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Part I
From Early Modern Economics To
Imperfect Knowledge Economics
When macroeconomists confront their models with time-series data they of-
ten nd gross inconsistencies. In our recent book (Frydman and Goldberg,
2007), we argue that contemporary models also su"er from insuperable epis-
temological aws. We trace these empirical and theoretical di!culties to a
common source: in modeling aggregate outcomes, contemporary economists
fully prespecify the causal mechanism that underpins change in real-world
markets. They do so because they have come to believe that, in order to be
worthy of scientic status their models should generate sharp predictions of
how individual decision making and market outcomes evolve over time.1

In our book, we propose an alternative approach to economic analysis,
which we call Imperfect Knowledge Economics (IKE). Although IKE builds
on the methodology of contemporary macroeconomics by modeling aggregate
outcomes on the basis of mathematical representations of individual decision
making, it jettisons models that generate sharp predictions. In this paper,
we elaborate on and extend the arguments that led us to propose IKE. We
show analytically that in order to avoid the fundamental epistemologicalaws
inherent in extant models, economists must stop short of fully prespecifying
change. We also show how acknowledging the limits of their knowledge may
enable economists to shed new light on basic features of the observed time-
series of market outcomes, such as uctuations and risk in asset markets,
which have confounded extant approaches for decades.

1As we illustrate rigorously in section 7, a contemporary model is said to generate a
sharp prediction of change if, conditional on the probablity distribution of outcomes at
some inititial time, it represents outcomes at all other times, past and future, with a single
probability distribution.
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1 Modern Macroeconomics: Individual Fore-
casting and Aggregate Outcomes

Modern macroeconomics constructs models of aggregate outcomes on the
basis of mathematical representations of individual decision making, with
market participants’ forecasting behavior lying at the heart of the interac-
tion between the two levels of analysis. Individuals’ forecasts play a key
role in how they make decisions, and markets aggregate those decisions into
prices. The causal mechanisms behind both individual decisions and aggre-
gate outcomes, therefore, depend on market participants’ understanding of
the economy and how they use this knowledge to forecast the future.
By focusing on the central role of forecasting for understanding the con-

nection between micro and macro outcomes, economists have achieved im-
portant insights. For example, building on the path-breaking work of Phelps
(1968, 1970), Lucas (1976) sharply criticized econometric policy analysis that,
based on Keynesian aggregate models, examined the e"ects of changes in tax
rates, money supply, or other “policy” variables on market outcomes. This
analysis presumed that the same structure – the set of causal variables and
the parameters that relate them to those variables – would continue to rep-
resent adequately the causal mechanism after a change in policy. The main
point of the “Lucas critique” was the untenability of that premise. He argued
that changes in policy variables would alter the way market participants fore-
cast the future – and hence their decision-making. In general, this change
on the individual level would also alter the causal mechanism driving market
outcomes.
Lucas o"ered a seemingly straightforward remedy to this fundamental

di!culty. He presumed that the Rational Expectations Hypothesis (REH)
would enable economists to model exactly how policy changes would a"ect
market participants’ forecasts and aggregate outcomes. REH postulates that
the economist’s aggregate model precisely represents the causal mechanism
driving individuals’ forecasts and their revisions. By constraining the predic-
tions on the individual and aggregate levels to be one and the same, REH is
thought to o"er a “scientic” way to predict both the micro and macro e"ects
of policy changes. In embracing REH-based models, economists have merely
replaced Keynesian policy analysis with another mechanistic approach to
evaluating the consequences of policy changes.
To be sure, the Lucas critique of Keynesian models does not depend on
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REH: it requires only that policy changes inuence forecasting strategies
signicantly enough to alter the causal mechanism driving market outcomes.
What has been largely overlooked, however, is that Lucas’s critical arguments
point to a fundamental di!culty inherent in the entire modern research pro-
gram in macroeconomics. After all, while policy changes undoubtedly play
a role in market participants’ alteration of their forecasting strategies, so do
many other factors.2

In fact, even if one were to limit the analysis solely to policy changes, the
solution that Lucas proposes is facile: REH supposes that individuals revise
their forecasting strategies in mechanical ways that can be precisely speci-
ed in advance. However, in capitalist economies, individuals are strongly
motivated to search for genuinely new ways to forecast the future and de-
ploy their resources. The social context, including the institutions within
which individuals make decisions, also changes in unforeseeable ways. But
when the social context or how market participants’ forecast future outcomes
changes, so too does the causal mechanism underpinning market outcomes.
Thus, change in capitalist economies is to a signicant extent non-routine,
for it does not follow pre-existing rules and procedures. The premise of IKE
is that leaving macroeconomic models open to such change is crucial for
understanding outcomes in real-world markets.

2 EarlyModern Narrative Accounts: Respect-
ing the Limits to Knowledge

The history of economic thought includes widely di"ering responses to the
daunting challenge that change poses for economic analysis. Early modern
economists relied on a largely narrative mode of analysis. Although im-
precise by contemporary standards, narrative accounts had the important
advantage of leaving economists relatively free to explore the complexity and
opaqueness of the interdependence between individual rationality, the so-
cial context of decision-making, and market outcomes.3 Indeed, the giants
of early modern economics uncovered remarkably powerful and durable in-

2For some early warnings concerning the fundamental aws of the REH approach, see
Frydman (1982), Phelps (1983), and Frydman and Phelps (1983).

3Of course, a narrative mode of analysis also constrains argument, but this constraint
is relatively weak compared to the rigor of mathematical language.
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sights, such as Hayek’s (1948) prescient prediction that socialist planning is
bound in principle to fail; Knight’s (1921) assertion that standard proba-
bilistic uncertainty cannot adequately characterize business decisions; and
Keynes’s (1936) closely related arguments concerning the importance of rad-
ical uncertainty, the social context, and conventions for forecasting returns
and risk on investment in real and nancial assets. These insights point to the
fundamental aw in contemporary economists’ research program: the causal
mechanism that underpins change in capitalist economies is not completely
intelligible to anyone, including market participants, economists, policy o!-
cials, or social planners.

3 Contemporary Models: Fully Prespecify-
ing Change

Largely ignoring early modern arguments concerning the inherent limits to
economists’ knowledge, contemporary economists construct models that we
call fully predetermined. These models represent the causal mechanism that
underpins change on the individual and aggregate levels with mechanical
rules. Thus, they leave no room for changes in individual decision making
and aggregate outcomes that have not been fully specied in advance by an
economist.
Economists represent an individual’s decision making by specifying her

forecasts of future market outcomes, preferences that rank the future con-
sequences of her decisions for her well being, and the constraints that she
faces. They also specify a decision rule, such as maximization of an individ-
ual’s well being, which selects the preferred deployment of resources. In this
way, economists represent the way an individual makes decisions in terms of
a set of causal factors.
Alternative specications of preferences, forecasting strategies, constraints,

and the decision rule enable economists to formalize competing explanations
of individual decision making.4 At some arbitrary “initial” point in time,
these representations relate an individual’s choices to causal factors with
qualitative conditions.5 However, although these representations of individ-

4For an overview of alternative specications of these components and how they result
in alternative representations of individual decision-making, see chapter 3 of our book.

5For example, it is common for economists to assume that an individual’s utility de-
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ual decision-making are qualitative, contemporary economists fully prespec-
ify change by imposing restrictions that relate their representations at all
points in time, past and future, exactly to the properties of their representa-
tion at the initial point in time. Based on such microfoundations, contempo-
rary models also fully prespecify, in terms of some set of causal factors, how
market outcomes unfold over time.
Over time, individuals alter the way they to make decisions. In general,

therefore, models with structures that vary over time are required to rep-
resent adequately individual decision making. Oddly, in view of the broad
applicability of the Lucas critique, the vast majority of contemporary models
do not allow for any changes in their structure. These time-invariant mod-
els do not accord any role to revisions in forecasting strategies in driving
outcomes; instead, they force economists to rely solely on the movement of
causal factors to explain time-series data. These factors are represented as
random variables, referred to as “exogenous shocks.” The random variation
in these shocks is supposed to account for new information that becomes
available to market participants. Consequently, contemporary economists
focus on information and its asymmetries as the principal factors driving
market outcomes. As with the rest of the structure of contemporary models,
the probability distributions of the causal variables or new information are
usually assumed to be time-invariant.
Contemporary economists sometimes recognize the importance of incor-

porating in their models the fact that participants in real-world markets do
not adhere endlessly to one forecasting strategy, or, more broadly, that they
alter the way they make decisions. They also sometimes take into account
the fact that the social context, particularly economic policy, changes over
time, at least intermittently. However, because the resulting models deter-
mine exactly how individual decisions and the social context may change
over time, they remain as mechanistic as their time-invariant counterparts.6

By adhering to the bogus belief that only models that promise sharp predic-

pends positively on her consumption of goods or that her forecast of a future market price
depends positively on the current value of this price.

6A popular way to model policy changes in the literature is to use the Markov-switching
framework of Hamilton (1988, 1990). We show in Frydman and Goldberg (2007, chapter
6) that because such models fully prespecify the set of possible structures that might
represent outcomes and a probabilistic rule that determines the timing of change, their
representations of aggregate outcomes are formally equivalent to those implied by models
whose structure is time-invariant.
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tion deserve scientic status, contemporary economic analysis locks in the
presumption that individuals never forecast or alter their decision-making in
new ways.
Of course, economists recognize that knowledge, including their own,

is imperfect and that time-invariant models or those that fully prespecify
change are fraught with error. To represent their own imperfection of knowl-
edge, they include additive error terms to their models. As with new in-
formation, economists usually assume that the distributions characterizing
these error terms never change, or if change is allowed, they fully prespecify
it.7 Here, again, contemporary economics embodies an odd and counterpro-
ductive conception of imperfect knowledge. By fully predetermining how the
probability distributions of the error terms in his model evolve over time, an
economist, in e"ect, fully prespecies how his own imperfection of knowledge
unfolds between the initial time and all other time periods.

3.1 Rational Expectations Models

Virtually all contemporary economists have adopted a set of a priori as-
sumptions that putatively characterize how rational individuals make deci-
sions, with REH as the centerpiece of their standard of rationality. In REH,
people’s beliefs “are not inputs,” but the outcomes of economists’ theories.8

Thus, REH rules out the possibility that market participants’ forecasting
strategies play an autonomous role in driving individual decision making and
aggregate outcomes. An REH model derives its representation of forecast-
ing strategies from its specication of preferences, constraints, and the way
that policy and other causal variables unfold over time. As such, the causal
variables and parameters that make up an REH representation of forecasting
behavior stem solely from variables and parameters that an economist uses
to specify the other components of his model.
Proponents of REH-based models regard this “tightness” as the greatest

virtue of their approach. They often point to the fact that it “disciplines”
economic analysis in a way that was absent in earlier approaches. Indeed,
to inculcate and enforce this discipline in the economics profession, every
graduate student is warned early on to “[b]eware of theorists bearing free

7For a well-known formulation that fully prespecies stochastic terms within an econo-
mist’s model, see Engel (2003).

8Thomas J. Sargent, in an interview with Evans and Honkaponhja (2005, p. 566).
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parameters [arising from autonomous representations of forecasting strate-
gies].”9 Following this dictum, the vast majority of economists, whom we
refer to as conventional, appeal to REH in specifying the microfoundations
of their models.
Unsurprisingly, conventional models have experienced the most glaring

empirical failures in nancial and other markets in which revisions of fore-
casting strategies are among the key factors driving outcomes. Many of these
failures were uncovered by successive generations of conventional economists
themselves.10 Barred from constructing models that accord an autonomous
role to market participants’ forecasts, REH theorists have engaged in an in-
tensive e"ort to explain outcomes on the basis of alternative specications
of the other components of their models. For example, in attempting to ex-
plain the excess return of stocks over bonds as a risk premium, REH has led
economists to search for alternative specications of preferences.11

3.2 Behavioral Models

Behavioral economists, for their part, have also uncovered many inconsisten-
cies between the way market participants “actually” behave and standard
representations of rational behavior. However, they have not interpreted
their ndings as evidence that the contemporary standard of rationality does
not adequately represent rational decision-making. Instead, they have con-
cluded that market participants are not “fully rational.” This view has led
some behavioral economists to use parts of the contemporary standard of
rationality to specify certain components of their models, while replacing
others with their empirically motivated alternatives.
For example, some behavioral-nance theorists have continued to rely on

REH to represent individual forecasting. Thus, they follow their conventional

9Attributed to Robert E. Lucas, Jr. in Sargent (2001, p.73).
10Frydman and Goldberg (2007, chapters 7 and 8) provide an extensive discussion of the

empirical failures of REH models in the context of currency markets, along with more than
100 references to research documenting these failures. The list of such references would
grow considerably if the conventional approach’s failures in other markets were included.
11This research strategy has an important drawback. As Lucas (2003) points out, pref-

erence specications designed to explain outcomes in one market are often inapplicable
or not useful in modeling other markets. This is not surprising, because representations
of changes in preferences in REH models must capture the e"ect of changes in market
participants’ preferences and knowledge, and the latter clearly depend on the modeling
context.
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colleagues in searching for alternative specications of preferences to remedy
the failure of canonical REHmodels.12 However, the behavioral approach has
an important methodological advantage over its conventional counterpart:
it recognizes that forecasting plays an autonomous role in driving markets
and thus admits models that do not rely on REH. As a result, behavioral
economists have looked for empirically motivated alternatives to REH. This
search has yielded a number of valuable insights on how individuals form
and revise their forecasts. For example, they have documented a regularity
called “conservatism:” individuals tend to revise the strategies that they use
to form beliefs about uncertain outcomes in ways that lead to gradual changes
in those beliefs.13

Admitting such departures from REH into the microfoundations of eco-
nomic models is an important advance in macroeconomics. However, behav-
ioral economists have followed their conventional colleagues in insisting that,
to be worthy of scientic status, their models should generate sharp predic-
tions. Consequently, they have formalized their behavioral insights into how
individuals revise their beliefs with mechanical rules that specify exactly all
change in advance.

3.3 Internal Inconsistency and Flawed Microfounda-
tions

Beyond ignoring key factors that drive market outcomes, the practice of
fully prespecifying change creates insuperable epistemological problems for
modern macroeconomics. These problems stem from the standard use of
probability theory to represent decision- making under uncertainty.

12For a widely-cited behavioral model of the risk premium that relies on REH, see
Barberis et al. (2001). This study, which augments risk averse preferences with the as-
sumption of loss aversion, reports the results of calibration exercises that are supportive
of the model in the market for equities. However, Frydman and Goldberg (2007, chapter
13) show that, although the Barberis, et al model might appear successful according to
the calibration methodology in the market for equities, it is grossly inconsistent with the
observed time-path of currency prices.
13See Edwards (1968) and Shleifer (2000). We make use of this regularity in modeling

long swings in asset prices. See section 12.
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3.3.1 Standard Probabilistic Representations

Once an economist characterizes causal factors of his model as random vari-
ables, his model becomes probabilistic. Such models represent the causal
mechanism driving outcomes on the individual level at a point in time with
a probability distribution that is conditional on the set of causal variables.
A time-invariant model represents outcomes at every point in time with the
same conditional distribution. However, even if a contemporary economist
allows for change, he fully prespecies when and how the conditional prob-
ability distributions implied by his model vary over time. Because all tran-
sitions across probability distributions are fully predetermined, such models
in e"ect characterize individual decision making at every point in time with
the same overarching probability distribution.14

3.3.2 Diversity and Gross Irrationality

Most contemporary economists ignore the diversity of forecasting strategies
that we observe in real world markets. To represent such diversity, an econo-
mist would specify more than one conditional probability distribution on the
individual level. However, if he were to do so, at least some, if not all, of
those distributions would systematically di"er from the single overarching
probability distribution – a sharp prediction – generated by the aggregate
model. Thus, any fully predetermined model that recognizes diversity in how
market participants forecast the future is necessarily internally inconsistent.
Lucas (1995, pp. 254-255; 2001, p.13) has forcefully argued against such

models:.because an economist hypothesizes that his model adequately repre-
sents regularities in market outcomes, his representations of market partic-
ipants’ forecasting strategies should not be systematically inconsistent with
the hypothesized regularities that the aggregate model implies. Indeed, in
his Nobel lecture, Lucas (1995, p. 255) pointed to internal inconsistency as
the key di!culty in constructing macroeconomic models based on represen-
tations of individual decision making.

The prevailing strategy for macroeconomic modeling in the
early 1960’s held that the individual or sectoral models arising
out of this intertemporal theorizing could then simply be com-
bined in a single model. But models of individual decisions over

14For a rigorous demonstration, see chapter 6 of our book.
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time necessarily involve expected future prices. . . . However, . . .
[aggregate] models assembled from such individual components
implied behavior of actual prices. . . that bore no relation to, and
were in general grossly inconsistent with, the price expectations
that the theory imputed to individual agents (Lucas, 1995, pp.
254-255, emphasis added).

Internally inconsistent models presume that market participants adhere to
strategies that generate systematic forecast errors, and thus attribute to them
gross irrationality. For Lucas, therefore, any such model of time-series regu-
larities is “the wrong theory.”
Lucas’ argument is compelling. However, avoiding inconsistency between

a model’s representations on the individual and aggregate levels is not as
simple as it might appear: in a world of imperfect knowledge, economists
must jettison sharp predictions – the sine qua non of Lucas’s own approach.

3.3.3 REH

Otherwise, an economist is left with only on way to rid macroeconomic mod-
els of internal inconsistency: he must represent market participants’ fore-
casting strategies with the one probability distribution generated by the ag-
gregate model that he himself constructs. Indeed, the promise of internal
consistency is precisely why Lucas and others embraced REH. As Lucas later
put it, “John Muth’s [REH] focused on this inconsistency. . . and showed how
it can be removed” (Lucas, 1995).
Although REH automatically removes internal inconsistency from an

economist’s model, Muth understood that it should not be viewed as a nor-
mative hypothesis about how rational individuals should forecast the future.
As he put it,

At the risk of confusing this purely descriptive hypothesis with a
pronouncement as to what rms ought to do, we call such expec-
tations “rational” (Muth, 1961, p. 316, emphasis added).

Of course, what applies to rms is true of other market participants as well.
Unfortunately, despite Muth’s warning, REH is, in fact, commonly inter-
preted as a pronouncement as to what they ought to do.
Early critics pointed out a number of reasons why REH should not be re-

lied on to represent adequately market participants’ forecasting strategies. let
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alone how rational — purposeful— individuals forecast the future.15 Frydman
(1982) argued that there is an inherent conict between REH’s presumption
that “people’s beliefs” can be adequately represented with the prediction
of an economist’s model and the premise that market participants are moti-
vated by self-interest: purposeful individuals would not, in general, adhere to
a single forecasting strategy, let alone the strategy implied by an economist’s
model. Moreover, as Phelps (1983) pointed out, economists themselves have
constructed a number of alternative models of outcomes. Thus, if a par-
ticular economist’s model were somehow to represent rational forecasting,
the use of REH in any other model to represent forecasting would have to
presume gross irrationality. As we argue below, the only way to escape this
conundrum is to jettison the belief that rational decision-making can be fully
prespecied by an economist.

REH and the Mathematics of Planning REH models avoid the fore-
going di!culties by ignoring the diversity among economists’ models and
market participants’ forecasting strategies. Although they sometimes allow
for di"erences in preferences and information,16 they represent forecasts with
a single overarching probability distribution. Such representations are usually
referred to as the “representative agent’s” forecasting strategy.
While all economic models are abstractions, the representative-agent as-

sumption is particularly extreme: it ignores the division of knowledge, which
is the key feature that distinguishes the allocation of resources by decentral-
ized markets from an “optimal” deployment of resources by a single individ-
ual. As Hayek put it,

The economic problem of society is...not merely a problem of
how to allocate "given" resources — if "given" is taken to mean
given to a single mind which deliberately solves the [resource-
allocation] problem....It is rather a problem of how to secure the
best use of resources known to any of the members of society, for
ends whose relative importance only these individuals know. Or,
to put it briey, it is a problem of the utilization of knowledge

15Later critics built on these arguments. Particularly striking are the arguments by
Sargent (1993), who was an early advocate of REH. For further discussion and references,
see chapter 2 of our book.
16See Lucas (1973) for an early example and Stiglitz (2001) for an overview of informa-

tionally driven explanations of market outcomes.
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which is not given to anyone in its totality (Hayek, 1945, p. 519-
520, emphasis added).

In relying on REH, economists have ignored Hayek’s arguments. Indeed,
Lucas’s account of how REH led him to embrace the representative-agent
construct stands in stark contrast to Hayek’s position. In discussing market
outcomes for a competitive industry under perfect foresight, which is the
deterministic analog of REH, Lucas (2001, p. 13) pointed out that “one can
show that an industry over time will operate so as to maximize a discounted,
consumer surplus integral–a problem that is mathematically no harder than
the present value maximizing problem faced by a single rm.”
Lucas then asked “who, exactly, is solving this planning problem?” As

Hayek did, he recognized that “Adam Smith’s ‘invisible hand,’ of course,
not any actual person” (emphasis added). Nevertheless, in a striking leap of
faith, Lucas claimed that an economist – an actual person – can adequately
represent what the invisible hand of the market does by solving the value-
maximizing problem faced by a single rm.
For Hayek, the division of “knowledge which is not given to anyone in

its totality” was the key to his argument that central planners could not, in
principle, substitute for markets. For Lucas, REH models, which rule out
the division of knowledge and enable an economist to make use of a single-
agent optimization techniques, were the right tools to comprehend market
outcomes.17 As he put it,

[T]he mathematics of planning problems turned out to be just
the right equipment needed to understand the decentralized in-
teractions of a large number of producers. (Lucas, 2001, p.14)

In e"ect, Lucas posited that Smith’s invisible hand could be made visi-
ble and intelligible, after all. To understand markets, economists need only
to learn how to solve optimal allocation problems that a ctitious central

17As we pointed out above, Lucas (1973), Stiglitz (2001) and others have relied on
imperfect and asymmetric information in REH models to represent heterogeneity of fore-
casts in decentralized markets. Frydman (1983) formalizes the arguments in the so-called
“Socialist Calculation Debate” by von Mises (1920) and Hayek (1945). Frydman shows
that because REH models necessarily ignore the imperfection of knowedge concerning the
causal mechanism, Von Mises’ and Hayek’s arguments against planning apply wholesale
to contemporary REH models that attempt to capture “the decentralized interactions of
a large number of producers” solely with informational imperfections.
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planner confronts. Indeed, this is what graduate students in economics are
instructed to devote most of their time to doing.

Gross Irrationality of REH Representations Contemporary econo-
mists use the “mathematics of planning” to model market outcomes partly
because they believe that the representative-agent assumption is just a harm-
less approximation. However, our foregoing arguments make clear that this
abstraction is in fact a knife-edge assumption. Once one recognizes the
smallest degree of diversity of forecasting strategies, REH models become
internally inconsistent: even if, somehow, an REH model were to represent
adequately the average of those strategies, it would presume ipso facto that
an individual adhered to a forecasting strategy that generates systematic
forecast errors endlessly. Thus, REH models presume that market partici-
pants are grossly irrational. By Lucas’ own argument, they are the wrong
theory of market outcomes.

3.3.4 Behavioral Models

The microfoundations of behavioral models often rely on the representative-
individual construct. Sometimes, however, behavioral economists attempt
to capture the fact that participants in real-world markets employ di"erent
forecasting strategies. But, even if they allow for diversity, behavioral econo-
mists, too, embrace the conventional belief that economic models should
generate sharp predictions and thus fully prespecify change on the individual
and aggregate levels.
For an approach that aims for psychological realism, representing market

participants as robots who act according to rules that are fully prespecied
by an economist is odd. But what makes this approach’s reliance on fully
predetermined models particularly puzzling is that it was developed after
the REH revolution, the rationale for which was that fully predetermined
non-REH models, including non-REH behavioral representations, involve an
inherent inconsistency between their probabilistic implications on the indi-
vidual and aggregate levels. As Lucas argued, internally inconsistent models
are the wrong theory of time-series regularities.
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3.3.5 Sharp Predictions and the Modern Research Program

The contemporary methodology raises an intractable epistemological prob-
lem: there is an inherent conict between the objective of modeling market
outcomes on the basis of explicit, plausible microfoundations and the in-
sistence of both conventional and behavioral economists that their models
generate sharp predictions. In real world markets, contemporary models are
internally inconsistent, and their “microfoundations” represent grossly irra-
tional behavior.

4 The Promise of Imperfect Knowledge Eco-
nomics

We have traced the empirical failures and epistemological aws of contem-
porary models to economists’ insistence on sharp predictions. In part II, we
use a simple algebraic model of the market price to show that in order to
escape these aws, economists must abandon this position. Part III uses the
same simple model to illustrate how we have used IKE to model uctuations
and risk in asset markets – phenomena that have confounded conventional
models for decades. It also shows how IKE avoids the epistemological aws
of extant approaches.

4.1 Qualitative Models of Change

IKE continues the modern research program in macroeconomics, which was
interrupted by the REH revolution. The giants of early modern economics
(Knight, 1921; Keynes, 1921, 1936; Hayek, 1945, 1948) and the origina-
tors of the modern micro-based approach to macroeconomics (Phelps, 1968,
1970) emphasized the importance of forecasting for understanding market
outcomes. However, they also argued that the key feature of capitalist mar-
ket economies is that they engender change that cannot be prespecied with
mechanical rules. At the time Phelps pioneered modern macroeconomics, it
was not apparent how to leave mathematical models open to autonomous,
non-fully prespecied revisions of forecasting strategies while still represent-
ing individual decision-making mathematically. We propose IKE as such an
approach and compare it with extant approaches to modern macroeconomics.
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Like contemporary models, IKE models consist of representations of an
individual’s preferences, the constraints that she faces, her forecasts of the
future outcomes that are relevant to her wellbeing, and a decision rule that
selects her preferred deployment of resources. However, IKE recognizes that
knowledge is inherently imperfect: no one has access to a fully predetermined
model that adequately represents, as judged by whatever criteria one chooses,
the causal mechanism that underpins outcomes in all time periods, past and
future. Consequently, IKE does not fully prespecify which causal variables
may be relevant, or when and how these variables may enter an economist’s
representation of forecasting behavior. In this way, IKE models remain open
to changes in the ways individuals in real-world markets forecast the future –
ways that they themselves, let alone economists, cannot specify in advance.
Although IKE jettisons sharp predictions, it aims to explain aggregate

outcomes on the basis of mathematical representations of individual decision
making. To this end, IKE explores the possibility that revisions of forecasting
strategies, though diverse and context-dependent, might exhibit qualitative
regularities that can be formalized with mathematical conditions. Never-
theless, an aggregate model based on such microfoundations generates only
qualitative predictions of market outcomes.

4.1.1 Non-Standard Use of Probabilistic Formalism

Contemporary models represent outcomes at each point in time, as well as
how they unfold over time with a single “overarching” conditional probability
distribution.18 The relationships between the moments of this distribution
and the set of causal variables constitute the model’s empirical content that
they can be confronted with the time-series data.
By contrast, early modern economists argued that standard probabilistic

representations cannot adequately represent change. Indeed, both Knight
and Keynes emphasized that economic decisions and institutional and policy
changes are fraught with radical uncertainty; the complete set of outcomes
and their associated probabilities can neither be inferred from past data nor
known in advance.
Radical uncertainty is often thought of as a situation in which no economic

theory is possible: neither economists (nor market participants) are able to
represent mathematically any aspects of the causal mechanism underpinning

18See chapter 6 of our book.
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change. IKE adopts an intermediate position between radical uncertainty
and the contemporary presumption that models that fully prespecify change
are not only within reach of economic analysis, but anything less is not worthy
of scientic status.
Of course, if economic decisions stem only from erratic “animal spirits,”

no economic theory is possible. As Phelps (2008) has recently put it, “an-
imal spirits can’t be modelled.” Although animal spirts may play a role,
IKE explores the possibility that individual decision-making displays some
regularity that can be prespecied with a mathematical model.
Departing from the position of Knight and Keynes, IKE makes use of the

probabilistic formalism. This facilitates the formalization of conditions that
specify the microfoundations of IKE models and the mathematical derivation
of their qualitative implications. However, IKE recognizes the importance of
early modern arguments that market participants, let alone economists, have
access to only imperfect knowledge of which causal factors may be useful for
understanding outcomes and how they inuence those outcomes.
Like extant approaches, IKE represents revisions of market participants’

forecasting strategies, and more broadly change in how individuals make
decisions, with transitions across probability distributions. However, IKE
constrains these revisions with only qualitative conditions. Consequently,
it does not follow extant approaches in presuming that individual decision
making and market outcomes can be adequately represented with a single
overarching probability distribution. At the same time, IKE does not adopt
the other extreme position that uncertainty is so radical as to preclude econo-
mists from saying anything useful and empirically relevant about how market
outcomes unfold over time.
Because its restrictions on change are qualitative, IKE models represent

outcomes at every point in time with myriad of probability distributions.
Nevertheless, the qualitative restrictions of IKE models constrain all tran-
sitions across probability distributions to share one or more qualitative fea-
tures. These common features, which are embodied in what we call partially
predetermined probability distributions, enable economists to model mathe-
matically some aspects of the causal mechanism that underpins individual
decision making and market outcomes.19 Such probabilistic representations
constitute the empirical content of IKE models.

19For some simple examples of partially predetermined probability distributions, see
chapter 3 of our book.
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Although IKE acknowledges the limits to knowledge, it constrains its
models su!ciently to distinguish empirically among alternative explanations
of aggregate outcomes. In our book, we develop several alternative IKE
models and show that their qualitative predictions enable us to reject some
in favor of others on the basis of time-series data. Jettisoning sharp pre-
dictions may appear to lower the “scientic standard” that economists have
self-imposed on their models. However, as Hayek anticipated, replacing the
“pretense of exact knowledge” with imperfect knowledge as the foundation
for economic analysis is crucial for understanding markets. Remarkably, stop-
ping short of sharp predictions is also necessary to escape the epistemological
aws of extant fully predetermined models.

4.2 Avoiding Epistemological Flaws of Contemporary
Models

As we mentioned above, although some well-known behavioral models use
REH, the behavioral approach admits non-REH representations of forecast-
ing strategies, thereby according forecasts an autonomous role in driving
market outcomes.
The acceptance of the behavioral approach has weakened the position of

REH as the way to model forecasting behavior. But, it has not diminished
contemporary economists’ insistence on models that generate sharp predic-
tions. Indeed, despite their focus on psychological realism, behavioral econo-
mists fully prespecify their non-REH representations, and leading behavioral
economists have emphasized that theirs “is not meant to be a separate ap-
proach [of contemporary economics] in the long run” (Camerer, Loewenstein
and Rabin, 2004, p. 42).
Like the behavioral approach, IKE accords market participants’ forecast-

ing strategies an autonomous role in driving individual decision-making and
hence market outcomes. However, because it represents revisions of these
strategies with qualitative conditions, IKE enables economists to avoid the
internal inconsistency inherent in behavioral models. The key reason for this
assertion is already apparent in our foregoing discussion of fully predeter-
mined models.
On the aggregate level, the predictions of an IKE model are character-

ized with myriad distributions, whereas on the individual level, a pluralism
of distributions is required to represent diversity of forecasting strategies.
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Thus, by limiting itself to qualitative predictions on the aggregate level, IKE
opens the microfoundations of its models to a diversity of strategies without
necessarily introducing internal inconsistency.
Although jettisoning sharp predictions is necessary to avoid internal in-

consistency, it is not su!cient. As we discuss more fully in section , an IKE
model avoids inconsistency in di"erent ways, depending on the predictions
that it generates at the aggregate level and which aspects of the causal mech-
anism it constrains on the individual level. We show that an IKE model can
avoid internal inconsistency, and thus the presumption of irrationality, even
if it assumes that the diversity of forecasting strategies includes some that
predict the market price to rise and others that predict it to fall.

5 Contextual Rationality of IKE Models

We have sketched how IKE’s approach to modeling market outcomes on the
basis of mathematical microfoundations enables an economist to escape the
insurmountable aws inherent in extant approaches, including the gross ir-
rationality of both REH and fully predetermined non-REH representations.
However, the implications of jettisoning sharp predictions are broader. Ac-
knowledging the limits to knowledge of how individuals think about the fu-
ture calls for a reexamination of the very notions of rationality and purposeful
decision-making. This rather large undertaking requires a separate treat-
ment, but our foregoing discussion underscores a few key di"erences between
IKE’s view of rationality and that of extant approaches.
Economists usually equate rationality – being able to justify one’s ac-

tions by an appeal to one’s objectives and reason20 – with self-interest.
Consequently, they represent rational decision making on the part of an in-
dividual with the deployment of resources that maximizes her well-being.
That much is common to all approaches, including IKE. Conventional econo-
mists, however, go much further. They believe not only that self-interest is
a universal human trait, which they invoke as the main “reason” behind
individual decision-making, but also that they can adequately represent self-
interested behavior with mechanical rules. Indeed, contemporary economists
often use the same fully predetermined representations to explain individ-
ual self-interested behavior and aggregate outcomes over many decades or in
di"erent economies or markets.
20Paraphrased from Meriam-Webster’s Dictionary.
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Behavioral economists share both the conventional view of rationality and
the belief that it can be represented with mechanical rules. This understand-
ing leads them to diagnose the incompatibility between actual behavior and
conventional representations of “rational” behavior as a symptom of market
participants’ “irrationality.” They then proceed to use mechanical rules to
fully prespecify the irrationality that they believe they have found.
Our discussion of IKE suggests that even if, on the margin, conventional

models’ failures have something to with market participants’ irrationality, at-
tempting to build economic theory on exact representations of irrationality is
as futile as attempting to build it on exact representations of rationality. The
key premise of IKE is that no mechanical rule can adequately represent how
purposeful individuals alter their decision-making and how they forecast the
future consequences of their decisions. Thus, we should expect to nd what
behavioral economists have found: gross discrepancies between conventional
representations of rational decision making and the way individuals actually
behave.21

The key role of forecasting in rational decision making also implies that,
even if an economist were able to attribute clear objectives to a market partic-
ipant, he would still be unable to assess or represent exactly the participant’s
rationality or irrationality.22 Rational decisions depend on forecasts of future
market outcomes, which are not only a result of the actions of many individu-
als, but also depend on future economic policies, political developments, and
institutional changes. Thus, even if individuals are presumed to be purely
self-interested, how they deploy their resources depends at least as much on
the social context as it does on their personal motivations. Thus, in a world
of imperfect knowledge, rationality is always contextual.

21In chapter 13 of our book, we discuss a striking example of how the reliance on me-
chanical rules can lead to absurd conclusions. Economists have convinced themselves that
it is possible to make money systematically by following a rule as simple as betting against
the forward exchange rate. And yet individuals in these markets who are handsomely re-
warded for nding such prot opportunities have somehow ignored the forward-rate rule.
22Kay (2004) has called this fundamental di!culty “obliquity.” As he quipped, “no one

will ever be buried with the epitaph ‘He maximized shareholder value,’ ...because even
with hindsight there is no way of recognising whether the objective has been achieved.”
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5.1 Combining Insights fromEconomics and Other Dis-
ciplines

IKE is compatible with, though it does not require, the presumption that
market participants are contextually rational. However, we cannot disen-
tangle the complex and changing interdependence between an individual’s
motivations and her forecasts, which are shaped primarily by the context
within which she makes decisions. As such, the characterization of contex-
tual rationality with only a priori assumptions is out of reach of economic
analysis.
In modeling individual behavior, therefore, economists must make use

of empirical ndings about how individuals actually behave. This neces-
sity undermines the common belief among economists, which is increasingly
echoed by others, that contemporary economics can rigorously explain the
ndings of other “soft” social sciences. The contextual view of rationality
implies precisely the opposite: in order to represent purposeful individual
decision-making, economists must draw on the ndings of other social scien-
tists. Consequently, IKE makes use of such ndings and insights in specifying
the microfoundations of its models.

5.1.1 Preferences

Many studies have found that conventional representations of preferences,
which usually involve expected utility theory and the assumption of risk
aversion, are grossly inconsistent with the way individuals actually behave.
Much of the evidence concerning how individuals make choices is based on
laboratory experiments in which the structure of payo"s from various gambles
is predetermined by the experimenter. This common experimental design
allows the investigator to examine the nature of an individual’s preferences
without the confounding problem of having to represent her forecasts of the
potential payo"s from gambling. The ndings concerning the importance of
loss aversion and the seminal formulation of prospect theory by Kahneman
and Tversky (1979) and Tversky and Kahneman (1992) made use of such a
setup.
Building on prospect theory, we develop a representation of preferences

for modeling decision-making under imperfect knowledge that is consistent
with experimental evidence. This representation, which we call endogenous
prospect theory, supposes that an individual’s preferences share certain qual-
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itative features at every point in time. This utility ranking depends on her
forecasts of the outcomes of her decisions regarding the allocation of her re-
sources, in particular, on her forecast of future returns and on her forecast
of the potential loss that she might incur. The representation also assumes
that an individual’s degree of loss aversion increases as her forecast of the
size of the potential loss increases. Because we represent forecasting with
qualitative conditions, the way in which an individual’s degree of loss aver-
sion changes between any two points in time is only partially predetermined
in our models.
Although laboratory experiments have been the key to uncovering new

ways to model preferences, their typical design e"ectively limits the econo-
mist’s view of an individual’s decision-making; the economist is able to ob-
serve only the subject’s responses to an experimenter’s stimuli. This basic
framework, which is used extensively in psychological research, sidesteps a
key problem: participants in real-world markets forecast payo"s – the ex-
perimenter’s “stimuli” – on the basis of imperfect knowledge. Moreover,
these forecasts depend not only on the subject’s creativity, her analytical
abilities, and other personal characteristics, but also on the unfolding social
context.23 As a result, the basic type of model used in these psychological
experiments is grossly insu!cient as a foundation for representing economic
behavior.

5.1.2 Forecasting Behavior

The premise that self-interested or, more broadly, purposeful behavior is to
an important degree context-dependent does not preclude the usefulness of
insights from psychology in modeling individual behavior. Indeed, we make
use of some of these insights in representing how an individual revises her
forecasting strategy.24

However, the importance of the social context for an individual’s decision-
making implies that, in searching for empirical regularities that might be
useful in modeling an individual’s decisions, economists will need to look
beyond laboratory experiments and insights from psychology. Other social

23Kahneman and Tversky (1979) recognized that laboratory experiments, while useful
in uncovering the properties of the utility function over single outcomes, may be much
less informative about an individual’s choices over gambles with two or more uncertain
outcomes in real-world markets.
24See section 12
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scientists have knowledge and intuitions concerning the social context within
which individuals make decisions that may complement economists’ work in
modeling individual forecasting behavior.
We make use of Keynes’s (1936) insight that conventions among market

participants play an important role in individual decision-making. We also
draw on our understanding of the qualitative regularities that have charac-
terized aggregate outcomes; we suppose that market participants must also
be aware of these of regularities when they form their forecasts. For example,
the tendency of exchange rates to undergo long swings away from historical
benchmark levels and then to exhibit sustained counter-movements plays a
key role in our model of the premium on foreign exchange.
The distinguishing feature of IKE models is that they require an econo-

mist to prespecify neither the potential set of causal variables that underpin
change in outcomes nor the inuences of these variables in his representation.
This is important, as the presumption that an economist can prespecify, even
partially, the set of causal variables and their inuences is very bold.
Nevertheless, in addressing some problems, an economist may have to

represent these aspects of the causal mechanism. For example, in order
to examine whether macroeconomic fundamentals matter for exchange rate
movements, an economist must prespecify, at least partially, a representation
of the causal mechanism, which includes the set of potential fundamentals
(potential causal factors) and how they inuence the exchange rate.
To this end, we consider the possibility that the stock of extant economic

models summarizes economists’ insights concerning the causal factors that
underpin market outcomes. Presumably, these insights are shared by market
participants. This idea underlies the Theories Consistent Expectations Hy-
pothesis (TCEH) proposed by Frydman and Phelps (1990). TCEH recognizes
that a set of extant economic models at best indicates to a market partici-
pant, or to an economist attempting to represent her behavior, which causal
variables may be important for forecasting market outcomes; it also suggests,
in a qualitative way, how these variables may inuence those outcomes.25

In our book, we propose a simple procedure that enables an economist
to take into account the qualitative features of more than one model in con-

25In an early implementation of TCEH, Goldberg and Frydman (1996a) relied on the
qualitative features of the reduced forms of several REH models to represent individual
forecasting behavior. In our book, we eschew REH and propose how an economist can
decipher the qualitative features of the reduced forms of a set of models under imperfect
knowledge.
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structing his representation of market participants’ forecasting strategies. We
show that TCEH representations can rationalize many of the sign predic-
tions implied by the REH monetary models of the exchange rate. However,
although TCEH may seem to be just a qualitative analog of REH, there are
two fundamental di"erences. In order to account for the social context within
which market participants’ act, TCEH recognizes that an economist cannot
ignore the pluralism of models. Moreover, TCEH only partially prespecies
change.

6 IKE as the Boundary of What Macroeco-
nomic Theory Can Deliver

In our book, we show how IKE can account for the salient features of the
empirical record on exchange rates, which have confounded extant models.
In part III, we sketch our analysis and show it can be applied to study price
movements in other asset markets. Although these results are promising, it
is much too early to claim broader usefulness for IKE in macroeconomic and
policy modeling.
In contrast to the conventional approach, which seeks to understand eco-

nomic decisions with universal mechanistic rules, the constraints of IKEmod-
els are qualitative and context dependent. If qualitative regularities can be
established in contexts other than asset markets, IKE can show how they can
be incorporated into mathematical models. However, in contexts in which
revisions of forecasting strategies cannot be adequately characterized with
reasonably long-lasting qualitative conditions, empirically relevant models
of the observed time-series may be beyond the reach of economic analysis.
In this sense, IKE provides the boundary to what modern macroeconomic
theory – which aims to explain empirical regularities in aggregate outcomes
with models that are based on mathematical microfoundations – can deliver.
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Part II
Why Macroeconomic Theory Cannot
Ignore the Limits to Knowledge

7 Fully Prespecifying Change to Generate Sharp
Predictions

In this part, we make to use of a simple algebraic model of the market price
to formalize the key arguments of our critique of contemporary models. We
begin by showing how the pursuit of sharp predictions leads economists to
fully prespecify change in their models.
Our simple algebraic example is motivated by basic supply and demand

analysis. In nancial markets as well as in many other markets, the quantity
demanded and supplied on the individual level is often thought to depend
on the forecast of the future market price and a set of causal variables, such
as the money supply or rate of growth of real output. Aggregating such
representations of individual decision-making, and determining the market
price by equating aggregate demand and supply, typically yields the following
representation, in semi-reduced form, for the equilibrium price at a given
point in time:

!! = "! + #!$! + %!!̂!|!+1 (1)

where $! is a set of causal variables, ("!& #!& %!) is a vector of parameters,
and !̂!|!+1 is an aggregate of market participants’ forecasts formed at ' of the
market price at '+ 1.
Individual forecasts that comprise the aggregate forecast, !̂!|!+1, are formed

on the basis of forecasting strategies at '. Contemporary economists rep-
resent these forecasts by relating them to a set of causal variables, which
represents the information sets used by market participants. An aggregate
of such representations can be written as,

!̂!|!+1 = (! + )!*! (2)

where *! is a vector of causal variables that represents the union of informa-
tion sets used by market participants and ((!& )!) is a vector of parameters.
An economist formalizes his assumptions about individual decision-making

and how it translates into aggregate outcomes by placing restrictions on his
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representations. At each point in time, the structure of an economist’s model
is characterized by the following properties:

1. The composition of the set of causal variables appearing in the repre-
sentations on the individual and aggregate levels.

2. The properties of the joint probability distribution of the causal vari-
ables.26

3. A functional form that relates outcomes and the causal variables, typ-
ically including the signs of partial derivatives. In cases, such as our
example, in which the functional form is explicit, economists often re-
strict the signs of some parameters.

In general, as time passes, individuals alter the way they make decisions.
Various aspects of the social context also change. These changes inuence
the way aggregate outcomes move over time. Thus, to model the causal
mechanism over time, an economist will need di"erent structures – di"erent
specications of forecasting, preferences, constraints, decision and aggrega-
tion rules, or the processes driving the causal variables – at di"erent points
in time to represent individual behavior and market outcomes.
However, as we have already mentioned, most economists construct mod-

els which use the same structure to represent individual behavior and aggre-
gate outcomes at every point in time. Such time-invariant models presume
that individuals never alter, let alone devise, new ways to forecast future
market outcomes. Sometimes economists do recognize the need to allow for
change in their models. However, the insistence that their models should gen-
erate sharp predictions leads both conventional and behavioral economists to
impose restrictions that fully prespecify this change; that is, they relate the
properties of the structure of a model at all points in time, past and future,
exactly to the properties of its structure at some arbitrary “initial” point in
time.

7.1 Fully Predetermining Restrictions

What is perhaps most striking about contemporary representations is that
they prespecify exactly how individuals revise the way they think about the
future and how the social context unfolds over time.
26If the the model includes additive error terms, the conditions imposed by an economist

also specify the joint probability distribution between these terms and the causal variables.

29



In general, an economist would need to fully prespecify the timing of all
revisions and the representations that he believes will adequately represent
all post-change forecasting strategies. In doing so, he could modify the set of
causal variables that he includes in his representation, or even pick a di"erent
functional form. Because such complications would not a"ect any of our
conclusions, we suppose that an economist represents revisions of forecasting
strategies with a parametric shift in his aggregate representation at '+1 and
that he assumes that these strategies will remain unchanged thereafter:

!̂!+" |!+"+1 = (!+" + )!+"*!+" for + = 1& 2& 3,,, (3)

In this example, revisions, which are set to occur only '+ 1, are represented
by two constants -(!#!+1) and .(!#!+1):27

-(!#!+1) = (!+1 ! (! and .(!#!+1) = )!+1 ! )! (4)

Contemporary economists fully prespecify revisions of forecasting strate-
gies, which in the context of our example, would constrain-(!#!+1) and .(!#!+1)
to take on particular values. The assumption of time-invariance would con-
strain the representation of forecasting strategies to remain unchanged at all
times, past and future; that is it would set -(!#!+1) = 0 and .(!#!+1) = 0,
Infrequently, contemporary economists allow for revisions of forecasting

strategies in their models. A simple way to fully predetermined change is to
set -(!#!+1) and .(!#!+1) equal to particular values - and ., respectively:

-(!#!+1) = (!+1 ! (! = - and .(!#!+1) = )!+1 ! )! = . (5)

We refer to such restrictions, which relate a model’s pre-and post-change
structures, as fully predetermining. Sometimes fully predetermining restric-
tions are probabilistic. For example, an inuential class of contemporary
models makes use of a rule that fully prespecies the timing of all changes
and the functions that relate -(!#!+1) and .(!#!+1) to the values of the causal
variables, conditional on the the “initial” structure.28

27Except for purely formal complications, our conclusions in this section apply to non-
linear representations. For example, suppose that the representation of the aggregate
forecasting strategy at !+1 is a nonlinear function of the causal variables. In such a case,
"(!"!+1) and #(!"!+1) would be nonlinear functions of the causal variables.
28For example, see Hamilton (1989, 1994). Frydman and Goldberg (2007, chapter 6)

show that all of our conclusions in this section apply to models that use a probablistic rule
to fully prespecify the timing of revisions and the post-change forecasting strategies.
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To complete the task of fully predetermining his model, an economist
would follow the foregoing procedure and fully prespecify its other compo-
nents. To simplify our example further and focus on change arising from re-
visions in forecasting strategies, we follow much of the literature and assume
that these other components are time-invariant. This assumption implies the
following fully predetermining restrictions in (1):

• The composition of the set causal variables, $!, and the properties of
their joint probability distribution, remain unchanged at all times, past
and future.

• The parameters.("!& #!& %!) are constants, that is, ("!& #!& %!) = ("& #& %)
for all '.

By imposing the foregoing fully predetermining restrictions on (1) and (2),
an economist presumes that the following model adequately characterizes the
aggregate of forecasting strategies and the market price at '+1 and beyond:

!̂!+" |!+"+1 = ((! +-) + ()! +.)*!+" for + = 1& 2& 3,,, (6)

!!+" = ("+ %((! +-)) + #$!+" + %()! +.)*!+" for + = 1& 2& 3,,, (7)

7.2 Sharp Probabilistic Predictions of Change

The model of the causal mechanism driving outcomes in (6) and (7) enables
an economist to generate sharp probabilistic predictions of future outcomes.
In order to do so, an economist must fully prespecify the movement of the
causal variables over time. To keep our example simple, we assume that all
causal variables follow a random walk with constant drift,

$! = /$ +$!!1 + 0
$
! (8)

*! = /% + *!!1 + 0
%
! (9)

where 0! = (0$! & 0
%
! ) is an i.i.d. vector of random variables and1[0

$
! ] =.1[0

%
! ] =

0,29

29Such random walk specications are popular in macroeconomic models that involve
variables such as the money supply, income, interest rates, and the price level.
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To illustrate the concept of sharp probabilistic predictions of change on
the individual level, we shift (6) and (8) one period ahead. Using (2) implies
the following representation of revisions in forecasting strategies:

!!̂ ('+ 1& ') = !̂!+1|!+2 ! !̂!|!+1 = [-+ ()! +.)/
% ] + ()! +.)0

%
! (10)

The model also implies the following representation of change in market
outcomes between ' and '+ 1:

!! ('+1& ') = !!+1!!! = [%-+#/$+%()!+.)/
% ]+[#0$! +%()!+.)0

%
! ] (11)

The expressions in (10) and (11) show that fully predetermined models rep-
resent forecasting strategies and aggregate outcomes as unfolding over time
around deterministic time paths – [-+()!+.)/

% ] and [%-+ #/$ + %()!+
.)/% ] – conditional on the structure of the model at some arbitrary point
in time— (!, )!, ", #, %, /

$ , and /%. Although contemporary models allow
for deviations from these paths – ()! + .)0

%
! and [#0

$
! + %()! + .)0

%
! ] –

they fully prespecify how the probability distributions of these deviations
might change over time.30 Thus, as di"erent as they may appear, fully pre-
determined probabilistic representations of change are as restrictive as their
deterministic counterparts, linear or nonlinear: they both make no allowance
whatsoever for the possibility that at some point, individuals decide to think
about the future in ways that could not have been foreseen in advance or
that policy o!cials alter policy in new ways.

7.2.1 History as the Future and Vice Versa

Another way to comprehend how odd this conception of change is to note
that contemporary models represent history as if it were fully reversible. To
illustrate this point, consider the representation of forecast revisions in (10)
and suppose that one of the causal variables increases with the passage of
time from ' to '+1. An individual is supposed to revise her forecast between
' and '+ 1,in a way that is fully prespecied by an economist. Then, if the
causal variable subsequently declines back to its original value between '+1

30See Engle (2003). As is usual in the literature, our example assumes that these
distributions are time-invariant.
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and ' + 2, market participants are presumed to revert to the same forecast
as the one they started with at '.
Although this conclusion follows immediately from the invariance restric-

tion, it also holds in a model in which the change in the causal variable
triggers a fully prespecied revision in forecasting strategies. However, as
soon as the causal variable returns to its initial value, forecasting strategies
also revert to their initial representations.31

!32 This representation of change
is tantamount to presupposing that as time passes, market participants do
not gain any experience or come up with any genuinely new ways of thinking
about the future. Remarkably, the contemporary approach presumes that
the passage of time does not play an essential role in altering individual
behavior and the social context within which individuals make decisions.

8 Epistemological Flaws of ContemporaryMod-
els in a World of Imperfect Knowledge

8.1 Internal Inconsistency When Forecasting Strate-
gies Are Diverse

Hayek (1945) posited that one cannot understand how markets allocate re-
sources without considering the central role played by the division of knowl-
edge, which is a key factor behind diversity of forecasting strategies. Yet, a
fully predetermined model that allows for such diversity is necessarily inter-
nally inconsistent.
To illustrate this inconsistency, suppose that the model in (1) adequately

represents the causal mechanism that underpins the behavior of the equilib-
rium price. Also suppose that in modeling the microfoundations of (1), an

31See Frydman and Goldberg (2007, chapter 5) for a rigorous demonstration in the
context of demand and supply analysis.
32We note that change in multiple-equilibrium models is not, in general, reversible: a

return of a causal variable to its initial value could be associated with a move to an
equlibirium other than the initial one. Economists sometimes construct so-called hysteresis
models in which the movement of an outcome variable is path-dependent. For example,
see Krugman (1987). Nevertheless, both types of models fully prespecify the equilibria
to which the system does move. Consequently, they both presume that individuals have
not invented any genuinely new ways of thinking about the future as history unfolds. See
Frydman and Goldberg (2007, chapter 6) and references therein.
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economist recognizes that market participants make use of diverse forecast-
ing strategies, which for simplicity we represent with two strategies, b! (1)!|!+1,

and b! (2)!|!+1. To generate sharp predictions, the representations of these two
strategies must be fully predetermined. Following the literature, and without
a loss of generality, we constrain these representations to be time-invariant:

!̂
(1)
!|!+1 = (

(1) + )(1)*
(1)
! (12)

and

!̂
(2)
!|!+1 = (

(2) + )(2)*
(2)
! (13)

where, *(&)! 2 = 1& 2 are vectors of causal variables that represent information
sets used by market participants in each group, (((&)& )(&)), 2 = 1& 2 are vectors
of parameters, and the diversity of forecasting strategies implies ((1) 6= ((2)
and )(1) 6= )(2). The aggregate forecast appearing in (1) can then be repre-
sented as an average of market participants’ forecasts:

b!!|!+1 = 3 b! (1)!|!+1 + (1! 3) b!
(2)
!|!+1 (14)

where the weight 0 4 3 4 1 represents the importance of type 1 individuals
in inuencing the behavior of the equilibrium price.
Substituting (14) into (1) yields the following representation of the causal

mechanism that drives the market price:

!! = "+#$!+%
£
3((1) + (1! 3)((2)

¤
+%
h
3)(1)*

(1)
! + (1! 3))(2)*(2)!

i
(15)

It is apparent that the model is internally inconsistent in the sense articulated
by Lucas: the representations of individual forecasting strategies in (12) and
(13) are systematically inconsistent with the representation of the market
price (15). To see this, assume that the causal variables follow random walks
with constant drifts, analogous to (8) and (9). This implies that the di"erence
between the aggregate representation and the representation for, say, type 1
individuals can be written as:

!!+1 ! !̂
(1)
!|!+1 = 5 + #$! + (%3 ! 1))

(1)*
(1)
! + % (1! 3))(2)*(2)! + 6! (16)
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where 5 is a non-zero constant that depends on drift terms and 6! is an
i.i.d. random variable that depends on error terms from the $, *1, and *2

processes. As we discussed in section 3.3, such representations imply that
individuals systematically forego obvious prot opportunities.

8.2 REH as a Representation of Grossly Irrational Fore-
casting Strategy

REH models avoid internal inconsistency by employing the representative-
agent construct, which disregards the diversity of forecasting strategies that
drive market outcomes. Of course, self-interested, rational individuals would
collectively adhere to one forecasting strategy in perpetuity only if “all agents
have solved their ‘scientic problems’”(Sargent 1993, p.23). In such an imag-
inary world, REH would be a plausible hypothesis. All market participants
and economists would have discovered an overarching causal mechanism that
characterizes aggregate outcomes, as well as how the causal factors unfold
over time, and thus, individual creativity and, more broadly change that
does not follow pre-existing rules, would cease to be economically impor-
tant. Economic decisions would become purely routine and passive, and
thus capable of being captured by fully predetermined representations. In
this fanciful world, contemporary representations would adequately explain
individual behavior and would be completely consistent with the model of
aggregate outcomes. Moreover, in such an REH world, the heterogeneity of
forecasts among market participants would stem solely from di"erences in
information.
Of course, in the real world, where the scientic problem has not been

solved, there is a division of knowledge among individuals. Market partic-
ipants forecast not only on the basis of di"erent factors (their information
sets), but also on the basis of di"erent strategies (their knowledge) that map
these factors into forecasts. No one knows – because no one can know –
precisely how knowledge di"ers among individuals.
By design, REH models are fully predetermined. Thus, if REH models

were to recognize the diversity of forecasting strategies, they would be inter-
nally inconsistent. In positing that inconsistent models are the wrong theory,
Lucas (2001, p.13) argued that they represent individual market participants
as grossly irrational, in so far as they disregard endlessly systematic infor-
mation in their forecast error. It is easy to show that this conclusion applies
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to REH models in a world of imperfect knowledge.
To this end, we write the REH representation of the representative indi-

vidual’s forecasting strategy as a linear function in $!:

b! re!|!+1 = (re + )re$! (17)

REH instructs an economist to determine his individual and aggregate repre-
sentations jointly. Consequently, while an REH theorist would specify indi-
vidual preferences and constraints autonomously from his aggregate model,
his representation of an individual’s forecasting behavior is derivative of these
other components. The causal variables $!, and the parameters ((re& )

re) of
the forecasting strategy in (17) stem from the representation of preferences,
the social context, and the constraints that an individual faces in making
her decisions. In this way, REH rules out an autonomous role for market
participants’ knowledge in shaping market outcomes.
To derive the REH representations, an economist chooses the coe!cients

(re and )re to be functions of the parameters ", #, and % in (1) to ensure
the required consistency between the representations on the individual and
aggregate levels:

b! re!|!+1 = 1[!EM!+1 |$!] for all realizations of $! (18)

where the superscripts “re” and “em”denote REH representation and the
representation that is implied by an economist’s model, respectively, and
1[|] is the expectation of !EM!+1 , conditional on $! and the constraint that the
structure in (1) is time-invariant.
Imposing (18) in (1), and using (8), the model implies the following REH

representation for the market price at '+1, and the average – representative
– forecast of this price formed at ':33

! re!+1 =
"(1! %) + #/$

(1! %)2
+

#

(1! %)
$! + 7!+1 (19)

b! re!|!+1 =
"(1! %) + #/$

(1! %)2
+

#

1! %
$! (20)

where 7!+1 = '
1!(0

$
!+1,

33For details of the derivation of the REH solution, see chapter 3 in Frydman and
Goldberg (2007).
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Now suppose, as in fact every REH theorist does, that (19) and (20)
represent adequately the causal mechanism that underpins the time-path of
the market price and the representative forecast, respectively. Moreover, we
follow the usual interpretation of a representative individual’s forecasting
strategy and assume that the representation in (20) stands for an aggregate
of representations of individual behavior. Without a loss of generality, we
write this aggregate forecast analogously to (14),

b! re!|!+1 = 31 b!
(1)
!|!+1 + 32

b! (2)!|!+1 (21)

The REH representation in (21) is assumed to represent the average of
forecasts across market participants. Thus, the fully predetermined repre-
sentations of the individual forecasting strategies are

b! (1)!|!+1 = ((1) + )(1)$! (22)

b! (2)!|!+1 = "(2) + )(2)$! (23)

where again the diversity of forecasting strategies implies ((1) 6= ((2) and
)(1) 6= )(2).34
This REH model also implies the following representation of the forecast

errors for type 1 individuals:

891#re!|!+1 = !
re
!+1! b!

1#re
!|!+1 = 5

0+
h³
#! )(1)

´
+ %3()(1) ! )(2)) + %)(2)

i
$!+ 7

0
!+1

(24)
where again 5 0 depends on drift terms and 70!+1 depends on the error term
for the $!+1 process. Thus, in a world in which individuals have not solved
their scientic problems, but where an REH model nonetheless adequately
represents the behavior of market outcomes, the REH representation of an
individual’s forecasting strategy implies that she disregards endlessly the
obvious systematic information contained in her forecast errors. To para-
phrase Lucas (2001, p.13), the REH model would imply that there are prot
opportunities that a market participant could see. If she does see these op-
portunities and she is rational, she would revise her forecasting strategies.
Not doing so – ever – would be grossly irrational.

34These parameters must satisfy the restriction implied by the representations in (20)
through (23).
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8.3 Behavioral Models

Despite its epistemological implausibility and empirical failures, some be-
havioral economists continue to rely on REH to represent individual fore-
casting.35 In contrast to conventional methodology, however, the behavioral
approach does not oblige an economist to use REH. This has led some behav-
ioral economists to develop non-REH representations of market participants
forecasting strategies, which are autonomous from their aggregate models.
Departing from REH has also enabled behavioral economists to recognize
the role of diversity in driving market outcomes.36

8.3.1 Internal Inconsistency

However, behavioral economists embrace the conventional insistence on sharp
predictions and thus fully predetermine their non-REH models. Even if they
do not allow for diversity, fully predetermined models that jettison REH are
internally inconsistent.
To illustrate this point, suppose that on the basis of some empirical con-

siderations, a behavioral economist species a time-invariant version of the
non-REH representation in (2):37

!̂!|!+1 = (+ )*! (25)

Substituting (25) into the time-invariant version of (1) and shifting it one
period ahead yields:

!!+1 = ["+ %(+ #/
$ + %)/% ] + #$! + %)*! + [#0

$
! ++%)0

%
! ] (26)

where we used the representations for $!+1 and *!+1 in (8) and (9), respec-
tively.
Comparing the representation on the individual level in (25) with that on

the aggregate level in (26) immediately implies that for ((& )) 6= ((re& )re),
the foregoing fully predetermined behavioral model is internally inconsistent.

35For example, see a widely-cited behavioral model of the risk premium by Barberis et
al. (2001).
36One of the earliest examples that allowed for diversity of forecasting strategies, and

that anticipated the behavioral approach, is the seminal exchange-rate model of Frankel
and Froot (1987).
37Our argument remains valid for behavioral models that allow for change, but fully

prespecify it. See chapter 6 of our book.
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As Lucas argued, such internally inconsistent models are “the wrong theory”
of time-series regularities.
Moreover, the microfoundations of the model based on the fully predeter-

mined representation in (25) presume that on average market participants
are grossly irrational. This can easily be seen by subtracting (25) from (26):

89!|!+1 = !!+1 ! b!!|!+1 = : + #$! + (%! 1))*! + 0!+1 (27)

where again : depends on drift terms and 7!+1 depends on the error term
for the $!+1 and *!+1 processes. The expression in (27) shows that the
model attributes to a representative individual a forecasting strategy that
generates systematic forecast errors endlessly. Thus, although non-REH be-
havioral models recognize that market participants’ forecasts are “inputs” to
rather than outputs of economic models, their microfoundations are implau-
sible. They retain the key feature of REH models: they presume that market
participants never devise ways to forecast the future that an economist can-
not specify in advance.

8.3.2 The Inessential Role of Diversity in Behavioral Models

In real world markets, the imperfection of knowledge gives rise to diversity
of forecasting strategies and to change that does not follow preexisting rules.
Behavioral economists have constructed non-REH models to capture the role
of such factors in driving market outcomes. However, because they fully
prespecify change, the fundamental implication of behavioral models for the
way the economy unfolds over time is no di"erent than that of models that
do not allow for diversity, regardless of whether they are behavioral or they
rely on REH.
To illustrate this point, we suppose that an economist, drawing on some

behavioral observations, represents diversity with the two fully predeter-
mined representations in (12) and (13). We also suppose that this behav-
ioral economist follows common practice and presumes that the model in
(15), with its unchanging structure, adequately represents the causal mech-
anism that drives outcomes. Consequently, the change in the market price
between ' and '+ 1 is given by

!! ('& '+1) = /+%31)
(1)!*(1)('& '+1)+%32)

(2)!*(2)('& '+1)+#!$('& '+1)
(28)

where !! ('& '+ 1) = !!+1 ! !!& and / = [%31)(1)/%
(1)
+ %32)

(2)/%
(2)
+ #/$ ].
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The representation in (28) highlights the inessential role played by di-
versity in behavioral models. The implications of those models for the way
market outcomes move over time are the same as those of behavioral and
REH models that ignore diversity: except for fully prespecied random de-
viations, behavioral models that allow for diversity represent movements in
market prices as unfolding along a fully predetermined path.

9 WhyMacroeconomicsMust Open ItsMod-
els to Imperfect Knowledge

We now show that to escape the insurmountable epistemological di!culties
inherent in extant approaches, it is necessary for economic models to stop
short of fully prespecifying change. This is tantamount to acknowledging
that sharp predictions are outside the reach of economic analysis and that
the most economic theory can be expected to deliver is qualitative predictions
of market outcomes.
Consider again the model in equations (12), (13), and (15). For sim-

plicity, we continue to impose the invariance restriction in (1), but drop this
assumption for the representations of market participants’ forecasting in (12)
and (13). We write the representations of these strategies at time ' + 1 in
terms of their structure and the realizations of the causal variables appearing
in them at time ':

!̂
(1)
!+1|!+2 = [(

(1)
! +-(1)('& '+ 1)] + [)

(1)
! +.(1)('& '+ 1)]*

(1)
!+1 (29)

and

!̂
(2)
!+1|!+2 = [(

(2)
! +-(2)('& '+ 1)] + [)

(2)
! +.(2)('& '+ 1)]*

(2)
!+1 (30)

where -(&)('& ' + 1) = (
(&)
!+1 ! (

(&)
! and .(&)('& ' + 1) = )

(&)
!+1 ! )

(&)
! , 2 = 1& 2.

Analogously to (15), the model implies the following representation of the
causal mechanism for the market price at time '+ 1:

!!+1 = "+ #$! +
n
%3[(

(1)
! +-(1)('& '+ 1)] + (1! 3) [((2)! +-(2)('& '+ 1)]

o
+(31)

+%
n
3[)

(1)
! +.(1)('& '+ 1)]*

(1)
! + (1! 3) [)(2)! +.(2)('& '+ 1)]*

(2)
!

o
+ 6!
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where 6! depends on the error terms for the processes representing the causal
factors $! and *!. It is clear that to avoid inconsistency between the pre-
dictions of any one of the diverse forecasting strategies allowed for by (29)
and (30) and those of the representation of the market price, the aggregate
representation in (31) must be compatible with more than one conditional
probability distribution.38

10 IKE: Recognizing Imperfect Knowledge and
Diversity of Forecasting Strategies

10.1 Forecasting As Entrepreneurship

The contemporary approach presumes that economists can represent exactly
how individual decision-making, particularly individuals’ forecasting strate-
gies, and aggregate outcomes unfold over time. If true, this would suggest
that understanding the past is a relatively straightforward problem: all one
needs to do is to specify an appropriate econometric model and estimate it
on the basis of as much past data as are available. As the future in a contem-
porary model follows exactly from the past, except for “sampling error”, the
estimated econometric model could be used to forecast market outcomes.
Purposeful individuals, however, recognize that even when it comes to

the past, everyone has only imperfect knowledge about the timing of changes
in the causal mechanism driving outcomes. It is unclear therefore how to im-
plement the econometric strategy suggested by the contemporary approach:
the use of past data to estimate the model requires an assessment of how
far back in time it adequately represents the economy. Even the most so-
phisticated statistical techniques would not automatically pinpoint when the
last structural break had occurred.39 Thus, to understand the past causal
mechanism one cannot merely estimate some model using all the available
data and presume that it adequately represents historical outcomes. Unsur-
prisingly, interpretations of the past vary among individuals even when they

38All probability distributions of future outcomes that we refer to are conditional on the
structure of the model and the realizations of the causal variables at some prior point in
time, which in the present case is !.
39The results of statistical tests of the model’s invariance depend on the signicance

level of these tests, which involve an element of judgement on the part of the forecaster or
an economist. See chapter 15 of our book.
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use formal methods.
Moreover, even if we could adequately interpret the past with a fully pre-

determined model, the future would still remain imperfectly known. Because
future outcomes depend on revisions of forecasting strategies that cannot be
predicted “by rational and scientic methods” (Popper, 1957, p. xii), mar-
ket participants do not merely rely on pre-existing rules, whether based on
formal or informal considerations, to forecast future changes in the causal
mechanism. Ultimately, good forecasting is much like successful entrepre-
neurship: it may involve the use of quantitative models, but it also relies on
one’s own personal knowledge, intuition, and a bit of luck in spotting prot
opportunities.
For example, consider the problem of forecasting exchange rates. Many

market participants form exact forecasts of the future exchange rate, for
example, that a euro will cost $1.5 in a week. After all, a currency trader
must decide on her market position at each point in time. Nevertheless,
although a market participant may base her trading on exact predictions, she
does not arrive at such predictions by relying solely on quantitative models,
much less the same model in every time period. In forming her forecasts, a
purposeful individual often combines her preferred quantitative model with
her own insights concerning the behavior of other market participants, the
historical record on exchange rate uctuations, and her evaluation of the
impact of past and future decisions by policy o!cials.40 Moreover, because
market participants act on the basis of di"erent experiences, interpretations
of the past, and intuitions about the future, they adopt diverse strategies in
forming and revising their exchange rate forecasts over time.

10.2 Imperfect Knowledge and Economic Analysis

Even though individuals in real world markets combine both formal and
informal methods in forming their forecasts, IKE recognizes that represent-
ing their behavior in a mathematical model requires an economist to nd
some way to formalize it. Like any scientic theory, IKE strives to gener-
ate implications that have empirical content. As a result, it must presume
that purposeful decision-making, although driven by a variety of factors that

40In a world of imperfect knowledge, even the use of quantitative models alone involves
subjectivity, because there is more than one way to represent the causal mechanism math-
ematically. One important reason is that, as in (1), economic models typically involve
representations of market participants forecasting strategies. See chapter 15 of our book.
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cannot be made fully intelligible by the individuals themselves, let alone by
economists, nevertheless exhibits some regularities. Otherwise, no macro-
economic theory that can be confronted with time-series evidence would be
possible. IKE searches for these regularities and formalizes them with the
aid of probabilistic formalism.

10.2.1 Representing Imperfect Knowledge with Partially Prede-
termined Probability Distributions

In the context of our simple example, the constants-(&)('& '+1) and.(&)('& '+
1), 2 = 1, 2 in (29), (30) and (31) represent revisions of forecasting strategies
and the resulting change in the causal mechanism on the aggregate level. A
contemporary economist would fully prespecify change by imposing quanti-
tative conditions on these constants, typically setting -(&)('& ' + 1) = 0 and
.(&)('& ' + 1) = 0. Such fully predetermining restrictions, together with sto-
chastic representations of the causal factors, as in (8) and (9), for example,
imply that the model represents the market price at '+1 with a single prob-
ability distribution, conditional on the structure and the values of the causal
variables at '. It also represents the consequences of individual decisions with
a single probability distribution.
By contrast, as we discussed in section 4.1.1, Knight and Keynes force-

fully argued that business decisions are fraught with radical uncertainty, a
situation in which neither market participants nor economists are able to
represent any aspects of the causal mechanism that underpins change.
In the context of (29)-(31), such extreme interpretations of radical uncer-

tainty can be formalized by not imposing any constraints on-(&)('& '+1) and
.(&)('& ' + 1), 2 = 1, 2. Without constraints, equations (29)-(31) represent
change with myriad of conditional probability distributions. Within the con-
nes of our simple linear example, such representations imply that the model
in (31) is compatible with any relationship between the causal variables and
the market price. In this extreme version, radical uncertainty inherently
conicts with economists’ attempts to distinguish among alternative causal
explanations of market outcomes.
Although it does not impose fully predetermining restrictions on change,

IKE aims to explain outcomes with mathematical models that can be con-
fronted with empirical evidence. To this end, IKE uses probabilistic formal-
ism to formulate its mathematical representations of forecasting strategies
and their revisions.
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IKE thus adopts an intermediate position between radical uncertainty,
which denies the possibility that economists might be able to formulate
testable mathematical models of any features of the causal mechanism driving
change, and the contemporary presumption that this mechanism can be ad-
equately represented with a standard conditional probability distribution.
Because IKE recognizes that everyone has access to only imperfect knowl-
edge, it represents individual behavior and aggregate outcomes with many
conditional probability distributions at every point in time To model change,
IKE constrains the possible transitions across these distributions to satisfy
some common qualitative properties. As we show in part III, the qualita-
tive predictions concerning how the moments of the partially predetermined
probability distributions unfold over time constitute the empirical content
of the model, in other words, that which can be confronted with time-series
data.

Part III
Imperfect Knowledge Economics of
Market Fluctuations and Risk
Market outcomes often undergo protracted swings that revolve around his-
torical benchmark levels. For example, persistent movements in the unem-
ployment rate away from a longer-term trend, or in stock prices away from
levels consistent with historical price-earnings (PE) ratios, have occurred for
years at a time. But the instability in the economy is bounded; eventually
economic outcomes undergo sustained countermovements back to benchmark
levels, which themselves vary over time. If outcomes happen to reach these
levels, they often shoot through them. Moreover, although uctuations are
a recurrent feature of market outcomes in capitalist economies, the observed
swings are uneven: the magnitude and duration of upswings and downswings
vary from one episode to the next in a way that does not seem to follow any
consistent pattern.
Economists have grappled for decades with trying to understand the

causal mechanism driving uctuations in capitalist economies. Some con-
temporary models explain market uctuations not as movements away from
the benchmark, but as movements of the benchmark itself. In these mod-
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els, benchmark levels unfold along fully prespecied time paths. Thus, to
explain uctuations, economists have allowed for shifts in these time paths,
stemming from changes in technology, policy, or knowledge. While these fac-
tors undoubtedly play a role in how benchmarks might vary over time, their
inuences cannot be fully prespecied.41

The movement of the imperfectly known benchmark is likely to play a
signicant role in some markets. However, it is uncontroversial to viewuctu-
ations in asset markets as movements that revolve around benchmark levels.
Figures 1 and 2 provide just two examples of the importance of viewing

uctuations in capitalist economies as swings that revolve around benchmark
levels, rather than as movements of the benchmarks themselves. In gure 1,
we plot the German mark-U.S. dollar (DM/$) exchange rate and its pur-
chasing power parity (PPP) level,42 while in gure 2, we plot the price of the
Standard and Poor’s 500 basket of stocks relative to its underlying earnings
and a 20-year moving average of this PE ratio.43 Both gures

41See Phelps (2008) for an argument that movements of the natural rate cannot be fully
prespecied in capitalist economies.
42The PPP benchmark in the gure is based on the Big Mac PPP exchange rate reported

in the April 1990 issue of The Economist magazine (which was 1.96) and CPI-ination-rate
di"erentials from the IMF’s International Financial Statistics.
43Figure 2 is based on data from Shiller (2000), which are updated on his web site:

www.econ.yale/~shiller. PPP and average PE ratios have long traditions as benchmark
levels in currency and stock markets, respectively.
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Figure 1
DM/$ Exchange Rate: 1973-1998
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Figure 2
S&P 500 Stock Price:1901-2005
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show prolonged periods in which the asset price tends to move persistently
away from its benchmark. The gures also show that these price movements
are uneven and ultimately bounded: the duration and magnitude away from
benchmark levels show no obvious pattern, but eventually they are followed
by extended periods of time in which the asset price moves back toward
benchmark levels.
In the remainder of this paper, we focus our attention on uctuations

in asset markets. In these markets, participants’ forecasts play a key role
in driving movements in prices away from and toward benchmark levels.44

Beyond modeling forecasting, we also sketch a new model of risk to help
explain why long swings are ultimately bounded. Although we develop our
IKE analysis in the context of asset markets, particularly those for currencies,
our approach may prove useful in modeling uctuations in other contexts in
which forecasts are important in driving outcomes. However, as with the

44A model in which price movements arise from uctuations in the imperfectly known
benchmark and from swings away from the benchmark is beyond the scope of this paper.
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foreign exchange market, applying IKE in other markets will require that an
economist search for

11 The Failure of REH Models

It is widely known that REH models are unable to account for the long-
swings behavior of asset prices.45 In currency markets, for example, exible-
price REH models represent exchange rate dynamics as movements of the
benchmark real-exchange rate. In these models, the benchmark depends
on preferences and technology.46 Thus, to account for the swings that we
observe in gure 1, exible price-models must assume that movements in
these factors, whether stochastic or deterministic, undergo the kind of swings
we observe in the exchange rate. But, exchange rate swings reverse direction
much to often and abruptly for shifts in preferences and technology to provide
a plausible explanation.47

Another inuential class of REH models, which assume that goods prices
and/or wages adjust only sluggishly over time to equilibrium levels, view ex-
change rate dynamics as deviations from the PPP benchmark level.48 How-
ever, because REH ignores the role of autonomous revisions in forecasting
strategies in driving outcomes, these sticky-price models are also unable to
explain exchange rate uctuations. By design, REH rigidly ties represen-
tations of individual forecasting behavior to the PPP benchmark rate: all
market participants are assumed to predict a movement in the exchange rate
back toward PPP whenever a deviation from this benchmark arises. Con-
sequently, sticky price models predict that movement in the exchange rate
back to this benchmark will, on average, follow any time period involving
a deviation from PPP. Such predictions are inconsistent with the persistent

45For early studies of the inconsistency of REH models with swings in stock and bond
markets, see Shiller (1979, 1981, 1990). For an extensive discussion of the empirical failures
in currency markets, see chapter 7 in Frydman and Goldberg (2007). REH models have
also failed to explain excess returns in asset markets as risk premiums. In chapters 8 and
12 of our book, we discuss the inability of REH models to account for risk in currency
markets.
46See, for example, Stockman (1980) and Lucas (1982).
47For criticism of exible-price models of exchange rate swings along these lines, see

Dornbusch (1989).
48See, for example, Dornbusch (1976), Frankel (1979), and Obstfeld and Rogo" (1995).

48



swings away from PPP in gure 1.49

Because they rule out an autonomous role for forecasts, REH models,
regardless of whether they assume that prices are sticky or exible, must
ignore the possibility that it is market participants’ forecasts that push the
exchange rate persistently away from PPP.

11.1 Imperfect Knowledge and Deviations from the
REH Solution

Fully predetermined models, let alone their extreme REH versions, are incon-
sistent with the revisions and diversity of forecasting strategies that charac-
terize real world markets. Moreover, economists themselves have constructed
many di"erent models. Thus, the aggregate of market participants’ forecast-
ing strategies di"ers from the strategy that is implied by any particular REH
model, such as the one in (1). This divergence opens up the possibility that
autonomous revisions in forecasting strategies play the key role in under-
standing long swings in asset markets.
To explore this possibility, consider again the semi-reduced form for the

equilibrium price in equation (1), which we rewrite as50

!! = !
re
! + %

³
!̂ ik!|!+1 ! !̂

re
!|!+1

´
(32)

where, as before, !̂ re!|!+1 is the REH forecast and !̂ ik!|!+1 denotes an IKE
representation of the aggregate of individuals’ forecasts.
Equation (32) shows immediately that !! undergoes a protracted swing

away from ! re! during periods of time in which !̂ ik!|!+1 moves persistently away

from !̂ re!|!+1. These periods end when the swing in !̂
ik
!|!+1 ends.

49Economists sometimes drop the assumption of stability and rely on the bubble paths
of REH models to account for exchange rate swings. As we show in chapter 7 of our
book, beyond sharing epsitemological aws with canonical REHmodels, these REH-bubble
models are unable to account for the kind of long swings we observe in asset markets.
50Plugging $̂ re!|!+1 into equation (1) gives $! = % + &'! + ($̂

re
!|!+1 + (

³
$̂!|!+1 ! $̂ re!|!+1

´
.

Equation (??) follows from the fact that $ re! = %+ &'! + ($̂
re
!|!+1.
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11.2 Long Swings from Benchmark Levels in Asset
Markets

This simple framework shows that allowing for imperfect knowledge has the
potential to account for swings. 51 This, of course, presupposes that (1)
provides an adequate semi-reduced-form representation of the equilibrium
price.
This semi-reduced form has been used extensively to model asset prices,

particularly those for stocks and currencies.52 Under the former interpreta-
tion, !! is the price of a stock, $! is the dividend paid each period on that
stock, and # = % is a discount factor. In the case of currencies, !! is the
logarithm of the exchange rate, $! consists of log levels of relative (domestic
minus foreign) money supply and income, and # and % depend on the interest
elasticity of money demand.53

Under imperfect knowledge, the model in equation (1) becomes the one in
(32). However, to explain swings around benchmark levels with the model in
(32), the REH solution would have to correspond to an empirically-plausible
notion of the benchmark in the particular market under study.54

As it turns out, this seems to be the case in equity and currency markets.
In stock markets, the REH solution of the model typically sets the equilibrium
price, ! re! , equal to a constant multiple of the current dividend.

55 Market
participants and policy makers have long recognized measures of the histori-
51Our IKE model of long swings builds on some of the ideas of Schulmeister (1983, 1987)

and Soros (1987, 2008).
52The extent to which the simple model in equation (1), together with an IKE repre-

sentation of forecasting behavior, applies in markets beyond those for equity and currency
is an open question that we do not explore in this paper.
53See Blanchard and Fisher (1989) and references therein for interpretations of equation

(1) in terms of stock prices, as well as goods prices. See Frydman and Goldberg (2007,
chapter 6) and references therein for interpretations in terms of currency prices.
54This way of thinking about asset price swings–that they arise from autonomous

movements in the aggregate forecast–also underlies behavioral models of swings. See,
for example, the seminal study by Frankel and Froot (1987). Hoiwever, these models
fully prespecify revisions in market participants’ forecasts; thus, as with other behavioral
models of market outcomes, they presume irrationality on the part of individuals. An open
question is whether the Frankel and Froot (1986) model and its extensions (see De Grauwe
and Grimaldi, 2006, and references therein) can be re-interpreted in an IKE framework.
55This REH solution assumes that the dividend process follows )! = )!!1(1 + *

#),
where *# is the constant growth rate of dividends. With this specication, and the
assumption of a xed risk-free rate, +, we have $ re! = )!,

¡
+ ! *$

¢
. The REH solution

can be expressed more generally in terms of the mean growth rate of dividends and the
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cal averages of this ratio and its close correlate, the PE ratio, as benchmarks
around which stock prices revolve. As for currency markets, the REH solu-
tion of the model sets ! re! equal to the PPP exchange rate, ! ppp! . Here, too,
measures of the PPP exchange rate have a long history dating back to the
1600s as a useful benchmark in gauging the extent of currency uctuations.56

Thus, in the context of currency markets, we can write (32) as57

!! = !
ppp
! + %

³
!̂ ik!|!+1 ! !̂

re
!|!+1

´
(33)

In the next section, we use (33) to illustrate that once REH is replaced by
an IKE representation of forecasting behavior, the model is able to account
for the tendency of the exchange rate to undergo long swings.

12 An IKE View of Long Swings

The modern research program in economics models aggregate outcomes by
relating them to individual decision-making. The constraints that an IKE
model imposes on its representations of individual behavior are not only
qualitative, but context-specic. They depend on which aspects of the causal
mechanism driving aggregate outcomes an economist seeks to explain.
For example, if the model aims to account for movements in the exchange

rate, its qualitative predictions should be consistent with these prices’ ten-
dency to undergo swings of uneven duration and magnitude around PPP.
This uneven regularity at the aggregate level suggests that an economist
should look for and formalize qualitative regularities on individual behavior
that are similarly uneven.
The microfoundations of our model of currency swings represent an indi-

viduals’ forecast of the future exchange rate as

!̂ &#ik
!|!+1 = )

&#ik
! *&#ik! (34)

mean risk-free rate when *# and + are allowed to vary over time.
56International macroeconomists trace the notion of PPP back to scholars at the Univer-

sity of Salamenca in the fteenth and sixteenth centuries. See O!cer (1976). For formal
evidence that exchange rate swings do revolve around PPP levels, see Taylor and Taylor
(2004) and references therein.
57Although the benchmark levels used in Figures 1 and 2 seem to be relevant on historical

grounds in both equity and currency markets, establishing their theoretical microfounda-
tions in a world of imperfect knowledge is beyond the scope of this paper.
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This representation shows that there are two key factors that underpin the
evolution of an individual’s forecast over time: revisions of her forecasting
strategy–changes in )&#ik! and the composition of the set of causal factors
*&#ik! –and movements in the causal variables. To model currency uctua-
tions, therefore, we need to look for uneven regularities in these two compo-
nents.
In doing so, we focus much of our attention on revisions of forecasting

strategies. To illustrate our model of currency swings, we begin with the
assumption that the causal variables in the model follow random walks with
constant drifts.58

Economic policy, of course, does change from time to time as new policy
makers take charge, economic and social conditions change, or as policy mak-
ers’ understanding of those conditions evolves. As with market participants’
forecasting, policy shifts may also display uneven qualitative regularities that
might help in accounting for certain features of currency uctuations. How-
ever, to highlight how IKE representations of forecasting strategies enable
us to explain the uneven nature of swings, we maintain the assumption of a
xed policy environment for most of this section.59

12.1 Conservatism as a Qualitative Regularity of Un-
even Duration

To model revisions of an individual’s forecasting strategy, we explore the
implications of a well-documented phenomenon that psychologists call “con-
servatism:” individuals tend to revise their beliefs about uncertain outcomes
in ways that lead to gradual changes in those beliefs.60 In the context of
our model, an individual’s beliefs and their formation are represented by her

58There is much evidence that the usual macroeconomic fundamentals, such as money
supply and income levels, are well approximated as unit root processes with drift. See
Juselius (2007) and references therein. Although most empirical researchers model many
macroeconomic times series as I(1) processes, Juselius et al (2007) and Frydman et al.
(2008) show that they are also well approximated as near-I(2) processes. Such behavior is
also found in Johansen (1997), Kongsted et al. (1999), Juselius (2006), and Nielsen and
Rahbek (2007).
59In section 12.7.1, we show how the relaxation of this assumption can help explain

the boundedness of uctuations in currency markets. A more general IKE model that
incorporates qualitative features of policymaking is beyond the scope of this paper. For a
rst step in this direction, see Frydman and Goldberg (2004).
60See Edwards (1968) and Shleifer (2000).
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forecast, b! &#ik
!|!+1, and her forecasting strategy, )

&#ik
! *&#ik! , respectively.

The decision to revise one’s forecasting strategy depends on many fac-
tors, including prior forecasting success, economic and political develop-
ments, emotions, or, as we will suggest shortly, the size of the departure
of the exchange rate from PPP. While market participants may tend to be-
have conservatively, conservatism is a regularity that is at best qualitative
and uneven.61 #62 Eventually, the unfolding historical record on market out-
comes, changes in the social context, including policy, or the sheer creativity
in thinking about the future, may lead a market participant to revise her
forecasting strategy in a more substantial, non-conservative way.
On one hand, individuals tend to be conservative in revising their fore-

casting strategies, On the other hand, they eventually cease to be so at times
that do not conform to any fully prespecied rule. Conservatism thus o"ers
the possibility of accounting for the kind of price movements we observe in
asset markets, in which up-swings are followed by down-swings in ways and
at times that do not follow any fully prespecied rule.
How one would formalize conservatism depends on the context. In our

model of currency swings under exible goods prices, the qualitative condi-
tions that we use to represent this regularity are easily illustrated.63 Given
the representation in (34) and the assumption that the causal factors follow
random walks with deterministic drifts, the total change in an individual’s
forecast is

b! &#ik
!|!+1 ! b! &#ik

!!1|! = D b!
&#ik
!|!+1 + 7

&
! (35)

where
61This seems to be the case with other empirical observations that behavioral economists

have uncovered. For example, behavioral-nance economists report much evidence that
participants in nancial markets often rely on technical trading rules in deciding when to
take open poisitons. However, there is also much evidence that the importance they place
of such strategies varies over time. See Schulmeister (2006, 2008) and references therein.
By contrast, we would expect the regularities that characterize individuals’ preferences–
for example, the importance of fairness or loss aversion in individual decision making–to
be more enduring.
62Barberis, Shleifer, and Vishny (1998) also appeal to conservatism in modeling an

individual’s forecasting behavior. But, to generate sharp predictions, they formulate con-
servative behavior with a xed rule that presumes that individuals under-react to earnings
announcements in exactly the same way at every point in time.

63See Frydman and Goldberg (2007, chapter 14) for a formulation in the context of
exchange rate models that asssume sticky goods prices.
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D b! &#ik
!|!+1 = !)

&#ik
! *&#ik!!1 + )

&#ik
!!1/

%" (36)

D b! &#ik
!|!+1 is the trend in the individual’s forecast between ' ! 1 and ', 7

&
! is a

vector of mean-zero, i.i.d. error terms that stem from the *&! process, and
the “D” notation underscores the fact that with IKE, a change in b! &#ik

!|!+1 may
result from a change in the structure of this representation and not only from
a mere updating due to a change in causal variables.64 The expression in (36)
shows that the trend in an individual’s beliefs varies over time, depending
on how she revises her forecasting strategy, !)&#ik! , and on what we call the
underlying drift in her forecast, that is, the change in b! &#ik

!|!+1 arising solely

from the deterministic drifts in the causal variables, )&#ik!!1/
%".65

Although the trend in an individual’s forecast varies over time, its alge-
braic sign may remain unchanged for an extended period. Such behavior
would depend on how the individual revises her forecasting strategy. To
represent these revisions, we make use of two conservative restrictions. One
constrains revisions of )&#ik! so that the resulting change of the level of b! &#ik

!|!+1
is gradual, that is: ¯̄

!)&#ik! *&#ik!!1
¯̄
4 ; (37)

where |·| denotes an absolute value and ; is a “small” magnitude that we
will say more about shortly. The other conservative condition constrains
revisions of )&#ik! so that the resulting change of the underlying drift in b! &#ik

!|!+1
is gradual, that is, ¯̄

¯!)&#ik! /%
"
¯̄
¯ 4 ; (38)

The qualitative constraints in (37) and (38) formalize the idea that when an
individual revises her forecasting strategy, she is reluctant to do so in ways
that would result in dramatic changes in both the level of her forecast and

64The D operator serves a role that is analogous to the total di"erential, which in general
is not well dened when both the arguments and the structure of the representation change.
65At every point in time, the vector -%"ik! represents all possible casual factors that an

individual might use in forming her forecast. As such, the representation of change in (35)
allows for the composition of the causal variables to change. For example, if an individual
is presumed to use a particular variable -& to form her forecast at ! but not at !! 1, then
.%"ik&"!!1 = 0 and !.

%"ik
&"! = .

%"ik
&"! .
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its underlying drift.66 #67 They restrict neither the causal variables that may
enter the representation in (34), nor how exactly those variables may matter.
Because we formalize conservatism as a qualitative condition, our repre-

sentation of forecasting behavior is consistent with myriad possible changes
in )&#ik! and the composition of *&#ik!!1. Consequently, our IKE representation
implies a myriad of conditional probability distributions for the equilibrium
price at '–one for each possible value of )&#ik! and set of causal variables–
conditional on any one of the distributions at time '! 1.68 In this way, the
representation in (??) recognizes the role of both forecast revisions that do
not follow pre-existing rules, and new information for explaining outcomes.
The nding that an individual often behaves conservatively suggests that

there may be extended time periods in which the revisions of her forecasting
strategy are consistent with the qualitative conditions (37) and (38). Using
such conditions on the individual level enables us to account for the aggregate
regularity that the exchange rate sometimes undergoes persistent swings.
It does not seem plausible, however, that a market participant would

revise her forecasting strategy in conservative ways endlessly.69 However, be-
cause the time at which conservative conditions cease to adequately represent
revisions cannot be foreseen in advance, our model of the long swings can
also account for their unevenness.
66These restrictions constrain the change that results only from revisions of .%"ik! . As

such, they do not constrain the total change in b$ %"ik
!|!+1 to be gradual. If changes in the

causal variables between two points in time are large, then the change in b$ %"ik
!|!+1 may be

large.
67In general, the constraints in (37) and (38) could be specied with distinct bounds.

Doing so, however, would only complicate our analysis without altering its results. We
thus abstract from this complication.
68This contrasts sharply with the fully predetermined representation of forecasting be-

havior in section ??, which implies just one probability distribution at !.
69This claim can also be defended on theoretical grounds. As we discuss in section

12.7.1, as the exchange rate moves further and further away from the benchmark, either
bulls or bears are more and more likely to cease to be conservative in the way they forecast
the exchange rate. Without the limited duration of conservatism the model would imply
unbounded swings.
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12.2 Uneven Swings in an Individual’s Forecast

We now sketch the implications of conservative behavior for how an individ-
ual’s forecast unfolds over time.70 We suppose that the revisions of an indi-
vidual’s forecasting strategy are consistent with the qualitative constraints
in (37) and (38) for an extended period of time, say from ' = + to ' = + +< .
To x ideas, we suppose that entering period + , the individual’s strategy and
the drifts in the causal variables are such that the underlying drift in her
forecast is positive, that is, )&#ik"!1/

%" = 0.
At + , the individual may decide to revise her forecasting strategy. This

revision may result in a change of her forecast that reinforces the upward
movement implied by the underlying drift, that is, !)&#ik" *&#ik"!1 = 0. In this
case, b! &#ik

!|!+1 will tend to rise between + ! 1 and + . The individual may also
revise her strategy at + in a non-reinforcing manner, that is, !)&#ik" *&#ik"!1 4 0,
in which case b! &#ik

!|!+1 may not rise. This would be the case if the negative

magnitude of the revision exceeded the positive underlying drift, )&#ik"!1/
%".

Thus, to ensure that b! &#ik
!|!+1 will tend to rise between +!1 and + , the size of the

underlying drift cannot be “too small,” which we formalize by constraining
0 4 ; 4 )&#ik"!1/

%". With this assumption, (37) implies that b! &#ik
!|!+1 will tend to

rise between + ! 1 and + .
Will the upward trend in the individual’s forecast persist between + and

+ +1? Again, the relative impacts of the revision of her forecasting strategy
and its underlying drift are important.
Consider rst whether the underlying drift, )&#ik" /% , continues to be pos-

itive. The revision of )&#ik! at + inuences this term, which we write as

)&#ik" /% = )&#ik"!1/
%" +!)&#ik" /%

"

This expression makes clear that the change, !)&#ik" /%
"
, may either reinforce

or counteract the positive drift that prevailed between +!1 and + . But, even
if this change is not reinforcing, as long the revision of )&#ik! at + satises the
second conservative condition in (38) and ; 4 )&#ik"!1/

%", the underlying drift
will remain positive between + and + + 1.
However, whether b! &#ik

!|!+1 tends to rise between + and + + 1 also depends
on how the individual revises her strategy at + + 1. If the revision is again
consistent with the conservative constraint in (37) and ; 4 )&#ik" /%

"
, the

tendency for b! &#ik
!|!+1 to move up will continue.

70For a more detailed analysis, see Frydman and Goldberg (2007, chapter 14).
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In similar fashion, if our individual continues to revise her forecasting
strategy in ways that are conservative at each point in time until + + <
and ; 4 )&#ik"!1/

%", the underlying drift in her forecast will remain positive
throughout. Moreover, while her revisions between adjacent points in time
may have positive or negative impacts on the trend, as long as they are
conservative, b! &#ik

!|!+1 will undergo an upswing from + to + + < .
Although the value of ; is assumed to be small, it is of course possible

that )&#ik!!1 and the drifts in *! are such that, in a particular period, the
underlying drift is even smaller, that is, ; = )&#ik!!1/

%". At such points in
time, the drifts in the causal variables may not be su!cient for a rise in
b! &#ik
!|!+1 even if the individual does behave conservatively. It can be shown

that protracted swings in b! &#ik
!|!+1 will nonetheless arise in the model if the

underlying drift, )&#ik!!1/
%", exceeds ;, most of the time in periods characterized

by conservative forecasting behavior.71 In the remainder of this paper, we
ignore this complication and assume that ; 4 )&#ik!!1/

%" during all periods in
which the constraints in (37) and (38) are satised.
Our analysis of an upward swing in b! &#ik

!|!+1 makes clear that for this move-
ment to end, the individual would have to revise her forecasting strategy in a
non-conservative and non-reinforcing way at some point in time. Such a re-
vision can be associated with a short-lived reversal in b! &#ik

!|!+1 or one that lasts
for many periods. Our foregoing arguments imply that a sustained reversal
in b! &#ik

!|!+1 will occur beyond + + < if 1) the revision of )
&#ik
! at + + < + 1 leads

to a negative underlying drift; and 2) revisions are once again conservative
for an extended period of time beyond + + < + 1.

12.3 Bulls, Bears, and Long Swings

The qualitative prediction that an individual’s forecast undergoes a swing is
conditional on the way she revises her forecasting strategy and how the causal
variables move over time. This prediction on the individual level implies that
the predictions on the aggregate level are also conditional on how market

71This conclusions depends on which of the two conservative restrictions might be vio-
lated from time to time. For example, if the second conservative restriction in (38) holds
throughout the period, but the one in (37) is at times violated, then the swing b$ %"ik

!|!+1

would still occur. In this case, however, the frequency of short countermovents in b$ %"ik
!|!+1

might be greater.
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participants’ revise their forecasting strategies and how the causal variables
develop over time.
If we were to follow the vast majority of our colleagues and assume that all

market participants share the same forecast, then movements of an individ-
ual’s forecast would be tantamount to movements of the aggregate forecast.
However, imperfect knowledge in real-world markets gives rise to a diversity
of forecasting strategies across market participants. In asset markets, this
diversity takes on a striking form: at each point in time, some participants
forecast a rise in the asset price while others forecast a fall.
Recognizing this kind of diversity is crucial for explaining outcomes in

currency markets. However, as we discuss in section 14, to do so without the
presumption of irrationality, an economist must not only stop short of fully
prespecifying change, but the qualitative constraints that he imposes on the
revisions of forecasting strategies cannot apply endlessly.
Market bulls hold long positions in foreign exchange because they expect

the exchange rate to rise over the holding period, while bears hold short
positions because they expect the exchange rate to fall. To represent the
forecasting behavior of bulls and bears, we aggregate over these groups using
wealth shares;

b> l#ik
!|!+1 =

b! l#ik
!|!+1 ! !! = 0 (39)

b> s#ik
!|!+1 = !! ! b! s#ik

!|!+1 = 0 (40)

where b! l#ik
!|!+1 = )l#ik! *l#ik! and b! s#ik

!|!+1 = )s#ik! *s#ik! represent aggregates of the

exchange rate forecasts of the bulls and bears, respectively, and b> l#ik
!|!+1 and

b> s#ik
!|!+1 represent aggregates of bulls’ and bears’ expected returns on holding
long and short positions, respectively.72 In the aggregate, we have,

b! ik!|!+1 =
1

2

³
b! l#ik
!|!+1 +

b! s#ik
!|!+1

´
= )ik! *

ik
! (41)

where * ik! represents the union of causal variables that participants use in
forming their forecasts and )ik! denotes weighted averages of the parameters
that they attach to these variables.73

72Positive realizations of $!+1 ! $! imply prots on long positions and losses on short
positions. We thus dene the return on a short position as /s!+1 = $! ! $!+1. The
denitions of the returns on open positions abstracts from the cost of capital and thus
from interest rates for convenience only.
73In our analysis, we assume that the wealth shares of the groups of bulls and bears are

exogenous and constant, so we set them equal to a half.
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The persistent movement in one direction or the other over an extended
period of time depends not on the constellation of participants’ beliefs about
whether the exchange will rise or fall, but on how those beliefs change over
time. Exchange rate swings arise in the model because the aggregate of
individuals’ forecasts, b! ik!|!+1, undergoes a swing.
For example, if b! ik!|!+1 were to rise, on average, over an extended period

of time, then the exchange rate would also tend to undergo an upswing even
though there are bears in the market who bet on the opposite movement.
Such change could come about because both bulls and bears steadily raise
their exchange rate forecasts or because the forecasts of only one side of the
market increase.74 Whatever the case, however, the exchange would tend to
rise as long as b! ik!|!+1 were to rise on average. If this movement was toward
PPP initially, and the period of a rising b! ik!|!+1 were to endure, eventually the
exchange rate would shoot through this benchmark and continue trending
from the other side. It is also clear that this swing away from PPP would
end if the swing in !̂ ik!|!+1 were to end.
It is not di!cult to see from our analysis on the individual level how such

a swing in b! ik!|!+1 arises in our model: the aggregate b! ik!|!+1 is just a weighted
sum of the individual forecasts. If we assume that each market participant
revises her forecasting strategy in conservative ways over an extended period
of time, then each component of the aggregate will involve a trend that,
although time-varying, does not change direction. Consequently, the trend
in the aggregate forecast will also involve an unchanging sign and thus imply
a tendency for b! ik!|!+1 to move in one direction over time.
The assumption that all market participants behave conservatively is

strong. At each point in time we would expect that some individuals would
behave conservatively while others would not. Whether the aggregate fore-
cast tends to move in one direction over a period of time would then depend
on the relative weight of the individuals in the market who behave conserv-
atively. A swing would arise in the model during those periods in which this
weight remained su!ciently high.

74The rise in the forecasts of some individuals might even cause them to switch from
being a bear to being a bull.
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12.4 Long Swings and Fundamentals

Many international macroeconomists view the long-swings behavior of ex-
change rates as evidence that these prices do not depend on macroeconomic
fundamentals, such as income levels and interest rates. Their empirical stud-
ies, which search for a fully prespecied (mostly xed) relationship between
the exchange rate and macroeconomic fundamentals, appear to conrm this
view.75

Our model of currency swings provides an alternative view. It is clear
from our analysis that swings arise in the model even if the forecasting strate-
gies attributed to market participants are assumed to depend solely onmacro-
economic fundamentals.76 Moreover, to account for currency swings that are
uneven in duration and magnitude, we need to allow for revisions of market
participants’ forecasting strategies. However, equations (33) and (35) show
that such behavior is associated with structural change in the relationship
between the exchange rate and fundamentals. Thus, even if fundamentals
matter for currency movements, we should not expect, as the majority of
extant studies do, that a time-invariant model involving a xed set of fun-
damentals, would adequately represent the causal relationship for periods of
time as long as decades. In fact, formal empirical analysis reveals not only
that this relationship has been unstable during the modern era of oating
currencies, but that the set of fundamentals that matters has changed from
one sub-period to another.77

Our theoretical and empirical ndings suggest that long swings in ex-
change rates away from parity occur not because market participants ignore
fundamentals in forming their forecasts, but because knowledge is imperfect
and fundamentals tend to move in particular directions.

12.5 Conditional Predictions of Change

As with the model’s predictions on the individual level, its predictions about
the equilibrium exchange rate are conditional on how individuals revise their
forecasting strategies and on the movements of the causal variables. The

75For a review of this literature, see Frankel and Rose (1995). For a discussion, see
section 15.1.
76This is true even if -! includes only those fundamentals that drive the REH forecast,

that is, if we set -! = '!.
77See Goldberg and Frydman (1996) and Frydman and Goldberg (2007, chapter 15).
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model implies an exchange rate swing during any period of time in which 1)
revisions of strategies are conservative; and 2) drifts in the causal variables
remain unchanged. The assumption that conservative forecasting behavior
does not last forever is crucial for the model’s empirical relevance. Indeed, as
we have shown, in order to account for the exchange rate swings in gure 1,
which are of limited and uneven duration, we need to assume that revisions of
forecasting strategies are, at unpredictable points in time, non-conservative
and non-reinforcing. A change in policy may also trigger a sustained reversal
in the exchange rate (see section 12.6). However, in any case, we must assume
that the constraints on change do not apply endlessly if we want to explain
the uneven nature of exchange rate swings.78

We cannot prespecify exactly when forecasting behavior will be conserv-
ative or when the drifts in the casual variables will be constant. Hence, we
cannot prespecify exactly when exchange rate swings will begin or end.

12.6 Bounded Instability and the Role of Benchmarks

Beyond its conditional prediction that the exchange rate will undergo swings
of uneven duration and magnitude, our IKE model implies that swings away
from PPP are ultimately bounded. As the gap from PPP grows, either
market participants eventually cease to be conservative, owing to the way
they assess the risk of capital losses on holding open positions, or policy
o!cials alter the course of the causal variables.
Our representation of risk replaces the usual assumptions of risk aversion

and expected utility theory with what we call endogenous prospect theory.
This alternative representation of preferences under uncertainty implies that
individuals’ degree of loss aversion increases as the size of the potential loss
from speculation increases.79 As such, market participants (both bulls and
bears) expect to earn a positive return — a premium — for holding open po-
sitions in the market, the size of which depends on one’s forecast of the po-
tential loss from speculation. To model an individual’s speculative decision,

78In fact, with no change in structure of any kind, or with individuals who behave con-
servatively endlessly, the model implies, counterfactually, that the exchange will undergo
an unbounded swing away from PPP. See chapter 14 of our book.
79An individual is loss averse if her disutility from losses is greater than her utility from

gains of the same magnitude. Endogenous prospect theory provides a way to represent the
experimental ndings of Kahneman and Tversky (1979) and others in a world of imperfect
knowledge.
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therefore, and thus the movement of the exchange rate, we must represent
how revisions of her forecasting strategy alter both her forecast of the next
period’s exchange rate, b! &#ik

!|!+1, and her forecast of the potential loss from

holding an open position, which we denote by b? &#ik!|!+1.
To this end, we make use of an observation about the historical record

on movements of the aggregate premium–expected return–on foreign ex-
change, which we denote by b@Aik!|!+1, and the gap between the aggregate fore-
cast and the PPP exchange rate, which we denote bydB"@ik! = !̂ ik!|!+1 ! !̂ ppp! .
In gure 2, we plot b@Aik!|!+1 anddB"@

ik
! for the British pound-U.S. dollar (BP/$)

market.80 The gure clearly suggests that b@Aik!|!+1 tends to move positively
over time with dB"@ik! .81 The results of regression analysis also indicate a
positive relationship between b@Aik!|!+1 anddB"@

ik
! , although they show that the

quantitative relationship between these aggregates varies over the sample
period.82

12.7 Benchmark Levels and Revisions of Forecasting
Strategies

Our representations of forecasting behavior imply that when an individual
revises her strategy, she alters her forecasts of the future exchange rate and
potential loss. She may be conservative in how she changes both of these fore-
casts. However, because conservatism does not involve any restrictions on
the causal mechanism–the composition of the causal factors and how they

80We use survey data on exchange rate expectations to measure b0+ik!|!+1 and the Big
Mac PPP exchange rate as in gure 1. The survey data are from Money Market Services
International (MMSI), which entail median responses from market participants concerning
their four-week ahead point forecasts of the exchange rate. For more details concering the
time plots in gure 2, see Frydman and Goldberg (2007, chapter 12). Other studies that
have used survey data from MMSI include Frankel and Froot (1987) and Froot and Frankel
(1989).
81Time plots for the DM/$ and Japanese yen/$ markets show a similar pattern. The

observation that b0+ik!|!+1 and d1%0
ik
! tend to move positively over time came from our own

research on currency markets. We rst made use of this relationship in Frydman and
Goldberg (2003) to explain the forward-discount puzzle.
82See Frydman and Goldberg (2007), chapter 12. Our empirical analysis relies on recur-

sive methods that allow us to test for structural change without prespecifying its timing
or nature. Moreover, we look for–and nd–some evidence that the market premium also
depends on cumulative current account imbalances, where, again, this relationship is only
qualitative.
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inuence the outcomes–it is not su!cient to account for the relationship
between the premium and the gap. Thus, in formulating the microfounda-
tions of a model that might explain the aggregate regularity between these
variables, we must look for additional regularities on forecasting behavior on
the individual level.
To this end, we build on Keynes (1936) and relate revisions of b? &#ik!|!+1 to the

gap between an individual’s forecast of the exchange rate and her measure of
the benchmark exchange rate. Keynes argued that, while asset prices have
a tendency to move persistently away from benchmark levels for protracted
periods, they eventually undergo, at unpredictable moments, sustained coun-
termovements back to these benchmark levels. He recognized that market
participants are also aware of this feature of the social context and use it
in their attempts to forecast future market outcomes. In discussing why an
individual might hold cash rather than interest-bearing bonds, Keynes ob-
served that “what matters is not the absolute level of A but the degree of its
divergence from what is considered a fairly safe level of A, having regard to
those calculations of probability which are being relied on” (Keynes, 1936,
p.201).
A benchmark level is, of course, specic to each asset market. Every

individual arrives at her own determination of the benchmark value and so,
in general, these assessments will di"er across individuals. How individuals
come to decide on a benchmark level is an open question. Keynes suggests in
his discussion that conventions and the historical record play an important
role. For example, as we have already mentioned, PPP has long played a
role in how market participants and policy makers asses the misalignment of
exchange rates, and its role as a benchmark is reasonable in view of the em-
pirical record in many currency markets. This is also the case with historical
PD and PE ratios in equity markets.
Keynes’s discussion of the importance of benchmark levels as anchors for

exchange rate uctuations suggests that a market participant’s forecast of the
potential loss from speculation depends on her evaluation of the gap between
the asset price and its benchmark level. For example, we would expect that
as the asset price rises further above the perceived benchmark level, bulls
(bears) would become more concerned (more condent) about a reversal and
thus greater (smaller) capital losses.83

83As Keynes puts it, “Unless reasons are believed to exist why future experience will be
very di"erent from past experience, a ...rate of interest [much lower than the safe rate],
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As with conservatism, we would not expect that these regularities for
bulls and bears would conform to any fully prespecied rule. We thus rely
on qualitative conditions to represent them, which we call gap restrictions.84

These representations of forecasting behavior are easily illustrated.
An individual’s expected loss from speculation can be written as,

b? &#l!|!+1 = 1
&
! [>

l
!+1 4 0|*

&
! ] 4 0

for a bull and,
b? &#s!|!+1 = 1

&
! [>

s
!+1 4 0|*

&
! ] 4 0 (42)

for a bear, where>l!+1 = !!+1!!! and>s!+1 = !!!!!+1 are the returns on long
and short positions on foreign exchange, respectively, and 1&! [>

l
!+1 4 0|*&! ]

and 1&! [>
s
!+1 = 0|*&! ] denote the expected value of the realizations on >l!+1

and >s!+1 that imply a loss for a bull and bear, respectively, conditional
on an individual’s forecasting strategy and information set. We omit the
superscript “ik” for notational ease.
The gap conditions for an individual bull and bear can be written as

follows
Db? &#l!|!+1
DdB"@ &#l!

4 0 and
Db? &#s!|!+1

DdB"@ &#s!
= 0 (43)

where the D operator, as before, denotes a total change,dB"@ &#ik! = b! &#ik
!|!+1 !

b! &#ppp
! , and b! &#ppp

! denotes an individual’s assessment at ' of the PPP ex-
change rate.85 These qualitative conditions constrain our representation of
how an individual revises her forecasting strategy by restricting all post-
change conditional probability distributions to imply a gap e"ect: distri-
butions that imply a higher dB"@ &#ik! also imply an expectation of greater
(smaller) potential losses if the individual is a bull (bear).86

leaves more to fear than to hope, and o"ers, at the same time, a running yield which is
only su!cient to o"set a very small measure of fear [of capital loss]” (Keynes, 1936, p.202).
84We also make use of additional qualitative conditions to model revisions in b2 %"ik

!|!+1 that
appeal to theoretical considerations. Economic theory suggests that market participants
might also consider current account imbalances in forecasting potential losses. See Fryd-
man and Goldberg (2007), chapter 12.
85The gap could also be dened in terms of the time-! exchange rate, rather than the

forecast of the future exchange rate, or some weighted average of the two without a"ecting
the conclusions of our analysis. See Frydman and Goldberg (2003).
86Because b2 %"l

!|!+1 and
b2 %"s
!|!+1 are both negative, greater (smaller) losses implies a fall (rise)

in these magnitudes. Hence, the less-than and greater-than inequalities in formulating the
gap conditions for a bull and bear, respectively.
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12.7.1 Self-Limiting Long Swings

To see how our IKE model with the gap conditions in (43) implies that ex-
change rate swings away from PPP will eventually end, consider an extended
period of time in which market participants revise their forecasting strategies
in conservative ways. Suppose that initially, forecasting strategies and the
drifts in the causal variables imply a positive underlying drift in b! ik!|!+1, that
is, )ik"!1/

% = 0. During this period of time, then, b! ik!|!+1 and the exchange
rate, !!, will tend to rise. To keep our example simple, we focus only on the
role of bulls and assume that the rise in b! ik!|!+1 is associated with a rise in
b! l#ik
!|!+1.

87

While conservative revisions of strategies and movements in causal factors
lead bulls to raise their forecasts and bid the exchange rate further above
PPP, our IKE model of risk indicates that they simultaneously become more
concerned about a sustained counter-movement – that is, about capital
losses. This leads them to raise the premiums that they require to increase
their long positions. According to our model, if the swing away from PPP
were to continue, a threshold would eventually be reached at which bulls
would become so concerned about a reversal that they would no longer revise
their forecasting strategies in conservative ways. At that point, they would
either reduce their long positions or abandon them altogether, which would
precipitate a reversal in the exchange rate.
PPP matters because market participants have come to rely on this

benchmark in their attempts to forecast potential losses and assess the risk-
iness of holding open positions. When, exactly, the gap from PPP, and thus
the potential loss, is perceived by bulls to be too large for them to continue
bidding up the exchange rate depends on many factors, including economic,
political, and policy considerations that no one can fully prespecify. Thus,
no one can fully prespecify when long swings away from PPP will eventually
end.
Policy makers also use PPP as a benchmark level in setting economic

policy and their actions also play an important role in keeping exchange rate
swings bounded. We have so far assumed in our discussion of long swings that
trends in macroeconomic fundamentals remain xed. However, the empirical

87The focus on bulls enables us to avoid distributional issues. But, of course, the bears
also play a role in keeping the swing away from PPP bounded. See Frydman and Goldberg
(2007).
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record shows that policy o!cials sometimes worry about large departures
in the exchange rate from PPP,88 and alter policy to engender a reversal.89

As with revisions of forecasting strategies, we would not expect that such a
regularity would follow any fully prespecied rule.
This reasoning leads us to assume that beyond some threshold, which

we do not prespecify, policy makers respond to large departures from PPP
by altering policy to limit the misalignment. The fact that many of the
major reversals in currency markets are proximate to major changes in policy
suggests that the behavior of policy makers plays an important role in keeping
long swings in the exchange rate bounded.90

!91

13 The Market Premium and the Aggregate
Gap

Beyond its implications for keeping exchange rate swings away from PPP
bounded, our IKE representation of individuals’ expected losses from hold-
ing open positions implies a model of the causal mechanism for the equilib-
rium premium on foreign exchange, b@Aik!|!+1, that is able to account for the
qualitative regularity evident in gure 2.
Endogenous prospect theory implies that the equilibrium premium on

88Large misalignments pose challenges for rms that are engaged in international busi-
ness by leading to changes in competitiveness. These e"ects, in turn, lead to calls for
protectionist measures, which may reduce the benets from international trade for eco-
nomic activity.
89Examples of such behavior include the coordinated interventions by central banks and

the changes in monetary and scal policy that were aimed at bringing down U.S. dollar
rates in 1985 and yen rates in 1995, as well as the interventions by the U.S. Federal Reserve
and the European Central Bank to stem the recent fall of the dollar.
90For example, the major reversals in U.S. dollar rates in late 1979 and early 1985 were

associated with the arrival of Paul Volcker and James Baker, respectively, both of whom
quickly engineered major changes in policy. An example of a connection between policy
and major reversals in other asset markets is provided by the downturn in U.S. equity
markets that began in August 2000, which came on the heels of the Federal Reserve’s
decision to raise the federal funds rate from 4374 percent in July 1999 to 635 percent in
May 2000.
91Beyond the policy channel, departures in the exchange rate from PPP inuence trends

in macroeconomic fundamentals endogenously in ways that also keep exchange rate swings
bounded. For example, swings in exchange rates eventually lead to changes in current
account imbalances and economic growth that would tend to limit such swings.
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foreign exchange depends on an aggregate of the returns that bulls expect
to earn from holding long positions relative to the returns that bears expect
from their short positions:

b@Aik!|!+1 =
1

2

¡
cC@l!|!+1 !cC@

s
!|!+1

¢
(44)

where, echoing Knights (1921) distinction between uncertainty and risk,
we refer to the expected returns of the bulls and bears, cC@l!|!+1 = 0 and
cC@s!|!+1 = 0, respectively, as uncertainty premiums.92 We show that if fore-
casting behavior is consistent with the gap conditions in (43), the market
premium will move positively with the aggregate gap,dB"@ik! , over time. The
intuition follows from the connections between individuals’ premiums and
their forecasts of the potential losses that, as dB"@ik! rises, foreign exchange
bulls (bears) become more (less) concerned about the potential losses from
holding open positions in the market; thus, in equilibrium, the uncertainty
premiums of the bulls (bears) rise (fall). Both of these movements lead to
an increase in the equilibrium premium.93

One would not expect that the inuence of the aggregate gap on the
market premium would be the same in every time period. Indeed, we might
expect that this e"ect would be small (large) when the size of thedB"@ik! was
small (large).94 Nevertheless, our model implies that, although the quantita-
tive relationship between the market premium and the gap varies over time,
it does so in ways that preserve the qualitative relationship between these
variables: a rise (fall) indB"@ik! is associated with) a rise (fall) in b@A

ik
!|!+1.

Beyond its ability to account for the positive relationship between the
market premium and the aggregate gap that we observe in the data, our
IKE model is able to explain a feature of the empirical record that extant
approaches have found extremely puzzling: the frequent switches in the al-
gebraic sign of b@Aik!|!+1 that are apparent in gure 1 and in other currency
markets. The expression for the market premium in (44) shows that the al-
gebraic sign of b@Aik!|!+1 depends on the size of the bulls’ uncertainty premium
92The market premium also depends positively on the international nancial position

of the domestic country. See Frydman and Goldberg (2007, chapter 11). To keep the
discussion simple, we ignore this feature of the model.
93There are some distributional issues in deriving this result that we address in Frydman

and Goldberg (2007, chapter 12).
94We report evidence in Frydman and Goldberg (2007, chapter 12) that supports this

view of a non-linear relationship.
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relative to the bears’. When this relative magnitude changes sign, so, too,
does the sign of the market premium.95 One of the implications of our model
is that the frequency of sign reversals in b@Aik!|!+1 declines when the size of the
aggregate gap is “large.” We show that this is, indeed, the case in the BP,
German mark, and Japanese yen markets using thresholds for dB"@ik! of 5,
10, and 20 percent. This result makes clear that allowing for the presence of
bulls and bears in the market is crucial to accounting for the time paths of
the premium in currency markets.

13.1 Diversity of Forecasting Strategies and the Mar-
ket Premium

The important role played by the forecasts of bulls and bears in driving the
time-path of the premium makes points to the key reason why REH models
have had such di!culties explaining risk in nancial markets. Although one
may be able to represent the behavior of bulls and bears by assuming some
special informational asymmetries and a single REH forecasting strategy, in
general, the distinction between the two groups’ forecasts stems from di"er-
ences in their forecasting strategies. Moreover, in the context of our model of
the premium, the individual gap restrictions in (43) necessarily require that
bulls and bears follow diverse forecasting strategies.
To see this, assume that individuals do make use of the same forecasting

strategy for the next period’s return >!+1 and write the conditional mean of
the distribution representing this strategy as

1![>!+1|*!] = b> +
!|!+1 +

b> !
!|!+1 (45)

where b> +
!|!+1 = 1![>!+1 = 0|*!] = 0 and b> !

!|!+1 = 1![>!+1 4 0|*!] 4 0
denote the expected values of the positive and negative realizations of >!+1,
respectively. Furthermore, suppose that a bull and a bear both revise upward
their forecast of the future exchange rate between '!1 and ' with no change
in their estimates of the PPP exchange rate. The increases in b! &#l

!|!+1 and

95In the case of a non-zero international nancial position, the algebraic sign of b0+!|!+1
still depends on the relative magitude of c40l!|!+1 !c40

s
!|!+1 . Indeed, it is this term, which

is absent in conventional models, regardless of whether they allow for bulls and bears,
that enables us to account for sign reversals in the premium. See Frydman and Goldberg
(2007, chapter 11).
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b! &#s
!|!+1 are then tantamount to upward revisions of dB"@

&#l
! and dB"@ &#s! , and,

because individuals take !! as given, a rise in b> &#l
!+1 and a fall in b>

&#s
!+1.

96

Consider the implications of these revisions of the forecasting strategies
for the bull. The gap conditions in (43) imply that the rise in dB"@ &#l! is
associated with a rise in !b? &#l!|!+1 = ! b>

&#!
!|!+1. However, in order for both b>

&#l
!+1

and ! b> &#!
!|!+1 to rise, b>

+
!|!+1 must rise, too. Now consider the bear. The gap

conditions in (43) imply that the rise in dB"@ &,s! is associated with a fall in
!b? &#s!|!+1 = b> &#+

!|!+1. However, if the bull and the bear are assumed to follow the
same forecasting strategy at '!1, then this common strategy can imply only
an increase or a decrease in b> &#+

!|!+1, but not both. Thus, the gap conditions in
(43), which specify part of the microfoundations of our model of the market
premium, require that bulls and bears follow diverse forecasting strategies at
every point in time.

14 How Recognizing the Limits to Knowl-
edge Avoids Internal Inconsistency

We have sketched how our microfounded IKE model of the currency market
accounts for three regularities on the aggregate level: long swings in exchange
rates of uneven duration and magnitude, a positive relationship between the
market premium and the aggregate gap, and the market premium’s tendency
to undergo sign reversals less frequently when the size of the aggregate gap
is large. Allowing for the presence of bulls and bears, and the diversity of
forecasting strategies among them, played a crucial role in our model of the
premium.
In section 8.1, we showed that if a fully predetermined model allows for

diversity of forecasting strategies, it’s multiple probability distributions rep-
resenting these strategies are necessarily inconsistent with the single, over-
arching distribution–sharp prediction–that the model generates on the ag-
gregate level. Following Lucas, we argued that such inconsistent models are
the “wrong theory.”
We also showed that in order to avoid inconsistency, an economist must

stop short of fully prespecifying the microfoundations of his model, in particu-
lar, revisions of forecasting strategies. Because IKE models do so, they imply

96For bears, b/ %"s
!+1 = $! ! b$ s"ik

!|!+1 5 0, so a rise in
b$ s"ik
!|!+1 implies a fall in

b/ %"s
!+1.
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myriad conditional probability distribution for !!+1 on the aggregate level at
every point in time. But, although acknowledging the limits to knowledge is
necessary to avoid internally inconsistent models, it is not su!cient.

14.1 The Gap Conditions and Market Premium

Consider the model’s predictions concerning the causal mechanism underpin-
ning the premium on foreign exchange. On the aggregate level, the model im-
plies that b@Aik!|!+1 anddB"@

ik
! move positively together over time.

97 The model
also generates myriad of conditional distributions for>!+1, all of which imply
a positive relationship between the conditional mean of >!+1 and the con-
ditional mean of B"@!+1. Thus, to check that our model is not theoretically
inconsistent, we must show that the gap conditions in (43), which constrain
revisions of forecasting strategies on the individual level, are compatible with
a positive relationship between the conditional mean of >!+1 and the condi-
tional mean of B"@!+1 for both bulls and bears.
We note that the aggregate regularity between1![>!+1|*!] and1![B"@!+1|*!]

implies no restrictions on how b> +
!|!+1 and b> !

!|!+1.may vary separately with
1![B"@!+1|*!]. Thus, because the gap conditions in (43) constrain how bulls
and bears revise their forecasts of the potential loss–which involve, sep-
arately, b> !

!|!+1 for the bulls and b> +
!|!+1 for the bears–they are compatible

with the positive relationship between 1![>!+1|*!] and 1![B"@!+1|*!] on the
aggregate level.98

14.2 Conservatism and Long Swings

As for the gap conditions, IKE’s use of partially predetermined probability
distributions enabled us to specify our microfoundations by constraining an

97 b0+ik!|!+1 andd1%0
ik
! are aggregates of the conditional means of the distributions used to

represent the forecasting of individual bulls and bears. Unless one has access to survey
data, as we do in gure 2, such aggregates of individuals’ expectations are, in general,
not in general observable; thus, the relationship between them does not, by itself, have
any implications for the qualitative properties of probability distributions representing
forecasting on the individual level.
98The model constrains a bull’s revisions of her forecasting strategy in such a way that

if the revised strategy involves a higher (lower) b$ %"l
!|!+1 and thusd1%0

%"l
! , it will also involve

a higher (lower) forecast of the potential loss from speculation, that is, a lower (higher)
b/ !
!|!+1 (

b2 %"l
!|!+1) 6 0. The converse is true for the bears.

70



aspect of the causal mechanism that di"ers from the qualitative feature of this
mechanism predicted by the aggregate model. This, of course, would not be
possible in the context of a fully predetermined model, because these models
imply a single overarching distribution of outcomes and thus must disregard
diversity–as REH models in fact do–to avoid internal inconsistency.
Conditional on conservative revisions and a xed policy environment, the

aggregate model predicts the direction of change in the exchange rate, either
away from or toward the benchmark level. However, it does not have any
implications for the way the causal mechanism–the relationship between the
exchange rate and a set of causal factors–might change over time.
By contrast, the conservative restrictions constrain the way an individual

revises her forecasts of the causal mechanism that underpins the exchange
rate. However, they do not restrict in any way an individual’s prediction
concerning the direction of change in the exchange rate. Indeed, the mi-
crofoundations of our model allow for both bulls, who forecast appreciation,
and bears, who forecast depreciation. Thus, the conservative revisions of
forecasting strategies on the individual level are compatible with the predic-
tion of long-swings behavior of the exchange rate implied by the model on
the aggregate level.

14.3 Bulls and Bears in a Long Swing

The model predicts that, conditional on conservative revisions of forecast-
ing strategies and constant drifts in the causal variables,.the exchange rate
undergoes protracted swings that revolve around PPP. This prediction ap-
pears to conict with the assumption that the microfoundations of our model
allow for bulls and bears: during every up-swing or down-swing, there are
market participants who are assumed to bet on a movement of the exchange
rate in the opposite direction. The key to avoiding the inconsistency, how-
ever, is that our explanation of the swings recognizes that they are uneven
in duration and magnitude: conservative behavior and constant drifts do not
last forever. In the model, non-conservative and non-reinforcing revisions
in strategies or changes in policy could occur at any point in time during a
protracted swing either up or down. The model thus implies that a reversal
in the exchange rate could occur at any point in time.
Consequently, the aggregate prediction of a protracted upswing (down-

swing) is not incompatible with the presence of both bulls and bears on the
individual level of our model. Because our model does not fully prespecify
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when exchange rate movements might reverse direction, an individual who
remains a bear during an upswing or a bull during a downswing is justied
in doing.

15 The Futile Search for Sharp Predictions

Economists are trained early on to believe that models that do not generate
sharp predictions are not worthy of consideration. However, the opposite
is true. As John Kay (2007) put it in an article from which the title of
this section comes, “the quest for exact knowledge gets in the way of useful
knowledge.”

15.1 Lost Fundamentals in Currency Markets

The detrimental e"ect of the belief that only models that generate sharp
predictions are worthy of scientic status is perhaps most evident in the
eld of nancial economics. Consider, for example, how the contemporary
approach has impeded economists’ thinking about whether macroeconomic
fundamentals matter for currency movements.
There is much anecdotal evidence in the popular media, supported by

survey research, that participants in the foreign exchange market pay close
attention to fundamental variables in forming their forecasts of future ex-
change rates. It is obvious, for example, that market participants hang on
every word that central bank o!cials utter, listening for hints of a change
in monetary policy. Similarly, two years or so prior to the writing of this
paper, market participants clearly responded to announcements of large and
growing US current account decits by selling the dollar. Because individ-
uals’ forecasts drive their behavior in nancial markets, we would expect
fundamental variables to have considerable inuence on exchange-rate uc-
tuations. Indeed, we showed how currency swings can arise in IKE-based
monetary models even if all individuals rely solely on macroeconomic funda-
mentals in forming their forecasts.
However, in order to build models on the foundation of individual ratio-

nal behavior while remaining faithful to the contemporary approach, con-
ventional exchange-rate theorists modeled individual behavior and aggregate
outcomes with fully predetermined representations. These conventional mod-
els were thought to o"er the way to understand how macroeconomic funda-
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mentals and rational behavior a"ect the exchange rate.
When they failed to nd an overarching relationship between the exchange

rate and macroeconomic fundamentals, conventional economists concluded
that swings in exchange rates away from benchmark levels were unconnected
to changes in these fundamentals. Obstfeld and Rogo" (2000) have referred
to this “anomalous” nding as the “exchange-rate-disconnect puzzle.” This
puzzle led many to presume not only that fundamentals do not matter, but
also that some or all market participants behave “irrationally.”
However, in a dynamic world economy, we should not expect to nd

that a single set of economic fundamentals has mattered in exactly the same
way since oating currencies became the norm in the 1970’s. In fact, the
exchange-rate-disconnect puzzle disregards empirical evidence, much of it re-
ported by conventional economists themselves, showing that, while macroeco-
nomic fundamentals matter for exchange-rate movements, the causal mech-
anism that underpins these movements is temporally unstable: not only do
the coe!cients of empirical models change from one sub-period of oating to
another, but the sets of fundamentals that seem to matter for exchange rates
also change. Fully predetermined models cannot account for such structural
change, the nature and timing of which depends on how market participants
revise their forecasting strategies and on unforeseeable changes in the social
context.
IKE acknowledges that an overarching model for currency movements is

beyond the reach of economic analysis. Moreover, once we allow exchange
rate models to undergo structural change at the points in time that are
not prespecied, statistical analysis reveals that fundamentals do matter for
exchange rate movements, after all.99

15.2 Is the Market Really Grossly Ine!cient?

Relying on invariant empirical relationships, many researchers report that
future returns in currency markets co-vary negatively with the current value
of the forward premium.100 To explain this behavior, conventional econo-

99In chapter 15 of our book, we show that if one allows for structural change, the forecast
errors generated by fundamentals-based models are smaller, in mean square error, than
the errors generated by the random walk. Thus, we reverse the Meese and Rogo" (1983)
conclusion that ipping a coin outperforms structural models.
100The forward premium depends on the di"erence between the forward and spot ex-
change rates.
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mists have constructed exchange rate models in which risk-averse individu-
als require a positive return, a premium, to hold risky positions in currency
markets. It is widely recognized, however, that this research e"ort has been
unsuccessful.101

Unable to explain the negative co-variation between the return on foreign
exchange and the forward premium that their studies report, economists have
reached the startling conclusion that “one can make predictable prots by
betting against the forward rate” (Obstfeld and Rogo", 1996, p. 589). The
apparent anomaly that these prots remain unexploited has become one of
the major “puzzles” in the international nance literature.
There are several well-known studies in the literature that indicate that

the relationship between the return on foreign exchange and the forward
premium is temporally unstable. In chapter 13 of our book, we add to this
evidence and show that the correlation between the return on foreign ex-
change and the forward premium is sometimes negative, sometimes positive,
and sometimes insignicantly di"erent from zero.
Acknowledging the importance of temporal instability goes a long way

toward resolving the forward-rate “puzzle.” A returns process that gives rise
to both negative and positive correlations with the forward premium implies
that betting against the forward rate will be protable during some time
periods but not in others. We show that a trading rule based on betting
against the forward rate does not deliver signicant prots over the modern
period of oating in the major currency markets.
Because the contemporary approach has led economists to construct fully

predetermined, mostly invariant models of foreign exchange returns that ig-
nore temporal instability, the “nding” of a negative correlation between
returns and the forward premium has led them to conclude that there is easy
money to be made in the foreign exchange market. But, since the correla-
tion is sometimes negative and at other times positive, fully predetermined
trading rules based on the forward rate do not deliver prots. As in the case
of the disjunction between the exchange rate and macroeconomic fundamen-
tals, the forward-rate “puzzle” is another artifact of the epistemological aws
inherent in the contemporary approach. The fact that there are literally hun-
dreds of studies attempting to explain this "puzzle" provides an example par
excellence of how contemporary economics’ insistence on sharp predictions
has misdirected research and impeded its progress.

101See chapter 8 of our book for a discussion of this literature
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16 Coming to Terms with Imperfect Knowl-
edge

The research program of contemporary economics is predicated on the belief
that it is possible to fully prespecify economic change over periods of time
as long as decades. The premise that seems, at least implicitly, to motivate
this mechanistic way of modeling market outcomes is that there exists a
fully predetermined causal mechanism that underpins actual behavior on the
individual and aggregate levels.
But, forecasting behavior on the part of purposeful individuals alters the

causal mechanism that underpins market outcomes in ways–and at points
in time–that cannot be fully prespecied. Moreover, changes in the social
context, including the evolution of institutions, values, and norms, are all
important in engendering temporal instability in causal relationships in real-
world markets.
If change in capitalist economies is not governed by a fully predetermined

causal mechanism, then attempting to explain individual behavior and ag-
gregate outcomes with representations that presume the existence of such a
mechanism is misguided. It is not surprising, then, that the contemporary
approach has had great di!culties in discovering the “mechanics of economic
development” (Lucas, 2002, p. 21) in many markets where prot-seeking in-
herently involves coping with ever-imperfect knowledge.
Beyond the contemporary research program’s empirical di!culties, its re-

liance on fully predetermined models precludes the possibility of building any
coherent economic theory of aggregate outcomes based on plausible micro-
foundations. Remarkably, what economic theory requires to escape extant
approaches’ epistemological aws is also required to overcome their empirical
di!culties: economists must give up their insistence on sharp predictions.
Economics calls for a new approach that represents individual behavior

and aggregate outcomes mathematically, and that, at the same time, refrains
from fully prespecifying economic change. IKE o"ers a way to take up this
task.
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