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rate they are paying on the old debt is ower than if they had
issued all the debt simultaneously. This transfer of value
from bondholders to shareholders can be eliminated if the
initial debt specifies that all subsequent issues be subordin-
ated. Fama and Miller (1972) referred to this type of
subordination as a ‘me-first’ rule.

There have been a number of empirical studies investigat-
ing the effects of violations of me-first rules. Kim, McCon-
nell and Greenwood (1977) consider a sample of firms that
formed wholly owned finance subsidiaries. These sub-
sidiaries issue debt and purchase the accounts receivable of
the parent firm. Owners of the debt issued by the subsidiary
essentially have a more senior claim on the accounts receiv-
able than the bondholders of the parent corporation. Thus,
forming a wholly owned subsidiary is effectively equivalent
to issuing debt which has a higher claim than the existing
bonds. The authors consider a sample of 24 firms that
established captive finance subsidiaries between 1940 and
1971. They found strong evidence of a wealth transfer from
the original company’s bondholders to its shareholders.

Brauer (1983) has also investigated the effect of violations
of me-first rules. His study considered the pricing of two
bonds issued by Sunshine Mining Company in 1980. These
bonds were identical except for the different timing of their
payments and a difference in their me-first protective
covenants. Adjusting for the difference in timing of pay-
ments, Brauer found that the bond with the more effective
protection from subsequent issue was indeed more valuable
than the bond without it.

An alternative explanation for subordination has recently
been suggested by Winton (1990). His approach centres on
a variant of the delegated monitoring story that has de-
veloped in the literature. Gale and Hellwig (1985) (building
on Townsend 1979) showed that if a lender finds it costly to
verify the level of income of a borrower, then in the optimal
debt contract there is no verification provided the payment
on the debt is actually paid, since this minimizes the total
verification costs. Winton considers a similar framework but
with multiple lenders. It is shown that if all lenders have the
same claim, there is an inefficiency because verification costs
are duplicated when the borrower fails to make the required
debt payments. If the investors each hold debt with different
levels of seniority, this duplication is eliminated. According-
ly, subordinated debt reduces the cost of monitoring and
increases the value of the firm.
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See also BANKRUPTCY AND CAPITAL STRUCTURE; BOND
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sunspot equilibrium. The volatility of market outcomes
(for instance, employment, the price level and exchange
rates) and what - if anything — to do about it are important
subjects in macroeconomics. Some observed randomness in
market outcomes originates in shocks to economic fun-
damentals (preferences, endowments and technologies) that
are transmitted through the economy. Uncertainty about
economic fundamentals is called intrinsic uncertainty. The
general-equilibrium model extended to incorporate uncer-
tainty (see Arrow 1953, 1964) provides an explanation of
how intrinsic uncertainty causes randomness in economic
outcomes. However, this is not the only possible source of
economic volatility. The remaining randomness, or excess
volatility, can be thought of as market uncertainty, the ran-
domness generated by the economic mechanism itself; see
Shell (1987).

The sunspot-equilibrium concept was introduced by Cass
and Shell; see Shell (1977, 1987) and Cass and Shell (1980,
1982, 1983, 1989). Sunspot models are full-blown rational-
expectations, general-equilibrium models that allow for
excess volatility. Hence they can be used to analyse macro-
economic and monetary economic fluctuations. Because
sunspots models entail rational expectations, they are also
useful for judging the robustess, stability and internal
consistency of the rational-expectations hypothesis. Uncer-
tainty that is not intrinsic to the economy is by definition
extrinsic uncertainty. In this literature, the term ‘sunspots’ is
synonymous with ‘extrinsic randomizing device’. If an
allocation of resources depends on the outcome of such a
device, then it is a sunspot allocation and we say that sunspots
matter. If the sunspot allocation is an equilibrium for the
economy, then it is a sunspot-equilibrium (SSE) allocation.
Allocations that do not depend on extrinsic uncertainty are

601



sunspot equilibrium

nonsunspot allocations. The corresponding equilibria are
nonsunspot equilibria (NSEs).

The ‘sunspot’ terminology is a bit of a spoof on the work
of Jevons (1884) and his followers, who related the business
cycle to the cycle of actual sunspots. To the extent that
actual sunspots do affect economic fundamentals this is
intrinsic uncertainty, but the overall effects of actual suns-
pots on economic fundamentals are probably not major.
Then, if actual sunspot activity does have substantial impacts
on the economy, it must be that it serves a role beyond its
effects on fundamentals. Cass-Shell sunspots are highly
stylized; by definition, they represent purely extrinsic uncer-
tainty, and in sunspot-equilibrium models any randomness
in economic outcomes is by definition an instance of excess
volatility. In actual applications, things are not so simple.
The stock market, for example, is clearly affected by
intrinsic uncertainty, but some might suggest that there is
also ‘excess volatility’ in the market, or that randomness in
stock prices cannot be ‘fully explained’ by fundamentals.
SSE models are meant to be suggestive: they approximate
economies in which intrinsic uncertainty affects outcomes
much more than it does fundamentals. Indeed, Manuelli
and Peck (forthcoming) show that SSEs can be interpreted
as the limit of traditional rational-expectations equilibria as
the effects of intrinsic uncertainty on economic fun-
damentals vanish. This shows how variables that have only
minor effects on fundamentals can have major effects on
€Conomic outcomes.

The SSE concept is an extension of the rational-
expectations equilibrium (REE) concept. In moving from the
usual REE model to the SSE model, commodities contin-
gent on extrinsic states of nature are introduced. The effects
on the equilibrium set of expanding the commodity space in
this way is dramatic in many (but not all) models: sunspots
matter and — in terms of the number of SSEs relative to the
number of NSEs - they often matter very much. Furth-
ermore, REEs are not always stable in the face of the
introduction of sunspots: the equilibrium set is altered by
sunspots and depends on the sunspot mechanism itself.
While findings of this general nature were familiar to game
theorists, who had experience with stochastic solutions to
nonstochastic games, the sunspots results did come as a
surprise to many general-equilibrium theorists.

The initial reaction of the macroeconomics community to
formal sunspots theories was not generally positive, despite
the established oral tradition of attributing business-cycle
fluctuations to expectational factors. Theories of ‘credit
cycles’ date back at least to the Currency and Banking
Schools (White 1984). These theories played a prominent
role in politics and policy-making in both England and the
US in the second quarter of the 19th century (Schlesinger
1953; White 1984; Hammond 1957). A typical representa-
tion of such a theory would be that ‘waves of optimism’
sweep the economy, causing speculative investment fuelled
by expanding bank (or trade) credit. Such speculation could
temporarily raise prices, possibly in a self-fulfilling manner.
Eventually such optimism must be reversed, however, and
its reversal would cause contractions in credit and (again
potentially self-fulfilling) price-level declines. Moreover,
these price level fluctuations might be reflected in real
activity.
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This kind of reasoning permeates a variety of macroeco-
nomic discussions. Keynes (1936, ch. 12) identifies ‘animal
spirits’ as an important factor influencing investment levels,
and hence business cycles. In addition, expectational
theories of the cycle have had more subtle influences on
discussions concerning government regulation of banks and
financial markets. For example, it has often been argued that
the unrestricted operation of financial markets allows for
‘excessive fluctuations’ in the price level and the inside
money stock, and possibly for indeterminacies as well. Such
arguments motivated the passage of Peel’s Bank Act of 1844
(see Smith 1988, for a discussion) or the proposals of
Simons (1948) and Friedman (1960) for 100 percent reserve
banking, and have clear roots in historical discussions of the
credit cycle. Finally, many theories of banking panics (in-
cluding possibly that of Diamond and Dybvig 1983) attri-
bute financial crises to sunspot-like phenomena.

The remainder of the survey is in six sections. We begin
with finite, convex economies in which information is
symmetric. For sunspots to matter in these economies, there
must be market ‘imperfections’. We follow with asymmetric-
information, nonconvex, and overlapping-generations (and
other infinite) economies. In these economies, sunspots can
matter even if markets are perfect. In the section on
coordination, we review the literature on implementing
SSEs, that is, on how randomizing devices are ‘selected’ by
economic actors. We conclude with an analysis of stabiliza-
tion policies for economies subject to potential volatility due
to extrinsic shocks.

FINITE, CONVEX ECONOMIES. For this section, preferences
and technologies are convex, the number of consumers and
the number of standard (i.e. certainty) commodities is finite,
and individuals share the same probability beliefs about the
extrinsic states of nature. Shared beliefs, or symmetric
information, can be argued to be the case of strong rational-
expectations; see Shell (1987). The number of extrinsic
states of nature — and hence the number of contingent
commodities — can be finite or infinite.

In a finite, strictly convex sunspots economy, a sunspot
allocation cannot be Pareto optimal: because of the strict
convexity of preferences (and the fact that sunspots do not
affect preferences) there is always some feasible nonsunspot
allocation which is better (see Cass and Shell 1983, section
IV, and the extensions by Balasko 1983 and Chiappori and
Guesnerie 1991). If there are no externalities in the associ-
ated certainty economy — and hence no externalities in the
sunspots economy — and if all possible contingent-claims
markets in the sunspots economy exist and are perfect, then
from the first welfare theorem, it follows that every competi-
tive equilibrium allocation is an NSE allocation. The com-
petitive equilibria in the certainty and sunspots economies
are essentially equivalent: sunspots do not matter in this
particular (Arrow—Debreu perfect-markets) environment.

If the sunspots model is modified to account for restric-
tions on market participation (some of which are inescapable
in dynamic economies), then the SSE concept is a proper
extension of the standard notion of competitive equilibrium.
The certainty equilibria reappear in the sunspots model as
the NSEs, but because of restricted participation there are
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also new equilibria, the SSEs. Some of the SSEs are
randomizations over NSEs, but others are not (Cass and
Shell 1983: 212-27). Balasko, Cass and Shell (1991) modify
the Cass—Shell restricted-participation model to allow for
continuous changes in market participation. When relatively
few consumers are restricted, sunspots do not matter. If the
endowment is in the neighbourhood of a Pareto-optimal
allocation, then sunspots do not matter. But if there are
multiple certainty equilibria and if relatively many consum-
ers face restrictions on market participation, then there are
SSEs (see also Préchac 1990 and Villanacci 1988).

Another source of SSEs is incompleteness of financial
markets — the polar case of restricted participation in which
some financial markets are closed to all consumers. In this
case, there is at least a continuum of SSEs if endowments
are not Pareto optimal (see Cass 1989). Recent work on
sunspots and incomplete financial markets, for example
Cass (forthcoming), Pietra (forthcoming) and Suda, Tallon
and Villanacci (forthcoming), establishes that the set of
SSEs is at least equal in dimension to the number of missing
financial markets. Since this result also obtains in economies
with intrinsic uncertainty and incomplete markets (see
Balasko and Cass 1989 and Geanakoplos and Mas-Colell
1989), it reinforces the idea that an SSE can be thought of as
the limit of REEs as the effects of intrinsic uncertainty on
the fundamentals become small.

The three models discussed thus far began with the same
ertainty economy, but different sunspots models were
formed by varying properties of the securities markets. Itis, of
course, not necessary that the underlying certainty economy
be an Arrow-Debreu economy. For Peck and Shell (1991),
the underlying certainty economy is a market game. Even
with complete financial markets and unrestricted participa-
tion, such imperfectly competitive economies can have
uncertainty about market prices. As in the competitive-
equilibrium incomplete-markets literature, SSEs exist in
market games if and only if endowments are not Pareto
optimal. Indeed, as the market-game economy becomes
large through replication of consumers, then the limiting
result is a competitive, incomplete-markets or complete-
market SSE or NSE. Any spectrum of open and closed
markets, financial and real, is consistent with limit equilibria
in the market game. Certainty (i.e. pure-strategy) equilibria
in the market game are also NSEs in the corresponding
sunspot-contingent-securities game.

Detailed market structure matters more in imperfectly
competitive economies than in perfectly competitive ones.
Peck and Shell (1989) construct two different securities
games from the same market game. In one, there is a full
spectrum of Arrow (financial) securities. In the other, there
is a full spectrum of (real) contingent commodities. A
sunspot Nash equilibrium allocation in the Arrow-securities
game that is not a mere lottery over Nash equilibrium (NE)
allocations from the market game is never an NE allocation
for the contingent-commodities game. The two games differ
because the market power of individual traders depends on
the way markets are organized.

ASYMMETRIC INFORMATION. Much existing sunspot
theory is based on symmetric-information randomizing de-
vices. This is not necessary. Indeed, asymmetric information

enriches the role of extrinsic uncertainty in economic mod-
els, making it possible to relate sunspot-equilibrium theory
to game theory (see Peck and Shell 1991; see also Maskin
and Tirole 1987 and Aumann, Peck and Shell, forthcom-
ing). If asymmetric information is introduced in market
games, then there are NSEs in the securities game that are
not equivalent to any certainty equilibrium from the under-
lying market game. More generally, we have that a corre-
lated equilibrium to a market game is always either an NSE
or an SSE to the corresponding securities game, but not
conversely. Since SSE permits transfer of income across
states of nature, while the self-enforcing nature of correlated
equilibrium does not, there are SSEs which are not corre-
lated equilibria. The market game with symmetric informa-
tion was shown to vield recognizable competitive results as
the economy is made large through replication. With asym-
metric information, things are different. As the economy is
made large through replication, some proper correlated
equilibria persist. Each individual has a negligible influence
on prices, but he does not take prices as given.

NONCONVEX ECONOMIES. Extrinsic uncertainty plays a
role in nonconvex economies which is absent in convex
economies. In nonconvex economies, the introduction of
sunspots (or other randomizing devices) can lead to unambi-
guous welfare improvements, while in strictly convex econo-
mies SSEs are never Pareto optimal.

Possibly because of the importance of ‘indivisible’ goods
in macroeconomic theory much of the analysis of SSEs in
nonconvex economies is based on this case. In many macro
applications (e.g. Hansen 1985 or Rogerson 1988), the
indivisible good is labour. In the real world, labour time is, of
course, divisible. What is assumed in this literature is that
labour is only productive in standard work-week units; this is
obviously only a first-order approximation to a more compli-
cated nonconvex situation.

Indivisible labour is randomly allocated to jobs in the
Azariadis (1975)-Bailey (1974) implicit labour-contract
model and in the employment lotteries of Rogerson (1988)
and Hansen (1985). These lotteries are similar to those that
can arise in the presence of asymmetric information, as
discussed by Prescott and Townsend (1984a, 1984b) (see
also Townsend 1987). The early papers on SSEs in noncon-
vex economies are Guesnerie and Laffont (1991) and Cass
and Polemarchakis (1990).

Shell and Wright (forthcoming) analyse SSEs in a com-
petitive economy with indivisible goods. (Their model is
similar to that developed by Hylland and Zeckhauser 1979).
They establish that employment lottery equilibria can be
decentralized as SSEs. Unlike the situation in the finite,
convex case, in the indivisible-goods model (1) SSE alloca-
tions can be Pareto optimal and can even welfare dominate
certainty equilibrium allocations and (2) certainty equilib-
rium allocations do not necessarily reappear as NSE alloca-
tions when extrinsic randomization is introduced.

There is a sense in which nonconvex economies ‘choose’
their own randomizing devices. SSE probabilities are typi-
cally not unique in economies with indivisible goods, and the
SSEs in these economies are less robust than SSEs in finite,
convex economies. Not all SSEs in nonconvex economies
are stable to coalition formation, since some SSEs are not in
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the core. Nor are all SSEs stable to the introduction of more
general casinos, that is, to refinements in the probability law.
Restrictions on the available randomizing device can have
profound effects on the allocation of resources. These issues
are now getting further attention from Garratt, Goenka,
Shell and Wright. The same group is taking the lead of
Garratt (1991) in analysing the relationship between (Pre-
scott~Townsend) lottery equilibrium and (Cass~Shell)
sunspot equilibrium.

OVERLAPPING-GENERATIONS ECONOMIES. The original
SSE research was influenced by Lucas’s (1972) monetary
theory of the business cycle. Lucas examines a stationary
overlapping-generations economy in which monetary and
demographic shocks occur simultaneously, and are not
separately observed. As a result, individuals face a signal-
extraction problem: shocks that would be neutral under full
observability can have real effects under partial observability,
Lucas also focuses exclusively on a specific class of equilib-
ria - a quantity-theoretic class - in which the current-period
price level is, ceteris paribus, proportional to the current-
period money supply. This however, raises several ques-
tions. One is, is incomplete observability necessary for
otherwise extrinsic uncertainty to matter? And, will equilib-
ria naturally (necessarily) display quantity-theoretic prop-
erties?

Given Lucas’s focus on the overlapping-generations
model, it was natural for others to pose these questions in
the same framework. Shell (1977) gives a negative answer to
each of the above questions: extrinsic uncertainty can matter
even when realizations of all random variables are fully
observed, and the price level can fluctuate independently of
fluctuations in the money supply (or other fundamentals).
Azariadis (1981) extends these findings. Focusing on a
stationary overlapping-generations model with a constant
money supply (4 la Gale 1973), he shows that there may exist
SSEs in which the price level follows a stationary, two-state
Markov process. Such SSEs work in the following way. A
high current-period price level signals that next period’s
price level will be either lower than, or the same as, the
current-period price level. Thus the expected return on
money holdings will be (relatively) high. This is consistent
with a high current-period price level (low real balances) if
saving is decreasing in the rate of return. This requires
relatively strong income effects: Azariadis shows that if these
are strong enough, the constructed sunspot-contingent
allocation will also be an REE allocation.

This mechanism is, of course, the same as that at work
when Gale’s model gives rise to equilibria displaying two-
period cycles under perfect foresight. Such an observation
suggests a relationship between the existence of Azariadis’s
SSEs and equilibrium 2-cycles; the existence of just such a
relationship is demonstrated by Azariadis and Guesnerie
(1986) and Grandmont (1986) under relatively mild regular-
ity conditions.

These SSEs do not exhaust the set of possible SSEs in
overlapping-generations economies. Guesnerie (1986) and
Grandmont (1986) show that there are stationary SSEs that
evolve in n-state Markov chains. Along different lines, Peck
(1988) demonstrates that (possibly nonstationary) SSEs will
arise in Gale’s model under the condition that there is a
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continuum of perfect foresight equilibria, a condition which
always obtains for properly chosen tax/transfer policies.
Thus strong income effects are not required for SSEs to be
observed. A similar mechanism to that used by Peck to
construct SSEs is employed by Farmer and Woodford
(1984) in the case of an economy monetizing a deficit.
Further elaboration of conditions sufficient to allow SSEs in
overlapping-generations models is provided by Spear
(1984), Chiappori and Guesnerie (1991) and Guesnerie and
Woodford (forthcoming).

Shell (1971) isolates two features that distinguish the OG
model from the classical Arrow-Debreu model: (1) the
‘double-infinity’ of consumers and dated commodities, and
(2) the natural restrictions imposed on market participation.
The assumption of restricted participation does not affect
perfect-foresight equilibrium, but it is, as we saw, a source
of SSEs. Cass and Shell (1989) show that the ‘double
infinity’ is also a separate source of SSEs. They also show
how sunspot randomization can serve as an imperfect substi-
tute for fiat money in attenuating the tendency of an
economy to oversave.

In the developments discussed thus far, attention is
restricted (as with Lucas) to economies with a single asset
(and without credit). The credit-cycle discussion above
emphasizes the importance of inside money and credit
extension in generating expectations-driven cycles. This
intuition is formalized by Smith (1988, 1989), who provides
examples of economies that produce credit cycles. This
observation motivates some of our discussion in a later
section.

We note that many of the results that obtain in overlap-
ping-generations economies also apply to economies with
infinitely-lived agents who face cash-in-advance constraints.
This idea is developed in detail by Woodford (1986), whose
model can also accommodate multiple assets. Spear (1991)
also constructs SSEs in such economies with externalities.

COORDINATION. SSEs appear to require a substantial
degree of coordination among individuals. In particular, it
seems that individuals must somehow agree on a relevant
randomizing device, and on how it affects economic out-
comes. But how is this agreement to be achieved? In the face
of many possible randomizing mechanisms, coordination on
one of them might seem improbable in a decentralized
economy.

The issue of how this coordination might occur is taken
up by several authors. One possibility is that individuals
need to learn about their economic environment, and that
various learning mechanisms they might employ converge to
REEs that are also SSEs. This possibility is developed
formally by Woodford (1990) and others. Another possibil-
ity, explored by Spear (1989), is that no extrinsic random
variables are required as sunspot variables; rather, endoge-
nous variables themselves function as sunspot variables. In
Spear’s example, there are two locations, and the price level
in one location functions as the ‘sunspot variable’ in the
other location. Thus individuals need not agree on an
extrinsic randomizing scheme. Jackson and Peck (1991)
construct a model in which individuals receive privately
observed, non-fundamental signals (interpreted by them as
signals about ‘market psychology’). In this world the ‘chart-
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ing’ of past prices contains information about future signals,
and this charting can even provide economic actors with
their extrinsic signals. The result is that there are some
SSEs in which private signals affect observed prices. (We
should note that this result is obtained in the context of
trading via auction rather than competitively, but it holds
even with a large number of traders.) All of these represent
interesting approaches to how the coordination required for
SSEs could be achieved in actual economies.

‘STABILIZING’ SUNSPOT FLUCTUATIONs. The possibility
of SSEs raises questions as to whether there are policies that
eliminate (some of) these equilibria. Or, alternatively, if
these equilibria are not to be eliminated, are there policies
that can neutralize the undesirable effects of extrinsic
uncertainty?

Shell (1977) considers a policy that would not eliminate
SSEs but would counteract their effects. This has the money
supply expand or contract according to the current sunspot
realization. He shows by example that such a policy can be
optimal and will typically be active in every period. This
sharply contrasts with the policy prescription in Lucas
(1972), who calls for constant money-growth.

Grandmont (1986, see also 1985) designs government
policies that eliminate SSEs. His policies set money-growth
and tax/transfer levels according to ‘feedback rules’ that
render the current price level a predeterminéd variable; this
precludes the possibility of SSEs. A policy proposal that is
commonly made is to have the government target a constant
(or nearly constant) inflation rate, possibly zero, which is
constitutionally mandated. Such a proposal has much in
common with Grandmont’s, in that it makes the current
price level a predetermined variable, although not one set via
a feedback rule. Smith (1991b) examines this policy in an
overlapping-generations economy in which money coexists
(because of reserve requirements) with assets that dominate
it in rate of return. If the government maintains a target
price-level path by standing ready to exchange money for
interest-bearing assets on demand, this precludes SSEs, as
in Grandmont. However, Smith shows that this policy can
be very inefficient. Other policies that support a given target
price-level path — like tax/transfer schemes — may be less
inefficient, but permit sunspot indeterminacies to affect the
money supply and real allocations.

The idea that the ‘operating procedure’ for the monetary
authority may influence the scope for SSEs is also pursued
by Woodford (1988). He considers a cash-in-advance eco-
nomy operating under rules that either fix a constant money
growth rate or a constant (positive) nominal interest rate. An
interest-rate rule is supported by having the government
stand ready to exchange interest-bearing bonds for currency
on demand. Woodford then obtains the following result,
which is quite striking in view of other results on the
indeterminacy of the price level under an interest-rate rule.
There is a unique equilibrium under an interest-rate rule,
while money-supply rules that support the same steady-state
(positive) nominal interest rate may allow SSEs to exist. The
special feature of Woodford’s economy that permits this
result is that, under an interest-rate rule, all possible
price-level histories but one result in the government accu-
mulating claims on the private sector at a rapid enough rate

to violate the transversality condition that arises from indi-
vidual optimization. This kind of reasening, of course, relies
heavily on the presence of a transversality condition: in
Smith’s (1991b) economy, this interest-rate rule is consis-
tent with a variety of equilibria.

Another class of policy proposals that deserves comment
sceks to prevent private agents from issuing ‘close substi-
tutes’ for money. Such proposals are based on the notion
that a failure to do so will permit equilibria in which the
price level and the inside money stock fluctuate ‘excessively’,
and are possibly indeterminate (recall our discussion of the
credit cycle). Obviously a consideration of this issue requires
a model with both money and active credit markets. Smith
(1988), following in many respects Sargent and Wallace
(1982), constructs such a model in which SSEs can exist in
the absence of government intervention. He then considers
a 100 percent reserve requirement on lenders, and provides
conditions under which this precludes certain kinds of
SSEs. This obviously rationalizes the idea that legal restric-
tons which ‘separate’ money from credit markets may tend
to reduce indeterminacies or the scope for excessive fluctua-
tions. However, Smith also shows by example that these
legal restrictions may result in greater welfare losses than the
SSEs they are intended to preclude. Furthermore, Smith
(1989) shows that there are other legal restrictions which are
often advocated to separate money from credit markets and
that can actually expand the scope for SSEs.

The idea that legal restrictions could be used to prevent
‘excessive price-level fluctuations’, but that these would have
their own welfare costs, appears in Friedman (1960). In
particular Friedman recognizes that, if legal restrictions
cause individuals to face different interest rates, this is
inefficient. As a remedy, Friedman advocates high reserve
requirements in order to separate money from credit mar-
kets, but also that interest be paid on reserves at market
rates. Friedman’s proposal along these lines is analysed by
Smith (1991a), who shows that paying interest on reserves at
market rates can allow SSEs to exist, even if these are not
possible when reserves earn no interest. This result is
suggestive of a tension in the choice of economic institutions
between the determinacy and the efficiency of equilibrium, a
tension that is further suggested by the results of Woodford
(1988) and Smith (1991b) discussed above, and in a static
context by Goenka (1989, 1991). The idea of designing
economic mechanisms in which one of the desiderata is
relattve stability in the face of sunspots is deserving of further
research attention.

surveys. For references on sunspots, see the reviews by
Shell (1987) (which is very short on long-run dynamics),
Chiappori and Guesnerie (1991) (which focuses on issues in
long-run dynamics and has a large bibliography), Guesnerie
and Woodford (forthcoming) (which mixes sunspots with
complex dynamics and learning), and Geanakoplos and
Polemarchakis (1991) (on overlapping generations).

KarL SHELL anD Bruce D. Smitu

See also CONFIDENCE; MARKET AND ENVIRONMENTAL UN-
CERTAINTY; NEW MONETARY ECONOMICS; OVERLAPPING-
GENERATIONS MODEL AND MONETARY ECONOMICS;
RATIONAL EXPECTATIONS EQUILIBRIUM; VOLATILITY.
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Super Bowl stock market predictor. Among the most
perplexing and accurate predictors of stock market perform-
ance is the Super Bowl Stock Market Predictor (SB SMP).
Proponents of the SBSMP contend that the value of
equities, as measured by any of the popular stock market
indices, will be higher at the end of the year than at the
beginning if the American professional football cham-
pionship game (the Super Bowl) is won by a member of the
old National Football League (NFL). If the Super Bowl,
which is played in January, is won by a member of the old
American Football League (AFL), the stock market will
finish the year lower than it began. Teams reassigned from
the NFL to the American Football Conference in the 1970
league merger do not lose their original NFL classification.

The SB SMP has correctly forecast the change of major
United States’ equity market indices in 21 of the 24 years
since the Super Bowl was first played in 1967, an accuracy
rate of 87.5 percent. Even after adjusting for the commonal-
ity of National Football League team victories and stock
market advances, this phenomenon is significant at the 0.01
level.

The SB SMP has been the subject of rigorous research
and light-hearted reporting. Over the game’s 24-year his-
tory, Kennedy and Krueger (1991) document an average
Standard and Poor’s 500 increase of about 15 percent
during those years in which the Super Bowl is won by the
NFL representative. Comparatively, the S&P 500 has de-
clined by almost 11 percent on average when an AFL
representative was victorious. Significant differences were
also found to exist during the first day and week following
the Super Bowl.

Kennedy and Krueger (1991) compared a buy-and-hold
strategy and use of the SB SMP, wherein funds were
invested in the S&P 500 following NFL victories and a
money market fund following AFL victories. Tax-exempt
investors earned over two and one-half times as much using
the SB SMP. After adjusting for estimated taxes on capital
gains and dividends, use of the SB SMP resulted in a
terminal portfolio value two-thirds greater than a buy-and-
hold strategy. Interestingly, in two of the three years that the
SBSMP has been wrong, the AFL representative won,
predicting a stock market decline, and directing investment
in a money market fund. Returns on the money market fund
in these years exceeded the return on the S&P 500. The
buy-and-hold strategy outperformed the SB SMP in the
other year.

Researchers have been unable to identify the source of
this seemingly fortuitous relationship, but have discovered
that (1) the phenomenon is international (the average change
in the Financial Times Index during NFL years was 20
percent and AFL years was —7 percent); (2) no relationship
exists between the Super Bowl outcome and prior stock
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