
1 Price/Wage Staggering

The first staggered wage models appeared in the literature at the end of the ‘70’s and

they immediately occupied the front stage of the macroeconomic debate of the time. The

so-called New Classical Macroeconomics had just demonstrated, through the famous

Lucas aggregate supply curve, that systematic demand-management policies are of no

use to stabilise output, since only unanticipated policies could have an effect (and only

a temporary one) on output levels - the so called “policy ineffectiveness proposition” of

Sargent and Wallace (1975). This critique of the Keynesian theory of active stabilisation

policies was based on two main cornerstones: market clearing and rational expectations.

The first reaction of the Keynesian school to this attack rests on the sticky wage models

of Fischer (1977) and Gray (1976). One cornerstone of the New Classical theory, i.e.,

market clearing, was removed by recognising that workers engage in long-term labour

contracts leading to sticky wages. The purpose was to demonstrate that the “policy

ineffectiveness proposition” was due to the flexible price assumption rather than to the

rational expectations one. Fischer (1977) and Gray (1976) assumed that wages were

set one (or more than one) period in advance, such that the labour market cleared in

expectations, in the sense that the expected quantity of labour supplied equalled the

expected quantity of labour demanded. In the case when a shock occurred, then supply

and demand would have differed from what was expected and it was assumed that

demand determined employment in this case. Fischer (1977) then showed that in a

model with rational expectations and sticky wages, monetary policy can play a role in

stabilising the economy. The focus on sticky wages was quite a natural one, deriving

from simple casual observation. In the US, formal labour contracts prevail in heavily

unionised industries like steel, automobiles, rubber, etc.. Many of these contracts extend

for more than one year (most for three years). Moreover, wage contract negotiations in

unionised industries are likely to influence the level of wages in all industries, since they

tend to be imitated elsewhere, and even in the non-unionised industries nominal wages

are mostly fixed for one year.

However, these first sticky wage models provided no explanations of the persistence

of the real effects of monetary shocks. In particular, the persistence could not last

longer than the duration of the nominal wage contracts. Taylor (1979, 1980a), in try-

ing to build an empirical model which could mimic the fluctuations in U.S. time series,

overcame this problem by removing the assumption of synchronisation of wage setting

decisions. Taylor observed not only that wages are negotiated discretely in time, but

also that contracts are not renewed all at the same time, that is, contract negotiations

are staggered. The staggering of wage decisions creates a rational expectations nominal

propagation mechanism which propagates shocks over time. In such a set up, Tay-
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lor (1980) demonstrated that, following supply shocks, systematic demand-management

policies could help in stabilising output. In particular, in a staggered wage economy

policymakers face a trade-off between the variance of prices and that of output, a so-

called second-order Phillips curve. While Taylor’s original article focused on the optimal

response of monetary policy to supply shocks, most of the followers (e.g., Taylor (1983),

Blanchard (1983), Blanchard (1986), West (1988), Phaneuf (1990)) focused on the ef-

fects of monetary disturbances. They showed that the nominal propagation mechanism

generated by staggered wage models could be particularly appealing for the study of

the role of monetary disturbances in the business cycle. In fact, it can help explain how

monetary shocks could generate the type of output fluctuations observed in actual data,

particularly the persistence of the real effects of money shocks, or, more generally, of

demand-management policies. As a proof of how much these early staggered wage mod-

els have been influential in the literature, it is probably enough to say that nowadays

every textbook presents or, at least, mentions them.

Apart from synchronisation vs. staggering, there is another important difference

between the type of wage contracts in Fischer (1977), Gray (1976) and Taylor (1979,

1980a). Fischer (1977) studied the implication of predetermined multi-period wage con-

tracts for the efficacy of stabilisation policies. The Fischer-type wage contracts are called

predetermined (see Blanchard and Fischer (1989)) because they allow agents to set dif-

ferent wage rates in the different future periods of the contract, even if all the wages

specified in the contract have been negotiated in the period of renewal of the contract

(and cannot be renegotiated in the future periods for which the wage contract will last).

This contract structure should correspond in practice to multi-year labour contracts.

For example, if unions sign today contracts for more than one year, say three, then they

would probably call for predetermined wage rate increases each year (for example, to

take into account the expected inflation). Gray (1976) explicitly considered the question

of the optimal degree of indexation of multi-period nominal wage contracts. However,

multi-year wage contracts are not the general rule outside heavily unionised industries.

Taylor (1979, 1980a) instead analysed the implications of a different kind of contracts,

called fixed staggered wage contracts. In this case, the wage rate is not allowed to vary

in the different periods of the contract. Workers sign a contract that specifies a fixed

wage rate for each period for which the contract will last, that is, the wage rate has to

be the same in each period of the contract. This contract structure should correspond in

practice to one year labour contracts, where the periods can be interpreted as semesters,

quarters or months.1

1Another very popular staggered wage/price model in the literature is the model by Calvo (1983a,b).

This is a continuous time model where the duration of the contract is stochastic and governed by a
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Actually, most of the wage contracts in the economy are generally renewed every

year and fixed within the year. Moreover, obviously different workers negotiate the

contracts in different periods of the year. After the ‘80’s, especially in the US and UK,

the activity of the unions, both in terms of number of members and of the amount of

coverage, has been progressively narrowed. This diminished the importance of multi-

year labour contracts in the whole economy. Indeed: “... wages [are almost always fixed

between adjustments] outside the North American union sector. More than 80 percent

of US wages are set for one year or less with no time-variation; [...] in many countries,

such as the United Kingdom, virtually all wages are set for one year or less with no

time-variation” (Ball (1994), p. 288, emphasis as in the original). Taylor (1998) reviews

price and wage setting behaviour in market economies based on direct and indirect

evidence. He concludes that: (1) since not everyone sets prices or wages at the same

time, wage and price setting appears to be staggered, such that contract periods overlap

with each other; (2) wages and prices are set at fixed values for fairly long periods of

time and are frequently, though not always, non-contingent on events that occur during

the contract period; (3) most of the wages, though not all of them, are negotiated

annually. This suggests that Taylor-type of contract structure is the most relevant in

economies nowadays and quantitatively it seems a good approximation to take one year

as the duration of the contract. For this reason, we will focus on this type of contract

structure in this thesis.

Even if the first generation of staggered wage models were consistent with certain

observed features of wage setting behaviour, they have been seriously criticised for being

ad hoc because of lacking rigorous theoretical foundations. Particularly, they left open

three key questions: (i) why we observe wage contracts fixed for so long; (ii) why we

observe staggering of wage setting decisions; (iii) why, given the constraint due to the

staggering structure, the wage was not chosen optimally. From the mid ‘80’s a huge

literature, the so-called New Keynesian literature, has been devoted to these issues,

which are however still somewhat unsettled. Good surveys and discussions of these

points are provided by Blanchard and Fischer (1989), Romer (1996), and, more recently,

by Taylor (1998), and here we sum up very briefly some results from those references.2

With respect to (i) a first major puzzle is why contracts are not indexed to all rele-

vant information. Gray (1976) provides part of the answer, showing that full indexation

Poisson process. Even if very elegant from a formal point of view, its empirical relevance seems doubtful

(see Taylor (1998)). Calvo’s model will be analysed in Chapter 2 and 3.
2Most of the New Keynesian literature actually focused on sticky prices rather than on sticky wages

for reasons summarised, for example in Mankiw (1990). However, “Economists differ about whether

they view these criticisms [of nominal wage contracting models] as serious” (Mankiw (1990), p. 1657).

For a survey of theories of price rigidities see Andersen (1994).
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with regard to a single variable such as the price level is not optimal in the presence both

of demand and supply shocks. In a real word with many types of different shocks, the

practical answer probably rests on complexity, asymmetric information and measure-

ment problems. A second major issue concerns the distinction between time-dependent

and state-dependent rules. While the first type of rule (as in the models discussed above)

takes the time interval between subsequent wage/price adjustments as exogenous and

the size of the adjustment as endogenous, the latter does vice versa. That is, the dif-

ference between the actual and the desired level of wage/price triggers the adjustment

after a certain level. Sheshinski and Weiss (1977), Sheshinski and Weiss (1983), and

Benabou (1989) investigate the optimal (S,s) rule for a firm under different conditions.3

In the aggregate not every firm will change its price every period and therefore we

have a sort of state-dependent staggering. Caplin and Spulber (1987) demonstrate the

surprising, and much discussed, result that if firms follow (S,s) rules, money can be

completely neutral in the aggregate. However, Caplin and Spulber’s (1987) result seems

not to be robust, as shown by Benabou (1988), Caplin and Leahy (1991), Caballero

and Engel (1991, 1993a,b), Tsiddon (1991, 1993), and Conlon and Liu (1997). The fact

is that the aggregation over the whole economy of (S,s) rules is particularly difficult,

and not always possible; thus these models are not very tractable and need to rest on

special assumptions to be solved. Hence, they have not been used so far in quantitative

models or in dynamic general equilibrium models (a notable exception as a first at-

tempt in this direction is Dotsey, King, and Wolman (1996)). In reality, probably both

time-dependent and state-dependent elements are present in wage and price contracts.

Which are the most important will depend on the kind of contract. There are two main

costs in adjusting prices: the first is to understand the state of the economy (and then

calculate the optimal price or negotiate a wage contract, i.e., negotiation costs) and the

second one is to physically change the price in accordance with the state of the economy

(printing new catalogue, the so-called “menu costs”). If the first one is the higher, than

a time-dependent rule would probably be optimal, while if the second one is higher

then a state-dependent rule would probably be optimal. It follows that time-dependent

rules à la Taylor are probably a very good approximation for wage contracts (as in this

thesis), while for final good prices, a state-dependent rule would presumably be a better

3Such rules are called (S,s) rules, because they take the following form: when the difference between

the actual and the desired optimal price exceeds an upper bound S > 0 or become less than a lower

bound s < 0, the actual price is changed and set equal to the optimal one. (S,s) models are the dynamic

versions of the first static menu costs models of Akerlof and Yellen (1985a,b) and Mankiw (1985). They

assume a cost of physically changing the price (printing new catalogue or menu in a restaurant, from

which the name “menu cost” models). Hence the price would be changed only if the benefit exceeds

the (menu) cost.
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approximation.

Several papers have been devoted to the second question, (ii), that is, why we ob-

serve staggering in wage/price decisions. Fethke and Policano (1984, 1986) demonstrate

that staggering can arise as a stable equilibrium when there are sector specific shocks,

while Ball and Romer (1989) do the same assuming asymmetric seasonal shocks. Ball

and Cecchetti (1988) show that a staggering equilibrium can be supported as an equi-

librium because it allows price-setter agents to obtain information about the prices of

the others, before choosing their own prices. Maskin and Tirole (1988), Lau (1996),

Fraja (1993) show that staggering can arise endogenously in oligopoly models because

of strategic considerations. Very recently, Bhaskar (1998) proves that staggering can be

an equilibrium in a model with many heterogeneous firms, which have stronger strate-

gic complementarity within-industry than across-industry. This result is particularly

important since it does not rest on strategic considerations between ‘few large’ price-

setters, but it arise in a model with ‘many small’ firms, as in the usual monopolistic

competition macromodels.

This last point brings us to (iii) and specifically to the role of monopolistic competi-

tion. First, nominal rigidities logically require price-setting agents and hence imperfect

competition. If agents are price setters, then they would fix the price optimally. Im-

perfect competition then delivers an optimal wage/price setting rule, in contrast to the

ad hoc expected-market-clearing approach of the first generation of sticky wage/price

models, where we were left with the question of who was actually setting the wage/price.

Second, among the different types of imperfect competition market structures, monopo-

listic competition is usually employed in macromodels, because it avoids strategic inter-

actions between different price-setting agents. Third, monopolistic competition provides

theoretical foundations for a demand-determined output. Given the monopolistic dis-

tortion, firms are pricing above marginal costs and hence are willing to satisfy the extra

demand at given prices (at least up to a point), following a shock. Monopolistic com-

petition thus solves some inconsistencies of the early expected-market-clearing nominal

rigidity models. The pioneering works investigating the macroeconomic consequences of

sticky prices and monopolistic competition in a general equilibrium model are Svensson

(1986) and Blanchard and Kiyotaki (1987). A first attempt to introduce dynamics and

staggering in these models is Blanchard and Fischer (1989), but the model is not in-

trinsically dynamic, because dynamics is actually superimposed ad hoc on a simplified

version of the static model of Blanchard and Kiyotaki (1987).

In the ‘80’s, another school of thought antithetical to the New Keynesian started

to develop a different approach to the study of business cycle fluctuations, following

the work of the Nobel prize winner Robert E. Lucas. According to this approach,
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modern macroeconomics, and particularly business cycle research, requires us to build

explicitly dynamic models, with full microfoundations and intertemporally optimising

agents in a dynamic general equilibrium context. Obviously such models are much more

complicated than ad hoc models and early attempts at building them were bound to be

stylised. The pioneering works in this area are Kydland and Prescott (1982) and Long

and Plosser (1983). From then onwards, the title of this latter work has been used to

indicate a new branch of the literature: the Real Business Cycle literature.

Early real business cycle models tried to reproduce actual business cycle features as

the response of optimising agents to exogenous real shocks in a purely real economy

and under Walrasian market clearing. Macroeconomic fluctuations were explained only

with technological shocks, while demand and nominal shocks were absent from these

purely real models. During the ‘80’s the Real Business Cycle and the New Keynesian

practitioners did not talk constructively to each other, and instead engaged in a fierce

debate (see e.g., Prescott (1986) and Summers (1986) or Plosser (1989) and Mankiw

(1989)). However, during the ‘90’s convergence between the two approaches starts to

develop. Clearly early Real Business Cycle models were too stylised and their restrictions

could not last for long. Researchers of both approaches began to introduce different

features in the benchmark Real Business Cycle model, such as imperfectly competitive

markets (e.g., Rotemberg and Woodford (1993, 1995)), money (e.g., Cooley and Hansen

(1989), Christiano and Eichenbaum (1992)) and nominal rigidities (e.g., Hairault and

Portier (1993), Kimball (1995)). As Bénassy (1995, p. 304) noted: “... a number of

researchers [...] have convincingly argued that the consideration of price, and especially

wage rigidities, in monetary economies subject to real and monetary shocks allowed to

substantially improve the capacity of these business cycle models to match a number

of stylized facts in actual economies.” Particularly important works are the ones by

Hairault and Portier (1993) and Bénassy (1995). Hairault and Portier (1993), following

Kydland and Prescott (1982), is the among the first works that numerically simulates

and evaluates a dynamic general equilibrium model with money and nominal rigidity,

in the form of adjustment costs in price changes. Bénassy (1995), instead, following

the analytical approach of Long and Plosser (1983), inspects the analytical mechanism

of a dynamic general equilibrium model with preset wages. In the recent years an

increasing number of papers have been devoted to enlarging the stylised framework

of the early real business cycle models and a good early survey of this literature is

provided by Cooley (1995).4 It seems that a new ‘hybrid’ paradigm for macroeconomic

4Given the rapid development of this literature, especially with respect to money, nominal rigidities

and the monetary transmission mechanism, the several works of Christiano, Eichenbaum and Evans

are a more up-to-date reference (see, as a late references, Christiano, Eichenbaum, and Evans (1997)
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modelling has emerged combining the elegant methodology of the Real Business Cycle

paradigm with the elements of realism of the New Keynesian paradigm. In particular,

these hybrid models introduce money, sticky prices and monopolistic competition in an

otherwise standard Real Business Cycle framework. In order to do that, they necessarily

leave aside more fundamental questions about the microfoundations of money and sticky

prices/wages to concentrate on their macroeconomic implications.

A very small sample of early dynamic general equilibrium models with staggered

prices focusing on various issues and problems are: Ireland (1995), Woodford (1996),

Yun (1996), Chari et al. (1996). The issue is at the heart of the attempt to build a

quantitative macroeconomic model describing the monetary policy transmission mech-

anism which could be used to analyse the effects of monetary policy changes and to

design optimal monetary policy rules (e.g., Rotemberg and Woodford (1997)). Main

contributors to this debate are: Erceg (1997), Kiley (1997), Rotemberg and Woodford

(1997), Andersen (1998a,b), Bergin and Feenstra (1998), Jeanne (1998).
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