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 BOUNDED RATIONALITY AND STRATEGIC

 COMPLEMENTARITY IN A MACROECONOMIC

 MODEL: POLICY EFFECTS, PERSISTENCE AND

 MULTIPLIERS*

 Antulio N. Bomfim and Francis X. Diebold

 Motivated by recent developments in the bounded rationality and strategic complementarity
 literatures, we examine an intentionally simple and stylised aggregative economic model, when the
 assumptions of fully rational expectations and no strategic interactions are relaxed. We show that
 small deviations from rational expectations, taken alone, lead only to small deviations from classical
 policy-ineffectiveness, but that the situation can change dramatically when strategic comple-
 mentarity is introduced. Strategic complementarity magnifies the effects of even small departures
 from rational expectations, producing equilibria with policy effectiveness, output persistence and

 multiplier effects.

 Recent work has suggested the potential importance of boundedly-rational
 expectations and strategic complementarity for macroeconomics, but the
 associated literature is primarily microeconomic and game theoretic. In this
 paper we take a different and complementary approach, exploring and
 illustrating the effects of bounded rationality and strategic complementarity in
 an intentionally simple and stylised aggregative economic model, very much in

 the tradition of the one used by Sargent and Wallace (I 975). This provides a
 simple framework to examine and to illustrate the macroeconomic effects of
 bounded rationality and strategic complementarity, and to contrast our results
 with the well-known stark results obtained under classical conditions.

 We present our results in a series of richer analyses. In Section I, we first
 present the standard classical results under rational expectations and no

 strategic interactions - monetary policy is ineffective and output displays no
 persistence. We then relax the assumption of fully-rational expectations while
 still denying the possibility of strategic complementarity. Accordingly, we
 assume that the economy is populated by two types of agents: sophisticated
 forecasters form rational expectations, and rule-of-thumb forecasters use a
 simple forecasting rule. We show that, although monetary policy can be
 effective and output can display persistence, the amount of boundedly-rational
 (' rule-of-thumb') expectations formation needed to generate realistic outcomes

 is implausibly large. In Section II, we study the model with both heterogenous

 expectations and strategic complementarity and show that policy effectiveness
 and output persistence are obtained even when only a very small amount of
 rule-of-thumb behaviour is present. In particular, we show that the interaction

 * Helpful comments were provided by Martin Baily, Russell Cooper, Allan Drazen, David Gordon, John
 Haltiwanger, Peter Tinsley, and two anonymous referees, as well as by seminar participants at the North
 American Winter Meetings of the Econometric Society, the University of Maryland, and the Federal Reserve
 Board. All remaining errors are ours. We thank the National Science Foundation, the Sloan Foundation, the
 University of Pennsylvania Research Foundation, the Institute for Empirical Macroeconomics and the
 Federal Research Bank of Philadelphia for support. The views expressed here are those of the authors and
 do not necessarily reflect those of the Federal Reserve Board or other members of its Staff.
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 [SEPT. I997] RATIONALITY AND COMPLEMENTARITY I359

 of bounded rationality and strategic complementarity produces a dis-
 proportionately large impact of rule-of-thumb behaviour. In Section III, we
 lend quantitative precision to the theoretical results by computing the response
 of output, money and prices to a unit supply shock, under a variety of
 parameter values. We conclude in Section IV.

 I. A STYLISED 'NEW-CLASSICAL' MODEL

 Rational Expectations

 Following the well-known work of Lucas (I972, I973, I975), let the log of
 output per capita supplied by sector i, i = I, ... , N, be given by

 yit = a(Pit - ptP) + ut, (I)
 where Yt denotes log output per capita in sector i at time t; Pit is the log price
 in sector i at time t; P is the expectation (formed at time t-I in sector i) of

 the log aggregate price level Pt at time t; ut is a zero-mean stochastic aggregate
 supply shock at time t; and a is a supply response parameter, constant over
 space and time. Throughout this paper, we measure all variables as deviations
 from trend.

 Aggregation yields the well-known Lucas supply function,

 t (Pt Pt) +8t) (2)

 where Y is the log of economy-wide per capita output. Following Sargent and

 Wallace (I975), we incorporate this supply function, along with the rational
 expectations assumption that Pe = E (Pt It-,), in a simple and stylised
 macroeconomic model of money, output and the price level. We write

 yt = o(p _pte) + Ut, a t t ~~~~~~~(3 a)
 Mt- Pt = It+vt, (3b)

 Mt = ,Spt_ + wt, I fl < I) (3 c)
 p e = E (Pt I It-,), (3d)

 where M and P denote the logs of the price level and nominal money stock,
 respectively, and u, v and w are zero-mean stochastic shocks, uncorrelated over
 space and time. Equation (3a) is the Lucas supply schedule discussed above,

 (3 b) is a simple demand function for real money balances and (3 c) is a simple
 feedback rule for the nominal money stock.1

 The assumption of rational expectations implies that agents' forecasts are
 sophisticated enough to be fully model-consistent. Let us now show how these
 agents solve the model. Equating the nominal demand for money (3 b) and the
 supply of money (3c), and using (3a) and (3d) to eliminate Y and Pe, we have

 the pseudo-reduced form for Pt,

 Pt = [p/ ( I + oc) ] Pt_ + [o/( I +cx) ] E (Pt I It-)+ ,(4 = [/7(1+c~)]I + [L/( +c)-(f11) +zt, (4t)
 where zt (w - t- vt) / (i + a) is zero-mean white noise. In this model,
 because all agents are sophisticated forecasters, the aggregate expectation (Pe)

 1 Other feedback rules are of course possible. We have, for example, also experimented with a monetary
 rule that feeds back on lagged output. Our basic conclusions remain unaltered.
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 I360 THE ECONOMIC JOURNAL [SEPTEMBER

 is just the conditional expectation of (4), and the aggregate price surprise is

 given by P (.Z
 tPt = t (5)

 Finally, inserting (5) into the aggregate supply equation (3a), we obtain the
 solution for aggregate output,

 It = czt+Ut. (6)
 Three well-known properties of the solution are apparent. First, monetary

 policy is ineffective, as evidenced by the fact that the feedback-rule parameter
 /? does not affect the equilibrium output path. Secondly, the equilibrium
 output path displays no persistence; output vibrates randomly around its

 natural rate. Third, the shocks ut, vt and wt do not produce multiplier effects.2

 Bounded Rationality

 In the tradition of Simon (i 982), Mankiw (i 985), Akerlof and Yellen

 (i 985 a, b), and many others, it seems likely that at least some agents may adopt
 rule-of-thumb procedures for expectations formation. For instance, these

 agents might find it too costly to form rational expectations and choose instead
 to rely on less expedient rules of thumb - see, e.g. Evans and Ramey (I992),

 and Sethi and Franke (I995).3 Therefore, as in Haltiwanger and Waldman
 (1 989), we will now allow for the possibility that some agents (perhaps a very
 small subset of all agents) do not form expectations rationally.

 It is a simple matter to allow some agents to form expectations via rules of
 thumb. We change (3d) to

 pt e (I ) E (Pt I It -l) + ilPt*, O <, 1 _< In

 where Pt* denotes an expectation of time-t price, formed at time t- by any
 rule-of-thumb method. We adopt a simple rule of thumb for expectations

 formation',

 Thus, the modified model is

 t = (Pt-Pte) + ut) (3 a)

 Mt - Pt =t+vt, (3b)

 Mt = flpt-l + wo I /li < I) (3 c)
 pt e I8 E (Pt I It-,) + iPt-1, ? _< I _< I (d.

 Let us now solve the modified model (3 a), (3b), (3c) and (3d'). Again using
 (3b) and (3c) to eliminate M, and now using (3a) and (3d') to eliminate t and
 t ) we have the pseudo-reduced form for Pt,

 Pt= [(x+ y]/(i +x)] Pt-, + [,(i - i)/ I +a-)] E(Pt I It-,) +zt. (4')
 2 That is, the 'impact multipliers' are less than one in absolute value, and all remaining multipliers are

 o. The impact multiplier for u is I/(I +a), for w is a/(i +ca), and for v is -cx/(i +ca).
 3 Evans and Ramey (I992) and Sethi and Franke (I995) feature models where the costs of forming

 rational expectations are incorporated explicitly and show the existence of equilibria where rational and rule-

 of-thumb expectations coexist.

 ' This so-called 'regressive' expectations scheme enables us to make our points simply and effectively. Our
 basic results, however, remain unaltered for other simple non-rational rules of thumb, such as adaptive

 expectations.
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 I997] RATIONALITY AND COMPLEMENTARITY I36I

 After some tedious algebra, we obtain the aggregate price surprise,

 Pt Pt =8 I)/(I + (y) I Pt-, + zt, (5')
 and the equilibrium output process,

 t = ly(/?- I)/(I + j)I Pt-,+zt +t (6')
 Policy is now effective (the feedback-rule parameter ,? affects the equilibrium
 output sequence), and output displays persistence.5 However, it is clear from
 (6') that for small y, deviations from the classical results will be small. That is,
 near-rational' expectations produce 'near-classical' equilibria.

 II. A STYLISED 'NEW-KEYNESIAN MODEL

 The Macroeconomic Model

 In the model of heterogenous expectations sketched so far, large deviations
 from rationality are needed to produce equilibria with Keynesian features.6
 Now we introduce the notion of strategic complementarity in our basic model.
 We then proceed to study the way in which strategic complementarity
 magnifies the effects of bounded rationality.

 Strategic complementarity is present if the returns to engaging in some
 economic activity depend positively on the aggregate level of that activity.
 Cooper and John (I988) discuss a variety of models in which strategic
 complementarities arise. Diamond's (I982) model of search externality is a
 classic example; in Diamond's model, the likelihood of finding a suitable
 trading partner increases with the level of aggregate activity. Other scenarilos
 that give rise to strategic complementarities include external increasing returns
 in the production function (e.g. Baxter and King, 199I) and imperfect
 competition (e.g. Hart, I982; Heller, I986; Pagano, I990).7

 In our highly stylised model, we will capture the main thrust of the strategic
 complementarity literature by including aggregate output as a determinant of
 sectoral supply. We write

 t =a (Pit t ) +t+Ut, 0 < S < I, (I")
 or in the aggregate,

 X =P cjI~-P_) +SY+ Ut,
 where the parameter s indexes the amount of strategic complementarity in the
 economy. Rearranging yields the supply schedule

 t = 7(Pt-Pte) + et, (2")

 where y =_ o/ (i -s) and et- ut (i -s).

 5 As before, however, all impact multipliers are less than one in absolute value.
 6 This notion has a direct analog in the menu-cost literature, where under classical conditions, only large

 menu costs are capable of producing macroeconomically important effects (Ball et al. I 988; Ball and Romer,
 I 990). For instance, in Ball and Romer's framework, rigidities in real prices are needed to amplify the effects
 of small nominal frictions. As we will show, strategic complementarity plays a similar role in our model.

 7 Other contributions to the strategic complementarity literature include Haltiwanger and Waldman

 (i 985, I 99 I), Oh and Waldman ( I990, I 994), Cooper and Haltiwanger (I 993), Chatterjee et al. (I 993), and
 Sethi and Franke (I995), among others.

 ? Royal Economic Society I997
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 I362 THE ECONOMIC JOURNAL [SEPTEMBER

 The complete macroeconomic model with strategic complementarity and

 bounded rationality is then

 t = y(Pt-P P) +et, (3 a")
 Mt-Pt = t+vt, (3b)

 Mt =flPt_l +wt, o < < , (3 C)
 Pe - (I ) E (Pt I It-,) + yPt-1, ? _< q x 3w

 Solving the modified model (3a"), (3b), (3c) and (3d'), we obtain the
 pseudo-reduced form for Pt

 Pt = [(fi+y)/(i +y)] Pt-+ [y(i -)/(i +y)] E(Pt I It-1) +zt (4)
 In order to solve the model, the sophisticated forecasters take conditional

 expectations of (4') and solve it for E (PtI I t',).8 Thus the aggregate price
 surprise is

 t t =[,q(fl0/ I)(I + q)] I t-,+ zt. (5")
 Insertion of (8") into (3 a") gives

 t = {[yy(/?- i)]/(i +yy)}P1t_+yzt+et. (6")
 It is apparent that policy is effective, output displays persistence, and there

 are potential multiplier effects. Accordingly, for any , no matter how small,
 systematic monetary policy can be non-neutral. Thus, unlike (6'), equation
 (6") implies that even small values of y can potentially lead to large deviations
 from classical results. Moreover, deviations of output from its natural rate can

 be highly persistent if strategic complementarity is large enough. Strategic

 complementarity works to amplify the effects of the rule-of-thumb agents, by
 making it optimal for all agents, rational and rule-of-thumb, to respond to
 nominal shocks.

 It is important to note that the Keynesian features do not arise because of the
 strategic complementarity per se. They are the outcome of the interaction of the
 strategic complementarity with the boundedly-rational expectations. To see
 this, suppose that strategic complementarity exists but that expectations are

 rational (s > o, y = o). Then
 I =y1zt+et. (7)

 Policy is ineffective and no persistence is generated.

 Microeconomic Foundations

 Our model, like all models, is a metaphor. It is highly stylised and surely false
 - an intentionally controlled variation on the tremendously influential theme
 of Sargent and Wallace (1975), designed to drive home that fact that realistic
 and seemingly-minor incorporation of bounded rationality and strategic
 complementarity produces drastically different conclusions. We prefer to
 accept the fact that our model, like all models, is false, but to accept it as a

 8 Note that when the rational-expectations agents use the conditional expectation of (4') to come up with
 their optimal forecasts, they are in effect incorporating the particular rule of thumb used by their
 counterparts with bounded rationality into their own forecasts. This feature of the model is akin to the
 'forecasting the forecast of others' notion discussed in Townsend (1983).

 ? Royal Economic Society 1997
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 I997] RATIONALITY AND COMPLEMENTARITY I363

 metaphor nonetheless, and to evaluate it in terms of the insights it provides.
 From that perspective, we have been content thus far to make high-level
 assumptions and jump right to the Lucas supply curve (2"). In this sub-section,
 however, we flesh out the microfoundations.

 As in Lucas (I973), assume that the economy is populated by a large number
 of consumer/producers, dispersed in many competitive 'markets', or 'islands',
 or 'sectors'. There is a single good in the economy, which is produced on all
 islands.

 Utility Function. Agents derive utility from consumption and disutility from
 labour. For illustrative purposes, we assume a very simple utility function,

 u(ct, nt) = ct-nt,

 where ct is consumption and nt is work effort.
 Production Function. Output is a function of the labour input, a productivity

 shifter At, and an index of aggregate output Qt,

 qit= At no Q.

 Budget Constraint. Agents do not consume the goods they produce. Instead,

 they sell their output locally at the local price Pit, and they buy their
 consumption goods in an economy-wide market at aggregate price level pt.9
 Thus an agent's budget constraint is"

 Pt qit = Pt ct.

 Utility Maximisation. Agents maximise utility subject to the production
 function and their budget constraint. After substituting the constraints into the
 utility function, the maximisation problem reduces to choosing the value of qit
 that solves

 max (At Q0)
 Individual Supply Function. To derive the individual supply function, we solve

 the first-order condition associated with the maximisation, yielding

 =i (At QO)1- .
 (Pt )

 Assuming that Pt is not observed at the time the production decision is made,
 and expressing the individual supply function in percentage deviations from
 the steady state, we obtain the individual (sectoral) supply function (I")
 asserted earlier,

 Yi xPt eP) +Sy+t
 where

 yit log (qitl/q), Pit log (pit), Yt log (Qt/Q) a Oc-/(I -0), s /(I -0),
 u [i/(i -0)] log (At/A), iPe is the agent's estimate of Pt, and bars denote
 steady-state values.

 9 This assumption is designed to capture an important feature of the real world: the typical individual is
 a specialist in production but not in consumption.

 10 The local price differs from the aggregate price only to the extent that the local market is faced with
 transitory shocks to the demand for its production (Lucas, I973).

 C) Royal Economic Society I997
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 Lucas Supply Curve. Following Lucas (I973) and Sargent (I987), we
 aggregate by averaging over individuals, yielding

 = I-(Pt Pt) +st+ ut,
 where we rely on the fact that t and Pt are the means of it and Pit. In addition,
 recall that we defined Pe earlier as the average economy-wide expectation,

 (I-y) E(Pt-,I It) +yP*. To obtain the Lucas supply curve (2") asserted
 earlier, we simply solve for Y, yielding

 X = y(Pt-Pt) +et,
 where y -=/ (i -s) and et ut/ (i -s).

 Additional Discussion: The Response of Output to Lagged Prices, Policy Effects, and
 Persistence

 It is of interest to examine the effects of y and s on various key properties of the
 model. This will allow us to quantify the algebraic results derived so far and

 effectively to run a sensitivity analysis on the y and s parameters.
 Response of Output to Lagged Prices. It follows from (6") that, for any fixed y,

 the response coefficient on lagged price is { [yy (f/ - i)]/ (i + yl) }, the absolute
 value of which is monotonically increasing in s as illustrated in Fig. i.11

 0'00+ 4 + + + ++ . . . . + + . 4 . 4 . 4 . 4 ..

 y=o

 -025 + + + + +
 t -050 ~ + + + y=O3+ +

 4 +

 o -o so - + + 0 + = 033 +

 e 8=1 + +=1
 e -075- +

 + + 4
 OU + + ++ ~~+4++

 +~~~~~~

 -1-00 -+

 -1 25

 0o00 0 25 0 50 0 75 1 00

 Strategic complementarity (s)

 Fig. i. Response of output to lagged price.

 Similarly, Fig. I also shows that, for any fixed s, the absolute response is

 monotonically increasing in V. Thus, strategic complementarity plays an
 important role in strengthening the intertemporal linkage between output and
 prices, and the higher the degree of complementarity, the stronger will this
 linkage be.

 11 Throughout this paper, we set a = o.6 and o? -0.2 for illustrative purposes. In addition, we set the
 variances of all shocks to i.0.
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 I997] RATIONALITY AND COMPLEMENTARITY 1365

 Policy Effects. We showed above that with bounded rationality and strategic

 complementarity, the monetary policy parameter, f, appears in the reduced
 form for output. This occurs because the expectations of the rule-of-thumb

 agents are not model-consistent and thus fail to capture the systematic
 component of the monetary policy rule adequately. Moreover, because of the
 multiplier effects implied by strategic complementarity, the expectational
 mistakes of these agents are magnified at the macroeconomic level. Therefore,

 even changes in policy that are well anticipated by the rational-expectations
 agents can potentially significantly affect the evolution of output.

 Let us now show how bounded rationality and strategic complementarity
 interact to generate these policy effects. The extent of policy effectiveness can

 be assessed in many ways. We consider two: the derivative of the output

 response coefficient with respect to fi, and the derivative of output variance
 with respect to /,.

 The policy parameter, fi, influences the output response coefficient.
 Therefore, a simple way to assess the relationship between policy effectiveness
 and the degree of strategic complementarity is to see how the output response

 coefficient is affected by changes in fi, for varying degrees of strategic
 complementarity. This is done in Fig. 2, which illustrates several noteworthy

 1 00

 + +

 075 + +

 +

 0 50 + + +

 0433
 0g + +
 025 0 +

 0=o
 0 00 .. . . . . . . . . . . . . . . . . . . .

 -0 25 - i
 0o00 0.25 0o50 0.75 100

 Strategic complementarity (s)

 Fig. 2. Derivative of output response coefficient with respect to f.

 points. First, we see again that if all agents form rational expectations (y =o)
 then, irrespective of the degree of complementarity, the output response
 coefficient is not affected by policy changes. Secondly, for fixed non-zero , the
 output response coefficient becomes increasingly more responsive to changes in
 /3 as s increases. Finally, for fixed s, the output response coefficient becomes
 increasingly more responsive to changes in / as y increases.

 Perhaps a more common way to assess policy effectiveness is to analyse the

 extent to which changes in policy affect the variance of output (e.g. Sargent,
 I987). This is done in Fig. 3, in which we plot the derivative of output variance

 with respect to /3. For y = o, policy is ineffective, regardless of s. For fixed

 K Royal Economic Society I997
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 + 4 ++ + ~ + + + + ++

 + q=033+

 -1 -1 +
 +

 ? -2

 Q ~~~~~~~~~~~~~~~~+

 -3

 -4
 000 025 050 075 1 00

 Strategic complementarity (s)

 Fig. 3. Derivative of output variance with respect to ,8.

 y > o, policy effectiveness is increasing in s. For fixed s, policy effectiveness

 is increasing in y.1
 Persistence. We have intentionally made our model simple enough so that the

 backward-looking nature of the non-rational expectations is the only source
 of persistent deviations of output from its trend. We will show that the stronger
 the degree of strategic complementarity, the stronger the persistence induced
 by rule-of-thumb forecasting. This can be seen in Fig. 4, where we assess
 persistence as the first-order serial correlation coefficient of output.13 The
 regressive nature of the rule-of-thumb expectations works to produce positive

 serial correlation in output, despite the counter-cyclical monetary feedback
 rule. Furthermore, the extent of serial correlation in output is increasing in the
 degree of strategic complementarity in the economy. This result is consistent
 with one advanced by Oh and Waldman ( I99O, I 994), who also find a positive
 relationship between complementarity and persistence. Fig. 4 also highlights
 the importance of interaction between complementarity and bounded
 rationality; significant positive serial correlation can be generated only when
 both factors are present. Again, we see strategic complementarity acting to
 magnify the frictions created by the rule-of-thumb expectations.

 Strategic Complementarity Magnifies the Effects of Bounded Rationality

 In analysing the effectiveness of monetary policy and the persistence of output,
 we showed that strategic complementarity generated multipliers that had the
 effect of amplifying the aggregate impact of boundedly-rational expectations.
 The key to understanding the nature of this magnifying effect lies in the
 interactions between agents with rational and rule-of-thumb expectations.

 12 Note that the derivative plotted in Fig. 3 is evaluated for a particular value of the policy parameter
 =-0.2). Thus it is not unusual that a negative relationship between /? and the variance of output is

 depicted. This just suggests that a larger value of /? is needed to minimise output variance.
 13 A richer dynamic analysis is performed in Section III.
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 075 +

 050 -+
 t + F~~~~~~~~~~~~~

 +
 + ._4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4

 c)~~~~~~~~~~~~~~~~~~~~~~~4
 o .+ W0 ~ ~ ~~~~+ +
 + 025- +4

 .5 ~ ~~~~~ += + +
 + y =033 + +

 U + + + + + + =
 0*00 t 4 + t4. + t + + 4+ ++ + + + + + +

 -0-25
 000 025 050 075 1 00

 Strategic complementarity (s)

 Fig. 4. Output autocorrelation.

 Disproportionate Effect of Rule-of- Thumb Agents. This property of the model is
 very much in the spirit of Haltiwanger and Waldman (I989): when both
 rational and rule-of-thumb expectational behaviours are present, the rule-of-
 thumb expectations are disproportionately important. First, let us show this
 algebraically. Note that, if strategic complementarity exists and expectations
 are universally based on the rule of thumb (s > o, y = i), then equilibrium
 output iS

 o = [y(fl-i)/(i +y)] Pt-1+yzt+et- (8)
 Now suppose the rule-of-thumb expectations have just a proportionate effect
 on the behaviour of the economy. Then it is the case that, for given realisations

 of Pt-,, zt, and et, equilibrium output in (6") is just a linear combination of
 output under (7) and (8) with weights I-1q and y, respectively. On the other
 hand, rule-of-thumb expectations are disproportionately important if, for
 0 < y < I,

 and (8) < (7) '(6") < [y(8) + (i -y) (7)]. (9 b)

 But (g) is true only if [I/(I +yy)] - [/(i +y)] > o, which is true for all
 admissible y and y.

 To gain some further insight on the relationship between strategic
 complementarity and the more-than-proportional impact of boundedly-

 rational expectations, we manipulate (9). This reduces the study of
 disproportionality to analysing the magnitude of the output's response to

 lagged prices. From the right-hand-side of (9), we build the ratio

 coefficient of Pt-, in (6")

 y (coefficient of Pt-, in (8)) + (i -y) (coefficient of Pt-1 in (7))'

 which we call the relative output response to lagged prices. The greater the

 ( Royal Economic Society I997
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 3'0

 2-5 +

 0.) +

 2-0 4+

 y = 033 +

 , 15 + + 0 + + +

 11=1
 10 ++++ + + + + 0+ + 66++ + + + +

 05-

 0 00 0 25 0 50 0 75 1-00

 Strategic complementarity (s)

 Fig. 5. Relative response of output to lagged price.

 disproportionality associated with bounded rationality, the more the ratio will
 exceed one. Fig. 5 plots this ratio as a function of s for various values of y. It
 is clear from the Fig. that as the degree of complementarity increases, so does

 the relative importance of boundedly-rational expectations. This is evidenced
 by the fact that, for given y, the relative output response to lagged price
 increases with s.14

 The intuition behind the algebraic results derived above is straightforward.
 As paradoxical as it may seem, the model-consistent expectations of the
 sophisticated forecasters lead them, under strategic complementarity, to adopt
 a behaviour that reinforces the misconceptions of the rule-of-thumb forecasters.
 For instance, the sophisticated forecasters are not 'fooled' by anticipated
 changes in monetary policy, but they know that the rule-of-thumbers are.
 Accordingly, they incorporate this knowledge when forming their own
 expectations. Thus, because strategic complementarity makes it optimal to
 increase one's own production when aggregate output is high, even the

 sophisticated forecasters end up producing more when there is a systematic
 increase in the money supply. The sophisticated forecasters respond not to the
 policy action per se, but to the misguided reactions of the rule-of-thumb
 forecasters. Therefore, the model is such that sophisticated agents forecast the
 forecast of others.15

 14 Note that our model is such that even in the absence of complementarity, the agents with rule-of-thumb
 expectations are disproportionally important. Complementarity increases this disproportionality, however.
 Also, the fact that the curve in Fig. 5 shifts up as y decreases is merely a consequence of the definition of the
 relative response to lagged price, which has y times the output response coefficient of (8) appearing as the
 denominator.

 15 This forecasting-the-forecast-of-others is made explicitly in (4"). In addition, as agents attempt to
 predict each other's expectations, they are implicitly forming expectations about the aggregate level of
 production.
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 III. DYNAMIC RESPONSE

 Autoregressive representation

 Our discussion thus far has been largely static in flavour. To understand the
 dynamics of our model in greater detail, we find its vector-autoregressive
 representation, from which we obtain and study its impulse-response functions.

 The basic four-equation model is given by (3 a"), (3b), (3c) and (3d'), which
 we restate for convenience:

 Y, = y'(Pt - P) + et, ((3 a")
 Mt -Pt= Yt+vt, (3b)

 Mt = lpt_l + wt, Ifli < I, (3 )
 pt (I E (Pt I It-,) + IPt-1, ? <- Iq < I 3,

 Solving the model for Pe and inserting this solution in (3 a") yields

 =t =(1t-{[fl+(I +y-/I)]/(I +yy)}jt1) +et.

 Thus, we have a first-order, three-variable system in the variables of interest (Y,
 Pand M), P (10)

 where Xt = (I,Ft,Mt)', o.)t = (et,vt,wt)', o8* ' (?,), and

 I -Y 0

 O O I

 I + 71

 2 0 ~0 0

 0 fl ~~~~0I
 Multiplication of (I o) by zp1J yields the vector autoregressive representation,

 xt = D-4 1 z>2 xt +@ (t
 which we write as

 Xt = AXt_1 + Co2t,

 with A = - 4(1 (2 and C = 4D-1 R, where R is a lower triangular matrix such
 that RR' = L and tot g(? , I) 1,

 Impulse Response Functions

 Repeated back-substitution in the autoregressive form yields the moving-
 average representation,

 00

 xt =E AT(ot-T '
 Tr=O

 16 In models with correlated shocks, the Cholesky factor of , and hence the normalised impulse response
 function, depends on the assumed ordering of the system. For simplicity, however, we maintain the
 assumption that the shocks are uncorrelated (: diagonal), so that the Cholesky factor is diagonal with entries
 equal to the square roots of the respective entries of E, implying that the impulse response function is
 invariant to ordering.
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 Fig. 6. Response of output to a unit output shock.

 The impulse-response function is the sequence of coefficient matrices {ATC,T =
 0, I,2, ... }. To show the dynamic implications of bounded rationality and
 complementarity, we have plotted, in Figs. 6-8, the impulse responses of
 output, money, and prices, for a unit supply shock. It is clear from the Figs. that
 strategic complementarity plays two important roles in the dynamics of our
 stylised economy:

 (i) Strategic complementarity induced persistence. As complementarity
 increases, it takes longer for the system to return to its steady state after being
 shocked.

 (2) Strategic complementarity magnifies the endogenous response to a shock
 at any point in time.

 In short, complementarity amplifies the impact of shocks both inter- and intra-
 temporally.17

 Finally, recall that we abstracted from auto- and cross-correlation in the
 shock process. By ruling out the possibility of serially correlated shocks - or, for
 that matter, of any other persistence generating mechanism, such as
 intertemporal substitution in labour supply decisions, time-to-build tech-
 nologies, and adjustment costs - we have stacked the deck against ourselves in
 our attempt to show the relationship between complementarity and persistence
 generation. The virtue of this strategy is that it allows us to isolate tfhe impact
 of complementarity in the analysis of the propagation mechanism. The cost, of
 course, is that, occasionally, values of s close to its upper bound are required to

 17 As shown above, bounded rationality is a necessary condition for the intertemporal effect to exist.
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 Fig. 7. Response of money to a unit output shock.
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 Fig. 8. Response of prices to a unit output shock.
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 generate realistic amounts of persistence. Were we to incorporate serial and

 contemporaneous shock correlation, as is the norm in the empirical
 macroeconomics literature, much smaller values of s would suffice.

 IV. SUMMARY AND CONCLUDING REMARKS

 We have introduced strategic complementarity into an otherwise simple,
 stylised and admittedly ad hoc aggregative economic model. We have
 intentionally worked with this model, the goal being to use it to illustrate
 starkly the non-robustness of the policy-ineffectiveness and related classical
 propositions to potentially small violations of the rational expectations

 assumption, when strategic complementarity is present. It is our hope that, just
 as Sargent and Wallace (I975) used their model to make clear the
 macroeconomic effects of the main thrust in economic theory of the I970S

 (rational expectations), so too will our results make clear the effects of an
 equally important but more recent thrust in economic theory (strategic
 complementarity).

 Strategic complementarity amplifies the effects of even a small minority of
 rule-of-thumb agents, leading to policy effects, output persistence and
 multipliers. The Keynesian features arise because, although the rational agents
 cannot be fooled by anticipated money movements, they anticipate the
 behaviour of the agents with suboptimal forecasts. Therefore, in the presence
 of strategic complementarity, they find it optimal to imitate their behaviour.

 Effectively, we have addressed the concerns of Ball et al. (i988), Ball and
 Romer (i 990), and others, who note that rules-of-thumb alone cannot explain
 the non-neutralities of money unless their use is pervasive and the resulting
 expectational errors large. We have argued that strategic complementarity is
 the missing ingredient. Our results complement those of Haltiwanger and
 Waldman (i 99 I), whose analysis of forecast-heterogeneity is carried out within
 the context of a static model with real shocks. Ours is a dynamic aggregative
 model with both real and nominal shocks.

 The model with sophisticated and rule-of-thumb agents may be thought of
 as an approximation to a model in which all agents are rational in the sense
 that their expectations are mathematical expectations, but conditional upon a
 much more restrictive information set. Such a framework would allow for the
 plausible possibility that it is costly to gather and process information (Evans
 and Ramey, I992; Sethi and Franke, I995). Moreover, it would have the
 advantage of addressing concerns related to the lack of microfoundations for
 the rule-of-thumb behaviour analysed here.

 Finally, we note that our analysis may be interpreted as a theory of the
 underpinnings of supply response. That is, the introduction of s is obviously
 observationally equivalent to increasing a. Our results, therefore, may be
 interpreted as providing guidance in interpreting supply elasticities - the
 coefficient of the price surprise in the aggregate supply function represents more
 than just the elasticity of individual supply functions with respect to changes in
 the relative price.
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 Moreover, although our key parameters a and s cannot be separately

 identified using aggregate data, the model is not devoid of empirical
 implications. In particular, it may be possible to identify ac and s separately

 using disaggregated data. It may prove fruitful, for example, to examine

 disaggregated supply functions to see whether, and how, aggregate activity
 enters.

 Federal Reserve Board, Washington

 University of Pennsylvania

 Date of receipt of Jinal typescript: November I996

 REFERENCES

 Akerlof, G. A. and Yellen, J. L. (i 985 a). 'Can small deviations from rationality make significant differences
 to economic equilibria?' American Economic Review, vol. 75, pp. 708-20.

 Akerlof, G. A. and Yellen, J. L. (1 985 b). 'A near-rational model of the business cycle with wage and price
 inertia.' Quarterly Journal of Economics, vol. IOO, pp. 823-38.

 Ball, L., Mankiw, N. G. and Romer, D. (I988). 'The new Keynesian economics and the output-inflation
 tradeoff.' Brookings Papers on Economic Activity, vol. I, pp. I-82.

 Ball, L. and Romer, D. (i 990). 'Real rigidities and the non-neutrality of money.' Review of Economic Studies,
 vol. 57, pp. I83-203.

 Baxter, M. and King, R. (i99i). 'Productive externalities and cyclical volatility.' Unpublished. University
 of Rochester.

 Chatterjee, S., Cooper, R. and Ravikumar, B. (I993). 'Strategic complementarity in business formation:
 aggregate fluctuations and sunspot equilibria.' Review of Economic Studies, vol. 6o, pp. 795-8I I.

 Cooper, R. and Haltiwanger, J. (I993). 'Evidence on macroeconomic complementarities.' NBER Working
 Paper no. 4577-

 Cooper, R. andJohn, A. (i 988). 'Coordinating coordination failures in Keynesian models.' Quarterly Journal
 of Economics, vol. I03, pp. 44I-63.

 Diamond, P. A. (1 982). 'Aggregate demand management in search equilibrium.' Journal of Political Economy,

 vol. go, pp. 88I-94.
 Evans, G. and Ramey, G. (1 992). 'Expectation calculation and macroeconomic dynamics.' American

 Economic Review, pp. 207-24.

 Haltiwanger, J. and Waldman, M. (i 985) . 'Rational expectations and the limits of rationality: an analysis
 of heterogeneity.' American Economic Review, vol. 75, pp. 326-40.

 Haltiwanger, J. and Waldman, M. (I989). 'Limited rationality and strategic complementarity: the
 implications for macroeconomics.' Quarterly Journal of Economics, vol. I04, pp. 463-83.

 Haltiwanger, J. and Waldman, M. (I99I). 'Responders versus nonresponders: a new perspective on
 heterogeneity.' ECONOMIC JOURNAL, vol. ioi, pp. I085-I02.

 Hart, 0. (I982). 'A model of imperfect competition with Keynesian features.' Quarterly Journal of Economics,
 vol. 97, pp. I09-38.

 Heller, W. (i 986). 'Coordination failure under complete markets with applications to effective demand.' In
 Equilibrium Analysis: Essays in Honor of Kenneth J. Arrow, vol. II (ed. W. Heller, R. Starr and D. Starrett).
 Cambridge: Cambridge University Press.

 Lucas, R. E. (I972). 'Expectations and the neutality of money.' Journal of Economic Theory, vol. 4, pp. I03-24.
 Lucas, R. E. (1973). 'Some international evidence on output-inflation tradeoffs.' American Economic Review,

 vol. 63, pp. 326-34.

 Lucas, R. E. (I975). 'An equilibrium model of the business cycle.' Journal of Political Economy, vol. 83,
 pp. III 3-44.

 Mankiw, N. G. (i 985). 'Small menu costs and large business cycles: a macroeconomic model of monopoly.'
 Quarterly Journal of Economics, vol. IOO, pp. 529-37.

 Oh, S. and Waldman, M. (i 990). 'The macroeconomic effects of false announcements.' Quarterly Journal of
 Economics, vol. I05, pp. IOI7-34.

 Oh, S. and Waldman, M. (1994). 'Strategic complementarity slows macroeconomic adjustment to
 temporary shocks.' Economic Inquiry, vol. 32, pp. 3I8-29.

 Pagano, M. (I990). 'Imperfect competition, underemployment equilibria and fiscal policy.' ECONOMIC
 JOURNAL, vol. Ioo, pp. 440-63.

 ( Royal Economic Society I997

This content downloaded from 
�������������165.123.34.86 on Wed, 04 Jan 2023 04:07:51 UTC������������� 

All use subject to https://about.jstor.org/terms



 1374 THE ECONOMIC JOURNAL [SEPT. I9971

 Sargent, T. J. (I987). Macroeconomic Theory (2nd Edition). Orlando, FL: Academic Press.

 Sargent, T. J. and Wallace, N. (I975). 'Rational expectations, the optimal monetary instrument, and the
 optimal money supply rule.' Journal of Political Economy, vol. 83, pp. 24I-54.

 Sethi, R. and Franke, R. (I995). 'Behavioural heterogeneity under evolutionary pressure: macroeconomic

 implications of costly optimization.' ECONOMIC JOURNAL, vol. I05, PP. 583-6oo.
 Simon, H. A. (i982). Models of Bounded Rationality, vol. ii. Cambridge, MA: MIT Press.
 Townsend, R. (I 983). 'Forecasting the forecast of others.' Journal of Political Economy, vol. 9I, pp. 546-88.

 ?) Royal Economic Society I997

This content downloaded from 
�������������165.123.34.86 on Wed, 04 Jan 2023 04:07:51 UTC������������� 

All use subject to https://about.jstor.org/terms


	Contents
	image 1
	image 2
	image 3
	image 4
	image 5
	image 6
	image 7
	image 8
	image 9
	image 10
	image 11
	image 12
	image 13
	image 14
	image 15
	image 16
	image 17

	Issue Table of Contents
	The Economic Journal, Vol. 107, No. 444, Sep., 1997
	Front Matter
	Information and Incentives: The Economics of Carrots and Sticks [pp.  1311 - 1329]
	The Econometrics of Macroeconomic Forecasting [pp.  1330 - 1357]
	Bounded Rationality and Strategic Complementarity in a Macroeconomic Model: Policy Effects, Persistence and Multipliers [pp.  1358 - 1374]
	The Labour Supply, Unemployment and Participation of Lone Mothers in In- Work Transfer Programmes [pp.  1375 - 1390]
	Price Formation in an Open Economy: Theory and Evidence for the United Kingdom, 1951-1991 [pp.  1391 - 1404]
	Quantifying the Uruguay Round [pp.  1405 - 1430]
	An Experiment on the Pure Theory of Consumer's Behaviour [pp.  1431 - 1444]
	Credit Constraints in General Equilibrium: Experimental Results [pp.  1445 - 1464]
	A Laboratory Study in Group Polarisation in the Team Dictator Game [pp.  1465 - 1483]
	Policy Forum: Competitiveness and Competitiveness Policy
	Editorial Note [pp.  1484 - 1485]
	Competitiveness Policy in the 1990s [pp.  1486 - 1503]
	UK Competitiveness Policy vs. Japanese Industrial Policy [pp.  1504 - 1517]

	Controversy: The Source and Measurement of Technical Change
	Editorial Note [pp.  1518 - 1519]
	Induced Innovation, Evolutionary Theory and Path Dependence: Sources of Technical Change [pp.  1520 - 1529]
	Opportunities, Incentives and the Collective Patterns of Technological Change [pp.  1530 - 1547]
	Traditional Productivity Estimates are Asleep at the (Technological) Switch [pp.  1548 - 1559]
	Towards a More Historical Approach to Technological Change [pp.  1560 - 1566]

	Reviews
	untitled [pp.  1567 - 1568]
	untitled [pp.  1568 - 1570]
	untitled [pp.  1570 - 1571]
	untitled [pp.  1572 - 1575]
	untitled [pp.  1575 - 1576]
	untitled [pp.  1577 - 1578]
	untitled [pp.  1578 - 1580]
	untitled [pp.  1580 - 1582]
	untitled [pp.  1582 - 1584]
	untitled [pp.  1584 - 1586]
	untitled [pp.  1586 - 1588]
	untitled [pp.  1588 - 1590]
	untitled [pp.  1590 - 1592]
	untitled [pp.  1592 - 1593]
	untitled [pp.  1593 - 1595]
	untitled [pp.  1595 - 1597]
	untitled [pp.  1597 - 1599]
	untitled [pp.  1599 - 1600]
	untitled [pp.  1600 - 1602]
	untitled [pp.  1602 - 1603]

	Corrigendum: Reviews [p.  1603]
	Software Reviews
	Introduction [p.  1604]
	PcGive Professional 9.0 for Windows [pp.  1604 - 1613]
	X-12-ARIMA (Beta VErsion 1.1a) [pp.  1613 - 1620]
	untitled [pp.  1620 - 1626]

	Book Notes [pp.  1627 - 1650]
	Books Received [pp.  1651 - 1654]
	Current Topics [pp.  1655 - 1656]
	Back Matter [pp.  i - xii]



