
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
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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
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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
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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
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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 −
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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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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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