the set of lotteries is no
longer given. Indexation interacts with exogenous sources of
uncertainty so that systematic effects on the distribution of various
endogenous variables of the model economy, including of course
wages, will emerge. Thus choices of the degree of wage indexation
will affect the set of feasible (wage) agreements, so that uncertainty
will be endogenously affected. Given this background, we can think of
the union and firms bargaining over wages and indexation. We can
now state that the bargaining process itself generates uncertainty so
that all of the Nash axioms are not satisfied. Strictly speaking, then, it
would be logically incorrect to derive wages and indexation from the
standard Nash maximand.

The functional (3.15) proposes a way of resolving uncertainty in
this situation in that it can be thought of as a preference functional of
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an arbitrator, who averages out the distribution of excess utilities
(actually, a weighted average of excess utilities) over uncertain states
of nature. Thus, in a sense there is a social utility surplus, depending
on the excess utilities of the players, to be divided. The parameter ©
can be interpreted as a (relative) weight given to firms or "competi-
tiveness" in the arbitrator’s preferences. Although all this, together
with (3.15), may sound contrived, it should be remembered that a
suggestion for resolving uncertainty in this case has to be made, since
the standard Nash formulation does not give the right answer either.

Another way of arguing in favour of something like (3.15) is to
think of a two-stage bargaining process between the labour market
participants, where there is explicit uncertainty about whether the
actual wage negotiations will take place. In the first stage the union
and firms compute wages as if uncertainty had been resolved. But,
owing to e.g. the possibility of an exogenous event which would affect
each player’s (conception of his) relative bargaining position or which
might have a differential effect on each player’s feasibility set, a delay
in the start of the negotiations threatens to occur. The point here is
that there is, for some reason, a wedge between the union’s and firms’
demands which cannot be negotiated in the "usual" way and which
may jeopardize the negotiations. So, in the second stage, an arbitrator
is needed, who resolves uncertainty by imposing on the players a wage
setting rule, possibly coupled with indexation, based on maximizing
(3.15). This formulation of the problem clearly has parallels with a
theory of strikes and the behaviour of an arbitrator therein.

So the argument above, although informal, does suggest that a
modification of the standard Nash bargaining model in the present
context is somehow justified. A qualification in the ensuing analysis
derives from the fact that no tractable closed-form solution to the
degree of wage indexation can be derived from the labour market
model, so that the coniract wage equation below displays only a
partial relationship between contract wages and indexation. However,
we still prefer (3.15), since later in the policy analysis we shall
propose a model of an optimal policy mix of wage indexation and
foreign exchange intervention where the choice of the policy mix
depends on wage formation. So we are back in the situation where
wages and indexation jointly interact to affect the feasibility set of the
bargaining game in the labour markets.

In an appendix to this chapter we prove that the differences
between the standard Nash form and (3.15) are very small indeed in
the present context in terms of the resulting contract wage equation. In
fact, as far as the qualitative features of the relationship between
contract wages, indexation and intervention are concerned, there is
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essentially no difference between the two models. As far as aggregate
uncertainty itself is concerned, there is, however, one important
difference between the two models. The standard Nash form implies
that the effects of aggregate uncertainty — aggregate price risk as we
call it —on contract wages are completely independent of the
bargaining power of firms or competitiveness of the labour markets.
So, according to the standard Nash formulation, labour market
competitiveness in the present model in no way directly interacts with
random aggregate price and production variability so as to affect
contract wages. This is not something to be expected intuitively, and
does not greatly enhance the plausibility of the standard Nash
formulation itself. The formulation (3.15), on the other hand, generates
a confract wage with an interesting interaction between aggregate
uncertainty, indexation and competitiveness of the labour markets. This
is one reason we prefer (3.15) over the more standard formulation, but
to avoid excessive renaming and new concepts, we shall still call the
maintained labour market model with (3.15) a "Nash bargammg game"
or simply a "bargaining game".

ii) the firm’s fall back or threat point profits 7* are set equal to zero.
This seems an extreme assumption, at least at a more disaggregate
(e.g. industry) level, since we saw earlier that the threat point should
be seen as being affected by the agent’s financial resources should the
bargaining break down or during a delay. Now we are saying that the
firm cannot secure any (short-run) profits should the negotiation break
down. A partial justification for zero fall back profits can be given by
assuming the there is no second-hand market for existing capital
(Holmlund, 1990, p. 259) i.e. existing capital equipment stays idle
during a dispute thus incurring fixed costs. Be what may, we exploit
this assumption mainly because of analytical simplicity; the
computations involved are greatly simplified by assuming st*=0;%

iii) the union’s fall back or threat point utility U* is equal to Mu(a).
So, we are assuming that each member of the union obtains u(a),
where a represents exogenous, nonrandom income opportunities, in
utility during a dispute or delay. Furthermore, we assume that the
utility function of a representative union member belongs to the class
of constant relative risk aversion (CRRA) functions given by u(x) =
1‘/(1 -T), where T is the coefficient of relative risk aversion, i.e. T =
u”’(x)x/w’(x). Bach member’s utility is taken to depend on real

# See e.g. Dorwick (ibid.) on the comparative static role of fall back profits in the
bargaining solution.
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wages, i.e. uw(w) = u[W/Q], where Q denotes the random price level
index relevant for the union or union’s member (e.g. consumer price
index).

Given these restrictions, the Nash product can now be written as

We = argmax ,E{[N(u(w) -u(a)}n°} (3.16)
s.t. g = 0.

We provides the contract wage, while actual wages®” are possibly
indexed according to the formula W = W(Q/Q°°, where b is the
indexation coefficient and the superscript e denotes expectations. Thus,
we are explicitly allowing for wage indexation as in the standard
Gray-Fischer model of wage determination.

An immediate problem arises as to the determination of the
indexation coefficient, i.e. whether it is subject to bargaining or not.
For the present we shall treat the indexation coefficient as an
exogenous parameter not subject to bargaining.®* The idea is that
contract wages W° are negotiated before uncertainty is resolved. Thus
after shocks to the economy occur and the relevant price indexes are
observed, wages are adjusted to the formula given above. Later, we
shall make a few comments on the optimal determination of wage
indexation based on the bargaining approach.

Since the union is conceived as an economy-wide union, the effects
of wages on the price levels P and Q are taken into account in deriving
the contract wage W°. Thus we write P = P(W) and Q = QW) to
emphasize the dependence of the price levels on the wage rate.

¥ Note that labour demand decisions are based on the actual wage.

% That the degree of wage indexation is not explicitly treated as a variable subject
to bargaining is an important limitation of the present analysis in that it would be
preferable to derive it from the same basic labour market model as the contract wage.
Furthermore such a modelling strategy would more directly support the imposition of a
preference functional like (3.15) on the bargaining game. The main reason for deriving
only contract wages from the labour market model is that no workable closed-form
formula for the degree of wage indexation is available from the model, if it in fact were
treated as a variable subject to bargainig. One feature of this solvability problem is that
uncertainty would in this case be affected by labour market decisions, since indexation
typically affects aggregate price variability, a feature familiar from the standard
Gray—Fischer model. Once again, then, simplicity dictates the choice.

31 We could think of public sector authorities as making the required wage adjustment
immediately after shocks occur.
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Substituting the equations for real profits and employment in the
Nash maximand and differentiating with respect to wages, gives the
first order necessary conditions for the maximum:

o(W*) =
[W €] R { Pl +©)-01Q 110161 ) Oley a1 + O)u] } (3.17)
-—u(a)[Qe]b(l“)CE{P[B(“G)'@]Q"’(B“*9)'9)exp[B(1 +O)Wu]} = 0,

where
(1-79[B(1+0)-0][1 —sp’w]

{[B(1+©) -B][1 -&,y] -(1 -1 -gq ]}

and &gy = elasticity of X with respect to W, assumed to be
constant.>*

The expected value in (3.17) depends, of course on the distribution
of the random vector (P,Q,s)’. We assume that the random vector
(p,qu)’ = (InPInQ,x)’ is a normally distributed random vector with a
mean vector (Ep,Eq,0)’ and variance-covariance matrix X = (o) for i,]
= 1,2,3. This implies that the price levels P and Q are log-normally
distributed random variables. To solve equation (3.17) for InW°, we
exploit the following property of normally distributed random
variables: for a normal n-vector X, the moment generating function of
the normal distribution is M(t) = E{exp[t’x]} = exp{t'm + %t’Zt},
where m is the mean vector, £ the variance-covariance matrix of the
distribution and t = (,,t,,...,t,)" is an n-vector of real variables. Using
this fact, we can express the logarithm of the contract wage, w°, in the
following form™

%2 In the log-linear macromodel to be presented later in chapter 4, the elasticities are
contstant.

3 Actually, the f.0.c. for the maximum should be written as
(1 - b)H(W*) = 0, where 1} denotes the elasticity of the expected value of the consumer
price index with respect to the contract wage, i.e. | = dlnQ%/dlnW°. So, we have implicitly
imposed the condition br) = 1, which is assumed to throughout the text.

* We are implicitly assuming that the relevant second order condition for a
maximum is satisfied, i.e. $’(W°) < 0. '
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w = (1 -7)"[Inu(a) +InC] +bInQ*
+(1-b){Eq-%{[(1 -t)(1 -b) +2b(B(1 +8) -®)]0; ~ (3-18)
-2[B(1 +©)o, +(B(1+©) -8)a, 1}},

where o denotes the variance of the random variable x and O,y 1S
the covariance of the random variables x and y. Now, since Q° = E(Q)

= exp{Eq + % oz }, equation (3.18) reduces to

w® = u"+c+Eq-»V(X), (3.18)
where ¢ = (1-1)™InC; u* = (1-1)"Inu(a)

and V() = {[(1-b)[(1-T)(1 ~b)+2b(B(1 +©) -©)] ~b]c?
-2(1-b)[B(1 +©)o, +(B(1+©) -©)s, 1}

The solution to the wage bargain, (3.18”), has an interesting structure.
Note first that for (b,0) = (0,0) the solution reduces to the one derived
by Andersen & S¢rensen (ibid.) in their analysis of wage formation
and exchange rate variability in a unionized open economy. Their
analysis does not, however, allow for a more flexible bargaining
structure owing to the presence of an all-powerful union that imposes
its desired wage on firms.

Once we incorporate our unionized labour markets and the
ensuing wage equation (3.18”) in the standard macromodel of chapter
2, we observe that the natural rate property is lost. This is because
monetary policy affects wage formation through the variance-
covariance term V(Z). Thus, the policy implications from the present
model must differ from the standard Gray—Fischer model of an open
economy, as exemplified by e.g. Aizenman & Frenkel (1985a, b) and
Turnovsky (1986). The crucial difference is the ex ante partial
equilibrium in the labour markets upon which the determination of the
contract wage is based. Standard analysis chooses as its ex ante
equilibrium concept the flexible wage, non-stochastic equilibrium of
the labour markets. This choice implies that the contract wage is not
affected by the parameters of wage bargaining or of monetary policy
rules. The assumption of risk neutral workers and firms implies that
random (aggregate) variability has no utility costs and hence it need
not be priced ex ante in contracts; there are no gains from risk
sharing.

99




The particular choice of the ex anmte labour market equilibrium
generates a natural rate property in a model of an open economy in-
corporating Gray—Fischer contracting in that the steady state
equilibrium level of the economy is independent of the policy
instruments being used, i.e. indexation and foreign exchange inter-
vention.”> In the present context, there is a clear interaction between
indexation and intervention and contract wages. First, given X,
indexation directly influences the way aggregate variability = impinges
on contract wages. Second, in a general (macroeconomic) equilibrium,
2 typically depends on the degree of indexation and intervention, so
that the degree of aggregate variability is-affected by indexation and
intervention. Thus we see that the effects on contract wages, and thus
on the steady state of the economy of a particular policy mix of wage
indexation and exchange rate regime (intervention) is two-fold; the
amount of aggregate variability and its impact on contract wages are
both affected by the choice of the policy mix.*

The solution wage, (3.18’), clearly displays a "mean-variance"
structure.”’ Apart from the variance-covariance structure incorporated
in V(.), wages are determined by price level expectations and a mark-
up over the union’s disagreement point.®® The mark-up depends on
the risk parameter of the utility function of a representative union
member, the elasticity of labour demand with respect to real wages
(thus on production technology), the bargaining parameters (®) and
product market conditions, as summarized by the elasticities ¢py, and
Eqw- Ihe mark-up structure is intuitively understandable and seems to

% Note that the non-stochastic equilibrium and the (conditionally) expected
equilibrium of the labour markets need not be the same, even if shocks are serially
uncorrelated.

*® From this argument and equation (3.18’) we can clearly see the implications of the
specific assumption that the degree of wage indexation b is not a variable subject to
bargaining; bargaining over b in the labour markets largely means bargaining over the
degree of uncertainty impinging on the economy, as argued in fn. 30 above.

%" From this partial equilbrium point of view there are three (correlated) sources of
stochastic variability; prices P and Q and the productivity disturbance .

* We cannot set the fall back utility of the union, U¥, equal to zero under the
assumptions of a Cobb—Douglas production technology and zero fall back profits, since
in this case the Nash maximand becomes unbounded in W* and the maximization problem
is not well defined; the union’s utility and the firm’s profits are increasing without bound
as wages tend to zero. The utility and profit gains come indirectly from unbounded
increases in employment (as wages tend to zero) in the Nash maximand. We note here the
restriction MzN, which in this case cannot be met, so that for zero fall back utility and
profits we have a corner solution at membership. This situtation results in indeterminate -
wages.
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be typical of the solution to monopoly union-firm bargaining,” where
union tries to exercise its wage setting power to set wages above the
available alternative.*

The mark-up parameter c is, ceteris paribus, decreasing in the
elasticity of labour demand B and the firm’s bargaining power ©."
The former is due to the fact that variations in employment are larger
for a given change in wages the more elastic is the labour demand
schedule. This, in turn, implies that the employment-induced changes
in the union’s utility are quantitatively more important for a more
elastic labour demand function. Increases in the firm’s bargaining
power mean, in the present context, that labour pricing becomes more
competitive, and so the the wage equation says that firms are more
able to push the union towards the threat point alternative as their
bargaining power increases. This is intuitive enough.

Since an expected increase in consumer prices leads to a
proportionate increase in wages, the bargainers act as if choosing the
expected real (consumption) wage, E(w® - q), depending on the fall
back utility or income opportunities to the unemployed, the degree of
wage indexation, the firm’s bargaining power and the second moment
characteristics of the distribution of (p,qu)’. These second moment
characteristics are summarized by the term V(Z), which will
henceforth be called the price risk,** since it summarizes the effects
of aggregate price variability on the contract wage, and this price
variability introduces an "insurance" component which affects the
pricing of labour.

We know from e.g. implicit contract theory that a contract
between a risk averse employee and a risk neutral employer under
symmetric information specifies optimal risk sharing in that an

¥ Compare e.g. Nickell (ibid., p. 25).

“ Taking into account the employment repercussions of wages of course; see e.g.
Nickell (1990). :

“ As noted by Andersen & S¢rensen (ibid. p. 265), if the competing sector is
becoming too small relative to the sheltered sector (gqyy is small relative to &y,), there is
no well-defined solution to the maximization problem. However, the distinction between
product and consumer prices is non-existent in the macromodel to be specified later, since
we are focusing on a small open economy under well integrated international commodity
markets (law of one price or PPP).

“2 This terminology is adopted from Andersen & S¢rensen (ibid.). In the present
context it would be prefererable to call V simply aggregate risk, since V now also depends
on aggregate shocks to production technology, which are absent from Andersen’s and
S¢rensen’s model. The main point is not, however, giving a name to V, but the fact that
it summarizes the effects on contract wages of the economy’s aggregate variability.
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employee accepts lower wages, if this means more certain wages,
while an employer agrees to this, if, in consequence, expected profits
go up. Matters are analogous here in that the risk inherent in the price
of labour is priced ex ante in contracts. But note that even if a union
member were risk averse, the union need not be, because of the
employment effects of wage setting. Consequently, the effects on
wages of uncertainty in the form of price variability are not
determinate.

The ambiguity of the price risk effects on wages stems, as
mentioned above, from the risk characteristics of the union. To
understand what is involved here, we apply the results of Rotschild &
Stiglitz (1971) concerning the effects of increasing riskiness. As the
union’s utility in the Nash product is composed of employment and
the utility of a representative member (above the threat point), the
ambiguity in the union’s risk characteristics stems from the fact that
the convexity/concavity properties of the relevant marginals of these
components differ, thus driving the union’s marginal utility of wages
in different directions.

Specifically, from the employment function we can see that
Ny = -BP*W*Pexp[Bu] is a concave function of P, and from the
union member’s utility function that uy, = WT[1/Q]'* is a convex
function of Q for Ost<1. These push the convexity of Uy, in different
directions.®

The ultimate effects, both qualitative and quantitative, of the price
risk on wages depend heavily on the degree of wage indexation, b,
and firms’ bargaining power, ®. Furthermore, firms’ power to
influence wages through the price risk is dependent on the degree of
wage indexation. For fully indexed wages (b=1), firms cannot have
any extra power to price the risk, and the contract wage fully reflects
only the risk due to variability in consumer prices. This source of
variability is related to the distributional characteristics of consumer
prices, which affect the real wages relevant to the union. Moreover,
the particular way in which the distribution of consumer prices also
affects contract wages under full indexation guarantees that expected
consumption real wages are constant and independent of the
distribution of consumer prices, since E(W/Q) =W °exp{-(Eq +1/20§)} =
exp{u® + c} under full indexation.

“* Rather than characterize the convexity properties of the relevant marginals in terms
of the price levels P and Q, as in Andersen & S¢rensen (ibid.), it would be preferable to
characterize these properties in terms of "purchasing power units" 1/P and 1/Q, since it
is wages relative to these units which affect employment decisions and union utility. To
this end, Ny is convex in 1/P, and uy, is concave in 1/Q. (Note that the convexity
characterization of Ny and uy, in P and Q in Andersen & S¢rensen should be reversed.)
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On the other hand, under non-indexed wages (cf. Andersern &
S¢rensen, ibid.), firms have more power (within ©) to affect the
pricing of risk, but only by influencing the way covariability between
consumer and producer prices and productivity shocks and consumer
prices affects contract wages (i.e. through the terms o,, and o, in the
price risk). This feature of the solution hinges upon the structure of the
(Nash) maximand and especially upon the specification of union
preferences, whereby employment acts as a scale factor in the union’s
utility function. The ambiguity a rises because in general we would set
Op > 0 and o, < 0, i.e. the covariances have differential effects on
the price risk, and is directly related to the union’s risk characteristics
mentioned earlier.*

Note further that the product price and the productivity shock
enter the price risk and accordingly the wage equation only through
their covariances with consumer prices, regardless of the degree of
wage indexation®. This, as in the case of non-indexed wages, hinges
upon the structure of the (Nash) maximand where firms’ fall out
profits are zero and the product price (via employment) and
productivity shocks enter the maximand as if they were scale factors.
This need not be the case for non-zero fall out profits or for other
specifications of the union’s and firms’ preferences.

Having described labour market behaviour in a unionized
economy and derived a contract wage as a solution to union-firm
bargaining over wages, we shall now proceed to analyze the
implications of wage formation in a small open economy context. The
model of the small open economy is a log-linear stochastic IS-LM
model of the type utilized in chapter 2 in the context of standard
models of wage indexation and foreign exchange intervention. Since
the steady state equilibrium of the economy will now fully reflect the
parameters of the wage process and foreign exchange intervention, we
can no longer analyze the variability of aggregate output and
employment around the steady state independently of the steady state
level itself. This implies that policy strategies designed to adjust
aggregate employment and output probably have costs in terms of the
levels of these variables, e.g. output stabilizing policies may only be
achieved at lower levels of employment and output.*

* The presence of productivity shocks has a tendency to reduce wages, since N, is
a concave function of u, thus tending to increase the concavity of Uy,

45 Provided b is not equal to one.

% Of course stabilization or other policies can have (ex post) costs in terms of the
utilities of the bargainers.
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Appendix to chapter three

Derivation of the contract wage equation from the standard Nash
formulation

Here we shall derive the contract wage equation corresponding to the
standard Nash maximand, which is written as

[EU - U*][Exn -n*]°. (A1)

The union and firms set contract wages W° as if maximizing (A.1).
The first order condition for the maximum can be written as

oEU oEm
WY = Z_“[Ex-n*]+O[EU -U"
W) = —[En-n]+ €] I~

=0. (A.2)

Substituting in &' = 0, the indexation scheme W = W(Q/Q°", the

profit, employment and CRRA utility function and manipulating (A.2)

can be expressed in the following form
[W c]l-’tE{P BQ—(I 1)1 "’)*bﬁexp(ﬁ,u)}
~u(a)[QT OCE{P*Q exp(8)} = 0,

(A3)

where, as in the text,

_ (1-D)[B(1+6)-0][1-¢,,]
{[B(1+©) -O][1-&py] (1 -1 -2qyul}

and ey = elasticity of X with respect to W. Finally, solving equation
(A.3) for the log of the contract wage gives us

w® = (1 -1)"[Inu(a) +InC] +blnQ®
+(1-b){Eq -%{[(1 -T)(1 -b) +2b8]c? (A4)
-2[80,, +Bo 1}},
or
w® = u"+c+Eq-1%V(2), (A3%)
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where ¢ = (1-7)InC; u* = (1-7)"Inu(a)

and V(Z) = {[(1-b)[(1-7)(1 -b)+2bB] -blo?
-2(1-b)[Bo,, +B80, ]}

From (A.3) or (A.3’) we can immediately see that the aggregate price
risk, which summarizes the information about the random variability in
the aggregate economy generated by shocks to consumer and producer
prices and production technology, is completely independent of the
parameter ®. In this sense aggregate uncertainty is, as claimed in the
text, in the above model independent of the bargaining power of firms.
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4  Exchange Rate Variability
and Wage Formation

4.1 Introduction

The solution to the bargaining game in the previous chapter gives us a
partial equilibrium relation between contract wages and aggregate price
risk. A partial equilibrium relation, since we need a macroeconomic
structure in which we can characterize the structure of the aggregate
price risk and in which, as a byproduct, we can analyze the steady
state policy non-neutralities that emerge as a result of uncertainty. The
novel feature here lies in restructuring conventional open economy
macromodels (of wage indexation and foreign exchange intervention)
to incorporate a unionized labour market where uncertainty impinges
on the wage formation process. The construction and analysis of
(union-firm) wage bargaining models is nowadays a well established
research field, but these models are mainly partial equilibrium models
designed either to lay theoretical foundations for unionized wage
formation or to test various model specifications empirically.
Furthermore, most of these models deal with wage (and employment)
determination under certainty. So, the introduction of uncertainty into a
wage bargaining mode] and its application in a conventional macro-
economic framework seems to be unexplored theoretical territory.

Two important exceptions to the previous observations are Oswald
(1985) and Andersen & S¢rensen (1986). Oswald explicitly introduces
uncertainty into a pure monopoly union model and searches for
potential changes in the comparative statics properties of the monopoly
union model under uncertainty vis-d-vis the corresponding model
under certainty. In general, no changes can be observed.! Andersen &
S¢rensen, on the other hand, build on Oswald and construct a
utilitarian monopoly union model of wage determination under
uncertainty, constrained by the demand for labour of a Cobb—Douglas
firm, in order to analyze the steady state implications of wage
formation and exchange rate variability. Under some (implicit)
parameter restrictions, they conclude that, because of aggregate price
risk, a reduction in exchange variability may be desirable from the
point of view of aggregate output and employment.

! A (minor) qualification arises from the stochastic behaviour of the marginal utility
of income (consumption) with respect to the comparison wage (see Oswald, ibid.).
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In this chapter we make some modifications to the framework
employed by Andersen and S¢rensen in order to analyze the
interaction between exchange rate variability and wage formation. First
of all, we relax their pure monopoly union model of wage
determination as being too restrictive in that it does not allow firms to
affect wages. Instead, the "right to manage" model of the previous
chapter is employed, thus enabling us to control for the
competitiveness of labour pricing in the ensuing analysis. Second, the
macroeconomic structure is modelled as in chapter 2. Thus, we are
describing a small open economy with unionized labour markets. This
choice is mainly designed to maintain comparability with previous
analyses of wage indexation and foreign exchange intérvention.

The main focus of the ensuing analysis relates to steady state
policy non-neutralities of a combination of wage indexation and
foreign exchange intervention. These non-neutralities emerge in the
model because of aggregate uncertainty impinging on the wage
formation process. Thus, the natural rate property, a fundamental
feature of the standard Gray—Fischer model, no longer holds. This
property of the wage formation process has far-reaching implications
for e.g. the choice of the exchange rate regime or exchange rate
policy. This is especially so when we come to discuss matters in terms
of the optimality of the policy instruments of indexation and
intervention, since the various policy optima cannot be derived and
analyzed solely on the grounds of minimizing the effects of various
disturbances on the variability of aggregate real economy, an
implication tentatively suggested by the standard models.
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4.2. A macromodel of a small open economy
with union-firm wage bargaining

We use our small open economy macromodel of chapter 2 to analyze
the macroeconomic effects of union-firm bargaining, The formal (log-
linear) small open macroeconomy is repeated here in equations

(4.1)—(4.8)"

y, = a+ton +u, 40
n, = B(p,~w)+Bu, B >1 , (4.2)
w, = W, +b(p, =P,

w, = u+c+p, ~%(1-b)V(Z)

¢ = (1-7)tog_ 181 +©)-€] (43)
[8(1+60)-6~(1-1)]
= V(E) = (1 —b)[(l —’U) —Z(B(]_ +®) _G))]OIZ’ _ZB(l +®)O.‘up
m =P, = ¥, "¢+, (4.4)
m,-m, = -0(s,-s ), 0= 45)
i-i; = Seea1 ~ St (4.6)

2 Note that for a random variable x E(x) = E[E(x | )], so that maximizing the
expected value of x is equivalent to maximizing its conditional expected value for all
choices of y. In the contract wage equation, we have conditioned the expectations
concerning the information available at the end of period t-1. Since we are assuming that
the period t stochastic disturbances to our economy are orthogonal to the information
available at the end of period t-1, the conditional and unconditional expectations coincide.

* The PPP relation (4.7) implies that p = q, i.e. there is no difference between
consumer and producer prices in this economy, so that €,y = €qw. This fact has been used
to remove these elasticities from the constant c.

* Since p = q due to PPP, we have o, = 0%, which has been used in the expression
for the price risk. :
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pt = p:+st7 | (4'7)

where for all x

x,, = B[x;I] s <t (4.8)
Notation
y, = log of period t real output
n, = log of period t employment
pr = log of period t price level
w, = log of period t wages
w = log of period t contract wage
i, = domestic interest rate in period t
s, = log of period t exchange rate (domestic price

of foreign currency)

m, = log of period t money stock
m, = log of the long-run target level of m
S, = log of long-run equilibrium value of the exchange rate
* refers to foreign variables.

As before, equation (4.1) describes the short-run (decreasing returns to
scale) production tectinology of the economy subject to (unpredictable)
random shifts in the production possibilities as represented by random
productivity shocks u. Equation (4.2) is the derived demand for labour
as implied by the profit-maximizing behaviour of the firms.> Here, as
before, B = 1/(1-a) > 1 is the elasticity of labour demand with respect
to real wages. As the notation in equation (4.2) and (4.1) suggests,
actual employment is determined by the demand for labour. This is the
constraint faced by the monopoly union in a right to manage model of
wage determination. Labour market behaviour is completed by
specifying the determination of actual wages and the outcome of the
union-firm bargaining represented by the contract wage w® in equation
(4.3).° Actual wages are may be indexed to the price level possibly

* That is n is the log of N, where N is chosen so that N = argmax,{Pf(N) - WN},
where f(N) = AN“exp(u) for some A.

¢ Note that labour supply shifts in the contract wage equation are generically captured

by the exogenous fall back utility of the union, i.e. by u*. Other determinants of labour
supply behaviour are embodied in the union’s objective function.
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through an exogenous administrative process.” The mark-up constant
in the contract wage formula does not include the elasticity terms due
to the PPP rule (4.7). For the same reason the price risk now depends
only on the variance of (the log of) the price level and its covariance
with the productivity shock g’ |

Money market equilibrium behaviour is described in equations
(4.4) and (4.5). Equation (4.5) gives the "restricted" (Devereux, 1988)
foreign exchange intervention rule currently employed by the monetary
authority. Coupled with the money market equilibrium condition (4.4),
equation (4.5) determines the exchange rate system prevailing in the
domestic economy. The two most commonly employed exchange rate
systems of clean floating and fixed exchange rates are generated by
equation (4.5) by the parameter values d = 0 and & = oo respectively.
The most interesting point about this particular parameterization of
exchange rate regimes in the present context is that there is a direct
link between exchange rate variability and wage formation as in
Andersen & S¢rensen (ibid.). By implication there is a close
relationship between the exchange rate system (or intervention policy)
and the steady state of the system.

Equations (4.6) and (4.7) are the two parity conditions commonly
used in standard models, the former postulating uncovered interest rate
parity and the latter purchasing power parity. As we argued earlier in
chapter 2, these condition essentially posit perfectly integrated capital
and commodity markets, and they offer great technical advantages in
small open economy models under rational expectations.

Condition (4.8) postulates rational expectations. As it stands, it
says that subjectively held conditional expectations coincide with the
conditional expectations generated by the model itself, just as Muth’s
(1961) original breathtaking analysis convincingly argues.” Given the
structure of wages in this unionized economy, there is a potential

7 This determination of the degree of wage indexation need not be as arbitrary as it
seems at first sight. Simonsen (1983) gives a good description of the Brazilian indexation
experience, where a proper indexation formula has been sought through an administrative
process. In Finland, for example, there are Jegal restrictions on the use of indexed
contracts, so that the determination of the degree of wage indexation normally requires
considerations beyond those directly related to the bargaining process in the labour market
itself. A great deal of public sector "intervention" is required to achieve indexed contracts.

8 Note that the coefficient of the price level variance is negative, unless the firm’s
bargaining position, as represented by its bargaining power, is very weak indeed and the
coefficient of relative risk aversion, 4, is negative.

9 Of course, rational expectations require equality of "subjective’ and "objective"
distributions, and not merely expected values.
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problem in solving rational expectations in this model, since the
conditional moments of an endogenous variable will depend on the
variance of the (log of the) price level and its covariance with the
productivity shock. However, given the (log-)linearity of the model
and the structure of the stochastic disturbances, to be specified shortly,
and their relationship to the conditioning information (I,,), we can
ascertain that the variance structure of the system is constant, thus
simplifying the calculations involved.

For the stochastic structure of the disturbances, we postulate the
familiar structure of serially uncorrelated normally distributed
disturbances:

Pe= Py (4.9)

1

i +
1o V2t

and

(U V1 Vp) ~ NID(0,%)

. 2 2 2 2
2 = diag(0,,0,,07,0).

This structure implies that period t disturbances are orthogonal to the
information available at the end of period t-1, which includes the
structure of the model and all variables dated t-1 and earlier. In
addition to being serially uncorrelated and normally distributed (and
thus independent), the disturbance structure displays non-existent
correlation (independence) across variables.

Substituting the labour demand function (4.2) and wage formula
into the production function, we obtain the aggregate supply function
under imperfect information:

y, = a-aB(w, Py ) TOB(L-b)(P, - P,y B, - (4.10)

From (4.10) we can see that the aggregate supply function decomposes
into two distinct parts. First, unexpected changes in the price level
affect aggregate supply, i.e. an effect due to imperfect information
(wages are set before uncertainty is resolved). This effect is familiar
from the standard Gray—Fischer analysis and gives rise to a Phillips
curve, where changes in prices and output are positively correlated, if
wages are not fully indexed. Furthermore, this is the channel through
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which monetary policy is transmitted into the real sector of the
economy.

In addition to price level surprises, expected real wages affect the
level of aggregate output. This effect is directly related to wage
formation based on union-firm bargaining in the labour markets. In a
standard Gray—Fischer framework the expected real wage effect is
largely suppressed, since contract wages adjust so as to clear ex ante
labour markets in a fully flexible wage economy.'” This device is
responsible for the natural rate property of the standard models, i.e. the
steady state of the economy displays "neutrality” with respect to the
policy intervention under consideration.

From (4.10) we see that since the contract wage is not
independent of indexation and foreign exchange intervention, the
ex ante or stationary equilibrium of output depends on the full range
of parameters affecting wage and exchange rate formation in the
economy. Thus indexation and intervention will have steady state
effects as well as effects due to imperfect information (second order
effects).”

After substituting in equations (4.5) and (4.10), the money market
equilibrium condition (4.4) yields the following equation for exchange
rates

[1+8+k+oB(1-b)]s, = +C+®

t tt+1 t?

(4.11)

where
C =m_ +ds -[a-aB(u"+c-%(1-b)V(Z)] +ki -[1+aB(1l-b)]p,
@, = [kv, —(1+aB(1-b))v, ~Bu,-u].

t

Following the steps taken in chapter 2 in deriving the solution for
exchange rate expectations, equation (4.11) implies the following
(convergent) solution

10 1t should be emphasized that this is an ex ante non-stochastic equilibrium. In the
present context this determmatlon of the contract wage gives rise to an approximation to
a wage equation of the form w; = p,,,, where w; denotes the coniract or base wage
for period t.

! This implies, among other things, that the efficiency or welfare criterion suggested
by Gray, which approximates losses due solely to imperfect information, is not fully
satisfactory here, even if it is accepted as a reasonable welfare criterion in itself.
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. 4.12
T TTraB(1-0)] (+12)

where

C = m_~[a-oB(u”+c-%(1-b)V(E)] +k, ~[1 +oB(1 -b)]p,.

In what follows we shall take this as our solution to exchange rate
expectations.’” Note, however, that this particular choice for exchange
rate expectations does not display complete independence of the
solution from foreign exchange intervention, as in the standard model
(e.g. Turnovsky, 1983a), since intervention affects the variance-
covariance structure of the price level and productivity shock, and thus
the price risk.

Perhaps the most interesting feature of the solution (4.12) is the
direct link between exchange rate expectations and wage formation.
An increase in the union’s threat point u* will, ceteris paribus, lead to
an expected depreciation of the domestic currency because of the
increase in the contract wage. On the other hand, if we treat the price
risk V(Z) parametrically, an (algebraic) increase in it will lead to an
expected revaluation of the domestic currency, since this increase in
the price risk will lower the confract wage.

Substituting (4.12) into (4.11), we obtain the following equation
for actual exchange rates

c _
S, = +[1+d+k+aB(1-b0)]D.. 413

From this equation we can see that wage rigidity (indexation) affects
exchange rates for a given O through two distinct channels. First, there
is the effect on exchange rates via exchange rate expectations. This is
the first term on the right hand side of equation (4.13). In addition,
indexation affects the transmission of different shocks into changes in
the exchange rate. The second term on the right hand side of equation
(4.13) captures this effect, which is very familiar from standard
analysis of wage indexation and foreign exchange market intervention
(see e.g. Aizenman—Frenkel, 1985a, b). Thus, foreign exchange

12 In choosing this particular solution, we have imposed similar restrictions on the
intervention parameter 9 as in chapter 2 in order to guarantee convergenge of exchange
rate expectations. Furthermore, we have excluded from the solution an additional non-
convergent factor (i.e. a factor formally satisfying the expectational difference equation)
justifying this exclusion by typical stability considerations under rational expectations.
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intervention (8) has a direct influence on the impact effects of
disturbances on exchange rates, as well as an indirect effect via
exchange rate expectations. As we have seen, exchange rate
expectations depend on the price risk, which, in turn, depends on the
variance-covariance structure of the price level and productivity
shocks. Foreign exchange intervention thus influences exchange rate
expectations through its effects on the price risk.

Using the PPP rule we can derive an expression for the domestic
price level

pt = p:+st = po+V1t+St
, 4.14
) o4 . (I)t ( )
[1+aB(1-b)] [1+d+k+aB(1-b)] ’
where
C' =m -[a-aB(u"+c- (1-b)V(X))] +ki,
@' = [kv, +(k+8)v, -Bu -u].

As it stands,”® the price level is heavily influenced by wage
formation; an increase in either the union’s fall back utility u* or the
mark-up ¢ increases the price level, since these factors increase the
contract wage. On the other hand, an increase in price risk induces a
fall in the price level via the contract wage effect. Note that the impact
effects of different disturbances on the domestic price level is
reinforced by a higher degree of wage indexation, i.e. the variance of
the price level increases with increases in the degree of wage
indexation, a feature familiar from the standard models.

In what follows we shall mainly focus on the effects of wage
formation on the steady state output of the economy and make some
comparisons across different exchange rate regimes subject to a
differential degree of wage indexation. These comparisons are
important, since while the standard models do seem to imply that
policies designed to stabilize output variability can be conducted
without affecting the steady state output level (natural rate), the present

13 Note that the log of the price level is a linear combination of independent normal
variates, so it is also a normal variate with a (conditional as well as unconditional) mean
equal to the first term on the right hand side of the price level equation (4.15) and
variance equal to the variance of the second term on the right hand side of equation
(4.15).
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model clearly denies this possibility; wage stickiness and the exchange
rate regime or intervention policies also have repecussions for the
steady state of the economy, and not only for the transmission of
various disturbances into real fluctuations.

4.3 Steady state effects of indexation
and foreign exchange intervetion

The policy instruments (b and 0) exert their real effects through the
price risk term in the wage equation (4.3). In order to analyze policy
effects, we have to solve for the price risk. Since unexpected. price
level changes are given by the second term on the right hand side of

the price level equation (4.14), the variance of the price level is given
by

o) = Q?{(k+d)0; +k 0, +B0, +0L}, (4.15)

where Q = [1+k+d+af(1-b)], while the covariance between the
productivity shock and the price level is o,, = -—Q'IBGZ#. From the
price risk equation (4.3) we observe that the effects of foreign
exchange intervention on the price risk (given b) are given by

__9v _ . d[(1-b)ocy-a,0,] (4.16)
ign—— = si , .
W T 3

where o, = [(1-7)-2(B(1+0)-0)] < 0 and a, = 2B(1+6) > 0.
From (4.16) we deduce that the comparative static effect of foreign
exchange intervention on (expected real) contract wages is given by

. 2
AW =Py = -sign d[(1-b)o, 0, -1,0,, ] . (4.17)

sign
5 o[o) bolo)

Now, the effects of intervention on the price level variance cannot be
signed a priori without further restrictions on the source of exogenous
uncertainty. The problem arises because the greater fixity of exchange
rates (higher 0) reduces price level variability due to shocks in
domestic supply, money demand and foreign interest rates, but because
of PPP, price level variability increases due to shocks to foreign-
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prices. Thus the effects of intervention and a fortiori exchange rate
variability on steady state employment and output are ambiguous.

Ambiguities also arise concerning the effects of wage indexation.
As such, a higher degree of wage indexation (given d) increases price
level variability and increases the covariability between the price level
and productivity shock. Simultaneously, the effects on the (expected
real) contract wage of a given aggregate price risk are reduced because
of a higher degree of wage indexation. The net effect on the contract
wage is thus ambiguous, as are the effects on steady state employment
and output of a higher degree of wage indexation.

To obtain somewhat more specific information on the effects of
indexation and intervention on the steady state equilibrium, we resort
to the familiar special cases of fixed and flexible exchange rates. Some
comparisons across these regimes are also presented.

4.3.1 Steady state output under fixed and
flexible exchange rates

Substituting the price level prediction error @’ from equation (4.15)
into the output supply equation (4.10), we can write the output supply
equation as follows

It

y, = a _GB(W: _pt—l,t) +afB(1 “b)(pt —pt-l,l) +Blu’t
a-oB[u” +c- 15(1 —b)V(Z)] (4.10’)

+QHoB(1 -b)[kv,, +(k +8)v,, ~u] +(1 +k +8)Bu}

As for the mean level of aggregate output, we can make some
comparisons across exchange rate regimes, once the the parameters
associated with the bargaining process (especially b and ©) are given.
The mean or stationary aggregate output is given by

E(y) = a-aB[u”+c-%(1-b)V(Z)]. (4.18)
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4.3.1.1  Fixed exchange rates

Since the ex ante price risk under fixed exchange rates is given by

Vi) = (1-b)[(1-1)-2B8(1+6)-)]d} < 0,
we have

E(y,,) = a-aB[u*+c-1(1-b)V {(=)]. (4.19)

Under fixed exchange rates, the only source of domestic price level
variability are direct shocks to the foreign price level (v,), which
impinge on the domestic price level through PPP. The impact effect of
forelgn price shocks on the price risk, as summarized by their variance
oF, is unambiguously negative, since [1-t]-2[B(1+®)-0] <0,
although their ultimate quantitative effects on the contract wage
depend heavily on the degree of wage indexation b. However, under
partial wage indexation (O<b<1), domestic price level variability due to
foreign price shocks tends to increase the contract wage, and thus
decrease the stationary equilibrium output under fixed exchange rates.
Note that since the higher degree of wage indexation reduces the price
risk effect on the contract wage, it follows that increased wage
indexation under fixed exchange rates tends to increase the stationary
equilibrium output. In the limiting case of complete wage indexation
(b=1), the price risk effect on the contract wage is completely
eliminated, so that the steady state aggregate output in this case is
given by

E(y,) ., = a-aB[u"+c]. (4.19")

For further comparisons we resort to the implications of the bargaining
parameters on the contract wage and consequently on output. As it
stands, the stationary output under fixed exchange rates and complete
wage indexation is completely determined by the mark-up structure of
the contract wage (u* + ¢). Union fall back utility ("competitive wage"
or shifts in labour supply) increase the contract wage and thus induces
a fall in the stationary aggregate output. Furthermore, since the mark-
up constant ¢ depends negatively on firms’ bargaining power ©, we
see that output increases with firms’ bargaining power under fixed
exchange rates (and complete wage indexation), reaching its maximum
of a - ofu* when only profit maximization matters in the labour
market bargaining process.
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4.3.1.2 Flexible exchange rates

Under flexible exchange rates 8=0, so that the stationary aggregate
output is given by

B(Y,,) = a-oB[u +c-%(1-b)V ()] (4.20)

Ve(E) =T, {(1 -b)[(1 -7) - 2(B(L +©) - ©)][k ¥} +0}) +0%] + T8 %07}
I‘1 = 1 >0
[1+k+aB(1-b)]

, = {21 +0)k+1]-(1-b)(1 +1)} > 0.

-
[

As can be seen from equation (4.3.6) the price risk term is now much
more involved than in the previous case of fixed exchange rates. This
is understandable, since the source of the price variability is now much
wider, being affected by the entire exogenous stochastic structure of
the disturbances. We can, however, most conveniently classify the
determinants of the price risk into two broad classes, as in the original
Gray—Fischer analysis, i.e. demand- and supply-side disturbances,
represented formally by (v,,v,,u)’ and u, respectively. These sources of
variability have differential effects on the stationary equilibrium of the
economy, so we focus on each of them separately.

i) No productivity shocks (ci = 0). From equation (4.20) we can see
that in this case the price risk behaves qualitatively in the same way as
under a fixed exchange rate regime. Thus under partial- wage
indexation (0O<b<1), price variability due to demand-side disturbances
tends to exert upward pressure on contract wages. This induces a fall
in the stationary equilibrium output relative to the situation where
these sources of variability are also non-existent. Moreover, the
increased bargaining power of firms enhances this effect; as in the
fixed exchange rate case. Quantitatively, the reduction in the steady
state output can be larger than in a fixed exchange rate regime, if
money market disturbances (v, and u) are an important source of
variability. ‘

Now in the standard Gray—Fischer analysis of wage indexation and
foreign exchange intervention (e.g. Aizenman & Frenkel, 1985a, b),
partial indexation is doomed to be inefficient in cases where only
demand-side disturbances impinge on the domestic economy, since
these sources of variability induce fluctuations in aggregate output not
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prevalent in the corresponding full information, flexible wage
equilibrium of the economy.".

In the present unionized economy, this kind of characterization is
inadequate,"” since indexation impinges directly on the steady state.
But it can be readily verified from equations (4.3) and (4.18) that
complete wage indexation eliminates the need for ex ante risk pricing,
so that the steady state output under flexible exchange rates and full
wage indexation coincides with the one under fixed exchange rates
and full wage indexation.'®

if) No demand-side disturbances (o = 0, x = Vi, Vo, W),
This time only domestic productivity shocks impinge on the economy,
and the price risk now reads

Ve(z) - {2(1 +®)[k +1] —(1 —b)(l +T)}B 20./7;’
[1+k+aB(1-b)P

which is positive. This implies that the price risk exerts downward
pressure on contract wages as a result of more risky union utility.!
The steady state output is thus increased, increasingly so for more

' That is, the classical dichotomy prevails in the corresponding full information
flexible wage economy.

" The basic inefficiencies in the present model are the presence of imperfectly
competitive labour markets and the non-existence of spot labour markets for (union)
labour. The standard analysis draws macroeconomic implications on the basis of the
second inefficiency. It is imperfect competition which generates monopoly pricing or the
potential for extracting a surplus above the competitive norm (within the limits of ©). This
source of inefficiency can be thought to be more fundamental, making welfare
comparisons based on the signal extraction framework inadequate.

'8 This characterizes the interdependence of wage indexation and foreign exchange
intervention at the steady state level, so much advocated in standard models (Aizenmen &
Frenkel, ibid., Turnovsky, 1983) in the context of stabilizing aggregate output around the
(fixed) steady state by employing these instruments. Note that the Phillips curve effect is
eliminated under full wage indexation in both regimes, but the behaviour of the price level
differs across these regimes (cf. eq. (4.15)).

** The notion of "more risky union utility" needs explanation. From the specification
of union utility, we can see that productivity shocks enter it through the employment
function N. Direct calculation shows that Ny, is a concave function of the productivity
shock u, which increases the concavity of the union’s marginal utility function Uy,
According to Rotschild & Stiglitz (1971), this source of increase in risk reduces the
contract wage.
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powerful firms. This time, however, increased wage indexation reduces
the effect of the price risk on output.

Now, from equations (4.19) and (4.20), we can see that the
difference between the steady state behaviour of aggregate output
under fixed and flexible exchange rates is dependent on the behaviour

of the price risk under these regimes. Specifically, from equations
(4.19) and (4.20) we obtain

Blyg] ~El¥pe] = %0oB(1-b)[VI(E)- V()]

(4.21)

%aB(1-b) {:rnlcf - n20§ - n30§ -7 pﬁ} ,

where
_ 1o N L@ - _ k?
= (LI ) 2L+ 0) O] < O
T, = k2[(1-7)-2(B(1 +0)-0O)[I', <0
, = [(1-©)-2B(1+©)-0)]T', <0

T
rr,>o.

Y

From (4.21) we can immediately deduce that if price level variability
is mainly generated in the money market by shocks to foreign interest
rates and demand for money, then the steady state output (and
employment) under partial indexation is higher under fixed than
flexible exchange rates. This is intuitive enough, since under partial
indexation these shocks exert real effects only through changes in
exchange rates.

If, on the other hand, price level variability is mainly due to
shocks to foreign prices and/or productivity, then the steady state
employment and output are higher under flexible exchange rates than
under fixed exchange rates. This is so because exchange rate
variability reduces the price risk effect of shocks to foreign prices
while it increases the importance due to domestic supply shocks.

The latter, as we have seen, tend to exert downward pressure on
contract wages by reinforcing the variability of the utility of a
representative risk averse union member. In this sense, the union’s
utility becomes more risky.

121




| 4.3.2 Structural features of the labour markets

The above analysis demonstrates that more competitive labour pricing,
represented formally by increases in the bargaining power of firms’
(©), tends to enhance the impact effect of various shocks on the price
risk. Depending on the ultimate source of aggregate price variability,
more competitive labour pricing increases or decreases steady state
employment and output, as the expected real contract wage falls or
rises via the price risk effect. But more competitive labour pricing also
impinges on the steady state of the economy through the mark-up
structure of wage, represented by the constant ¢ in the wage formula
(4.3). In the absence of aggregate prices, the effects of union wage
formation or of the structure of labour markets on the aggregate
economy are completely characterized by the mark-up, and, of course,
the determinants of the threat point u*.

In an economic environment where no aggregate price risk exists
or is indexed away, more competitive labour pricing always enhances
aggregate employment and output, since c is decreasing in firms’
bargaining power ©. But when uncertainty due to aggregate price
variability is accounted for in wage formation, this need not be the
case. One is then naturally led to analyze the other extreme labour
market model, i.e. the pure monopoly union model, where the
monopoly union imposes its desired wage on firms, conditional on
firms’ employment decisions.

Andersen & S¢rensen (1988) have employed the pure monopoly
union model in their analysis of wage formation and exchange rate
variability. They employ non-indexed wage contracts and allow for
endogenous terms-of-trade changes. So we can check for the
compatibility of our model with theirs, and compare the conclusions
from the models, given that we are much more explicit about the
sources of aggregate uncertainty.

We can formally represent the wage demands of the pure
monopoly union by imposing the condition ® = 0 in the wage formula
(4.3). This produces a price risk term of the form

V(Z;0=0) = (1-b){(1-b)[(1-7)-28]0,-280,}, (4.22)

whereas the mark-up factor c is given by

B3

- . 423
[B-(1-7)] )

¢ = (1-7)"log

122




To trace out the implications of more competitive wage setting across
exchange rate regimes, we refer to tables 4.1a and b, where we
tabulate the mark-up factor ¢ and price risk under fixed and flexible
exchange rates (¢, ¢® and V' and V¥, respectively) with the maintained
hypothesis of non-indexed and partially indexed wage contracts, equal

size variances (0,2( = 1 for all x = 1,2,u and x) and given technological
and preference parameter values.

Table 4.1a Labour market competitiveness and wage
setting under non-indexed contracts (b=0)

2] de e Vive Veve
5 -04 -04 -2.33 -55
1 -06 -06 -5.16 -1.11
2 -09 -.09 -9.82 -2.21
5

-11 -11 -23.80 -5.53

We have set t=.5=k, a=.7. The superscript ° denotes the
case of a pure monopoly union, i.e. ©=0.

Table 4.1b Labour market competitiveness and wage
setting under partially indexed contracts (b=.5)

3] - ¢ vive Veve
S -04 -04 -1.17 01
1 -06 -06 -2.58 .03
2 -09 -09 -4.91 06
5 -11 -11 -11.90 14

See table 4.1a for parameter values.

Given equal variances, the price risk term is negative. From table 4.1a
we can see that under non-indexed wages more competitive labour
pricing tends to increase the price risk effect on wages to the extent
that the gains from a lower mark-up are dominated by losses due to
aggregate price variability. Thus if pricing aggregate price uncertainty
is highly relevant in wage formation, there may be no gains in terms
of lower wages to be expected from more competitive labour pricing.
Notice that the assumption of equal variances for the shocks is not
critical for this result, but that of non-indexed contracts is. The source
of price variability becomes relevant once we compare fixed and
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flexible exchange rates, as argued earlier. Thus it is the comparison
between the last two columns in Table 4.1a which is affected by the
source of aggregate price variability.

Table 4.1b captures in an elementary fashion the effects of
indexed contracts on wage formation. The results are interesting, at
least as far as flexible exchange rates are concerned (last column in
table 4.1b). If fixed exchange rates are accompanied by (partially)
indexed contracts, more competitive wage formation need not bring
any gains in terms of lower wages; this is the case if aggregate price
variability due to foreign prices is high enough. But the introduction of
flexible exchange rates changes the picture. From the last column of
Table 4.1b we can see that the price risk effect on wages under
flexible exchange rates falls relative to the pure monopoly case as
labour pricing becomes more competitive. Intuitively, the reason for
this is that higher indexation increases (in absolute terms) the
covariability of the price level and supply shock. It also increase the
variability of the price level, but the effects of price level variability,
as measured by o2, on the price risk are reduced by the higher degree
of wage indexation. In effect, higher indexation enhances the price risk
effect due to supply shocks, while it reduces the price risk effect due
to price level variability per se.

The results in Table 4.1b are yet another instance where the
distinction between price level variability per se and the covariability
of the price level between different sources of exogenous shocks, so
relevant for the optimal wage indexation schemes advocated since the
original Gray—Fischer analysis, is relevant. It is relevant because of the
signal extraction problem faced by economic agents in the presence of
uncertainty about the sources of variability in observable variables.
What is of interest in the present context is that a higher degree of
wage indexation per se works exactly along these lines; once we
investigate the components of the price risk, we observe that higher
wage indexation tends to reinforce the effects on the price risk of
exogenous stochastic signals; signals which indicate. exogenous
changes in employment and output opportunities.
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4.3.3 Variability versus level; policy makers’ objectives
and optimality of a single instrument

The final theme taken up here concerns the effects on the steady state
output of stabilization policies which the monetary authority conducts
by employing specific monetary feedback rules. In the standard
models of chapter 2, and generally in models incorporating the natural
rate, stabilization policies designed to stabilize aggregate real
fluctuations generated by imperfect information are neutral in terms of
their steady state effects. This conveys the impression that stabilization
policies can be exercised without repercussions on the steady state
level of real variables. The calculation e.g. in Lucas (1985) belongs to
this tradition. McCallum (1986, p. 412), in commenting on Lucas’s
business cycle calculation, finds the assumption of a natural rate
attractive, but hastens to emphasize that it need not be entirely
innocuous in the context of the discussion in Lucas. As McCallum
further notes (ibid.,, p. 412), the assumption is a highly substantive
one, not merely a matter of convention or terminology.?

The present model clearly displays the absence of the natural rate.
It is thus of interest to trace out the effects stabilization policy, in the
form of an optimal policy mix of the foreign exchange intervention
rule and wage indexation, has on the steady state equilibrium of the
economy. To analyze these effects on the steady state, we need to
specify the objectives of the monetary authority® Assigning
objectives to the monetary authority in a macroeconomic context
involves a great deal of ad hockery, but we shall consider the
following objectives for deriving an optimal policy mix of foreign
exchange intervention and wage indexation; & and b are chosen so as
to maximize H

H = (aB)™d,E[y] -%(c8)2d,E{[y -y}, (4.24)

where d,, i=1,2, are weights in the preferences of the fnonetary
authority attached to the steady state effects of the policy mix (d,) and
to the inefficiencies due to imperfect information (d,). The logic of

% Note that the assumption of the natural rate is separate from the postulate of
rational expectations. Note further that "all pervasive market clearing” is not at issue here,
but rather whether this clearing pertains to auction type markets, or to ones with nominal
contracts that have allocational effects (see McCallum, ibid. p. 412).

#' Thus implicitly postulating that the monetary authority sets the degree of wage
indexation.
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equation (4.24) is that the optimal policy mix is chosen to maximize the
steady state aggregate output (and employment). Costs are probably
incurred as a result of such a policy mix in terms of aggravating
inefficiencies due to imperfect information, i.e. due to the fact that labour
contracts are signed before uncertainty is resolved. The second term in
equation (4.24) measures this loss, which is familiar from the standard
framework (see chapter 2), where y' denotes the full information
aggregate output, i.e. aggregate output resulting from bargaining under
perfect information about the underlying disturbances. The normalization
factor (o) is made purely for convenience.

Now, we have to solve for the full information output. The static
Nash bargaining solution under perfect information corresponding to
equation (3.15) is, after appropriate manipulations, given by the
following real wage formula:

W, -p, = u*+c, (425)
where w denotes the (log of the) nominal wage, p the (log of) the
price level and u* and c are as before (cf. equation 4.3). From
equaiton (4.25) we can immediately see that real wages are a mark-up
over union’s threat point or threat point alternative(s), and that lower
real wages result in more competitive labour market institutions (i.e. as
© icreases). Equation (4.25) implies that (the log of) employment
under perfect information is given by

n, = —-Blu*+c]+Bu, (4.26)

t

which gives rise to the following aggregate output equation under
perfect information

.yf = a-aB[u*+c]+Bu.. (4.27)

Upon comparing this to equation (4.10), which describes actual
aggregate output, we note that two factors give rise to differences
between the two. First, full information output (4.27) is independent of
price level surprises. In equation (4.10) the positive correlation
between actual output and the price level is generated by imperfect
information, which is absent from equation (4.27) because of spot
bargaining. Second, the steady state full information output
corresponding to equation (4.27) is given by a - aB[u* + c], which
differs from the one corresponding to equation (4.10) by factors
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directly related to aggregate uncertainty, i.e. by the price risk V (cf.
equation 4.18).

From equations (4.10) and (4.27) we obtain the following ex-
pression for the difference between actual and full information output

y-y' = aB(1-b)(p-p,,,) *%aB(1 -b)V(Z), (4.28)

where we have dropped the time subscript for simplicity. From
equation (4.28) we can immediately verify the interesting fact that for
fully indexed wages, actual aggregate output equals full information
output, in sharp contrast to the prediction of the standard model in
chapter 2. The intuition here is that spot or full information bargaining
produces constant real wages whereas in the model of chapter 2 full
information equilibrium real wages are affected by stochastic shifts in
productivity.
The objective function H can now be written in the following form

H = B+%d,(1-b)V -%d(1 -b*{cl+14V?}, (4.24°)

where B is a constant excluding parameters § and b. In what follows
we shall restrict our attention to only one of the instruments, & or b, in
achieving the prescribed objectives given in equation (4.24). We start
with the degree of foreign exchange market intervention.

Optimal exchange rate variability given the degree of wage indexation

Fix the degree of wage indexation b, and differentiate (4.24°) with
respec to 8. After manipulation, the necessary first order conditions for
the optimum can be written in the following form:

2

A% 00 A
= d(1 —b)_égp. (4.29)

[dl ~%ad (1 —b)V]—é-é—

This équation implicitly defines the optimal degree of foreign
exchange intervention, 8* = 8*(b,0;%), say, in order to emphasize its
dependence on the degree of wage indexation,the bargaining power of
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the firms and the variance structure of the disturbances.’”.We shall
not, however, employ this implicit relationship explicitly. Rather, we
note that according to equation (4.29) the optimal degree of
intervention is such that its effects on the aggregate price risk, when
properly weighted, should equal its effects on aggregate price level
variability. This is interesting, since intervention affects the price risk
through price level variability and the correlation between the price
level and productivity shocks. :
Now, we know, for example from equation (4.17), that, for given b,

IV Pad | g 3V (4.30)
39 30’

so that, under the restriction that [d; — %d,(1-b)V] does not vanish,”
we obtain

owe-py) | MGA-DY 60 (4307)
3 [ ~Vd,(1-b)V] 35

A priori, the effects of optimal foreign exchange intervention on
expected real wages, and thus on steady state output and employment,
are ambiguous. Apart from the degree of wage indexation, these
effects depend on the weights attached to the different objectives in
the monetary authority’s preferences -(d;), the sign of the aggregate
price tisk induced by the optimal degree of intervention and the
policy-induced change in aggregate price level variability. There is,
however, one case where we can compute unambiguous effects. This
case emerges if we assume that no weight in the monetary authority’s
preferences is given to the loss due to imperfect information, i.e.
d, = 0. From equation (4.24°) it follows that in this case the optimal
degree of foreign exchange intervention obeys

214 is assumed that the relevant second order conditions for the maximum are
satisfied. Equation (4.29) produces, for a given b, a third order polynomial in 0, whose
roots can in principle be solved and checked for the maximizing value. We will not follow
this route, but will employ equation (4.29) in analyzing comparative statics.

2 This places implicit restrictions on the behaviour of the price risk and/or weights
d, and b at the optimum. However, were this restriction to hold, we can see from equation
(4.29) that in this case the optimum essentially requires that [aof,/ 00] = 0, unless of
course wages are fully indexed at the corresponding optimum.
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Vo, (4.29%)
35

or in terms of equation (4.16)

80'2 Jdo "
(1-byo,—2 = a2, (4.29")
feJo) 00

When solved for the optimal degree of foreign exchange intervention,
we obtain

K+ [(1-5)(® -1) +(1+8)(1 -B(1 -b))]B 20/3 +a1021 .

. (431)
o,[1+0B(L -b)]o} - (1 +©)8 %,

5 =

where o2 = [k205+07].

From equation (4.31) the following comparative statics results® can
be derived:

e

>0, for x = 2u
aci ’ ,

00"

90>

X

<> (0, for x = Lu

90"
db
00"
00

<> 0

So, exchange rate variability due to optimal intervention decreases as
shocks to money demand or foreign interest rates become more
pronounced. Increased random variability in foreign prices or domestic
productivity can either increase or reduce exchange rate variability

2 It can be shown the the relevant second order condition for the maximum requires
that the denominator be negative, which is satisfied, since o, < 0.
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due to optimal adjustment in the degree of intervention. The intuition
here relies on a simple application of the signal extraction principle
determining the comparative statics behaviour of the degree of
intervention. Consider of first the foreign interest and domestic money
market shocks. If no other random shocks impinge on the economy,
fixed rates are optimal. Adding other sources of random variability
implies that the optimal degree of intervention is finite. A change in
the distribution of foreign interest rates and domestic money
disturbances to display more variability reinforces the signal in the
observed price level and exchange rate variability, so that the optimal
response to this increased source of variability is to increase the degree
of intervention. By implication, the implied optimal intervention policy
thus reduces the price risk effects of the price level variability due to
these shocks, and thereby induces a fall in expected real wages. This
fall in wages enhances steady state output and employment.

Similarly, the optimal intervention rule in the presence of random
shocks in foreign prices only would be &* = -k. The presence of other
random shocks marks a departure from this simple intervention rule,
either downwards (8% < -k) or upwards (8* > -k). If the former
prevails, for example, because the price risk is dominated by price
level variability, then a more pronounced foreign price signal increases
the optimal degree of intervention towards -k, while if the latter
prevails, 0* falls towards -k. Analogous qualitative reasoning reveals
that exchange rate variability induced by the adjustment in the degree
of intervention can either increase or decrease as a result of to
increased random variability of productivity, depending to a large
extent on the channel through which productivity shocks mainly affect
the aggregate price risk. Note that exchange rate variability due to
optimal adjustment in intervention is likely to increase more the more
indexed labour contracts are, reflecting the fact that the insensitiveness
of the aggregate price risk to price level variability increases with
indexation.

Finally, the last two comparative statics derivatives give us the
change in the optimal degree of foreign exchange intervention for
given (marginal) changes in the degree of indexation and firms’
bargaining power. Changes in the degree of indexation have, in
general, ambiguous effects on the degree of optimal intervention. To
understand why, note first that in the absence of random shocks to
foreign prices, the relationship between indexation and intervention is
monotonic so that increases in the degree of indexation will induce a
reduction in the optimal degree of intervention. If the distribution of
foreign prices displays sufficiently little variability, this result stﬂl
roughly holds. But if foreign prices are highly variable (high 01)
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then, once we take into account the fact that &* now lies in the
neighbourhood of -k, it is possible that increased indexation induces an
increase in 0* for small values of the indexation coefficient. For
sufficiently high degrees of indexation, however, there will once again
be a positive relationship between exchange rate variability due to
optimal intervention and wage rigidity (indexation). Note, however,
that, overall, increased indexation will reduce the effects of the
aggregate price risk on expected real wages, so that it becomes
increasingly difficult for the monetary authority to influence the steady

state as indexation continuously increases.
That more competitive labour pricing implies more exchange rate

variability due to optimal adjustment in the degree of intervention is
interesting, but this result clearly hinges upon the assumption that there
are stochastic shifts in the production possibilities (i.e. the distribution
of u is non-degenerate). From equation (4.31) we can immediately
deduce that in the absence of stochastic shocks to productivity, 8* is
independent of the bargaining power parameter ©. In this case, the
labour demand schedule is non-stochastic and the problem faced by
the monetary authority is to minimize price level variability due to
shocks to foreign prices, interest rates and domestic money demand.
Even though the price level, and thus price risk, is minimized in this
case, the monetary authority can do nothing to counteract the fact that
contract wages increase as labour pricing becomes more competitive.

Thus there is a non-trivial relationship between intervention and
labour market structure (competitiveness) only when there are
stochastic shifts to production possibilities, and this relationship largely
results from the fact that price level variability now contains
information about stochastic shifts in production possibilities,?
represented by the covariance term o, in the price risk V. Since the
relative significance of this covariance term for the behaviour of the
price risk, and thus for expected real wages and steady state
employment and output, increases with more competitive labour
pricing, the monetary authority can counteract the positive effects of
price level variability on expected real wages by increasing exchange
rate variability (i.e. reducing &%), since more flexibility in exchange
rates will increase the economic significance of shocks to productivity.
This explains this particular comparative statics result.?®

% And thus about the shift in the constraint facing the monopoly union.

% This distinction between productivity and other shocks resembles the one drawn
in standard models with competitive labour market institutions (cf. chapter 2). The reason
is, of course, that these shocks induce changes in the set of feasible wage-employment
pairs, while other shocks can be analyzed within a fixed feasibility set.

131




As noted above, a tractable closed-form solution to the optimal
degree of intervention corresponding to the unrestricted objective
function is not readily available, so we resort to simulation and visual
characterization. These give us a more concrete, albeit more restricted,
idea of the behaviour of the optimal intervention rule. Tables 4.2a - b
cross-tabulate 0* against the degree of indexation b and bargaining
power ® for some parameter values. The maximizing value of 9
corresponding to the objective function (4.24) is generated by a step
search procedure, whereby the relevant maximum is sought in a
stepwise, hill-climbing manner. The tables differ with respect to the
assumptions concerning the relative strength of the variability of
various shocks and weights attached to the different objectives in the
monetary authority’s preferences. Table 4.2a displays the case where
foreign interest and domestic money demand shocks are dominant.
The column labelled (1) roughly represents the case just analyzed
(d;=1, d,=0.001), while column (2) gives 0* in the case where the
minimization of losses due to imperfect information is dominant
(d;=0.001, d,=1). Table 4.2b reproduces 4.2a under the maintained
hypothesis that shocks to foreign prices and domestic productivity are
dominant. Figure 4.1a, on the other hand, once again visually relates
d* to b and 6 in three dimensions, while figure 4.1b and c relate 8*
directly to b for low and high 0, i.e for highly monopolized and
competitive wage setting.”’

Table 4.2a Optimal degree of foreign exchange intervention
given b and ©
b
0 4 8
1 2 1 2 1 2

e

0 294 624 255 88 050 1110
1 263 576 216 851 024 1319
5 233 434 187 732 006 1633

Parameter values; og = oﬁ = 0.1, of = 02 = 0.01, a =0.7,
t=05 k=05, (d,d) = (1,0.001) in (a) and (d,,d,) = (0.001,1)
in (b). |

?" The parameter values in figure 4.1a - ¢ are slightly different from those in tables 4.2
in that the weights in the objective function are equal (d; = 1), as are the various variances.
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Table 4.2b

Figure 4.1a

Optimal degree of foreign exchange intervention
given b and ©

b
4
1 2 1 2 1 2
C)
0 0.53 3.03 0.26 490  -0.68 1043
1 0.33 3.78 0.03 625 -081 15.15
5 0.17 468  -0.13 770 -091 21.64

Parameter values; see table 4.2a, except that

02 = oi = (.01, of = 02 = 0.1.

Optimal degree of intervention for a given

degree of indexation and bargaining power

of firms

interv.
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Figure 4.1b

Figure 4.1c
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Intervention and bargaining power of firms

interv.

4+ b low

b high

barg. p.

The curves are indexed by the degree of indexation.

Intervention and indexation

intexv.

competitive

monopolized

0.4 0’8 ‘Q\\ index.

The curves are indexed by the degree of competitiveness
of the labour markets.




What is of great interest in these two tables is the difference between
columns (1) and (2), corresponding to output maximization and
minimization of losses due to imperfect information. The former
generally favours more, and the latter less, variable exchange rates
induced by intervention. The intuition here is that as far as output
maximization is concerned, exchange rate variability provides
information about stochastic shifts in production possibilities. This
source of random variability exerts downward pressure on contract
wages, and thus provides a channel for the monetary authority to boost
steady state output and employment by generating sufficient variability
in exchange rates.

That imperfect information tends to favour more fixed exchange
rates follows directly from the model structure in the sense that the
model’s full information real wage corresponding to spot bargaining is
constant.® Thus divergences between the actual and full information
output are driven by price level surpises and the aggregate price risk.
This implies that to minimize costs due to imperfect information,
intervention policy should be so designed as to minimize both price
level variability and (absolute) covariability between the price level
and domestic productivity shocks. But because of the assumption of
continuous PPP, it is clear that, apart from shocks to foreign prices,
random disturbances can only generate price level variability via
exchange rate variability. This implies that if the distribution of foreign
prices is degenerate, a fixed exchange rate system will eliminate all
losses due to imperfect information irrespective of the values of b and
®.2 If, on the other hand, only shocks to foreign prices generate
(aggregate) random variability, the optimum &* = -k once again
emerges from the model, again independently of b and ©.

So, "interesting" intervention schedules can be generated in cases
where d, = 0 when domestic productivity shocks u occur together with
shocks to foreign prices. Such a (representative) possibility is shown in
table 4.2b, column (2). According to it, exchange rate variability falls
due to optimal adjustment in intervention as wage indexation increases
and as labour pricing becomes more competitive. This is so despite the
fact that the effects of shocks to foreign prices on price level
variability increase as the degree of intervention increases due to

% As long as the union’s threat point is non-stochastic, which is our assumption.
» 1t is, of course, quite clear that from the point of view of minimization of losses

due to imperfect information the choice of the exchange rate system via intervention is
inconsequential if wages are fully indexed.

135




reduced flexibility of exchange rates and continuous PPP. But since
indexation reinforces exchange rate and thus price level variability due
to domestic productivity shocks, the monetary authority optimally
responds to increased indexation by reducing exchange rate variability
to eliminate this source of random variability. Note further that
increased indexation generally reduces the effects of shocks to foreign
prices on the price risk and that contract wages become less
responsive to any given aggregate price risk as indexation increases.

Qualitatively, the same reasoning applies to increases in firms’
bargaining power ©. So, the "Interesting" case is again that where
domestic productivity shocks occur together with foreign price shocks.
As for the loss due to imperfect information and the aggregate price
risk, the relative importance of shocks to domestic productivity
increases as labour pricing becomes more competitive %2 Thus,
once again optimal intervention policy seeks to minimize losses due to
domestic productivity shocks. Note, also, that the reduction in
exchange rate variability due to optimal adjustment in intervention as
® rises is more pronounced for wage contracts with a higher degree of
indexation, since increased indexation typically reduces the effects on
aggregate price risk of shocks affecting only price level variability (i.e.
affecting only O’i).

Optimal degree of wage indexation for a given degree of
foreign exchange intervention

We shall now treat the degree of foreign exchange intervention as
exogenously given. This implies that the currently prevailing exchange
rate regime is exogenously chosen with no necessary reference to the
basic optimization procedure outlined above. We follow the procedure
adhered to above, i.e. we check for the optimal degree of wage
indexation in cases where only output maximization and loss

* It is possible that, for a sufficiently low degree of indexation and intervention, a
marginal increase in the degree of wage indexation actually reinforces the price risk
effects of foreign price shocks.

1t is not entirely clear how robust this feature of the model is, since the
Cobb—Douglas technology implies that the derived demand for labour is a convex function
of the real wage.

*2 This case is the only one where more than one local extremum emerged. The one

tabulated corresponds to a global extremum. This supports the argument that it is domestic
productivity shocks which ultimately determine the nature of the optimal intervention rule.
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minimization are concerned, since in general the optimal degree of
wage indexation is a combination corresponding to these extremes.

We start with the assumption that d, = 0, so that only
minimization of losses due to imperfect information counts in the
monetary authority’s preferences. From equation (4.24) we can
immediately deduce that, no matter what the actual exchange rate
regime and degree of competitiveness of labour pricing are, the
optimal degree of wage indexation corresponds to fully rigid real
wages, i.e. b* = 1, if we let b* denote the optimum. No matter what
the exchange regime or firms’ bargaining power are, divergences
between full information and actual real wages occur as a result of
price level surprises and the price risk if wages are only partially
indexed. This result follows directly from a specific feature of the
labour market model: that is, that the full information equilibrium real
wages corresponding to spot Nash bargaining are constant or
nonstochastic, or, what amounts to the same thing, full information
nominal wages are fully indexed to the price level, and no indexing to
specific shocks, notably productivity shocks, occurs.

That real wages should be completely rigid independently of the
prevailing exchange rate regime or competitiveness of the labour
markets is a very strong implication of the present model. Needless to
say, the robustness of this result should be checked against changes in
the underlying preferences of the union and the firm. It is not so much
the assumption of a utilitarian union alone that is critical for the
constancy of the full information real wage, but rather the assumed
functional forms together with zero lock-out profits for the firm(s).
Zero lock-out profits abstract from the interaction between the firm’s
minimum profit constraint and shocks to production possibilities, so
that (stochastic) profits behave like a scale factor in the Nash
maximand.

But taken as it is, complete real wage rigidity should be compared
to the results derived earlier in chapter 2 within the open economy
framework of optimal wage indexation and foreign exchange
intervention. There, complete real wage rigidity results from an
optimal policy either because of fixed exchange rates or the absence of
domestic productivity shocks. The former obtains, since no
information about changes in the full information real equilibrium of
the economy is provided by the exchange rate, and thus by
movements in the price level; under PPP only shocks to foreign prices
generate movements in the domestic price level and their effects are
eliminated by full wage indexation. The latter obtains, since in the
absence of shocks to production possibilities, full information |
equilibrium real wages are non-stochastic, or constant in the particular
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model of chapter 2. In the present context, full information equilibrium
real wages are constant, so that in the corresponding full information
equilibrium of the economy shocks to production possibilities are fully
absorbed by stochastic shifts in employment® In the contract
economy, this adjustment is achieved by full wage indexation and
letting employment adjust to shocks to production possibilities.

If, on the other hand, we set d, = 0, so that only steady state
output maximization matters, we can immediately conclude that fully
rigid real wages are the optimum, if there are no stochastic shocks to
domestic productivity. This is because in this case, under partial
indexation, the aggregate price exerts upward pressure on expected
real wages. The effect of the price risk on wages can be eliminated,
and thus the steady state output maximized, by full indexation of
wages.

The general case, with stochastic shifts in production possibilities,
can be derived by differentiating the objective function (4.24), subject
to the restriction d, = 0, with respect to b and solving the implied first
order condition for a maximum for b. This gives us

[1+k+3]B8%(1 +©)0,

b* =1+ ,
{a,[(k +8)0; +a, +B %0 +aB(1 +©)8 %%}

(4.32)

which is valid for values of d not equal to —(1+k). From equation
(4.32) we can immediately deduce that b* — 1 as § — <o, i.e. with
fixed exchange rates, wages will be fully indexed. This is intuitively
obvious, since fixed rates neutralize all shocks excluding foreign price
shocks. Since foreign price shocks exert upward pressure on wages via
aggregate price risk, full wage indexation will neutralize this additional
source of variability, so that steady state output (and employment) is
maximized. If, on the other hand, we let 8 approach —(1+k), we can
immediately see from equation (4.32) that once again b* — 1, so that
the relationship between the degree of intervention and optimal wage
indexation is non-monotonic in the range from -(1+k) to fixed rates.
To be more precise, the following behaviour of the optimal degree of
wage indexation in the neighbourhood of 6=0 can be derived

% Assuming, of course, that these stochastic shifts in employment occur in the
interior of the set of feasible solutions of our labour demand model, i.e. N = M with
probability one.
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sign al; oo = sign{al(an“fBin)

(4.33)
+oB(1+0)B8 %0, -0, k(2 +k)0’}.

This implies that
ab~ 2
— > 0, as o] — ©
35 °° ‘
< 0, as o = 0.

Once again, the comparative statics behaviour of b* can be explained
by signalling. The appropriate question is then: from where does the
price level variability originate? Answering this question amounts to
imposing a particular structure the aggregate price risk. Thus, if, for
example shocks to foreign prices are sufficiently large (in terms of
01) from which it, follows that a proper intervention rule is close to
d=-k, a marginal reduction in exchange rate variability (increase in 6)
due to intervention relative to flexible rates increases the optimal
degree of indexation. This is because the reduced flexibility in
exchange rates exchanges the effects of shocks to foreign prices on
price level variability, and thus on aggregate price risk. In order not to
increase expected real wages, the degree of indexation should
increase.®

The degree of optimal wage indexation, given 9, falls as labour
pricing becomes more competitive, i.e. (9b*/d@) < 0, a comparative
statics result completely explained by the presence of stochastic
productivity shocks. If the latter are absent, b* = 1 as explained above.
If there are nontrivial stochastic shifts in production possibilities, these
tend to be reinforced in more competitive labour market environments
in a way that exerts downward pressure on expected real wages. The
reduced degree of optimal wage indexation as firms’ bargaining power
increases simply means more leverage to domestic productivity shocks,
thus enhancing increases in steady state output and employment.

In general, then, the optimal degree of wage indexation is some
combination of the case analyzed above, corresponding to d, = 0 and
d, = 0, respectively. The shape of the schedule describing the
dependence of the optimal degree of wage indexation on the degree of
foreign exchange intervention is mainly determined (apart from the

* This comparative statics behaviour of the optimal degree of wage indexation
qualitatively resembles that analyzed in chapter 2,
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weighting implicitly defined by the choice of (d,,d,)) by the restriction
d, = 0. In particular, b* = 1, if § = o or 8 — —(1+k) or there are no
stochastic shocks to domestic productivity. To give a sense of
concreteness, we simulate the optimal degree of wage indexation in
table 4.2c, where we have cross-tabulated b* against the degree of
intervention (8) and firms’ bargaining power (©). Figure 4.2a, on the
other hand, plots b* against & and O in three dimensions, i.e. the
information in table 4.2¢, while figure 4.2b and c relates b* directly to
©® and 0 respectively. The curves in figure 4.26 are indexed by the
degree of competitiveness of the labour markets, and by the degree of
exchange rate flexibility in figure 4.2c.

Table 4.2¢ Optimal degree of wage indexation for given
values of  and ®

-1 -0.5 0 0.5 1.0 2.0 4.0

090 070 069 062 058 057 0.66
08 074 062 053 049 0.49 0.60
08 070 057 047 043 044 057
08 069 055 045 040 042 056

W o QE

Parameter values; see table 4.2a except that o> = 0.1 for
all x=12upuand d, =d, = L.

That the schedule describing the dependence of the optimal degree of
wage indexation on the degree of intervention inherits its shape mainly
from the case where d, = 0 is clearly apparent in table 4.2c. Increasing
d, from d, = O results in an increase in b* for each © and 8.*

35 An increase in T, the degree of risk aversion of a representative union member,
also increases b*. This follows basically from the fact that the utility function of the union
member, being essentially an indirect utility function, is a convex function of the price
level, or that the marginal utility of income (wage) is a convex function of the price level.
The effects on b* of an increase in a, the elasticity of output with respect to labour, on
the other hand, are twofold. First, b* increases for low values of d and the minimum
degree of wage indexation, i.e. the turning point of the schedule relating & and b* occurs
at higher values of d. This is intuitively understandable, since the constraint associated
with the Nash maximand, i.e. the labour demand schedule, allocates more variation to
employment and less to wages as o increases.
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Figure 4.2a

Figure 4.2b

Optimal degree of wage indexation for a
given degree of intervention and bargaining
power of firms (competitiveness)

interv.

Wage indexation and bargaining power of firms

indexation

barg. p.

The curves are indexed by the degree of intervention.

141

4



Figure 4.2¢

142

Wage indexation and intervention

index.

monopolized

competitive

interv.

The curves are indexed by the degree of competitiveness
of the labour markets.




5 Summary and Discussion

There is no simple relationship between the degree of wage indexation
and foreign exchange intervention or an exchange rate regime either in
the more conventional Gray—Fischer models (chapter 2) or in the wage
bargaining model proposed in chapters 3 and 4, even though the structure
of the macromodel in which the wage formation process and intervention
rule are embedded is very simple. There is, however, one common
denominator, which greatly influences not only the openness of the
economy as in section 2.3, but also the relationship between wage
rigidity and the exchange rate regime in an economy subject to the
simple wage indexation and intervention rules proposed above. This is
the source of the exogenous shock impinging on the economy. The
source of the exogenous shock is of course the factor so much
emphasized by e.g. Gray in her original model of optimal wage
indexation. Generalizing a little, the crucial distinction is between shocks
affecting full information equilibrium real wages in the economy and
other shocks. We have chosen the strategy, much favoured in the
standard Gray—Fischer analysis, that models equilibrium real wages as
being driven by exogenous productivity shocks basically, because this
strategy most clearly displays the relevant distinctions involved. Being as
it is, the modelling strategy leads to thinking of the policy mix of wage
indexation and foreign exchange intervention as being a set of
instruments dealing with the signal extraction problem facing agents in
an economy subject to various exogenous shocks. The problem arises
because of the insufficient number of instruments relative to the number
of independent stochastic sources of variability. A further implication of
this signal extraction approach is that the equality of the number of
independent stochastic sources of variability and the number of policy
instruments will sustain the macroeconomic equilibrium in the contract
cconomy as a macroeconomic equilibrium in the corresponding full
information equilibrium. '

As far as the specific relationship between the optimal degree of
wage indexation and foreign exchange intervention is concerned, not
much of full generality can be asserted on the basis of the models
employed, even admitting their simplicity. The structure of the optimal
mix (b*,0*) is deeply rooted in the signal extraction approach taken to
derive the determination of the optimal mix. Certain weak theoretical
predictions, however, seem to be suggested, especially when we come to
consider the optimality of one instrument in sections 2.3 and 2.5. First,
taking the degree of foreign exchange intervention as exogenously
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determined and evaluating the behaviour of wages around complete fixity
of exchange rates, we can conclude that the introduction of (minor)
exchange rate flexibility (8 < o) increases the flexibility of real wages,
i.e. the optimal degree of wage indexation falls. The increase in real
wage rigidity can be very sharp, depending somewhat critically on the
behaviour of foreign prices. More precisely, if foreign prices are almost
constant, the increase in real wage flexibility due to the introduction of
exchange rate flexibility is very sharp, but further increases in exchange
rate flexibility may actually lower real wage flexibility. If, on the other
hand, foreign prices are highly volatile, i.e. shocks to foreign prices are
big, real wage flexibility seems to increase rather monotonically with
increases in exchange rate flexibility. Once again, however, there could
be a sharp fall in real wage flexibility around the unconstrained optimum
degree of foreign exchange intervention. Overall, then, we have a rather
non-monotonic relationship between exchange rate and real wage
flexibility.

Take now the other constrained case where the degree of wage
indexation is exogenously determined. If real wage flexibility increases
as a result of a fall in the degree of wage indexation, then this seems to
produce a fall in exchange rate variability. This relationship always
prevails in the neighbourhood of the unconstrained optimal degree of
wage indexation. The optimal degree of intervention responds to
increased real wage flexibility in this monotonic fashion, if shocks to
foreign prices are small enough, but non-monotonicities emerge in cases
where foreign prices are highly volatile. Thus, the model in section 2.3
gives rise to the possibility that, beyond some particular point, exchange
rate variability due to optimal intervention policy starts (marginally) to
increase with further increases in real wage flexibility. This possibility
emerges because shocks to foreign prices are the dominant signal in
observed price level variability, and intervention policy is adjusted
accordingly.

How does openness of the economy (section 2.5) change this picture
as regards the relationship between exchange rate variability and wage
patterns?' Openness as such, or the structure of the economy, greatly
affects the qualitative picture of the optimal policy mix or the optimality
of a single instrument. This is not, perhaps, so surprising, taking into
account the fact that adjustments in relative prices heavily influence
aggregate adjustment in the economy. At the most general level, we must
conclude from section 2.5 that monetary policy is in general not a perfect
substitute for relative price changes from the point of view of aggregate

' And by implication employment and output patterns.
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adjustment. The model in section 2.5 is constructed so that relative price
adjustment enhances macroeconomic stability, and once the economic
relevance of relative price adjustment diminishes as a result of increased
openness of the economy, monetary policy cannot fully compensate, in
terms of efficiency, the cushioning effect produced by relative price
changes.

Some weak predictions can once again be deduced from the two-
sector model of section 2.5. The optimal policy mix is such that, with a
sufficiently open economy to start with, intervention policy is likely to
be one of ’leaning with the wind’. The increased exchange rate
variability implied by the optimal policy mix is accompanied by
increased real wage rigidity as the economy becomes more open. Further,
the increased real wage rigidity for more open economies seems to
suggest that the differences in efficiency losses under fixed and flexible
exchange rates diminishes. The- intuition behind this result is that,
although flexible exchange rates increase the economic relevance of
productivity shocks, this flexibility becomes of less consequence as
regards aggregate adjustment as the economy becomes more open as a
result of increased real wage rigidity. In terms of efficiency, the
advantage of flexible exchange rates over fixed rates does not vanish for
an economy represented by the model in section 2.5, since there is in
general some real wage adjustment under flexible exchange rates.

Finally, increased exchange rate variability is in general implied by
the optimal intervention policy to lead to increased real wage rigidity, a
general feature somewhat dependent upon the degree of openness of the
economy.

Extension of the basic Gray—Fischer framework to an open economy
subject to endogenous terms-of-trade changes has traditionally proved to
be less successful due to the fact that in such an economy labour demand
and supply decisions are generally dependent on different real wage
measures, the producer’s and worker’s or consumption real wage,
respectively, so that equilibrium aggregate output depends on the terms
of trade. Under conventional wage indexation rules, whereby wages are
indexed to producer or consumer prices, the closed form solution to the
optimum posed by Gray is not available. The analysis of the optimal
policy mix is typically reduced to the derivation of the optimal
combination subject to the presence of only a subset of the original
exogenous disturbances.

Section 2.4 argues that the Gray—Fischer framework can readily be
extended to this case by indexing wages to a price index "relevant for the
labour markets as a whole", meaning that we should search for a price
index summarizing price level information relevant for both labour
demand and supply. This price index is derived from the labour market
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spot equilibrium condition, the index being a weighted average of
producer prices and foreign prices in domestic currency. The weight for
the producer’s price is a function of the elasticities of labour demand and
supply schedules and the weight given to producer prices in the
consumer price index. This index was called the "optimum weight index"
and was seen to be the consumer price index corrected for terms of trade.
It was suggested that this index be used to index wages, which implies
that the formal framework of section 2.3 for deriving the optimal policy
mix can be invoked. For detailed analyses based on this approach the
reader is referred to Devereux (ibid.) and Vilmunen (ibid.).

Building upon a partial equilibrium model of a utilitarian union and
competitive Cobb—Douglas profit-maximizing firms, we derived in
chapter 3 an equation for the contract wage as a solution to a static
asymmetric bargaining game under uncertainty. The implied solution has
a very interesting structure. First, the solution wage displays a clear
mean-variance structure, which the contract wage depends not only on
the (union’s fall out utility, mark-up factor and) expected price level, but
also on aggregate price variability. Aggregate uncertainty thus impinges
on contract wages through the variance-covariance structure of the
random variables, a term generically dubbed aggregate price risk.
Because of the special functional form of the utility function of the
utilitarian union and the maximand, output prices and stochastic
productivity shocks impinge on the contract wage only through their
covariability with consumer prices. Consumer prices are relevant for the
utility of a representative union member, whose preferences are
represented by a CRRA (indirect) utility function.

Secondly, the degree of wage indexation greatly influences the
degree to which aggregate price risk is priced in ex ante contract wages.
With fully indexed wages, aggregate price risk has no effect on expected
real contract wages, which now equal real wages derived from a solution
to a spot or full information Nash bargaining game. According to the
latter, a simple wage formula is implied in which real wages equal a
(nonstochastic) mark-up over the union’s fall out utility. Thus with only
partially indexed wages, an additional "mark-up" over the union’s fall out
utility is generated by the presence of aggregate (price) risk. An
additional feature that deserves mention at this point is that there is now
a direct link between the contract wage and the degree of wage
indexation, although this link is only partial and not fully captured by our
solution strategy, since we have not taken the degree of wage indexation
to be a variable subject to bargaining. However, this dependence on the
degree of wage indexation of the contract wage, intuitive as it is, is fully
absent from the standard macromodel of wage indexation.
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Thirdly, firms’ bargaining power greatly influences the degree of
aggregate uncertainty and its effects on contract wages. As for the
corresponding full information bargaining solution, firms’ bargaining
power influences the mark-up factor to the extent that the mark-up factor
shrinks as firms become more powerful in wage setting. Thus,
uncertainty introduces an additional channel through which firms are able
to influence wage setting, though it is constrained by the degree of wage
indexation. So, a partially characterized dependence between wage
indexation and firms’ bargaining power is displayed by our wage
equation. As for the specific dependence of the confract wage on the
firms’ bargaining power, we may note that more competitive labour
pricing, in the sense of increasing firms’ bargaining power, tends to exert
upward pressure on contract wages because of positive covariability of
product and consumer prices and downward pressure because of negative
covariability of consumer prices and productivity shocks. Therefore, the
net result is ambiguous.

From a partial equilibrium point of view, the effects on the contract
wage of exogenous uncertainty can be analyzed at a fairly general level.
In the labour market model of chapter 3, the effects of exogenous
uncertainty were summarized by the distribution of the vector random
variable (p,q,i)’, i.e. the distribution of the log of product and consumer
prices and productivity shocks. Of course, in a general equilibrium of the
economy incorporating our unionized labour markets, this distribution is
dependent upon the distribution of the exogenous random variables
impinging on the economy as well as upon prevailing policy regimes (i.e.
wage indexation, exchange rate regime etc.). To derive and characterize
this dependence, a general equilibirum structure, or an approximation to
it, is called for. This is the theme taken up in chapter 4, where a small
open economy macroframework incorporating the bargaining game of
chapter 3 in the labour markets is employed. In an attempt to scrutinize
the macroeconomic structure of the aggregate price risk and its effects on
wage formation, chapter 4 also sets out to analyze how aggregate
uncertainty feeds back to the steady state equilibrium of the aggregate
economy, notably output and employment. To maintain simplicity and
comparability, the small open economy macromodel of chapter 2 is once
again employed in chapter 4, but is now modified to incorporate the
labour market model of chapter 3.

Whereas the standard Gray—Fischer analysis of wage indexation and
foreign exchange intervention focuses on the effects of indexation and
intervention on aggregate fluctuations around a fixed nonstochastic steady
state, the analysis in chapter 4 builds explicitly upon the steady state
itself. Thus, chapter 4 contends that aggregate fluctuations induced by
various frictions in wage formation (contracting under uncertainty) should

147




not be analyzed independently of the notion of the steady state
equilibrium corresponding to the particular process of wage formation.
Two ideas are present here. First is the existence of labour contracts. It
is intuitive enough to argue that the parameter pertaining to contracting
should influence the steady state behaviour of the economy. As argued
above, this aspect is abstracted away from the standard Gray—Fischer
analysis by assuming that risk-neutral contracting parties set wages in
accordance with the nonstochastic (ex ante) equilibrium of the labour
markets. The argument is now that this process of determining the
contract wage potentially ignores the link between contract wages and
uncertainty, i.e. ex ante pricing of risk.

The second aspect is the existence of imperfectly competitive labour
markets, largely due to unionized labour markets, in many modern
industrialized countries, notably the Nordic countries. Genuine bargaining
takes place between employees and employer organizations over the
terms of labour contracts and the outcome should display this institutional
setting. Furthermore, once again it is intuitive to argue that this particular
bargaining structure should be displayed in the steady state behaviour of
the whole economy.

All in all, chapter 4 adds to the existing literature in that it
incorporates a bargainig model of the labour markets under uncertainty
into an open economy macroframework mainly for the purpose of
analyzing the steady state effects of wage indexation and foreign
exchange intervention. We now turn to summarize the conclusions that
emerge. Foreign exchange intervention influences exchange rate
variability, and thus aggregate price risk or uncertainty. Given that wages
are not fully indexed, expected real contract wages are dependent on the
prevailing exchange regime determined by the foreign exchange
intervention rule. By implication, steady state output and employment
become dependent upon the prevailing exchange rate regime. Thus the
potential exists for monetary policy to affect steady state output and
employment as a result of contract wages being influenced by aggregate
uncertainty. .

Whether increased exchange rate variability induced by intervention
is desirable in terms of higher steady state aggregate output and emplo-
yment depends on a number of factors, including the specific source of
aggregate variability and the degree of firms’ bargaining power (i.e.
competitiveness of labour pricing). More specifically, fixed exchange
rates eliminate exchange rate variability and thus aggregate price
variability due to exchange rates. But, via PPP, it tends to enhance the
effect on the domestic price level of shocks to foreign prices. This is
reflected in upward pressure on real expected contract wages under
partial wage indexation. Thus, if shocks to foreign prices are an

148




important source of aggregate (price) variability, exchange rate variability
is called for to reduce the effects of these shocks, on contract wages and
steady state output and employment at least as far as higher steady state
output (and employment) is a desirable objective as such.

Flexible exchange rates need not, however, be a sensible choice for
an exchange rate regime, if shocks to domestic money demand and/or to
foreign interest rates are an important source of aggregate (price)
variability. These latter shocks impinge on the domestic price level via
exchange rate variability. This exchange-rate-induced price level
variability increases aggregate price risk in a fashion that tends to exert
upward pressure on expected real contract wages. If, on the other hand,
shocks impinging on the domestic economy originate mainly from the
product market, i.e. shocks to domestic productivity and/or to foreign
prices, flexible exchange rates are clearly superior to fixed rates in terms
of aggregate output and employment.

As noted above, the competitiveness of labour pricing (firms’
bargaining power) affects contract wages in two different ways, that is
through the mark-up factor and aggregate price risk. Increased
competitiveness has, for a given degree of wage indexation and foreign
exchange intervention, an ambiguous effect on the aggregate price risk.
To be more specific, although the mark-up over the union’s fall out
utility shrinks as labour pricing becomes more competitive, this reduction
in the mark-up must be balanced against the behaviour of the aggregate
price risk, which may increase in such a way that the net result of
increased competitiveness in labour pricing is an increase in expected real
wages, and thus a reduction in steady state output and employment. The
model indicates that this will happen particularly, if random shocks to
domestic productivity are absent or at most very small relative to other
shocks and the degree of wage indexation is low.

If, on the other hand, shocks to domestic productivity are
pronounced, so that the constraint facing the contracting party (labour
demand schedule) undergoes large stochastic shifts, a reduction in
expected real wages can be expected from increased competitiveness in
labour pricing as a result of both aggregate price risk and falling mark-
up. An interesting implication of the model is, however, that, in teims of
aggregate output and employment, there may not be any gains to be
expected from increased competition in the labour markets as such, if
"aggregate risk pricing" is an integral part of wage formation in a
unionized economy and if the existence of the aggregate price risk is
unrelated to domestic production possibilities.” This is analogous to the

2 Of course, the robustness of the model in this respect should be checked for the
specification of the firms’ technology and/or the union’s utility function.
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prediction that increased exchange rate variability as such need not
enhance aggregate output and employment, although exchange rate
flexibility does provide an additional channel through which to
accommodate specific shocks to the domestic economy, a feature of
flexible exchange rates emphasized by the standard framework of chapter
2. Structural changes in labour markets pertaining to enhanced
competitiveness in labour pricing may be deemed desirable since they
reduce the mark-up due to monopoly power, but the decentralization
implied by the process of increasing competitiveness need not be optimal
in controlling the effects of aggregate uncertainty on wage formation.’

Chapter 4 concludes by raising the question of the optimal choice of
the degree of foreign exchange intervention and degree of wage
indexation. The standard analysis of chapter 2 is most convenient in this
respect, since it leads us to characterize the optimal policy mix of
intervention and indexation as a policy package designed to deal with the
signal extraction problem inherent in the model economy. Thus, simple
time-invariant policy rules are easily derived within the extension to an
open economy of the framework of Gray’s optimal choice of the degree
of wage indexation. Gray’s framework of the optimal degree of wage
indexation is not, however, applicable in the context of chapter 4, since
a policy mix of intervention and indexation has direct steady state effects
not present in Gray’s analysis. To this end, a different type of an
objective function determining the choice of the policy instruments is
clearly called for.

Chapter 4 suggests that the optimal degree of intervention or
indexation be chosen such that the steady state aggregate output be
maximized, once losses due to imperfect information are accounted for.
Thus, this objective function for the monetary authority weighs gains
from increased output against potential losses due to the signal extraction
problem, i.e. losses due to fact that labour contracts are signed before
uncertainty is realized. Chapter 4 considers only the optimality of a single
instrument, given the other, and derives explicit closed-form solutions for
time-invariant policy rules under certain special cases.

If only losses due to imperfect information carry weight, full wage
indexation is the optimal choice, independently of the degree of foreign
exchange intervention or the exchange rate regime. This is so because
real wages corresponding to the full information bargaining game are

3 This tentative argument is at least partjally supported by the analysis in chapter 4
in that increased competitiveness coupled with sufficiently indexed wages may actually
enhance steady state aggregate output and employment, since indexation controls the
effects of aggregate price risk on contract wages.
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constant, i.e. independent of shocks to domestic productivity, a feature
characterizing the spot labour market equilibrium in chapter 2.

Thus, differences between actual real wages and full information real
wages arise because of surprises in the price level and aggregate price
risk. These differences can be completely eliminated by full wage
indexation.

Given the degree of wage indexation, the optimal degree of foreign
exchange intervention corresponding to the case where only loss
minimization is relevant is to some extent shock-specific. More
specifically, all other shocks except shocks to foreign prices can be fully
eliminated by fixing the exchange rate, but the implied intervention rule
for shocks to foreign prices requires an intervention policy of leaning
with the wind. This is so because, via PPP, only an intervention rule of
leaning with the wind can eliminate the effects of these shocks on the
domestic price level. However, in general, as the degree of wage
indexation is increased, the implied optimal exchange rate variability is
reduced, since increased indexation controls the impact effects on actual
wages of price level surprises and aggregate price risk due to shocks to
foreign prices. An interesting implication of the simulations performed
in chapter 4 is that the optimal degree of foreign exchange intervention
tends to be higher, given the degree of wage indexation, in more
competitive labour market environments. This is mainly due to the fact
shocks to domestic productivity are enhanced in more competitive labour
market environments.

Finally, explicit closed-form, time-invariant solutions to the optimal
degree of intervention and indexation were derived in the case where
only steady state output maximization carries weight in the monetary
authority’s preferences. As one would expect, the optimal degree of
intervention and indexation depend on the entire parameter and stochastic
structure of the model. But there is another, and perhaps more interesting,
feature of the solutions, that is the close similarity of the optimal
intervention and indexation rules with those derived in chapter 2. There
is, however, at least one important difference relating to firms’ bargaining
power, which parameterically shifts the optimal response of wage
indexation (intervention) to an exogenously given degree of foreign
exchange intervention (degree of wage indexation). The model predicts
that optimally there will be, for any given degree of intervention, less
rigid real wages and that, for any given degree of wage indexation, more
variable exchange rates will be observed in more competitive labour
market environments. These results are explained by the presence of
productivity shocks, which exert downward pressure on expected real
contract wages through aggregate price risk.
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Overall, then, the models of chapter 3 and 4 clearly demonstrate the
effects on the solution of the bargaining game of introducing uncertainty
intc the model. Uncertainty arises (apart from indexation, as argued in
chapter 3) as a result of the empirically plausible assumption that labour
contracts are signed before uncertainty is resolved. Upon comparing the
solution wage of this bargaining game with the one corresponding to the
full information Nash bargaining game, we immediately observe that an
additional "mark-up" due to price risk is invoked upon the full
information wage. Furthermore, the solution has a simple mean-variance
structure in that (random) variables correlating positively with variables
affecting the union’s utility tend to increase contract wages, while a
negative correlation tends to reduce it. Despite this simple and elegant
structure given to contract wages by the bargaining game, some final
remarks are in order.

First of all, the degree of wage indexation was not taken as a
variable subject to bargaining in the ’right to manage’ model. This may
sound like an oversimplification of reality, which seems to suggest that
the degree of wage indexation is at least partly negotiable between labour
market participants. From the modelling point of view, this would lead
us to a two stage bargaining game, where in the first stage wages are
determined and the second stage sets the degree of wage indexation
given wages from the first stage. This is certainly an interesting future
extension of the framework for determining wages and indexation, and
would undoubtedly provide more solid foundations for the interaction
between contract wages and indexation, but would also involve some
deep thoughts about the Nash bargaining model under uncertainty, as the
arguments given in chapter 3 seem to suggest. We have not applied this
framework in the present context mainly for reasons of analytical
simplicity.

In the above analysis, a combination of wage indexation and foreign
exchange intervention has been conceived as a policy mix designed to
enhance the macroeconomic performance of an economy. Thus the
modelling strategy, especially in the last section of chapter 4, starts
explicitly from the assumption that no other strategic interaction between
these instruments exists. A possible modification to this set-up would be
to model the interaction between these instruments as an outcome of an
explicit game between the labour market participants and the monetary
authority. This would most probably imply a much tighter interpretation
of the instruments as strategic devices or response functions in this
(hypothetical) game than those implied by our broad macroeconomic
objectives. This would be an interesting modification of the theme,
especially in relation to the argument put forward in the previous
paragraph, and would possibly add a new dimension to our understanding
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of the possible role of indexation and intervention in an institutional
setting of the kind envisaged in chapters 3 and 4. We chose not to follow
this modelling strategy, because of the focus on the macroeconomic
implications of wage formation under uncertainty, where the degree of
aggregate uncertainty is influenced by a combination of intervention
and indexation. So, the interpretation of the instruments is more like a
policy mix designed to mitigate the frictions due to ex ante contracting
in labour markets and not as strategic devices giving equilibrium
responses to agents involved in a game between labour market
participants and the monetary authority.
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