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Can Small Deviations from Rationality Make Significant 
Differences to Economic Equilibria? 

By GEORGE A. AKERLOF AND JANET L. YELLEN* 

This paper concerns the robustness of eco- 
nomic equilibria in familiar economic mod- 
els. It addresses the question whether a small 
amount of nonmaximizing behavior by agents 
is capable of causing changes in the equi- 
librium of the system which are an order of 
magnitude larger than the losses due to non- 
maximization by the individual agents them- 
selves. 

For some, it would be reassuring to find 
that the results of models based on maximiz- 
ing behavior continue to hold as an ap- 
proximation when the assumption of strict 
maximization is relaxed just slightly. It is, 
after all, difficult to believe that agents liter- 
ally maximize all the time. People may suffer 
from inertia. (Or, alternatively stated, they 
may have some small transactions costs in 
changing their actions.) They may also rely 
on rules of thumb which produce acceptable 
results on the average. So most economic 
theory based on strict maximization is useful 
when accompanied with the folk theorem 
that the results of this theory are approxi- 
mately correct if the deviations from opti- 
mality (or the transactions cost of decision 
making) are small. 

On the other hand, if slight relaxation of 
maximization results in rather different re- 
sults from those of strict maximization, then 
there is the possibility of explaining phenom- 
ena that have been puzzling in the context of 
economic theory based on strict maximizing, 
such as the persistence of cartels and the 
existence of the business cycle. 

This paper constructs a number of exam- 
ples which show that small deviations from 
rationality can have first-order consequences 
in microeconomic analysis. Our 1985 paper 
shows that such deviations can account for 
Keynesian business cycles. All of these ex- 
amples assume that a fraction /3 of the popu- 
lation fails to maximize. The rest of the 
population is totally rational. An equilibrium 
of such an economy is termed near rational 
if no nonmaximizer stands to gain a signifi- 
cant amount by becoming a maximizer. 
Technically, this means that the potential 
losses due to nonmaximization are second- 
order small (varying with the square of a 
shift parameter). Nonetheless we show that 
such behavior does commonly lead to 
changes in equilibrium in familiar models 
(relative to the equilibrium with full maximi- 
zation) which are first-order, that is, that 
vary approximately proportionately with the 
shift parameter. 

These results can be interpreted as a pre- 
cise sense in which the conclusions usually 
derived from models with strict maximizing 
behavior are not very robust. We wish to 
emphasize that this theory does pass Lucas' 
test of a good model-that there are no 
opportunities for large increases in profits, 
or, in his terminology, that "there are no 
$500 bills on the sidewalk." To be specific, 
there is a fraction of the population who are 
strict maximizers. If there are opportunities 
for gain generally available (in Lucas' exam- 
ple, to pick up $500 off the sidewalk), a 
significant fraction of the population will 
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readily avail itself of these opportunities. Ad- 
ditionally, the losses to those who are not 
maximizing are small, in a well-defined sense. 

Recent results in industrial organization 
theory in the context of sequential games are 
similar in spirit. In recent interesting papers 
by Drew Fudenberg and Eric Maskin (1983), 
David Kreps et al. (1982), Kreps and Robert 
Wilson (1982), Paul Milgrom and John 
Roberts (1982), and Roy Radner (1980), it 
has been found that the presence of 
nonmaximizing behavior, even in rather small 
amounts, can significantly alter the equi- 
librium obtained. Other papers which 
examine the conditions under which non- 
maximizing behavior can have a significant 
impact on the characteristics of economic 
equilibria include John Haltiwanger and 
Michael Waldman (1985) and Thomas Rus- 
sell and Richard Thaler (1985). John Conlisk 
(1980) has examined conditions under which 
rule-of-thumb behavior will coexist with 
maximizing behavior in the long run. 

Section I explains the basic logic of this 
paper, which can be generally expressed in 
terms of the envelope theorem. The next 
sections present four examples of equilibria 
that are near-rational, but that differ by a 
first-order amount from the equilibrium that 
would prevail with full rationality. Section II 
presents an example of a pure exchange 
economy. There is an initial (long-run) equi- 
librium of this economy in which all agents 
are exactly maximizing. Then each agent's 
endowment of one good is increased by a 
proportion ?. A fraction fB of the population 
has inertial behavior in its consumption of 
that good while the rest of the population 
strictly maximizes. It is shown that this be- 
havior by nonmaximizers results in individ- 
ual losses which are second-order in ?, while 
there is (almost always) a first-order change 
(with respect to ?) in the distribution of 
income. 

In the pure exchange economy, nonmaxi- 
mization causes only a second-order move- 
ment from the Pareto frontier. But if there 
are externalities, nonmaximization which re- 
sults in only second-order losses to the agents 
can cause first-order changes in the econo- 
my's deadweight loss. This proposition is 
illustrated by two examples in Section III. 

Section IV presents an example of cartel 
formation. It is supposed initially that there 
is a Cournot equilibrium of an oligopolistic 
market. There is a posited reduction in out- 
put by a fraction - by a proportion ,B of the 
firms, while the rest of the firms maximize 
(according to the Cournot assumption that 
the output produced by rival firms will re- 
main unchanged.) With some qualification, it 
is shown that such a reduction increases the 
oligopolists' profits by a first-order amount 
while the expected gains from cheating on 
the cartel are second-order in ?. 

I. Implications of the Envelope Theorem 

There is a simple reason why deviations 
from rationality, that involve only second- 
order losses for nonmaximizing agents, nev- 
ertheless can cause first-order changes in the 
economy's equilibrium. The reasoning is 
based on the envelope theorem and its gen- 
eral equilibrium implications. The envelope 
theorem states, in effect, that first-order 
"errors" made by an agent in setting any de- 
cision variable, such as quantities produced 
or consumed, normally cause only second- 
order losses in utility or profit. If a signifi- 
cant fraction of the population makes such 
errors and their mean value is nonzero, the 
errors are likely to have general equilibrium 
effects which are first-order. 

More formally,' consider the uncon- 
strained maximization problem: maximize 
f(x, a) where x is a choice variable and a is 
a vector of parameters or variables exoge- 
nous to the agent. Let x(a) denote the unique 
maximizing choice of x, given a, and let 
M(a) = f(x(a), a) denote the maximum 
value of f for given a. According to the 
envelope theorem: 

(1) dM(a)/da = df(x(a), a)/da. 

In words, the envelope theorem states that, 
at the margin, the change in the objective 
function caused by a change in a is identical 
whether the agent adjusts x optimally or not 
at all. Inertial behavior is virtually costless. 

1See Hal Varian (1978). 

This content downloaded from 216.164.44.3 on Wed, 9 Oct 2013 11:46:26 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


710 THE A MERICA N ECONOMIC REVIEW SEPTEMBER 1985 

The theorem is easily extended for con- 
strained maximization problems.2 

The proof of the envelope theorem is triv- 
ial but instructive. Total differentiation of 
M(a) yields 

(2) dM(a) df(x,a) dx(a) 
da dx da 

+ df(x(a), a)/da. 

The first-order condition for an optimum 
requires that df (x(a), a)/dx = 0 and thus 
the envelope theorem follows. The first term 
in (2), that is the indirect effect of a change 
in a on f occurring via a change in optimal 
x, is zero. Thus the effect of a change in a 
on M is just the direct effect of a on f for 
given x. 

A graphical interpretation of the theorem 
is given in Figure 1, which depicts f as a 
function of x for two alternative values of a, 
ao, and al. The optimal choices of x are xo 
and xl, respectively, and the maximized val- 
ues of the objective function f are M(aO) = 

f(x0, a0) and M(a1)= f(x1, a1). An agent 
who behaves inertially following a change in 
a, leaving x fixed at xo instead of changing 
x to xi will incur a loss, Y, from his failure 
to maximize equal to f(x1, a)-f(xO, a1) 
which is obviously second-order small. 

There is an intuitive explanation of this 
result. The essential feature of optimal choice 
is indifference at the margin. Take the case 
of a consumer purchasing apples and banan- 
as. At an optimum, the last dollar spent on 
apples adds as much utility as the last dollar 
spent on bananas. If the consumer is forced 
to spend a small amount less than the opti- 
mum on apples, the small amount extra he 
or she can spend on bananas provides almost 
perfect compensation. 

More formally, writing the loss as a 
Taylor-series expansion around xl yields 

(3) 9 - 
2 ( d2f (xl, al)/dX2) |xa (Xo_X1)2. 

The loss from failure to maximize is propor- 

f(x,a) 

M(af)x 

f(x o,a~ ~ ~~~~~~~fx,0 

f(X,a1) 

xo X1 

FIGURE 1 

tional not to the error made in setting x, but 
to the square of the error. The loss can also 
be expressed in terms of the change in a, 
which can be thought of as a shock to the 
system. Let e = a, - aO denote the shock. 
Then 

(4) xl-xo ( dx(a)/da)c? 

where dx(a)/da normally differs from zero. 
Thus,3 

(5) Y(C) (0) 2 

where 

y? (?)= 1 [2f (x, a) ]2 d2f(X, a) 
2 dx da J dX2 

If there is a shock of size ?, an agent who 
behaves inertially makes an error which is 
ordinarily proportional to ?, or first-order, 
and incurs a loss which is proportion to c 2, 

or second-order. Behavior that leads to a loss 
proportional to c2, where ? is a shock param- 
eter, is called near-rational. 

Although the envelope theorem is itself 
trivial, its implications are not. In many gen- 
eral equilibrium models, first-order errors in 
choice variables (for example quantities de- 
manded or supplied) by a fraction of agents 
will cause first-order changes in such endoge- 
nous variables as relative prices. These en- 
dogenous variables typically enter the objec- 

2See Varian (pp. 268-69.) 
3This follows from the fact that dx( a )/da = 

- ( d2f/dX da)/(d2f/dX2). 
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tive functions of households and firms; they 
are arguments in the a vector and any change 
in these variables will accordingly have 
welfare consequences. As long as the errors 
do not just cancel out when averaged over 
the population (a sensible assumption in 
many contexts), "small" departures from ra- 
tionality can cause first-order changes in such 
variables as prices, income distribution, or 
deadweight loss. 

To be more precise, let p denote an en- 
dogenous variable (such as relative prices) 
which enters the a vector in a particular 
system under consideration. Assume that a 
fraction ,B of the population fail to maximize 
in a well-specified fashion. It is possible to 
compute the equilibrium value of p corre- 
sponding to alternative values of ? and ,B, so 
that p can be written as p = p(c,/3). Let 
s(?, /3) denote the difference between the 
equilibrium value of p with a fraction ,B of 
nonmaximizers and the equilibrium value of 
p with no nonmaximizers; that is, s(?, f) = 

p(c,f3)-p(?,O). The function s(c,/3) gives 
the systemic effect of nonmaximizing behav- 
ior. Writing s(c, f) as a Taylor-series ap- 
proximation around the point (0, ,B) yields 

(6) S( :,) ds(e, il) | 

1 d2s(,) 2 

2 de2 e A 

As we demonstrate by example in Sections 
II-IV, there are many models in which the 
individual losses due to the assumed devia- 
tions from maximization are approximately 
proportional to c2 (second-order), but the 
function s(?, /3) has a first partial derivative 
that is nonvanishing. In such cases, the sys- 
temic effect of nonmaximization is ap- 
proximately proportional to ?, or first-order; 
the systemic effect of nonmaximization is an 
order of magnitude larger than the individ- 
ual losses. This implies that the ratio, de- 
noted R(c,f/), of the "systemic effect" of 
nonmaximizing behavior to the individual 
loss approaches infinity as ? approaches zero. 

Methodology of the Examples. The methodol- 
ogy employed in each of the next sections is 
identical and can be outlined briefly. First, a 
simple model is constructed and its equi- 
librium is calculated under the assumption of 
full maximization by all agents. Second, the 
system is shocked in a specific way in amount 
?. Third, the values of relevant endogenous 
variables are computed in the equilibrium of 
this model on the assumption that a fraction 
,B of agents fail to maximize in a well- 
specified way. Finally, two questions are 
posed: first, is the assumed behavior by non- 
maximizers near-rational? In all cases, the 
answer is yes and can be demonstrated by 
showing that the loss from failure to maxi- 
mize is second-order: ??(c) = Y"(0),2. Since 
it is always the case in these examples that 
Y(O) = 0, it is only necessary to demonstrate 
that Y'(0) = 0. This follows from the en- 
velope theorem and in most cases proof will 
therefore be omitted. Second, does the equi- 
librium of the system corresponding to strict 
maximization by all agents (,B = 0) differ by 
a first-order amount from the equilibrium of 
the system when there are a fraction ,B of 
nonmaximizers? This involves showing that 
ds(c, /)/dCIe=O / 0. 

Some Caveats. Some caveats are in order 
concerning the appropriate interpretation of 
our results. In each example we show that 
the ratio of the systemic effect of nonmaxi- 
mization to the individual loss from non- 
maximization approaches infinity as ? ap- 
proaches zero. The potential for applying the 
logic of the envelope theorem in any context 
where maximizing behavior normally occurs 
suggests that our theorem could have almost 
unlimited applications. But for the theorem 
to have practical relevance, it must be true 
for finite values of ?, corresponding to eco- 
nomically noticeable shocks, and not just for 
infinitesimal ?, that the ratio R(c, /3) is 
"large." The behavior of R as - increases 
depends critically on the magnitudes of 
f"'(c) and ds(c, /3)/dc in the neighborhood 

of ?= 0. If Y"(0) is extremely large, or if the 
first partial of s is very small, the ratio of the 
systemic effect to the individual loss will 
diminish rapidly as c increases, limiting the 
applicability of our infinitesimal results. The 
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simulations presented in Sections II and III 
provide a simple way of evaluating the be- 
havior of this ratio for finite E in some specific 
models for reasonable parameter choices. In 
these models the ratio of effects remains 
large for "significant" ?. Economic intuition 
suggests, however, that there will be cir- 
cumstances in which 9"('() is quite large or 
ds(c, I)/ de small.4 

Markets which are close to perfectly com- 
petitive provide an obvious example in which 
?"('() is large. Consider the case of a mo- 
nopolistically competitive firm setting its 
price. If the firm charges a price above the 
optimum, sales and profits fall. In the limit- 
ing case of perfect competition, sales plum- 
met to zero and profits drop discontinuously. 
A price below the optimum raises sales but 
lowers profits. In the limiting case of perfect 
competition in which potential sales at the 
market price are unlimited, price cuts lower 
profits by an amount which is proportional 
to the error in pricing. In effect, the function 
relating lost profits to price errors has an 
extremely large second derivative. 

It is equally easy to envision cases in which 
nonmaximizing behavior by a significant 
fraction of the population would have only a 
minor effect on the equilibrium of the system 
so that ds(, /3)/de is small. Suppose, for 
example, that a significant minority of ra- 
tional market participants regards two goods 
or assets as perfect substitutes at a given 
price ratio; the opinions of such agents is apt 
to dictate the market outcome even in the 
presence of a substantial fraction of irra- 
tional or nonmaximizing agents. Financial 
markets provide the obvious example of a 
context in which "efficient market" outcomes 
can be achieved as long as some rational 
arbitrageurs operate in the market. More 
generally, the recent work of Haltiwanger 
and Waldman shows that in any market 

which can be characterized as one with "con- 
gestion effects," it will be true that sophis- 
ticated or maximizing agents will have a 
disproportionately large effect on the equi- 
librium. In these circumstances, ds(c, 3)/dE 
is small. With the preceding words of warn- 
ing, we now proceed to our first example. 

II. Near-Rational Behavior in a 
Pure Exchange Economy 

The first example concerns the canonical 
case of a pure exchange economy. A fraction 
of individuals are assumed to demand one 
good inertially, following an endowment 
shock. This form of nonmaximizing behavior 
is near-rational. The consequences of inertial 
behavior for income distribution are first- 
order, however. In comparison with the equi- 
librium in which all agents maximize, it turns 
out that some people are better off and some 
worse off. There is a first-order movement 
along the utility possibility frontier (but only 
a second-order movement away from it). 

The Initial Equilibrium. Consider an econ- 
omy with equal numbers of consumers of 
two types and two goods denoted by sub- 
scripts 1 and 2. Consumers of groups 1 and 2 
have utility U(x1, x2) and V(yI, Y2), respec- 
tively, and have initial endowments (xl, x2) 
and (Yl, Y2), respectively. Let p denote the 
relative price of good 2. The equilibrium 
value of p is determined by the condition 
that excess demand for each good be zero. 
Let the superscript o denote the values of 
variables in the initial (long-run) equi- 
librium, in which all agents maximize utility. 

The Shock. It is then assumed that an en- 
dowment shock occurs. Many different alter- 
natives could be considered. We consider the 
special case in which each individual's en- 
dowment of good 2 increases by a fraction e. 
The new endowment vectors are accordingly 
(X1, X2(1 + E)), (Yl1, Y2(1 + ?)). A fraction ,B 
of both type-I and type-2 consumers have 
inertial consumption of good 2, their con- 
sumption being xo and yo, respectively. 

Two propositions will be demonstrated. 
According to Proposition 1, the individual 

4In our examples, for given parameter values there 
always exists a band of e values such that I RI exceeds 
any specified value within the band. However, as the 
referees have pointed out to us, in most examples, it is 
possible to select extreme parameter values which make 
I RI arbitrarily small for any (r, /) pair, > 0. 
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loss due to nonmaximization in this example 
is second-order. This can be stated more 
formally. 

PROPOSITION 1: 

(7) dUm/d-I,=0 = dU l/dI,= 0. 

Similarly, 

(8) dVm1/deI,0 = dV'/dceI=o, 

where Um(c; /) and Vm(c; /3) denote values 
of utility in equilibrium for maximizers of type 
1 and type 2 as a function of - for given /; 
and where Un(e; /3) and V'(e; /3) are the 
values of utility in equilibrium of nonmaxi- 
mizers of type 1 and type 2, respectively, as a 
function of E for given /3. 

PROOF: 
Let 0&(p, 11) denote the indirect utility 

function of a type 1 individual. This function 
gives the maximum attainable utility corre- 
sponding to alternative prices, p, and his 
income, Il, measured in terms of good 1. We 
can thus write: 

(9) Urn(E; /) = (p(E; /), 

X1 + p (?; 3)X2(1 + E))- 

where p(E; /3) is the equilibrium value of 
price as a function of ? for given /3. Differen- 
tiating with respect to E and applying Roy's 
Identity yields 

(10) dUm/dEIe=0 

= X -p?X-2 + (X -x)(dp/dc)I,=], 

where X1 is the marginal utility of income of 
a type-I consumer. Equation (10) shows that 
the welfare effect of a small endowment shock 
consists of two parts: the first part, P05x2 is 
the value of the extra endowment evaluated 
at the initial price po. The second part, (x-2 
-x0)(dp/dE)I,=0, is the income effect of the 
price change caused by the endowment shock. 
Assuming that dp/dc is negative, net sellers 
of good 2 (for whom (-2 - x2) is greater 

than zero) lose from the price change; net 
purchasers gain. 

How does dUm/dc as given by (10) com- 
pare to the welfare effect of the endowment 
shock on a type-I nonmaximizer, who de- 
mands good 2 inertially? He consumes x2 = 

x2 and spends the rest of his income on good 
1 so that his utility is 

(11) Un(?; /8) = U(5 + p(?; /) 

*(X2(1 + ?)- X2), X2?) 

Differentiating with respect to ? at E=0, 
yields5 

(12) (dUn1de) |E=0= (dUm1de)j,=0 

=XI [ pOx2 + (dp/d) =o( X2-X2)]. 

It remains to show that inertial behavior by a 
fraction /3 of the population has a systemic 
effect, in this case on the equilibrium prices 
in the economy and the welfare of all agents, 
which is first-order in ?. 

Inspection of (10) indicates that nonmaxi- 
mizing behavior affects welfare only by alter- 
ing the price effect, dp(c; /3)/dcI ,=0. If there 
is trade in the initial equilibrium (so that 

2- = Y2?-Y2 + 0) nonmaximization has 
first-order real income effects provided that 
Proposition 2 is valid: 

PROPOSITION 2: 

(dp(c; /3)/dc- dp(c;0)/d)dI=o 0. 

PROOF: 
The equilibrium price, p(?; /), is de- 

termined by the condition that the total de- 
mand for good 2 equals the total supply of 
good 2: 

(13) 3X2? + Y2m) + teicm)X2( po It) 

+ (1)Y2(P, I2) = (X2 + Y2)(1 + ?) 

where II, I2 measure the income of type-I 

5p(O,,8) = p0 for all ft. 
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and type-2 consumers in terms of good 1, 
and where x2(p, I1), Y2(P, 2) denote the 
demand for good 2 by maximizers of types-I 
and 2, respectively. 

Differentiation of (13) yields: 

(14) dp | = _ (_2 _ _ _ _ _ _ _ _ _ _ 

de 0 H 

h G - (1 ~0 Ox2 ) 1 0dY2) where G pY 

and H= dx2 + dY2 dx2 dY2 and H= + + ~_2+~2 dp I 912 dI2Y 

In what we shall refer to as the "normal" 
case, the marginal propensity to consume 
each good is less than one, and the excess 
demand for good 2 is inversely related to its 
price. As a result of these two properties, in 
the normal case G > 0 and H < 0. 

From (14) the effect of nonmaximization 
on price can be calculated as: 

(15) dp ( c;/3) _dp (e; 0) 
( ) ~de le= de le= 

= :(2 + Y2 )/(I - )H. 

This last expression (15) is not equal to zero. 
The quantity G is the initial excess supply 
induced by the endowment shock when all 
agents maximize. The quantity H is the 
change in excess demand for good 2 induced 
by a change in price when all agents maxi- 
mize. When a fraction /3 of agents have 
inertial consumption of good 2, as in this 
model, it is as though the initial excess supply 
were larger than G by an amount ,8(xi2 + 

Y2)/(1 -,8). In the normal case, nonmaximi- 
zation causes a larger reduction in the price 
of good 2 with corresponding gains for net 
purchasers of good 2 and losses for net sup- 
pliers of good 2.6 These welfare effects are 
first-order moves along the economy's utility 

possibility frontier, but are not first-order 
departures from the frontier. 

Table 1 gives the results of simulations 
where Group 1 have utility function U= 
xl'xV and Group 2 have utility function 
V=- yYlY --. In this example initial en- 
dowments are chosen so that there is consid- 
erable trade between the two groups and 
therefore the income effects of price changes 
are nonnegligible. Accordingly Group 1 are 
endowed only with good 2 and Group 2 are 
endowed only with good 1, so that initially, 
Group 1 are net buyers of good 1. 

The table shows the consequences of a 1 
percent increase in the endowment of good 2 
for various values of a and y. The "change 
in group utility" gives the difference in per- 
centage terms between the average utility of 
group members when a fraction /B of the 
population are nonmaximizers and when /3 
= 0. Since Group 1 individuals are sellers of 
good 2, they lose as ,B increases because the 
fall in p is greater the larger is ,B. Inspection 
of the table shows that the ratio between the 
change in group utility and the "loss to 
nonmaximizers" is normally quite large. 

III. The Welfare Effects of Near-Rational 
Behavior in the Presence of Distortions 

Although near-rational behavior can cause 
first-order changes in the distribution of in- 
come or utility in an economy without dis- 
tortions, it cannot cause departures from 
Pareto optimality. Two examples presented 
in this section show that near-rational behav- 
ior can cause first-order changes in social 
welfare in an economy with distortions (for 
example, externalities, monopoly, taxes). The 
first example demonstrates that a near- 
rational, as opposed to a strictly ration- 
al, response to technical change by a mo- 
nopolist, can cause a first-order change 
in deadweight loss. The second example con- 
cerns a monetary economy. In such an econ- 
omy, with near-rational inertial demand for 
money by a fraction of the population, a 
money rain results in a first-order change in 
aggregate welfare. The externality occurs in 
this model because the utility of an agent 
with a given final consumption bundle of 
goods and money is dependent on the price 

6There is an interesting special case where inertial 
behavior causes no change in the equilibrium. This 
occurs in the example of this section if consumption of 
good 1, rather than good 2, is adjusted inertially. 
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TABLE 1-PERCENTAGE Loss IN AVERAGE UTILITY AND PERCENTAGE Loss IN UTILITY DUE TO NONMAXIMIZING 

BEHAVIOR FOLLOWING A 1 PERCENT INCREASE IN THE ENDOWMENT OF GOOD 2 (,? = 1.0 PERCENT) 

FOR DIFFERENT GROUP EXPENDITURE SHARES (a, y) AND FRACTIONS oF NONMAXIMIZERS (13)a 

,B = .25 l =.50 ,B =_.75 

Group 1 Group 2 Group 1 Gr Group 1 Group 2 
Changeb Loss' Change Loss Change Loss Change Loss Change Loss Change Loss 

a =.25 
y= .25 -.331 .015 .969 .076 -.973 015 2.791 .321 - 2.778 .015 7.366 1.769 
y = .50 -.331 .015 .651 .026 -.973 .015 1.903 .114 - 2.778 .015 5.247 .668 
y = .75 -.331 .015 .326 .009 -.973 .015 .956 .039 -2.778 .015 2.667 .233 

a =.50 
y = .25 - .330 .005 .485 .039 -.978 .005 1.419 .123 -2.848 .005 3.959 .596 
y = .50 -.330 .005 .326 .013 - .978 .005 .964 .042 - 2.848 .005 2.762 .215 
y = .75 - .330 .005 .163 .004 -.978 .005 .484 .014 - 2.848 .005 1.397 .073 

a =.75 
y= .25 -.329 .002 .322 .030 -.980 .002 .950 .076 - 2.872 .002 2.708 .321 
y =.50 -.329 .002 .217 .010 -.980 .002 .645 .026 - 2.872 .002 1.874 .114 
y= .75 - .329 .002 .109 .003 -.980 .002 .324 .009 - 2.872 .002 .946 .039 

aEndowments: xl = 0, X2 =100; Y1=100, Y2 = 0; Utility Functions: both groups are assumed to possess 
Cobb-Douglas utility functions with good 1 expenditure shares of a and y, respectively. 

b Change in Group Utility (Change) is the percentage difference between the average utility of group i individuals 
for the given ft and the utility of the same group when ft = 0. 

cLoss of Nonmaximizers (Loss) is the percentage by which a nonmaximizer could increase his utility by selecting 
the consumption bundle optimally. 

level. In the standard model without money, 
an agent's utility is only dependent upon his 
final consumption bundle. 

A. Monopoly and Technical Change 

The Initial Equilibrium. Figure 2 illustrates 
the consequences of technical change in a 
monopolistic industry. The monopolist has a 
linear demand curve p = a - bQ and pro- 
duces output with constant marginal cost 
equal to average cost, initially equal to c. 
Initially the monopolist sets price to maxi- 
mize profit (where marginal revenue equals 
marginal cost.) 

The Shock. Now assume that a technical 
change occurs which reduces the monopolist's 
costs by a fraction - to c' = c(l - e). If the 
monopolist maximizes following the shock, 
his output will expand from Q0 to Q'. The 
change in output Ql - Q= c/2b is pro- 
portional to the shock. The new deadweight 
loss is given by the triangle CHE in Fig- 
ure 2. 

Suppose, however, that the monopolist had 
kept price and output unchanged at (p?, Q0) 
following the shock. The monopolist's loss in 

p 

A 

PO B 
p1 

G D 

c E c' J S H +\p a-bQ 

MR =a-2bQ 

Qo Qi 

FIGURE 2 

profit from failure to maximize is given by 
the area of the small triangle GJH, which is 
c2r2/4b. This loss is second-order because 
each extra unit of output produced by the 
maximizing monopolist raises profitability by 
the difference between marginal revenue and 
marginal cost, which were initially equal. 
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In contrast, the social loss from the failure 
by the nonmaximizing monopolist to expand 
output is an order of magnitude larger than 
the private loss. Each extra unit of output 
sold creates social surplus equal to the gap 
between the price and marginal cost. The 
expansion of output by the maximizing mo- 
nopolist by cc/2b units following the techni- 
cal change results in social surplus in amount 
BJHC, which is approximately equal to the 
product of the difference between the initial 
price and cost and the expansion of output, 
or (p0 - c)(cc/2b). Geometrically, BJHC is 
the difference between the total deadweight 
loss in the nonmaximizing case (the triangle 
BJE) and the total deadweight loss in the 
maximizing case (the triangle CHE). 

To summarize, the behavior by the non- 
maximizing monopolist is near-rational, but 
the social loss from that behavior is first- 
order. 

B. The Welfare Consequences of 
Money Supply Shocks 

The next example of near-rational behav- 
ior is motivated by a finding that is con- 
sistently obtained in empirical research on 
portfolio choice. Economists who have esti- 
mated portfolio balance models, relating as- 
set holdings to the theoretically predicted 
determinants of optimal portfolio shares such 
as expected rates of return, the price level, 
and real income, routinely find long lags in 
the adjustment of actual to optimal holdings. 
For example, Stephen Goldfeld (1976) finds 
that the short-run partial elasticity of money 
demand with respect to the price level is .27, 
while theory offers the prediction that the 
elasticity should be unity. Sluggish adjust- 
ment of asset holdings seems perplexing since 
financial markets are usually thought to have 
low transaction costs. A possible explanation 
for inertial behavior is that the losses from 
failure to optimize are so small that people 
are slow to make the adjustments required 
by full optimization, permitting portfolio 
proportions to diverge from the optimizing 
levels for significant periods. If individuals 
are indeed near-rational in their portfolio 
behavior, the logic of this paper suggests that 
such behavior can have systemic repercus- 

sions which affect social welfare. It is possi- 
ble to demonstrate the validity of this conjec- 
ture by means of an example based on a 
rudimentary model in the style of Patinkin. 

The Initial Equilibrium. Consider a pure ex- 
change economy with identical agents. Each 
agent has an initial endowment of a sin- 
gle commodity called "goods" in amount G 
and money in amount M, All agents have 
the same utility function: 

(16) U= (M/p)OaGl-a 

where p is the price at which money is 
traded for goods, M is money held, and G is 
goods consumed. Assume that initially the 
economy is in a "long-run equilibrium" with 
all agents choosing M and G to maximize 
utility subject to the budget constraint: 

(17) M+pG=Mo+ pG. 

The condition that the goods and money 
markets clear permits the characterization of 
the long-run equilibrium. The initial price 
level p0 is 

(18) Po = (1-a)7O1/aU. 

The Shock. Now consider the consequences 
of a "money rain" resulting in an increase in 
the money supply by a fraction - with each 
agent receiving a proportional share. Such an 
operation is completely neutral if all agents 
optimize. The price level merely increases by 
a fraction r, real cash balances remain un- 
changed, and the utility of all agents remains 
unchanged. The failure of a fraction /3 of the 
population to choose money holdings opti- 
mally changes the analysis, causing a money 
rain to have a negative effect on real welfare. 
Specifically, assume that a fraction /3 of the 
population demand money inertially in the 
short run, keeping money holdings constant 
at MO in the face of changes in the price 
level.7 The remaining fraction of the popula- 
tion choose money balances, given the price 

7Akerlof (1979) has shown that with constant target- 
threshold monitoring, money demand will be indepen- 
dent of the price level. 
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TABLE 2-PERCENTAGE Loss IN AVERAGE UTILITY AND PERCENTAGE Loss IN UTILITY DUE TO NONMAXIMIZING 
BEHAVIOR FOR DIFFERENT CHANGES IN PRICES (9); ELASTICITY OF UTILITY WITH RESPECT TO 

REAL BALANCES (a); AND FRACTION OF NONMAXIMIZERS (/3) 

9=.05 0=.10 

Percent Loss Percent Loss 
Percent Loss Due to Percent Loss Due to 

in Average Nonmaximizing in Average Nonmaximizing 
Utilitya Behaviorb Ratio of Utilitya Behaviorb Ratio of 

(1) (2) (1) to (2) (1) (2) (1) to (2) 

a =.1 
f=.25 .132 .012 11.0 .257 .046 5.6 
,t=.50 .256 .012 21.3 .500 .044 11.4 
f=.75 .375 .011 34.1 .730 .042 17.4 

a=.3 
ft =.25 .471 .041 11.5 .917 .152 6.0 
/3=.50 .857 .034 25.2 1.667 .127 13.1 
,t =.75 1.180 .029 40.7 2.291 .109 21.0 

a=.5 
ft =.25 .971 .074 13.1 1.886 .275 6.9 
t =.50 1.613 .052 31.0 3.125 .196 15.9 
,f =.75 2.069 .039 53.1 4.000 .146 27.4 

a Percentage loss in average utility equals ((U - U0)/4U)) 
X 100. 

bPercentage loss in utility due to nonmaximizing behavior equals ((U" - U )/U" )X 100. 

level p, to maximize utility. Optimal money 
holdings are 

(19) M (p- -(1 )) 

The equilibrium condition that the demand 
for money by maximizers and nonmaxi- 
mizers must equal supply, following the 
shock, determines the new equilibrium price 
level, p (?,- f): 

(20) /Mo + (1-3) a [ p(?, ,B)G 

+ A0(i + ?)] = Mo(? +) 

Solving for the change in the price level, 0, 
as a function of ? yields 

(21) 0= (p(?,f3)-p0)/p 

(1-a( 1- A ) 
E> for 0 </3<1. 

The failure of some agents to add to their 
money balances means that the price level 
must change by enough to induce the re- 
maining fraction to hold all the extra money. 
As a result, the price level rises by a larger 

percentage than the money supply increases. 
Real balances per capita are lower in the new 
equilibrium. The percentage decline in aver- 
age real cash balances is ?(dO8/d - 1). 

Defining the loss from nonmaximization 
as ?(?) = Um - U', it follows from the en- 
velope theorem, or can be verified by tedious 
computation, that 

(22) dY1/dcj,=0 = O. 

The individual loss due to nonmaximization 
is second-order. In contrast, the reduction in 
the equilibrium level of per capita real cash 
balances due to nonmaximization causes a 
first-order loss in average utility, U, defined 
as a weighted average of the utilities of maxi- 
mizers and nonmaximizers. Because the dif- 
ference between U and U"l is second-order, 
average utility is, to a first-order of ap- 
proximation, equal to the utility of a hypo- 
thetical person with average money holdings 
and the average holdings of goods. In the 
new equilibrium, average goods consumed 
remain unchanged at G, but average real 
balances decline by -(dO/d? -1). As a re- 
sult, social loss, which is the percentage 
change in average utility due to a 1 percent 
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increase in the money supply, is approxi- 
mated by: 

(23) - a dO _1) =-a/3/(1-a()(1-P3); /dO- 

the last expression is the product of the 
elasticity of utility with respect to money 
balances and the percentage change in money 
balances due to a 1 percent change in the 
money supply. 

Simulations. For various values of a and f, 
Table 2 gives the percentage loss in average 
utility when - is selected to produce a price 
level change of 5 and 10 percent, respec- 
tively; this is compared to the percentage 
loss in utility suffered by individual nonmax- 
imizers as a consequence of their failure to 
optimize. These individual losses are every- 
where extremely small while the ratio of the 
two losses is quite large. 

IV. A Model of Partial Cartel Fonnation 

In the absence of sanctions for cheating, it 
is generally agreed that firms in an oligopo- 
listic industry producing a homogeneous out- 
put over any finite time horizon are unlikely 
to be able to reduce output to the jointly 
profit-maximizing level. If firms try to col- 
lude to restrict output and earn significantly 
higher profit, it is argued that the large gap 
between marginal cost and marginal revenue 
at that point will create a strong incentive to 
cheat. As is well known, with perfect infor- 
mation and strictly maximizing behavior by 
all firms, the cartel outcome cannot be sus- 
tained as a noncooperative Nash-Cournot 
equilibrium if the industry's life is finite. This 
section shows, however, the existence of op- 
portunities for cartel formation which re- 
strict output enough to significantly raise the 
profits of cartel members which are neverthe- 
less "viable" in the sense that the potential 
gain from cheating is second-order small (al- 
though not nonexistent). 

The Initial Equilibrium. Assume that n iden- 
tical firms produce a homogeneous output 
for a single period. Industry demand is p = a 
- bQ. Each firm has the same constant mar- 

ginal = average cost = c. Each firm is as- 
sumed to follow the Cournot strategy of 
producing that output which is optimal given 
the outputs selected by rivals. In the unique 
Nash-Cournot equilibrium, the output of 
each firm q?, profits 1l? and the price p0 are 

(24) qo = (a-c)/b (? + n), 

(25) ?1 = (1/b)((a - c)/(1 +n 2 

(26) po = (a + nc)/(1 + n). 

The Shock. Now suppose that a cartel is 
formed in the industry. In this model the 
shock is just a voluntary output cutback by 
firms in the cartel, as in the case of the 1973 
oil shock. Members of the cartel cut back 
output by a fraction ?. A fraction /3 of the 
firms are noncheaters and producers the pre- 
scribed output, qn: 

(27) qn= (1-E)(a-c)/b(1 + n). 

Assume that the remaining firms decide to 
cheat instead of adhering to the cartel agree- 
ment. They select their output to maximize 
profit in the usual Cournot fashion, choosing 
that output qm, which maximizes profit given 
the outputs of all other maximizers and all 
nonmaximizers. The optimal output for a 
" maximizer" (cheater) satisfies the first-order 
condition that the marginal return to one 
additional unit of output, given the output of 
other firms is zero: 

(28) dfl-/dq[ = a-bQ-bq[ _c= O, 

where Q = /3nq n+ (1 - ,B)nq[m aggregate 
output. Solving for q7m yields 

a-c- b/3nq1. (29) qm =- > q7 

where q n is given by (27). Each firm that 
cheats produces more than the Nash-Cour- 
not equilibrium output, qo?, but aggregate 
industry output falls nevertheless. Straight- 
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forward calculation shows 

(30) dQ -l+ n (a 
- 
c) < 0 

de e=O b(1+n)[1+n(1-/3)] 

(31) d _ (a)3n > 0. 

Profits of maximizers, who produce more 
and sell their output at a higher price, rise 
unambiguously. Nonmaximizers produce less 
but sell their output at a higher price. Their 
profits will also rise if they are sufficiently 
numerous. The exact condition is 

d32) >0 as P (32) de | < < 2n 

For the noncheaters to gain they must be at 
least half of the industry. 

These results show that the partial cartel 
can have a first-order effect on industry prof- 
its and potentially raises the profits of all 
firms by a first-order amount, even with a 
significant fraction of firms cheating. 

Reward to a Nonmaximizer from Defecting. It 
remains to show that the reward to a non- 
maximizer from defecting is second-order 
small. Let r* denote the "perceived" maxi- 
mum profit which a typical nonmaximizer 
would potentially gain by altering his output 
to the optimum. Letting Qn1 =(1- -)nq[' 
+ (f3n -1) q1n denote the output of all firms 
in the industry with the exception of the 
potential cartel defector, the defector con- 
templates choosing a new output, q*, to 
maximize his profit on the assumption that 
Qn-1 will remain unchanged. The optimal 
defection output satisfies a condition com- 
parable to (28): 

(33) a-b(Q + q*)-c-bq* = 0. 

The potential defector knows that the new 
price resulting from his defection is 

(34) p* = a-b(Qn-1 
+ q *), 

so that fl* = (P* - c)q *. Defining the ex- 
pected loss from not cheating as Y (e)= =In 

-HI n it is straightforward to show that 

(35) O d( Hn-H n) O= O 

The expected gain from defecting from the 
cartel is second-order small. 

For a numerical illustration, let a = 10, 
c = 0, b = 1, and n = 9. In the Nash-Cournot 
equilibrium q? = H? = 1; p? = I and Q = 9. 
Assume that a cartel is formed and members 
agree to cut back output by 10 percent so 
that q n =.9. Assume that 7 firms are non- 
cheaters, but 2 firms cheat. The cheaters each 
produce qr = 1.233. Cheaters earn profit of 
1.52, gaining 52 percent. Noncheaters earn 
profit of 1.11 for a gain of 11 percent. A 
potential defector from the cartel would find 
it optimal to produce q* = 1.066. His defec- 
tion would lower the price from 1.233 to 
1.066. His potential profit, Il*, is thus 1.138, 
which represents a gain of only 2.5 percent 
in profit. 

V. Conclusion 

This paper has presented a method for 
analyzing some implications of near-rational 
nonmaximizing behavior. According to the 
basic result, in a disturbance of an equi- 
librium in which all agents fully maximize, if 
many agents engage in the same type of 
nonmaximizing behavior, their individual 
losses, due to the envelope theorem, will be 
second-order (in terms of the parameter de- 
scribing the disturbance) while the effect of 
their nonmaximizing behavior on the re- 
sultant equilibrium is frequently first-order. 
The four examples above illustrate the appli- 
cation of this result to microeconomics. 
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