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[. INTRODUCTION

Severd attempts have been made in recent economic literature to abandon the representetive
individua gpproach and to explore the macroeconomic implications of behaviourd heterogeneity?. In
two pioneering works Akerlof and Ydlen (1985a, 1985b) showed that even such a smal deviaion
from the representative individua framework as the presence of some near-rationd firms leads to
red effects of monetary shocks in a modd where full rationaity on the part of al firmswould lead to
money-neutrdity.

In a sequence of papers Hatiwanger and Waldman (1985, 1989, 1991) examined the
relatiions between near-rationdity and the nature of drategic interactions among economic agents.
They were able to show tha drategic complementarity causes near-rationd agents to be
disproportionately important. In the same vein Hatiwanger and Wadman (1989) proved that under
drategic complementarity agents who have non-rationa expectations tend to be disproportionately
important in determining a dow macroeconomic adjustment path after a one-time shock and that the
higher the share of agents with non-rationa expectations the higher the degree of output persistence
following the shock?.

Theintuition behind these findingsis smple. Due to strategic complementarity the presence of
near-rationa agents incentives fully rationa agents to bias their behaviour towards that of the near-
rational ones, and such an incentive is pogtively relaed to the degree of strategic complementarity
and to the share of near-rationd agentsin the population.

As the payoffs of optimisers are greater than those of non-optimisers, one may legitimately
suspect that in a multiperiod setting the population composition will evolve in favour of the group with
the higher payoffs and the fraction of near-rationa agents will be driven to extinction in the long run.

1A forceful critique of models built on the representative individual assurnrption can be found in Kirman (1992).

2 A similar result has been proved by Andersen and Hviid (1995), under the assumption that there are some firms
that are informed and some that are uninformed about the actual realisation of a monetary shock, whilst Borrfin
and Diebold (1997) extended Haltiwanger and Waldman (1991) to a fully dynamic economy which is hit by both
real and monetary shocks.



In arecent paper Sethi and Franke (1995) show that the existence of an optimisation cost3 makesiit
possible for non-optimisers to survive and coexist with the optimisers under very generd conditions.
In fact, Sethi and Franke are able to prove that it is the surviva of sophisticated optimising agents
that is conditional on the existence of some exogenous variability in the environment4.

As the persgent heterogeneity of economic agents can be derived from evolutionary
dynamics, for the purpose of the present paper we fed alowed to Smply assume the existence of a
given fraction of near-rationa agents.

In fact, the am of the paper is not to build a redistic dynamic macroeconomic-policy modd,
nor to discuss the foundations of the policy maker's objective function. Rather, we are interested in
the logica posshility of pursuing a given government intervention, whatever the rationaes behind
authorities choices, in an environment where behavioural heterogenety is combined with srategic
complementarity. In what follows, we assume, for the sake of amplicity, that the policy maker's
objective function is to neutrdise the effects of monetary shocks on the aggregete level of production
and employment.

Furthermore, we introduce the hypothesis that behavioura heterogeneity is represented - as
in Hdtiwanger and Wadman (1991) - by the presence of two types of agents. ‘responders and
‘non-responders’: fully rationa responders optimally adjust to nomina shocks, whilst near rationa
non-responders do not adjust a al. Responders know with certainty the proportion of non
responders in the population, whilst nontresponders smply ignore the existence of responders (their
behaviour is independent of the actions chosen by responders).

It turns out that, with heterogeneous agents, more information is needed to congtruct
neutrdising reaction rules to other agents behaviour. The presence of near-raiona agents not only
disproportionately affects the macroeconomic outcome - as emphasised by Hatiwanger and
Waddman - but dso influences the ability of the policy maker to pursue his stabilisation objective, as

3 As Sethi and Franke (1995, p. 584) write optimisation cost "is the one cost that cannot in principle be fully
accomodated in an optimisation model", because of the infinite regress in which the modeler would inevitably be
caught.

4 By means of numerical simulations, Sethi and Franke (1995) were also able to show that Haltiwanger and
Waldman's positive relation between the persistence of real effects of nominal shocks and the share of
near-rational agents can be extended to a fully dynamic context: ‘the finding that a higher long-run share
of naive agents is associated with greater serial correlation is a confirmation and generalisation of earlier
work’ (p.595).



the environment in which he and fully rationa agents act is ggnificantly dtered by heterogeneity. In
order to counterbaance the shocks, the policy maker has to know the degree of non responsiveness
in the model economy and the impact of non regponsiveness on the macroeconomic outcome, while
rationa agents, in turn, must form accurate expectations about actua behaviour of non responders
and about the perception of the degree of non responsiveness on the part of the policy maker.

The presence of near rationa agents sgnificantly modifies the information requirements for dl
other agents. In these circumatances, if rationa agents and policy makers act as if they ignore the
existence of near-rational agents, better results are obtained in terms of macroeconomic objectives,
sgnce macroeconomic fluctuations may be hampered with respect to Stuations in which rationd
agents try, but fall, to make use of their knowledge. Moreover, it will dso be shown that rationa
agents may find it profitable to ignore the presence of non responder agents, and no individua
incentive may induce rationa firms to form accurate predictions and to adopt more sophisticated
behaviourd rules.

The paper is organised as fallows. In section 2 a Imple macro-model® is st up, featuring
monopolisgic competition, with aggregate demand only acting through re money baances’.
Following Dixon (1990), wages are s&t by (fully rational) monopoly unions as a mark-up over the
unemployment benefit, hence an indexation problem of such a benefit arises if shocks are to be
neutraised’. In order to keep the andyticd complexity to aminimum, it is assumed that fully rationd
agents have perfect foresight.

Were dl firms fully rationa responders the indexation problem is easily solved as the policy
maker knows that al firmswill optimally adjust their prices to the shock. In this case it can be shown
(section 3) that full indexation to the price leve reduces to indexing the unemployment benefit to the
monetary shock (which is perfectly anticipated by the policy maker). No more information than the

5 The model employed differs from the one in Akerlof and Yellen (1985b) for not featuring efficiency
wages. The monopoly union assumption has been chosen only as a simple way for introducing an
indexation problem.

6 See Dixon, Rankin (1994) for a discussion of the class of models to which the one presented here
belongs.

7 There are understandable reasons for implementing an indexation policy in order to neutralise nominal
shocks. Such a policy, extensively analysed in Dixon (1990), offers the advantage that can be adopted
timely and at alow cost.



initid price level and the magnitude of the shock is needed, provided the policy maker knows that al
firmsarefully rationd. A ample ruleisdso neutrdisng and sandard monetarist predictions goply.

The main results of the paper are presented in sections 4 and 5. Proposition 1 shows that the
presence of a smal number of near-rationd non-responders makes any full indexation rule unable to
neutrdise a one-time monetary shock. It will aso be shown that, under full indexation, the proportion
of near-rationd agents and the degree of red flexibility postively affect the distance between
equilibrium and target outcomes after a shock. The existence of nornresponders makes the standard
full-indexation rule ineffective. Moreover, the full-indexation rule under heterogeneity requires that the
policy maker knows every dructurd parameter of the economy, whilst fully rationd agents must be
supposed to be able to know in advance the indexation rule (Proposition 2). Proposition 3 shows
that neutraisation of monetary shocks requires an over-indexation of the unemployment benefit,
according to a rule (which will be cdled “perfect indexation”), which is a least as information
demanding as the full-indexation rule mentioned above. Over-indexation implies that the red wageis
no longer congant. It is actudly the pro-cyclicd variation of the red wage that hampers the red
impact of the shock up to its complete neutrdisation. Proposition 4 shows the rather paradoxicd
result that a smple rule such as indexing the unemployment benefit to the monetary shock, despite
being far less demanding in terms of information acquisition and processing ahilities, is more effective
than a full-indexation rule in neutrdisng monetary shocks, though less effective than “perfect
indexation”. Finaly, Proposition 5 shows that, provided the policy maker is not able to determine a
perfect indexation rule, the mode-economy exhibits less responsveness to nomina disturbances
when responder firms ignore the presence of near-rationd firms than when responder firms try to
optimally react to the presence of near-rationd firms.

Section 6 presents some concluding remarks and suggests that more difficulties would arise

under heterogeneity were the deterministic model employed be replaced by a sochagtic one.

Il. THE MODEL



Assume that each price-making firm (their number is normalised to 1) operating in a goods

market with monopolistic competition, faces the by now standard demand functiore:
Yi = yeLr =G (1)
wherey isoverdl output, the number of firms (= number of goods produced) is normaised to 1, Pi

isthe price charged by the i-th firm, P is the generd pricelevel, M isthe money supply and op 1.
Firms have a Cobb-Douglas production function such as.
y,=n®  afl @
The wage is fixed by an industry-wide monopolistic union representing n; identical workers
and with a utilitarian objective function (Oswad 1985) such as:
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where Vi is the trade union's utility function, b is the red reservation wage. Sectora unions assume

the generd price levd as given and take the nomina unemployment benefit (B) to be ther minimum
B

reference wage. For the sake of amplicity, we assume that the red unemployment benefit (F) isthe

only dterndive to the wage deriving from employment in whatever firm; i.e. that the chances of
finding a new job after dismissal are nil. Each union maximises its utility function under the condition
thet the firm is on hislabour demand curve.

In eqilibrium the redl wage, if the constraint on employment is not binding (n. £ni), is set as
amark-up over the unemployment benefit®:

- =035 ©

where: g:% and =201

When this economy is hit by anomind shock only an indexation of B may prevent red effects
on output and employment to take placel®. In principle, as agents market power leads to an

8 See, for example, Blanchard, Fisher (1989), chapters 8 and 9.
9 See Dixon (1990) for the derivation of equation (4).



inefficiently low equilibrium leve of output and employment, the neutraisation of monetary shocks
may be a questionable objective (Benass, Chirco, Colombo, 1997, 62-66). In fact, while negetive
demand shocks determine welfare losses positive shocks enhance wefare. The policy maker should
thereby adopt contingent rules. However, non-contingent rules may be justified on the ground that (i)
“the utility cogts of the increased labour supply in a boom would be largely offset the benefits of the
increased production, while the gains from the increased leisure in a recesson would be smal reative
to the cods of the lost production” (Romer, 1993, 14); (ii) income stability may have postive
influence on investment decisons of firms (Meltzer, 1988); (iii) contingent indexation rules such that
nominal wages are flexible downwards but rigid upwards would have scanty chances to be accepted
by trade unions and workerst1,

In what follows the preceding arguments for norcontingent rules are accepted and the
assumption is made that price sability has a zero-weight in the government objective function, while
output stability has aweight equd to one.

1. THE IMPACT OF A SHOCK UNDER HOMOGENEOUSFULL RATIONALITY

It isagtandard result in thiskind of moddsthet if the unemployment benefit is fully indexed to
the price level and al firms are fully rationd, i.e. perfectly respond to shocks, money neutraity
gpplies!2. To see this suppose that a monetary shock of magnitude v occurs such tha after the
shock M= M,(1+mnm , whee M, is the money supply before the shock, hence
dlogM = log(1+ M.

The profit of the i-th firm () can be expressed as a function of the price Pj charged by the
firm (the individud gdrategy), the generd price leve (the Strategies of the other firms) and the money
supply (the authorities control variable):

P =p(R,P,M) Q)

10 one may suppose, for instance, that such shocks come from an imbalance of the foreign accounts
which causes a change in the quantity of money that the Central Bank — under afixed exchange rate —is
not able to sterilise. We shall abstract from the possibility that shocks are either nominal or real and from
the consequent search for the degree of indexation that mimimises the real output variance over the
business cycle in an environment where all agents are fully rational . We shall assume that the economy is
only hit by nominal shocks, but that a given fraction | of firms are non-responders to such shocks. See
Gray (1976, 1978); Fischer (1977); Cuckierman (1980); Ball (1988); Bdl, Cecchetti (1991).

11 Notice that (i) and (ii) support not only the ex ante but also the ex post desirability of stabilisation
policies since output fluctuationsper seimply welfare losses.

12 5eg, for instance, Boitani, Damiani (1999).



From the demand function and the production function one obtains the following expression
for the profit of each firm:
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From the first order condition for the profit maximisation it is possible to obtain the optimal

price charged by firm i:

R= Py g D where h=a+ J(1- a)

By using the logarithmic transformation and rearranging one gets.

d-a)

logP. =log P(1- 1 h

h%+%“mw4m@+ lgM  (7)

1-a)

Notice that ,say f, isared rigidity indicator, as it measures the responsiveness of log P, to

aggregate demand, low f implies high red rigidity3, whilst (1- 1-_ha) , denoted henceforth asr, is

the degree of strategic complementarity.
Assume now the smple case thet al the firms adopt a maximization srategy after the nomind
shock, therefore log R= log P. Inserting this condition in (7) the money multiplier then can be

expressed asafunction of fandr:
@-a)
diogP _ f _ h _1 ©

which implies, given the symmetry properties of the modd, that the generd levd of prices smply
increase by afraction m

These results are obtained under the hypothess of a full indexation of the unemployment
benefit to the price leve, hence the red wage w;, which enters equation (7), is congtant after the
monetary shock. It is easy to show that the full indexation rule for the case in which al agents are
fully rationd is very smple. Consder the generd indexation rule for the unemployment benefit:

13 see Ball, Romer (1990); Haltiwanger, Waldman (1991).



logB = logh,+ klog P (9)
where b, is the value of the red benefit before the monetary shock and k is the parameter
expressing the degree of benefit indexation.

The first order condition for profit maximisation must now be rewritten in order to introduce
the real wage as a function of the red unemployment benefit (logw =logg + log B- log P ). By
using the generd indexation rule (9), the price charged by each maximisizing firm can be rewritten as
follows

logP. = (- Fl+ a—:) log P +%(Iogg+logb0 - logb) +(1'—ha) logM (7)

Notice that in case of full rationdity al firms are maximizers (log P=log P;,,,), therefore from
(7") one gets:

(1-a)
(1- ak)

dlogP = dlog M

Under full indexation k =1, hence the money multiplier is dlog P = (1-2) =1 and the long run
dlogM (1- ak)

equilibrium condition is restored. With full rationdity indexing the nomina benefit to money is
aufficient to kegp congtant the vaue of the real unemployment benefit. In our case, increasing the
nomina benefit by a fraction mequa to the magnitude of the monetary shock (d logB =dlog M ),
is sufficient to restore the initid vauesfor the red variables.

In summary, if al agents are responders to a one-time monetary shock two main results are
obtained: i) the rationd behaviour assumption implies that firms correctly anticipate the magnitude of
the monetary shock and adopt a dmple price adjusment rule such as the
following:log P =log P, +d log M ; ii) a policy desgned to minimise output fluctuetions entalls the
adoption of a smple indexation rule of the unemployment benefit in order to avoid that monetary
disturbances have redl effects.

IV. THE NEAR-RATIONAL BEHAVIOUR CASE

Akerlof Yellen (1985) proved that if there exigts a smal fraction of near-rationd firms, a

monetary shock is non neutrd. When a long-run eguilibrium (in which al agents maximise) is dightly



perturbed by a nomind shock, some monopolisticaly competitive firm may choose not to adjust its
nomind price, i.e. some firm may choose not to maximise. The envelope theorem implies that firms,
which are in principle able to adjust optimaly, but which nevertheless do not respond to monetary
shocks only incur second order profit losses from their non-maximising behaviour14,

However, the macroeconomic consequences of what may be called near-rational behaviour
of individud firms are firs order, even though near-rationd firms are just a fraction of the firms
population. The reason being that the non-adjusted prices of near-rationd firms affect the price-
adjusment behaviour of their fully rationad competitors. Hence the aggregate price level changesto a
smaler degree than the quantity of money, thereby triggering a red badance effect which leads to
changesin red output1>,

In Akerlof and Yéelen's mode the policy maker has no instrument cgpable of neutrdising
monetary shocks. We are interested in showing that when the government in principle does have
such apalicy ingrument (i.e. an netralisng indexation rule), the presence of some near-rationa agents
makes its use logically more complicated, as far greater information processing abilities on the part of
the policy maker is required. Moreover, the introduction of some behaviourd heterogeneity makes
far more difficult for fully rationd agents to form correct expectations about the price levdl.

In the following propostion it is shown that the full indexation rule for the unemployment
benefit found above does not prevent money non-neutrality if there are | near-raiond firms, with
high costs to collect and process information, which do not respond to small monetary shocks.
PROPOSITION 1. In the presence of a small fraction (I ) of near-rational firms a full indexation

rulesuch as logB = logb,+ klog P, with k=1, leads to (;j_; <1.

PROOF Following Akerlof, Yéelen (1985), the generd priceleve P can be expressed as a geometric
mean of the price P;,, charged by the (1-1 ) maximisng firms and the price P;,, charged by thel non

maximigng firms In logs

14 Notice that for a first order error in price adjustment to result in a second order profit loss the profit
function of firms must be differentiable in its own price. A condition that does not apply under perfect
competition. Hence an imperfectly competitive environment is necessary for the near-rationality argument
to bite. (See Akerlof, Yellen (1985a, pp. 711-712; 1985b, pp. 826-827).

15 similar, athough not identical, results are found by Ball, Romer (1991) in amodel featuring ‘small menu
costs'.



log P=(1-1)logP,+1 logP, (10)
Assume dso thet the non maximising firms, after the shock M = M (1+ m) , keep congtant their
price & the vdue P, set beforethe shock: log P, =log P,. Moreover suppose afull indexation rule
log B=logh,+log P, (k=1) which guarantees that each monopoly union keeps congtant the red
wage w;
For the rationd firms, as dready seen in section 2, the price drategy is given by equation (7).
Insarting in (7) log P from (10), which appliesin case of near rationdity, is Sraightforward to get:
1- a)

0P, = (1- =-2) (1 log R, + (1- 1) log B,.) + 2 logw - logh) + log M

Therefore the money impact on P, is

dlogR, _ @-a)
dlogM ~ I h+(@1-1) (- a)

= n<lfor | >0 (11)

dlog P

Taking into account that =(1- 1), the money multiplier on the log of the generd price

level becomes::

dlogP _ a-1)@a-a)
dlogM ~ | h+(1- 1) (1- a)

= nl-1)<1for 1>0 (12

g.ed

By using the definition given in section 2 for the red rigidity indicator and the degree of Srategic
complementarity, the impact of the monetary shock can be easly expressed as afunction of f, r,
ad| :

dlogR, _ f
dlogM — (- r(1- 1))

<lfor I >0 (13)

dlogP _ f(@1-1)
dlogM — (1- r (- 1))

<lfor 150 (14)

The intuition behind this propogtion, which extends Akerlof and Ydlen's (1985b) origind
result to a dightly different mode-economy, is that the presence of | non-responders causes the

dlog P,

<1.
dlogM 1. Under

degree of adjusment of (1-1) responders to differ from full adjustment:

drategic complementarity there isin fact an incentive for responders to imitate (at least up to a point)

10



the behaviour of non-responders. The overall degree of price adjustment is a weighted average of

dlogP
the degree of adjustment of responders and non-responders: r Iog?M will liein between 0 and
dlogR, L o | | |
dlog M <1, hence it will surely be less than 1, implying money non-neutrality. The full indexation

rule is baffled by the presence of a fraction of non-responders, hence nomina shocks have redl
effects.

A few remarks arein order (proofs are in the Appendix).

REMARK A The impact of a given amount of near-rationa behaviour on the macroeconomic
outcome increases as the degree of drategic complementarity (r) increases (Hatiwanger and
Waldman, 1991, Proposition 4). As the degree of strategic complementarity grows, the synergistic
effects increase because of the bias of rationa agents behaviour towards that of near-rationa ones.
Conversdy, given the degree of strategic complementarity, an increase in the share of non-responder
firms makes the divergence of the macroeconomic outcome from neutrdity to increase.

REMARK B The nomind rigidity caused by the inertid behaviour of the near-rationd firms
renders the monetary shock effective; the degree of effectiveness, however, is inversdly related with
the degree of red flexibility (f). In terms of the traditiona aggregate supply and demand framework,
it can be said that the non-responder behaviour of a given fraction of firms renders the aggregeate
supply curve dadtic ingead of verticd. As red flexibility increases the eadticity of the aggregate
supply curve decreases, with consequent lower red effects of the shifts in the aggregate demand
curve generated by monetary shocks.

REMARK C The degree of red flexibility f depends negatively on J, i.e. the price eadticity of
demand, and positively on the degree of monopoly (1/J): red rigidity is lower the higher is the
degree of monopoly. Therefore the higher the monopoly power of firms the lower the degree of
drategic complementarity (r=1-f) and the lower the congraint on price increases. As a
conseguence, the higher the degree of monopoly the lower the real effects of monetary shocks.

In the presence of a fraction | of near-rationd firms, the full indexation rule seen above,
despite being ineffective a neutralisng monetary shocks, becomes far more complex and information

11



demanding than in a world in which dl agents are homogeneoudy rationd. We are indeed &ble to
prove the following:
PROPOSITION 2. In the presence of a small fraction (I ) of near-rational firms full indexation,
i.e. the indexation which keeps the real wage constant, requires the government to know the
structural parameters of the economy a, J and | .
PROOF Assume a nomina shock of magnitude m dlog M=Ilog (1 + mx The money impact given by
(12)is

dlogP=n (1- 1) dlog M (12)

1- a)
lh+(1-1)(1- a)

where, by usng equation (11),n = To adopt a full indexation rule for the

unemployment benefit, the policy maker has to be informed about the structural form of the modd
as it is possble to ascertain from the full indexation rule: log B = logh, + k log P with k=1. By
using (12') one gets:

dlogB=n(1- 1) dlog M (10"
wherenisafunctionof a, | and h which depends, onitsturn, ona and J. g.ed.

As the full indexation rule does not guarantee the neutradisation of nomina shocks, one may
wonder whether some endogenous perfect indexation rule may be found and whether such a rule
would require more or less or the same information needed for the (sub-optimd) full indexation rule.
PROPOSITION 3. In order to fully neutralise monetary shocks the government must over-index
the unemployment benefit to a degree k*>1.

PROOF To obtain the degree of indexation of the unemployment benefit which guarantees that
monetary disturbances have no redl effects, avelue k™ for the general benefit rule (9) is to be found

dlogP
dlogM

such that =1.

As k*11 implies that the red unemployment benefit o=B/P) is no longer congtant, the nomina
benefit enters as an additional argument in the profit function of eachi-th firm:

P =pP(R,,P,M.,B) (15
The firg order condition for the profit maximization, under the generd indexation rule (9) for the
unemployment benefit , isgiven by (7°).

12



In case of near rationdity the logarithm of the genera price leve is given by (10). Inserting
(10) in (7") and assuming the starting condiition log P, =log M6 yidds

10g Py =(1- T30 logR+(1- 1)logR, )+ ogg+ogh,- lagb)+Hiogm  (16)

Solving for log P;,,, leadsto:

log P, =a, logP, +a,(logg+logh, - logb)+a, logM  (17)

where:
| (h- 1+ak) o= 1-a)

| h+(1- 1)@- ak) ~ ° | h+@- 1)(1- ak)

o dlogP _ . ,
Taking into account that =(1- 1), the money impact on the log of the generd price leve
becomes:

diogP 1- a)(1- 1
P o1yl (18)
dlogM lh+(1-1)1- ak)
: - . dlogP _ \ I h
The vaue of K which satisfies the condition =1 istheeore k¥ sl+——— >1,,
dlogM 1-1) a

g.ed.

Less than perfect rationality of a fraction of firms makes things more difficult for the policy
maker, at least in principle. If al firms are perfectly rationa responders, and the policy maker knows
they are, dl the information he needs in order to determine the full indexation rule (which is dso
neutrdiang in that case) is the magnitude of the shock. Just a little heterogeneity is enough for the
amount of information needed to increase. It is not enough to know that “some” firms are less-than
rationa. The precise share of nonresponders | must aso be known, besdes such sructura
parameters as the price éadticity of demand (J) and the inverse of the output dadticity of
employment (a)17.

161f k=1, the starti ng condition log Pg = log Mg and the symmetrical equilibrium condition log Pj,=log P
are verified from (7') for (log g+loghb, - log b) = 0. Therefore, the price equation for the maximising firm
can be written as (16).

17 Notice that the number of parameters to be known is kept to a minimum by the simplicity of the model
employed in the present paper. In more complete models the number of structural parameters the policy
maker needs information about obviously increases, making things even more difficult.

13



It is not just the quantity of information that changes but its quality as well. Under the
assumption of homogeneous full rationality the policy maker only needs to know that the economy
reacts to nomina shocks as the (neo)classica theory predicts. Under heterogeneity in order to
predict the aggregate behaviour of the economy one needs to know the structura modd. Thus, with
homogeneous full rationdity the policy maker may rely on observations of aggregate behaviour,
under heterogeneity additiona information is required even if the nomina shock repeets itsdf a every
timeand | is stable over timel8. Things become even more complicated if the magnitude of the
nomina shock fluctuates and/or if | changes over time, i.e. if the environment is not stable.

V. PARADOXESOF RATIONALITY

Given that the full indexation rule log B = logh,+ klog P, with k=1, is not able to neutralise

monetary shocks, that the neutralisng indexation rule requires over-indexation and non congtant regl
wages, besides both rules being informationaly demanding, one may wonder whether a smple rule
such as indexing the nomind benfit to the quantity of money would perform well in limiting the redl
impact of monetary shocks, i.e. whether a less-than-well informed maker wouldn't make great harm
to the macro-economy. We are in fact able to prove the following:

PROPOSITION 4. If the government ignores the presence of | non-responders and adopts a

simple indexation rule such as log B=log B, + log(1+m, the real impact of monetary shocks

islower than under full indexation.

181t should perhaps be noticed that in the full indexation case it is sufficient that the policy maker is able
to collect information on two structural parameters out of three and does actually know eguation (12). If,
for instance, the government has information about a and J from industry data, by observing

diogP D, from equation (12) it may calculate:l = Dil-2)- 1+a

dlogM (1- a)ft+ D(1- J)]- aD
by definition, whilst perfect indexation requires k to be endogenously determined: k* is obtained from
dlogP
dlogM
equation (18), provided a and J are known in some way. It should also be noticed that the policy maker
dlogP
dlogM
from outside the model is needed to implement a neutralising policy.

. Under full indexation k=1

equation (18) by imposing =1. In the model the sole source of information about | is again

cannot observe =1 unless k=k*, which needs knowledge of |. Additional information coming
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PROOF Condder again the effect of a monetary disturbance in an environment where the indexation
rule adopted to fix the unemployment benefit does not guarantee the stability of the red benefit.
However in the case a hand the policy maker adjusts the nomina benefit according to the magnitude
of the monetary shock. Therefore the impact of the nomina disturbance is partialy indirect, thorough
the effect on B.

Rewrite for convenience the price equation for the rationd firms

log P, = log P+%(Iogg+ log B- log P- log b) +%(I09M -log P) (7)

As the full indexation of the unemployment benefit to the money level keeps congtant the ratio %

we have an indexation rule such as. B =g, M, where g, istheinitid vaue of% before the nomina

shock. Then, expressing log B aslog B =log g, +10og M and replacing it into the price equetion, one
gets.

1-2
h

IongzlogP+%(Iogg+loggo+logM-IogP-logb)+ (log M - log P)

For log P, =log M, the price equation can be written as followsl®:

logP,, = (1- hl) logP + % log M

Taking into account thet log P = (1- | ) log B,,+1 log R, yidds
logP, =t"logPR, +n" logM (19)
I (h-1 . 1

where U= a1 Y T Theo D
As 9199P _ 1.1y then the money mutiplier is
dlog P,
dlogP oann
diogm ~ DN =Ty @O

Asa<l, it holds true

19 As already shown, for log Py= log Mwe obtain the condition (log g +log b, - log b) =0. Under

B B
the same condition Iog(P—O):Iogbo :Iog(M—O) =log g, . Therefore (log g +log g, - log b)=0.
0 0
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-1 1-a) (1- 1)
lh+@-1)  Th+(- 1)1 a)

g.ed..

Paradoxically, the ignorance of the government reduces the impact of a monetary shock on
the red variables, as it can be verified comparing the money multiplier (20) with that obtained in the
full indexation case (12). Intuitively, by neglecting the existence of non-responder firms and indexing
the unemployment benefit to the monetary shock, the policy maker causes such a benefit to increase
inred terms and this partly compensates the expansonary effect of the nomind shock.

Another interesting result emerges if one assumes that responder firms have perfect foresght
on exogenous shocks but ignore the presence of nonrresponders. In other words, the (1-1)
responder firms arerationd in the sense that they adjust their prices in order to maximise profits ex
ante, but they are affected by some “ near-rationdity” in the forecasting process, since they atribute
their maximising behaviour dso to non-maximising firms. The result is that a non-perfectly rationa
forecasting process on the part of responder firms leads to more stability of the output level. In order
to illugrate this result we shdl state and prove the following:

LEMMA In the presence of | non responder firms and (1-1) rational, but non-perfectly
informed, responders both the price level and the output level are independent of the
indexation rule followed by the policy maker.

PROOF As responder firms ignore the presence of the | non responders, their best expectation

(given their information) of the price levd change after the observed shock (d log P€) can be

caculated from the money multiplier for the full rationdity case, which, as shown in section 3, is given
(1- ak)
(1-a)
under full rationdity the smple indexation rule k=1 is sufficient to keep the red variables condant,

by the following expresson: dlog P° = dlog M . Moreover, responder firms know that

hence their expectations of the price level and the unemployment benefit are formed assuming that k&

dlog P ~1 and dlogB :dlogB
dlog M dlog P° dlog M

=1. Therefore

=1; which implies that the expected red

wage we will be unchanged.
The price-adjusment maximising drategy (from equation 7) under this wage and price
expectations then becomes:
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dlog P_ = dlog P® (1- 1'ha)+(1'ha) dlog M.

After subdtituting for d log P€, one obtains;

dlog P =dlogM (1- 1'ha)+ (1'ha) dlog M

which gives dd|:39—9m =1

og M

The optima price decison of a maximisng firm thet bdieves to live in a world of full
rationality is therefore to adjust its price according to the magnitude of the nomina shock.. As the
non responders agents are keeping congtant their prices, the actua price level will be:

P=(R,(1+m)""' B =R, (1+mM*" ged.
It is now essy to prove the following:
PROPOSITION 5 The degree of non-neutrality is lower when responder firms are less-than-well
informed than when they have perfect knowledge.
PROOF The price charged by maximising firmsis set according to the following rule:
logR, =log R, +dlog M
If the | non-responder firms set their prices at the level before the shock,log R, =log P,, the
aggregate priceleve is
logP =log P, +(1- 1 )dlog M
Comparing thisresult with that obtained under the full rationdity hypothesis, it is easy to get:
log B,+(1- 1 )dlogM >logPR, +v(1- | )dlogM asn <1 qed.

The macroeconomic implication of this result is that monetary shocks cause more significant
fluctuationsin red variables the more correct are the conjectures of maximising firms. By ignoring the
presence of nonresponders, responder firms do not perceive the incentive to “match” the near-
rational behaviour. Therefore dtrategic complementarity is less powerful. A learning process that
dlows ratiiond firms to take into account the presence of non maximising firms would cause the

modd economy to exhibit amplified fluctuationsin red varidbles.

20 |n the long run, different indexation rules followed by the policy maker are indeed effective, as different
indexation rules affect profits of both responder and non-responder firms and trigger price and quantity
changes.
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In order to compare the cases examined here and in section 4, according to the degree of
effectiveness of monetary shocks, TABLE 1 summarises the results found so far. Different cases are

ranked in terms of their sability propertiesin the face of nomind disturbances.

TABLE 1

A comparison of macroeconomic outcomes

Price effect Output effect
1) Neutralising indexation dlogP =dlogM dlogY =0
2) Lessthan-well informed | dlogP=(1- | )dlogM (1-1)<1 dlogY =I dlogM
responders
dlogP =n"1- | )dlogM
3) Less-than-well informed - 1) dlogY=@-n"- | ))dlogM
government n'1- 1) :m <@-1)
dlogP=n(1- | )dlogM dlogY =(L- n(1- 1))dlogM
4) Full indexation - a)

n=
Ih+(1-1)1- a)

In an environment featuring heterogeneous behaviour, as that conddered in the present
paper, money non-neutrdity is obtained even if every agent has correct expectations on monetary
disturbances, unless the policy maker is able to find a fully neutrdisng indexation rule. If such a
neutraisng rule cannot be found, it turns out that more accurate are the anticipations of responder
firms on nonresponders  behaviour, the higher is the degree of policy effectiveness. As far as the
output dabilisation goa is concerned, rule-of-thumb behaviour leads to better results than
(unsuccesstul) attempts at neutralising the presence of near-rationd firms.,

As afind quegtion, one may wonder whether the adoption of smple behaviourd rules may
be convenient in terms of individuad objectives. Akerlof and Ydlen (1985a), showed that when a
long-run equilibrium is dightly perturbed by a nomina shock, some monopaligticaly competitive firm
may choose not to adjust their nomina price, i.e. some firm may choose not to maximise. The
envelope theorem implies that firms, which are in principle able to adjust optimally, but which
nevertheless do not respond to monetary shocks only incur second order profit losses from their
non-maximising behaviour.

Here we intend to obtain additiona insights on the profit outcomes of the maximising agents.
The (1-1') firms who choose to adjust their nomind prices, may have accurate knowledge of the |
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firms, or amply ignore their inertial behaviour. To evauate gains or losses thet the (1-1 ) maximiser
firms may obtain in the various cases examined so far, some numericd smulations have been
performed. The various cases examined and ranked in TABLE 1 according to a macroeconomic
criterion have been compared in terms of profitability (TABLE 2). The full rationdity of dl agents
(I =0) has been sdected as the benchmark Stuation and the profit outcomes that the i.th maximiser
firm achieves are cdculated as percentage differences with respect to the full rationdity case.

The numerica smulations reported in TABLE 2 have been performed for different vauesof |,

M
-=1.
P

0o

anomind shock of +3%, J=5 and the initid condition

TABLE 2
Percentage gains or losses in profits of maximising firms, with respect to the full rationality case,

for different values of |

[ =0.25 =05 [ =0.75
1) Neutralising indexation -3.86% -11.15% -29.86%
2) Less than well informed +0.36% +0.62% +0.78%
responders
3) Lessthan well informed
government -1.92% -3.01% -3.60%
4) Full indexation -3.06% -3.63% -3.82%

The mogt surprising result is shown in the second row. It comes out thet if a maximising
(responder) firm is not well informed, hence adopts not fully congstent model expectations, not only
does better than when is perfectly informed but does also better than when dl firms are perfectly
rational. The presence of some near rationd firm — provided they are ignored — turns out to be good
for rationd firms.

Theintuition isasfollows. A lessthan wdl informed responder, falling to anticipate the inertid
behaviour of non responder firms, sets a higher relative price, hence it will experience a contraction
of sdes. However, this negative impact on revenue is mitigated by the fact that there will be arisein
aggregate demand, as the presence of | non responders implies dlog P < dlog M . Moreover, on
the cost sde, as the LEMMA above shows, there will be gability of the unit labour cost, as the
government cannot but adopt a full-indexation rule.
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It should dso be emphasised that it is not because of inaccurate predictions that rationd
agents obtain additiona returns (with respect to a perfect foresight Stuation). It is because that, when
rationd agents have limited information, there is no scope for government intervention amed a
neutralisng nomina shocks, hence the over-indexation rule of the unemployment benefit is Smply not
adopted. In such circumstances, rationad agents achieve some extra gains as they take advantage of
the pogitive aggregate demand externdity, due to the inertid behaviour of non responder agents.
Moreover, losses caused by higher labour costs are in this case avoided, since the red
unemployment benefit can be held congtant.

The worg results are achieved when the maximiser firm has perfect foresght and the
government adopts a neutrdising indexation rule of the unemployment benefit to prices, as shown in

the firg row of TABLE 2. In this Stuation, the increase of the maximiser reative price is not

counterbalanced by the increase in the aggregate activity, as the government has to sabilise (%) in

order to achieve the macroeconomic stability of output. Moreover, the over-indexation rule (k*>1)
of the unemployment benefit, which guarantees the macroeconomic target, implies a higher [abour
cost. As | increases, the degree (k) of indexation of the unemployment benefit increases and the
maximiser profit losses are magnified, asit is possble to check by comparing the results obtained in
thefirgt row for different values of | 21.

Summing up, while the government may cortain welfare losses due to aggregate fluctuations
by acting as a wdll informed policy maker, the profit outcomes results suggest that near-rationdity
reduces the incentive for individua maximisers to form accurate predictions on the degree of non
responsiveness in the model economy, making more plausible, the adoption of more profitable, dbeit
less sophisticated, strategies and reducing the incentive for a revison of expectations and decison
making procedures. Therefore, near rationdity not only causes a “bias’ in the action of responders
towards that of non responders, but it dso may induce deviations from fully rationd expectations

rules.

21 The crucial role of the degree of near rationality is apparent in all the examined cases: as the number of
non responder firmsincreases the profit deviations from the full rationality case are more relevant.
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VI. CONCLUSIONS

Standard economic andyss is built on the assumption of homogeneous agents, an
assumption which alows one usng modes based on a representative agent. Some relevant
macroeconomic results, such as the money-neutraity proposdtion, are obtained by making the
representative agent assumption. Severa papers have shown that those results are not robust as, for
ingance, an however small behavioura heterogeneity leads to non-neutraity. In this paper we moved
a gep further and explored the implications of heterogeneous behaviour on the ability of policy
makers to implement neutralising policies in the face of nomina shocks (for the sake of smplicity redl
shocks were ruled out).

We began by showing that, when dl agents (firms) are homogeneoudy rationd, that is they
al respond optimally to nomina shocks, the neutralisng god may be achieved by indexing the pivot
nomind variable (the unemployment benefit in our mode) to the magnitude of the nomina shock.
Such an indexation rule is neutrdising yet smple, asit only requires that the policy maker knows that
everybody is rationd and that the economy behaves as Milton Friedman would predict.

As soon asasmadl fraction of near-rational (non-responder) firmsisintroduced things change
subgtantidly. First, we showed that the smple rule is no longer neutralisng, because non-responder
firms cause the price level to change to a lesser proportion than the nomina shock. Second, we
showed that a sandard full indexation rule is dso non-neutrdisng, dthough it is very information
demanding. The rule now requires that the policy maker knows the whole sat of structurd
parameters of the mode-economy, which require that additiond information is collected and
processed. Third, the neutralising rule turns out to be an over-indexation rule, which does not
guarantee the congtancy of the red wage and is even more informaion demanding than the full
indexation rule. Fourth, we showed that, under heterogeneity, if rationa agents and policy makers
adopt smple rule-of-thumb behaviour the read impact of nomind shocks may be smdler then if
sophigticated (though non-optimd) rules are attempted a. By numerica smulation we were aso able
to show that the presence of near rationad agents may significantly weaken and even reverse the
individual incentive of rationa agents to adopt sophisticated behaviourd rules.

The propostions in the previous sections assume that rational responder firms have perfect
foresight. Things become even more complicated as soon as uncertainty is introduced and perfect
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foresght is replaced by some form of expectations-formation rule. A proper treatment of this issue
would require a fully specified dynamic model22. Hereafter only a few tentative observations are
advanced.

As underlined by Phelps and Frydman (1983), in order to forecast the vaues of endogenous
variables, each rationa firm has to form expectations on the economy-wide average opinion on these
vaiables. In the RE framework, every agent solves this difficult task by assuming that other agents
share the same expectations, hence the RE gpproach ‘entails perceived and actud unanimity of
beliefs across dl agents ... (p.7). In this sensg, it can be said that the RE approach is inherently
dominated by the homogeneity hypothess.

Introducing behaviourd heterogeneity has far-reaching implications. Firdt, rationd agents
who know that some other agents do not fully respond to monetary shocks must assign to these
near-rationd agents a reply function which is necessaxily different from their own reply function.
Second, under heterogeneity, each rational agent has to forecast not only how other rationd agents
forecast exogenous shocks, but also how they perceive the behaviour of non-responder agents, even
if dl agents - ether rationd or near-rationd - share the same conjectures on exogenous shocks.
Consequently, the difficulty stressed by Phelps and Frydman (1983) is magnified. Under
homogeneity it seems legitimate for rationa agents to project their own views on to other agents and
thus to predict the economy-wide average opinion. With heterogeneous agents, on the other hand,
there is no longer a single theoreticad modd of price adjusment behaviour, which may guide the
individua price-setter to find out the economy-wide average opinion.

In this context, non-neutrdity may arise not only because of the inertid behaviour of near-
rationd firms. It can dso come about because rationd firms fal to anticipate the extent of non
responsiveness in the model economy and/or they do not correctly perceive the average opinion
about this degree of non responsiveness. As the heterogeneity of price expectations is the natura
consequence of behavioura heterogeneity, it seems to apply a fortiori what Pesaran (1987) says
about heterogeneous information: ‘under heterogeneous information decison making will be subject
to behaviourd uncertainty, and a rigorous derivation of the raiond expectations modds from

22 \oreover the problems raised by imperfect competition for agents forecasting tasks should be
examined. See Rankin (1992,1995, 1997).
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principles of economic optimisation generdly will not be possble (pp. 70-71). Whether a
convergent learning process can be found under persstent heterogeneity is matter for further

research.

APPENDIX

This appendix provides proofs of Remarks a, b and ¢ in section 4.
REMARK A
Let us cal Pm* the genera leve of prices in the case al agents are rational. The money multiplier is
then by definition equal to the one given in equation (8):
dP, _ R (A1)
dM @-r) M
whilst log Pisthe log of the generd level of prices when afraction | of firms are non responders, so
that the money multiplier is given by equation (14):
dlogP _ f(1-1)
dogM [i- r (1-1)]
Following Haltiwanger and Waldman (1991) one may subtract (A.2) from (A.1) to get:
diP." - P) d fl

m 0 -
dMm a-n)fi-ra-1)]
The proof of Remark ais now just obtained by differentiation:

fd _ h’l(21-a)@-1)+h)

<1l (A2

>0 for >0 (A.3)

. _ (A4)
Ir  (@-a)l-a-l +al +hl)
ﬂ—d =%> 0 (A.5)
M @r+rl)
REMARK B
Asr = (1-f)23, after substitution in d, by differentiation one gets:
Td_ ! >0 (A6)
T @-r)d-r@I)
REMARK C

Write Jl ° w the degree of monopoly power, than by differentiating f with respect to w:

f_ @-a)
W |@+wi- ayw|
Combining (A.6) and (A.7) one immediately obtains:

>0 (A7)

23 The negative relation between strategic complementarity and real flexibility has been shown, in a more
general framework, by Alvi (1993).
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