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Chapter 1

Introduction

1.1 Aim of the Study

Inflation is the rate of change of the general price level. In the Netherlands the aver-

age inflation rate over the period 1813-2000 is 1.8% (Albers, 1998) but varies across

different episodes. In the past, periods of deflation (a negative rate of inflation) can

be observed during the 19th century and the early decades of the 20th century, while

years of relatively high inflation rates are more recent (the 1970s and 1980s). There is

a keen interest in the causes of inflation and the impact of inflation on real variables,

such as output and unemployment. On the causes of inflation opinions vary. Classical

economists state that the single cause of inflation is the relative change in money sup-

ply. Keynesian economists argue that labour and goods market conditions may affect

the inflation rate, at least in the short and medium run. With respect to the impact

of inflation (or money growth rate) on real variables, the classical presumption is su-

perneutrality: the rate of change of the supply of money (and therefore inflation) does

not affect real decisions in the steady state equilibrium. In the short run inflation might

affect for instance output, due to the existence of some form of imperfect markets (see

e.g.Walsh, 2003). These market imperfections vary from imperfect information, to

nominal wage and/or price rigidities, to imperfect competition.

Western European inflation in the last four decades has shown a large variability. From

1970 until the mid 1980s, there have been high inflation rates, combined with rela-

tively high levels of unemployment. In the last decade of the past century, we observed

low inflation rates combined with lower unemployment rates. The low inflation rates

lasted until 2000-2003, except for Dutch inflation which was relatively high in this pe-

riod. These stylised facts force us to think about the alleged negative relation between

inflation and unemployment. Especially the regime of low inflation rates seems to be
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1 Introduction

interesting. How can we explain the low inflation rates we observe today? How can

we explain the combination of low inflation rates and lower unemployment?

The aim of this thesis is to examine the consequences of nominal rigidities for the

inflation-output trade-off and to contribute to the empirics of (low) inflation rates, their

impact on output, and the causes of the trade-offs. We are interested in changes of the

inflation-output trade-off over time. These changes are related to nominal rigidities and

market imperfections. We will pay attention to labour market conditions and the im-

pact of international capital market regulations. The economics of low inflation rates

has difficulty giving a unique explanation for the economic conditions in the 1990s.

We use the concepts of money illusion and wage fairness to illustrate downward real

wage rigidity (and implicitly a non-linear Phillips curve). Money illusion means that

the (real) purchasing power is confused with the nominal value of money. If money

illusion exists, an increase in nominal values is not corrected for the change in nomi-

nal prices and therefore its impact on real quantities is overrated. Wage fairness means

that ideas about what level of wages is fair depends on wages earned by other earners,

earned in the recent past, and so on. Next to labour market conditions, we analyse the

open economy context of the Phillips curve. We focus on the role of capital markets,

international capital mobility, and the exchange rate system. This way of analysing the

empirics of the Phillips curve seems realistic for smaller European economies. So, in

general we follow the route of modelling goods, labour, and capital markets to analyse

the inflation-unemployment development. The general line of thinking is in the new

Keynesian fashion: we start from some kind of imperfect market clearing and show its

impact on short-run inflation-unemployment trade-offs.

1.2 Context

We consider both the theory and empirics of the inflation-output trade-off. The the-

ory on real effects of inflation is to a large extent influenced by empirical observa-

tions of the course of inflation and unemployment. Since Phillips (1958) uncovered

the nominal wage increase-unemployment trade-off, macroeconomic theory has made

substantial progress in understanding the relation itself and the impact of inflation on

real quantities. Phillips was interested in labour market conditions and tried to stim-

ulate theoretical work to explain his empirical finding of a correlation of low wage

increases with high unemployment rates and vice versa. Keynesian economists used

the Phillips curve as a ‘missing equation’ in their macroeconomic models. The shape

of the Phillips curve was a crucial determinant of the outcomes of economic policy

measures. Monetary financing of deficits would imply higher inflation rates and there-

fore lower unemployment.

2



1.2 Context

The monetarist framework developed in the 1960s contains a vertical Phillips curve:

in the long run the unemployment rate is independent of the inflation rate. Only un-

expected shocks could cause a short-term deviation due to imperfect information and

imperfect markets. Phelps (1968) and Friedman (1968) developed a theoretical frame-

work in which an economic agent is unaware of the cause of nominal changes, lead-

ing to misperceptions about relative prices. The inflation-unemployment trade-off can

only exist in the short run; misperceptions cease to exist in the long run. Lucas and

Rapping (1969) constructed a model of the labour market as a theoretical basis for the

vertical long-term Phillips curve, with only a short-run inflation-unemployment trade-

off. The labour supply depends on current wages and unobservable anticipated wages.

In the long run, expectations about wages and price changes come true. Short-run mis-

perceptions can be caused by imperfect information (see Lucas, 1972), which makes

it possible that misperceptions coexist with rational expectations of economic agents.

Another source of short-term deviations from equilibrium are rigidities in prices and

wages. If these exist, prices and wages cannot respond to unexpected shocks (see Tay-

lor (1980), Calvo (1983), Fuhrer and Moore (1995) for examples of staggered wage or

price setting). The Phillips curve in these models is either based on expected inflation

or on both expected and past inflation, dependent on the staggered price and wage

determination. Dependence on past inflation implies that inflation is sticky. Disinfla-

tionary policy will lead to a real burden since the new inflation target is not reached,

although the expected inflation rate incorporates the disinflation.

In new Keynesian economics the inflation process is driven by expectations. Prices or

wages or both are sticky. The Phillips curve follows from optimising behaviour of both

consumers and firms. Pricing decisions may be founded on monopolistic competition

(e.g.Blanchard and Kiyotaki, 1987), so that each firm sets its own price (see for an

overview Blanchard, 2000).

The originally found trade-off between inflation and the real economy appeared not

to hold in the long run, as it did in Phillips (1958). Theoretical models developed in

the 1960s as well as empirical studies showed that money does not affect real output

and employment in the long run (seee.g.Friedman, 1977). The more recent micro-

founded models provide an insight into reasons for a possible trade-off in the short

run.

Rigidities in price or wage setting on the firm level cause deviations from a long-term

equilibrium, implying real effects caused by monetary shocks. The impact of shocks

or disinflationary policies depends on the extent to which they are captured by ex-

pectations. Theories on market imperfections in partial equilibrium models can be

implemented in general equilibrium models, in which the various sectors of an econ-

omy response to disturbances. For example, in Bernanke, Gertler and Gilchrist (1999)
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1 Introduction

the role of credit market characteristics for the impact of monetary policy shocks is

studied.

Figure 1.1 Relation between mean and standard deviation of inflation (1961-2000)
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Ten-year mean and standard deviation of inflation rates in percentage points. Data points refer
to periods 1961-1970, 1971-1980, 1981-1990, and 1991-2000, of the countries Belgium,
France, Germany, Italy, the Netherlands, and the United Kingdom.

Statistical Properties of Inflation Inflation has a number of statistical properties,

which provide an argument in favour of disinflationary policies. Inflation variability

increases in its average mean. Increased variability is associated with increased uncer-

tainty and unexpected shocks that have negative real effects. This is one of the main

arguments to reduce inflation (see Barro, 1996).

Figure 1.1 shows the relation between the mean and the standard deviation of the

inflation series for a group of European countries. There is a clear positive correlation

between these two statistics. Further, inflation shows a large persistence. Even with

uncorrelated monetary shocks, inflation rates show a large degree of serial correlation.

Table 1.1 shows the autocorrelations of inflation at lag 1 for the period of 1961-2001

for the same European countries as Figure 1.1. These coefficients all show rather high

values, which we consider to be an indication of high inflation persistence.

Table 1.1 Autocorrelation of inflation at lag 1 (1961-2001)
United

1961-2001 Belgium France Germany Italy Netherlands Kingdom
autocorrelation 0.84 0.89 0.77 0.88 0.79 0.79

The serial correlation can be explained by sticky inflation rates, for instance through

wage inflation rates that have been negotiated in terms of past inflation rates, or by

sticky prices combined with non-rational expectations (see Walsh, 2003).
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1.3 Outline

1.3 Outline

The next chapter gives a standard overview of the literature on the inflation-output re-

lation. It presents basic theory which explains how inflation can affect real variables.

The issue of low inflation rates is addressed in Chapters 3 and 41. We are interested

in the long-term effects of low inflation rates on real variables, more specifically on

the unemployment rate. In Chapter 3 we present a theoretical model of the goods and

labour market that explains the real effects of inflation in case it is near a certain min-

imum rate of inflation. The inflation rate is a function of cost price development and

of utilisation of production capacity. The wage inflation rate is affected by inflation,

labour productivity growth, and the unemployment rate. High inflation rates do not

have the same effect as low inflation rates. Therefore, the wage inflation equation is

specified as a non-linear equation. Wage inflation has a minimum rate, which is the

rate that results from labour market negotiations between employers and employees.

If wage inflation is close to this minimum rate, the unemployment rate is very high, or

the labour productivity growth rate is very low, or both. We want to examine the effect

of a low inflation target of monetary authorities in case of a minimum wage inflation

rate. Therefore, we implement a successful inflation target and examine the conditions

under which the equilibrium of the model is stable.

Chapter 4 provides empirical evidence for the minimum wage inflation rate. As ex-

ample economies Belgium, France, Germany, Italy, the Netherlands, and the United

Kingdom are analysed. The time period chosen starts in 1960 and ends in 2001. The

estimated model has the same asymptotic characteristics as the wage inflation equa-

tion in Chapter 3. The minimum wage inflation rate is one of the parameters to be

estimated. In case the estimations provide a significant estimated minimum rate, the

model is considered to support the hypothesised minimum wage inflation rate. Fur-

ther, given the estimation outcomes and irrespective of the minimum wage inflation

rate, a long-term Phillips curve can be generated. We do this by implementing aver-

age values for labour productivity growth over the last two decades of the time period

under consideration, and by inserting the equilibrium condition of real wage inflation

equalling labour productivity growth into the wage inflation equation.

The Chapters 5 and 6 deal with the effects of characteristics of the capital market

and the foreign exchange market on the inflation-output trade-off. These characteris-

tics are capital mobility and exchange rate flexibility. Chapters 3 and 4 deal with the

effects on the inflation-output trade-off through the labour market and consider real

long-term effects of low inflation rates. This implies that the long-term Phillips curve

will not be vertical in case these low inflation rates do have real effects. The Chapters

1These chapters are based on Kuipers and Hoogenveen (1999), and Hoogenveen and Kuipers (2000).
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1 Introduction

5 and 6 consider the short-term Phillips curve relation. Capital market and foreign ex-

change market characteristics are expected to affect the slope of the short-term Phillips

curve. Chapter 5 presents a theoretical Mundell-Fleming model in which price rigidi-

ties cause short-term deviations from the long-term equilibrium. The negative slope

of the short-run Phillips curve is affected by capital restrictions and the exchange rate

regime. The effects from capital market and foreign exchange market characteristics

on the Phillips curve slope are expressed in terms of elasticities of aggregate output

and money demand, with respect to the interest rate and the real exchange rate, and in

terms of the real exchange rate and output elasticity of the trade balance. The relative

sizes of these elasticities determine whether the Phillips curve slope becomes steeper

or flatter after the implementation of capital restrictions or by fixing the exchange rate.

Empirical testing of these effects on the short-term Phillips curve slope is presented

in Chapter 6. Assumptions are made with respect to the elasticities of output, money,

and the trade balance from which the hypothesised effects follow. The data of the six

countries are collected in a panel data set. The effects are tested with indicators for the

capital restrictions and the exchange rate regime. A Phillips curve relation is estimated

with the pooled data, of which the slope may be affected by the indicators.

Finally, Chapter 7 concludes and provides a summary of the results of the Chapters 3

to 6 and reports to what extent we have found empirical support for our expectations

about the inflation-output relation.

6



Chapter 2

Inflation and Real Activity

2.1 Introduction

This chapter gives an overview of the literature on the relation between inflation and

real economic activity. In the long run, it is generally assumed that there is no such re-

lation. The inflation-output literature is also known as the theory of aggregate supply.

Why are price (or inflation)-output correlations positive, at least in the short run? Or

via Okun’s Law (negatively relating the output gap and unemployment), why are infla-

tion and unemployment negatively correlated? In an Arrow-Debreu model, theories of

aggregate supply are not that interesting. Supply creates demand, and (relative) prices

adjust instantaneously. Money is a veil, and the quantity theory of money holds at all

times. Thinking about aggregate supply (in short-run models) dates back to the ideas

about the missing equation in IS-LM models and the first use of the Phillips curve.

Three decades ago Tobin (1972) summarised the then prevailing body of knowledge

in this field (see also Friedman, 1977, and Blanchard and Fischer, 1989). He gave a

mark-up price equation for firms and a wage equation for employees (also known as

the Phillips curve):

π = ω − a+ f (u) (2.1)

ω = απ∗ + g

(
u,

du
dt

)
(2.2)

whereπ (π∗) is (expected) inflation,ω is the nominal wage increase,a is the rate of

change of labour productivity, andu is the unemployment rate.f (u) denotes a mea-

sure of output relative to capacity, for which it was assumed thatf ′(u) ≤ 0. The

7



2 Inflation and Real Activity

impact of unemployment on price setting was not substantial, so inflation is driven by

unit labour cost increases. The Phillips curve equation relates nominal wage increases

with inflation, the level of unemployment, and the rate of change of unemployment. It

is generally assumed thatg1(u,du/dt) ≤ 0 andg2(u,du/dt) ≤ 0. The Phillips (1958)

contribution focused on the impact of the level ofu on wage formation; the contri-

bution of Lipsey (1960) on the rate of changedu/dt on nominal wage growth. The

parameterα, indicating the degree of money illusion, was found to be crucial. Ifα < 1

and expectations are static (π∗ = π), the wage equation is described by:

ω =
1

1− α
(g(u,du/dt) + α( f (u) − a)) (2.3)

which clearly shows a negative trade-off between wage increases and unemployment.

But even withα = 1 and not specifying the process of expectations formation, we get:

π = π∗ − a+ f (u) + g(u,du/dt) (2.4)

which is a simple supply equation correlating price increases to unemployment. It is

easy to see that in a steady state Equation (2.4) yields a simple expression for the

non-accelerating inflation rate of unemployment (NAIRU):

f (u) + g(u,0) = a (2.5)

One can also rewrite the system into (assumingα = 1):

ω − π = π∗ − π + g(u,du/dt) (2.6)

The real wage decrease is determined by unanticipated inflation and higher unem-

ployment. But temporary changes in unemployment have a permanent effect on the

real wage, for which no empirical support is found. The second dissatisfaction with

the Tobin wage-price mechanism was thead hoctreatment of expectations formation

(see Lucas, 1972). The wage-price model, though actively used in macroeconomet-

ric systems, is not considered to be a serious theoretical underpinning of aggregate

supply.

Therefore, in this chapter we return to basic insights of aggregate supply. We start with

neoclassical growth models in which there is no trade-off between inflation and output

or employment in the long run. We focus on growth models that incorporate money

or inflation and show that inflation may lead to real changes, but that the degree to

which these changes hold empirically is small. As we will show, inflation can disturb

utility derived from money holdings or can be a tax on cash goods, like consumption

in cash in advance models. Cash goods are goods that can only be bought with cash

money, opposed to the so-called credit goods. Both models are not convincing as re-

gards to their empirical results. Therefore, we switch to short-run models with either

8



2.1 Introduction

information imperfections, like the Phelps island model, or price imperfections, like

the Taylor sticky wages model. Implementation of these kinds of imperfections results

in a short-run trade-off between inflation and output.

The implemented stickiness results in a deviation from the long-run equilibrium unem-

ployment rate. After the impact of a nominal shock has faded out, the unemployment

rate returns to a level that depends on real factors only. This rate is called the natu-

ral rate of unemployment (NRU). A lasting deviation from the NRU will need either

accelerating inflation or deflation. The synonym Non-Accelerating Inflation Rate of

Unemployment (NAIRU) is derived from this characteristic. Both terms (NRU and

NAIRU) are often used interchangeably. There are however differences in their con-

texts. The natural rate of unemployment refers to an equilibrium situation in which

rational expectations are fulfilled. A persistent deviation from the equilibrium situa-

tion cannot exist, since the rational agents will see to it that the economy returns to an

equilibrium in which the natural rate of unemployment holds. The NAIRU is related to

an economy in which expectations are adaptive. Deviation from the NAIRU will bring

the economy in a wage-price spiral, and the deviation might last for a considerable

amount of time (see Allen and Nixon, 1997).

In a new-classical model with rational expectations like that by Lucas (1973), short-

term deviations from the NRU can only exist when information is incomplete. Output

may differ from the natural level,i.e. the equilibrium level. The natural unemploy-

ment rate is the rate of unemployment when both production and employment are at

their natural levels. This does not necessarily mean that employment is equal to the

labour force and that unemployment would be zero. In this model, unemployment is a

function of the difference between the general price level and the expected price level,

based on possibly incomplete information.

In a model in which price adaptations based on expectations hinder an immediate

adaptation to the equilibrium situation, the equilibrium level of unemployment is

reached when there is no more unexpected inflation. This unemployment rate is the

NAIRU. In order to reach an unemployment rate that is lower than the NAIRU, the

inflation rate should be increased to create a higher unexpected inflation rate. In case

past inflation rates affect inflation expectation formation, the error made may affect

inflation and unemployment for a long time.

In a more Keynesian-type macroeconomic setting, the Phillips curve relation may be

the result of combining price and wage equations. The price equation is derived from

optimising firm behaviour and it is a function of production costs, including wages,

and the output gap, or another variable that reflects tension between supply and de-

mand on the goods market. Real wages are a function of variables that affect wage

formation such as unemployment and production. The model can be reformulated in

9



2 Inflation and Real Activity

terms of growth rates, such that the goods market is reflected by an inflation equation.

Inflation is a function of variables such as wage inflation and growth of production

costs per unit of output. The labour market is represented by an expression for wage

inflation, which may be a function of labour productivity growth and the unemploy-

ment rate.

In the 1970s, so-called stagflation was observed. This had an important impact on the

inflation-unemployment debate. The combination of high inflation and high unem-

ployment led to an adaptation of the Phillips curve equation. Demand factors could not

explain stagflation. Supply side variables such as productivity growth and oil prices

were added in order to cope with supply shocks. In the context of a vertical long-

term Phillips curve, stagflation can be explained as a situation in which the economy

is situated on a very high short-term curve. Friedman (1977) suggested that a period

of structural transition of economic environment produces a positively sloping curve.

In the original vertical Phillips curve theory, high inflation rates would not affect em-

ployment negatively, if they were anticipated or compensated for by indexed contracts.

However, the high inflation rates were more volatile which increased uncertainty, re-

ducing the part of inflation that could be anticipated or compensated. Furthermore,

it also led to more frequent government intervention in price and wage settlement.

These consequences resulted in a less efficient economic system in which unemploy-

ment was likely to increase. The time the economy needs to adjust public attitude to

high inflation and government policies is the time needed to complete the transition

to a new vertical Phillips curve situation. In the new adapted situation, both inflation

and unemployment may remain at a higher level due to the increased economic ineffi-

ciency through the higher inflation volatility.

In the next section we discuss the equilibrium models in which money is introduced

in two different ways: money in the utility function, and money that is a constraint

in transactions. We discuss the short-term imperfections which lead to a short-run

trade-off between inflation and real variables in Section 2.3. At the end of this section

we discuss two basic extensions of short-term price stickiness models which we will

use hereafter: (1) downward nominal wage rigidity, and (2) open economy nominal

rigidities. Section 2.4 concludes.

2.2 Money in Equilibrium Models

Nowadays the modern standard model of macroeconomics is the micro-founded gen-

eral equilibrium dynamic model in the style of Ramsey (1928). The basic neoclassical

dynamic model does not contain money. In general the inclusion of money in such a

10



2.2 Money in Equilibrium Models

dynamic equilibrium model is troublesome. Money is not needed since it is dominated

in return and not needed in transactions (at least not under certainty). In the literature

we find two main reasons to include money: (1) the assumption that money is useful,

for instance in that it facilitates shopping services, and therefore increases leisure, or

(2) money is needed to buy goods: Clower’s cash in advance constraint. In this section

we discuss the main insights of these models as attempts to relate money (and thus

money growth or inflation) with real activity.

2.2.1 Money in the Utility Function

Implementing money in the utility (MIU) function calls for an explanation why an

economic agent should derive utility from holding cash balances. Several reasons can

be mentioned: A MIU model can be interpreted as a shopping-time model. Money re-

duces the time needed for transactions. Purchases that involve transaction services that

cost time and money. The amount of time needed is negatively related to the amount

of money spent on transaction services. Utility, determined by real consumption and

leisure, can thus be reformulated as a function of real consumption and money. An

early example of a shopping time model is Brock (1974), in which total utility is the

sum of a utility function of goods, a utility function of real money balances, and util-

ity of leisure (equivalent to disutility of labour). As a second reason for MIU, Brock

mentions that consumers must sacrifice consumption for transaction purposes. The

purchase must be divided into consumption and transaction purposes, so that the total

purchase is a function of consumption and money.

Sidrauski (1967) presents a monetary growth model with money in the utility func-

tion. The representative household’s utility function contains real consumption and

real money balances. Savings are the result of the investment decision and the deci-

sion to increase money balances. In the steady state, money growth equals inflation

and does not affect marginal utility of capital or golden state consumption. Money is

superneutral as it does not affect the equilibrium values of real consumption and the

capital stock.

How can we go beyond superneutrality in the Sidrauski model? First, one can assume

that utility depends on consumption, real money, and leisure. In such case steady state

labour supply and consumption may be affected by changes in inflation. The final

result for the inflation-output relation depends on the impact of inflation on marginal

utility (see Wang and Yip, 1992). We can illustrate this as follows, using a shopping-

time model. Time available for leisure is equal tol = 1− n− ns, wherel is leisure,n

is employment time andns is shopping-time. Utility depends on consumption (c), real

money balances (m), and employment, and is given byu(c,m,n) = v(c, l) = v(c,1 −

11
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n− g(c,m)), whereg(c,m) is a shopping-time function, whichgc > 0 andgm < 0, and

uc,um, vc, vl > 0, un < 0. The sign ofucm is rather important in these money-in-the-

utility function approaches. This gives us:

um = vl(−gm) ≥ 0 (2.7)

Taking derivatives with respect toc in expression (2.7) leads to:

ucm = −vl(gcm) − vll (−gc)gm − vclgm (2.8)

There are two possibilities:

• ucm ≥ 0: the so-called transaction-services function. Higher expected inflation

will lower real money holdings and thus decrease marginal utility of consump-

tion, leading to lower output (and consumption and labour). This will be the case

for diminishing marginal utility of leisure,vll < 0, and forgcm ≤ 0, which means

that an increase in consumption increases the marginal utility of shopping time

(gm < 0).

• ucm < 0: the asset substitution model: consumption and leisure are substitutes

vcl ≤ 0. Now higher inflation will increase consumption.

Thus inflation can increase output if consumption and leisure are strong substitutes. A

second approach to circumvent superneutrality is when money enters the production

function (see Fischer, 1974). This might be the case if money is needed in production

by e.g.cash flow dependence of firms (see Hubbard, 1998). As with money in the util-

ity function, there is no serious micro-foundation of this assumption though. Finally,

money might be superneutral in the steady state but during the transition towards the

steady state it might not be (see Walsh, 2003).

2.2.2 Cash in Advance

The role of money as a means of payment can be modelled with a cash in advance

(CIA) constraint or liquidity constraint, based on Clower (1967): ‘Goods buy money

and money buys goods, but goods don’t buy goods’. Unlike in the case described

above, the agent does not derive utility directly from real money balances. The demand

for money is generated by the need for it in transactions. During a certain period, all

cash goods must be bought with money available at the beginning of the period. Take

for example consumptionCt. A cash in advance restriction is:

Ct ≤
Mt−1

Pt
(2.9)
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2.2 Money in Equilibrium Models

This expression states that consumption must be financed with real money holdings

from the previous period. Credit goods are exempted from this restriction, likee.g.

leisure in the Hansen (1985) model.

In CIA models, such as Lucas (1982), where consumers always hold cash balances

equal to nominal output, the demand for money follows Fisher’s quantity equation.

Svensson (1985) changes the CIA model by letting the consumers decide on the extent

of cash balances before they know the level of consumption. After the decision on

money balances is made, output and monetary expansion are subject to exogenous

disturbances. Money does not only deliver transaction services, but also has a store-of-

value and precautionary purpose. The stochastic steady state of this model generates

output and money that do not follow Fisher’s equation, and therefore superneutrality

does not always hold.

In CIA models inflation is a tax on cash goods that exist next to credit goods. Suppose

that consumption is a cash good and leisure is a credit good, an increase in inflation

will lower consumption and increase leisure, leading to a lower output and the conse-

quent real effects. If capital is a cash good (investment is subject to a CIA constraint)

marginal productivity of capital will be affected by inflation in the steady state.

The first case is reflected in the following basic CIA model of a representative house-

hold with utility u(.) (seee.g.Svensson, 1985). The household optimises:

max
c,n

E0

∞∑
i=0

βiu(ct+i ,1− nt+i)

wherect is real consumption and 1− nt is the fraction of total available time spent as

leisure at timet. The household receives a lump-sum transfer of moneyTt from the

central bank. The maximisation problem is subject to the CIA constraint with respect

to consumption only and to the budget constraint:

ct ≤
Mt−1

Pt
+

Tt

Pt

ct + kt + bt +mt ≤ yt + (1− δ)kt−1 +
1+ it−1

Pt/Pt−1
bt−1 +

Mt−1

Pt
+

Tt

Pt

The household’s real income consists of output (yt), capital ((1− δ)kt−1), bonds (bt−1),

and money as defined by the CIA constraint. Capital depreciates at rateδ, and 1+ it
is the nominal return on bonds. In the steady state consumption is such that the CIA

constraint is binding. An increase in the inflation rate, given the growth in nominal

money balances, decreases real consumption. The supply of labournt is a function of

output, capital, consumption, and the inflation rate. An increase in inflation implies

lower labour supply and consequently lower output.
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If investment is also a cash good, the CIA constraint becomes:

ct + (kt − (1− δ)kt−1) ≤
Mt−1

Pt
+

Tt

Pt

Stockman (1981) shows in a model with such a CIA constraint that inflation is asso-

ciated with a lower capital stock. In a steady state, the CIA constraint is binding, and

a higher inflation rate implies both lower consumption and lower investment. The as-

pect that determines this result is that marginal productivity of investment is a function

of inflation if capital is a cash good instead of a credit good. Higher inflation makes

money more costly to hold, which decreases the net return on investment.

We have seen that only in exceptional cases is it likely that money in utility func-

tion models will demonstrate aberrations from superneutrality in equilibrium. Models

with a CIA constraint provide some clues for examining the effect of money on real

variables, but only to a limited extent. Changes in inflation, which are changes in the

costs of holding money, may cause a shift between cash and credit goods. However,

ase.g.Cooley and Hansen (1989) show, empirically these effects do not demonstrate

to generate substantial real effects in high and low inflation economies, implying no

inflation-output trade-off even up to high rates of inflation. The empirical contribution

of an inflation tax on cash goods seems to be restricted. This leads us to the conclusion

that it is hard to show the inflation-output trade-off in a dynamic equilibrium model. It

is far more likely that short-term explanations will contribute more to a better under-

standing of the supply curve.

The next section discusses models in which rigidities are incorporated that can pro-

duce a short-run trade-off between inflation and real variables.

2.3 Short-Run Stickiness

In the previous subsection we discussed general equilibrium growth models that in-

clude money. We found that these models focus on substitution effects (e.g.between

consumption and leisure) induced by expected inflation. According to the money-in-

the-utility function approach a high substitution elasticity between consumption and

money will lead to a positive inflation-output correlation. But inflation can be also seen

as a tax on cash goods, such as consumption, which might induce more leisure and

lower output. As Walsh (2003) shows, growth models tend not to give a convincingly

clear picture of the empirical side of the supply curve.

It is far more likely that short-run models are capable of generating more plausible

insights. There are two classes of such models that use imperfections to denote the
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Phillips curve relation. First, the class of imperfect information models. In this class

a lack of information with some of the agents generates the positively sloped sup-

ply curve. Second, we turn to nominal rigidities. Nominal rigidities can be found in

both wage and price setting. We do not consider real rigidities, but acknowledge that

badly functioning labour markets (for instance due to search costs) or goods markets

(monopolistic competition) might be responsible for inflation-output trade-offs.

2.3.1 Imperfect Information Models

The basis for imperfect information models can be found in Phelps (1968), Fried-

man (1968), and Lucas (1972). The basic idea of the Lucas model is that mispercep-

tions arise because individuals have incomplete information concerning the state of

the economy. The key feature of the model is its analogy with an economy consist-

ing of islands. After each period agents are randomly reallocated among islands. They

care about prices on their own island but also on other islands, since they may go there

in the future. They do not have perfect information on all price movements though and

have to infer local island price changes elsewhere from observed price movements on

the island itself. Each agent produces on its island,i, a productxi (in logs) and does

not know whether its price increases due to shifts in local or in aggregate demand. Let

pi
t be the (log) price of productxi in periodt andpt be the aggregate price level. Let

x̄i be the normal supply of the good. A supplier on an island will produce more of the

good than normal if the local price exceeds the aggregate expected priceEt[pi
t]:

xi,t = x̄i + γ(pi
t − Et−1[pt])

Lucas assumes that agents use rational expectations, therefore:

Et−1[pt] = E[pt |p
i
t,Ωt−1]

whereΩt−1 is the available information set at timet − 1 (remember that the agent

has all information up to the current period). This is a simple linear signal extraction

problem. The least squares estimator will provide an answer and is equal to a weighted

sum of the own pricepi
t and the expectation of the general price level at timet − 1:

Et−1[pt]:

Et[pt] = θpi
t + (1− θ)Et−1[pt]

This leads to the supply equation:

xi,t = x̄i + γ(pi
t − θpi

t − (1− θ)Et−1[pt])

If we assume thatγ is identical across islands the aggregate curve is:

xt = x̄+ γ(1− θ)(pt − Et−1[pt])
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Thus the model predicts a very short-run positive correlation between output and un-

expected price developments.

In this economy only unanticipated price changes may have real effects, which im-

plies that any anticipated change cannot. Therefore, price changes that are caused by a

certain announced or previously applied monetary policy will not have real effects, as

is shown by Sargent and Wallace (1975). Empirical research bye.g.Mishkin (1982)

shows that both anticipated and unanticipated money changes have real effects. The-

ories using a notion about credible and announced policy actions that may have no

real effects are built on Lucas’ theory (see Roberts (1997): in new Keynesian models

inflation can be reduced without real costs as long as the change in monetary policy is

absorbed in expected inflation).

2.3.2 Nominal Stickiness Models

Although theoretically appealing, the Lucas misperceptions model is unable to gen-

erate persistent, slow responding moves in output due to inflation shocks. Moreover,

inflation itself is usually found to show persistence. This brings us to our second class

of short-run explanations of the inflation-output relation: nominal stickiness models.

Various forms of imperfections can generate nominal stickiness. Rigidity in nominal

values implies that nominal wages and prices do not adjust immediately to changes

in the nominal quantity of money. This section considers three studies in which some

type of nominal rigidity is modelled and that are frequently used in the literature.

These are by Taylor (1980), Calvo (1983), and Fuhrer and Moore (1995). They differ

with respect to the type of wage setting and in whether the inflation-output trade-off

is based on forward or backward looking behaviour, or by both. In the Taylor model

stickiness originates in the nominal wage setting; in Calvo’s model price setting is

staggered; and in Fuhrer and Moore’s study real wages are set in terms of past and

expected real wages. Furthermore, in the Taylor and the Calvo model the inflation-

output trade-off depends on future inflation, and in the model of Fuhrer and Moore on

both past and expected inflation.

Taylor (1980) contains a form of wage rigidity, which is passed on to prices that equal

the wage level plus a fixed mark-up. Wages are set in a contract that lasts for two

periods. Not all contract wages are set at the same time, implying that wages are

staggered. Wage negotiations depend on wage contracts set in the previous period and

wages that will be determined in the following period. Therefore, prices are based on

both backward and forward looking behaviour. Logs of wages (wt) and prices (pt) are
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given by:

wt =
1
2

(pt + Et[pt+1]) + kyt

pt =
1
2

(wt + wt−1) + µ

wherekyt represents the part of the real wage that depends on economic activity, and

µ is a fixed mark-up. The economy experiences serially uncorrelated shocks to both

prices and demand. The Phillips curve that follows from the price equation shows that

the trade-off depends on expectations about future monetary policy (withµ normalised

to zero):

πt = pt − pt−1 = Et[πt+1] + 2k(yt + yt−1) + (Et−1[pt] − pt)

This implies that a disinflationary policy is possible without real costs. If a policy

change is immediately captured by expectations about the future inflation rate, the

inflation rate can be reduced without affecting the real variables.

In the study by Calvo (1983) prices are staggered. Market prices are not changed at

fixed time intervals but infrequently, following an exogenous Poisson process with

probability 1−ω of a price change each period. The expected time between two price

changes is 1/(1−ω). Once a price is set, the firm meets a difference between its price

and the profit maximising price (p∗) in each period that it cannot change its price. The

firms that set a price in periodt minimise the expected cumulative differences between

the price and the optimal price that would maximise profits in case of flexible prices.

This pricext is reflected by:

xt = (1− ωβ)p∗t + ωβEt[xt+1]

whereβ is the discount factor andp∗t = pt + γyt + εt: the profit maximising price

depends on the general price level and output plus a random disturbance term. Further,

the general price level is determined by 1− ω of the firms that set pricext and by the

rest of the firms that stick to the price of the previous period:

pt = (1− ω)xt + ωpt−1

The inflation equation is equivalent to that by Taylor (1980): the inflation-output trade-

off depends on expected future monetary policy.

πt = pt − pt−1 = βEt[πt+1] +
(1− ω)(1− ωβ)

ω
(γyt + εt) (2.10)

However, the Calvo type staggered price adjustment is able to generate more persis-

tence in prices, using the same average frequency of adjustment (Kiley, 2002).
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In the model by Fuhrer and Moore (1995) the inflation equation contains both forward

and backward looking terms. This implies that inflation is sticky and that disinflation-

ary policy will be costly. Wage negotiations take place in terms of the real wage. The

real wage is set as the average real wage over the life time of the two period contract,

plus a term that reflects the current state of the business cycle:

wt − pt =
1
2

(wt−1 − pt−1 + Et[wt+1 − pt+1]) + 2kyt

A difference with the Taylor type of wage setting is that wage negotiations consider

real wages instead of nominal wages. The subsequent Phillips curve shows that the

trade-off depends on both past inflation rates and expected future inflation:

πt =
1
2

(πt−1 + Et[πt+1]) + 2k(yt + yt−1) − (πt − Et−1[πt])

given thatpt =
1
2(wt + wt−1) with the fixed price mark-up normalised to equal zero.

This sluggishness in inflation can be obtained in the Taylor model when expectations

are adaptive instead of rational. The expected future inflation rate will then depend on

past inflation rates as well.

Whether the inflation equation contains either backward looking behaviour or forward

looking behaviour or both is crucial to the monetary policy to be costly or not. In a

new Keynesian model, the Phillips curve shows a trade-off between inflation and real

variables, based on expected future inflation. The economic agents make decisions

based on optimising behaviour and are confronted with nominal rigidities in for in-

stance prices. A basic new Keynesian model can be described as follows (see Walsh

(2003) for more detailed derivations): the households maximise the expected present

value utility that depends on real consumption (C), real money balances (M/P), and

leisure (1− N):

maxEt

 ∞∑
i=0

βiU(Ct+i ,
Mt+i

Pt+i
,Nt+i)


subject to a budget constraint. Total consumption consists of monopolistically com-

petitive produced goodsc j by firm j, j ∈ [0,1] and is defined by:

Ct =

[∫ 1

0
c

θ
θ−1
jt d j

] θ
θ−1

whereθ > 1 reflects the price elasticity of demand. Solving the consumer’s maximi-

sation problem firstly leads to an equation for consumption that is the Euler condition

for the optimal intertemporal allocation of consumption:

Ct = C

(
Ct+1,

Pt

Pt+1
, it

)
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wherePt is the general price level, andit is the nominal rate of interest that is con-

trolled by the central bank. Secondly, the money demand equation reflects the Euler

condition that equals the marginal rate of substitution between money and consump-

tion to the opportunity cost of holding money:

Mt

Pt
=

M
P

(
it

1+ it
,Ct

)
Thirdly, labour supply is determined by the intertemporal optimality condition that

sets the marginal rate of substitution between leisure and consumption equal to the

real wage:

Nt = N

(
Wt

Pt
,Ct

)
The firms maximise their expected present value of total profits subject to the pro-

duction function (labour is the only input), the demand for its good, and a staggered

pricing rule. A standard result of price setting in a model with monopolistic compe-

tition and flexible prices is that the firm pricePit is set equal to a mark-up over its

nominal marginal cost:

Pit

Pt
=

θ

θ − 1
Wt/Pt

Zt

whereZt is the aggregate productivity disturbance. Further, flexibility of prices implies

that all prices are equal:Pit = Pt.

If we assume a Calvo (1983) type of price setting with a probability of 1− ω of price

adjustment for each firm, the price levelPt satisfies

P1−θ
t = (1− ω)p1−θ

t + ωP1−θ
t−1

A fraction of 1− ω of firms chooses a pricept in periodt, and a fraction ofω does

not change its price. Since the firms that change their price are randomly chosen from

all firms, their average price is the general price level of the previous periodPt−1. This

price equation plus the price decisions of firms that take into account expected future

marginal costs leads to a Phillips curve equation that can be presented as follows:

πt = βEt[πt+1] +
(1− ω)(1− βω)

ω
φ̂t

whereφ̂t reflects the percentage deviation from the equilibrium level of the real mar-

ginal costs (W/PZ ). It is likely that the deviation from real marginal costs is related

to the output gap. An important difference of the new Keynesian Phillips curve with

traditional Phillips curves is that it is derived from optimising consumer and firm be-

haviour.
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The models discussed so far consider staggered wage or price setting, which cause

a downward-sloping short-run Phillips curve. The rigidities concern the frequency of

adjustments. If the market equilibrating inflation rates cannot be reached, the trade-

off may also persist. This can be caused by unexpected shocks being continuously

non-zero.

Downward nominal wage rigidity can be responsible for permanent non-equilibrating

prices as well. The frequency of adjustment may be unlimited, but the possibilities for

the level of growth rate of money wages will be restricted. If the price inflation rate is

at a much lower rate and is not adjusted, the real wage costs for firms will increase and

lead to negative real effects. This will not be the case in the models that are discussed

in the previous section, since the price level there is determined by the wage level. For

the downward nominal wage rigidity to have real effects the inflation rate needs to be

exogenously aimed at and must not be determined by the wage increases. Downward

nominal wage rigidity does not fall into the category of real rigidities of the labour

market. The stickiness is not caused by some legal institution but is the outcome of

negotiations between employers and employees (or their representatives).

In the 1990s, new literature was published on the topic of long-run low inflation

Phillips curves. Observations of combinations of low inflation and high unemployment

suggest that at low rates of inflation there can be a sustained negative relationship, due

to the existing wage setting and pricing mechanism. Nominal wages are inclined to rise

even when real variables such as real demand and unemployment require a nominal

wage decrease in order to prevent unemployment from increasing further. Therefore,

frictions may lead to increased unemployment. An example of a study on a country

experiencing low inflation and high unemployment is Fortin (1996), which studies

Canada in the period 1990-1996. Fortin argues that the downward rigidity of nominal

wages combined with low inflation targets causes an increase of the unemployment

rate.

If the general inflation rate is close to zero and the sectoral inflation rates are spread

around this general rate, some sectoral inflation rates will probably be negative and

others will be positive. This implies that in some sectors a wage decline is required

whereas in others a low positive wage increase is needed. Inflation rates very close to

zero have been uncommon during the last decades of the 20th century. Especially the

1970s and 1980s were characterised by rapidly increasing price levels, wage inflation

higher than price inflation, and (relatively) high productivity growth. An argument

for downward nominal wage rigidity is that wage earners do not easily accept wage

reductions because they consider them to be unfair (see Bewley, 1998). Only if a firm

is facing bankruptcy a nominal wage decrease will be accepted, since the alternative is

the loss of jobs. Moreover, if workers in another firm with a similar job receive a higher
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wage increase, it will be even more difficult to accept a low nominal wage increase or

even a nominal wage reduction. Because of this reluctance towards wage reductions

and low wage increases, wage leaders in industries (firms that can easily set the highest

wage increases) set wages for other firms. The extent of wage leadership depends on

the level at which wages are negotiated. If there are a few large trade unions setting the

average wage changes that should be realised in the various industries, the individual

firms will not influence wage development a lot.

In the other extreme, there are separate trade unions for every firm or small group of

firms. In such case, unions are inclined to demand wages that do not differ too much

from the wages set by other firms in the industry, and the effect of the wage leader-

ship is more extensive. Therefore, more decentralised wage negotiations result in more

downwardly rigid nominal wages on the micro firm level. On the other hand, central-

isation may lead to wage rigidity as well, albeit on the macro level. This may be the

case with respect to wage increase restrictions in times of low inflation and/or of reces-

sions if there is consensus a among employers and employees (and government) about

industry-wide wage controls. Centralised unions may facilitate restrictions on wage

increases, depending on the unions’ willingness and attitude towards cooperation with

employers and government authorities.

Akerlof, Dickens and Perry (1996) present a model in which nominal wage rigidity

together with a target of low inflation rates lead to high unemployment rates. In case of

a moderate inflation rate, the standard natural unemployment rate applies, which per-

mits maximum employment and output. In such case the targeted inflation rate is not

a cause of unintended increased real wage costs. Chapter 3 is related to the study by

Akerlof et al. (1996) and deals with real costs from low inflation rates. The low infla-

tion rate is successfully aimed at by the monetary authorities while the wage inflation

rates cannot be adjusted. In this chapter we show how a long-term downward sloping

Phillips curve can be derived in a model with downward nominal wage rigidity.

Above we discussed a number of models for closed economies. If we turn to open

economy models, the widely used Mundell-Fleming model is not based on microe-

conomic foundations. Obstfeld and Rogoff (1995) do provide such a foundation. The

goods market in their model is characterised by monopolistic competition. The con-

sumers derive utility from consumption, money, and disutility from loss of leisure

when producing goods. If prices are flexible, superneutrality of money holds. Price

stickiness enters the model in the form of prices that have to be set one period in ad-

vance, before unexpected shocks affect consumption and the exchange rate. The price

stickiness may lead to long-lasting real effects when the shocks continue to move the

economy away from its long-term equilibrium. Recent new Keynesian models of an

open economy contain optimising households and firms and some kind of price stick-
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iness. The inflation rate depends on expected future inflation and real marginal cost.

An example is Clarida, Galı́ and Gertler (2001). The inflation adjustment is based on

Calvo (1983): there is a probability of 1-ω that a firm will change its price.

Loungani, Razin and Yuen (1997) use a Mundell-Fleming framework in which prices

are sticky. On some markets price are flexible and on others they are set in the previ-

ous period. Price stickiness lasts one period, on contract markets the expected market

equilibrating price for the next period is determined each separate period. The subse-

quent general price level consists of current and contract prices. This is comparable

to Calvo (1983): instead of a chance ofω, there is the certainty of a fixed portion of

markets that applies contract prices. The Phillips curve is downward-sloping in the

short-run, and the slope depends on the IS and LM-relations.

Chapter 5 builds on this study of Lounganiet al. The Phillips curve is derived for

several combinations of capital and foreign exchange market characteristics. Whether

the small open economy of this model has to deal with flexible or fixed exchange rates

has consequences for the inflation-unemployment trade-off. Further, capital market

restrictions affect the Phillips curve slope. Both effects only exist in case of price

stickiness, by which the unexpected shocks disturb market equilibrating prices.

2.4 Conclusions

This chapter provides a short description of the theory of the aggregate supply curve.

We discussed two classes of models: growth models that include money, and short-run

imperfections models. We gave two examples of short-run imperfections models: the

misperceptions model, and nominal price or wage stickiness models. The remainder of

this thesis will build on the latter class of the nominal price or wage stickiness models,

which we consider to be the most important empirical contribution to the explanation

of the existence of the Phillips curve.

We will continue to work in two areas, namely the working of the labour market

itself and the role of the open economy in terms of exchange rate systems and capital

mobility. Both areas seem to be empirically relevant. The working of labour markets is

not undisputed nowadays, especially in Europe. Serious concerns of economists about

the equilibrium nature of the labour market make our contribution valuable. A similar

argument holds for the open economy nature. With the drive for more single currency

zones in the world (the euro zone, Africa, and dollarisation of the Asian economies)

the open-economy extension of the Phillips curve may contribute to policy insights.
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Chapter 3

Non-linear Phillips Curves

3.1 Introduction

Phillips curve relations are generally believed to show no trade-off between inflation

and unemployment in the long run. However, in the short run, they are usually assumed

to reflect a trade-off between inflation and unemployment (or real output). In other

words, in the long run money is assumed to be neutral, but in the short run money and

nominal price changes may have some real impact. Nominal rigidities as described

in the previous chapter can be responsible for this. This chapter deals with nominal

stickiness on the labour market.

The 1990s were a period of low inflation rates in Western European countries, un-

like the 1970s and 1980s. During these two decades, economic theory that argues that

there is no trade-off between inflation and the real economy has been developed. In the

early 1990s, observed combinations of unemployment rates and price inflation rates

gave some rise to doubt on the general validity of this line of thinking. During these

years inflation rates were low while unemployment was relatively high. It seemed that

there could be a long-run trade-off. An example of a study that deals with possible

causes of these observations is Fortin (1996). He states that the monetary authorities’

aim to reach price stability, which is called clearly below 2% by the Canadian Central

Bank, caused high unemployment rates in Canada in the 1990s. He notices that Cana-

dian unemployment rates were higher than those in the U.S.A. although they were

similar before inflation rates were brought towards zero,i.e.before 1989. Further, Ak-

This chapter is based on Kuipers and Hoogenveen (1999), and on Hoogenveen and Kuipers (2000).
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3 Non-Linear Phillips Curves

erlof et al.(1996) show that the no trade-off theory applied to the price development in

the 1930s suggests much lower inflation rates than there actually were. They estimated

a standard natural unemployment rate model. The drop in profits and high unemploy-

ment during the start of the Great Depression generate very low inflation rates in this

standard model. Assertions in both publications are based on the knowledge that in

many western countries nominal wages have been downwardly rigid for long time

periods. If wages cannot be lowered, a slowdown of growth of a firm is followed by

the discharging of redundant employees, or by a restriction of the number of hours

worked. Only under serious threats of bankruptcy, nominal wage reductions will be

accepted. Surveys among employers indicate that they are convinced that generally

wage reductions negatively affect labour productivity of employees (seee.g.Bewley,

1998, for a survey study on phenomena related to the efficiency wage hypothesis).

These findings suggest that the relation between nominal wage inflation and the real

economy is non-linear. Section 3.2 deals with downward wage rigidity. A non-linear

Phillips curve relation is presented in Section 3.3: this Phillips curve accounts for a

minimum nominal wage inflation rate,i.e. the minimum rate employees will accept.

If inflation is very low, the minimum wage inflation may cause increasing real wage

costs, which implies real effects. Unemployment is very high and/or the growth rate

of labour productivity is very low, if the wage inflation rate is close to its minimum

rate. The Taylor model (see Section 2.3.2) models wage stickiness as nominal wages

that depend on past inflation rates. In our model the minimum wage inflation rate may

be based on past inflation experience, but this is not explicitly implemented. Given

the bottom value for the wage inflation rate, a low inflation rate may lead to persis-

tent long-term negative real effects. A stable equilibrium does not exist for all infla-

tion rates. We therefore derive conditions for the existence and stability of a balanced

growth path. Section 3.4 gives a short summary.

3.2 Downward Wage Rigidity

Nominal wage rigidity that leads to a downwardly sloping long-term Phillips curve

can result from money illusion and from wage demands based one.g.wages in other

sectors or previous wage agreements. The reason that employers are reluctant towards

nominal wage decreases is the alleged negative effect on labour productivity. An ex-

ample of a study that shows that labour productivity might be negatively affected in

case a wage is perceived as unfair is Fehret al. (1993). They describe the results of

an experiment in which the participants are asked to determine their level of effort

after the money wage has been settled. It appears that although the wage cannot be
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3.2 Downward Wage Rigidity

influenced by their endeavours, the level of effort is positively related to the wage

employees receive.

Money illusion may result in situations in which employees more easily accept real

wage decreases if nominal wages do not decrease. This finding is directly related to

the ‘fair wage hypothesis’ in the issue of real effects of low inflation, which results

from thinking in nominal terms by wage earners. They cannot take fully account of

the real consequences of nominal changes.

As Kahnemanet al. (1986) argue, a nominal wage reduction is always perceived as

a loss and therefore as unfair, especially when it does not occur to other people with

similar jobs. A further observation from their study is that wage reductions in order to

protect profits are more easily accepted than when they are a result of the employer’s

reaction to the situation on the labour market. If, for instance, the wage level of the

firm is lowered because the employer knows that there are workers who are willing to

work for him at a lower wage rate, most respondents consider a wage reduction to be

unfair. Kahneman (1994) studies the optimising behaviour of people. Preferences are

strongly determined by the reference point from where a decision is taken. Whether a

nominal wage change is accepted as being fair may depend on nominal wage changes

in other sectors, on own nominal wage changes in the past, and so on.

Different Rates of Sectoral Price Inflation A vertical long-run curve at all levels of

inflation suggests that wages adjust in such a way that the natural rate of unemploy-

ment holds in the long run, at every inflation rate. However, if nominal wage rigidity

is added, followinge.g.from an idea of fair wages as in Kahnemanet al. (1986), the

return towards the natural unemployment rate will not be guaranteed, or will not even

be likely. To illustrate this, we again consider an economy with different sectors and

different sectoral inflation rates and look at the wage setting in these sectors.

Let us consider an economy in which the authorities have achieved a zero general

price inflation rate and which consists of a range of various sectors. The authorities

have applied a tight monetary policy that results in reduced aggregate demand in order

to reach their zero inflation target. The zero rate is an average over all sectors in which

prices are either falling, constant, or rising. Nominal wage changes are set per sector.

If it is assumed that productivity growth is equal to zero, nominal wages should fall

in the sectors with falling prices. However, a fall in nominal wages is not accepted. At

best, a zero nominal wage change is achieved. This causes nominal wages in the econ-

omy as a whole to rise, instead of staying equal as the general price level does, and

thus exceeding the rate of inflation. Hence, real wage changes have negative effects

on output and employment in the sectors in which real wages increase. The increased

unemployment rate suppresses the increase in nominal wages in the sectors with a
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positive price change. So eventually the result of a zero inflation target is that unem-

ployment has increased to such an extent that real wages have become constant, with

zero price inflation and zero money wage inflation. The consequence is an unemploy-

ment rate that is higher than the natural rate in a model with no downward money

wage rigidity.

If we drop the assumption of zero labour productivity growth and zero inflation, and

generalise for low and positive inflation and labour productivity growth rates, the same

conclusion is reached. In this case labour productivity growth rates differ among firms.

Again, nominal wage changes must be non-negative, implying that the wage inflation

rate of a firm must be higher than (or equal to) 0 and lower than (or equal to) the

maximum wage inflation set by the sector with the highest sum of labour productivity

growth plus sectoral inflation. If in cyclically neutral years, output growth rates are

distributed symmetrically around a normal rate, the increases in goods prices will be

distributed symmetrically around the low targeted price inflation rate. In this situation

there will be firms with falling prices and output growth rates less than normal due

to output demand growth that lags behind the average growth rate, and there will be

firms with increasing prices and a higher output growth rate than the normal growth

rate. Given the fact that wage inflation must be positive, firms with falling prices will

then experience rising real wages, whereas for firms with constant or rising prices

real wages may remain constant. Firms in the former category will therefore show a

less than normal increase in employment or even a decline in employment, whereas

the firms in the latter category are on the normal employment path. On a macroeco-

nomic level, the consequence is a rise in real wages and a less than normal increase in

employment.

Modelling effects of low inflation rates An early example in the literature of the neg-

atively sloping long-term Phillips curve for low inflation rates is Tobin (1972). Nom-

inal wage changes cannot move below a level of zero per cent. This lower boundary

is the result of commitments of the employer that are involved with hiring a worker.

These are that wages and other labour conditions will steadily improve or at least will

not deteriorate. Further, a worker expects to be paid comparably well to other workers

with a similar skill level and occupation. The employer meets the commitments in

return for the employee’s investments in the job (e.g.residence and transportation).

However, no formal modelling was done on this issue until the 1990s. An example of

a study that formally models low inflation Phillips curves is Akerlofet al. (1996). The

model is able to generate a long-run Phillips curve that is almost vertical down to a cer-

tain minimum level of inflation and is downward-sloping below this inflation rate. A

point of criticism raised by Gordon (Akerlofet al., 1996, pp. 60-66) against the treat-

ment of low inflation in their model is that wage decreases are not accepted because
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3.2 Downward Wage Rigidity

these have been inconsistent with practical experience for a long time. In an econ-

omy where low inflation is very common and agents are more aware of their slightly

changing purchasing power, wages need not be as rigid as they are in economies with

a strong inflationary record in the past. This would mean that if an economy stays in

a low inflation regime, a kind of transition might take place to an economy wherein

also zero or negative wage changes are accepted. However, since there have been other

periods of low inflation in which wages appeared downwardly rigid it seems that the

desirability of wage increases, or at least avoidance of decreases, is deeply rooted in

western economies.

Conclusion Trade union practice shows that a wage demand is influenced by what

is achieved in other sectors than the trade union acts in. Trade union members ex-

pect the union to negotiate in their best interest, which is doubted when employees in

other industries achieve higher nominal wage increases. Therefore the wage inflation

rate is highly affected by the wage increases in the sector that can set the highest wage

increase, given their labour productivity growth and profit level. Given this wage infla-

tion rate, industries with low labour productivity growth or low profits see themselves

forced to lower their demand for labour, by which output growth in these sectors is

negatively affected. If these negative effects are not compensated by higher growth

rates in the sectors with the higher productivity growth, overall economic growth is

negatively affected. The decline of employment growth in the low-productivity growth

sectors is aggravated by low price inflation rates since low wage increases are more

easily achieved when they are still positive. But this is almost impossible, when a

somewhat lower real wage increase means that nominal wages have to decrease, un-

less the company runs apparent risk to go bankrupt. In other words, a positive price

inflation rate enables an employer to achieve a real wage decrease while still main-

taining a positive nominal wage increase. When price inflation is zero, an increase in

nominal wages pushes up real wages with a decline in employment as the result.

Therefore, if inflation rates are low, the positive relation between inflation and em-

ployment growth essentially depends on the empirically observed skewness of the

distribution of nominal wage increases. This skewness is a result of the absence of

money wage decreases (Akerlofet al., 1996) and also lies at the bottom of the nega-

tive relation between price inflation and the unemployment rate, which is an element

of the next section’s model.
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3.3 Model

This section deals with a model that incorporates long-term real effects of low inflation

rates. It contains a minimum wage inflation rate that may result from wage setting in

all sectors of the economy. The sectoral wage inflation rates are distributed around the

general wage inflation rate. If the general wage inflation rate is close to this minimum,

real effects (e.g.unemployment) will occur. There will be a number of firms that have

to settle for a real wage increase that reduces their demand for labour, and by that

increasing unemployment. In this model, the minimum wage inflation rate is imple-

mented in the decision problem of the trade union, whereas the firms have a standard

linear labour demand function (see hereafter).

In this section, we write the log level of the variables as:

X̂ = logX

The lower case letters below, except foru (unemployment) andq (overutilisation of

production capacity), denote the growth rate of a variable, meaning that,e.g.for pro-

duction, denoted byX:

x =

(
dX̂
dt

)
=

1
X

dX
dt

From a standard factor demand model, the growth rate of employment is a function of

the growth rates of production and of the real wages:

nt = xt − α1(wt − pt) − α2 (3.1)

nt is the growth rate ofNt, which denotes employment. Analogously,xt is the growth

rate of production,wt that of nominal wages andpt that of the general price level. In

the steady state the labour share of income will be constant (e.g.with a homogeneous

technology function), soxt − nt − wt + pt = 0. In the steady state, labour productivity

grows at the same rate as real wages:

xt − nt =
α2

1− α1
(3.2)

In order to have a positive steady state labour productivity growth rate, we postulate:

0 < α1 < 1, α2 > 0

For reasons of simplicity, the production elasticity of labour demand is assumed to be

equal to 1. An increase in the growth rate of production leads to an increase of the same

extent in the growth rate of employment. The growth rate of the demand for labour
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is negatively affected by an increase in the growth of real wage costs. This effect in

absolute value is smaller than that of an increase of the growth rate of production. The

α2 parameter reflects an autonomous decrease in the demand for labour originating

from technical progress.

Production capacity is defined as the production level in case the economy would

constantly grow by its steady state rate. This means that the growth rate of production

capacity is equal to the growth rate of the labour force plus the steady state growth

rate of labour productivity:

X̄t = N̄0e

(
α2

1−α1
+n̄

)
t

(3.3)

where X̄t is production capacity,̄N0 is the labour force at timet = 0, andn̄ is the

relative change of the labour force. It is assumed that at timet = 0, whenX̄ = N̄0,

labour productivity equals 1:

X0

N0
=

X̄0

N̄0
= 1

The rate of unemployment is defined by:

ut =
N̄t − Nt

N̄t

whereN̄t denotes the labour force. This can be approximated by:

ut =
ˆ̄Nt − N̂t

(
= log N̄t − logNt = − log

Nt

N̄t
≈ 1−

Nt

N̄t
=

N̄t − Nt

N̄t

)
(3.4)

for values ofNt

N̄t
close to 1.

The growth of demand on the goods market is given by:

xt = β1x∗t + β2(mt − pt) + β3 (3.5)

where

0 < β1 < 1, β2 > 0

xt is a function of the exogenous growth rate of world trade (x∗t ) and the growth rate of

the real money stock (mt − pt, wheremt denotes the growth rate of the nominal money

stock). The rate of overutilisation of production capacity is defined by:

qt =
Xt − X̄t

X̄t
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which can be approximated by:

qt =
Xt

X̄t
− 1 ≈ log

(
Xt

X̄t

)
= X̂t −

(
α2

1− α1
+ n̄

)
t − ˆ̄N0 (3.6)

This is the rate by which actual production exceeds production capacity.

The inflation rate can be partitioned into three parts. The first is a weighted average of

the growth of labour costs per unit of output (wt + nt − xt) and the rate of increase of

prices of imported input goods (pm
t ), the second is a term that depends on overutilisa-

tion of production capacity on the goods market (qt), and the third term is a constant.

Inflation depends positively on the overutilisation. This implies that producers respond

with a price increase to a higher demand on the goods market. Inflation is described

by:

pt = µ1(wt + nt − xt) + (1− µ1)pm
t + µ2qt + µ3 (3.7)

where we assume that:

0 < µ1 < 1, µ2 > 0, µ3 > 0

The price equation is a result of the profit maximisation of the firms that equal the

marginal revenue to marginal costs. The marginal costs are a weighted average of

wage costs and input costs times a term that depends on the utilisation of capacity.

The price equation in terms of growth rates depends the growth rates of cost price per

unit of output plus the utilisation of output. Positive overutilisation leads to positive

extra costs per unit of output. Underutilisation of output implies lower costs compared

to full utilisation of capacity, soµ2 > 0. The third parameterµ3 is positive, which

implies that in case of absence of endogenous pressures on the inflation rate there is a

positive exogenous price increase.

The inflation rate is assumed to be determined by monetary policy:

pt = π (3.8)

whereπ is exogenous target determined. Monetary authorities that targetπ as the in-

flation rate are assumed to be always successful. The money stock is the result of this

inflation target policy and determined endogenously in this model, given the produc-

tion xt that is determined on the goods market.

The wage inflation equation is non-linear and reflects the non-linearity of the relation

between wage inflation on the one hand and unemployment, price inflation and labour

productivity growth on the other near the minimum wage inflation rate. This mini-

mum wage inflation rate is defined as the parametera. The wage inflation equation is

assumed to be:

wt −
b

wt − a
= pt + λ1(xt − nt) − λ2ut + λ3 (3.9)
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where

a,b, λ1, λ2, λ3 > 0

The unemployment rate negatively affects the wage inflation rate and labour produc-

tivity has a positive effect onwt.

The maximisation problem of the trade union, from which wage inflation equation

(3.9) can be derived is a rather complicated function of nominal wages. The utility

function of the trade union is a function of the wage levelWt and the difference be-

tween the wage level and the minimally accepted wage level:Wt − (1+ a)Wt−1. This

utility function is maximised with respect toWt, with de demand for labourNt as the

constraint. Therefore, the trade union regards the labour demand of firms as given. In-

stead of presenting this specific optimisation problem, we show a shortcut in the form

of a class of utility functions that leads to a wage inflation equation with the same

properties as Equation (3.9). The trade union’s utility (U(.)) depends on the relative

change in the labour-income ratio (LIt = wt + nt − pt − xt), on unemployment, and on

the difference of wage inflation with its minimum rate (wt − a). This can be reflected

by:

Ut = U(LIt,ut,wt − a) (3.10)

whereU1 > 0, U2 < 0, andU3 > 0. Utility is maximised subject to the demand for

labour, which implies that given the positive correlation betweenut andwt the utility

has an optimum inwt. The utility maximising relation between the determinants of

U(.) (for a fixed utility level) can be denoted by:

ψ1LIt − ψ2ut + ψ3(wt − a) = Ψ, ψ2, ψ2, ψ3 > 0 (3.11)

This can be normalised to:

LIt + λ2ut + b(wt − a) = (wt − pt) − (xt − nt) + λ2u+ b(wt − a) = λ3 (3.12)

We respecify this wage inflation equation, without loosing its main characteristics.

The correlation between (wt − pt) and (xt − nt) can be non-fixed (λ1 in Equation (3.9)

possibly not equal to 1) and the termb(wt − a) is transformed into−b/(wt − a) (both

terms are increasing inwt). This leads to Equation (3.9) as the wage inflation equation

representing the maximising behaviour of the trade union with a utility function from

the class of utility functions that is represented by Equation (3.10).

Equation (3.9) can graphically be reflected as in Figure 3.1. Only the upper curve is

economically relevant, since nominal wage inflation has a minimum ofa: wt > a. On

the horizontal axis isyt, which denotes the linear part of the wage inflation rate:

yt ≡ pt + λ1(xt − nt) − λ2u+ λ3 (3.13)
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Figure 3.1 Non-linear wage relation
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The wage inflation rate is close toyt if wt is sufficiently high. In such case wage

inflation is linear inyt. The graph shows two asymptotes:yt = wt andwt = a. The

latter wage inflation rate applies to situations, wherein unemployment is very high or

labour productivity growth is very low. The wage inflation rate is then not given by

Equation (3.13), since employees in this model do not find a wage inflation rate below

wt = a acceptable.

3.3.1 Steady State

In this section, we analyse the steady state properties of the model. The wage inflation

equation in Equation (3.9) contains exogenous inflationpt = π and the parametera,

which is the minimum wage inflation rate. It is not guaranteed that any combination

of the two lead to a sensible equilibrium. The necessary condition for existence of an

equilibrium is determined by the price inflation rate. Monetary authorities determine

this rate and thus money growth. In the steady state, the growth rate of real wages

equals the growth rate of labour productivity. Since wage inflation is assumed to ex-

ceed the minimum ratea, the targeted price inflation rate needs to be high enough

compared to the minimum wage inflation ratea, in order to meet the condition of the

existence of a steady state.
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A steady state is characterised by a constant unemployment rate and a constant overutil-

isation of production capacity:

du
dt

= 0 (3.14)

dq
dt

= 0 (3.15)

Equation (3.4) shows that unemployment will be constant if the growth rate of the

labour force and of employment are equal:

nt = n̄t (3.16)

The excess production capacity will be constant if the growth rates of production and

production capacity are equal (see Equation (3.6)):

xt = x̄t ≡ n̄t +
α2

1− α1
(3.17)

These conditions lead to the growth rate of real wages being equal to that of labour

productivity, see Equation (3.2). If we substitute the exogenous target inflation rateπ,

we get:

wt = π +
α2

1− α1
(3.18)

Equation (3.2) andpt = π implemented in the wage relation in Equation (3.9) results

in the following equation for steady state unemployment:

ut =
λ3

λ2
−
α2(1− λ1)
λ2(1− α1)

+
b/λ2

α2/(1− α1) + π − a
(3.19)

This is a Phillips curve relation in a situation where the growth rates of unemployment

and overutilisation of production capacity equal zero. Figure 3.2 reflects this equation

with a vertical and horizontal asymptote. In a model without nominal wage rigidity,

the wage equation would be given by Equation (3.9) withb = 0. There would be no

horizontal asymptote and the Phillips curve would have been vertical and reflected

by Equation (3.19) withb = 0. Given the rate of labour productivity growth, the

minimum wage inflation rate leads to a minimum price inflation rate. The long-term

unemployment rate is a constant as long as the non-linearity in the wage inflation

does not apply,i.e. when wage inflation is far enough abovea. Substituting the long-

run conditionwt − pt = α2/(1 − α1) in Equation (3.19) shows that the third term

will approach zero, whenwt is much larger thana (given pt = π). In case wage

inflation approaches its minimum rate, inflation does as well and real long-run effects
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Figure 3.2 Long-term Phillips curve
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of price inflation occur and the long-run unemployment rate increases (the third term

in Equation (3.19) will be large).

Therefore, if the inflation rate is close to and abovea− α2
1−α1

(= minimum wage infla-

tion adjusted for steady state labour productivity growth), unemployment will be high

in the steady state. In the other extreme, when inflation is high enough, the unemploy-

ment rate will be close to and above the levelλ3
λ2
−

1−λ1
λ2

α2
1−α1

. Further, the unemployment

rate becomes independent of the price inflation rate when the latter is high. Figure 3.2

shows that for

π > a−
α2

1− α1
(3.20)

a long-term Phillips curve exists. The lower brand of the orthogonal hyperbola of

Equation (3.19) is economically irrelevant. Becausewt > a, real wages adjusted for

labour productivity growth will rise forever, which contradicts Equation (3.18) and

therefore the existence of a steady state. In Subsection 3.3.2 the conditionπ > a− α2
1−α1

will also appear to be the condition for stability of the steady state.

Overutilisation of production capacity in the situation of the steady state is given by:

qt =
1− µ1

µ2
(π − pm

t ) −
µ3

µ2
(3.21)

which results after substitution ofpt = wt + nt − xt = π in the inflation equation

(3.7). The overutilisation of production capacity is a linear function of the difference

between domestic and foreign inflation, and so of the change in international compet-

itiveness, which is a constant since bothπ andpm
t are given. We can observe that once
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a steady state is reached, the variables are constant. The variableswt, pt andxt −nt are

given and from that constant values for the other variables follow.

3.3.2 Stability

In the steady state the wage inflation rate must satisfy

wt = π +
α2

1− α1

We want to deduce conditions under which the economy will tend towards this steady

state, in which unemployment is constant by definition. These conditions are not auto-

matically met by the monetary authorities that set the inflation target. It is possible that

a stable equilibrium cannot be reached as a result of this policy. In the appendix of this

chapter we derive a wage level equation: the wage level as a function of the inflation

rate, the wage inflation rate, and the import price inflation rate. Since the inflation rate

and the growth rate of labour productivity are known in the steady state, the equation

for the wage level can be rewritten as the wage level adjusted for price inflation and

the labour productivity growth rate (for reasons of comprehensibility). This adjusted

wage levelŴA
t is given by:

ŴA
t =

[
−

1− λ1

α1λ2
−
µ1(1− α1)
α1µ2

]
wA

t +
b

α1λ2(wA
t + π +

α2
1−α1
− a)

+
1− µ1

α1µ2
(π − pm

t ) +
λ3

α1λ2
−

µ3

α1µ2
+
α3

α1
−

α2(1− λ1)
α1λ2(1− α1)

(3.22)

The differential equation for the wage level (Ŵt) is formulated as a differential equa-

tion for the wage level that is adjusted for the price level and the steady state labour

productivity (ŴA
t ). This also holds for the adjusted wage inflation ratewA

t :

wA
t ≡ wt − π −

α2

1− α1
(3.23)

ŴA
t ≡ Ŵt − πt − p0 −

α2

1− α1
t (3.24)

We formulate under which conditions this relation defines a stable equilibrium. Stable

means that the adjusted wage level (ŴA
t ) tends to its (constant) steady state level.

Stability Conditions Equation (3.22) contains the growth rate of the adjusted wages

in two terms. These two terms determine the two asymptotes in the (wA, ŴA)-plane.
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The first is:

ŴA
t =

[
−

1− λ1

α1λ2
−
µ1(1− α1)
α1µ2

]
wA

t

+
1− µ1

α1µ2
(π − pm

t ) +
λ3

α1λ2
−

µ3

α1µ2
+
α3

α1
−

α2(1− λ1)
α1λ2(1− α1)

Since all parameters are positive and 0< α1 < 1 and 0< λ1 < 1, the slope must be

negative. The asymptote crosses theŴA-axis at:(
0,+

1− µ1

α1µ2
(π − pm

t ) +
λ3

α1λ2
−

µ3

α1µ2
+
α3

α1
−

α2(1− λ1)
α1λ2(1− α1)

)

The second asymptote is approached by the differential equation whenwA approaches

‘−π − α2/(1− α1) + a’, which implies that this asymptote is given by:

wA
t = a− π −

α2

1− α1

The curve must be to the right of both asymptotes, as Equation (3.22) shows, given the

minimum wage inflation rate and given that the parametersb,α1 andλ2 are all positive.

The wage inflation ratewt must be larger thana, which implies that the adjusted wage

inflation rate

wA
t = wt − π −

α2

1− α1
> a− π −

α2

1− α1

Figure 3.3 Phase diagram for wages whenπ + α2
1−α1

> a

•

1

2

1 α
απ
−

−−a

Aw

AW
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We distinguish two cases for the position of the vertical asymptote:

π +
α2

1− α1
> a

π +
α2

1− α1
< a

The asymptote will either be to the left or to the right of the origin. These two cases

lead to two different phase diagrams in the (wA, ŴA)-plane, see Figures 3.3 and 3.4.

Figure 3.3 shows the phase diagram in which the economy will tend towards a steady

state. The economy will tend towards the point where the adjusted wage inflation rate

equals zero, which means that the adjusted wage level equals a constant. This steady

state is calculated in the previous subsection, and is reflected in Equations (3.14) to

(3.21). Therefore, we may conclude that if a steady state exists (conditionπ+ α2
1−α1

> a

is met), it is stable.

In the other case, whena > π + α2/(1 − α1), a stable steady state does not exist. In

this situation the minimum wage inflation rate is larger than the sum of price inflation

and the growth rate of the labour productivity. The growth rate of labour productivity

is not equal to its steady state rate:

xt − nt = wt − pt > a− π >
α2

1− α1

Figure 3.4 Phase diagram for wages whenπ + α2
1−α1

< a

1

2

1 α
απ
−

−−a

Aw

AW

If the minimum wage inflation rate,wt = a, exceeds the sum of the price inflation

rate and the steady state growth rate of labour productivity, the labour productivity ad-

justed wage level keeps growing. Unemployment is positively related to the real wage
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level (ŴA
t andŴt), which therefore continues to increase as well (Equation (3.27) in

Appendix 3.A). The employment growth rate lags behind its stable steady state growth

rate. The labour force grows faster than employment, which implies that production

capacity grows faster than actual production. So, the capacity utilisation rate keeps

declining and moves towards the minimum level wherewt is close toa.

We assume that the parametersa, α1 andα2 (from Equations (3.1) and (3.9)) are

given and the monetary authorities determineπ. Therefore, the monetary authorities

determine whether or not the stable steady state will exist. The value ofπ determines

whether unemployment will keep rising, or whether a constant level of unemployment

will be reached, or even whether the minimal level of long-term unemployment will

be reached.

The level ofpt = π should be high enough to enable firms to offer a wage increase

that is both close to inflation plus labour productivity growth and is higher than the

asymptotic level ofw = a. If it is not, real wage costs increase, which will decrease de-

mand for labour. In other words, the inflation rate should create enough space between

π + α2
1−α1

anda, first to guarantee the existence of a (stable) steady state, and secondly

to make the unemployment rate not deviate too much from its minimal (natural) rate.

3.4 Conclusions

Studies on money illusion and ideas about fair wage changes indicate that nominal

wages are downwardly rigid. There is a minimum wage inflation rate that employees

perceived as acceptable. This minimum rate depends on wage inflation rates in the

past and in other sectors, and must be positive. This positive minimum rate indicates

that very low inflation rates cannot be without real effects. Very low inflation rates lie

below this minimum wage inflation rate and might create serious wage cost increases

for some firms that deal with low labour productivity growth.

Chapter 3 describes a model that contains a minimum wage inflation rate. This model

shows that the sum of inflation plus the growth rate of labour productivity should be

larger than this minimum wage inflation rate, in order to guarantee a stable steady

state. If this condition is met, firms are able to set a wage that does not affect long-

run unemployment. If price inflation is well above this minimum, unemployment will

reach its minimal natural rate and the vertical long-term Phillips curve will apply.
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3 Appendix

Appendix 3.A: Derivation of the Wage Level Equation

We derive an equation for the wage level (Ŵt) as a function of the inflation rate (pt),

the wage inflation rate (wt) and the input price inflation rate (pm
t ). This equation shows

which conditions wage inflation needs to meet, givenpt = π, to let the wage infla-

tion tend towards the sum of the price inflation rate and the growth rate of labour

productivity (instead of forcing it towards the minimum wage inflationwt = a).

The wage level (̂Wt) equation is rewritten as a a wage level that is adjusted forpt = π

and the labour productivity growth ratext − nt =
α2

1−α1
. This leads to Equation (3.22).

The derivation of the differential equation for adjusted wages, Equation (3.22), starts

with equations for the level of employment (N̂t) and of production (̂Xt). These are

implemented in the equation for unemployment, so that an equation results of unem-

ployment as a function of the wage levelŴt and growth rates. This expression is used

to describeŴt as a function of growth rates.

First N̂t andX̂t are derived:

nt =xt − α1(w− p) − α2⇐⇒ (3.1)

wt + nt − xt =(1− α1)wt + α1pt − α2

Combined with Equation (3.7) and usingpt = π this leads to:

qt =
pt − µ1(wt + nt − xt) − (1− µ1)pm

t − µ3

µ2
(3.7)

=
(1− µ1α1)π − µ1(1− α1)wt − (1− µ1)pm

t + α2µ1 − µ3

µ2

and using Equation (3.6):

X̂t =
1− µ1α1

µ2
π −

µ1(1− α1)
µ2

wt −
1− µ1

µ2
pm

t +
α2µ1

µ2
−
µ3

µ2

+

(
α2

1− α1
+ n̄

)
t + ˆ̄N0 (3.25)

N̂t =X̂t − α1Ŵt + (α1π − α2)t + α1P̂0 + α3 (3.26)

Equation (3.25) is obtained by insertingpt = π and Equation (3.1) in Equation (3.7)

and inserting the result of this in Equation (3.6). Equation (3.26) results after taking

the primitive of Equation (3.1) (α3 is the integration constant) and insertingpt = π.
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The expression of unemployment in Equation (3.19) is derived after inserting the

above two equations into Equation (3.4) as follows:

ut =
ˆ̄Nt − N̂t

= ˆ̄Nt − X̂t + α1Ŵt − (α1π − α2)t − α1P̂0 − α3

= ˆ̄Nt −
1− µ1α1

µ2
π +

µ1(1− α1)
µ2

wt +
1− µ1

µ2
pm

t −
α2µ1

µ2
+
µ3

µ2

−

(
α2

1− α1
+ n̄

)
t − ˆ̄N0 + α1Ŵt − (α1π − α2)t − α1P̂0 − α3

Using ˆ̄Nt =
ˆ̄N0 + n̄t we get:

ut = −
1− µ1α1

µ2
π +

µ1(1− α1)
µ2

wt +
1− µ1

µ2
pm

t −
α2µ1

µ2
+
µ3

µ2

−

(
α1α2

1− α1
+ α1π

)
t + α1Ŵt − α1P̂0 − α3 (3.27)

This equation for unemployment as a function of the wage level, wage inflation rate,

inflation, and input price inflation has a deterministic growth term given by:

−

(
α1π +

α1α2

1− α1

)
t

This equation is valid in and outside a steady state situation.

Next, we insert this equation into the non-linear expression for the wage inflation rate,

Equation (3.9):

wt −
b

w− a
= π + λ1(xt − nt) − λ2

[
−

1− µ1α1

µ2
π +

µ1(1− α1)
µ2

wt

+
1− µ1

µ2
pm

t −
α2µ1

µ2
+
µ3

µ2
−

(
α1α2

1− α1
+ α1π

)
t

+α1Ŵt − α1P̂0 − α3

]
+ λ3

Premultiplying by−α1
λ2

and rearranging terms leads to:

Ŵt = −
1

α1λ2
(wt − π) +

λ1

α1λ2
(xt − nt) +

b
α1λ2(wt − a)

+
λ3

α1λ2

+
1− µ1

α1µ2
(π − pm

t ) −
µ1(1− α1)
α1µ2

wt +
µ1(1− α1)
α1µ2

π +
α2µ1

α1µ2

−
µ3

α1µ2
+

(
α2

1− α1
+ π

)
t + P̂0 +

α3

α1
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Rearranging terms leads to:

Ŵt =

[
−

1
α1λ2

−
µ1(1− α1)
α1µ2

]
(wt − π) +

λ1

α1λ2
(xt − nt)

+
b

α1λ2(wt − a)
+

1− µ1

α1µ2
(π − pm

t ) +
λ3

α1λ2
+
α2µ1

α1µ2
−

µ3

α1µ2

+
α3

α1
+

(
α2

1− α1
+ π

)
t + P̂0

Steady StateThe above equation is a differential equation for the wage level that is

valid in and outside a steady state. We want to determine a condition under which the

economy tends towards the steady state,i.e.when:

xt − nt = wt − pt

This condition is inserted into the above differential equation:

Ŵt =

[
−

1
α1λ2

−
µ1(1− α1)
α1µ2

]
(wt − π) +

λ1

α1λ2
(wt − pt) +

b
α1λ2(wt − a)

+
1− µ1

α1µ2
(π − pm

t ) +
λ3

α1λ2
+
α2µ1

α1µ2
−

µ3

α1µ2

+
α3

α1
+

(
α2

1− α1
+ π

)
t + P̂0

=

[
−

1− λ1

α1λ2
−
µ1(1− α1)
α1µ2

]
(wt − π) +

b
α1λ2(wt − a)

+
1− µ1

α1µ2
(π − pm

t ) +
λ3

α1λ2
+
α2µ1

α1µ2
−

µ3

α1µ2
+
α3

α1

+

(
α2

1− α1
+ π

)
t + P̂0 (3.28)

The specification of this model is such that we know the inflation rate and the steady

state growth rate of labour productivity. A condition for the nominal wage inflation

under which the economy tends towards the steady state can also be expressed in

terms of a wage inflation rate that is adjusted for these known exogenous parameters

(pt = π andxt − nt =
α2

1−α1
). This adjusted wage inflation rate and accompanying wage

level are defined as follows:

wA
t ≡wt − π −

α2

1− α1
(3.23)

ŴA
t ≡Ŵt − πt − p0 −

α2

1− α1
t (3.24)
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Equation (3.28) is rewritten with the two definitions in Equations (3.23) and (3.24).

The termα2/(1 − α1) is added to the first term on the right-hand side and subtracted

again.

Ŵt−

(
α2

1− α1
− π

)
t + P̂0 =

[
−

1− λ1

α1λ2
−
µ1(1− α1)
α1µ2

]
(wt − π −

α2

1− α1
)

+
b

α1λ2(wt − a)
+

1− µ1

α1µ2
(π − pm

t ) +
λ3

α1λ2
+
α2µ1

α1µ2
−

µ3

α1µ2

+
α3

α1
−

α2(1− λ1)
α1λ2(1− α1)

−
µ1α2

α1µ2

=

[
−

1− λ1

α1λ2
−
µ1(1− α1)
α1µ2

]
(wt − π −

α2

1− α1
) +

b
α1λ2(wt − a)

+
1− µ1

α1µ2
(π − pm

t ) +
λ3

α1λ2
−

µ3

α1µ2
+
α3

α1
−

α2(1− λ1)
α1λ2(1− α1)

which leads to:

ŴA
t =

[
−

1− λ1

α1λ2
−
µ1(1− α1)
α1µ2

]
wA

t +
b

α1λ2(wA
t + π +

α2
1−α1
− a)

+
1− µ1

α1µ2
(π − pm

t ) +
λ3

α1λ2
−

µ3

α1µ2
+
α3

α1
−

α2(1− λ1)
α1λ2(1− α1)

(3.22)
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Chapter 4

Long-Run Effects of Low

Inflation Rates

4.1 Introduction

Inflation in the past two decades in the euro zone shows a tendency towards very low

rates. Monetary policy of the European Central Bank (ECB) explicitly aims for an

inflation rate that is lower than 2%. Monetary authorities are generally convinced that

the possible positive effect of a high inflation rate on economic growth does not hold in

the long run. Further, a consistent monetary policy strategy that operates irrespective

of real economic performance generates a stable monetary environment in which a

low long-run unemployment rate can be achieved.

New Zealand and Canada applied successful direct inflation targeting policies (Mishkin

and Posen, 1997). New Zealand experienced double digit inflation for most of the time

in the period after the first oil shock in 1973 until 1989. The disinflation of the late

1980s coincided with a considerable increase in the unemployment rate. In the early

1990s, the GDP growth rate and the unemployment rate showed a further increase.

Since then, recoveries and deteriorations alternated (see Fortin (1996) for a study on

Canadian low inflation rates). These observations suggest a possible causal relation-

ship between low inflation and deteriorated economic performance.

This chapter is based on Hoogenveen and Kuipers (2000).
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4 Long-Run Effects of Low Inflation Rates

The reason why low inflation rates may have a negative effect on economic growth, as

mentioned by Fortin (1996) and Akerlofet al.(1996), is nominal wage rigidity. Nom-

inal wage rigidity can sprout from employees’ unwillingness to accept a lower growth

of the nominal wages than in other industries or lower than in previous years. There

have been interview studies such as by Blinder and Choi (1990) and Bewley (1998) in

which respondents were asked about which combinations of wage inflation and infla-

tion they preferred, and under which circumstances a wage decrease was perceived as

fair. These studies suggest that money illusion is a widespread phenomenon and also

that a firm has to be in great financial distress before a wage cut is accepted by the

employees. The threat of job loss convinces employees to accept a wage reduction,

which normally would be considered to be unfair. Akerlof and Yellen (1990) present

a model in which the fairness of the nominal wage level is a determinant of the effort

with which an employee carries out his tasks. See for further references on nominal

wage rigidity Section 3.2.

In this chapter we take six European countries and examine whether an adverse effect

of low inflation rates on unemployment is supported by the data. This effect is trans-

lated into a minimum wage inflation rate that can only be approached at the cost of

strong negative real effects on employment growth. We construct a model in which

the relation between wage inflation on the one hand and unemployment, labour pro-

ductivity growth and inflation on the other changes when wage inflation reaches a low

rate. This model is based on the theoretical model of the previous chapter.

After estimating the model, we determine the long-term rate of unemployment for

each country in the sample as a function of the inflation rate. Since 1998, the ECB’s

monetary policy aim of price stability is reflected by a target range of 0-2%. This

target range is faced by the long-run unemployment rates according to our findings.

The actual inflation and unemployment rates are considered in view of the long-term

relationship between these variables.

The following two sections describe the model and its results for each country in the

sample. Section 4.4 deals with the relationship between the long-term rate of unem-

ployment and the inflation rate given the regression results, and Section 4.5 concludes.

4.2 Model

The wage equation contains a minimum level of wage inflation. The relation is re-

flected in Figure 4.1. Wage inflation (wt) is the variable on the vertical axis and the
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variable on the horizontal axis (yt) denotes the linear (wage) equation:

wt =
yt − λ4

1− exp(−(yt − λ4))
+ λ4 (4.1)

yt = λ0πt + λ1(x− n)t − λ2ut + λ3, λ0, λ2, λ3 > 0; 0< λ1 < 1 (4.2)

whereπt denotes the inflation rate, (x − n)t the growth rate of labour productivity,ut

is the unemployment rate, and whereλ4 is the value of the minimum wage inflation

rate. The minimum inflation ratewt = a in the previous chapter (Equation (3.9) corre-

sponds withλ4 in this chapter. Both wage inflation equations ((3.9) and (4.1) have the

same asymptotic properties. The ideas about fairness determine the level ofλ4. The

stronger the ideas, the more clear the non-linear relation between the variables will be.

It does not necessarily mean thatλ4 will be higher. Past wage inflation performance

and money illusion are important for the level of the minimum wage inflation rate.

When wage inflation is sufficiently high, it approaches the linew = y. The wage

equation then reads:

wt = λ0πt + λ1(x− n)t − λ2ut + λ3 (4.3)

This is a standard linear inflation and labour productivity augmented Phillips curve

relation. If λ0 = 1, the new-classical invariance theorem holds: the unemployment

rate is independent of nominal quantities, which means that money is neutral. In the

previous chapter, the parameter of inflation in the wage inflation equation is assumed

to be equal to one. The models that are presented in Section 4.3 may contain aλ0 that

is not equal to one. We test for the acceptance of this restriction. It might be valid

for the years in which the linear wage equation is in effect for high enough wage

inflation rates, but the wage indexation might be distorted when wage inflation rates

move towards a minimum level where the wage equation is non-linear.

When wage inflation approaches its minimum level

wt = λ4 (4.4)

it has become independent of inflation, labour productivity growth, and unemploy-

ment. In Figure 4.1 this is the case ifyt is negative,i.e. if there is sufficient price

deflationceteris paribus. In Figure 4.1 the economy is moving to the left if unem-

ployment is rising, which is the case whenπt + (x− n)t < λ4. The condition for both

existence and stability of a steady state is:

πt + (x− n)t > λ4

which is analogous to Equation (3.20), since (x− n)t =
α2

1−α1
in the steady state andλ4

is the minimum wage inflation rate.
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Figure 4.1 Non-linear relationship of wage inflation

w=y
yt

wt=λ4

wt

In between the extreme cases of the linear Phillips curve and the exogenously deter-

mined money wage increase, the rate of wage inflation depends on the rate of inflation,

the growth rate of labour productivity, and the unemployment rate in a non-linear way.

One of the consequences of the non-linearity is that in the steady state, where

wt = πt + (x− n)t, (4.5)

the long-term unemployment rate is not independent of the rate of inflation, not even if

λ0 were equal to one. Under these circumstances, the new-classical invariance theorem

does not hold.

The model specification in Equation (3.9) in Chapter 3 has the same asymptotic prop-

erties for the upper of the two branches of the hyperbola (see Figure 3.1). An advantage

of specification (4.1) is that it has only one branch. When estimating the model of the

previous chapter, the lower branch might distort estimation outcomes.

4.3 Results

We estimated Equations (4.2) and (4.1) for Belgium, France, Germany, Italy, the

Netherlands, and the United Kingdom. In this group of European Union members

both small and large countries are represented. Figure 4.2 shows for each of these

countries graphs that contain the plotted series of inflation, wage inflation, and the

unemployment rate.
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Figure 4.2 Inflation, wage inflation, and the unemployment rate – 1961-2002
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Appendix A of this thesis contains tests of the time series properties of these series.

The tests often show mixed results with respect to stationarity. Due to low power of

the performed tests because of the relatively short data range and structural breaks in

the data, the model specification in the empirical testing of the formulated non-linear

wage equation is not adjusted for possible unit roots or cointegration. Furthermore,

based on theoretical notions these data can be regarded as stationary in the long run.

The productivity growth rate is given by the industrial production growth rate minus

the employment growth rate. The wage data are the growth rates of compensation per

employee in the private sector. The other data are macroeconomic data (unemploy-

ment rate and inflation).

The estimation results presented are generated by non-linear least squares using the

Gauss-Newton algorithm. Instrumental variables were applied because of endogene-

ity. The right hand side variable inflation (πt) cannot in all cases be regarded as ex-

ogenous. Wage inflation is a function of inflation, which is reflected in the previous

chapter’s model in Equation (3.7). The use of instruments in a two stage non-linear

least squares (2SNLS) procedure should solve the problem of inconsistency of the es-

timated parameters due to endogeneity of the right-hand side variables. We estimated

the models with 2SNLS and we applied a Hausman type test to check whether the

choice of instruments is appropriate. The null hypothesis of the test argues that both

estimation methods, non-linear least squares (NLS) and two stage non-linear least

squares (2SNLS), lead to consistent estimates. If the null is rejected, the alternative

says that the 2SNLS estimator is consistent and the NLS estimations are not. The test

statistic is a Wald statistic and is given by:

WIV = (bIV − b)′{Var[bIV ] − Var[b]}−1(bIV − b)

wherebIV denotes the vector of estimated coefficients with 2SNLS andb that with

NLS. Var[.] denotes the estimated coefficient variance matrix of the concerning co-

efficient vector. The test statistic has aχ2(1) distribution. In the tables of this section,

this test statistic is given for each specification along with the instruments set that is

used. We reject the null hypothesis if the statistic’sp-value is below 10%. This implies

that for al countries the set of instrumental variables improves the consistency of the

results at the 90%-significance level.

The set of instruments may containπt−i , (x− n)t− j , andut−k, i, j, k ∈ {0, ...,7}. The set

is chosen in such a way that theWIV statistic of the unrestricted model specification

rejects that the instruments do not improve consistency of the estimated parameters,

and such that the absence of autocorrelation is accepted in both restricted and unre-

stricted model specifications. In the restricted model specification where the inflation

parameterλ0 is set equal to 1, a lowWIV statistic does not lead to a rejection of the
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specification. The linear part of the model that is well above the estimated minimum

wage inflation rate describes the larger part of the data points and can be rewritten in

such a way that real wage inflation is a function of labour productivity growth and the

unemployment rate. In this linear part, the remaining variables are exogenous, so the

test on the instruments set becomes less important. In two out of six cases the hypoth-

esis that both NLS and 2SNLS are consistent for the restricted model is accepted at

the 10% significance level.

We need starting values for the non-linear estimation method for all parameters. The

parametersλ0, λ1, λ2 andλ3 are in the linear part of the model. We obtained the starting

values with a linear regression for a sub-period. The outcomes of the 2SNLS for the

entire period 1960-2001 appeared to be robust with respect to the chosen length of the

sub-period. The starting value forλ4 was chosen in the interval (-5,25). The 2SNLS

appeared to be robust to the initial value ofλ4 as well. The regression periods are the

following: Belgium and Italy: 1961-2000, France: 1964-2001, Germany: 1961-2001

(excluding 1991), the Netherlands: 1961-2001, and the United Kingdom: 1962-2001.

Tables 4.1 to 4.6 show the estimation results for each country. The estimated coef-

ficients and theirt statistics are presented, as well as theR̄2 and the Durbin-Watson

statistic (DW). As an additional test for autocorrelation, we calculated a Portmanteau

statistic (Q∗) for small samples. The test statistic is calculated as follows:

Q∗ = k
k+ 2
k− 1

∑k
t=2(εt − ε̄)(εt−1 − ε̄)∑k

t=1(εt − ε̄)2

2

wherek is the number of observations, andεt is the series of error terms, of which ¯ε is

the average value. This is a test on randomness based on the first autocorrelation of the

error term. This statistic has aχ2(1) distribution, of which the 5% critical value is equal

to 3.84. For all regressions, the hypothesis of no autocorrelation was not rejected.

The superscripts of the estimated parameters∗ denote significance at the 10% level,
∗∗ denotes significance at the 5% level. We experimented with lags. For each country

we test the hypothesis that the inflation coefficient is equal to 1. If this was rejected

for πt but was not forπt−1, we include the lagged inflation rate. The restriction of

λ0=1 implies wage indexation and a vertical long-run Phillips curve in the years that

wage inflation is high enough. Note that wage indexation for the years that wage is not

high enough, the restriction does not imply a vertical Phillips curve. Below a certain

inflation rate the Phillips curve is not vertical, despite wage indexation. We calculate

thet statistic forλ0=1.

The null hypothesis ofλ0=1 is accepted in all six cases. If the labour productivity

growth parameterλ1 is either negative or insignificant, the variable is omitted, which

happens in all six cases. In case the change in the unemployment rate improves the
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regression outcomes, we include this variableut − ut−1. The change inut may have an

additional negative effect, next to effect of the unemployment rate. As a higherut, a

higher change inut may negatively affect the negotiation power of trade unions.

In each subsection a short overview of labour market developments (based on several

publications in the literature of economic history) is given of the period for which the

model is estimated. Labour market institutions determine which variables are expected

to affect wage developments and to what extent. For instance, regulations with respect

to wage indexation may influence the significance of the inflation parameter or the

stronger power of trade unions may lead to less influence of the unemployment rate

on the wage inflation rate, or to a higher minimum wage inflation rate.

4.3.1 Belgium

After WWII, reconstruction and modernisation in Belgium were based on the prin-

ciple of corporatist interest intermediation (see Mommen, 1994). A comprehensive

framework of institutions and corporatist arrangements was established by law, among

which collective bargaining on the labour market. The recession Belgium entered at

the end of the 1950s and the economic implications for the working class led to a

general strike in the winter of 1960-1961, which was the onset for the social unrest

that followed. During the strike, reforms of fiscal, administrative, and social nature

were demanded. The central issue in the reforms was the building of trust between

the social partners. This could be achieved by a consistent policy of income distri-

bution based on productivity gains and by efforts towards successful collective bar-

gaining. In the 1960s, the economic situation improved: economic growth was high,

multinational investments exports grew, and full employment existed. Productivity in

the services sector grew relatively faster than in the industrial and agricultural sector.

Wage inflation resulted from this discrepancy in productivity growth. In the sectors

with the relatively low productivity growth, real costs increased faster, which led to

higher price increases.

The wage indexation system became a highly valued element of the economic system.

When inflation got out of hand in the 1970s, a wage freeze was totally unaccept-

able for the trade unions. The one-sided way of implementing Keynesian policies still

dominated the opinions of the trade unions who saw a deficit spending policy as the

solution for the stagflation problem. The entrepreneurs on the other hand thought only

a wage reduction could solve their high production costs and cash flow problems.

Disagreement subsisted about the effectiveness of disinflation policies. The problem

obviously was the existence of the suspicion that only some parts of society would

bear the costs of the recession in these proposals. This is a clear example of a need of
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guarantee for equal allocation of costs of disinflation in order to make a decrease of

wage inflation acceptable and perceived to be fair. In the late 1970s, the government

was forced to freeze public spending and to apply income policies. During the 1970s,

the total wage costs had risen faster than the real wages by the increase in social secu-

rity contributions. This was to be stopped by the control over wage development and

public spending.

Despite the wage control, the wage indexation system was basically still at large in

the early 1980s. Trade unions persistently refused to agree on its abolishment. Since

the social security contributions had risen throughout the 1970s and early 1980s to

finance social welfare and benefits, a letting go of indexation was expected to increase

the contribution of employees to social security compared to that of the employers. In

the period 1981-1985, the real wages could be held fixed. However, allowances and

some other wage components did suffer some reductions. The decline in purchasing

power that was caused by this was larger than in other European countries. From

1986 onwards, the government was legally allowed to intervene in wage negotiations.

The maximally accepted wage increase was determined by wage increases in other

countries that were Belgium’s main trading partners.

The spending deficit only slowly decreased in the 1980s. By the time that all countries

wanting to join the EMU had to satisfy the convergence and fiscal EU conditions,

Belgium still had a rather large public debt but was taking a lot of effort by reduction

of public spending to bring public debt back towards the EU demands. Belgium did not

satisfy this actual condition but was steadily moving towards it, which was sufficient

to enter the final stage of the EMU. During the 1990s, some measures were taken to

fight structural unemployment, which was a problem in other European countries as

well. In 2000 the total unemployment rate was back to its 1990 level.

Table 4.1 presents the parameter estimates for the wage model of Belgium. The lower

panel shows the results of the unrestricted model, the upper panel those of the model

whereλ0 = 1 andλ1 = 0. In the unrestricted model, the set of instruments leads to a

Wald statistic of the Hausman test that rejects that both NLS and 2SNLS are consis-

tent at the 10%-significance level, so that it is accepted that only the results of 2SNLS

are consistent. TheQ∗ statistic in both the restricted and the unrestricted model are

below 3.84, which implies that absence of autocorrelation is accepted. Despite the

wage controls operated by the Belgium government, the existence of a powerful so-

cial movement prevented too stringent wage increase reductions, so that a minimum

wage inflation (λ4=3.48) rate can be found in the data, above which the wage equa-

tion behaves non-linearly. The restrictionλ0 = 1 suggests wage indexation, which

indeed could not be abolished. Further, wage indexation seems to be based on last

year’s inflation rate. The estimation ofλ2 suggests that an increase of 1%-point of the
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Table 4.1 Regression results of 2SNLS for Belgium

wt =
(λ0πt−1 + λ1(x− n)t + λ2ut−1 + λ3) − λ4

1− exp[−(λ0πt−1 + λ1(x− n)t − λ2ut−1 + λ3) − λ4]
+ λ4

estimate t statistic test statistics
λ0 1.00 -
λ1 - - R̄2 0.77
λ2 -1.20∗∗ -4.07 DW 1.36
λ3 9.11∗∗ 7.91 Q∗ 3.25
λ4 3.48∗∗ 3.67 WIV 1.52 (22%)
λ0 0.92∗∗ 2.29 t(λ0=1) -0.03
λ1 -0.18 -0.71 R̄2 0.74
λ2 -1.18∗∗ -2.31 DW 1.65
λ3 10.00∗∗ 5.09 Q∗ 0.83
λ4 3.40∗ 1.75 WIV 2.98 (8%)

w wage inflation
π inflation
u unemployment rate
x− n labour productivity growth rate

∗: significant at 10%-significance level;∗∗: significant at 5%-significance level;
t(λ0=1): t statistic onλ0=1; DW: Durbin-Watson statistic;WIV : Wald statistic of
Hausman test on set of instruments;Q∗: Portmanteau test on autocorrelation (5%
critical value=3.84)

Instruments:πt, πt−2, πt−3, πt−4, (x− n)t−1, (x− n)t−2,ut−2,ut−3,ut−4

unemployment rate leads to a decrease of 1.2%-point of the wage inflation rate, at

least in the linear part of the wage inflation equation. This is a modest effect from un-

employment compared to the estimated unemployment rate parameters for the other

countries.

4.3.2 France

In the 1950s, the French trade unions gained influence through a law that gave col-

lective bargaining legal power over the complete labour contract. Negotiations mainly

took place at the industry level, and it did so for some 20 years since then. Negotia-

tions at a lower level were thought to harm solidarity amongst workers by the trade

unions and to affect competition negatively by the firms. However, a process evolved

over the years towards more bargaining at a lower level. In the 1980s, bargaining at

the firm level became more important. Firm level negotiations have the advantage
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for the employers that they can make their employees be more involved in the firm’s

performance. Further, firms appreciate the flexibility gained by firm level agreements

on labour conditions. The trade unions were favourable towards this development as

well. In this way they thought to have better possibilities to intervene at the firm level.

In 1984 a law was established by which every firm with more than fifty employees

was obliged to conduct firm level negotiations. However, this law did not establish the

overall existence of wage agreements on the firm level because only the negotiations

were compulsory and not the agreement. The negotiations on the industry level set the

minimum levels for wages (see Freyssinet, 1993).

The stagflation of the 1970s caused the abolishment of the wage indexation in 1982.

Instead of the old way of indexing by past inflation rates, indexation took place on

basis of expected inflation rates which were set by the government. Further, full in-

dexation was replaced by indexation to at least 72% of the wage level. This resulted

in a considerably smaller gap between wage inflation and inflation in the period after

1982.

French trade unions are highly decentralised, whereas there are also groups of unions

per geographical region and confederations that include federations of regional and

sectoral unions. Workers are a member of a union for a certain industry. The unions

have the legal right to enter collective bargaining and to enter collective work conflicts.

The term of labour agreements is not determined by law. Neither is there a tradition

of bargaining at fixed time intervals. Therefore series of wage inflation do not show

a clear a seasonal pattern as they do in other countries, in which wage contracts are

renewed for instance every year.

The upper part of Table 4.2 shows estimation results of the specification of the wage

model for France without labour productivity growth. The labour productivity param-

eter in the unrestricted model shows an implausible sign and is left out of the model.

The parameter for lagged inflation did not significantly differ from 1, which is con-

sistent with wage indexation based on past inflation rates, despite the changes in the

indexation system in the 1980s. The results show a significant minimum wage infla-

tion rate of 1.85%. In the case of France, the Hausman test on the set of instrumental

variables rejects in both models that the NLS estimated coefficients are consistent at

the 10%-significance level.

Decentralised wage negotiations that take place in France might induce ex-ante ex-

pectations that there is no such minimum rate since decentralised negotiations might

be geared to the economic performance of the individual firm. However, the above

mentioned law of 1984 did not make it obligatory to reach an agreement. Firm level

negotiations often already had the function of further negotiating on labour conditions

with the industry level agreement as a benchmark (see Freyssinet, 1993). The nature
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Table 4.2 Regression results of 2SNLS for France

wt =
(λ0πt−1 + λ1(x− n)t + λ2ut + λ3) − λ4

1− exp[−(λ0πt−1 + λ1(x− n)t − λ2ut + λ3) − λ4]
+ λ4

estimate t statistic test statistics
λ0 1.00 -
λ1 - - R̄2 0.90
λ2 -1.01∗∗ -6.61 DW 1.39
λ3 8.49∗∗ 10.00 Q∗ 3.33
λ4 1.85∗∗ 2.83 WIV 3.57 (6%)
λ0 0.94∗∗ 6.57 t(λ0=1) -0.39
λ1 -0.20 -1.59 R̄2 0.89
λ2 -1.14∗∗ -5.53 DW 1.39
λ3 10.19∗∗ 6.54 Q∗ 2.74
λ4 1.87∗∗ 2.34 WIV 4.78 (3%)

w wage inflation
π inflation
u unemployment rate
x− n labour productivity growth rate

∗: significant at 10%-significance level;∗∗: significant at 5%-significance level;
t(λ0=1): t statistic onλ0=1; DW: Durbin-Watson statistic;WIV : Wald statistic of
Hausman test on set of instruments;Q∗: Portmanteau test on autocorrelation (5%
critical value=3.84)

Instruments:πt, πt−2, πt−3, πt−4, (x− n)t, (x− n)t−1,ut,ut−1,ut−2,ut−3,ut−4

of industry level negotiations developed further to be the institution where minimum

wage levels were set for the negotiations on the firm level. So, despite the legal decen-

tralisation of collective bargaining from the industry to the firm level, the existence of

a minimum wage increase was maintained.

4.3.3 Germany

In Germany’s structure of collective bargaining on the labour market, negotiations take

place at the plant or industry level. The structure is based on the Collective Agreements

Act that was established in 1949. Soon after this establishment, many trade unions

and employers’ organisations were refounded, that had disappeared since 1933 (see

Borchardt, 1991). Further, the governments’s dominant presence on the labour mar-

ket was abolished. Collective bargaining may only take place between a trade union

and an employer or an organisation of employers. Wage negotiations are subject to

legal arrangements and are mostly set for the period of one year. In an agreement the
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minimum wages are set for the concerning employees. Non-organised workers of all

organised employers are automatically included in arrangements about wages. Em-

ployers and employees that did not join in the collective bargaining may be included

in the agreements by the minister of labour declaring the agreement generally binding

for the whole sector. Wage indexing is not allowed by the Central Bank Act, which is

in line with the strong inflation averse attitude that characterises the post-war monetary

policy in Germany. Only in special cases which have to be approved by the Bundes-

bank may an index clause be included in a wage contract. Besides occasions in which

the minister of labour declares an agreement generally binding, the government does

not enter the process of negotiations and reaching agreements on the labour market.

Policy measures to affect the income level have been very rare (see Paqué, 1993).

The performance of the wage inflation rates in the 1950s and 1960s show the com-

mon patterns of most western European countries: high rates due to high productivity

growth. In the course of the 1970s when the economic recession became lasting, the

negotiation power of the trade unions was corroded, which resulted in lower nomi-

nal wage increases as well as lower real wage increases. In the early 1980s, nominal

increases of the labour costs for the employers were negative. The increases in so-

cial security contributions and taxes resulted in negative net wage increases for the

receivers in the first half of the 1980s. Nominal wages show a pattern that can be in-

terpreted as a minimum level of wage inflation at about 3% (see Braun, 1990). After

the German unification the overall wage increase was strongly negative in 1991, but

recovered immediately in 1992. Labour market negotiations were soon brought to-

gether. Half way through the 1990s the minimum wage levels in the collective labour

agreements were equalised.

Table 4.3 contains the regression results for Germany. The unrestricted model shows

an insignificant inflation parameter and an insignificant labour productivity growth

parameter. The middle part of the table shows the results for the model without labour

productivity growth. Here the inflation parameter is significantly different from zero,

but not from one. This outcome is not in accordance with the strong anti-inflation

attitude that opposes wage indexation. The upper part shows the model outcomes of

the restricted model withλ0 = 1 andλ1 = 0. This outcome indicates wage indexation

based on last year’s inflation rate and no direct effect of labour productivity growth

on wage inflation. The set of instruments leads to reject that the NLS estimates are

consistent in all three model specifications. In the data set, the entries for 1991 are

removed since they are outliers for the series wage inflation and employment growth.

The unemployment rate parameter is twice as large as in the previous two cases, which

suggests a stronger negative effect of unemployment on wage changes. This might be

consistent with weaker trade unions, which had to adjust their wage demands under

the pressure of increased unemployment. On the other hand, it is also consistent with
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Table 4.3 Regression results of 2SNLS for Germany

wt =
(λ0πt−1 + λ1(x− n)t + λ2ut + λ3) − λ4

1− exp[−(λ0πt−1 + λ1(x− n)t − λ2ut + λ3) − λ4]
+ λ4

estimate t statistic test statistics
λ0 1.00 -
λ1 - - R̄2 0.70
λ2 -2.17∗∗ -5.02 DW 1.22
λ3 9.42∗∗ 8.46 Q∗ 1.82
λ4 2.55∗∗ 4.93 WIV 8.29 (0%)
λ0 0.67∗ 1.77 t(λ0=1) -0.86
λ1 - - R̄2 0.70
λ2 -1.95∗∗ -3.98 DW 1.19
λ3 10.30∗∗ 6.86 Q∗ 1.86
λ4 2.51∗∗ 4.76 WIV 4.12 (4%)
λ0 0.65 1.43 t(λ0=1) -1.65
λ1 -0.02 -0.07 R̄2 0.70
λ2 -1.97∗∗ -3.52 DW 1.18
λ3 10.46∗∗ 3.87 Q∗ 1.83
λ4 2.51∗∗ 4.65 WIV 4.08 (4%)

w wage inflation
π inflation
u unemployment rate
x− n labour productivity growth rate

∗: significant at 10%-significance level;∗∗: significant at 5%-significance level;
t(λ0=1): t statistic onλ0=1; DW: Durbin-Watson statistic;WIV : Wald statistic of
Hausman test on set of instruments;Q∗: Portmanteau test on autocorrelation (5%
critical value=3.84)

Instruments:πt, πt−2, πt−3, πt−4, πt−5, πt−6, (x− n)t, (x− n)t−1, (x− n)t−2,ut,ut−1,ut−2,
ut−3,ut−4,ut−5,ut−6,ut−7

trade unions that choose for solidarity between working and unemployed people. The

corroded trade union power that was mentioned above suggests that at least the first is

responsible for the rather large effect of unemployment on wage inflation. A minimum

wage inflation rate is found at 2.55%.

4.3.4 Italy

Italian trade unions were relatively late in gathering bargaining power (in the 1960s),

compared to the other countries in our sample. A cause of this slow development is

the traditionally small average size of Italian firms. In the 1970s, trade unions reached
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their top in influence and power, whereas they weakened again in the 1980s although

membership remained high. Negotiations take place at several levels. Through the

post-war period bargaining at a high (national) level has been especially important

during years of economic crisis. This was for instance the case during the high inflation

period of 1975-1985. Bargaining at this level was to guarantee a minimum of working

conditions for all workers (see Tizianoet al., 1993).

The national industry-wide agreements are responsible for the largest part of the total

of collective agreements on the Italian labour market. This has been the case since the

1950s. In the 1970s the scope of these national industry-wide agreements was broad-

ened and also included qualitative aspects next to the quantitative ones. Bargaining

at the firm level is also important. They take place to settle the local working con-

ditions with the national agreements as a minimum. From this practice large wage

differences arise. Firstly between small and large firms and secondly between firms in

sectors where local bargaining is absent and those where it is not. Periods in between

successive collective negotiations are relatively long: approximately 3-4 years. Those

at the enterprise level take place in between those at the national level. Opposite to

the German situation, wage indexation, called the escalator clause, was widely used

during the high inflation years of 1975-1983. It largely determined the development

of wage inflation. Guidelines for wage settlement from the government are often not

applied or neglected by the large unions. There is a strong competition between the

unions and the government does not seriously or firmly resist.

With respect to representation of firms by organisations in collective bargaining there

exists a unique case in Italy. Only those employers that are actually represented by

the negotiating organisation are subject to the agreements reached for some industry.

On the other hand, the strong growth of unionisation in the 1960s and 1970s made

the actual practice of the range of collective agreements very much as if they were

generally binding.

As in other European countries much focus has been put on flexibilisation of the labour

market. A more smooth functioning is expected to solve unemployment problems. In

the 1980s, a reduction of working time has taken place in an attempt to fight unem-

ployment. Unions have been willing to accept a lower wage increase in exchange for

reductions in working time. The need for flexibilisation has not affected the tradition-

ally strongly protective legislation with respect to lay-offs of workers. Next to flexi-

bilisation, firm crises became an acceptable reason for lower or even negative wage

increases in the 1980s. The abolishment of escalator clauses in collective wage agree-

ments in 1984-1985 further favoured labour market flexibility. The indexation system

has been reduced step by step towards an indexation for a part of the wage, by which

in a way a certain minimum real wage is guaranteed.
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The lower part of Table 4.4 shows the estimation results for the unrestricted specifica-

tion. The variableut−ut−1 is added since it shows a consistently significant parameter.

This implies that not only the unemployment rate negatively affects the wage inflation

rate, but the growth in the unemployment rate is also negatively correlated with the

wage inflation rate. The larger the change in the unemployment rate in the past year,

given this year’s unemployment rate, the larger the downward pressure on the wage

inflation rate. The specification ofyt in Equation (4.2) is changed intoyI
t for Italy:

yI
t =λ0πt + λ1(x− n)t − λ2ut − λ5(ut − ut−1) + λ3,

λ0, λ2, λ3, λ5 > 0; 0< λ1 < 1 (4.6)

The parameter for labour productivity growth is not significant in the unrestricted

model specification. The inflation parameter is not significantly different from one.

Inclusion of the change in the unemployment rate improved results for Italy. The esti-

Table 4.4 Regression results of 2SNLS for Italy

wt =
(λ0πt−1 + λ1(x− n)t + λ2ut + λ5(ut − ut−1) + λ3) − λ4

1− exp[−(λ0πt−1 + λ1(x− n)t − λ2ut + λ5(ut − ut−1) + λ3) − λ4]
+ λ4

estimate t statistic test statistics
λ0 1.00 -
λ1 - - R̄2 0.78
λ2 -2.05∗∗ -5.03 DW 1.53
λ3 19.84∗∗ 6.74 Q∗ 1.84
λ4 4.86∗∗ 4.40 WIV 2.28 (13%)
λ5 -3.80∗∗ -2.75
λ0 1.22∗∗ 4.60 t(λ0=1) 0.83
λ1 0.22 1.09 R̄2 0.75
λ2 -2.27∗∗ -2.80 DW 1.49
λ3 18.33∗∗ 4.62 Q∗ 2.34
λ4 5.22∗∗ 4.68 WIV 5.93 (1%)
λ5 -4.38∗∗ -2.46

w wage inflation
π inflation
u unemployment rate
x− n labour productivity growth rate

∗: significant at 10%-significance level;∗∗: significant at 5%-significance level;
t(λ0=1): t statistic onλ0=1; DW: Durbin-Watson statistic;WIV : Wald statistic of
Hausman test on set of instruments;Q∗: Portmanteau test on autocorrelation (5%
critical value=3.84)

Instruments:πt, πt−2, πt−3, (x− n)t, (x− n)t−1, (x− n)t−2, (x− n)t−3,ut,ut−1,ut−2,ut−3
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mation ofλ4 is robust to the inclusion of the effect of a change in the unemployment

rate: the specification withoutut −ut−1 also showed a significant minimum wage infla-

tion rate, of approximately the same value as in the specification of Equation (4.6). The

set of instruments does not lead to a rejection of the null hypothesis of the Hausman

test on them, within the unrestricted model it does.

The specification in the upper part of Table 4.4 includes wage indexation and contains

no labour productivity growth. With the two unemployment rate variables in this spec-

ification and rather large parameter values, the influence of unemployment on wage

development is relatively extensive. This might be induced by relatively weak trade

unions. The minimum wage inflation rate is found at 4.86%. The large portion of small

firms and self-employed people is expected to have a negative effect on wage demands

and a weakening effect on the existence of a minimum wage inflation rate. However,

this effect is not strong enough to prevent a minimum wage inflation rate above which

wage inflation is non-linearly related to the unemployment rate.

4.3.5 The Netherlands

During the first two decades after WWII, the Dutch government frequently intervened

on the labour market, undermining collective bargaining. Many outcomes of collective

bargaining were influenced by government policies in order to control wage develop-

ment. After 1974 the instrument of wage controls was resumed by the Dutch govern-

ment after having been out of use for about ten years. Other labour conditions than the

centrally controlled wages were negotiated in collective bargaining. In later decades,

the frequency of government interference was reduced but still took place until the

1980s. Union density decreased during this decade, but this did not lead to a dimin-

ished importance of collective bargaining. On the contrary, its scope was extended

with recruitment, education possibilities, and employment opportunities (see Korver,

1993). The government’s new wage policies after the first oil crisis did not prevent the

unemployment rate from increasing considerably. In the 1980s, direct intervention of

the government in wage agreements was abolished. After 1986 there remained only

one permitted reason for direct government intervention, namely extreme situations

which are caused by external factors.

In the Netherlands most collective bargaining takes place at the sector and industry

level, although bargaining at the firm level is also taking place more often, like in other

European countries. The duration of the agreement is mostly one year, but two years

is also frequently observed. Dutch collective bargaining starts after the presentation of

statistical data and econometric predictions by the Central Planning Bureau. Then the

trade unions publish their bids. On the national level, an agreement may arise between
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Table 4.5 Regression results of 2SNLS for the Netherlands

wt =
(λ0πt + λ1(x− n)t + λ2ut + λ3) − λ4

1− exp[−(λ0πt + λ1(x− n)t − λ2ut + λ3) − λ4]
+ λ4

estimate t statistic test statistics
λ0 1.00 -
λ1 - - R̄2 0.85
λ2 -1.76∗∗ -5.35 DW 1.20
λ3 8.75∗∗ 9.63 Q∗ 3.18
λ4 1.99∗∗ 3.32 WIV 9.05 (0%)
λ0 1.73∗∗ 2.97 t(λ0=1) 1.27
λ1 0.10 0.57 R̄2 0.85
λ2 -1.50∗∗ -2.41 DW 2.10
λ3 3.22 0.78 Q∗ 0.42
λ4 2.19∗∗ 3.72 WIV 4.34 (4%)

w wage inflation
π inflation
u unemployment rate
x− n labour productivity growth rate

∗: significant at 10%-significance level;∗∗: significant at 5%-significance level;
t(λ0=1): t statistic onλ0=1; DW: Durbin-Watson statistic;WIV : Wald statistic of
Hausman test on set of instruments;Q∗: Portmanteau test on autocorrelation (5%
critical value=3.84)

Instruments:πt−1, πt−2, (x− n)t, (x− n)t−1,ut,ut−1,ut−2

representatives of employers and employees, which is called a Central Agreement. It

constitutes a strong directive for sectoral and company negotiations.

Table 4.5 contains the results for two model specifications. The unrestricted version

and the model whereλ0 is set equal to one andλ1 to zero. TheWIV statistics are both

above the 10%-significance level. The insignificant labour productivity parameter in

the unrestricted model is not what we expected to find, since collective bargaining

in the Netherlands is strongly based on labour productivity growth. There is a rela-

tively strong consensus between employers and employees to control wage increases

by considering the extent to which the sum of the sectoral prices and labour produc-

tivity grows. The sum of the sectoral inflation plus the sectoral labour productivity

growth rate is called the ‘loonruimte’, which determines the scope for negotiations

for the trade unions. Despite this consensus, labour productivity growth is not found

to have an effect on wage inflation. The minimum wage inflation rate is 1.99%. The

set of Dutch data is the only one for which we find wage indexation based on the
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current inflation rate, which means that wages are corrected for purchasing power de-

velopments in the same year. The effect of the unemployment rate is larger than in the

models of Belgium and France, but not as large as in those of Germany and Italy.

4.3.6 United Kingdom

Trade unions in the United Kingdom have a history of being very fragmented and pow-

erful at the firm level until legislation was changed in the early 1980s. Union density

experienced upward and downward fluctuations in the twentieth century. For instance,

in the 1970s it increased and in the 1980s it decreased. A negative relation can be

detected between the growth of real wages and union density. Apparently, unions at-

tract members in times of a decrease in the growth of purchasing power. In the 1980s,

the reduction in power of the trade unions is also clearly pursued by government pol-

icy. The series of wage inflation shows a clear drop in the early 1980, which may be

connected to the diminished power of trade unions.

A result of the legislation to bring back the power of unions was an increase in the

size of individual unions and a decrease in the number of them. Still, multi-unionism

existed in many firms during the 1990s. Negotiations with more than one union in-

creases the risk of a strike since the competing unions may sooner call for actions to

profile themselves, than if they are the only union the firm negotiates with. Despite the

existence of multi-unionism, national agreements on the other hand have been wide-

spread, which provided the individual firms with a minimum of labour conditions (see

Addison and Siebert, 1993).

A decline of the coverage of national wage agreements can also be observed in the

United Kingdom, as in other European countries. If wage agreements have to be set

per sector or firm, it will be easier to bring down the wage level than if one wage

inflation rate is set for a number of sectors or the even the whole economy. Moreover,

if wages are agreed upon on the local level they can better respond to the local labour

market situation.

One of the measures in the regulation on the labour market in the 1980s to reduce

union power was that after 1979 the unions could be held responsible for damage

from strikes. Further, actions of trade unions were no longer allowed to be directed at

others than the employer directly involved in the negotiations. The power of the Wage

Courts was cut down further as well.

Table 4.6 shows the estimation results for the United Kingdom. The model in the

upper part of the table contains no labour productivity growth, andλ0=1 could not be

rejected. Wage indexation is based on last year’s inflation rate. The lower part of the
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4 Long-Run Effects of Low Inflation Rates

Table 4.6 Regression results of 2SNLS for the United Kingdom

wt =
(λ0πt−1 + λ1(x− n)t + λ2ut + λ3) − λ4

1− exp[−(λ0πt−1 + λ1(x− n)t − λ2ut + λ3) − λ4]
+ λ4

estimate t statistic test statistics
λ0 1.00 -
λ1 - - R̄2 0.55
λ2 -1.70∗∗ -3.08 DW 1.76
λ3 9.63∗∗ 4.56 Q∗ 0.51
λ4 5.40∗∗ 4.73 WIV 2.71 (10%)
λ0 1.23∗∗ 3.34 t(λ0=1) 0.62
λ1 -1.09∗∗ -3.00 R̄2 0.61
λ2 -3.08∗∗ -2.35 DW 2.13
λ3 13.94∗∗ 4.44 Q∗ 0.47
λ4 5.75∗∗ 5.52 WIV 10.59 (0%)

w wage inflation
π inflation
u unemployment rate
x− n labour productivity growth rate

∗: significant at 10%-significance level;∗∗: significant at 5%-significance level;
t(λ0=1): t statistic onλ0=1; DW: Durbin-Watson statistic;WIV : Wald statistic of
Hausman test on set of instruments;Q∗: Portmanteau test on autocorrelation (5%
critical value=3.84)

Instruments:πt, πt−2, (x− n)t, (x− n)t−1, (x− n)t−2,ut,ut−1,ut−2

table contains the results of the model without restrictions and there the estimatedλ1

has an implausible sign. Therefore (x − n)t is left out of the model. The effect of the

unemployment rate is comparable to that in the case of the Netherlands. One might

have expected a smaller effect, since this would be consistent with strong trade unions

that decide on their wage demands relatively independent of unemployment. On the

other hand the deregulatory far-reaching measures have had their effect. The minimum

wage inflation rate in the final model results in the upper part of the table lies at 5.40%,

which is the highest of the six models. This means that for the UK the inflation rate

has to be highest, given a certain labour productivity growth rate, to prevent long-term

effects from inflation on the unemployment rate. TheQ∗ statistics accept absence of

autocorrelation and theWIV statistics show that the set of instruments has a significant

effect on the consistency of the estimated parameters at the 10%-significance level.

62
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4.4 European Long-Term Unemployment Rates

As has been discussed in Section 4.2, the non-linearity of the wage equation implies

a non-constant long-term unemployment rate. This section presents the plotted es-

timated equations in the (ut,πt)-plane to depict the long-run Phillips curves. During

1960-2001, labour productivity growth shows a downward trend. Since we want to

compare the results with current inflation and unemployment performance we did not

use the average rate of labour productivity growth of the whole period. Instead we

calculated the average labour productivity growth rate for 1982-2001 (1982-2000 in

the cases of Belgium and Italy) and used this estimate with the parameter estimations

of theλ’s. So we can consider the implications of the current inflation target given a

low growth rate of labour productivity. We used the estimation results of the upper

parts of the successive tables in the previous section. These estimates were obtained

after removing non-significant and implausible estimated parameters, and after testing

for wage indexation. Figure 4.3 shows the six long-term Phillips curves. The curves

are obtained by assuming that in the long run wage inflation is equal to inflation plus

labour productivity growth:

wt = πt + (x− n)t =
yt − λ4

1− exp(−(yt − λ4))
+ λ4

yt = λ0πt + λ1(x− n)t − λ2ut + λ3

The graphs of the long-term Phillips curves have the characteristics derived in Section

3.3. We again regard three sections of the curve, each with their characteristics. Firstly

the part of the high inflation rates, then secondly the low inflation rates part, and finally

the part in between.

In the range of the first part that is above the 4 to 6% range, the long-term Phillips

curves are vertical at the long-run rate of unemployment. The minimum long-run un-

employment rate differs per country and is found in the range 3.5-9%. In the second

part, where inflation rates are low, the long-term Phillips curves tend towards a min-

imum level of inflation, which equals the minimum wage inflation rate minus the

average growth rate of labour productivity. These minimum inflation rates lie in the

range 0.7 to 5.2%. Finally, in between the two extreme cases the Phillips curve has a

negative slope. Therefore at intermediate levels of inflation there is a trade-off between

inflation and unemployment.

The ECB’s inflation target of 0-2% has different implications for the long-run unem-

ployment rate among the six countries (or would have implications in the case of the

United Kingdom). Figure 4.3 shows that the estimated long-term graphs do not en-

ter the range of 0-2% inflation for the United Kingdom. The OECD 2002 estimates
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of the unemployment rate and inflation rate are reflected by a triangle in each of the

graphs in this figure. Furthermore we plotted the inflation-unemployment data for the

periods 1961-1981 (denoted by - in the graphs) and 1982-2001 (denoted by). Re-

call that the parameters are estimated using data for 1960-2001 and that the curve is

calculated with labour productivity growth data for 1982-2001. As none of the esti-

mation results contains a parameter for labour productivity growth (λ1), the value of

the average labour productivity growth determines only the location of the horizontal

asymptote. That of the vertical one (the minimal unemployment rate) is not influenced

by λ1. The spread of the data points is rather large which is implicitly the result of the

model’s characteristic that it has one long-term Phillips curve. The curve is obtained

by implementing thatw = π + (x − n) in the long run. The spread around the curve

of Equation (4.1) is obviously much smaller since this is the estimated curve using a

non-linear least squares technique.

The Belgian inflation and unemployment rate of approximately 2% and 7% in 2002

lie below the graph in Figure 4.3, in the region where there is a trade-off between

inflation and unemployment. An unemployment rate of 7% is higher than the long-

term rate that is 6.2%, which results from our estimations. The minimal inflation rate

is approximately 2%. The data points for the 1961-1981 period almost all lie to the

left of the curve. Those of the second period (except for a few) are in the region of

the bent part of the curve, which represents a long-term trade-off above the minimum

inflation rate. This suggests that the years 1982-2001 show relatively little short-term

deviation from the estimated long-term curve.

France’s 2002 inflation and unemployment rate are about 2% and 9%. This combi-

nation of rates lies above the long-run curve, close to the region of inflation-output

trade-off. The model outcomes suggest a long-run unemployment rate of at least 8%

for inflation rates between 0 and 2% and a minimal long-run rate of about 7.3%. The

scatter plot of the 1982-2001 data lie for the greater part above the graph in al three

regions (both asymptotes and bent curve), implying that the minimum long-term un-

employment rate was lower than the unemployment rate in each of these years.

The graph of Germany shows a curve that lies more to the left than the other curves

in Figure 4.3, meaning that the long-run unemployment rate lies at a lower level. The

minimum rate for inflation lies for Germany at 1.5%. In the target range for the infla-

tion rate, long-term unemployment is at least 4.2%. The 2002 inflation rate is 1.3%,

and that of unemployment is about 8.5%. This combination is near the horizontal part

of the long-run curve. A considerable part of the German 1982-2001 data lie close to

the horizontal part of the curve,i.e. in the neighbourhood of the minimal long-term in-

flation rate. This indicates that in these years, a high unemployment rate was achieved
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Figure 4.3 Equilibrium unemployment as a function of inflation and a scatter plot of the
inflation and unemployment rate of 1961-2002
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while monetary authorities were to able target a low inflation rate. In our model this

implies that the economy was in the neighbourhood of the minimum wage inflation

rate where real effects occur in terms of a high unemployment rate.

For Italy the 2002 inflation and unemployment rates (2.5% and 9%) lie relatively

far below the curve, suggesting that the out of sample inflation and unemployment

developments deviate from the long-term situation of the past decades. However, many

data points of the 1982-2001 sample lie relatively far away from the long-term graph.

The pattern suggests that the 2002 deviation might be just a short term deviation. The

unemployment rate of 9% is equal to the minimum long-term unemployment rate. The

1982-2001 data are both above and below the bent part of the long-term Phillips curve.

The results for the Netherlands show a minimum rate of inflation that is about 2%.

Given the 2002 inflation rate of 3.3% we would predict with the estimated model that

the unemployment rate is about 5.5% and lies in the range where there is an inflation-

output trade-off. The OECD unemployment rate for the Netherlands is 2.8%. This is

one of the lowest unemployment rates in Europe and the lowest of the countries in our

data set, whereas it has the highest inflation rate of these countries. As in the case of

Germany a number of data points lie relatively far to the right of the horizontal part of

the curve. Further, the spread of the 1982-2001 data points is large, indicating that the

2002 data are not exceptionally far from the long-term curve. Therefore, the extreme

2002 values are likely to be short-term deviations from the long-term curve as have

often occurred before in the 1982-2001 period.

Finally we take a look at the results for the United Kingdom. The ECB’s inflation

target range (0-2%) lies below the target of the Bank of England, which is 2.5%. The

inflation rate of the OECD data base of 1.6% shows that the target is well reached in

2002. The 2002 unemployment rate is 5.1%. The combination of these two rates lies

far below the estimated curve for the UK in Figure 4.3. The downward shift in the

wage inflation rates and the changed labour market characteristics may be responsible

for this large distance. Further, the plotted 1982-2001 data lie furthest away from the

long-term curve of all six graphs. This might for instance indicate that the assumption

about the long-term labour productivity growth rate is too low or that the estimated

minimal wage inflation rate is too high.

Concluding, we can say that the estimates of the OECD for 2002 are close to our es-

timated long term curves in the cases of Belgium, France, and Germany. The 2002

points of Belgium and France are near the middle part of the curve where an inflation-

output trade-off exists. That of Germany is on the horizontal part of increasing un-

employment at the minimum wage inflation rate. The 2002 Dutch and UK data show

the largest deviation from the curves in Figure 4.3. Dutch inflation and unemployment

figures of 2002 are extreme in comparison with previous years. Deviations from the
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long-term curve may indicate a downward pressure on the minimum wage inflation

rate, as well as a short-term deviation from the long-run relationship that need not

indicate pressure. Further, an unstable steady state may be the reason for a deviation

in case the inflation rate is persistently below its minimum rate minus the long-term

labour productivity growth rate (see the steady state conditions in Chapter 3). In the

case of the United Kingdom this might be an explanation. In many years the infla-

tion rate was far below the minimum rate of 5.2% and an average labour productivity

growth rate close to zero.

4.5 Conclusions

In this chapter’s model, the negative employment effects of low inflation are reflected

by the non-linear relation between wage inflation and the other wage equation vari-

ables below a certain inflation rate. The model’s non-linearities are supported by the

significant estimated parameter that reflects the minimum wage inflation rate. If the

wage equation had been linear for high inflation rates as well as for low inflation

rates, the non-linear model could still have been estimated but would have found this

parameter to be low and negative, and also possibly insignificant.

We found the following minimum wage inflation rates: 3.48% for Belgium, 1.85% for

France, 2.55% for Germany, 4.86% for Italy, 1.99% for the Netherlands and 5.40%

for the United Kingdom. For none of the countries we found a significant effect

from labour productivity growth. Series of labour productivity growth rate and lagged

labour productivity growth were used as instruments, however. In this way they are

assumed to affect the non-exogenous variables of the wage inflation equation but not

to influence wage inflation directly. Italy was the only country for which we found

a significant effect of the change in unemployment that also improved the model’s

overall performance.

We plotted graphs of the long-run relationship between the inflation rate and the un-

employment rate. At intermediate rates of inflation, the long-term Phillips curve is

negatively sloped. Only above these rates, the long-term Phillips curve is vertical.

Since we found minimum wage inflation rates, these curves show that low inflation

rates go hand in hand with very high long-run unemployment rates. Given the ECB’s

inflation target range of 0-2%, in four cases the long-run unemployment rates cover

a wide range that starts at a rather high unemployment rate. For Italy and the United

Kingdom the long-run curve lies above the 2% inflation rate. This implies that the

estimated minimum wage inflation rate minus the average labour productivity growth

rate is higher than 2%.
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Part of the nominal wage rigidity is based on former experience with wage increases

from which the acceptability of a wage increase offer is derived. It is conceivable that a

persistent low inflation rate may decrease wage increase demands (seee.g.Mankiw in

his discussion of Akerlofet al., 1996, pp. 66-70), but it is not likely to happen in a few

years. Ideas about fairness are deeply rooted and do not change easily. Furthermore,

there is the fact that no one wants to be the only one to pay for the low inflation rates.

This is a risk one faces when one is the first to accept low wage increases without

having the certainty that other sectors will join. Concluding, we believe that nomi-

nal wage rigidity may disappear only after a sufficiently long time of persistent low

inflation and therefore probably at considerable macroeconomic costs.
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Chapter 5

Effects of Capital Restrictions

and Exchange Rate Flexibility

on the Inflation-Output

Trade-off

5.1 Introduction

There are many studies that deal with the effects of labour market characteristics on

the inflation-output trade-off (seee.g.Chapters 3 and 4). For instance, trade union-

ism and collective agreements affect the wage-unemployment relation. The previous

two chapters discuss a model in which nominal rigidity of wages affects the relation

between inflation and the unemployment rate. Apart from the labour market other mar-

kets are also expected to affect the Phillips curve through their specific characteristics.

This chapter considers the capital market and the foreign exchange market. If for in-

stance the capital market is closed for foreign investors, monetary authorities may be

able to affect both domestic money growth and the domestic interest rate to meet their

inflation targets.

Capital restrictions in EU countries were gradually abolished in the 1970s and 1980s,

thereby liberalising the international capital market and also reducing the extent to
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which interest rates could differ internationally. Recent literature on capital restrictions

mainly deals with capital markets in emerging countries (seee.g. the special issue

on globalisation of capital markets of theReview of International Economics, 2001,

Vol. 9 (4)). Capital restrictions are common in developing countries, especially in

those that have to deal with volatile capital flows. The restrictions are used to reduce

this volatility and its impact on the macroeconomic stability of an economy. In the

post-war decades in which European capital restrictions were applied, volatility was

nowhere near as high as it is nowadays in some developing countries in Asia and South

America. During the 1980s, when capital restrictions were abolished, exchange rates

became more sustainable, thereby reducing both the interest rate differences among

European countries, and making domestic price developments more subject to foreign

price developments.

The monetary authorities that decide on the exchange rate regime and capital mobility

can choose two from the following three instruments (the ‘trilemma’): fixed exchange

rates, free capital mobility, and independent monetary policy. A regime with fixed

exchange rates with capital mobility implies that the economy is subject to foreign

capital flows, so there is no independent monetary policy. In an economy where the

exchange rates are fixed and the monetary authorities opt for monetary independence,

capital restrictions are needed. The absence of foreign capital flows implies that the

interest rate should be such that external balance coincides with domestic goals. If the

monetary authorities decide that another level of output is appropriate, the real interest

rate and the exchange rate need to be changed.

Recent examples of situations of both fixed exchange rates and capital restrictions (so

that an independent monetary policy as mentioned above is possible) are Venezuela in

1994-1996 and Rumania in 1996. Financial crises in these countries led to downward

pressure on the exchange rate. Severe capital controls were implemented to maintain a

relatively stable exchange rate (see IMF, 2000). The European countries in our data set

also used a combination of fixed exchange rates and capital restrictions. In the 1960s

when the exchange rates were tied to the dollar in the Bretton Woods system, capital

restrictions were applied to correct balance of payments deficits or surpluses.

This chapter considers the impact of financial markets’ characteristics on the inflation-

output relation. Domestically determined interest rates respond to domestic unemploy-

ment; foreign interest rates generally will not. However, if the exchange rate is fixed,

domestically determined interest rates should also support this level of the exchange

rate.

Frenkel and Razin (1996) study the effects of capital restrictions on the inflation-

output trade-off using a Mundell-Fleming framework. They show that the slope of

the trade-off depends on the elasticities of aggregate demand. Lounganiet al. (2001)
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present empirical evidence for this model and show that a change in the inflation rate

leads to a smaller change in unemployment in case of capital restrictions. This means

that the Phillips curve becomes steeper after the implementation of capital restrictions,

implying a smaller trade-off. This is consistent with the findings of Frenkel and Razin

(given their assumptions and the elasticities of aggregate demand found in Papell,

1988).

In this chapter we study the effects of capital market restrictions and exchange rate

flexibility on the inflation-output trade-off. We will use the Mundell-Fleming frame-

work that is presented in the above mentioned studies, hereon called the Razin model.

Exchange rate flexibility and choice of capital restrictions affect the extent to which

monetary authorities are able to control the domestic money supply and the domestic

interest rate. In this model, money is either set by monetary authorities or is deter-

mined by money market equilibrium, dependent on whether or not exchange rates are

flexible. The nominal interest rate is set domestically if capital restrictions prevent

capital from flowing across borders in case of flexible exchange rates. Capital mo-

bility is either free or absent2, and exchange rates are either flexible or fixed. There

are four possible combinations of these two characteristics which determine the four

regimes that are considered in this chapter. For each of the regimes a Phillips curve is

derived.

The models that are presented in Frenkel and Razin (1996) and in Lounganiet al.

(2001) are given in our first two regimes (flexible exchange rates with and without

capital restrictions) in Section 5.2. Section 5.3 deals with the model version with a

fixed exchange rate. Assuming that the exchange rate regime affects the Phillips curve

slope, observed changes in inflation-output relations also involve changes on the for-

eign currency market. Section 5.4 summarises the effects from capital restrictions and

the exchange rate regime on the Phillips curve relations that are derived in the two

previous sections.

5.2 Model with Flexible Exchange Rates

Frenkel and Razin (1996) present a macroeconomic framework that is based on the

Mundell-Fleming model. The economy consists of a goods market, a capital market,

and a money market where domestic currency is traded. The balance of payments

contains the trade balance and the capital account. Aggregate demand is partitioned

2We do not consider cases of imperfect capital mobility. We refer for a discussion of imperfect capital

mobility in an IS-LM model to Heijdra and Van der Ploeg (2002).
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into domestic absorption and the trade balance:

yd
t =

(
d̃A

t + Ayy
d
t − Ar rt

)
+

(
dX

t − Xyy
d
t + Xqqt

)
(5.1)

whereyd
t is aggregate demand,d̃A

t the autonomous component of absorption (A) and

dX
t the autonomous component of the trade balance (X). rt denotes the real interest rate

andqt is the real exchange rate. The parametersAy > 0, Ar > 0, Xy > 0 andXq > 0

represent the income, real interest, and real exchange rate elasticities of absorption

and of the trade balance. The variables are expressed in natural logarithms, except for

the interest rates. This means that the real interest rate elasticity of aggregate demand

(Ar ) is a semi-elasticity.

5.2.1 Flexible Exchange Rates and Capital Mobility

In absence of capital restrictions, the shares of absorption and the trade balance in

aggregate demand are undetermined and the partitioning is not useful. The equation is

rewritten as:

yd
t = dt + ηqt − σrt (5.2)

where

η =
Xq

1− Ay + Xy
> 0 (5.3)

σ =
Ar

1− Ay + Xy
> 0 (5.4)

dt =
d̃A

t + dX
t

1− Ay + Xy
(5.5)

dt denotes the exogenous component of aggregate demand.

The real exchange rate (qt) and the real interest rate (rt) are defined as follows:

qt =st + p∗ − pt (5.6)

rt =it − Et[pt+1 − pt] (5.7)

wherest is the nominal exchange rate (domestic price of one unit of foreign currency),

p∗ and pt are the foreign and the domestic price levels,it is the nominal interest rate

andEt[pt+1] denotes the currently expected next period’s price level (model consistent

expectations). The foreign price level is considered to be constant (p∗t = p∗) for rea-

sons of simplicity. In case foreign prices could change, the exchange rate would adjust
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to nullify the effects for the domestic economy. In the later sections, this assumption

will be released.

The capital market is described by a nominal interest rate equation. In case of free

capital mobility, it is characterised by uncovered interest parity (UIP):

it = i∗ + Et[st+1 − st] (5.8)

wherei∗ is the foreign nominal interest rate, assumed to be constant (as is the foreign

price level).

The money market is described by:

mt − pt = yt − λit (5.9)

wheremt is the nominal money stock (which equals money supplyms
t ), yt is aggregate

output, andλ > 0 the interest semi-elasticity of money. On the goods marketyd
t is set

equal to aggregate supply, which results in aggregate output. The income elasticity of

money is assumed to be equal to 1.

Price Level The price level is partly characterised by flexible prices and partly de-

termined by long-term contracts. This will create differences between the equilibrium

and short-run adjustment solutions. The general price level is a weighted average of

prices on markets that use long-term contracts (1−θ) and of prices that are determined

flexibly (θ):

pt = (1− θ)Et−1[pe
t ] + θpe

t (5.10)

wherepe
t is the price level on markets with flexible prices. The long-term contract sets

the price one period in advance on the level of the expected flexible price in the next

period (which isEt−1[pe
t ]).

Exogenous VariablesThree variables are assumed to be determined by a stochastic

process: aggregate supply, autonomous demand for goods, and the supply of money.

Their expected value in the next period is the current value plus a deterministic growth

component. Further, these variables are affected by shocks that are independently and

identically distributed with zero means and constant variances (σ2
y,σ2

d andσ2
m respec-

tively).

ys
t =gy + ys

t−1 + εyt (5.11)

dt =gy + dt−1 + εdt (5.12)

ms
t =gm +ms

t−1 + εmt (5.13)
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The shock terms are represented byεyt, εdt andεmt and the constant growth rates bygy

andgm. The deterministic growth rates of aggregate supply and autonomous demand

are equal. It is assumed that at timet, εyt, εdt andεmt have known values. The stochastic

components are the sources of actual prices not being equal to the expected prices, so

that prices are not always at the equilibrium levels. In the long-term equilibrium, the

unemployment rate equals its natural rate. In the short run, it does not. The stochastics

(in combination with the price stickiness) are therefore the source of a short-run non-

vertical Phillips curve.

Solution The Razin model is solved by first assuming that all markets can adjust

their prices instantaneously. This would mean thatθ = 1. The complete Razin model

can then be solved by reimplementing the sticky prices (θ < 1), knowing the model

solution for flexible prices. The result of this solution method is a set of equilibrium

expressions in which each variable is expressed as the flexible price equilibrium level

(denoted by superscriptse) plus a deviation from the flex-price equilibrium values.

This deviation is a function of the error terms of the stochastic variables output supply

and money supply. First we calculate the flexible price equilibrium (see Appendix

5.A.1), which is given by:

ye
t = ys

t (5.14)

pe
t = ms

t − ys
t + λ(i∗ + gm − gy) (5.15)

πe
t ≡ Et(p

e
t+1 − pe

t ) = gm − gy (5.16)

qe
t =

1
η

(ys
t − dt + σi∗) (5.17)

se
t = ms

t +

(
1
η
− 1

)
ys

t −
1
η

dt +

(
σ

η
+ λ

)
i∗ − p∗ + λ(gm − gy) (5.18)

re
t = i∗ (5.19)

iet = i∗ + gm − gy (5.20)

Equation (5.15) shows that the price level on the flex-price markets is determined by

the money market equilibrium. The flex-price equilibrium level of the real exchange

rate in Equation (5.17) is determined by the goods market equilibrium. The nominal

exchange rate in Equation (5.18) is affected by all markets. It adjusts to the rate where

the goods market and the money market are in equilibrium and where the domestic real

interest rate equals the foreign interest rate. The expected relative change in the price

level (πe
t ) is equal to the difference between the deterministic growth rates of money

supply and output supply (Equation (5.16)). Although the price level itself will adjust

immediately to the error terms in the processes of money and of output, the expected

inflation rate is not affected. The error terms of the exogenous variables are not related

74



5.2 Model with Flexible Exchange Rates

to expected growth of the price level in the next period. The stochastics in the model

do not affect equilibrium values if there is no price stickiness. The nominal interest

rate equals the foreign nominal interest rate plus the expected nominal exchange rate

change, which affects the returns on the foreign capital market in domestic currency

terms. The expected exchange rate change equals the expected price level change since

there is international trade of goods; this is reflected in Equation (5.20).

If θ = 1, the prices immediately adjust to the growth in money and output on the

money market. The exchange rate will adjust in such a way that the net trade and

the capital account balance add up to zero. Output supply equals aggregate demand,

which implies that the unemployment rate does not deviate from its natural rate.

This flex-price equilibrium will not be reached in case prices are sticky and unable to

clear markets right away. This situation is described by Equations (5.21) to (5.27). If

prices are non-flexible, all endogenous variables’ equilibrium levels differ from their

value in the equilibrium of fully flexible prices. The extent of these differences is de-

termined by the extent of price flexibility, reflected inθ, and by the difference between

the shocks to money supply and output (εmt − εyt). εmt − εyt is called an excess innova-

tion. A positive excess innovation means that the error in expected money growth is

larger than that of output growth. If the income elasticity of money demand would not

have been equal to 1, the excess innovation would beεmt − λ
m
y εyt, whereλm

y is the in-

come elasticity of money demand. Instead of no effects from stochastics ifεmt−εyt = 0,

there are no effects ifεmt − λ
m
y εyt = 0.

A positive excess innovation has a positive effect on the flexibly determined prices.

The prices that are set in the previous period will then be lower thanpe
t , which has a

negative effect on the general price level. So, if the unexpected money growth is higher

than the unexpected output growth, the general price level is lower than its flex-price

value.

Below we present the expressions for the equilibrium solution of the model forθ ∈

[0,1], in case exchange rates are flexible and there are no capital restrictions. The

derivations of the equations can be found in Appendix 5.A.2.

yt =ye
t + (η + σ)

(
1+ λ

η + λ + σ

)
(1− θ)[εmt − εyt] (5.21)

pt =pe
t − (1− θ)

[
εmt − εyt

]
(5.22)

πt =π
e
t + (1− θ)[εmt − εyt] (5.23)

qt =qe
t +

(
1+ λ

η + λ + σ

)
(1− θ)[εmt − εyt] (5.24)

st =se
t +

(
1− σ − η
η + λ + σ

)
(1− θ)[εmt − εyt] (5.25)
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it =iet +

(
σ + η − 1
η + λ + σ

)
(1− θ)[εmt − εyt] (5.26)

rt =re
t −

(
1+ λ

η + λ + σ

)
(1− θ)[εmt − εyt] (5.27)

If the excess innovation is non-zero, the expected price level differs from the actual

one and real effects occur. Each real and nominal variable depends on the difference

between the price level on the flexible price markets (pe
t ) and the actual price level

(pt). This implies that every variable depends on the factor (1− θ)[εmt− εyt] = pe
t − pt.

A positive excess innovation (εmt−εyt > 0) leads to a lower price level as we explained

above. The expected inflation rate for periodt+1 will then be higher than the flex-price

rate since the actual lower price level is compared with the expected equilibrium price

level in the next period, which is the same as in the flex-price model. This results in

an expected ‘catch-up’. The lower price level has positive effects on output, as well as

on the real exchange rate. The effect on the nominal exchange rate depends on the real

interest rate and real exchange rate elasticities of aggregate demand. Equation (5.25)

shows that if the sum of these two elasticities exceeds 1, the effect of a positive excess

innovation on the nominal exchange rate is negative. So, if the impact of changes inrt

andqt on yt is large enough, the nominal exchange rate will decrease compared to its

flex-price level. The increase in output must be followed by an increase in the value of

the domestic currency to maintain equilibrium of the balance of payments (a decrease

in st means an increase in the domestic currency’s value). The deviations from their

flex-price levels ofst andit are equal in absolute value and of opposite sign, because

of the UIP and the fixed foreign interest rate. Consequently the same goes for theqt

andrt.

Graphical Illustration The Razin model can be graphically illustrated as in Figure

5.1 (like in a standard IS-LM-model), where the IS-curve reflects the combinations of

rt andyt for which the goods markets is in equilibrium (Equation (5.2)) and the LM-

curve those for money market equilibrium (Equation (5.9)). If prices are flexible, the

curves intersect at (ys
t , i
∗) (Equations (5.19) and (5.14)). If there is a positive excess

innovation at timet, the money shock is fully absorbed by the flexible prices and

nominal exchange rate in the flex-price equilibrium. The point of intersection in the

graph remains (ys
t , i
∗). Next, if θ ∈ [0,1), the LM-curve is shifted downwards, reflected

by the arrow in Figure 5.1. The inflexible prices lead to a lower price level and a higher

expected inflation rate. The IS-curve is shifted as well through an adaptation of the real

exchange rate. The net effect of both shifts is a point of intersection (yt, rt) that lies to

the right and below (ys
t , i
∗), at timet. The nominal exchange rate is adjusted in such a

way that the trade balance plus the capital account are balanced, so the change in the

official reserves is zero.
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5.2 Model with Flexible Exchange Rates

Figure 5.1 Monetary shock in the model with flexible exchange rates and without capital
restrictions

LM

IS

y

r

yt
s 

i*

m

yt

rt

m

m: monetary shock
(i∗, ys

t ): flex-price equilibrium
(rt, yt): non-flex-price equilibrium after monetary shock

Demand shocks do not affect the IS-LM-curves in this model, which is a standard

result in the original Mundell-Fleming model. A shock todt (autonomous demand)

is nullified by the response of the nominal exchange rate. A demand shock affects

the nominal exchange ratest and the real exchange rateqt. All the other variables in

Equations (5.14) to (5.27) remain unchanged. A shift may occur between absorption

and the trade balance component of aggregate demand (see Equation (5.1)), which

has no effects on the other variables as these components are not distinguished in this

model version.

Phillips Curve The unemployment rateut is defined asye
t − yt, which is the excess

output capacity. This is defined as the deviation from the natural unemployment rate.

If actual output and the flex-price output are equal, thenut = 0, which means that

the unemployment rate equals its natural rate. The Phillips curve relation can then be

derived from the equations foryt andπt (Equations (5.21) and (5.23)).

πt − π
e
t =

λ + η + σ

(σ + η)(1+ λ)
(yt − ye

t )

= −
λ + η + σ

(σ + η)(1+ λ)
ut = −

(
λ

(σ + η)(1+ λ)
+

1
1+ λ

)
ut (5.28)
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Three parameters determine the slope of the Phillips curve. These areλ, σ and η,

which are the interest semi-elasticity of money demand, the real interest rate elas-

ticity, and the real exchange rate elasticity of aggregate demand. Therefore, both the

money market and the goods market affect the Phillips curve slope (as opposed to

fixed exchange rate version of the model, which is discussed later on in Section 5.3).

In this model version there will be no effect from the money market on the Phillips

curve in case money demand is not influenced by the interest rate. Equation (5.28)

shows that the Phillips curve slope is−1 in case there is no effect from the interest

rate on money demand (λ = 0). If λ = 0, the deviation of output from its equilibrium

level is minus this deviation for prices (yt − ye
t = pt − pe

t ), and so equal to that of

expected inflation. Out of flex-price equilibrium, the deviation from the flex-price level

of expected inflation (=πt−π
e
t ) is minus that of the price level, since expected inflation

for the next period absorbs the unexpected price level change. Further, ifλ = 0 the

deviation from the flex-price level of prices is minus that of output through money

market equilibrium (see Equation (5.9)). This leads to a Phillips curve slope of−1.

The Phillips curve in Equation (5.28) shows a negative relation between the unem-

ployment rate and expected inflation for the next period, meaning that excess capacity

is lowered if expected inflation is higher. An increase in eitherσ or η would lead to a

flatter Phillips curve, so to a larger impact of inflation on unemployment. This impact

is related to the so-called sacrifice ratio, which is described as follows: to reduce the

inflation rate by 1 point, an increase of the unemployment rate of(σ+η)(1+λ)
λ+η+σ

point is

needed. An increase in expected inflation leads to a higher real exchange rate and a

lower real interest rate, which in their turn, ifσ andη are increased, both lead to a

larger positive impact on outputyt (see Equation (5.2)). This implies that the decrease

in the unemployment rate is larger in caseσ+ η is higher. In terms of a sacrifice ratio:

the sacrifice ratio increases ifσ + η increases.

Whether the effect of a larger interest semi-elasticity of money demand (= λ) on the

slope of the Phillips curve is either negative or positive depends on the magnitude of

σ + η. If σ + η > 1, then the effect will be positive. A higherλ then leads to a flatter

curve. Ifσ + η < 1, then an increased sensitivity of money demand to interest rate

changes will lead to a steeper Phillips curve. This means that unemployment becomes

less sensitive to the expected inflation rate. In other words, roughly put, in case ag-

gregate demand is sensitive enough (to changes in the real interest rate and the real

exchange rate), increased sensitivity of money to the interest rate changes leads to a

flatter Phillips curve. In such case, a change in expected inflation is associated to a

larger change in the unemployment rate, which implies a larger sacrifice ratio.

In this chapter we concentrate on the relationship between the unemployment rate and

the expected inflation rate. This is easily derived and here we follow the presentation in
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Lounganiet al.(2001). The next chapter deals with empirical testing of the hypotheses

of this chapter using the actual inflation rate instead of expected inflation rate. The

reformulation of the Phillips curve relation into a relation between actual inflation

(πa
t ) and the unemployment rate is as follows:

πa
t ≡ pt − pt−1

= pe
t − (1− θ)

[
εmt − εyt

]
− pe

t−1 + (1− θ)
[
εmt−1 − εyt−1

]
= pe

t − pe
t−1 − (1− θ)

[
εmt − εyt

]
+ (πt−1 − π

e
t−1)

= gm − gy + εmt − εyt − (1− θ)
[
εmt − εyt

]
−

(
λ

(σ + η)(1+ λ)
+

1
1+ λ

)
ut−1

= πe
t + θ

[
εmt − εyt

]
−

(
λ

(σ + η)(1+ λ)
+

1
1+ λ

)
ut−1 (5.29)

This Phillips curve relation in terms of the actual inflation rateπa
t is the lagged right-

hand side in Equation (5.28) plus a term that depends on the excess innovation.

5.2.2 Capital Restrictions if Exchange Rates are Flexible

The interaction between unemployment and expected inflation changes if there are

no international capital flows. The capital restrictions imply that the domestic nom-

inal interest rate is determined independently from the foreign nominal interest rate.

Furthermore, the trade balance must be equal to zero by definition.

The following equation for aggregate demand can be derived from Equation (5.1).

dX
t − Xyy

d
t + Xqqt = 0 (5.30)

=⇒ yd
t =dA

t − σγrt (5.31)

where

dA
t =

d̃A
t

1− Ay

γ =
1− Ay + Xy

1− Ay
> 1

γ is the ratio of marginal propensity to save and import to the marginal propensity to

save. The autonomous demand component is defined by a stochastic process, analo-

gous to the model of the previous section:

dA
t = gy + dA

t−1 + ε
A
dt (5.32)

whereεA
dt is identically and independently distributed with zero mean.
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The real interest rate is no longer affected by the foreign capital market, but is de-

termined domestically. Aggregate demand influences the real interest rate. Conse-

quently, the nominal interest rate is influenced bydA
t . The equilibrium price level

pe
t , determined by monetary conditions, is therefore a function ofdA

t . Therefore, de-

mand shocks affect the price level. In the previous model version unexpected demand

shocks were accommodated by the real and nominal exchange rate so that the price

level was not affected. In this model, unexpected demand shocks affect the interest rate

and thereby the price level. The general price level is a weighted average ofpe
t (price

level of markets with flexible prices) and the expected level ofpe
t in the previous pe-

riod Et−1[pe
t ] (price level of markets with price contracts). Unexpected shocks affect

the price level through the markets with price contracts. In the previous subsection,

only the shocks to money and aggregate supply determined the difference between

the prices of the two kinds of markets (pe
t andEt−1[pe

t ]). In this model with capital

restrictions, demand shocks cause a change inpe
t . All variables are a function of the

stochastics of money, aggregate supply, and autonomous demand as is reflected below:

yt =ye
t +

σγ(1+ λ)
σγ + λ

(1− θ)Γt[εmt, ε
A
dt, εyt] (5.33)

pt =pe
t − (1− θ)Γt[εmt, ε

A
dt, εyt] (5.34)

πt =π
e
t + (1− θ)Γt[εmt, ε

A
dt, εyt] (5.35)

qt =qe
t +

µ

αη

σγ(1+ λ)(1− θ)
σγ + λ

Γt[εmt, ε
A
dt, εyt] (5.36)

st =se
t +

(
µ

αη

σγ(1+ λ)
σγ + λ

+ 1

)
(1− θ)Γt[εmt, ε

A
dt, εyt] (5.37)

rt =re
t −

1+ λ
σγ + λ

(1− θ)Γt[εmt, ε
A
dt, εyt] (5.38)

it =iet +

(
σγ − 1
σγ + λ

)
(1− θ)Γt[εmt, ε

A
dt, εyt] (5.39)

where

ye
t =ys

t (5.40)

pe
t =λ

[
1
σγ

(dA
t − ys

t ) + gm − gy

]
+ms

t − ys
t (5.41)

πe
t =gm − gy (5.42)

qe
t =

1
αη

(µys
t − dX

t ) (5.43)

se
t =ms

t +

(
µ

αη
−
λ + σγ

σγ

)
ys

t −

(
1
γη

dX
t −

λ

σγ
dA

t

)
− p∗ + λ(gm − gy) (5.44)
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re
t =

1
σγ

(dA
t − ys

t ) (5.45)

iet =
1
σγ

(dA
t − ys

t ) + gm − gy (5.46)

α =1− Ay − Xy

µ = − Xy

Γt[εmt, ε
A
dt, εyt] =εmt +

λ

σγ
εA

dt −
λ + σγ

σγ
εyt

Appendix 5.B contains the derivations of these equations. The expression forre
t is

implemented in the other equations.se
t now only responds to the trade balance, instead

of to both international flows of goods and capital. The equilibrium expressions ofyt,

pt, πt, rt, and it in Equations (5.33) - (5.35), (5.38), and (5.39) are similar to those

in the previous section (Equations (5.21) - (5.23), (5.26), (5.27)). The deviations from

the flex-price levels depend onσγ instead ofσ+η.σγ is the real interest rate elasticity

of aggregate demand, if capital restrictions exist. The real exchange rate follows from

the trade balance being zero, which leads to more complex expressions forst andqt

compared to Equation (5.25) and (5.24).

Graphical Illustration The IS and LM-curves are reflected in Figures 5.2 and 5.3.

A difference with the previous model version is that the IS-curve is flatter than in the

case of free capital mobility. Its slope is−1/(σγ) (versus−1/σ, given thatγ > 1). In

case prices are completely flexible, the curves intersect at (ys
t , r

e
t ) given by Equations

(5.45) and (5.40). Contrary to the previous model version, demand shocks do have an

impact onyt andrt (output and the real interest rate). A positive demand shock affects

output positively and the real interest rate negatively. The shock terms of Equations

(5.33) to (5.39) can be split into an excess money innovation and an excess demand

innovation (timesλ
σγ

):

εmt − εyt +
λ

σγ
(εA

dt − εyt)

which represents the joint money and demand shocks.

After a positive shock to the money stock, (ys
t , r

e
t ) remains unchanged. The prices and

nominal exchange rate in the flex-price situation adjust in such a way that the other

variables do not change. Out of flex-price equilibrium, the LM-curve shifts downward,

which results in a higher output level and a lower real interest rate (see Figure 5.2). As

in the previous model version, an excess money innovation leads to a price level that

is lower than the price level in case of flexible prices (pe
t ). This affects the real interest

rate negatively and the output level positively.
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Figure 5.2 Monetary shock in the model with flexible exchange rates and capital restrictions

LM

IS

y

r

rt
e

m

yt
s

nsrestrictio capital :1

σγ
−

mobility capital:
1

σ
−

rt

yt

m: monetary shock
(ys

t , r
e
t ): flex-price equilibrium

(yt, rt): non-flex-price equilibrium after monetary shock

A positive demand shock (i.e. εA
dt > εyt) implies that autonomous demand grows faster

than the supply of output. This affects the flex-price level of real interest rate. The

IS-curve shifts upward, after which the LM-curve does so as well through an adjust-

ment in pe
t and se

t , so that the output level and the output demand is adjusted to the

exogenous output supply. The economy moves to (ys
t , r

e′
t ). Then, out of the flex-price

equilibrium situation, the non-flex prices lead to changes in the general price level and

the expected inflation rate which moves the LM-curve downward. This results in a

point (yt, rt) that lies to the right and lower than the flex-price equilibrium point after

the demand shock (ys
t , r

e′
t ). This is depicted in Figure 5.3. The long-term contracts on

1− θ of all markets prevent the price level from completely adjusting upward after the

positive demand shock. The lower price level increases the real money supply, which

leads to lower levels of the nominal interest rate on the money market, given the output

level. The expected inflation rate is increased by the lower price level, which means

that the downward shift of the real interest rate is even larger than that ofit.

Phillips Curve The Phillips curve is derived as follows, analogously to Equation

(5.28) (given thatut = ye
t − yt, deviation from natural rate):

πt =π
e
t + (1− θ)Γt[εmt, ε

A
dt, εyt]

=πe
t +

σγ + λ

σγ(1+ λ)
(yt − ye

t ) = π
e
t −

(
λ

σγ(1+ λ)
+

1
1+ λ

)
ut (5.47)
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5.2 Model with Flexible Exchange Rates

Figure 5.3 Demand shock in the model with flexible exchange rates and capital restrictions
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A comparison of the slopes of Equations (5.28) and (5.47) shows that the difference

between the slopes is determined byσ, η andγ. These elasticities determine whether

the Phillips curve becomes less or more steep after implementing capital restrictions.

Recall thatσγ is the real interest rate elasticity of output in the capital restrictions

model (Equation (5.31)), and thatσ andη are the real interest elasticity and the real

exchange rate elasticity of aggregate demand in the original model without capital

restrictions (Equation (5.2)). Whether the Phillips curve becomes steeper depends on

whetherσγ is larger or smaller than the sum of the other two elasticities (σ + η). This

is determined by the elasticities of the partitioned aggregate demand in Equation (5.1).

The curve becomes steeper if:

σ + η =
Xq + Ar

1− Ay + Xy
>

Xq

1− Ay
= σγ =⇒

(1− Ay)Ar > XyXq

In terms ofσ, η andγ, if the responsiveness of aggregate demand to the interest rate in

the capital restrictions case is larger than the responsiveness of aggregate demand to

the interest rate plus the real exchange rate in the regime of free capital mobility, the

Phillips curve becomes less steep. A less steep Phillips curve means that the unem-

ployment rate becomes more sensitive to expected inflation in case capital restrictions

are implemented. So, the more sensitive output becomes to the real interest rate if
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Figure 5.4 Phillips curves under various regimes of capital restrictions – flexible exchange
rates
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Effect of capital restrictions depends on elasticities of aggregate demand (σγ <> σ + η)
σγ: real interest rate elasticity of aggregate demand in case of capital restrictions
σ + η: real interest rate plus real exchange rate elasticity of aggregate demand in case of
capital mobility
λ: interest elasticity of money demand

capital flows become restricted, the more sensitive unemployment will be to expected

inflation. An increase inσ or γ in the capital restrictions case has the same implica-

tions as an increase ofσ or η in the capital mobility case. An increased sensitivity

of output to the domestic interest rate, flattens the Phillips curve, which means that

unemployment becomes more sensitive to inflation.

The Phillips curves can be reflected as in Figure 5.4. The middle curve reflects the one

in case of no capital restrictions with slope−
(

λ
(σ+η)(1+λ) +

1
1+λ

)
. Whether an increased

λ (interest semi-elasticity of money) leads to a flatter or a steeper Phillips curve de-

pends on the size ofσγ, analogously to the capital mobility case. If the interest rate

elasticity of aggregate demand (σγ) is larger than 1, an increased sensitivity of money

to the interest rate (λ) will make the Phillips curve flatter, which means an increased

inflation-output trade-off.

5.3 Model with Fixed Exchange Rates

This chapter considers four versions of a Mundell-Fleming framework, in which we

analyse the inflation-output trade-off. The first two regimes with flexible exchange
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rates have been discussed in Section 5.2. The current section deals with the models

with a fixed nominal exchange rate.

5.3.1 Fixed Exchange Rates and Capital Mobility

Fixing the exchange rate implies that a change in the official reserves may be needed

to restore equilibrium on the balance of payments, in case of free capital mobility. A

change in the official reserves affects the money supply. If the monetary authorities

for instance decide to buy foreign currency in order to nullify exchange rate pressure,

money supply is increased. Therefore, an important distinction with the model with a

flexible exchange rate is that the supply of money cannot be set exogenously, but is

determined by money demand:

mt = pt + yt − λit (5.48)

In an economy with fully flexible prices, free trade of goods, and a fixed exchange

rate, the domestic price level will adapt to the prices of foreign goods in terms of

the domestic currency. This calls for a second deviation from the previous models. In

Section 5.2, foreign prices are fixed for reasons of simplicity. However, if exchange

rates are fixed, this would be a too restrictive simplification, because domestic prices

largely depend on foreign prices. Foreign price changes should therefore be included

and we assume that the foreign price level is a stochastic variable. We start with:

pe
t = p∗t + s̄ (5.49)

which is the purchasing power parity (PPP) condition for an economy with fixed ex-

change rates (¯s). Analogously to the stochastic processes in the previous section, for-

eign prices are assumed to be reflected by:

p∗t = gp + p∗t−1 + εpt (5.50)

wheregp is the deterministic growth rate of the foreign price level, andεpt is identi-

cally and independently distributed over time with zero mean. In the previous model

versions, wherep∗t is assumed to be constant, a stochastic process for foreign prices

could have been represented by a change in the exchange rate. Since domestic price

developments are not affected (pt is determined on the money market), the devia-

tion from the flex-price equilibrium levels due to price stickiness is not a function of

foreign price developments. Therefore a process forp∗t would not have changed the

characteristics of the model and the Phillips curve in the flexible exchange rate model

versions.
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However, if the exchange rate is fixed, unexpected shocks in foreign prices do affect

the domestic price process. This process is a source of disturbances of expected in-

flation and of price adjustments. Supply shocks in the previous model versions with

flexible exchange rates are generated by the stochastic processes ofys
t andms

t . In the

fixed exchange rate model, output is determined by demand, because prices are deter-

mined by the foreign price level. Supply shocks are generated by foreign price level

developments.

Demand shocks in all model versions are generated by the stochastics of autonomous

demand. If exchange rates are fixed, this data generating process is given by:

dt = gy + dt−1 + εdt (5.12)

So, the fixed exchange rate model has two exogenous variables (autonomous demand

(dt) and foreign prices (p∗t )) that are generated by stochastic processes, instead of three

(money supply (ms
t ), aggregate supply (ys

t ), and autonomous demand (dt or dA
t )) as in

the flexible exchange rate model.

The definitions of the real exchange rate and the real interest rate apply:

qt = s̄+ p∗t − pt (5.6)

rt = it − Et[pt+1 − pt] = it − πt (5.7)

With full capital mobility, the nominal interest rate equals the foreign interest rate plus

expected depreciation of the domestic currency. The foreign interest rate is assumed

to be constant, as in the previous model versions.

it = i∗ + Et[ s̄t+1 − s̄t] = i∗ (5.8)

Price Level The prices on markets where prices are fully flexible are immediately

adjusted to the foreign price level. On the markets where prices are set in long-term

contracts, prices are set equal to the price level that was expected to be the foreign

price level in the previous period. The general price level is therefore given by (using

Equation (5.50)):

pt =(1− θ)Et−1[p∗t + s̄] + θ(p∗t + s̄)

=(1− θ)(gp + p∗t−1 + s̄) + θ(gp + p∗t−1 + εpt + s̄)

=gp + p∗t−1 + s̄+ θεpt (5.51)

This equation shows that the domestic price level changes in a way that is similar to

the foreign price level process. Given Equations (5.50) and (5.51), the foreign and
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domestic expected inflation rates are:

πt ≡Et[pt+1 − pt]

=Et[gp + p∗t + θεpt+1 + s̄− gp − p∗t−1 − θεpt − s̄]

=Et[p
∗
t − p∗t−1 − θεpt]

=gp + (1− θ)εpt (5.52)

π∗t =Et[p
∗
t+1 − p∗t ]

=gp (5.53)

The expected domestic inflation rate is equal to the foreign one, determined by the

data generating function of the foreign prices, plus a term that depends on the error

term of the foreign price level. These terms are adjusted for the share of markets (1−θ)

that have non-flexible prices.

Goods Market The goods market can be described by:

yd
t = dt + ηqt − σrt (5.2)

dt = gy + dt−1 + εdt (5.12)

ys
t = yd

t (5.54)

The aggregate demand equation is the same as in the flexible exchange rate models

and aggregate supply is equal to aggregate demand.

Solution The model with fixed exchange rates can be solved in a similar way as

the models in the previous section by first calculating the flex-price equilibrium. The

flex-price equilibrium equation for the price level is given in Equation (5.49). The

flex-price equilibrium equation for the domestic inflation rate results from Equation

(5.52) usingθ = 1. In case domestic prices immediately adjust to the foreign price

level corrected for the fixed nominal exchange rate, the (log of the) equilibrium real

exchange rate will be zero. The nominal interest rate equals the foreign interest rate,

since there is free capital mobility and the exchange rate is fixed. In the flexible price

equilibrium, the real interest ratere
t equals the foreign nominal interest ratei∗ minus

the expected domestic inflation rateπe
t . The output levelye

t and moneyme
t are demand

determined.

This all leads to the following set of equations for the flexible price equilibrium.

pe
t = p∗t + s̄ (5.49)

πe
t = gp (5.55)
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qe
t = p∗t + s̄− pe

t = 0 (5.56)

re
t = i∗ − πe

t = i∗ − gp (5.57)

ye
t = dt + ηq

e
t − σre

t = dt − σre
t (5.58)

me
t = pe

t + ye
t − λi∗ (5.59)

Next we turn to the case whereθ < 1. Part of the markets do not adjust their prices

to the foreign price level in the current period. The differences with the flexible price

equations are represented by the error termεpt, since this term determines the error in

the expectations in the previous period, that propagates into the current year.

The solutions for the price level and the expected inflation rate are calculated by com-

bining Equations (5.51), (5.52), (5.49), and (5.55).

pt = p∗t + s̄− (1− θ)εpt

= pe
t − (1− θ)εpt (5.60)

πt = π
e
t + (1− θ)εpt (5.61)

The real exchange rate is derived from Equation (5.60), (5.49), and (5.56):

qt = s̄+ p∗t − pt

= qe
t + (1− θ)εpt = (1− θ)εpt (5.62)

In a similar way the real interest rate, the output level, and the nominal money stock

are computed:

rt = i∗ − Et(pt+1 − pt) = i∗ − πt

= i∗ − πe
t − (1− θ)εpt

= i∗ − gp − (1− θ)εpt

= re
t − (1− θ)εpt (5.63)

yt = dt + ηqt − σrt

= ye
t + σre

t + ηqt − σrt

= ye
t + σ(re

t − rt) + ηqt

= ye
t + σ(1− θ)εpt + η(1− θ)εpt

= ye
t + (σ + η)(1− θ)εpt (5.64)

mt = pt + yt − λi

= pe
t − (1− θ)εpt + ye

t + (σ + η)(1− θ)εpt − λi∗

= me
t + (σ + η − 1)(1− θ)εpt (5.65)
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5.3 Model with Fixed Exchange Rates

The equations for the non-flexible price equilibrium show that each of the variables

is affected by the unexpected changes in the foreign price level (εpt). The price level

is adjusted, compared topt , by the fraction of markets that do not adjust their prices

immediately to this unexpected shock. The expected inflation rate in Equation (5.61) is

the foreign inflation rate plus the catch-up from the domestic price level in this period

to the expected flex-price price level of the next period. Therefore, the deviations from

the flex-price equilibrium levels ofpt and πt are equal in absolute value and with

opposite sign. Analogously, since the (log of the) real exchange rate is zero in case

of PPP and flexible prices,qt is equal to the difference between the foreign and the

domestic price level if prices are non-flexible (Equation (5.62)). The real interest rate

in Equation (5.63) equals the flex-price value minus the deviation of the expected

domestic inflation rate from its equilibrium level. The non-flex-price real interest rate

is adjusted for the change in the expected domestic inflation rate. The nominal interest

rate is determined by the given foreign nominal interest rate, and remains unchanged.

Output is affected by the real interest rate and the real exchange rate elasticities of

aggregate demand. This is similar to the flexible exchange rate model in Section 5.2.1.

A difference is that in this model, output is not affected by the money market, but

is determined by demand on the goods market. Therefore the interest semi-elasticity

of money (λ) does not affect output (Equation (5.64)). The extent of the deviation of

money from the flex-price level is influenced by output. Consequently this depends on

the elasticities of output (σ andη). A change in the interest semi-elasticity of money

will change the flex-price money stock (me
t ). The deviation of money from its flex-

price level is the sum of the deviations of prices and output from their flex-price levels.

The sign of the deviation of money from its flex-price level depends on whetherσ+η >

1 orσ + η < 1.

Graphical Illustration The money stock is determined by money market equilibrium

(Equation (5.48)). The model can be represented by Figure 5.5. A demand shock can

neither be accommodated by a change of the exchange rate, nor by a change in the real

interest rate. A demand shock will therefore affect the flexible price equilibrium level

of output. The increase in autonomous demand will lead to an increase in output and

thus to an increase in the transactions demand for money. The shifts of the IS and LM-

curve following a demand shock are reflected in Figure 5.5. The point (ye′ , i∗ − πe)

is reached after money supply has been adjusted to the output level. Recall that the

demand shock only affects the flexible price equilibrium values of output and money,

and does not change the other variables. The solution in case of rigid prices, in terms

of a deviation from the flexible price equilibrium, is not influenced by a demand shock.

Unexpected changes in prices affect the domestic price level through prediction errors

made on the markets where prices are set in long-term contracts. In case of a positive
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Figure 5.5 Demand shock in the model with fixed exchange rates
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d: demand shock, this shock will shift the IS-curve directly to the right and will lead to an
increase in the demand for money
(ye

t , i
∗ − πe

t ): flex-price equilibrium
(ye′

t , i
∗ − πe

t ): flex-price equilibrium after demand shock

price shock, the price level will be lower than in the case of completely flexible prices

sincept = (1−θ)Et−1[pe
t ]+θpe

t (see Equation (5.51)). The lower price level (compared

to the flex-price levelpe
t ) shifts the IS-curve upward through an increase in the real

exchange rate: competitiveness is improved since the domestic prices are lower com-

pared to the foreign price level. The LM-curve shifts downward because of the lower

price level compared tope
t , in such a way that the new point of intersection in the

(y, r)-plane will be to the right and below the original one. So, after the positive price

shock, the lower prices result in a higher aggregate demand, a higher (ifσ + η > 1)

or lower (if σ + η < 1) money stock, a higher output level, and a lower real interest

rate, all compared to their flex-price levels. Note that the shocks first affect the flex-

price levels in the equilibrium. The change in the flex-price price levelpe
t (Equation

(5.49)) leads to a shift in moneyme
t (Equation (5.59)). The other flex-price levels are

unaffected, including (ye
t , r

e
t ). Price stickiness subsequently results in a deviation from

the flex-price levels, which is reflected by Equation (5.60) to (5.65), and illustrated in

Figure 5.6.
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5.3 Model with Fixed Exchange Rates

Figure 5.6 Price shocks in the model with fixed exchange rates
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Phillips Curve The Phillips curve in this model is:

πt = π
e
t + (1− θ)εpt

= πe
t +

1
σ + η

(yt − ye
t ) = π

e
t −

1
σ + η

ut (5.66)

If there are no price shocks (πt = π
e
t ), the unemployment rate is equal to its natural rate:

ut = 0. Since the supply of money is endogenous (Equation (5.48)), the parameters

of the money demand equation do not influence the slope of the Phillips curve. The

interaction between the unemployment rate and the expected inflation rate is only

affected by the parameters in the aggregate demand equation.

Compared to the Phillips curve of the model version with flexible exchange rates and

free capital mobility (Equation (5.28)), this slope is flatter, ifσ+η > 1. So, in case the

aggregate demand is sensitive enough to changes in the real interest rate and the real

exchange rate, unemployment becomes more sensitive toπt after fixing the exchange

rate. And vice versa: if aggregate demand is not sensitive enough to changes in the

real interest rate and the real exchange rate, unemployment becomes less sensitive to

changes inπt. This condition is derived from a comparison of both slopes:

−

(
λ

(σ + η)(1+ λ)
+

1
1+ λ

)
and −

1
σ + η
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The curves can be represented as in Figure 5.7, where the middle curve is the one of

the flexible exchange rate version. Whether the upper or the lower curve applies to

this model version depends on the size ofσ + η.

Figure 5.7 Phillips curve for fixed exchange rates, compared to Phillips curve in the flexible
exchange rate model – without capital restrictions
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Effect of fixing the exchange rates depends on elasticities of output (σ + η <> 1)
σ + η: real interest rate plus real exchange rate elasticity of aggregate demand
λ: interest elasticity of money demand

5.3.2 Capital Restrictions if Exchange Rates are Fixed

In this subsection we adjust the Mundell-Fleming model by including capital restric-

tions in the fixed exchange rate model version. Due to the lack of a capital account, a

balanced current account implies balance of payments equilibrium (given that there is

no change in the official reserves). Below we assume there is no difference between

the current account and the trade balance as we ignore the balance of returns on cap-

ital. In the model with fixed exchange rates and capital mobility, a current account

deficit could be compensated by a surplus on the capital account in order to cancel out

changes in the official reserves. Here, output must adjust to restore external balance.

The current account should be balanced, which comes down to a certain equilibrium

level of aggregate demand:

dX
t − Xyy

d
t + Xqqt = 0 (5.30)

The real interest rate follows from the absorption part of aggregate demand. The

derivation of the real interest rate is analogous to that in the model version with flex-

ible exchange rates and capital restrictions. The real interest rate based on Equation
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(5.31) is determined on the goods market:

rt =
1
σγ

(
dA

t − yt

)
The nominal interest that follows from this is:

it = πt + rt = πt +
1
σγ

(dA
t − yt)

The flexible price solution is described by:

pe
t = p∗t + s̄ (5.49)

πe
t = gp (5.55)

qe
t = p∗t + s̄− pe

t = 0 (5.56)

iet = re
t + π

e
t (5.67)

re
t =

1
σγ

(
dA

t − ye
t

)
(5.68)

ye
t =

dX
t + Xqqe

t

Xy
=

dX
t

Xy
(5.69)

me
t = pe

t + ye
t − λiet (5.70)

If unexpected shocks occur that affect the flex-price price level, the actual price level

does not equalpe
t . The implications of a shock to the foreign prices for domestic

prices, domestic expected inflation, and the real exchange rate are the same as in the

model with free capital mobility and fixed exchange rates:

pt = pe
t − (1− θ)εpt (5.60)

πt = π
e
t + (1− θ)εpt (5.61)

qt = qe
t + (1− θ)εpt (5.62)

Out of flex-price equilibrium, output is affected by the change in the real exchange

rate that follows from the deviation of prices from their flex-price level:

yt =
dX

t + Xqqt

Xy

= ye
t +

Xq

Xy
(1− θ)εpt (5.71)

So, the output level is adjusted to the current account balance. Its deviation from the

flex-price level depends on the elasticities of the current account. The real interest rate
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is determined by equilibrium on the goods market:

rt =
1
σγ

(
dA

t − yt

)
=

1
σγ

(
dA

t −

(
ye

t +
Xq

Xy
(1− θ)εpt

))
= re

t −
1
σγ

Xq

Xy
(1− θ)εpt (5.72)

The difference betweenrt and re
t depends both on the real interest rate elasticity of

aggregate demand and on the elasticities of the trade balance. The nominal interest

rate is:

it = rt + πt

= iet +

(
1−

1
σγ

Xq

Xy

)
(1− θ)εpt (5.73)

Finally, the money stock is given by:

mt = pt + yt − λit

= pe
t − (1− θ)εpt + ye

t +
Xq

Xy
(1− θ)εpt − λ(rt + πt)

= pe
t + ye

t − λ(re
t + π

e
t ) +

(
−1+

Xq

Xy
− λ

(
−

1
σγ

Xq

Xy

)
− λ

)
(1− θ)εpt

= me
t −

(
1+ λ −

Xq

Xy

σγ + λ

σγ

)
(1− θ)εpt (5.74)

Since the money stock endogenously follows from the domestically determined real

interest rate and the output level, given the price level and the expected rate of inflation,

its deviation from the flex-price level is affected by both real interest elasticities of

aggregate demand, and the elasticities of the trade balance (with respect to output

and the real exchange rate), and the interest rate elasticity of money. The sign of the

deviation fromme
t depends on the sign of:

1+ λ −
Xq

Xy

σγ + λ

σγ

Therefore it is not directly clear whether a (foreign) price shock will increase or de-

crease money supply. We will return to this issue below.

Graphical Illustration We illustrate the model in Figure 5.8. Autonomous demand

consists of both an absorption part and a trade balance part:

dt =
1

1− Ay + Xy

(
d̃A

t + dX
t

)
(5.5)
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5.3 Model with Fixed Exchange Rates

Figure 5.8 Demand shock in the model with fixed exchange rates and capital restrictions
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Note thatd̃A
t = dA

t (1− Ay). In case the autonomous demand shock concerns the trade

balance part (dX
t ), this shock is absorbed by a higher output level. A balanced current

account implies:dX
t −Xyye

t +Xqqe
t = dX

t −Xyye
t = 0. The change inye

t results in a change

in re
t as well. IfdX

t equals zero and the demand shock only concerns the absorption part

(dA
t ), the equilibrium level of output remains the same and only the real interest rate is

adjusted. The results of these demand shocks are graphically presented in Figure 5.8.

Price shocks only affect levels of prices and money in the flex-price equilibrium, as is

the case in the previous fixed exchange rate model version with free capital mobility.

Further, these shocks affect the out-of-equilibrium levels. The shifts of the IS and LM-

curves are shown by Figure 5.6.

If the monetary authorities adjust the exchange rate, the new exchange rate ¯s′ is imme-

diately implemented in the flex-price price level:pe
t = p∗t + s̄′. The actual price level

does not adjust immediately and this affects the real exchange rate so that the output

level that balances the current account is adjusted:

yt =
dX

t + Xqqt

Xy
=

dX
t + Xq(1− θ)(s̄′ − s̄)

Xy
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The effect of a revaluation or a devaluation is similar to that of a price shock. In

case of a devaluation, the actual price level is lower than the flex-price equilibrium

level. Figure 5.6 shows the effects of price shocks in the model with fixed exchange

rates. Given expressions (5.71) and (5.72) it is clear thatyt will increase andrt will

decrease due to a price shock. A positive price shock corresponds to a devaluation.

After one period, the price expectations have adjusted, so that the domestic price level

has adjusted to the new nominal exchange rate. Due to the fact that in this model, price

expectations do not depend on lagged prices, or on lagged errors in price expectations,

the effect of a devaluation has disappeared after one period. Exchange rate policy

cannot be used to influence the domestic output level. The equilibrium output level

returns to the level that is determined by autonomous demand (Equation (5.69)).

Phillips curve The Phillips curve is given by:

πt = π
e
t + (1− θ)εpt

= πe
t +

Xy

Xq
(yt − ye

t ) = π
e
t −

Xy

Xq
ut (5.75)

Figure 5.9 Phillips curve for fixed exchange rates and immobile capital, compared to Phillips
curve in the fixed exchange rate model – without capital restrictions
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Effects of fixing the exchange rate depends on elasticities of the trade balance and of
aggregate demand
Xq: real exchange rate elasticity of the trade balance
Xy: income elasticity of the trade balance
σ + η: real interest rate plus real exchange rate elasticity of aggregate demand
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We compare the Phillips curve slope of the model version with fixed exchange rates

and capital mobility with the slope in Equation (5.75):

−
1

σ + η
versus −

Xy

Xq

We can rewrite the second slope in terms of the structural model parameters in the

following way (see Equation (5.3) and (5.4)):

−
Xy

Xq
= −

1
η
+

1− Ay

Xq

This shows that in case the real exchange rate elasticity of the trade balance (Xq) is

high compared to the marginal propensity to save (1− Ay) (so 1−Ay

Xq
≈ 0), the Phillips

curve is steepened by the introduction of capital restrictions. Figure 5.9 shows the

Phillips curves for both model versions with fixed exchange rates.

A comparison of the present slope with the slope of the Phillips curve of the model

version with flexible exchange rates and capital restrictions leads to the following:

−

(
λ

σγ(1+ λ)
+

1
1+ λ

)
versus −

Xy

Xq

The condition for an increased inflation-output trade-off in terms of the structural

model parameters can be reflected as follows: fixing the exchange rate in case of cap-

ital restrictions leads to a flatter Phillips curve if:

−

(
λ

σγ(1+ λ)
+

1
1+ λ

)
= −

λ + Ar
1−Ay

Ar
1−Ay

(1+ λ)
= −

λ(1− Ay) + Ar

Ar (1+ λ)
< −

Xy

Xq

This condition is equivalent to:

Xyσγ(1+ λ) < Xq(λ + σγ)

Figure 5.10 contains the Phillips curves of the models with capital restrictions, both

the flexible exchange rate version and the fixed exchange rate version.

Concluding, in this model version we make two comparisons with respect to the

Phillips curve slope. In the first, we consider the effect of capital restrictions in a

fixed exchange rate regime. The ratio of the two elasticities of the trade balance are

compared to the sum of the real interest rate and real exchange rate elasticities of ag-

gregate demand in case of free capital mobility. In the second comparison, we consider

the effect of fixing the exchange rate in a regime without international capital flows. In

this case, the shift of the Phillips curve slope depends on elasticities of output, money,

and the trade balance.

97



5 Effects of Capital Restrictions and Exchange Rate Flexibility on the Inflation-Output Trade-off

Figure 5.10 Phillips curve for fixed exchange rates and immobile capital, compared to
Phillips curve in the flexible exchange rate model – with immobile capital
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Effects of fixing the exchange rate depends on elasticities of output, of money, and of the
trade balance
σγ: real interest rate elasticity of aggregate demand in case of capital restrictions
σ + η: real interest rate plus real exchange rate elasticity of aggregate demand
λ: interest elasticity of money demand
Xq: real exchange rate elasticity of the trade balance
Xy: income elasticity of the trade balance

5.4 Conclusions

We have calculated the Phillips curve equation for each of the four regimes we distin-

guish. The four regimes are determined by the existence or non-existence of capital

restrictions and by whether or not the exchange rate is fixed. Each of the regimes con-

tains two or only one of the three monetary regime characteristics that are mentioned

in Section 5.1: fixed exchange rates, free capital mobility, and independent monetary

policy. In the first regime (flexible exchange rates and no capital restrictions) two of the

possible characteristics apply: free capital mobility and independent monetary policy

(mt = ms
t ). In the second regime (flexible exchange rates and capital restrictions) only

independent monetary policy exists (mt = ms
t ). The third model version contains two

characteristics: fixed exchange rates and free capital mobility. Finally, in the fourth

regime (fixed exchange rates and capital restrictions), one characteristic applies: fixed

exchange rates.

Table 5.1 shows each of the four accompanying Phillips curves. Their slopes are a

function of the real interest rate and real exchange rate elasticities of aggregate de-

mand, of the nominal interest rate elasticity of money demand, and of the real ex-

change rate and income elasticity of the trade balance. The effects of implementing
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5.4 Conclusions

Table 5.1 Four Phillips curve equations

flexible exchange rates fixed exchange rates

πt = π
e
t −

(
λ

(σ+η)(1+λ) +
1

1+λ

)
ut πt = π

e
t −

1
σ+η

ut

capital
mobility Equation (5.28) Equation (5.66)

(πe
t = gm − gy) (πe

t = gp)

πt = π
e
t −

(
λ

σγ(1+λ) +
1

1+λ

)
ut πt = π

e
t −

Xy

Xq
ut

capital
restrictions Equation (5.47) Equation (5.75)

(πe
t = gm − gy) (πe

t = gp)

πt: expected inflation rate;πe
t : flex-price expected inflation rate;ut: unemployment rate;

σ + η: real interest rate plus real exchange rate elasticity of aggregate demand;λ: interest
elasticity of money demand;σγ: real interest rate elasticity of aggregate demand in case of
capital restrictions;Xy: income elasticity of the trade balance;Xq: real exchange rate
elasticity of the trade balance;gm,gy,gp: deterministic growth rates of money,
aggregate supply, and foreign price level

capital restrictions or fixing the exchange rate on the Phillips curve slopes are sum-

marised in Table 5.2. The effects depend on the above mentioned elasticities. In this

chapter, the unemployment rate is its deviation from the natural rate of unemployment,

which is defined as excess output capacity (ye
t − yt).

The inflation-output trade-off is decreased by capital restrictions in the flexible ex-

change rate case ifσγ < σ + η. This condition says that the interest rate elasticity

of aggregate demand in the capital restrictions case is smaller than the sum of the

real interest rate and the real exchange rate elasticity of demand in the capital mobil-

ity case (see Equations (5.31) and (5.2)). The inflation-output trade-off is increased if

σγ > σ + η. These effects are presented in the first part of Table 5.2.

The effect on the Phillips curve relation of capital restrictions in a fixed exchange rate

regime depends on the values ofXq/Xy andσ + η. In other words, the effect depends

on the ratio of the real exchange rate elasticity to the income elasticity of the trade

balance in case of capital restrictions versus the sum of the real interest rate and the

real exchange rate elasticity of aggregate demand if capital is mobile. IfXq > Xy(σ+η),

the trade-off is increased by the capital restrictions. This is summarised in the second

part of Table 5.2.

The third part of this table shows the effects of fixing the exchange rates if there is free

capital mobility. If the sum of the real interest rate and the real exchange rate elasticity
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Table 5.2 Effects on the inflation-output trade-off of capital restrictions and exchange rate
regime

flexible exchange
rates

capital restrictions
σγ < σ + η

}
→

inflation-output
trade-off ↓

capital restrictions
σγ > σ + η

}
→

inflation-output
trade-off ↑

fixed exchange
rates

capital restrictions
Xq < Xy(σ + η)

}
→

inflation-output
trade-off ↓

capital restrictions
Xq > Xy(σ + η)

}
→

inflation-output
trade-off ↑

capital mobility
fixing exchange rates
σ + η < 1

}
→

inflation-output
trade-off ↓

fixing exchange rates
σ + η > 1

}
→

inflation-output
trade-off ↑

capital restrictions
fixing exchange rates
Xyσγ(1+ λ) > Xq(λ + σγ)

}
→

inflation-output
trade-off ↓

fixing exchange rates
Xyσγ(1+ λ) < Xq(λ + σγ)

}
→

inflation-output
trade-off ↑

σ + η: real interest rate plus real exchange rate elasticity of aggregate demand;λ: interest
elasticity of money demand;σγ: real interest rate elasticity of aggregate demand in case
of capital restrictions;Xy: income elasticity of the trade balance;Xq: real exchange rate
elasticity of the trade balance

of demand is smaller than unity, the trade-off becomes smaller. If this sum,σ + η, is

larger than unity, the trade-off is increased.

Finally, if there are no international capital flows, the effect of fixing the exchange rate

on the Phillips curve relation depends on a condition in which all elasticities of both

model versions in question are captured. IfXyσγ(1+ λ) > (<)Xq(λ + σγ), then fixing

the exchange rate leads to a smaller (bigger) trade-off.
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5 Appendix

Appendix 5.A: Model Solution – Flexible Exchange

Rates

The Razin model of Equation (5.2) to (5.13) is solved by first determining the equilib-

rium for θ = 1, i.e. for full price flexibility. For the description of the solution method

below, we refer to Chapter 4 of Frenkel and Razin (1996).

Appendix 5.A.1: Equilibrium with Flexible Prices ( θ = 1)

If prices are fully flexible, output is equal to aggregate supply:

ye
t = ys

t (5.14)

The expected rate of inflation is equal to the actual rate of inflation. Ifθ = 1, this is

equal to the difference between expected money growth and output growth:

πe
t ≡ Et[p

e
t+1 − pe

t ] = gm − gy (5.16)

The foreign price level is constant. The domestic real interest rate is equal to the for-

eign interest rate, because of uncovered interest rate parity (UIP) and international

trade (IT) that induces the domestic and foreign prices (in terms of domestic cur-

rency) to move towards each other’s levels. IT implies that the expected price change

of domestic goods equal the price change of foreign goods, in terms of the domes-

tic currency. Since the foreign price level is assumed to be constant, this means that

the expected change in the domestic price level equals the expected change of the

exchange rate.

UIP: it = rt + πt = i∗ + Et[st+1 − st] ⇐⇒

IT: πt = Et[st+1 − st] =⇒

re
t = i∗ (5.19)

The nominal interest rate is equal to the foreign nominal interest rate plus the expected

depreciation. This equality plus the equilibrium equations forre
t andπe

t leads to:

iet = i∗ + Et[s
e
t+1 − se

t ] = i∗ + Et[p
e
t+1 − pe

t ] = i∗ + πe
t

= i∗ + gm − gy (5.20)

The equilibrium price level is determined by money market equilibrium:

pe
t = ms

t − ys
t + λiet

= ms
t − ys

t + λ(i∗ + gm − gy) (5.15)
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The equation for the real exchange rate is derived from the aggregate demand Equa-

tions (5.2), (5.19), and (5.14):

qe
t =

1
η

(ys
t − dt + σi∗) (5.17)

Finally, the equilibrium level of the nominal exchange rate follows from equations

(5.15) and (5.17) and the definition of the real exchange rate.

qt = st + p∗ − pt ⇐⇒

se
t = qe

t + pe
t − p∗

= ms
t +

(
1
η
− 1

)
ys

t −
1
η

dt +

(
σ

η
+ λ

)
i∗ − p∗ + λ(gm − gy) (5.18)

Appendix 5.A.2: Equilibrium with Non-Flexible Prices (θ ∈ [0,1))

In case prices are partly determined by expectations made in the previous period, the

levels of the variables may differ from the solution in the section above. The expec-

tations are based on expected money and supply shocks being equal to zero;i.e. εmt

andεyt have a zero mean. The outcome of the model is determined by the unexpected

shocks to money and aggregate supply.

The price level out of flex-price equilibrium is reached by adding and subtracting the

term pe
t in Equation (5.10) and rearranging terms:

pt =(1− θ)Et−1[pe
t ] + θpe

t + pe
t − pe

t

=pe
t + (1− θ)(Et−1[pe

t ] − pe
t )

=pe
t + (1− θ)[Et−1[ms

t − ys
t + λ(i∗ + gm − gy)]

− (ms
t − ys

t + λ(i∗ + gm − gy))]

=pe
t − (1− θ)

[
εmt − εyt

]
(5.22)

Then the equation forπt follows from Equation (5.22):

πt − π
e
t = Et[pt+1 − pt] − Et[p

e
t+1 − pe

t ]

= Et[pt+1 − pe
t+1] − Et[pt − pe

t ]

= −Et[pt − pe
t ] ⇐⇒

πt = π
e
t + (1− θ)[εmt − εyt] (5.23)

The derivation forqt takes somewhat more effort. The aim is to find an expression for

the difference betweenqt andqe
t . We start with using Equations (5.2) and (5.17), in
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combination with Equations (5.8) and (5.6):

η(qt − qe
t ) = yd

t − ys
t − dt + dt + σrt − σi∗

= yd
t − ys

t + σ(it − Et[pt+1 − pt] − i∗)

= yd
t − ys

t + σ(Et[it − i∗] − Et[pt+1 − pt])

= yd
t − ys

t + σ(Et[st+1 − st] − Et[pt+1 − pt])

= yd
t − ys

t + σ(Et[qt+1 − qt]) (5.76)

Next we derive an expression foryd
t − ys

t using Equations (5.2) and (5.14):

yd
t − ys

t = ms
t − pt + λ(i∗ + Et[st+1 − st]) −ms

t + pe
t − λ(i∗ + gm − gy)

= pe
t − pt + λEt[st+1 − st] − λ(gm − gy)

= pe
t − pt + λEt[st+1 − st] − λ(pe

t+1 − pe
t )

= pe
t − pt + λEt[qt+1 − qt] + λEt[pt+1 − pt] − λ(pe

t+1 − pe
t )

= pe
t − pt + λEt[qt+1 − qt] + λEt[pt+1 − pe

t+1] − λ(pt − pe
t )

= (1+ λ)(pe
t − pt) + λEt[qt+1 − qt] (5.77)

Equation (5.77) inserted into (5.76) leads to:

η(qt − qe
t ) = (1+ λ)(1− θ)(εmt − εyt) + (λ + σ)Et[qt+1 − qt] (5.78)

Since

Et[q
e
t+1] = Et

[
1
η

(ys
t+1 − dt+1 + σi∗)

]
= Et

[
1
η

(gy + ys
t + εyt+1 − gy − dt − εdt+1 + σi∗)

]
=

1
η

(ys
t − dt + σi∗) = qe

t

η(qt −qe
t ) can be rewritten as follows (adding two terms -(λ+σ)Et[qe

t+1] and (λ+σ)qe
t

that add up to 0 in Equation (5.78)):

η(qt − qe
t ) =(1+ λ)(1− θ)(εmt − εyt) + (λ + σ)Et[qt+1 − qt]

− (λ + σ)Et[q
e
t+1] + (λ + σ)qe

t

=(1+ λ)(1− θ)(εmt − εyt)

+ (λ + σ)
[
Et[qt+1 − qe

t+1] − (qt − qe
t )
]

(5.79)

We consider this to be an expression with an unknown variable (qt −qe
t ). We guess the

solution

qt − qe
t = κ(εmt − εyt)
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This leads to, if inserted in Equation (5.79),

ηκ(εmt − εyt) =(1+ λ)(1− θ)(εmt − εyt)

+ (λ + σ)
[
Etκ[εmt+1 − εyt+1] − κ(εmt − εyt)

]
= [(1+ λ)(1− θ) − (λ + σ)κ] (εmt − εyt)⇐⇒

ηκ =(1+ λ)(1− θ) − (λ + σ)κ ⇐⇒

(η + λ + σ)κ =(1+ λ)(1− θ)⇐⇒

κ =
(1+ λ)(1− θ)
η + λ + σ

This expression forκ combined with the guess solution forqt − qe
t gives:

qt = qe
t +

1+ λ
η + λ + σ

(1− θ)(εmt − εyt) (5.24)

With the equations forpt andqt we can derivest
e, sincest = qt + p∗ − pt:

st − se
t = qt − qe

t + pt − pe
t

=

(
1+ λ

η + λ + σ
− 1

)
(1− θ)(εmt − εyt)

=

(
1− σ − η
η + λ + σ

)
(1− θ)(εmt − εyt)⇐⇒

st = se
t +

(
1− σ − η
η + λ + σ

)
(1− θ)(εmt − εyt) (5.25)

With the condition of UIP (it = i∗ + Et(st+1 − st)) and the foreign interest rate being

constant, we can derive the equation forit :

it − iet = Et[st+1 − st] − Et[s
e
t+1 − se

t ]

= Et[st+1 − se
t+1] − Et[st − se

t ]

= 0− (st − se
t )

=

(
σ + η − 1
η + λ + σ

)
(1− θ)(εmt − εyt)⇐⇒

it = iet +

(
σ + η − 1
η + λ + σ

)
(1− θ)(εmt − εyt) (5.26)
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The derivation of an equation forrt needs the equations foriet andπe
t :

rt − re
t = it − iet − (πt − π

e
t )

=

(
σ + η − 1
η + λ + σ

− 1

)
(1− θ)(εmt − εyt)

=

(
−1− λ
η + λ + σ

)
(1− θ)(εmt − εyt)

= −

(
1+ λ

η + λ + σ

)
(1− θ)(εmt − εyt)⇐⇒

rt = re
t −

(
1+ λ

η + λ + σ

)
(1− θ)(εmt − εyt) (5.27)

Finally, yt can be derived by using the money market equilibrium equation.

yt − ye
t = ms

t −ms
t − (pt − pe

t ) + λ(it − iet )

=

(
1+

λ(σ + η − 1)
η + λ + σ

)
(1− θ)(εmt − εyt)

= (η + σ)

(
1+ λ

η + λ + σ

)
(1− θ)(εmt − εyt)⇐⇒

yt = ye
t + (η + σ)

(
1+ λ

η + λ + σ

)
(1− θ)(εmt − εyt) (5.21)
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Appendix 5.B: Model Solution – Flexible Exchange

Rates and Capital Restrictions

We start with the aggregate demand equation in Equation (5.1) whereyd is partitioned

into absorption and the trade balance.

yd
t =

(
d̃A

t + Ayy
d
t − Ar rt

)
+

(
dX

t − Xyy
d
t + Xqqt

)
=d̃A

t + Ayy
d
t + Ar rt =⇒

yd
t =dA

t − σγrt (5.31)

where

dA
t =

d̃A
t

1− Ay

γ =
1− Ay + Xy

1− Ay
> 1

σ =
Ar

1− Ay + Xy
> 0

Ay,Ar ,Xy,Xq > 0

Appendix 5.B.1: Equilibrium with Flexible Prices

First we solve the model forθ = 1 (prices fully flexible). Output is then supply deter-

mined:

ye
t = ys

t (5.40)

The real exchange rate is determined by the trade balance (Equation (5.30) in Section

5.2.2) and the real interest rate by aggregate demand (Equation (5.31)):

qe
t =

1
αη

(µys
t − dX

t ) (5.43)

re
t =

1
σγ

(dA
t − ys

t ) (5.45)

where

µ = Xy

α = 1− Ay + Xy

η =
Xq

1− Ay + Xy
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The expected inflation rate is equal to the difference between the deterministic growth

rates of the money and output supply processes. The nominal interest rate is defined as

the sum of the real interest rate in Equation (5.45) plus this expected rate of inflation:

πe
t = gm − gy (5.42)

iet =
1
σγ

(dA
t − ys

t ) + gm − gy (5.46)

The price level is determined by money market equilibrium. Equation (5.46) in (5.9)

in Section 5.2.1:

pe
t = λ

[
1
σγ

(dA
t − ys

t ) + gm − gy

]
+ms

t − ys
t (5.41)

Finally, the equation for the equilibrium nominal exchange rate results from inserting

the equations forpe
t andqe

t in the definition of the real exchange rate:

se
t = qe

t − p∗ + pe
t

= ms
t +

(
µ

αη
−
λ + σγ

σγ

)
ys

t −

(
1
γη

dX
t −

λ

σγ
dA

t

)
− p∗ + λ(gm − gy) (5.44)

Appendix 5.B.2: Equilibrium with Non-Flexible Prices

The model’s equilibrium values in case of non-flexible prices can be expressed as the

deviation from the level in case of fully flexible prices. The equation for the actual

price level is derived from its definition plus adding and rearranging terms:

pt =(1− θ)Et−1[pe
t ] + θpe

t + pe
t − pe

t

=pe
t + (1− θ)(Et−1[pe

t ] − pe
t )

=pe
t + (1− θ)

[
Et−1

[
ms

t − ys
t + λ(

1
σγ

(dA
t − ys

t ) + gm − gy)

]
− (ms

t − ys
t + λ(

1
σγ

(dA
t − ys

t ) + gm − gy))
]

=pe
t + (1− θ)

[
−εmt + εyt −

λ

σγ
εA

dt +
λ

σγ
εyt

]
=pe

t − (1− θ)

[
εmt +

λ

σγ
εA

dt −
λ + σγ

σγ
εyt

]
(5.34)

The expected inflation rate is defined byπt = Et−1[pt] − pt, which leads with the

equation forpt to:

πt = π
e
t + Et[pt+1 − pt] − Et[p

e
t+1 − pe

t ]
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= πe
t − (pt − pe

t )

= πe
t + (1− θ)

[
εmt +

λ

σγ
εA

dt −
λ + σγ

σγ
εyt

]
(5.35)

yt andrt are solved by using the aggregate demand equation and the money market

equilibrium:

yt − ye
t = −σγ(rt − re

t )

and

yt − ye
t = ms

t − pt + λit − (ms
t − pe

t + λiet )

= −(pt − pe
t ) + λ(it − iet )

= −(pt − pe
t ) + λ(rt − re

t ) + λ(πt − π
e
t )

This leads to:

−σγ(rt − re
t ) = −(pt − pe

t ) + λ(rt − re
t ) + λ(πt − π

e
t )⇐⇒

rt = re
t −

(1− θ) + λ(1− θ)
σγ + λ

[
εmt +

λ

σγ
εA

dt −
λ + σγ

σγ
εyt

]
⇐⇒ (5.38)

yt = ye
t +

σγ(1+ λ)(1− θ)
σγ + λ

[
εmt +

λ

σγ
εA

dt −
λ + σγ

σγ
εyt

]
(5.33)

From Equation (5.30) (trade balance equal to zero, Section 5.2.2) and the equation for

yt, the equation forqt can be derived:

dX
t − µyd

t + αηqt = 0 =⇒

µ(yt − ye
t ) =αη(qt − qe

t )⇐⇒

qt =qe
t +

µ

αη

σγ(1+ λ)(1− θ)
σγ + λ

[
εmt +

λ

σγ
εA

dt −
λ + σγ

σγ
εyt

]
(5.36)

The nominal interest rate equation follows from the definition of the real interest rate:

it − iet = (rt − re
t ) + (πt − π

e
t )

=

(
−(1+ λ)
σγ + λ

+ 1

)
(1− θ)

[
εmt +

λ

σγ
εA

dt −
λ + σγ

σγ
εyt

]
=

(
σγ − 1
σγ + λ

)
(1− θ)

[
εmt +

λ

σγ
εA

dt −
λ + σγ

σγ
εyt

]
⇐⇒

it = iet +

(
σγ − 1
σγ + λ

)
(1− θ)

[
εmt +

λ

σγ
εA

dt −
λ + σγ

σγ
εyt

]
(5.39)
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Chapter 6

Capital and Foreign Exchange

Market Effects on European

Inflation-Output Trade-o ffs

6.1 Introduction

In this chapter we present the estimation results of the Phillips curve models described

in Chapter 5. We will illustrate the differences between the various regimes of ex-

change rate mechanisms and degrees of capital mobility in terms of the (estimated)

slopes of the Phillips curve. Our example countries are identical to the ones used in

Chapter 4.

The effects of the capital market and currency market characteristics are not unam-

biguous. Whether a regime shift steepens or flattens the Phillips curve depends on the

real interest and real exchange rate elasticities of aggregate demand and on the real

exchange rate and output elasticity of the trade balance (see Section 5.4). If for exam-

ple the real exchange rate elasticity of output in case of capital restrictions is higher

than the sum of the real exchange rate and real interest rate elasticity of output in case

of capital mobility in case of a flexible exchange rate regime (σγ > σ+η), the Phillips

curve flattens. Higher sensitivity of aggregate demand to the real interest rate and the

real exchange rate increases the sensitivity of unemployment to the inflation rate.
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This chapter is structured as follows. Section 6.2 deals with the subsequent episodes

of regimes on the capital and currency market since the end of the 19th century. The

distinction that is made in Chapter 5 between absence of capital flows and completely

free capital mobility is not in accordance with regimes that can be observed in real-

ity. With respect to the capital market, we can distinguish between regimes in which

capital mobility is relatively well developed and regimes in which capital mobility is

relatively low. Section 6.3 deals the hypotheses we want to test. Section 6.4 describes

the data we use to discern between exchange rate and capital mobility regimes. The

estimation method is described in Section 6.5. Section 6.6 presents the results, and

Section 6.7 concludes this chapter.

6.2 Monetary Regimes

This section considers the regimes ruling the sample countries since the end of the 19th

century. We have subdivided the sample into four subperiods. The first two subperiods,

the pre-World War I period and the Interbellum, are characterised by the Gold Stan-

dard. The third period starts after World War II and ends around 1970 and is mainly

characterised by the Bretton Woods system. The last period is the remaining part un-

til 1998 in which the European economic and monetary integration further developed

with the implementation of one currency in 1999, in five out of the six countries of the

data set.

Gold Standard The United Kingdom implemented the Gold Standard in the 18th

century. The rest of Europe entered it in the 1870s. Each country defined its currency

in terms of a fixed weight of gold, which is equivalent to using a fixed gold price.

The participating countries committed themselves to the fixed parity with an escape

clause that was used in case of major shocks. International movements of gold were

unrestricted and there was a rule that linked the amount of money to that of gold, which

implied that given the amount of gold, the amount of money was limited. The largest

European countries had the strongest commitment to the Gold Standard, whereas in

smaller countries domestic pressures more often led to an adjustment of the exchange

rate. Many countries used the pound sterling as an international reserve currency.

In theory the balancing mechanism of the classical Gold Standard works as follows.

In case of a trade surplus, gold flows into the country, which causes an expansion of

the money stock and amount of credit. This causes inflationary pressures in the short

run because an expansion of domestic production takes time. The price increases re-

duce the international competitiveness, which decreases the trade surplus. In reality
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the mechanism did not work as smooth as described, but especially in the largest

countries, as Germany, France, and the United Kingdom, the Gold Standard func-

tioned satisfactorily. Observation of the actual central bank activities shows that the

gold flows were not as large as one would expect. Central banks applied a set of ‘rules

of the game’, which they had learned to be effective under the Gold Standard. Their

open market operations reduced the need for international gold flows. Another aspect

of the theory that did not show up in reality is the growth of the total amount of gold

induced by overall economic growth in the participating countries. The growth of the

gold stock was more subject to incidental discoveries and by new settlements at the

frontier in the U.S.A. However, this mismatch between theory and empirics did not

break down the operation of the Gold Standard since new large discoveries of gold

and output growth happened to match rather well (Bordo and Schwartz, 1996).

The interest rates in this period were stable at a relatively low level and interest rate

differences among countries under the Gold Standard were small. The behaviour of

inflation rates was more volatile in the short run, but around a stable low rate. The fact

that shocks could in principal not be accommodated by the exchange rate caused a

rather high real output variability.

Interbellum In the first years after WWI, a system of free-floating exchange rates

existed. Although it was highly unsatisfactory in terms of the balance of payments

developments, it took a number of conferences and a lot of negotiations to develop

a system that could be made operative. Developments such as the rise of labour par-

ties and extended trade unification led to a diminished confidence in the autonomy of

monetary policy. The link between monetary policy and unemployment made that de-

cisions by central bankers were regarded as political. However, after years of financial

chaos and (high) inflation, the aversion towards central bank independence decreased

and willingness to re-enter the Gold Standard evolved. The United Kingdom and the

Netherlands succeeded in restoring their pre-war parity and they were joined by other

European countries after 1925 in a New Gold Standard. The system did not function

nearly as well as the pre-war system. High unemployment that was caused by a strict

interest rate policy in order to protect the exchange rate caused political pressures on

the monetary authorities. In the pre-war period, the escape clause gave governments

the possibility to put off convertibility for a short period of time if necessary. In case

convertibility was abandoned, the central bank could use seigniorage to finance its

expenditures. This could take place in combination with an exchange rate change.

Now, governments hesitated to put off convertibility. The absence of the possibility

of independent monetary policy in order to restore external balances made the use of

the escape clause ineffective. Germany and the United Kingdom left the Gold Stan-

dard again in 1931. A group of countries, united in the so-called Gold Bloc, remained
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in the system. Of these countries, Belgium suspended the gold standard in 1935 and

the others, France, the Netherlands, Italy, and Switzerland, did so in 1936 (seee.g.

Kindleberger, 1993).

Post WWII The data range we use for the estimations in this chapter starts in 1960.

The decade following this year is characterised by the Bretton Woods system in which

the Western European currencies were pegged to the dollar. The Bretton Woods Agree-

ment was signed in 1944 and effectuated in 1959. The agreement described actions to

be taken in a situation of fundamental disequilibrium. It was arranged that the outcome

of consultations with the International Monetary Fund (IMF) would decide whether a

situation was severe enough to be called a fundamental disequilibrium and whether a

revaluation or devaluation would therefore be legitimate. The U.S. dollar became the

key currency and a reserve currency for the other countries. The dollar was expressed

in terms of gold and the other currencies were fixed in terms of the dollar. The Bret-

ton Woods system contained measures of regulation of capital flows in order to cope

with (speculative) market pressures. However, the absence of a clear description of a

situation in which a devaluation was allowed caused speculative attacks in times of

(possible) parity changes.

In the late 1960s the robustness of the monetary policy in the U.S.A. declined with

respect to monetary stability. This led to an increase of the rigidity of the exchange

rate by withstanding pressure to devalue in order to sustain the credibility in the U.S.

monetary authorities’ commitment to the Bretton Woods system (Eichengreen, 1994).

In 1967 the United Kingdom experienced a sterling crisis, after which the exchange

rate to the U.S. dollar stayed at a higher fixed rate until 1971. In 1970-1971 financial

destabilisation resulted in the factual end of the Bretton Woods system. The U.S.A.

had lowered the interest rate in order to stimulate short-term growth with elections

coming up in 1972. American investors brought their dollars to the eurodollar market

where the interest rate was higher. Germany had increased its interest rate in fighting

inflation. The difference in interest rates caused German borrowers to replace their

loans by loans obtained on the eurodollar market in London. These actions of Amer-

ican lenders and European borrowers resulted in an acceleration of the balance of

payment deficit of the U.S.A. from 20 billion dollar in 1970 to 30 billion dollar in

1971. In 1973 the exchange rate of the dollar was set free to float.

The European integration towards the European Monetary Union (EMU) was a pro-

cess that did not start as a replacement of the Bretton Woods system after its ending.

Already in the late 1940s and in the 1950s, European countries agreed to cooperate

with each other in several economic and political fields. In 1948 the Benelux was

established. Its aims were stimulation of international trade and a broadening of con-

vertibility of European currencies. In the same year the Organisation for European
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Economic Cooperation (OEEC) was established whose task it was to divide donations

of the Marshall Plan (MP) among European countries. The execution of the MP can

also be seen as having been beneficial for the integration among European countries.

These had to cooperate in the OEEC. Furthermore, the U.S.A. demanded commitment

to the market system in their bilateral agreements with European countries because it

would in their opinion be beneficial for Europe’s reconstruction. This implied a same

kind of rearrangement in the economic system among the European countries, which

made them more similar.

In 1951 the European Coal and Steel Community (ECSC) was established. The par-

ticipating countries were those of the Benelux, West-Germany, France, and Italy. This

community had several supranational governmental institutions that were a first step

towards a complete European community. The ECSC was the forerunner of the Euro-

pean Economic Community (EEC), which was established in 1957 with the signing

of the Treaty of Rome. Its objectives were to establish a common European market by

convergence of the economic policies, stability in Europe, increased living standards,

and political integration. Already in the early 1960s, there were plans for monetary

integration towards an EMU. However, it lasted until 1971 before political decisions

were made on the procedure towards monetary integration. The objectives of the union

that were stated were convertibility of currencies, a system of central banks, integrated

economic policy on community level, and subjection of the common monetary policy

to the European Parliament.

In the exchange rate arrangement among European Community currencies in the

1970s, it was agreed to let the currencies float in a margin of 2.25% below and above

parity. The countries that participated in the IMF set their currencies on a parity in

terms of the U.S. dollar. In 1979, after a period in which two breakdowns of the

exchange rate arrangement had taken place, the European Monetary System (EMS)

was established. In this system unilateral intervention took place in case of a possible

crossing of the margins of 2.25% below and above parity of a currency. The parity

was set in terms of the ECU (European Currency Unit) of which the value was based

on all currencies in the system. In the same year, the United Kingdom was the first to

radically resolve restrictions on capital flows after two decades of a fluctuating num-

ber of effective capital restrictions among European countries. It would last until the

early 1990s before full liberalisation was achieved.

In the late 1970s the process towards a monetary union came to a standstill. There

were some gradual developments in the 1980s though, towards a common market and

towards political integration. In this process, capital restrictions were released. The

increased cooperation among the member states led to a restart of consultations on the

establishment of an Economic and Monetary Union (EMU). In 1990 the first of three
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stages was started that were to result into a union as described in the Delors report

that was presented in 1989. Economic and political cooperation was to be intensified

during this stage. Furthermore, all EC countries were to enter the ERM (Exchange

Rate Mechanism). Stage 2 was started in 1994, after the Maastricht Treaty had come

into effect in November 1993. During this stage, budgetary and monetary policies had

to converge further. The European Monetary Institute (EMI) was established, which is

the forerunner of the European System of Central Banks (ESCB), which includes the

European Central Bank and the national central banks of the member states of the EU

(see Vanthoor, 1996, for a more elaborated description of post-war developments in

Europe). The last stage was entered in 1999 when the currencies of the participating

countries were irreversibly attached to each other.

Regime Division The empirical work presented in this chapter deals with the con-

sequences of both exchange rate regime changes and changes in degrees of capital

mobility. Figure 6.1 contains the graphs of the exchange rates in the period 1960-

1998. The exchange rates are expressed as German Mark to the domestic currency,

for Germany as the German Mark to the U.S. Dollar, and for the United Kingdom the

U.S. Dollar to the British Pound. The reason for choosing the U.S. Dollar to the British

Pound series is that exchange rate policy was aimed at this exchange rate during the

Bretton Woods period and the United Kingdom did not participate in the EMS as the

other countries did. The devaluation of the British Pound in 1967 during the sterling

crisis is clearly visible.

The exchange rate of the German Mark against the US dollar is assumed to be the

appropriate series to determine the exchange rate regime. Until 1971 exchange rate

regimes operated symmetrically: with a fixed dollar parity any currency had to adjust

to the dollar standard. During the ERM among European countries, there were sym-

metric agreements about interventions to support the exchange rate in terms of the

ECU. This would mean that if an exchange rate is fixed for one country, it will be

considered fixed for the other as well. However, in case one of the countries acts as

a leader and the others as the followers, the followers can consider the exchange rate

to be fixed while the leader can perform as if the exchange rate of its domestic cur-

rency against foreign currencies were flexible. Buiter and Corsetti (1995) formulate

a model with which realignments in the ERM can be explained. The periphery coun-

tries (followers) in this model cooperate in such a way that all costs and benefits in

protecting the fixed exchange rate after a shock are equally divided. They argue that a

shock to the so-called center country (leader) may cause an exchange rate crisis due to

a rational choice of the periphery for non-cooperation. The ERM crisis of 1992-1993

is consistent with the model outcome where Germany is regarded as the center coun-

try. Therefore, we conclude that the exchange rate for Germany cannot be considered
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Figure 6.1 Exchange rates: 1960-1998
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fixed in the ERM in the way as we do for the other countries, and therefore we choose

the Mark-Dollar rate as the exchange rate that reflects the exchange rate regime for

Germany.

The exchange rates of the Western European currencies in terms of each other and also

of the American dollar became flexible after the break down of the Bretton Woods

system in 1969 (and 1971 for the United Kingdom). The exchange rate system was

not one of freely floating rates, but of managed floating exchange rates since there

were margins between which the exchange rates were to be held. The years in which a

second fixed exchange rate period started does not correspond with the ERM that was

based on the ECU or the DM (Deutschmark). Except for the United Kingdom, these

countries entered the ERM on 13 March 1979. After this date it takes in most cases a

number of years before the course of the exchange rate behaves as a fixed rate.
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During the 1960s and 1970s capital restrictions were applied, whereas they were grad-

ually abandoned in the 1980s on account of the European integration towards one large

market. In the 1960s, capital controls were applied to maintain the fixed exchange rate

of the currencies that were pegged to the dollar. In the 1970s they were used with a

similar aim, namely to maintain the exchange rate within the bands above and below

parity in terms of the dollar. The existence of capital restrictions does not necessar-

ily imply that they are effective. Restrictions may concern inflows or outflows and

may not be restrictive enough to affect the internal interest rates. In a later section, we

describe an indicator for capital restrictions that measures their effectiveness by the

difference between internal and external interest rates.

We now give a few examples of capital restrictions in the countries in our data set.

Among other central banks, the National Bank of Belgium imposed a number of cap-

ital restrictions in the 1960s, such as limits on cash holdings of foreign currencies and

on cash holdings of Belgian francs by non-residents. In the early 1970s, the balance

of payments showed a large surplus (current account plus capital account), which co-

incided with an increase of the stock of money. The near-overheating of the economy

encouraged the Belgian national bank to introduce new controls on international cash

flows, with which it could slow the economy down. In the 1970s and 1980s the Bel-

gian franc had two exchange rates. One was applied for capital transactions and one

for the transactions of goods. The managed exchange rate was applied to all current

account transactions, whereas capital transactions could be executed at a free floating

exchange rate.

An example of German capital controls was the Bardepot Scheme in 1972-1974. The

controls on capital inflows reduced foreign demand for domestic assets (see Neely,

1999). The reason were balance of payments surpluses. The monetary authorities

could increase the domestic interest rate and thus generate downward pressure on

the money stock and the inflation rate. The controls on the inflows also prevented a

revaluation that might be needed to restore the balance of payments surpluses. With-

out the capital restrictions, the revaluation of the German Mark would have negatively

affected the current account. So this revaluation would have had the same correcting

effect as the capital restrictions on inflows on the balance of payments surpluses.

The Italian central bank handled with exchange rate crises in the 1960s by sterilisa-

tion via subjection of the banks to a zero net foreign position (Fratianni and Spinelli,

1997). The lack of implementation of more traditional measures as an increase of the

discount rate, a devaluation or imposing capital constraints drained the foreign re-

serves. Monetary policy in the 1970s was aimed at low interest rates in order to enable

the government to issue cheap government bonds to deal with the accelerating budget

deficits. In order to effectuate this policy, banks had to convert assets into government
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bonds and an extensive package of capital restrictions was introduced to prevent a

massive outflow of capital. Because of the complexity of the regulations to control the

asset sides of the banks’ balance sheets, they appeared to be not very effective and

soon the central bank directly intervened in the credit issuing practice of the banks.

The budgetary deficits kept growing, which resulted in an increasing inflation rate and

exchange rate crises, which isolated Italy’s financial market from those abroad. In the

1980s capital controls were gradually abolished. The forcing stimulus behind these de-

velopments was the entrance into the EMU. Inflation rate differences caused problems

when the exchange rates became fixed in the late 1980s. The negative developments

in the terms of trade and the high fiscal debt resulted into Italy’s departure from the

ERM in September 1992. It re-entered the ERM in November 1996.

Concluding, we can make a rough division in regimes following the model in the

previous chapter. The 1960s were a period with fixed exchange rates and relatively

restricted capital flows. The period following the Bretton Woods system up to the

start of the next fixed exchange rate period is characterised by flexible exchange rates,

or managed floating exchange rates, and diminishing capital controls. In the United

Kingdom, a flexible exchange rate regime without capital controls started in 1979.

The other countries had a fixed exchange rate period that started somewhere in the

1980s with no or relatively few capital restrictions.

6.3 Phillips Curve Hypotheses

In the theoretical model presented in the previous chapter, the effects of capital re-

strictions and the exchange rate regime depend on the interest rate and exchange rate

elasticities of output (σ andη). Further, in the regime with capital restrictions they also

depend on the interest rate elasticity of money (λ) and on the ratio of marginal propen-

sity to save and import to the marginal propensity to save (γ, see Equation (5.31) on

page 79). In the fixed exchange rate regime, the elasticities of the trade balance (Xy

andXq) also matter. Table 6.1 repeats the hypotheses formulated in Chapter 5.

This section determines the hypotheses we test in this chapter. The values of the elas-

ticities in the conditions that are mentioned in Table 6.1 determine the expected di-

rection of the shift of the Phillips curve after a regime change. We therefore need

estimates of or assumptions on these elasticities. Lounganiet al.(2001) use estimated

elasticities from Papell (1988) to determine the sign of the hypothesised effects from

capital restrictions in a flexible exchange rate regime. Papell uses estimates ofη = 0.87

andσ = 0.40 for Germany, for the period 1973-1984 (in which the exchange rate was

flexible). Further Lounganiet al. assumeγ to be between 1 and 2. This leads to a
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lowered trade-off between inflation and unemployment in the flexible exchange rate

model (σγ < σ + η), after implementation of capital controls.

The effect of capital restrictions in a fixed exchange rate regime depends on the relative

sizes ofXy/Xq and 1/(σ + η). The first can be rewritten as:

Xy

Xq
=

1
η
−

1− Ay

Xq

Comparison ofXy/Xq and 1/(σ + η) leads to:

if
1− Ay

Xq
< (>)

1
η
−

1
σ + η

then
Xy

Xq
> (<)

1
σ + η

We assume that the marginal propensity to save is small compared to the trade balance

responsiveness to international competitiveness
(
(1− Ay)/Xq

)
and that (1− Ay)/Xq <

1/η − 1/(σ + η). Given the estimates ofσ andη, this implies that (1− Ay)/Xq < 0.36.

The conditions for a steeper or a flatter Phillips curve in Table 6.1 show that, given the

estimates of Papell, we expect the trade-off between inflation and unemployment to

become larger after fixing the exchange rate, in case of capital mobility (σ+η > 1). In

case of capital restrictions, the assumptions onσ andγ and a low value for (1−Ay)/Xq

(so thatXq/Xy ≈ η ≈ 0.87), the conditionXq/Xy < σ+η is met. Since the interest semi-

elasticities of money have values close to zero, the ratio (1+λ)/(1+ [λ/(σγ)]) is close

to 1, so that:

0.87≈
Xq

Xy
<

1+ λ

1+ λ
σγ

This corresponds to the conditionXyσγ(1+ λ) > Xq(λ + σγ).

Given the estimates of Papell (1988) and assumptions onγ and (1− Ay)/Xq, we can

now derive four hypotheses on the effects of capital restrictions and fixing the ex-

change rate. The first hypothesis in Table 6.1 follows fromσγ < σ + η. Given Pa-

pell’s estimates, the interest rate elasticity of output in case of capital restrictions (σγ)

is smaller than the sum of the interest rate and real exchange rate elasticity of out-

put (σ + η) in case of no capital controls. In such case, the inflation output trade-off

will decrease through implementation of capital controls. These controls reduce the

responsiveness of output to the real interest rate, which results in a lower responsive-

ness of the unemployment rate to inflation changes. We assume the same effect in the

fixed exchange rate regime, based on the assumption (1− Ay)/Xq < 1/η − 1/(σ + η).

Therefore, hypothesis II states that the trade-off will decrease if capital restrictions are

implemented in a fixed exchange rate regime.

Hypothesis III concerns the effect of fixing the exchange rate if free capital mobil-

ity exists. The assumptions with respect to the elasticities imply that the sum of the
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elasticities of output (σ + η) is larger than unity. This implies that output is sensitive

enough to the real interest rate and real exchange rate to increase the unemployment

rate’s sensitivity to inflation changes. If the exchange rate is fixed, the Phillips curve

slope is determined by these two elasticities only (slope:-1
σ+η

). The interest rate elas-

ticity of money (λ) does not affect the trade-off if exchange rates are fixed. Ifσ+η > 1,

the omission of the money market effect results in an increased trade-off.

Finally, hypothesis IV implies that fixing the exchange rate increases the inflation-

output trade-off during periods of restricted capital. The assumption made here with

respect to the elasticities is more complicated than in the previous case. Fixing the

exchange rate in case there is no capital mobility implies on the one hand that the

money market effect is removed from the unemployment-inflation relation and on

the other hand that the output and real exchange rate elasticity of the trade balance

determine the Phillips curve slope.

Table 6.1 Effects on the inflation-output trade-off of capital restrictions and exchange rate
regime: hypotheses I to IV

flexible
exchange
rates

capital restrictions
σγ < σ + η

}
→

inflation-output
trade-off↓

: I

capital restrictions
σγ > σ + η

}
→

inflation-output
trade-off ↑

fixed
exchange
rates

capital restrictions
Xq < Xy(σ + η)

}
→

inflation-output
trade-off ↓

: II

capital restrictions
Xq > Xy(σ + η)

}
→

inflation-output
trade-off ↑

capital
mobility

fixing exchange rates
σ + η < 1

}
→

inflation-output
trade-off ↓

fixing exchange rates
σ + η > 1

}
→

inflation-output
trade-off↑

: III

capital
restrictions

fixing exchange rates
Xyσγ(1+ λ) < Xq(λ + σγ)

}
→

inflation-output
trade-off ↓

fixing exchange rates
Xyσγ(1+ λ) > Xq(λ + σγ)

}
→

inflation-output
trade-off↑

: IV

inflation-output trade-off ↓: trade-off decreases, which implies a steeper Phillips curve
inflation-output trade-off ↑: trade-off increases, which implies a flatter Phillips curve
σ + η: real interest rate plus real exchange rate elasticity of aggregate demand;λ: interest
elasticity of money demand;σγ: real interest rate elasticity of aggregate demand in case of
capital restrictions;Xy: income elasticity of the trade balance;Xq: real exchange rate
elasticity of the trade balance
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6.4 Regime Distinguishing Data

The models in Section 6.6 are used to search for empirical support for the hypotheses

presented in the previous section. These are estimated with data for Belgium, France,

Germany, Italy, the Netherlands, and the United Kingdom. The series start, where

possible, in 1960 and end in 1998. In 1999 the single currency area of the EMU started,

which in fact means that an episode of flexible exchange rates began (with exception

of the United Kingdom) with the non-EMU countries. In a single currency area with

flexible exchange rates, the total money amount of the total area is exogenous, but

cannot be set freely by each member country in this area. Therefore a new regime

started in 1999.

To test for differences in Phillips curve slopes between several regimes, we need time

series that we can use to distinguish between these regimes. This section deals with

the time series that are used to discern fixed exchange rate periods from flexible ex-

change rate periods, and make a distinction between regimes of capital mobility and

of restricted capital flows.

6.4.1 Exchange Rate Regimes

The exchange rates in the 1960s under the Bretton Woods regime were fixed. The

system collapsed for the continental European countries at the end of 1969. For the

United Kingdom the exchange rate remained fixed up to and including 1971. After

1971 the exchange rate of British Pound is regarded as flexible. The exchange rate

of the German Mark is regarded as flexible for the period immediately after Bretton

Woods and also during the ERM among European countries, since Germany is the

center country in the ERM (see Section 6.2). The Bretton Woods system was followed

by a managed floating system, the so-called snake arrangement, in which exchange

rates were to float between margins around parity in terms of the U.S. Dollar. The years

in which this chapter considers an exchange rate to be fixed is determined by some

important dates in the history of the EMS. In March 1979, the EMS started. Only the

Dutch Guilder exchange rate (apart from the Austrian Schilling, not considered here)

managed to behave as a fixed rate against the German Mark from this date on, except

for a devaluation in 1983. The other currencies (Belgian Franc, French Franc, and the

Italian Lira) experienced a number of realignments in the EMS before they started to

behave as fixed exchange rates. In 1983, a realignment took place that brought some

stability. From this year on the Belgian Franc is regarded as fixed. The EMS agreement

made in Nyborg in 1987 had a stabilising effect on the French Franc and the Italian

Lira. The Italian Lira left the EMS at the end 1992 and entered again in 1996. These

dates that lead to a split up per country in fixed and flexible exchange rate years can be
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found in Vanthoor (1996). Figure 6.2 shows the periods in which the exchange rates

are fixed. In the years in which the exchange rate was subject to a managed floating

system, the exchange rates are regarded as flexible.

Figure 6.2 Flexibility of exchange rates
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Sources: Eichengreen (1994), Vanthoor (1996)

6.4.2 Capital Mobility Regimes

Section 6.6 contains results for models with a number of different indicators for capital

controls. These indicators are presented in this subsection.

IMF Indicator The first indicator is a dummy variable from the IMF data base, which

is also used in the study by Shambaugh (2002). It distinguishes between periods in

which according to the data definition ‘restrictions on payments for capital transac-

tions’ exist and periods in which they do not. The effectiveness of the controls is not

reflected in this series. Shambaugh uses series that start in 1973. We extended the

series with the assumption that during the Bretton Woods system these capital restric-

tions existed. Further, we assumed that in the countries where free capital mobility

according to the IMF series first existed later than 1973 (all but Belgium and Ger-

many) the capital restrictions continued to exist after 1970 until this date. Further, in

the cases of Belgium and Germany, according to the IMF series capital mobility ex-

isted from 1973 onwards and it is assumed that it also existed in the years 1970-1972,

so after the end of the Bretton Woods period. Figure 6.3 shows in which periods each
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country had no capital controls. An advantage of this capital controls indicator is that

it is available for many countries. Further, indicators that are based on interest rates

may be affected by factors other than capital restrictions. On the other hand, capital

controls as those that are mentioned in the Section 6.2 as the Belgian double exchange

rate system and the Bardepot Scheme in Germany are not covered by this IMF defini-

tion of capital restrictions since according to these series Belgium and Germany were

both free of capital controls from 1973 and onwards. It seems that these particular IMF

data are not a good indicator for the existence of capital controls that enable domestic

monetary authorities to let the domestic interest rate deviate from the foreign one.

Figure 6.3 Existence of capital controls (IMF)
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Indicators Based on Interest Rate DifferencesDespite the disadvantage of the pos-

sibility of measuring effects other than capital controls effects, we also estimated mod-

els with a capital restrictions indicator that is based on interest rate differences. This

indicator is capable of reflecting the extent to which the restrictions are effective. The

indicator is based on the difference between the domestic and foreign interest rate

for each country. It needs to account for expected exchange rate changes. The differ-

ence between these two interest rates may increase if capital controls are effectively in

place. For the internal interest rate we use series of 3-month interbank rates, treasury

certificate interest rates, and other 3-month zero-risk interest rates. The external inter-

est rate is, if available, the 3-month Euro-domestic currency interest. This interest rate
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is not subject to exchange rate changes since it concerns assets that are in terms of the

domestic currency. They are traded on a foreign market, which implies that they are

not subject to possible capital restrictions the domestic monetary authorities activated

on the domestic capital market. In case the 3-month Euro-domestic currency interest

rate is not available, the external interest rate is constructed using the dollar interest

rate and a spot and forward exchange rate and is calculated in the following way:

iext = i$ +
F − S

S

wherei$ is the 3-month euro dollar rate,F the 3-month forward exchange rate andS

is the spot exchange rate, both vis-á-vis the dollar. The expression shows the interest

that is involved in investing on the euro dollar market while cancelling out exchange

rate risk by buying dollars on the forward exchange market.

Figure 6.4 Capital restrictions indicator indt = |iext− i int |
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One of the capital restrictions indicators that are used in the estimated models is:

indt = |i
ext
t − i int

t | (6.1)

whereindt denotes the indicator. Many empirical studies use a similar indicator, see

e.g.Kumhof (2001) and Gruijters (1995). Figure 6.4 shows the plotted graphs of the

calculated capital restrictions indicators as in Equation (6.1). The data sources of the

series that are used to construct this indicator are in Appendix 6.A. The graph of Bel-

gium shows extremely high interest rate differences during the 1970s. This indicates

rather effective capital restrictions during those years. The interest rate differences of

Italy start in 1977 due to limited data availability and remain relatively high in the

1980s, despite the policy of abolishment of capital restrictions. The abolishment in

the United Kingdom in 1979 is clearly reflected in the low interest rate differences

after that year.

Alternative Interest Rate Difference Indicators The other indicators that are used

are slight modifications of indicator (6.1). The first alternative isindt = iext
t − i int

t .

The entries of this variable can both have a positive or a negative sign. In case a

variable containing this indicator is found to have a significant parameter, it would

mean that capital restrictions on inflows have an opposite effect to capital restrictions

on outflows.

The second alternative is defined by:

indt,neg≡ (iext
t − i int

t )neg=

{
iext
t − i int

t , if iext
t < i int

t
0, otherwise

This indicator has a negative value in the years that the external interest rate is smaller

than the internal interest rate. In other years the indicator is zero. This implies that

only the years in which capital inflows are restricted are indicated as years in which

capital controls are in place.

The last indicator is the opposite ofindt,neg: (iext
t − i int

t )pos and is defined analogously:

indt,pos≡ (iext
t − i int

t )pos=

{
iext
t − i int

t , if iext
t > i int

t
0, otherwise

This indicator always has a positive sign, and a non-zero value if there are effective

restrictions on capital outflows.

The indicator based on interest rate differences bears the risk that it also reflects dif-

ferences in preferences among investors. This is largely caught by the interest rates

concerning both assets in terms of the same currency. On the other hand, this mea-

sure for effective capital restrictions might indicate no serious restrictions on capital
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flows, despite that there are. The interest rates might differ a little because the domes-

tic monetary policy affects the domestic interest rate in such a way that it nears the

external interest rate. In this case, the capital restrictions could just as well not have

existed. The free international capital flows would also have brought the interest rates

together. In this case, the capital restrictions are effective in the sense of restricting

capital flows but ineffective in the sense of enabling the establishment of interest rate

differences. We assume by using an indicator based oniext
t − i int

t that one of the results

of effective capital restrictions is at least an interest rate difference. Further, this indi-

cator assumes that if there are no capital restrictions, capital will move freely to the

area of the foreign interest rate. The indicator is not applicable to areas that would not

be interested in each other’s capital despite absence of restrictive measures established

by authorities.

Table 6.2 contains some descriptive statistics of the interest rate differences. In case

either negative or positive values occur much more often than the other, they might be

able to explain differences in estimation results of models with the various indicators.

We conclude from the statistics in this table that they cannot. Positive interest rate dif-

ferences occurred approximately as often as negative differences and also the average

sizes in absolute value did not diverge much.

Table 6.2 Statistics on interest rate differences, 1960-1998

total iext
t − i int

t < 0 iext
t − i int

t > 0
number 212 102 110
average 0.33 -1.4 1.9

6.5 Estimation Methods

For the testing of the hypotheses we use a pooled data set, assuming that the Phillips

curve slope is equal across the countries in our data set. Using this method we gain

degrees of freedom compared to estimation per individual country, for which in case of

some regimes only a few data points may be available. Further, we applied fixed effects

and instrumental variables. The choice for these procedures is based on a number of

tests results.

Fixed or Random Effects The base model can be represented as:

πit = ci + α0π
E
it + α1uit + εit , i ∈ {B, F,G, I ,N,U} (6.2)

whereπit is the inflation rate in countryi, πE
it the expected inflation rate in countryi,

uit the unemployment rate in countryi, andεt = (εBt...εUt)′ is the error term, which is
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independently and identically normally distributed (i.i.n.d.). (The subscriptsi stand for

Belgium, France, Germany, Italy, Netherlands, and United Kingdom.) This is a base

model in which no account is taken of exchange rate regimes or capital control effects.

The parametersα0 andα1 are assumed to be equal across countries. The system can

be estimated with fixed or random effects. In the first case a country specific intercept

is estimated, soci , i ∈ {B, F,G, I ,N,U} are six different estimated constants. In case

of random effects a common intercept is estimated, as well as a time-invariant cross-

section specific random variable. Thenci = c̄+ vi , wherec̄ is a scalar andEviεit = 0,

i ∈ {B, F,G, I ,N,U}. This method assumes that the individual effects are uncorrelated

with the regressors. We applied a Hausman test to decide whether the model should

be estimated with fixed or random effects. The null hypothesis states that individual

effects are uncorrelated with the other variables. The alternative is that they are not

and that the model should be estimated using fixed effects. The test is a Wald statistic

that has aχ2
k distribution wherek is the number of non-intercept variables, which is

equal to 2 in this model. The test statistic is:

(bFE − bRE)′{Var[bFE] − Var[bRE]}−1(bFE − bRE)

whereb is a (2×1)-vector of the non-intercept parameters,FE denotes fixed effects

andRE denotes random effects, andVar is the coefficient variance matrix of the ac-

cording parameter vector. Table 6.3 contains the test results for the general model for

three sets of data, namely the whole set, the data of the flexible exchange rate years,

and the fixed exchange rate years (see Figure 6.2). The test outcomes show that in all

cases that the hypothesis that the individual effects are non-correlated with the other

variables must be rejected, at the 5% significance level. Under the null hypothesis

both the fixed effects and the random effects estimations are consistent, under the al-

ternative hypothesis only the fixed effects estimations are consistent. The fixed effects

specification is chosen for the model to be estimated.

Table 6.3 Hausman test, fixed effects and random effects versus fixed effects

Wald statistic p-value
1960-1998 35.99 0.0%
flexible exchange rate 31.29 0.0%
fixed exchange rate 6.10 4.7%

Instrumental Variables It is not likely that the parameters in system (6.2) are all

identified. The variablesπE
t andut are not likely to be exogenous. Using instrumen-

tal variables it is guaranteed that the estimated parameters are at least consistent. We

choose a set of instruments per country that contains the expected inflation rates and

unemployment rates of the other countries. We applied a Hausman type test that is
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a Wald statistic, with aχ2
1 distribution. The null hypothesis says that both the Ordi-

nary Least Squares (OLS) and the Two Stage Least Squares (2SLS) estimations are

consistent, given a set of instruments. So, the set of instruments does not have an im-

proving effect on the outcomes. The alternative states that only the 2SLS estimations

are consistent.

Table 6.4 Hausman test, 2SLS and OLS versus 2SLS (IV: other countries’ right-hand side
variables)

Wald statistic p-value
1960-1998 18.47 0.0%
flexible exchange rate 9.72 0.2%
fixed exchange rate 2.81 9.4%
fixed exchange rate
extended set of IV 17.49 0.0%

The test results are in Table 6.4. The consistency of both OLS and 2SLS is accepted

at the 5% significance level for the fixed exchange rate years. If we extend the data

set with the lagged unemployment rate of the other countries, in each equation, the

Hausman test rejects consistency of both estimation methods, in favour of using the

2SLS estimation. So, we use two sets of instrumental variables. The original set for

the models for the 1960-1998 period and the for the flexible exchange rate periods,

and an extended set for the fixed exchange rate periods:

instruments for equationj:

{
{πE

it ,uit ,ui,t−1}, i , j, if fixed exchange rates
{πE

it ,uit }, i , j, otherwise

for i, j ∈ {B, F,G, I ,N,U}.

6.6 Estimation Results

This section is subdivided into subsections that discuss the estimation: estimation re-

sults for the base model (Section 6.6.1), for the models testing hypothesis I (Section

6.6.2), hypothesis II (Section 6.6.3) and for hypotheses III and IV (Section 6.6.4).

First we discuss some test procedures. These procedures are applied to the results of

the various implementations of Equation (6.2). The variable notation is changed into

stacked variables:πt = (πBt...πUt)′, ut = (uBt...uUt)′, etc.

We give a Wald statistic for the restriction that the expected inflation parameterα0

equals 1. Thep-value of the test is reflected in parentheses. We present the Durbin

Watson (DW) statistic for the joint equations to test for autocorrelation in the error
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term. The critical values differ per model since the number of data points and number

of regressors differ. The series that is used forπE
t (expected inflation rate) for the

period 1961-1973 is the lagged inflation rate (see Appendix A of this thesis). This

may affect validity of theDW statistic since inclusion of the lagged dependent variable

usually biases theDW toward not rejecting the assumption of no autocorrelation. This

problem is most present in the models that include only the fixed exchange rate period.

We add aQ-statistic3 (Portmanteau test) for each model to test the randomness based

on the first two autocorrelations. The test statistic has aχ2
2 distribution with a critical

value of 5.99 at the 95%-level. Further, an equivalent to the so-calledF-test on the

fit of the model is reflected for all model specifications. This is a Wald test on the

restriction that all parameters except the intercepts equal zero (Wald(fit)). None of

these statistics suggest acceptance of this restriction.

Next to affecting the validity of theDW statistic, the entries of the years 1960-1973

are likely to generate biased estimation results. To examine this, we estimated model

equations for the period starting in 1974 using either the OECD expected inflation rate

or the proxy to compare the results. We estimated the models for the flexible exchange

rate period, the fixed exchange rate period, and for the whole 1974-1998 period. The

comparison showed (for all estimations) that the parameter of lagged inflation was

consistently lower and positive. This means that a model with lagged inflation as a

proxy for the expected inflation rate underestimates the effect of expected inflation

on the current inflation rate. Moreover, the parameter of unemployment was lower

and negative in the models with lagged inflation. This would imply a steeper Phillips

curve in case lagged inflation is used. The differences in outcomes may be driven by

the high inflation years, where the differences between lagged inflation and expected

inflation are larger. We also estimated for a shorter range starting in 1985 and found

the same pattern in differences although they were smaller. Therefore, if we assume

that the effect of using a proxy is analogous for the pre-1974 period to that of the

post-1974, we bear in mind that the estimation outcomes for the models that include

the 1961-1973 period are biased downwards.

6.6.1 Estimation Results Base Models

This subsection contains results of models in which none or only one of both kinds

of regimes are distinguished (exchange rate and capital mobility regime). Table 6.5

shows the results for Equation (6.2), which is the base model in which no regimes at

all are distinguished, for the whole data set of 1960-1998. The parameters are signifi-

cant and have the expected sign. Theα0 parameter is significantly larger than 1. This

3Q = k
∑2
τ=1

∑k
t=τ+1(εt−ε̄)(εt−τ−ε̄)∑k

t=1(εt−ε̄)2
, k = number of observations.
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would imply in our theoretical model that the expected inflation rate is lower than the

flex-price inflation rate, meaning that the next period’s inflation rate without distur-

bances is underestimated. TheDW statistic and theQ test do not reject that there is no

autocorrelation.

Table 6.5 Estimation results for pooled data set with fixed effects and instrumental variables,
Base model (1960-1998)

πt = ci + α0π
E
t + α1ut + εt

estimate t-statistic
α0 1.084∗∗∗ 30.13
α1 -0.117∗∗∗ -3.24
cB 0.004 1.11 R2

B= 0.76
cF 0.005 1.21 R2

F= 0.85
cG 0.003 0.81 R2

G= 0.71
cI 0.011∗∗ 2.22 R2

I= 0.81
cN 0.003 0.87 R2

N= 0.72
cU 0.009∗∗ 2.11 R2

U= 0.84

Wald(α0 = 1)= 5.42 (2%) DW= 2.00
Wald(fit) = 954.14 (0%) Q = 0.93

πt: inflation
πE

t : expected inflation
ut: unemployment rate
εt: i.i.n.d. error term

Subscripts: B=Belgium,F=France,G=Germany,I=Italy, N=Netherlands,U=United
Kingdom;Significance: ∗ at 10%-level;∗∗ at 5%-level;∗∗∗ at 1%-level;
R2

i : R2 of sub-samplei ∈ {B, F,G, I ,N,U};
Wald(′restriction′): Wald statistic of concerning parameter restriction;
Wald(fit): Wald statistic of restriction that all non-intercept parameters are equal to 0;
DW: Durbin Watson statistic for the pooled estimation;
Q: Portmanteau test on first two autocorrelations (5% critical value=5.99)

The next model distinguishes between fixed and flexible exchange rate regimes, but

does not include effects of capital controls. The exchange rate regimes are determined

on the basis of important dates in the history of the EMS which are reflected in Figure

6.2. The estimation results are in Table 6.6. The coefficientsα1 andα2 are not signif-

icantly different from each other according to the Wald statistic of 0.73. This means

that the hypothesis that the slopes are equal through fixed and flexible exchange rate

regimes is not rejected. Based on the theoretical model of the previous chapter, we

would expect to find that the slope would be less steep under fixed exchange rates

(both under capital mobility and under capital restrictions, hypotheses III and IV),

meaning a larger trade-off. This would implyα1 > α2; α1, α2 < 0.
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Table 6.6 Estimation results for pooled data set with fixed effects and instrumental variables,
Base model (1960-1998), fixed and flexible exchange rate regimes

πt = ci + α0π
E
t + α1uf ix

t + α2uf lex
t + εt

estimate t-statistic
α0 1.106∗∗∗ 24.93
α1 -0.094∗∗ -2.10
α2 -0.141∗∗∗ -3.06
cB 0.003 0.67 R2

B= 0.77
cF 0.004 0.81 R2

F= 0.86
cG 0.003 0.88 R2

G= 0.70
cI 0.010∗ 1.87 R2

I= 0.80
cN 0.002 0.39 R2

N= 0.71
cU 0.009∗∗ 2.01 R2

U= 0.85

Wald(α0 = 1) = 5.68 (2%) DW= 2.02
Wald(α1 = α2)= 0.73 (39%) Q = 1.15
Wald(fit) = 943.58 (0%)

uf ix
t : unemployment rate in fixed exchange rate years

uf lex
t : unemployment rate in flexible exchange rate years

For further information on table contents, see Table 6.5 on page 129

If we allow for regime dependent expected inflation parameters, we do find two signif-

icantly different slope parameters. Table 6.7 contains the results for such a specifica-

tion. The Wald statistic of 4.55 shows that the hypothesis ofα1 = α2 is rejected at the

5% significance level. The estimated fixed exchange rate parameterα1 is higher than

α2 as we expect to find. The lowerα f ix
0 parameter may be biased by the proxy forπE

t

for 1960-1973. Estimation results of the model with the proxy for all years show lower

values ofα0. The assumed effect of the proxy forπE
t on the slope parameters is that

it is biased downwards (while negative). This means thatα1 would have been higher

(and negative) and strengthens the conclusion thatα1 > α2, α1, α2 < 0. The question

may remain whether the significance of the difference betweenα1 andα2 (and be-

tweenα f ix
0 andα f lex

0 ) is driven by the exchange rate regime or by the stagflation years

in which the exchange rate was mostly flexible. Theα
f lex
0 parameter is significantly

larger than 1, indicating underestimation of the flex-price inflation rate in the next pe-

riod. The high inflation years in the 1970s are captured in the flexible exchange rate

period, which is consistent with underestimation of the next period’s inflation rate.

Tables 6.8 and 6.9 present the results of models in which a capital controls indicator

is implemented, without a distinction between exchange rate regimes. This model can
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Table 6.7 Estimation results for pooled data set with fixed effects and instrumental variables,
Base model (1960-1998), fixed and flexible exchange rate regimes – Expected inflation
parameter is regime dependent

πt = ci + α
f ix
0 π

E, f ix
t + α

f lex
0 π

E, f lex
t + α1uf ix

t + α2uf lex
t + εt

estimate t-statistic
α

f ix
0 0.828∗∗∗ 5.83
α

f lex
0 1.093∗∗∗ 25.11
α1 -0.075∗ -1.68
α2 -0.231∗∗∗ -3.75
cB 0.009∗ 1.74 R2

B= 0.78
cF 0.010∗∗ 1.82 R2

F= 0.88
cG 0.008∗∗ 1.91 R2

G= 0.72
cI 0.018∗∗∗ 2.78 R2

I= 0.81
cN 0.008 1.58 R2

N= 0.70
cU 0.016∗∗∗ 2.90 R2

U= 0.86

Wald(α f ix
0 = 1) = 1.47 (23%) Wald(fit)= 1004.84 (0%)

Wald(α f lex
0 = 1)= 4.55 (3%) DW = 2.07

Wald(α1 = α2) = 3.97 (5%) Q = 2.47

π
E, f ix
t : expected inflation in fixed exchange rate years
π

E, f lex
t : expected inflation in flexible exchange rate years

uf ix
t : unemployment rate in fixed exchange rate years

uf lex
t : unemployment rate in flexible exchange rate years

For further information on table contents, see Table 6.5 on page 129

be represented by:

πt = ci + α0π
E
t + α1ut + α2utindt + εt, i ∈ {B, F,G, I ,N,U}

We use two capital control indicators that are discussed in Section 6.4: the IMF indica-

tor andindt = |iext
t − i int

t |. We expect the capital restrictions to lower the inflation-output

trade-off (hypotheses I and II, see Table 5.1). This would mean a negative effect on the

negative slope if we take both exchange rate regimes together. Bothα1 andα2 would

then be negative. The results show that both indicators do not have a significant effect

on the slope parameter (α2 is insignificant). The autocorrelation statistics do not reject

the absence of autocorrelation.
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Table 6.8 Estimation results for pooled data set with fixed effects and instrumental variables,
Base model – capital restrictions (1960-1998), IMF indicator

πt = ci + α0π
E
t + α1ut + α2utindIMF

t + εt

estimate t-statistic
α0 1.088∗∗∗ 27.91
α1 -0.118∗∗∗ -3.24
α2 -0.019 -0.28
cB 0.004 1.09 R2

B= 0.77
cF 0.006 1.21 R2

F= 0.85
cG 0.003 0.79 R2

G= 0.71
cI 0.012∗∗ 2.06 R2

I= 0.80
cN 0.003 0.86 R2

N= 0.72
cU 0.009∗∗ 2.11 R2

U= 0.84

Wald(α0 = 1)= 5.08 (2%) DW= 2.00
Wald(fit) = 946.08 (0%) Q = 0.87

indIMF
t :IMF indicator, see Figure 6.3

For further information on table contents, see Table 6.5 on page 129

Table 6.9 Estimation results for pooled data set with fixed effects and instrumental variables,
Base model – capital restrictions (1960-1998), Indicator: absolute interest rate difference

πt = ci + α0π
E
t + α1ut + α2ut |i

ext
t − i int

t | + εt

estimate t-statistic
α0 1.088∗∗∗ 27.35
α1 -0.098∗∗∗ -2.71
α2 -0.019 -1.52
cB 0.007∗ 1.76 R2

B= 0.78
cF 0.006 1.48 R2

F= 0.86
cG 0.002 0.65 R2

G= 0.71
cI 0.011∗ 1.89 R2

I= 0.91
cN 0.003 0.81 R2

N= 0.72
cU 0.008∗ 1.86 R2

U= 0.84

Wald(α0 = 1)= 4.90 (3%) DW= 1.83
Wald(fit) = 1031.57 (0%) Q = 1.15

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129
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Base Threshold ModelsThe estimated models with a capital restrictions indicator

presented above contain a continuously variable slope. The slope of the Phillips curve

in the (ut, πt)-plane may change every period due to a change in the difference between

the internal and external interest rate. The slope is a linear function of the indicator as

can be seen from rewriting Equation (6.2) as:

πt = ci + α0π
E
t + ut(α1 + α2indt) + εt

In case you want to estimate a model for a limited number of different capital market

regimes, a model with thresholds for the indicator could be a candidate estimation

method. This would be a better specification if the effect on the slope does not lin-

early change with the indicator, but instead starts to be effectuated beyond a certain

threshold. The base threshold model we use is reflected by:

πt = ci + α0π
E
t + εt +

{
α1ut, indt < A
α2ut, indt > A

(6.3)

whereA is the threshold value. In this specification there are two separate regimes,

each with its own slope parameter for unemployment. The two regimes in Equation

(6.3) represent regimes of capital mobility and of (relatively) restricted capital flows.

A number of threshold values have been implemented to search for the minimal total

sum of squared residuals (SSR) of the complete system, as a measure for the best fit

given the specification with two regimes. We use two indicators, namelyindt = iext
t −i int

t

and indt = |iext
t − i int

t | , and search for a threshold in the ranges (-1.5,1.5) and (0,1.5)

respectively, with steps of 0.1. The thresholds are chosen in such a way that there

remain at least 10% of the data per country equation in the regimes’ data set.

The intercept and the parameter of the expected inflation rate are assumed to be regime

independent. Table 6.10 gives the results where theSSRis lowest in caseindt = iext
t −

i int
t . A threshold of -0.3 is found. The Wald test forα1 = α2 accepts this hypothesis

with a p-value of 32%. The number of data points for the regimes below and above the

threshold are 70 and 142. Ifindt = |iext
t − i int

t | (Table 6.11), the minimumSSRis slightly

lower. The threshold is 0.2. The number of data points for which|iext
t − i int

t | < 0.2 is 49,

which means that the other regime contains 163 data points. Again the Wald statistic

for α1 = α2 accepts the hypothesis, which means that for both indicators no significant

difference is found in these models between inflation-output trade-offs under different

capital mobility regimes.

The specification in Table 6.11 has the lowestSSRof these two base threshold models.

If we compare these results with the non-threshold model using the same indicator

(|iext
t − i int

t |, Table 6.8), we see that the specification with the threshold finds a steeper

Phillips curve than the specification with the variable slope (-0.098-0.019indt versus

-0.141 and -0.100).
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Table 6.10 Estimation results for pooled data set with fixed effects and instrumental variables,
Base threshold model (1960-1998), Indicator: interest rate difference

πt = ci + α0π
E
t + εt +

{
α1ut, iext

t − i int
t < −0.3

α2ut, iext
t − i int

t > −0.3

estimate t-statistic
α0 1.056∗∗∗ 30.48
α1 -0.072 -1.31
α2 -0.126∗∗∗ -3.55
cB 0.005 1.44 R2

B= 0.78
cF 0.006 1.52 R2

F= 0.86
cG 0.003 1.03 R2

G= 0.72
cI 0.010 1.57 R2

I= 0.91
cN 0.004 1.14 R2

N= 0.74
cU 0.011∗∗∗ 2.74 R2

U= 0.83

Wald(α0 = 1) = 2.65 (10%) DW= 1.83
Wald(α1 = α2)= 0.99 (32%) Q = 1.15
Wald(fit) = 1026.12 (0%) SSR= 0.049893

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

Conclusions of the base modelsThis section deals with a number of base models

that do not distinguish between regimes or only between regimes of one kind, either

exchange rate or capital mobility regimes. They present results that may be a first

indication of whether the data support the hypotheses in Table 6.1. In general the ex-

pected inflation rate and the unemployment rate parameters have the correct sign and

are significant. The model that assumes both the expected inflation rate and the un-

employment rate parameters to be exchange rate regime dependent finds significantly

differing Phillips curve slopes, with a flatter curve for fixed exchange rate years. This

is in accordance with hypotheses III and IV. The models that consider the effect of

capital restrictions do not support the effect we expect based on hypothesis I and II.

The concerning parameters are insignificant. Only two out of five capital restriction

indicators mentioned in Section 6.4 are used. The next section considers all five of

them with respect to flexible exchange rate years.
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Table 6.11 Estimation results for pooled data set with fixed effects and instrumental variables,
Base threshold model (1960-1998), Indicator: absolute interest rate difference

πt = ci + α0π
E
t + εt +

{
α1ut, |iext

t − i int
t | < 0.2

α2ut, |iext
t − i int

t | > 0.2

estimate t-statistic
α0 1.055∗∗∗ 30.17
α1 -0.141∗∗∗ -2.83
α2 -0.100∗∗∗ -2.45
cB 0.005 1.26 R2

B= 0.78
cF 0.006 1.50 R2

F= 0.86
cG 0.004 1.17 R2

G= 0.72
cI 0.010∗ 1.69 R2

I= 0.90
cN 0.004 1.20 R2

N= 0.72
cU 0.012∗∗∗ 2.71 R2

U= 0.84

Wald(α0 = 1) = 2.45 (12%) DW= 1.79
Wald(α1 = α2)= 0.47 (49%) Q = 4.53
Wald(fit) = 1027.76 (0%) SSR= 0.049788

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

6.6.2 Estimation Results Hypothesis I: Capital Restrictions in the

Flexible Exchange Rate Regime

The first hypothesis in Table 6.1 concerns the effect of capital restrictions on the

Phillips curve slope if the exchange rate is flexible. We use the following specification:

π
f lex
t = ci + α0π

E
t + α1ut + α2utindt + εt (6.4)

The superscriptf lex of the inflation rate denotes that only flexible exchange rate periods

are included (see Figure 6.2). Hypothesis I states that the capital controls decrease the

trade-off. If indt is defined in such a way thatindt ≥ 0 andindt is positively correlated

with the extent of effective capital controls, this would imply that:

α1 < 0 and α2 < 0

The more capital restrictions, the higherindt and the steeper the Phillips curve will be.

Analogously, in case ofindt,neg(≤ 0), hypothesis I implies that:

α1 < 0 and α2 > 0
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The entries included in the estimations are those as indicated to be flexible exchange

rate years as in Figure 6.2.

Table 6.12 shows the results of the base model for the flexible exchange rate regime,

without a capital control indicator. The expected inflation rate parameter and the slope

parameter have the expected sign and are significant. Tables 6.13 to 6.17 show the re-

sults for Equation (6.4) using the various indicators listed in Section 6.4. The Nether-

lands have the lowest number of data points in this regime of flexible exchange rates,

namely 9, and also the lowestR2 values. TheDW and Q statistic for the complete

system do not suggest that we should take account of autocorrelation effects.

Table 6.12 Estimation results for pooled data set with fixed effects, flexible exchange rate
periods (1970-1998)

π
f lex
t = ci + α0π

E
t + α1ut + εt

estimate t-statistic
α0 1.011∗∗∗ 17.28
α1 -0.321∗∗∗ -4.13
cB 0.019∗∗ 2.31 R2

B= 0.47
cF 0.022∗∗ 2.43 R2

F= 0.76
cG 0.018∗∗∗ 2.78 R2

G= 0.72
cI 0.039∗∗∗ 3.66 R2

I= 0.75
cN 0.008 0.92 R2

N= 0.12
cU 0.029∗∗∗ 3.41 R2

U= 0.87

Wald(α0 = 1)= 0.04 (85%) DW= 1.91
Wald(fit) = 367.18 (0%) Q = 1.07

π
f lex
t : inflation in flexible exchange rate years

For further information on table contents, see Table 6.5 on page 129

Tables 6.13 and 6.14 show insignificantα2 parameters, indicating that the models

using the IMF indicator orindt = |iext
t − i int

t | do not support hypothesis I. The indicator

indt = iext
t −i int

t of Table 6.15 leads to a significantα2 parameter. This indicator can both

be negative and positive, which implies that the trade-off may both be increased and

decreased by capital restrictions. Capital restrictions on inflows would mean thatiext
t <

i int
t , which would lead to a decreased trade-off sinceα2 > 0. For capital restrictions on

outflows, the opposite goes: the trade-off increases. This ambiguous effect of capital

restrictions ifindt = iext
t − i int

t is used may be the result of capital restrictions affecting

the trade-off for only either positive or negative values ofindt = iext
t − i int

t .

Tables 6.16 and 6.17 show the results with an indicator that either considers an effect

of negative values or positive values foriext
t − i int

t . The models of these tables account

for a possible effect of capital restrictions only on inflows or only on outflows. If
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Table 6.13 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate period (1970-1998), IMF indicator

π
f lex
t = ci + α0π

E
t + α1ut + α2utindIMF

t + εt

estimate t-statistic
α0 1.006∗∗∗ 15.24
α1 -0.323∗∗∗ -4.10
α2 0.019 0.16
cB 0.019∗∗ 2.24 R2

B= 0.47
cF 0.021∗∗ 2.20 R2

F= 0.77
cG 0.018∗∗∗ 2.72 R2

G= 0.72
cI 0.039∗∗∗ 3.44 R2

I= 0.75
cN 0.008 0.93 R2

N= 0.12
cU 0.029∗∗∗ 3.35 R2

U= 0.87

Wald(α0 = 1)= 0.01 (92%) DW= 1.91
Wald(fit) = 364.70 (0%) Q = 1.13

π
f lex
t : inflation in flexible exchange rate years

indIMF
t : IMF indicator, see Figure 6.3

For further information on table contents, see Table 6.5 on page 129

indt = indt,neg, the parameterα2 is positive and significant. This is in accordance with

what we expect, since this implies that capital restrictions steepen the Phillips curve.

The estimation results for the model in which only effects of restrictions on outflows

are included show no significant effect. Further, the estimatedα2 parameter in Table

6.17 has an incorrect sign.

Conclusions Tables 6.13 to 6.17 show estimation results of models testing whether

support can be found for hypothesis I: capital restrictions lower the trade-off in flex-

ible exchange rate periods. Five different capital restrictions indicators are used. The

indicator indt,neg gave the best results. This indicator only considers years in which

capital inflows are restricted. The expected inflation rate and slope parameters are sig-

nificant and have the correct sign. The Phillips curve slope steepened in years that

capital inflows were restricted.

In Sections 6.6.1 and 6.6.2, various capital restrictions estimators are used in estimat-

ing models with a continuously variable slope, both with flexible exchange rate data

and with the complete data set of 1960-1998. We performed a number of tests for mul-

ticollinearity estimating a pooled model in which one of the right-hand side variables

is regressed on one other. For the 1960-1998 estimations they show that correlation

exists between expected inflation (πE
t ) andut |iext

t − i int
t |t, and betweenut andutindIMF

t .

For the flexible exchange rate data we found correlation betweenπE
t andutindt,pos, be-
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Table 6.14 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate period (1970-1998), Interest rate difference indicator

π
f lex
t = ci + α0π

E
t + α1ut + α2ut |i

ext
t − i int

t | + εt

estimate t-statistic
α0 1.049∗∗∗ 17.38
α1 -0.250∗∗∗ -3.03
α2 -0.012 -0.75
cB 0.018∗∗ 2.11 R2

B= 0.47
cF 0.017∗ 1.92 R2

F= 0.78
cG 0.013∗ 1.96 R2

G= 0.74
cI 0.027∗∗ 2.31 R2

I= 0.88
cN 0.004 0.46 R2

N= 0.11
cU 0.022∗∗ 2.41 R2

U= 0.86

Wald(α0 = 1)= 0.67 (41%) DW= 1.52
Wald(fit) = 422.44 (0%) Q = 4.86

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5

tweenπE
t andutindIMF

t , and betweenut andutindIMF
t . Considering the estimation and

the testing results with respect to multicollinearity, the capital restrictions indicator

indt,neg seems to be the best choice.

Threshold Models (Hypothesis I) As an alternative to the five models above, we

estimated a threshold model for the flexible exchange rate years that is reflected by:

π
f lex
t = c+ εt +

{
α0π

E
t + α1ut, indt < A

α0π
E
t + α2ut, indt > A

(6.5)

whereA is the threshold level. Ifindt = |iext
t − i int

t |, hypothesis I states that:

α1, α2 < 0 and α1 > α2

The Phillips curve is steeper in the regime where|iext
t − i int

t | > A, which means if capital

restrictions are effective.

If indt = iext
t − i int

t , hypothesis I states that

α1, α2 < 0 and α1 < α2

since the regime whereiext
t − i int

t < A is the regime where capital restrictions are

effective (given that a negative threshold is found).
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6.6 Estimation Results

Table 6.15 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate period (1970-1998), Interest rate difference indicator

π
f lex
t = ci + α0π

E
t + α1ut + α2ut(i

ext
t − i int

t ) + εt

estimate t-statistic
α0 1.031∗∗∗ 17.99
α1 -0.314∗∗∗ -4.17
α2 0.020∗∗ 2.20
cB 0.017∗∗ 2.18 R2

B= 0.65
cF 0.017∗ 1.95 R2

F= 0.74
cG 0.017∗∗∗ 2.76 R2

G= 0.72
cI 0.030∗∗ 2.53 R2

I= 0.85
cN 0.006 0.70 R2

N= 0.08
cU 0.027∗∗∗ 3.22 R2

U= 0.87

Wald(α0 = 1)= 0.29 (59%) DW= 1.68
Wald(fit) = 428.35 (0%) Q = 4.82

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

Table 6.18 and 6.19 show the results. Ifindt = iext
t −i int

t , the threshold is -1.0. This is the

result of minimising theSSR, given that at least 10% of the data per country remain in

each data set. The regime whereindt < −1.0 contains 20 data points. In total there are

109 data points in the flexible exchange rate estimations. The Wald test supports that

the slope parameters are different from each other. In the regime where the interest

rate difference is lower than -1.0, the curve is steeper. This means that there is less

trade-off in case the internal interest rate is more than 1.0 percentage points larger

than the external interest rate.

This is in accordance with hypothesis I (Table 6.1) that says that capital restrictions

under flexible exchange rates lead to a smaller trade-off. Capital restrictions on capital

outflows that cause a larger external interest rate are not distinguished separately in

this specification. Data of the periods in whichiext
t > i int

t are put together into the same

regime as the capital mobility data (iext
t ' i int

t ). If we compare these results with those

of the best of the five alternatives forπt = ci+α0π
E
t +α1ut+α2utindt,neg(Table 6.16), we

see that the threshold specification finds steeper Phillips curves (-0.286 versus -0.265

and -0.493 versus -0.265+0.054indt, indt < 0, average of -1.38).

Table 6.19 contains the results for the threshold model whereindt = |iext
t − i int

t |. The

optimal threshold is found at 0.2, which divides the data set in 29 below the thresh-
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

Table 6.16 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate period (1970-1998), Interest rate difference indicator

π
f lex
t = ci + α0π

E
t + α1ut + α2utindt,neg+ εt

indt,neg=

{
iext
t − i int

t , if iext
t < i int

t
0, otherwise

estimate t-statistic
α0 1.061∗∗∗ 18.79
α1 -0.265∗∗∗ -3.70
α2 0.054∗∗∗ 2.87
cB 0.023∗∗∗ 2.87 R2

B= 0.65
cF 0.015∗ 1.84 R2

F= 0.78
cG 0.014∗∗ 2.37 R2

G= 0.73
cI 0.029∗∗ 2.50 R2

I= 0.88
cN 0.003 0.42 R2

N= 0.08
cU 0.022∗∗∗ 2.69 R2

U= 0.87

Wald(α0 = 1)= 1.16 (28%) DW= 1.69
Wald(fit) = 455.33 (0%) Q = 3.86

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

old and 80 above it. TheSSRof this specification is higher than the one found with

indt = iext
t − i int

t . Therefore the first specification remains to be optimal. Further, the

slope parameters are not significantly different from each other (Wald(α1 = α2): 61%),

which does not support the hypothesised effect of capital restrictions. The slope pa-

rameter belonging to the capital mobility years, in this caseα1, is lower and negative.

This is a reverse pattern compared to the slope parameters in Table 6.18. TheDW and

Q statistics are closer to their critical values than in Table 6.18, but still the hypothesis

of no autocorrelation is not rejected.

Conclusions of the threshold models – hypothesis IThe best specification for the

threshold models that test the effect of capital restrictions on the inflation-output trade-

off finds a threshold of -1.0 for indicatoriext
t − i int

t . This is in accordance with the best

result that is found with the variable slope specification withindt,neg, which supports

the hypothesis that the slope is steepened by capital restrictions.
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6.6 Estimation Results

Table 6.17 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate period (1970-1998), Interest rate difference indicator

π
f lex
t = ci + α0π

E
t + α1ut + α2utindt,pos+ εt

indt,pos=

{
iext
t − i int

t , if iext
t > i int

t
0, otherwise

estimate t-statistic
α0 1.023∗∗∗ 17.42
α1 -0.315∗∗∗ -3.96
α2 0.018 1.33
cB 0.014∗ 1.81 R2

B= 0.57
cF 0.018∗∗ 2.00 R2

F= 0.74
cG 0.017∗∗∗ 2.66 R2

G= 0.72
cI 0.029∗∗ 2.47 R2

I= 0.85
cN 0.006 0.76 R2

N= 0.09
cU 0.027∗∗∗ 3.17 R2

U= 0.87

Wald(α0 = 1)= 0.15 (70%) DW= 1.61
Wald(fit) = 415.46 (0%) Q = 5.09

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

6.6.3 Estimation Results Hypothesis II: Capital Restrictions in

the Fixed Exchange Rate Regime

Hypothesis II states that capital restrictions steepen the Phillips curve slope in the

fixed exchange rate regime (see Table 6.1) since:

Xq

Xy
< σ + η

This is based on assumptions with respect to (1−Ay)/Xq. None of the estimation results

in this section support the hypothesis. They do not support the opposite ofXq

Xy
> σ + η

either; none of the tables show a significant effect of capital restrictions on the slope

of the Phillips curve. A possible explanation is that (1− Ay)/Xq is not as small as to

lead to a distinctive difference between the two Phillips curve slopes in the regimes

with and without capital restrictions, in case of a fixed exchange rate. The two Phillips

curve slopes are reflected by:

−
1

σ + η
and −

Xy

Xq
= −

1
η
+

1− Ay

Xq
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

Table 6.18 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate threshold model (1970-1998)

π
f lex
t = ci + α0π

E
t + εt +

{
α1ut, iext

t − i int
t < −1.0

α2ut, iext
t − i int

t > −1.0

estimate t-statistic
α0 1.047∗∗∗ 18.09
α1 -0.493∗∗∗ -3.58
α2 -0.286∗∗∗ -3.87
cB 0.019∗∗ 2.37 R2

B= 0.57
cF 0.018∗∗ 2.02 R2

F= 0.80
cG 0.015∗∗ 2.51 R2

G= 0.74
cI 0.033∗∗∗ 2.71 R2

I= 0.84
cN 0.005 0.63 R2

N= 0.09
cU 0.024∗∗∗ 2.89 R2

U= 0.87

Wald(α0 = 1) = 0.67 (41%) DW= 1.64
Wald(α1 = α2)= 3.44 (6%) Q = 4.18
Wald(fit) = 423.27 (0%) SSR= 0.033664

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

So, if (1−Ay)/Xq is close to [−1/(σ+η)] + [1/η], the two Phillips curve slopes cannot

be distinguished.

This section contains the estimation results for the models analogous to those of Sec-

tion 6.6.2 for the fixed exchange rate period. The continuously variable slope model

is reflected by:

π
f ix
t = ci + α0π

E
t + α1ut + α2utindt + εt (6.6)

where, according to Table 5.1,

α1 < 0 and α2 = 0

Tables 6.20 to 6.25 show the estimation results. In the model with the IMF indicator,

a significant and positive effect from the indicator variable is found. This is not in

accordance with what we expect. It implies a larger trade-off in case there are capital

controls in place according to the IMF indicator. Comparison of Figure 6.2 and Figure

6.3 shows that almost all non-zero values ofutindt in this model are in the 1960s

(fixed exchange rate periods from Table 6.2 and capital immobility years from Table

6.3). Therefore, the increased trade-off is largely found in the Bretton Woods period.
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6.6 Estimation Results

Table 6.19 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate threshold model (1960-1998), Indicator: absolute interest rate difference

π
f lex
t = ci + α0π

E
t + εt +

{
α1ut, |iext

t − i int
t | < 0.2

α2ut, |iext
t − i int

t | > 0.2

estimate t-statistic
α0 1.030∗∗∗ 17.60
α1 -0.299∗∗∗ -3.51
α2 -0.247∗∗∗ -2.60
cB 0.014∗ 1.79 R2

B= 0.48
cF 0.016∗ 1.76 R2

F= 0.72
cG 0.014∗∗ 2.34 R2

G= 0.74
cI 0.026∗∗ 2.04 R2

I= 0.87
cN 0.005 0.59 R2

N= 0.12
cU 0.025∗∗∗ 2.97 R2

U= 0.84

Wald(α0 = 1) = 0.26 (61%) DW= 1.54
Wald(α1 = α2)= 0.25 (61%) Q = 5.19
Wald(fit) = 419.24 (0%) SSR= 0.033732

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

As for the base models and the flexible exchange rate models, we tested for multi-

collinearity by estimating a pooled model in which one of the right-hand side variables

is regressed on one other. In the fixed exchange rate cases, there is slight correlation

betweenπE
t and ut. This is probably caused by the fact that a considerable part of

theπE
t data in the fixed exchange rate regime is proxied by the lagged inflation rate.

Further, there is correlation betweenut andutindIMF
t , which is a reason to doubt the

validity of the effect of capital restrictions found in the fixed exchange rate period.

The values ofR2 for the equation for the German data are always lowest and negative.

The number of German entries in this model is lowest as well, namely 9. The number

of UK data is small as well, namely 11, but apparently the sum of squared residuals

is not as large compared to the total variation in the dependent variable as it is for

Germany (R2
i = 1− (ε′i εi)/[(πi − π̄i)′(πi − π̄i)], whereπ̄i is the average inflation rate for

countryi).

The Wald statistics for the restriction thatα0 equals 1 reject this in Tables 6.20 to 6.22.

The parameters are significantly smaller than 1. We are inclined to assume that this is

at least partially due to the inclusion of the proxy forπE
t . Comparison of estimation

outcomes of the fixed exchange rate models for 1979-1998, with in the first only the
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

Table 6.20 Estimation results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998)

π
f ix
t = ci + α0π

E
t + α1ut + εt

estimate t-statistic
α0 0.863∗∗∗ 11.70
α1 -0.084∗∗ -2.58
cB 0.009∗∗ 2.14 R2

B= 0.77
cF 0.012∗∗∗ 2.84 R2

F= 0.39
cG 0.004 1.01 R2

G= -0.18
cI 0.015∗∗∗ 2.85 R2

I= 0.51
cN 0.011∗∗∗ 2.95 R2

N= 0.73
cU 0.013∗∗∗ 2.81 R2

U= 0.38

Wald(α0 = 1)= 3.44 (6%) DW= 1.45
Wald(fit) = 152.22 (0%) Q = 4.64

π
f ix
t : inflation in fixed exchange rate years
πE

t : expected inflation
ut: unemployment rate
εt: i.i.n.d. error term
Subscripts: B=Belgium,F=France,G=Germany,I=Italy, N=Netherlands, United Kingdom;
Significance: ∗ at 10%-level;∗∗ at 5%-level;∗∗∗ at 1%-level;
R2

i : R2 of sub-samplei ∈ B, F,G, I ,N,U;
Wald(′restriction′): Wald statistic of concerning parameter restriction;
Wald(fit): Wald statistic of restriction that all non-intercept parameters are equal to
zero;
DW: Durbin Watson statistic for the pooled estimation;
Q: Portmanteau test on first two autocorrelations (5% critical value=5.99)

proxy and with in the second only the expected exchange rate from the OECD statistics

shows that theα0 in first one is about 0.8 and in the second 1.0.

Tables 6.23 to 6.25 contain the results of the models in which we used the alternative

capital control indicatorsiext
t − i int

t , indt,neg, andintt,pos. None of the indicator variables

shows a significant parameter. TheDW and Q statistics of all specifications do not

suggest that there is autocorrelation.

Conclusions The results for the fixed exchange rate years show no evidence for the

expected effects given the assumptions on the elasticities. Table 6.1 says that the

inflation-output trade-off is decreased by capital restrictions if exchange rates are

fixed. The same regime indicators are used as in the flexible exchange rate models

and no effects are found (except in the model with the IMF indicator in which multi-

collinearity is found).
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6.6 Estimation Results

Table 6.21 Estimation Results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998), IMF indicator

π
f ix
t = ci + α0π

E
t + α1ut + α2utindIMF

t + εt

estimate t-statistic
α0 0.867∗∗∗ 11.83
α1 -0.079∗∗∗ -2.43
α2 0.102∗ 1.98
cB 0.008∗∗ 1.91 R2

B= 0.76
cF 0.009∗∗ 2.08 R2

F= 0.46
cG 0.003 0.79 R2

G= -0.30
cI 0.009 1.57 R2

I= 0.53
cN 0.010∗∗∗ 2.79 R2

N= 0.72
cU 0.011∗∗ 2.25 R2

U= 0.39

Wald(α0 = 1)= 3.32 (7%) DW= 1.50
Wald(fit) = 158.41 (0%) Q = 5.37

indIMF
t : IMF indicator, see Figure 6.3

For further information on table contents, see Table 6.20 on page 144

Threshold Models (Hypothesis II) Tables 6.26 and 6.27 contain the regression re-

sults for the threshold models for the fixed exchange rate period. The Wald statistics

of the test on a difference between the two slope parameters show that it is not rejected

that they are equal. So we find no support for hypothesis II.

For the model with a threshold based onindt = iext
t − i int

t , we find a threshold at value

-0.3 where theSSRis minimal. However, the slope parameters are not significantly

different from each other. This indicates that there is no support for a threshold that

splits the data into two separate regimes. Table 6.26 shows the results. The number of

data points for the rangeindt < −0.3 is 34, whereas the total number for this model is

103.

The minimumSSRfor the model withindt = |iext
t − i int

t | is slightly lower than that of

the previous model. The threshold lies at 0.6, which divides the data set into subsets

of 45 and 58 observations. The Wald statistic does not reject that the slope parameters

are equal among the two regimes. TheQ statistic shows that there is autocorrelation

in the regression outcomes. TheDW test does not, but is of limited value in the fixed

exchange rate models since a large part of the entries ofπE
t are the lagged dependent

variable. Therefore the specification withindt = iext
t − i int

t is the better one, despite the

higherSSR.

The proxy for the expected inflation rate that is used for the 1960-1973 period is

expected to lead to biased results. The use of this proxy in models for the other decades
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

Table 6.22 Estimation Results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998), Interest rate difference indicator

π
f ix
t = ci + α0π

E
t + α1ut + α2ut |i

ext
t − i int

t | + εt

estimate t-statistic
α0 0.864∗∗∗ 10.69
α1 -0.117∗∗∗ -2.90
α2 0.017 0.83
cB 0.009∗∗ 2.22 R2

B= 0.77
cF 0.013∗∗∗ 2.98 R2

F= 0.39
cG 0.004 1.05 R2

G= -0.14
cI 0.020∗∗∗ 2.96 R2

I= 0.70
cN 0.012∗∗∗ 3.00 R2

N= 0.74
cU 0.013∗∗∗ 2.80 R2

U= 0.38

Wald(α0 = 1)= 2.81 (9%) DW= 1.64
Wald(fit) = 158.96 (0%) Q = 5.91

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

lead to steeper estimated Phillips curves. If we assume a similar effect of using the

proxy for 1961-1973, this means that the slope that is found is biased downwards.

Further, the use of the proxy seems to have only a negligible effect on the parameter

of the variable that contains the indicator. This effect is most relevant for the fixed

exchange rate models. Theα1 parameters in Tables 6.20 to 6.25 would probably have

been somewhat higher (and negative) in case of use of a longer series of expected

inflation rate from the OECD statistics. In Tables 6.26 and 6.27 bothα1 andα2 may

be biased. Examination of the interest rate differences and the thresholds that are found

shows that the regimes foriext
t − i int

t > −0.3 and|iext
t − i int

t | > 0.6 are most affected since

these have the most data points in the 1960-1973 period. These parameters would

probably have been negative and closer to zero in case of expected inflation rates for

the 1960-1973 period.

6.6.4 Estimation Results Hypotheses III and IV: Effect of Fixing

the Exchange Rate

The hypotheses III and IV with respect to fixing the exchange rate in Table 6.1 are

formulated for the capital restrictions regime and the capital mobility regime. In the

section with results of base models, Tables 6.6 and 6.7 contain specifications in which
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6.6 Estimation Results

Table 6.23 Estimation Results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998), Interest rate difference indicator

π
f ix
t = ci + α0π

E
t + α1ut + α2ut(i

ext
t − i int

t ) + εt

estimate t-statistic
α0 0.888∗∗∗ 11.56
α1 -0.097∗∗ -2.86
α2 -0.005 -0.42
cB 0.009∗∗ 2.16 R2

B= 0.77
cF 0.012∗∗∗ 2.82 R2

F= 0.36
cG 0.004 0.91 R2

G= -0.20
cI 0.019∗∗∗ 2.82 R2

I= 0.77
cN 0.011∗∗∗ 2.81 R2

N= 0.73
cU 0.013∗∗∗ 2.69 R2

U= 0.37

Wald(α0 = 1)= 2.19 (15%) DW= 1.66
Wald(fit) = 157.83 (0%) Q = 5.36

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

both capital market regimes are not distinguished. The results in Table 6.7 support the

hypothesis that fixing the exchange rate flattens the Phillips curve. In the specification

under consideration, theπE
t parameter is also regime dependent. In these models we

assume that the effects of fixing the exchange rate in capital mobility regimes (hypoth-

esis III) and capital restrictions regimes (hypothesis IV) are equal.

In this section we split the data set into two sets of years in which capital was either or

not relatively mobile using a threshold for the regime variable. The model specification

we use to look for support for the hypotheses contains equations for either capital

mobility years or capital control years.

We use the threshold indicatorsindt = iext
t − i int

t andindt = |iext
t − i int

t | and estimate the

following set of systems:

πt =


ccm

i + α
cm
0 πE

t + α
cm
1 uf ix

t + α
cm
2 uf lex

t + εt, iext
t − i int

t > A or |iext
t − i int

t | < A

ccc
i + α

cc
0 π

E
t + α

cc
1 uf ix

t + α
cc
2 uf lex

t + εt, iext
t − i int

t < A or |iext
t − i int

t | > A

(6.7)

The superscriptscm andcc denote years of capital mobility and of years with effective

capital controls. Tables 6.28 and 6.29 contain the estimation results of the system of

this equation for the minimalSSR. We initially assumed regime dependent intercepts,

tests on them being equal accepted this restriction (test results not reported). So, we

147



6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

Table 6.24 Estimation Results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998), Interest rate difference indicator

π
f ix
t = ci + α0π

E
t + α1ut + α2utindt,neg+ εt

indt,neg=

{
iext
t − i int

t , if iext
t < i int

t
0, otherwise

estimate t-statistic
α0 0.874∗∗∗ 11.32
α1 -0.110∗∗∗ -3.09
α2 -0.028 -1.02
cB 0.010∗∗ 2.29 R2

B= 0.78
cF 0.012∗∗∗ 2.93 R2

F= 0.35
cG 0.004 0.98 R2

G= -0.16
cI 0.020∗∗∗ 2.90 R2

I= 0.76
cN 0.011∗∗∗ 2.98 R2

N= 0.74
cU 0.013∗∗∗ 2.80 R2

U= 0.37

Wald(α0 = 1)= 2.66 (10%) DW= 1.63
Wald(fit) = 160.08 (0%) Q = 5.30

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

apply ccc
i = ccm

i . We also test whether theα0 parameters can be specified as being

equal. The results show that in one model this restriction was rejected (Table 6.28)

and in the other it was accepted (Table 6.29).

Hypothesis III concerns the capital mobility regime and states in terms of the param-

eters in Equation (6.7) that:

αcm
1 > αcm

2 , αcm
1 , αcm

2 < 0

Analogously, hypothesis IV says about the capital restrictions regimes that:

αcc
1 > αcc

2 , αcc
1 , α

cc
2 < 0

In both cases, fixing the exchange rate leads to a increased trade-off and a flatter

Phillips curve.

In Table 6.28 the range of capital mobility (small interest rate differences) is taken

together with the range of restrictions on capital outflows. The threshold value of -0.2

gives the best performance for the joint system. The number of data points for the

two regimes are 79 and 133. Ifindt < −0.2 both slope parameters are insignificant. If

indt > −0.2, the outcomes show a significant effect of fixing the exchange rate (at the
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6.6 Estimation Results

Table 6.25 Estimation Results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998), Interest rate difference indicator

π
f ix
t = ci + α0π

E
t + α1ut + α2utindt,pos+ εt

indt,pos=

{
iext
t − i int

t , if iext
t > i int

t
0, otherwise

estimate t-statistic
α0 0.885∗∗∗ 11.30
α1 -0.100∗∗∗ -2.76
α2 0.001 0.06
cB 0.009∗∗ 2.13 R2

B= 0.77
cF 0.012∗∗∗ 2.84 R2

F= 0.37
cG 0.004 0.93 R2

G= -0.19
cI 0.019∗∗∗ 2.84 R2

I= 0.74
cN 0.011∗∗∗ 2.81 R2

N= 0.73
cU 0.013∗∗∗ 2.68 R2

U= 0.38

Wald(α0 = 1)= 2.15 (14%) DW= 1.67
Wald(fit) = 157.12 (0%) Q = 5.54

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

10% significance level). The hypothesis says that fixing the exchange rate increases

the trade-off. The outcomes for the regime ofindt > −0.2 support this presumption,

since theα1 parameter is higher than theα2 parameter. The parameter for the expected

inflation rate, ifindt > −0.2, is significantly higher than ifindt < −0.2.

If the indicator is the absolute difference betweeniext
t andi int

t (Table 6.29), the optimal

threshold is 0.5, which leads to a split up of the number of data into 86 and 126. The

SSRis higher, and the autocorrelation statistics indicate no autocorrelation in these

model outcomes, as well as in the previous specification. In neither regime the effect

of fixing the exchange rate is significant (Wald(αcc
1 = αcc

2 ): 60% andWald(αcm
1 =

αcm
2 ): 27%). TheπE

t parameter is found to be regime independent, sinceαcm
0 = α

cc
0 is

accepted. For the years whereindt < 0.5 (capital mobility years) both slope parameters

are significant. Theα1 parameter is higher and negative, as expected, but the Wald

test fails to rejectα1 = α2, so the hypothesised effect of fixing the exchange rate is

not supported. If|iext
t − i int

t | > 0.5, only the fixed exchange rate slope parameter is

significant and not significantly different from the flexible exchange rate parameter.
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

Table 6.26 Estimation results for pooled data set with fixed effects and instrumental variables,
fixed exchange rate threshold model (1960-1998)

π
f ix
t = ci + α0π

E
t + εt +

{
α1ut, iext

t − i int
t < −0.3

α2ut, iext
t − i int

t > −0.3

estimate t-statistic
α0 0.884∗∗∗ 11.56
α1 -0.064 -1.53
α2 -0.107∗∗∗ -2.94
cB 0.009∗∗ 2.15 R2

B= 0.77
cF 0.012∗∗∗ 2.77 R2

F= 0.33
cG 0.004 0.90 R2

G= -0.16
cI 0.018∗∗∗ 2.66 R2

I= 0.79
cN 0.010∗∗∗ 2.70 R2

N= 0.72
cU 0.014∗∗∗ 3.11 R2

U= 0.35

Wald(α0 = 1) = 2.27 (13%) DW= 1.65
Wald(α1 = α2)= 1.24 (27%) Q = 5.32
Wald(fit) = 158.24 (0%) SSR= 0.010991

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

Conclusions of the threshold models – hypotheses III and IVHypotheses III and

IV state that fixing the exchange rate flattens the Phillips curve slope during capital

mobility periods and during periods of restricted capital flows. A threshold model

is estimated to test these hypotheses simultaneously. Each capital market regime is

represented by a regime in the threshold model. The model that usesiext
t − i int

t to find

a threshold shows support for hypothesis III (capital mobility regime is defined by

iext
t − i int

t > −0.2), but not for hypothesis IV. The model that uses|iext
t − i int

t | supports

none of the hypotheses.

6.7 Conclusions

We estimated a number of models to try and find support for the hypotheses formulated

in Chapter 5 and repeated in Table 6.1 with respect to the inflation-output trade-off in

the countries of our data set. The hypotheses regarding the effects of capital restrictions

are tested with models with a continuously variable slope, dependent on the extent

of capital restrictions. Furthermore, they are tested with threshold models in which

the threshold value measures the extent of capital restrictions and is applied to the
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6.7 Conclusions

Table 6.27 Estimation results for pooled data set with fixed effects and instrumental variables,
fixed exchange rate threshold model (1960-1998)

π
f ix
t = ci + α0π

E
t + εt +

{
α1ut, |iext

t − i int
t | < 0.6

α2ut, |iext
t − i int

t | > 0.6

estimate t-statistic
α0 0.867∗∗∗ 11.00
α1 -0.118∗∗∗ -3.01
α2 -0.080∗∗ -2.03
cB 0.009∗∗ 2.15 R2

B= 0.76
cF 0.011∗∗∗ 2.77 R2

F= 0.23
cG 0.005 0.90 R2

G= -0.08
cI 0.018∗∗∗ 2.66 R2

I= 0.71
cN 0.012∗∗∗ 2.70 R2

N= 0.72
cU 0.016∗∗∗ 3.11 R2

U= 0.35

Wald(α0 = 1) = 2.84 (9%) DW= 1.65
Wald(α1 = α2)= 0.96 (33%) Q = 6.52
Wald(fit) = 159.72 (0%) SSR= 0.010508

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

slope parameter. The hypotheses regarding the effect of fixing the exchange rate are

only tested with the second type of models. The threshold value of capital restrictions

divides the series of inflation rates in two, after which a system is estimated with two

equations for each country.

Support for the effects of capital restrictions during flexible exchange rate periods

is found with an indicator that only considers restrictions on capital inflows. Given

the assumptions on the elasticities of output and money, the trade-off is expected to

decline (hypothesis I). Output and unemployment become less sensitive to changes

in the inflation rate. Results for the specifications that include capital restrictions on

outflows are less obvious. The threshold model outcomes for flexible exchange rate

years are also in line with hypothesis I. The slopes of the two regimes are significant,

significantly different, and their relative sizes are as expected.

The same set of models we use for testing hypothesis I is estimated for the fixed

exchange rate period. The expected effect of capital restrictions on the Phillips curve

slope is similar (hypothesis II). However, no significant effect is found. This suggests

that the relative sizes of the elasticities of the trade balance and absorption of the two

regimes (fixed exchange rates and capital mobility or restricted capital) are such that

no significant difference in the inflation-output trade-off is found.
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Table 6.28 Estimation results for pooled data set with fixed effects and instrumental variables,
Threshold model (1960-1998), Effect of fixing exchange rate

πt = ci + εt +

{
αcm

0 πE
t + α

cm
1 uf ix

t + α
cm
2 uf lex

t , iext
t − i int

t > −0.2
αcc

0 π
E
t + α

cc
1 uf ix

t + α
cc
2 uf lex

t , iext
t − i int

t < −0.2

estimate t-statistic
αcm

0 1.121∗∗∗ 7.32
αcm

1 -0.129∗∗∗ -3.03
αcm

2 -0.210∗∗∗ -4.86
αcc

0 0.923∗∗∗ 17.46
αcc

1 -0.039 -0.78
αcc

2 -0.000 -0.01 cm cc
cB 0.005 1.39 R2

B= 0.89 0.59
cF 0.007 1.63 R2

F= 0.86 0.89
cG 0.006∗ 1.79 R2

G= -1.49 0.70
cI 0.013∗∗ 2.22 R2

I= 0.95 0.87
cN 0.004 1.09 R2

N= 0.76 0.75
cU 0.011∗∗∗ 2.86 R2

U= 0.85 -0.24

Wald(αcm
0 = α

cc
0 ) = 12.52 (0%) DW= 1.89

Wald(αcc
0 = 1) = 2.13 (14%) Q = 4.52

Wald(αcm
0 = 1) = 8.16 (0%) SSR= 0.046756

Wald(αcc
1 = α

cc
2 ) = 0.35 (56%)

Wald(αcm
1 = α

cm
2 )= 2.75 (10%)

Wald(fit) = 1077.38 (0%)

uf ix
t : unemployment rate in fixed exchange rate years

uf lex
t : unemployment rate in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

cm: periods with capital mobility; cc: periods with effective capital controls
For further information on table contents, see Table 6.5 on page 129

The hypothesised effects of fixing the exchange rates are only partly supported by the

data. The results presented are those of the threshold models with the lowest joint

SSR. In the regime whereiext − i int > −0.2 there is a significant effect from fixing

the exchange rates, this supports hypothesis III. In the other regime, as well as in the

model with indt = |iext − i int |, there is no significant effect. This may be due to the

same possible reason for not finding a significant effect of capital restrictions in the

fixed exchange rate regime. The extent of the ratio of the marginal propensity to save

compared to the real exchange rate elasticity of the trade balance may be not small

enough to distinguish a shift in the Phillips curve slope after fixing the exchange rate

in the regime of restricted capital.
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6.7 Conclusions

Table 6.29 Estimation results for pooled data set with fixed effects and instrumental variables,
Threshold model (1960-1998), Effect of fixing exchange rate

πt = ci + εt +

{
αcm

0 πE
t + α

cm
1 uf ix

t + α
cm
2 uf lex

t , |iext
t − i int

t | < 0.5
αcc

0 π
E
t + α

cc
1 uf ix

t + α
cc
2 uf lex

t , |iext
t − i int

t | > 0.5

estimate t-statistic
αcm

0 1.072∗∗∗ 19.50
αcm

1 -0.117∗∗ -2.24
αcm

2 -0.185∗∗∗ -3.56
αcc

0 1.006∗∗∗ 21.15
αcc

1 -0.095∗∗ -2.10
αcc

2 -0.061 -0.92 cm cc
cB 0.006 1.45 R2

B= 0.79 0.74
cF 0.007 1.64 R2

F= -0.12 0.87
cG 0.006∗ 1.82 R2

G= 0.55 0.97
cI 0.012∗∗ 1.97 R2

I= 0.82 0.92
cN 0.005 1.31 R2

N= 0.81 0.39
cU 0.014∗∗∗ 3.21 R2

U= 0.88 0.79

Wald(αcm
0 = α

cc
0 ) = 1.16 (28%) DW= 1.79

Wald(αcc
0 = 1) = 0.02 (90%) Q = 4.36

Wald(αcm
0 = 1) = 1.70 (19%) SSR= 0.048993

Wald(αcc
1 = α

cc
2 ) = 0.29 (60%)

Wald(αcm
1 = α

cm
2 )= 1.19 (27%)

Wald(fit) = 1007.84 (0%)

uf ix
t : unemployment rate in fixed exchange rate years

uf lex
t : unemployment rate in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

cm: periods with capital mobility; cc: periods with effective capital controls
For further information on table contents, see Table 6.5 on page 129
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

Appendix 6.A: Data Sources – Capital Restrictions

Indicator

• Internal interest rate (3 month): from OECD or central bank statistics: Bel-

gium: 1961-1989 interest rate of treasury certificates, 1990-1998 interbank rate,

France: 1971-1969 call money rate, 1970-1998 PIBOR, Germany: 1961-1998

FIBOR, Italy: Interbank deposits, the Netherlands: 1961-1978 Interest rate to

local authorities, 1979-1998 Interbank rate, United Kingdom 1961-1998 Inter-

bank loans

• External interest rate (3 month, LNDN:FT): Euro domestic currency interest

rate: Belgium: 1981-1998, France: 1975-1998, Germany: 1975-1998, Italy: 1979-

1998, the Netherlands: 1962-1998, United Kingdom: 1975-1998

• Forward exchange rate (3 month): from IFS, national currency to US dollar:

Belgium: 1961-1980, France: 1961-1974, Germany: 1961-1974, Italy: 1977-

1978, the Netherlands: 1961, United Kingdom: 1961-1974

• Euro dollar interest rate (3 month): Euro dollar interest rate in Germany

• Spot exchange rate: from IFS, national currency to US dollar, national currency

to Deutsche Mark
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Chapter 7

Summary and Conclusions

This thesis discusses the inflation-output (or inflation-unemployment) relation. We fo-

cus on the role of two kinds of imperfections, namely downward nominal wage rigid-

ity on the labour market, and regulation of the foreign exchange and capital markets

through exchange rate mechanisms and restrictions on capital mobility, respectively.

We model both imperfections, derive analytical solutions from the Phillips curve, and

present empirical illustrations for six European economies.

In Chapter 2 we review the literature. The long-term Phillips curve is widely believed

to be vertical, which implies long-run neutrality of money. However, there are ample

reasons to expect that low wage inflation rates are not easily achieved. If nominal wage

growth exceeds inflation (given labour productivity growth) real unit labour costs in-

creases will reduce labour demand. Money illusion and fairness may cause downward

wage inflation rigidity. For the latter: observation of higher wage inflation rates in

other sectors of the economy lead to trade unions not accepting a too low wage infla-

tion rate.

In Chapter 3 we describe a model in which a minimum wage inflation rate is assumed

and formulate conditions under which a stable equilibrium will exist. We assume that

monetary authorities are able to target the inflation rate. The condition for a stable

equilibrium shows that the inflation target of the monetary authorities should exceed

the minimum wage inflation rate minus the labour productivity growth rate. If this

is not the case, the wage inflation rate exceeds the market clearing rate, which has

a negative effect on labour demand. The long-term Phillips curve in this model is a

(nearly) vertical curve for high inflation rates but is downward-sloping if the inflation

rate is near its minimum level. This minimum wage level is derived from the minimum

wage inflation rate and the long-term growth rate of labour productivity. If the inflation
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7 Summary and Conclusions

target is just above this critical level, the long-term unemployment rate will be higher

than its natural rate.

Chapter 4 presents an econometric model of the minimal nominal wage model and

its estimation results for six European countries. For each country we find a signif-

icant positive value of the minimum wage inflation rate. Therefore the low inflation

target of the ECB (slightly below 2%) may have long-term negative real effects, if the

minimum wage inflation rate exceeds the sum of the inflation target plus the growth

rate of labour productivity. The estimated parameters support wage indexation, which

leads to a long-term Phillips curve that is vertical for high inflation rates. The long-

term Phillips curves are derived from the estimated short-run parameters, the average

labour productivity growth rate of the last two decades, and the equality between real

wage inflation and labour productivity growth. We compute a long-term Phillips curve

for a period in which inflation and labour productivity growth are relatively moderate.

A comparison between this simulated long-term Phillips curve and the 2002 inflation

and unemployment rates shows that both are almost equal in three out of six cases

(Belgium, France, and Germany). In the case of the United Kingdom, the current in-

flation rate is well below the estimated minimum inflation rate. We expect that this

gap may be the result of shifts in labour market relations and the reduction of trade

union power in the previous decades. The Italian data also show a current inflation rate

that is below the long-term Phillips curve, but not as far below as in the case of the

United Kingdom. The Dutch data show an exceptional split between the current unem-

ployment rate and the simulated minimum long-term unemployment rate. The Dutch

unemployment rate is low compared to other Western European unemployment rates,

in the time period we study. This might be due to statistical measurement problems or

to a larger short-run deviation from the long-run relation.

The stability of long-term Phillips curves is a well-known problem. A downward shift

of the long-term Phillips curve may arise from a social adaptation to a lasting low rate

of inflation. The minimum wage inflation rate may move downwards if societal confi-

dence grows that inflation will remain low and through a collective acceptance of this

lower wage inflation. A lasting low inflation rate may induce learning effects with re-

spect to the change in purchasing power. Note that these shifts are only achieved after

a number of years, when there have been macroeconomic costs from increased unem-

ployment. Further, a decrease of the minimum wage inflation rate may be nullified in

the short run, in case the inflation is less successfully targeted and a higher inflation

rate is established. Societal confidence will be lost and wage demands increase.

The second topic of this thesis is the effect of capital market restrictions and foreign

exchange market regulations on the short-term Phillips curve (Chapter 5). We present

a Mundell-Fleming-type model in four versions: freely mobile capital and immobile
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capital, with flexible or fixed exchange rates. Some of the producers set a price based

on the expectation of the market clearing price in the previous period, while others

are assumed to set the price equal to the actual market clearing level. Supply and

demand shocks may cause deviations between the two prices. The slope of the short-

term Phillips curve is determined by the structural parameters, namely the interest (and

real exchange rate) elasticities of output and money. The impact of the introduction of

capital market restrictions in case of flexible exchange rates depends on the change of

the responsiveness of output with respect to the real interest rate and the real exchange

rate. If the elasticity of output with respect to the real interest rate is smaller than the

elasticity of output with respect to the real interest rate and the real exchange rate in

case of capital mobility, the inflation-output trade-off becomes smaller as well, which

implies a steeper Phillips curve. The opposite holds for a higher elasticity of output.

In case of fixed exchange rates, the impact of restricting international capital flows

depends on the difference between the sum of elasticities of output in case of capital

mobility and the ratio of real exchange rate elasticity over income elasticity of the

trade balance in case of capital restrictions. The difference between the two cases is

that in the first case the interest rate is determined by the foreign capital market, and

in the second case the interest rate is set on the domestic goods market after the output

level is determined by the current account balance.

If capital mobility is free, fixing the exchange rate will affect the slope of the Phillips

curve. After fixing the exchange rate, the Phillips curve will no longer be dependent on

money market conditions. Whether the curve will become flatter depends on whether

the sum of the real interest rate and the real exchange rate elasticity of output exceeds

unity. If the sum of the two elasticities is smaller than unity, the curve becomes steeper

(a relatively insensitive output level leads to a smaller trade-off). We also consider the

effect of fixing the exchange rate in the case of capital immobility. The condition under

which the Phillips curve becomes steeper or flatter, is slightly more complex. Output

is determined by the current account balance. The Phillips curve slope depends on

the output and real exchange rate elasticity of the current account. Whether the trade-

off increases or decreases after fixing the exchange rate in case of restricted capital,

depends on this ratio of trade balance elasticities and the real interest rate elasticity of

output in case of flexible exchange rates.

To test the hypotheses proposed in Chapter 5, we first need estimates of the interest

and real exchange rate elasticities of money and output and assumptions on the relative

size of the marginal propensity to save compared to the real exchange rate elasticity

of the trade balance. We use estimates for the real exchange rate elasticity and real

interest rate elasticity of output from the literature. Given these estimates and the as-

sumption that the above mentioned relative size of elasticities is sufficiently small, four

possible effects on the Phillips curve slope can be formulated. The first is that capital

157



7 Summary and Conclusions

restrictions decrease the inflation-output trade-off if exchange rates are flexible. The

second describes an analogous effect from capital restrictions in the fixed exchange

rate regime. Third, fixing the exchange rates will increase the trade-off in a situation

of internationally mobile capital. And fourth, the trade-off will also be sharpened by

fixing the exchange rate under a regime of capital restrictions.

Chapter 6 estimates Phillips curves from which the effects of capital restrictions and

fixing exchange rates can be tested. To distinguish different exchange rate and capital

control regimes, we use two indicators. The first focuses on episodes where exchange

rates are fixed and where they are not. The second indicates the extent of the effective-

ness of capital restrictions using an interest rate differential. We estimate the models

for a pooled set of the six countries also used in Chapter 4. The support for the hy-

potheses is mixed. The indicator for capital restrictions is specified in several ways.

The one that indicates an effect from capital inflows gives the ‘best’ estimation results

in terms of significance of the parameters.

The specification containing the capital restrictions indicator concerning capital in-

flows shows support for a steeper Phillips curve in flexible exchange rate years. We

also estimate a so-called threshold model for the flexible exchange rate years to test

whether the slope parameter changes significantly when introducing capital restric-

tions: the results suggest that it does change. The models that consider the effect of

capital restrictions during fixed exchange rate years do not show a significant effect

on the inflation-output trade-off. This suggests that the assumption on the relative size

of the marginal propensity to save compared to the real exchange rate elasticity of the

trade balance is not met. The effect of fixing the exchange rate given either capital

mobility or capital immobility is tested in a threshold model as well: we only find a

significant effect in case of capital mobility.

In Chapter 4 and Chapter 6 we look for support for effects on the inflation-output

relation that are described in Chapter 3 and Chapter 5. The hypothesised effects of

labour market characteristics are based on notions such as nominal wage rigidity and

money illusion. We believe the real effects from low inflation rates to be long-term.

If adaptation of the minimum wage inflation rate will take place, it will probably

take a number of years during which the increased unemployment rate would imply

macroeconomic costs. The support for the existence of a minimum wage inflation rate

suggests that there is also an inflation rate below which the long-term Phillips curve

is downward sloping. The ECB’s (and other central banks’) inflation target of 0-2%

can only be maintained at real economic costs. The effects we consider in the chapters

on capital market and foreign exchange market characteristics (Chapters 5 and 6) are

short-term effects. These effects depend on the real interest rate and exchange rate

elasticities of money and output. Changes in the monetary regime are likely to affect
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the short-term inflation-output relation. Firstly there is some support for effects on the

inflation-output relation of changes in the monetary system: the gradual abolishing of

capital restriction during the managed floating exchange rate years flattens the short-

term Phillips curve. Secondly, there is only weak support for a flattening effect on the

Phillips curve of fixing the exchange rate.

The exchange rate stabilisation, the financial integration, and the common low infla-

tion target in Western European countries in the process towards the EMU are ex-

pected to have had their impact on the inflation-output relation. This thesis analyses a

number of possible mechanisms that may have caused these influences.

The conclusions of both the theoretical and empirical examinations can in short be

summarised as follows. We find support for both increased short-run and increased

long-run trade-offs through increased capital mobility (during managed floating or

flexible exchange rate regimes), exchange rate stabilisation, and low inflation rates.

The first is explained by output becoming more responsive to the interest rate and the

real exchange rate after the abolishing of capital controls and fixing the exchange rate.

The more responsive output leads to a larger inflation-output trade-off. Secondly, the

nominal wage rigidity leads to increased real wage costs when inflation is low. Au-

thorities usually want to avoid a larger trade-off, especially in the long run. A larger

long-run trade-off carries the risk of a higher long-term unemployment rate than the

minimal natural rate. The increased short-term trade-off in the model with capital and

exchange rate regimes may be less disturbing. In the theoretical model in Chapter 5,

the long-term inflation-output trade-off is not affected by the shocks that cause the

short-run trade-off. The gains in terms of long-term economic growth are not con-

sidered in this model. Usually, free capital mobility and exchange rate stability are

assumed to be favourable to the overall economic performance in Western European

countries.

Future Research Presently, the medium-term (3 to 5 year) stability of equilibria re-

ceives growing attention in the macroeconomic literature next to the traditional scopes

of the short and the long run. Blanchard (2000) anticipates that welfare implications of

policy form another element in future main developments in macroeconomic research.

Welfare implications of policy are connected to the medium term that is important in

policy objectives of authorities: see for instance Smets (2003) and Levinet al. (2003)

- these studies deal with the implementation of policy instruments that affect medium-

term stability.

The empirical results in Chapter 4 (long-term) and 6 (short-term) refer to six Western-

European countries in the 1960-2001 period. The minimum wage inflation rate in

Chapter 4 depends on wage negotiations and negotiation power of the employees and
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employers. Economies in which these elements differ substantially from the situation

in these Western European countries may not have to deal with a minimum wage in-

flation rate. This has consequences for the likely macroeconomic costs of monetary

targets. Empirical testing of a minimum wage inflation model for such countries (i.e.

non-Western European) can be supplementary to examining labour market character-

istics and central bank policy in relation to the Phillips curve.

This thesis considers nominal rigidities on specific markets that have implications

for the inflation-output relation. It is hard to pin down the relative importance of

these nominal rigidities in the realisation of the inflation-output trade-off. We only

study ‘partial’ models. Another approach would be to develop a general equilibrium

model. Blanchard (2000) asserts that future research may result in a general equilib-

rium model with several types of imperfections. To illustrate this using this thesis’

subjects: a model with a combined staggered price setting on the goods market and a

minimal wage inflation rate in an open economy model, where market imperfections

exist on the capital and foreign exchange markets. The study by Smets and Wouters

(2003) fits into this view on future research on an integrated macro model. They use a

Bayesian technique to estimate a general equilibrium model. The estimation technique

is an improvement compared to the calibration of general equilibrium models that is

often applied. There are also different kinds of imperfections: a Calvo type of price and

wage setting, costly adjustment of the utilisation rate of capital, and the empirically

observed persistence in the consumption process as modelled by habit formation in

consumption. Another recent example of a general equilibrium approach that models

rigidities is Dib (2003), in which costly price adjustment leads to persistent real ef-

fects from monetary policy. The nominal price rigidity is combined with real rigidities

modelled as adjusting costs of capital and employment. Claridaet al. (2003) presents

a theoretical two-country sticky price model with monopolistic competition. Flexible

exchange rates are preferable, in terms of the central bank’s loss function, irrespec-

tive of whether or not central banks are cooperative. Finally, Lane (2001) contains an

overview of dynamic general equilibrium models that incorporate imperfect competi-

tion and nominal rigidities.

In an integrated macromodel, a number of imperfections may be implemented that

cause the inflation-output trade-off. In a partial equilibrium model with some kind of

imperfection that leads to real effects of inflation, empirical relative importance of the

imperfection in generating the total trade-off is unclear. In the future, an integrated

empirical macromodel may provide an insight into the relative importance of nominal

rigidities and market imperfections to the inflation-output trade-off.
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Appendix A

Data Description

Chapters 4 and 6 contain empirical studies for six countries: Belgium, France, Ger-

many, Italy, the Netherlands, and the United Kingdom. Some of the data series are

used in both chapters. This appendix describes the data series and analyses them with

respect to stationarity. The models estimated in Chapters 4 and 6 are Phillips type

oriented and contain the following data series (ordered as they appear below): infla-

tion, expected inflation, unemployment rate, wage inflation, and labour productivity

growth.

A.1 Unit Root Testing

Augmented Dickey-Fuller

We applied an number of unit root tests on the series of the period 1960-2001, less

some years at the end or beginning of the series in case the series have no entries

there. The first is the Augmented Dickey-Fuller (ADF) test and is reflected by the

following regression for a variabley:

∆yt = c+ βt + γyt−1 +

m∑
j=1

γ j∆yt− j + εt (A.1)

wherec, β, γ, γ j ( j = 1...m) are parameters,t is a trend variable,∆ is the difference op-

erator andεt is the error term. So, the first difference is regressed on a trend, the lag of
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the variable of which stationarity is tested, and on a number of lagged first differences.

The ADF-test statistic is thet-statistic ofγ. In the tables below, the ADF-statistics are

given as well as their significance level (at 10%, 5%, 1%, or insignificant). The null

hypothesis of this test says that the series contains a unit root. The lag lengthm is

determined as the lag length for which the Akaike information criterion is minimal,

for m = 1...9. The significance of the ADF parameterγ is based on the MacKinnon

critical values.

The test specification is determined as follows. First, Equation (A.1) is estimated with

m lags based on the Akaike criterion. If the test statistic is lower than the MacKinnon

value at the 1%-significance level, we decide that the ADF test rejects a unit root. If it

is not, and theβ-parameter of the trend is significant at the 10%-significance level, the

procedure is stopped as well, and the test outcome ist-value ofγ, possibly significant

at the 5 or 10% significance level.

If β is insignificant we take the next step in the procedure. We repeat the estimation

withoutβt. If the ADF-statistic indicates rejection of a unit root at the 1%-significance

level, the procedure is stopped. If this is not the case, the significance of the constant

determines whether the procedure is stopped or continued. Ifc is significant at the

10%-significance level it is stopped and otherwise the estimation is repeated without

c+βt. After this step the procedure stops, regardless of the outcomes. The tables below

show what steps in this procedure were taken to obtain the reflected outcome. These

are estimation with trend and constant, with only a constant, or without either of them.

Phillips-Perron

The next test we applied is the Phillips-Perron (PP) test (Phillips and Perron, 1988),

which is based on the non-augmented Dickey-Fuller test (without
∑m

j=1 γ j∆yt− j in

Equation (A.1)):

∆yt = c+ βt + γyt−1 + εt

The t-value of theγ-parameter is adjusted in such a way that the asymptotic distri-

bution of the test value is not affected by serial correlation, by using the estimated

spectrum at frequency zero of the residuals. The significance also follows from the

MacKinnon critical values. The estimated spectrum at frequency zero is the weighted

sum of autocovariances of the residuals. The weights are based on a kernel func-

tion. Further, a bandwidth parameter is used that truncates the range for which au-

tocovariances receive a non-zero weight. We used the Parzen kernel function, with a

data-based bandwidth parameter with a maximum of 20. If the data-based band-width
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parameter is larger than 20, we set it on the maximum data-based number of previ-

ously performed PP-tests on the concerning variable. The PP-test can be reflected as

follows:

tPP
γ = tγ

√
τ0

f0
−

T( f0 − τ0)(se(γ))

2
√

f0s

wheretγ is the t-value of the estimatedγ, τ0 is the estimated varianceεt, T is the

number of data entries,se(γ) is the standard coefficient error ofγ, ands is the standard

error of the test regression. The estimated residual spectrum at frequency zerof0 is

reflected by:

f0 =
T−1∑

j=−(T−1)

τ jK
( j

l

)
whereτ j is the j-th autocovariance of the estimatedεt andK is the kernel function

given by the Parzen function

K
( j

l

)
=


1− 6( j

l )
2 + 6| jl |

3 if 0 ≤ | jl | ≤ 1/2
2(1− | jl |)

3 if 1/2 < | jl | ≤ 1
0 otherwise

wherel is the bandwidth.

The null hypothesis of the PP-test is, as of the ADF-test, that there is a unit root.

The critical values for the test statistic are also the same. The estimated test equation

has less parameters, so the PP-test has more degrees of freedom in estimating the

γ-parameter.

Kwiatkowski-Phillips-Schmidt-Shin

The third unit root test we applied takes stationarity as the null hypothesis. This is the

Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test (Kwiatkowskiet al., 1992), which

uses a frequency zero spectrum estimation of the residuals of the OLS estimation of:

yt = c′ + β′t + ε′t

The test is a Lagrange Multiplier (LM) statistic with a limitedχ2 distribution. The crit-

ical values are from Kwiatkowskiet al.(1992). The kernel function and its bandwidth

are chosen in the same way as with the PP-test. The test statistic can be reflected by:

LM =
T∑

t=1

(∑t
r=1 εt

)2

T2 f0
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The specification of the test equation is determined following a similar procedure

as in the previous two tests. The test start with a specification with a trend and a

constant. The trend is omitted in case the LM test statistic rejects stationarity at the

10%-significance level.

A.2 Inflation

The inflation series used in the empirical chapters are growth rates of the consumer

price indices (CPI) that are published by the IMF (International Monetary Fund) in the

IFS (International Financial Statistics). Figure A.1 shows the graphs of the inflation

rates. The series start in 1961 and end in 2001. We can discern possible correlation

with monetary regimes (Bretton Woods in the 1960s, managed floating system of the

1970s, and the process in the 1980s and the 1990s of increasing integration towards a

monetary union).

The expected inflation rate series are partially taken from the OECD Economic Out-

look that is published in December. The expected inflation rate that is used for yeart

is the expected inflation rate for yeart, published in yeart − 1. The first year in which

this expected inflation rate was published is 1973, so this series ofπE
t starts in 1974.

For the period 1961-1973, we used as a proxy simply the lagged actual inflation rate.

Figure A.1 shows that the course of these series are comparable with those of the ac-

tual inflation rates. The series of the expected inflation after 1973 usually lags behind

that of the realised inflation rate, which is an indication that the lagged inflation rate is

a fairly good proxy if you choose not to build a model to create a series for expected

inflation. Most of the peaks in the realised series are higher than those of the expected

inflation rate. An exception is the expected inflation rate in Italy in 1975 and 1977.

Those peaks are higher than those of the realised series in the period 1974-1977.

The unit root tests mentioned in the previous section are applied to the logarithm of

the CPI series, and the first and the second differenced series. The first differenced

series of the log of CPI approximates the inflation series. Table A.1 contains the test

statistics.

The ADF-test rejects a unit root in the inflation series of Belgium and Germany. The

PP-test accepts a unit root for all inflation series. The KPSS-tests rejects stationarity

for the French inflation series. This means that the results for French inflation indicate

a unit root with all tests. The results for Italy, the Netherlands, and the United Kingdom

are mixed. The ADF and the PP-tests reject the unit root where the KPSS-tests reject

stationarity.
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Figure A.1 Inflation rates (–) and expected inflation (—), percentage points
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Table A.2 show the unit root test and stationarity test results for the expected inflation

rate. The test results of the ADF and PP-tests accept a unit root for all expected infla-

tion rate series and reject a unit root of all first differenced series. The results of the

KPSS-tests show that stationarity is accepted for all expected inflation series, except

that of France. Therefore, only the results for French inflation are non-mixed. The test

on first differenced series reject the null hypotheses of the unit root (ADF and PP) or

stationarity (KPSS).
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Table A.1 Unit root tests for Consumer Price Index (CPI), 1960-2001

ADF PP

CPI ∆CPI ∆2CPI CPI ∆CPI ∆2CPI

B –1.6 (c) –2.7∗ (c) –4.1∗∗∗ (tc) –1.1 (c) –1.1 (-) –3.8∗∗∗ (c)
F –2.1 (c) –0.8 (-) –5.4∗∗∗ (tc) –1.2 (c) –0.9 (-) –5.3∗∗∗ (tc)
G –1.9 (tc) –2.8∗ (c) –5.1∗∗∗ (tc) –1.3 (c) –2.2 (c) –5.0∗∗∗ (tc)
I –2.3 (tc) –0.8 (-) –4.9∗∗∗ (tc) –0.6 (c) –0.9 (-) –4.9∗∗∗ (tc)
N –2.1 (c) –2.2 (c) –6.4∗∗∗ (tc) –1.8 (c) –2.2 (c) –6.4∗∗∗ (tc)
U –1.4 (c) –1.2 (-) –6.0∗∗∗ (tc) –0.9 (c) –1.1 (-) –10.1∗∗∗ (tc)

KPSS

CPI ∆CPI ∆2CPI

B 0.14∗ (tc) 0.23 (c) 0.23 (c)
F 0.13∗ (tc) 0.14∗ (tc) 0.10 (tc)
G 0.15∗ (tc) 0.10 (tc) 0.07 (tc)
I 0.10 (tc) 0.15 (c) 0.06 (tc)
N 0.16∗∗ (tc) 0.11 (tc) 0.14 (c)
U 0.12∗ (tc) 0.19 (c) 0.25 (c)

B=Belgium, F=France, G=Germany, I=Italy, N=Netherlands, U=United Kingdom
ADF=Augmented Dickey-Fuller test, PP=Phillips-Perron test, KPSS=Kwiatkowski-Phillips-Schmidt-Shin test
CPI: logarithm of Consumer Price Index,∆CPI: first differences ofCPI, ∆2CPI: second differences ofCPI
ADF and PP: rejection of unit root: at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

KPSS: rejection of stationarity at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

t: including a trend variable; c: including a constant

Table A.2 Unit root tests for expected inflation (πE), 1960-2001

ADF PP KPSS

πE ∆πE πE ∆πE πE ∆πE

B –2.4 (c) –4.8∗∗∗ (tc) –2.1 (c) –4.7∗∗∗ (tc) 0.19 (c) 0.27 (c)
F –1.0 (-) –5.9∗∗∗ (tc) –1.0 (-) –6.0∗∗∗ (tc) 0.14∗ (tc) 0.09 (tc)
G –2.1 (c) –5.7∗∗∗ (tc) –2.4 (c) –5.7∗∗∗ (tc) 0.12 (tc) 0.04 (tc)
I –0.8 (-) –9.1∗∗∗ (tc) –1.1 (-) –8.9∗∗∗ (tc) 0.15 (c) 0.08 (tc)
N –2.1 (c) –4.2∗∗∗ (c) –2.1 (c) –7.4∗∗∗ (tc) 0.11 (tc) 0.11 (tc)
U –2.2 (c) –6.8∗∗∗ (tc) –2.2 (c) –9.1∗∗∗ (tc) 0.17 (c) 0.26 (c)

B=Belgium, F=France, G=Germany, I=Italy, N=Netherlands, U=United Kingdom
ADF=Augmented Dickey-Fuller test, PP=Phillips-Perron test, KPSS=Kwiatkowski-Phillips-Schmidt-Shin test
∆πE: first differences of expected inflation
ADF and PP: rejection of unit root: at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

KPSS: rejection of stationarity at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

t: including a trend variable; c: including a constant
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A.3 Unemployment

The unemployment rate data are from the OECD data base and are calculated as un-

employed workers as a percentage of the labour force. The unemployment rate and the

growth rate of GDP can both be used as a measure of economic activity. In Phillips

curve oriented studies the unemployment rate is usually used. Figure A.2 shows the

plotted series. Unemployment rates show a clear upward trend from at least 1975 on-

wards. For all countries there is a dip somewhere in the early 1990s, after which the

series go upward again. The graphs show that the unemployment rate is decreasing

towards the end of the sample.

Figure A.2 Unemployment rates
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The unit root tests only reject a unit root for the unemployment rate series in the case

of the ADF-test on German data. The KPSS-test on stationarity rejects stationarity for

the Netherlands and the United Kingdom, which is in accordance with the unit root

test outcomes. The results for Belgium, France and Italy are mixed (unit root tests

do not reject a unit root, stationarity tests accept stationarity). All tests on the first

differences of the unemployment rate reject a unit root and accept stationarity.

Table A.3 Unit root tests for the unemployment rate, 1960-2001

ADF PP KPSS

u ∆u u ∆u u ∆u

B –1.9 (c) –3.7∗∗∗ (c) –0.2 (-) –3.0∗∗∗ (-) 0.12 (tc) 0.11 (tc)
F –1.5 (c) –3.4∗∗∗ (-) –1.2 (c) –3.4∗∗∗ (-) 0.11 (tc) 0.21 (c)
G –3.2∗ (tc) –4.5∗∗∗ (tc) –1.0 (c) –3.4∗∗∗ (-) 0.09 (tc) 0.10 (tc)
I –1.4 (c) –4.1∗∗∗ (c) –1.1 (c) –3.9∗∗∗ (c) 0.11 (tc) 0.18 (c)
N –0.6 (-) –4.6∗∗∗ (tc) –0.7 (-) –2.5∗∗ (-) 0.15∗∗ (tc) 0.10 (tc)
U –2.2 (c) –4.3∗∗∗ (tc) –0.6 (-) –2.7∗∗∗ (-) 0.13∗ (tc) 0.10 (tc)

B=Belgium, F=France, G=Germany, I=Italy, N=Netherlands, U=United Kingdom
u: unemployment rate;∆u: first differences of unemployment rate
ADF=Augmented Dickey-Fuller test, PP=Phillips-Perron test, KPSS=Kwiatkowski-Phillips-Schmidt-Shin test
∆u: first differences of unemployment rate
ADF and PP: rejection of unit root: at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

KPSS: rejection of stationarity at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

t: including a trend variable; c: including a constant

A.4 Wage Inflation

The wage inflation data are the growth rates of compensation per employee in the pri-

vate sector from the Economic Outlook of the OECD. The time series of the compen-

sation per employee of Germany and Italy start in 1960, that of Belgium in 1970. The

data for Belgium of 1960-1969 are compensation per employee in the whole economy,

used as proxy. The wage level for the whole economy is lower than that of the private

sector and therefore the data are increased by 15%, which is the average relative dif-

ference between the private sector and the whole economy in the 1970s, as a proxy for

the private sector in the 1960s. The series of France starts in 1963, that of the United

Kingdom in 1961, and that of the Netherlands in 1969. The Dutch data of 1960-1968

are from Jongbloedet al. (1989) and also reflect compensation per employee in the

private sector. The wage level of 1991 for Germany is extremely low compared to

1990 and 1992; this is caused by the German unification. This implies that wage in-

flation in both 1991 and 1992 are outliers, as can be seen in Figure A.3. The graphs
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show that wage inflation in these six countries move around a lower average after 1985

than in the decades before. The wage inflation series of the United Kingdom shows

an extreme value in 1975. Further, there is a less clear difference between the average

wage inflation rate in the beginning of the sample and the last decade.

Figure A.3 Wage inflation rates
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Source: OECD database, growth rate of compensation per employee in the private sector;
Belgium, 1960-1969: OECD database, growth rate of compensation per employee in the
whole economy; Netherlands 1960-1968: Jongbloed et al.(1989)

The unit root tests are applied to the natural logarithm of the wage level, and on its

first and second differences. The test outcomes are reflected in Table A.4. The ADF

and PP-test reject a unit root in the wage inflation series of Belgium, Germany, and the

United Kingdom. Stationarity is accepted by the KPSS-test for the Dutch data. It is

rejected for the French and Italian wage inflation, so that for these two all tests indicate
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non-stationarity. All tests on the twice differenced series of wages reject a unit root or

stationarity.

Table A.4 Unit root tests for wages, 1960-2001

ADF PP

W ∆W ∆2W W ∆W ∆2W

B –3.0∗∗ (c) –3.5∗ (tc) –5.5∗∗∗ (tc) +0.3 (tc) –3.4∗ (tc) –14.0∗∗∗ (tc)
F –3.0∗∗ (c) –3.1 (tc) –5.2∗∗∗ (tc) +0.7 (tc) –1.6 (-) –5.3∗∗∗ (tc)
G –3.9∗∗∗ (c) –6.5∗∗∗ (tc) –7.6∗∗∗ (tc) –4.6∗∗∗ (c) –6.5∗∗∗ (tc) –32.7∗∗∗ (tc)
I –2.1 (c) –2.4 (tc) –6.0∗∗∗ (tc) +0.5 (tc) –2.4 (tc) –6.2∗∗∗ (tc)
N –2.7∗ (c) –0.9 (-) –6.4∗∗∗ (tc) –3.6∗∗∗ (c) –2.3 (tc) –6.4∗∗∗ (tc)
U –2.2 (c) –3.5∗ (tc) –7.8∗∗∗ (tc) –1.9 (c) –3.5∗ (tc) –17.7∗∗∗ (tc)

KPSS

W ∆W ∆2W

B 0.17∗∗ (tc) 0.12∗ (tc) 0.24 (c)
F 0.16∗∗ (tc) 0.12∗ (tc) 0.11 (tc)
G 0.18∗∗ (tc) 0.09 (tc) 0.19 (c)
I 0.15∗∗ (tc) 0.14∗ (tc) 0.25 (c)
N 0.17∗∗ (tc) 0.09 (tc) 0.14 (c)
U 0.15∗∗ (tc) 0.12∗ (tc) 0.22 (c)

B=Belgium, F=France, G=Germany, I=Italy, N=Netherlands, U=United Kingdom
W: logarithm of wage level;∆W: first differences ofW; ∆2W: second differences ofW
ADF=Augmented Dickey-Fuller test, PP=Phillips-Perron test, KPSS=Kwiatkowski-Phillips-Schmidt-Shin test
ADF and PP: rejection of unit root: at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

KPSS: rejection of stationarity at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

t: including a trend variable; c: including a constant

A.5 Labour Productivity

The model of Chapter 5 contains labour productivity of the industrial sector as a proxy

for the labour productivity in the private sector. The proxy is obtained by subtracting

the growth rate of employment (from OECD data base) from that of industrial produc-

tion (from IFS). Consistent data series of employment growth in the industrial sector,

starting in 1960 for all countries, were not available. As a proxy, we could use growth

rates of employment in the business sector, which were close to those of total employ-

ment, but these series did not always go back as far as 1960. We decided to take the

growth rate of total employment as a proxy for that of the industrial sector for all six

countries. The graph of Germany in Figure A.4 shows that the entry of 1991 is ex-
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cluded. Due to the unification the growth rate of employment was extremely high and

therefore that of labour productivity extremely low in 1991 (the series of Industrial

Production is adjusted for this discontinuity).

Figure A.4 Growth rate of labour productivity based on Industrial Production
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The unit root and stationarity tests for labour productivity are applied on the natu-

ral logarithm of labour productivity, and on its first and second differences. Labour

productivity growth is only used in Chapter 6, where the data range is 1960-1998.

Therefore we applied the tests on this period.
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Unit roots are rejected in all cases by the ADF and PP tests for labour productiv-

ity growth rates (as well as for the logarithm of the level of labour productivity, at

the 10%-significance level). The KPSS-statistics lead to mixed results for Belgium,

Germany, and Italy with respect to the labour productivity growth rate. They reject

stationarity.

Table A.5 Unit root tests for labour productivity, 1960-1998

ADF PP

X
N ∆ X

N ∆2 X
N

X
N ∆ X

N ∆2 X
N

B –2.9∗ (c) –6.8∗∗∗ (tc) –7.1∗∗∗ (tc) –9.0∗∗∗ (c) –8.6∗∗∗ (tc) –59.3∗∗∗ (tc)
F –2.9∗ (c) –6.3∗∗∗ (tc) –7.6∗∗∗ (tc) –3.4∗∗ (c) –6.4∗∗∗ (tc) –19.5∗∗∗ (tc)
G –2.8∗ (c) –6.1∗∗∗ (tc) –10.2∗∗∗ (tc) –2.7∗ (c) –6.6∗∗∗ (tc) –36.7∗∗∗ (tc)
I –4.2∗∗∗ (c) –5.9∗∗∗ (tc) –7.6∗∗∗ (tc) –5.6∗∗∗ (c) –5.9∗∗∗ (tc) –53.2∗∗∗ (tc)
N –4.0∗∗∗ (c) –5.5∗∗∗ (tc) –6.8∗∗∗ (tc) –3.3∗∗ (c) –5.5∗∗∗ (tc) –16.6∗∗∗ (tc)
U –3.7∗∗∗ (c) –5.8∗∗∗ (tc) –4.5∗∗∗ (tc) –11.7∗∗∗ (c) –6.8∗∗∗ (tc) –25.6∗∗∗ (tc)

KPSS

X
N ∆ X

N ∆2 X
N

B 0.17∗∗ (tc) 0.19∗∗ (tc) 0.31 (c)
F 0.15∗∗ (tc) 0.12 (tc) 0.64∗∗ (c)
G 0.16∗∗ (tc) 0.12∗ (tc) 0.18 (c)
I 0.16∗∗ (tc) 0.14∗ (tc) 0.04 (tc)
N 0.16∗∗ (tc) 0.08 (tc) 0.11 (tc)
U 0.17∗∗ (tc) 0.11 (tc) 0.25 (c)

B=Belgium, F=France, G=Germany, I=Italy, N=Netherlands, U=United Kingdom
X/N: the natural logarithm of labour productivity,∆X/N: first differences ofX/N,
∆2X/N: second differences ofX/N
ADF=Augmented Dickey-Fuller test, PP=Phillips-Perron test, KPSS=Kwiatkowski-Phillips-Schmidt-Shin test
ADF and PP: rejection of unit root: at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

KPSS: rejection of stationarity at 10% significance level,∗; at 5% significance level,∗∗; at 1% significance
level, ∗∗∗

t: including a trend variable; c: including a constant

A.6 Conclusions

The data that are used in Chapters 4 and 6 are presented and analysed in this appendix.

Most data are from the OECD and the IFS. The time interval is 1960-2001 (1960-1998

in case of labour productivity). For this time interval we performed a number of unit

root tests and a stationarity test. If one or more series that are included in an empirical

model (as in Chapter 4 and 6) contain a unit root, the estimation outcomes are likely to
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contain autocorrelation in the error term. We tested for unit roots for the entire period

and for subperiods based on the subdivision in Chapter 6. The power of these tests is

limited for the entire period, which is rather short for these kind of tests; they should

therefore be regarded as indicative tests rather than as conclusive about unit roots in

the data.

The mixed results from the tests is an implication of the low power for determining

whether the series are stationary. For this reason it is possible that the results for sta-

tionary series suggest a unit root or leave it undetermined by mixed results. Another

cause of accepting a unit root for a stationary series can be a break in the series. The

break may cause the series to act stationary at another level after the break. A test that

does not account for such a shift is likely to reject stationarity. (See Hansen (2001) for

a discussion on testing tools for structural breaks.) As an example we performed a unit

root test that also tested for a structural break on the series of French wage inflation.

The test found a break in 1985 and rejected a unit root for the series adjusted for this

break.

The mixed results of the ADF, PP, and KPSS tests and the possibility of breaks in the

data series that cause the regular tests to accept a unit root or reject stationarity are the

motivation for treating all variables as being stationary in Chapters 4 and 6.
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Samenvatting

(Summary in Dutch)

Inflatie is de stijging van het algemeen prijspeil. De jaren 70 en 80 van de vorige

eeuw waren periodes van relatief hoge inflatiecijfers in West-Europa, terwijl lage in-

flatie en deflatie voorkwamen in de 19de eeuw en in het begin van de 20ste. Tussen

klassiek en Keynesiaans georiënteerde economen bestaat verschil van mening over de

oorzaken en de gevolgen voor de reële economie van inflatie. De eerste groep stelt dat

inflatie voortkomt uit de groei van de geldhoeveelheid, en dat het op de lange termijn

geen invloed heeft op de reële economie (superneutrality), zolang er geen sprake is

van extreme omstandigheden. Behalve eventueel op de korte termijn als gevolg van

marktimperfecties. De tweede groep beweert dat inflatie de resultante is van span-

ningen tussen vraag en aanbod op de goederen- en arbeidsmarkt. Heden ten dage is

het meest gangbare beeld van de gevolgen van inflatie dat nominale rigiditeiten ver-

antwoordelijk zijn voor de rëele effecten ervan. Het bestaan van een afruil op korte

termijn tussen inflatie en werkloosheid wordt daarmee onderkend.

Dit proefschrift gaat over een aantal nominale rigiditeiten op de arbeidsmarkt en goe-

derenmarkt en marktimperfecties op de kapitaal- en valutamarkt en hun gevolgen voor

de afruil tussen inflatie en werkloosheid. Per onderwerp wordt zowel een theoretisch

als een empirisch model behandeld. In de twee empirische hoofdstukken worden de

hypotheses uit de theoretische hoofdstukken getoetst voor zes Europese landen, voor

de periode 1960-2001. Deze landen zijn België, Frankrijk, Duitsland, Italïe, Nederland

en het Verenigd Koninkrijk.

Een kort overzicht van de literatuur betreffende de invloed van geld en inflatie op

de rëele economie wordt gegeven in Hoofdstuk 2. Het overzicht begint in feite met

de constatering van een negatieve empirische relatie tussen nominale loonstijging en

werkloosheid in Phillips (1958), en eindigt via geld in de nutsfuncties en cash-in-

advance modellen bij de modellering van nominale rigiditeiten. Deze rigiditeiten zijn
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verantwoordelijk voor het bestaan van een afruil tussen inflatie aan de ene kant en

werkloosheid aan de andere.

In de jaren 90 van de vorige eeuw is inflatie in West-Europese landen historisch ge-

zien vrij laag geweest. Tegelijkertijd waren de werkloosheidscijfers juist aan de hoge

kant. Een mogelijke verklaring voor een langdurig bestaan van deze combinatie van

inflatie- en werkloosheidscijfers is een ondergrens in de nominale looninflatie. Hier-

door heeft de lage stijging van het algemeen prijspeil, een onevenredig hoge stijging

van de rëele loonkosten en een geringere vraag naar arbeid tot gevolg. Hoofdstuk 3

beschrijft een theoretisch model waarin een minimum in de looninflatievoet er voor

zorgt, dat de langetermijn-Phillipscurve geen verticale rechte is. De curve laat een

afruil zien beneden een bepaald niveau van inflatie.

Het mechanisme via welke een minimale looninflatievoet leidt tot hogere werkloos-

heid, kan als volgt beschreven worden. We bekijken een economie met een aantal sec-

toren waarvoor verschillende loonafspraken worden gemaakt, en waarin de stijging

van de prijzen niet gelijk is. We veronderstellen voor het gemak dat de arbeidspro-

ductiviteitsgroei overal hetzelfde is. De inflatiedoelstelling van de monetaire overheid

leidt tot een inflatie van 0%. Dit betekent dat er sectoren zijn die met een positieve sec-

torale prijsstijging te maken hebben en sectoren waar de sectorprijzen dalen. Indien er

een minimale looninflatie bestaat van eveneens 0%, betekent dit dat er sectoren zijn

waar de nominale lonen per definitie harder stijgen dan de prijzen. Dit heeft een nega-

tief effect op de vraag naar arbeid. Het is mogelijk dat de positieve welvaartseffecten

van de sectoren waar de reële arbeidskosten dalen of gelijk blijven, niet opwegen te-

gen de gestegen werkloosheid in de eerder genoemde sectoren. Dit zou betekenen dat

het inflatiebeleid van de overheid negatieve gevolgen heeft voor de werkgelegenheid.

Redenen voor het bestaan van een minimale looninflatievoet zijn geldillusie en ideeën

over wat een billijke loonsverhoging is en wat niet meer. Deze zaken betekenen dat

een lage loonstijging gewoonweg niet geaccepteerd wordt door werknemers en vak-

bonden. Daarnaast leidt een lage loonstijging mogelijk tot verminderde arbeidspro-

ductiviteit door een afgenomen inzet van werknemers die zich incorrect behandeld

voelen. We noemen in Hoofdstuk 3 enkele studies die verslag doen van onderzoek

naar oorzaken van een ondergrens in de looninflatie, en beschouwen het bestaan ervan

in ons onderzoek als gegeven. Verder kan het voortbestaan van de minimale looninfla-

tie, ook bij aanhoudend lage inflatie, verklaard worden doordat werknemers niet gauw

geneigd zullen zijn het risico te willen lopen om als enige de lonen aan te passen aan

de lage inflatie.

Het beschreven theoretische model bevat een nutsmaximaliserende vakbond die een

loonstijging kiest, gegeven de vraag naar arbeid van de bedrijvensector. De minima-

le looninflatie is hierbij een gegeven. Het tweede gegeven is de inflatie die door de
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monetaire autoriteiten exogeen vastgesteld wordt. Het langetermijnevenwicht waar-

in de rëele loonkostenstijging gelijk is aan de arbeidsproductiviteitsstijging is stabiel,

zolang de inflatiedoelstelling niet lager is dan de minimale looninflatie minus de ar-

beidsproductiviteitsstijging voor de lange termijn. Dit houdt in dat de inflatie zo hoog

is, dat de bedrijven de ruimte hebben om een loonstijging te realiseren die niet tot een

stijging van de arbeidskosten per eenheid product leidt. Als de inflatiedoelstelling be-

neden het genoemde niveau ligt, dan zullen de loonkosten per eenheid product in het

langetermijnevenwicht blijvend stijgen, hetgeen instabiliteit inhoudt.

De empirische resultaten in Hoofdstuk 4 laten zien dat er voor elk van de zes West-

Europese landen in onze dataset een minimale looninflatievoet gevonden wordt. Deze

looninflatievoeten variëren van 1,85% voor Frankrijk tot 5,40% voor het Verenigd Ko-

ninkrijk. De looninflatievergelijkingen zijn geschat met een niet-lineaire kleinstekwa-

dratenmethode, gebruikmakend van het Gauss-Newton algoritme. De endogeniteits-

problemen van de looninflatievergelijking uit het model van Hoofdstuk 3 zijn opgelost

door toepassing van instrumentele variabelen.

Met behulp van de geschatte kortetermijnparameters leiden we een langetermijnver-

gelijking af, gegeven de langetermijneigenschap dat de reële loonkostenstijging gelijk

is aan de arbeidsproductiviteitsstijging. De betrokken curve wordt voor elk land ver-

geleken met de waarden voor inflatie en werkloosheid in 2002. Voor de landen Bel-

gië, Frankrijk en Duitsland liggen deze waarden dicht bij de langetermijncurve. In de

andere drie gevallen zou het verschil toegeschreven kunnen worden aan kortetermijn-

fluctuaties of een verschuiving van de Phillipscurve voor de lange termijn. Dit laatste

kan het gevolg zijn van zowel een verschuiving van de minimale langetermijnwerk-

loosheidsvoet als een verandering van de minimale looninflatie. Een verandering van

de minimale looninflatie kan voortkomen uit een groeiend vertrouwen in een blijvend

lage inflatie. Daarnaast kan een blijvend lage inflatie leereffecten teweegbrengen met

betrekking tot de gevolgen voor de koopkracht.

Het tweede onderwerp van dit proefschrift is het effect van kapitaalmarktrestricties

en wisselkoersregime op de afruil tussen werkloosheid en inflatie. Hoofdstuk 5 bevat

een theoretisch model (gebaseerd op het Mundell-Flemingmodel) waarin niet alle prij-

zen zich continu kunnen aanpassen. De nominale rigiditeit wordt veroorzaakt op die

markten waar de prijzen gedurendeéén periode vast blijven. Het niveau waarop deze

prijzen vastgesteld worden, is de verwachte evenwichtsprijs voor de volgende perio-

de. Indien er geen onverwachte dingen gebeuren, dan zijn de prijzen overal gelijk aan

de evenwichtsprijs en is de Phillipscurve een verticale rechte. Vaker echter zullen er

vraag- en aanbodschokken plaatsvinden die ervoor zorgen dat er een verschil bestaat

tussen de verwachte prijzen en het werkelijke evenwichtsprijsniveau. Hierbij is de re-

latie tussen werkloosheid en inflatie negatief. Hoe sterk negatief wordt bepaald door
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de mate waarin de productie reageert op veranderingen in de rente en de wisselkoers.

Hoe sterker de productie hierop reageert, hoe sterker het reageert op afwijkingen van

het evenwichtsprijsniveau, en hoe groter de afruil tussen werkloosheid en inflatie.

Er wordt in dit hoofdstuk een aantal hypotheses geformuleerd over hoe de helling

van de Phillipscurve verandert na invoering van kapitaalrestricties en na invoering van

vaste wisselkoersen. Of de helling steiler wordt of juist niet hangt af van de grootte

van de interest- en wisselkoerselasticiteiten van geaggregeerde productie, of die van

de lopende rekening.

Om de hypotheses uit Hoofdstuk 5 te kunnen toetsen, hebben we gegevens nodig over

de bovengenoemde elasticiteiten van de productie en de lopende rekening. We hebben

gebruik gemaakt van elasticiteiten die in de literatuur te vinden zijn. Deze aannames

leiden er toe dat we verwachten dat de helling van de Phillipscurve steiler wordt na

invoering van kapitaalrestricties, gegeven het wisselkoersregime. Daarnaast volgt uit

de aannames en op basis van het model van Hoofdstuk 5, dat de Phillipscurve vlakker

wordt als de wisselkoersen vastgezet worden. Dit betekent met andere woorden dat de

afruil tussen inflatie en werkloosheid kleiner wordt na invoering van kapitaalrestricties

en dat deze afruil groeit na invoering van een vastewisselkoersregime.

Hoofdstuk 6 bevat regressieresultaten aan de hand waarvan we vaststellen of de hy-

potheses ondersteund worden door de gevonden parameterwaarden. De Phillipscurve-

vergelijking is geschat met een paneldataset van dezelfde zes landen als in Hoofdstuk

4. Daarnaast is gebruik gemaakt van instrumentele variabelen om het endogeniteits-

probleem op te lossen. We hebben meerdere specificaties geschat, onder te verdelen

in twee soorten. In de eerste soort is de hellingsparameter variabel en in de tweede

wordt hij constant verondersteld binnen een bepaald regime. Wanneer het model zich

in een bepaald regime bevindt, wordt bepaald door een zogenaamde drempelwaarde.

Deze drempelwaarde wordt uitgedrukt als het verschil tussen de interne en externe

3-maandsgeldmarktrente

Het veronderstelde effect van de kapitaalrestricties bij flexibele wisselkoersen wordt

ondersteund door resultaten van een model waarin alleen de jaren met restricties op

binnenkomende kapitaalstromen worden geteld als jaren met kapitaalrestricties. Een

effect van kapitaalrestricties bij vaste wisselkoersen wordt niet gevonden. De effecten

in de hypotheses over het vastzetten van wisselkoersen worden ten dele ondersteund

door de resultaten. De hypothese met betrekking tot de invoering van vaste wisselkoer-

sen als er kapitaalmobiliteit is, wordt bevestigd door de geschatte parameters. Dit geldt

niet voor de jaren dat kapitaal gerestricteerd is. Er wordt nergens een effect gevonden

dat tegenovergesteld is aan de hypotheses.

Het laatste hoofdstuk geeft een samenvatting en de belangrijkste conclusies van de

voorgaande hoofdstukken. De theoretische modellen zeggen over het gevoerde beleid
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van de monetaire autoriteiten van lage inflatie en vrij kapitaalverkeer dat het de helling

van de Phillipscurve vlakker maakt. Dat betekent dat er een grotere afruil is tussen in-

flatie en werkloosheid. De empirische modellen ondersteunen deze veronderstellingen

voor wat betreft het lage-inflatiebeleid en het vrij kapitaalverkeer tijdens periodes van

flexibele wisselkoersen. Het vastzetten van de wisselkoers heeft volgens het theoreti-

sche model ook een positief effect op de afruil tussen inflatie en werkloosheid, maar

dit wordt slechts ten dele ondersteund door de empirische resultaten. In het geval van

de lage inflatiecijfers betreft het een effect op de langetermijnafruil. In het geval van

de kapitaalmarkt- en wisselkoersregimes treedt het effect op de korte termijn op.

Verder gaat dit hoofdstuk in het kort in op toekomstig onderzoek op het terrein van

Phillipscurverelaties. Onderzoek naar effecten van bepaalde rigiditeiten of marktim-

perfecties op de afruil tussen inflatie en werkloosheid in een partieel model, zegt niets

over het belang dat mag worden toegekend aan een bepaald effect in een algemeen-

evenwichtscontext. In een algemeenevenwichtsmodel waarin enkele nominale rigidi-

teiten zijn gemodelleerd zou dit wel kunnen worden vastgesteld. Op basis van huidi-

ge ontwikkelingen en gemaakte inschattingen ten aanzien van het toekomstig macro-

economisch onderzoek in de literatuur, verwachten we dat dit een onderzoeksgebied

is waarop nu een volgende stap in het doorgronden van de effecten van inflatie op

economische groei gedaan zal worden.
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