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rate differential is equal to the forward premium, the parameters for UIP can be
tested through the following regression analysis (Taylor, 1995):

Lisgre =a+ ,B(ft(k) - St) + Netk
under rational expectations, the only difference between the expected change in
exchange rate and the actual change in the exchange rate is the white noise
forecast error. Instead of incorporating the interest rate differential, Mark Taylor
describes the regression that estimates the coefficient of the difference between
the logarithm of the forward rate for maturity, ft(k), and the spot rate, s;, for k
periods. The interest differential can be substituted for the forward rate because
of the covered differential, as previously noted, allowing for tests of market
efficiency. The magnitude of the white noise error, if investors were forming
REH expectations, would not be significant and the returns across countries
would offset and equalize through arbitrage. “If investors are risk-neutral and
have rational expectations, we should expect the slope parameter, 3, to be equal
to one and the disturbance term 7, — the rational expectations forecast error
under the null hypothesis — to be uncorrelated with the information available at

the time t” (Taylor, 1995). For example if the U.S. has a higher interest rate than

Through the process of arbitrage, these price differentials are exploited and
return back to equilibrium.
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the U.K., the dollar should be expected to lose value relative to the pound
sterling by that exact percentage difference.

There are many financial anomalies? that remain unexplained in
international macroeconomics. Froot and Thaler discuss anomalies, defined as,
“an empirical result qualifies as an anomaly if it is difficult to 'rationalize’, or if
implausible assumptions are necessary to explain it within the paradigm” (Froot
and Thaler, 1990). The focus of this paper is the Forward Discount Anomaly, a
major puzzle in international macroeconomics. This puzzle arises because
returns do not tend to equalize across countries, as implied by the rejection of the
Uncovered Interest Parity theory ex post and the efficient markets hypothesis
assumptions. For the condition to hold, the 3 coefficient should equal unity and
the a intercept, zero. In fact the estimated B is found, in previous estimated
models, to be not only consistently less than one but often negative, implying
that simply investing in the country with the higher interest rate would yield
predictable profits. An alarming market inefficiency. In his 1984 paper, “Forward
and Spot Exchange Rates”, Eugene F. Fama investigated the degree to which
forward exchange rates are able to forecast future spot exchange rates. Fama

(1984) also examines whether forward rates have time varying premiums. By

2 Other puzzles discussed in Obstfeld and Rogoff (2001): home-bias-in-trade
puzzle, the Feldstein-Horioka puzzle, home-bias portfolio puzzle, the
consumption correlations puzzle, the Purchasing-Power-Parity puzzle and the
exchange rate disconnect puzzle



15

testing a model for combined measurement of the two components of forward
rates, the variation in the premium and expected future spot rate, Fama finds
support that both aspects vary through time. “More startling are the conclusions
that (a) most of the variation in forward rates is variation in the premiums, and
(b) the premium and expected future spot rate components of forward rate are
negatively correlated” (Fama, 1984). He estimated the following regression:

See1 — Se = ag + B2 (Fr — Sp) + €041
Where, S;,1 — S, is the difference between the future and current spot rate. Then,
F, — S, is the current forward-spot differential. This model is estimated to see if
there is any predictive success of the forward-spot differential with the future
change in the spot rate. Fama observes negative values for f3,, which is consistent
with previous literature’s estimates. The failure of estimated models to produce
an estimated value of 1.0, suggested by an efficient market hypothesis, pushes
economists to revise assumptions and look for explanations.

As observed by Pierre-Olivier Gourinchas and Aaron Tornell,
“Accordingly, the forward premium is always a biased predictor of future
depreciation; the bias can be so severe as to lead to negative coefficients in the
‘Fama’ regression” (Gourinchas and Tornell, 2004). Froot and Thaler summarize
the evidence against UIP ex post, “a very large literature has tested the

unbiasdness hypothesis and found that the coefficient f is reliably less than one.
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In fact, f is frequently estimated to be less than zero” (Froot and Thaler 1990).
The question presented by UIP’s rejection ex post is why aren’t investors
exploiting these opportunities until they disappear? The expected utility theory
based REH models have also been rejected (Capital Asset Pricing Model (CAPM)
and Consumption CAPM). This anomaly represents an inability to explain price
movements in the world’s largest and arguably most competitive market, a
major challenge to economic theory. Possible explanations have been suggested,
for instance a time varying risk premium in the forward rate (Fama, 1984) but
require further investigation.

As Charles Engel shows in his 1996 survey of the Forward Discount
Anomaly and risk premium, the estimated 3 coefficient for UIP is not 1, as
hypothesized. Engel reports on the previous research by Hodrick (1987)* where
the future exchange rate is negatively related to the forward discount. The
corresponding [3 coefficient is often less than 1, and most often found to be
negative. Engel also surveys models and test procedures for the risk premiums.
These models include the CAPM, latent variable model and portfolio-balance

models of risk premiums. Engel defines the risk premium:

0% = fr — E¢(St41)

3 Most notable seminal studies on forward and spot exchange rates: Fama 1984 and
Bilson 1978
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where, rp{®, is the foreign exchange risk premium. This implies that under risk
neutrality, agents will drive f, the log of the forward exchange rate, to equality
with expectations of the future spot rate, E(st+1). If this were the case, under
rational expectations expected profits would be zero (Engel, 1996). Regression
results show this is not the case, and that there are seemingly unexploited
opportunities for profit in the foreign exchange market, otherwise known as the

Forward Discount Anomaly.

Behavioral Economics
Through the pioneering work of behavioral economics, we are allowed a deeper
understanding of asset prices and their deviation from fundamental benchmark
values. Barberis and Thaler discuss some of these advances in their Survey of
Behavioral Finance, concluding that “these papers are important existence proofs,
showing that it is possible to think coherently about asset pricing while
incorporating salient aspects of human behavior” (Barberis and Thaler, 2003).
Just as an asset pricing approach helps to understand currency movements, so
too does behavioral finance provide insight into asset prices and the human
forces that drive the movements in those prices.

Behavioral economics studies the cognitive and emotional factors in
economic decision making. The application of behavioral economics to explain

some financial phenomena is known as behavioral finance. “Behavioral finance
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argues that some financial phenomena can plausibly be understood using
models in which some agents are not fully rational” (Barberis and Thaler, 2003).
Many of the observations of human behavior that provide foundations for
models in behavioral finance are derived from the experimental findings of
cognitive psychology. Despite the inability of previous economic models to
explain certain persistent phenomena, there has been reluctance to incorporate
such findings into economic research. Nicholas Barberis and Richard Thaler list
reasons for hesitation in their survey of behavioral finance:

Economists are sometimes wary of this body of experimental

evidence because they believe (i) that people, through reputation

will learn their way out of biases; (ii) that experts in a field, such as

traders in an investment bank will make fewer errors; and (iii) that

with more powerful incentives, the effects will disappear. (Barberis

and Thaler, 2003)
Many of the discoveries of behavioral finance over the past few years, have been
tentatively applied to stock markets, with results that are promising.

Behavioral finance could add clarity to foreign exchange markets by

incorporating more accurate descriptions of human behavior than previous
models. “Economists once thought behavior was either rational or impossible to

formalize” (Barberis and Thaler, 2003). Through the findings of cognitive
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psychology and the pioneering work of psychologists and behavioral economists
alike, it is now evident that these processes are possible to understand and that
previous models can be enhanced by incorporating assumptions that more
accurately depict real human behavior. It is widely accepted that investors’
expectations influence international financial market outcomes. Assumptions
and formulas that more aptly describe their behavior therefore seems a first and
crucial step towards better economic understanding.

Applying a behavioral finance framework to the foreign exchange market,
Paul DeGrauwe and Marianna Grimaldi (2006) construct simple and complex
behavioral rules to illustrate their foreign exchange market observations and
how investors form their expectations. “Agents are aware of the exceptional
complexity of the world in which they live. They will therefore follow a different
forecasting strategy than the one the rational expectations model assumes, in
which individual agents can store and process all relevant information in their
brain.” (DeGrauwe and Grimaldi, 2006). In accordance with psychological
literature, they propose that agents use simplifying heuristics, commonly
described as anomalies of human behavior, taking in small parts of an overly
large and complex world to formulate their expectations. They discuss two
discoveries of cognitive psychology in their survey of behavioral finance before

constructing their own model from their own separate observations. The first
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being “framing”, where individuals” decisions are affected by the way choices
are presented (Kahneman and Tversky, 1981). The second anomaly mentioned is
prospect theory (Kahneman and Tversky, 1979). Prospect theory shows that, in
contrast to the expected utility theory, utility of gains and disutility of losses are
derived from changes in financial wealth and not the overall level. Where the
disutility of a loss is greater than the utility of an equivalent gain. Prospect
theory will be discussed in more detail later in this paper. DeGrauwe and
Grimaldi propose that when agents are forming their expectations in complex
markets they use simple forecasting rules. Agents base their decision on what
rule to use by comparing the profitability of ex post returns. These heuristics do
not guarantee optimal results but afford the agent a way of using experience-
based techniques to solve problems and make decisions in the face of complexity.
With this understanding, they propose simple forecasting rules and a formula for
how investors choose between the methods. When approaching complex
informational problems, agents will sift through the information with

experienced based techniques to come to a decision of how to act in the market.

Explanations
This paper is an investigation into why UIP does not hold ex post, and further
examines possible explanations where the differences in returns could be

explained by a varying risk premium or if investors are forming expectations in
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accord with simple behavioral rules. In approaching the Forward Discount
Anomaly, three questions must be considered: Is there a time-varying risk
premium? If so what explains it? Lastly how can we characterize expectations
about the exchange rate? This paper examines the Forward Discount Anomaly
from the approach that there may be a risk premium and/or investors may be
forming non-REH expectations. The first possible explanation challenges UIP’s
assumption of risk neutrality.

UIP assumes individuals will invest in the higher expected return country,
and do not care about risk or the other moments of the return distribution.
Investors are apparently leaving opportunities for profit unexploited in the
foreign exchange market. This behavior is in contrast to the assumption of risk
neutrality. It therefore seems possible that these potentially more profitable
investments may be considered riskier and therefore less attractive as investors
would require a higher premium for holding that asset.

The second possible explanation is with the assumption of rational
expectations, where individuals” forecast errors are just a white-noise error or
they are forecasting in a way with perfect foresight. This would allow economists
to represent expected changes in the exchange rate with the actual future change

in the exchange rate.
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In their paper, Jeffrey Frankel and Kenneth Froot (1989) use survey data to
measure exchange rate expectations. Their research looks to answer two
questions, “how best to describe the survey expectations formation; and whether
investors’ expectations are unbiased forecasts of the actual spot exchange rate
process” (Frankel and Froot, 1990). As they investigate the answer to these two
questions, Frankel and Froot offer a way to test rational expectations: “The
simplest possible test of rational expectations is to see if expectations are
unconditionally biased, if investors systematically overpredict or underpredict
the future spot rate” (Frankel and Froot, 1989). As evidenced in the 70s and 80s
investors consistently under then over predicted the future value of foreign
currencies relative to the US dollar. This observation emphasizes the need to
consider different explanations over time.

Frankel and Froot (1989) then examine another puzzle: why the gap
between the forward discount and expected rate of depreciation in the survey
data is so large. They offer two possible explanations: the gap is a risk premium
or investor expectations are heterogeneous. Frankel and Froot (1990) state that in
order for the difference to be a risk premium, there has to be two requirements,
“(a) that assets denominated in other currencies were perceived in the early
1980’s as riskier than assets denominated in dollars, and (b) that investors are

highly risk averse” (Frankel and Froot, 1990). While Frankel and Froot (1989)
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conclude that they are unable to find the existence of a premium while pooling
across exchange rates, later studies that don’t replicate this exact form of analysis
do. If these conditions are met, modeling the changing risk preferences becomes
a first and crucial step to better understanding investor behavior and their

subsequent influences in financial markets.

Risk: Re-examined

Prospect Theory
To look at the former of the two explanations, this paper uses a model that

incorporates the experimental findings of Daniel Kahneman and the late Amos

Tversky (1979). In their paper, Barberis and Thaler note the significance of the

work of Kahneman and Tversky:
Thanks largely to the work of cognitive psychologists such as
Daniel Kahneman and Amos Tversky, we now have a long list of
robust empirical findings that catalogue some of the ways in which
actual humans form expectations and make choices. There has also
been progress in writing down formal models of these processes,
with prospect theory being the most notable. (Barberis and Thaler,
2003).

Kahneman and Tversky found that individuals’ risk preferences are quite

different from the standard theory. What matters is not the level of wealth with
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diminishing returns, rather the change in wealth with a much greater disutility
from a loss than utility from an equal magnitude gain with diminishing
sensitivity to both. Through prospect theory Daniel Kahneman and Amos
Tversky have shown that individuals’ risk preferences are not stagnant, but
rather subject to change relevant to recent experiences.

In establishing the basis for prospect theory Kahneman and Tversky offer
a critique of the assumptions of expected utility theory, providing many
instances in which experiment participants violate the framework. Expected
utility theory suggests that probabilities weight the utility of outcomes.
Kahneman and Tversky coin the name of effects that cause participants to act in a
specific way — often in stark contrast of what the expected utility theory would
hypothesize. The first of these effects, they label the Certainty Effect, where
people will often place greater significance on outcomes that are considered
certain when compared with outcomes that are only considered possible.
Experiment participants were given monetary values and degrees of certainty
that they would receive either value in a given option. For instance:
Problem 1: Choose between

A. 2,500 with probability 33,
2,400 with probability .66,

0 with probability .01;
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B. 2,400 with certainty.

They found that 82 percent of participants opted for the option that was
certain. These choice problems are similar to other well-known counter-examples
of the expected utility theory. Maurice Allais first presented these counter-
examples in 1953 (Kahneman and Tversky, 1979). These problems capture
varying degrees of risk preferences. Experiment participants choose options with
the lesser monetary value with certainty rather than the greater value but also
greater risk. Kahneman and Tversky are able to capture these behaviors into the
framework of their prospect theory.

Curious about the effect opposite signs but equal magnitudes would have
on outcomes of the same problems, Kahneman and Tversky gave outcomes the
opposite sign and again posed the problems to experiments participants. Like the
previous experiments, these new choices yielded interesting results. They found
that given the same probabilities but the opposite value for each outcome
experiment participants will take the greater magnitude loss with probability
over the lesser value loss with certainty. The results from their experiment show
that risk averse behavior becomes risk seeking, as participants are more willing
to try their odds with a greater loss that is merely probable than a loss of lesser
value but certainty. This anomaly was named, the Reflection Effect (Kahneman

and Tversky, 1979). This behavior violates expected utility theory by showing
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that agent risk preferences vary depending on how the choices are presented and
do not choose the greater monetary value option with consistency.

Offering a general description of the phases involved in prospect theory
Kahneman and Tversky (1979) describe the following processes involved in
making decisions. The first phase is the editing phase and involves the initial
analysis of choices being considered. This analysis is then followed by the
evaluation phase, where the best prospect is chosen. The editing phase serves the
purpose of simplifying the prospects being considered through three different
steps: coding, combination, segregation and cancellation. Coding involves a
reference point and states individuals look at final outcomes from decisions as
gains and losses rather than the final level of wealth. Combination involves
combining probabilities of matching outcomes. Segregation separates
components of each prospect with varying degrees of risk. Cancellation is where
agents ignore aspects of prospective choices. This last process simplifies the
choice but often biases the subject towards one prospect or another because they
may have overlooked certain elements of either prospect. “Many anomalies of
preference result from the editing of prospects. For example, the inconsistences
associated with the isolation effect result from the cancellation of common
components. Some intransitivities of choice are explained by a simplification that

eliminates small differences between prospects” (Kahneman and Tversky, 1979).
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A direct result of many of these operations is that agents will often demonstrate
inconsistent preferences.
The evidence against expected utility theory spurs the formulation of

prospect theory. The basic equation of this theory:

x*ifx =20
—-A(=x)fifx <0

Ve = |
(Tversky and Kahneman, 1992). This piecewise linear function is Kahneman and
Tversky’s value function that shows algebraically: loss aversion and diminishing
sensitivity to subsequent gains and losses (Tversky and Kahneman, 1992). Graph
1 shows the movements in this value function, as gains are listed in the top
equation and losses in the bottom equation. The A coefficient differentiates the
effect of losses from gains, as the loss curve is steeper at points for equal
magnitude gains. This function is the quantitative description of their data from
the experiments run. “An essential feature of the present theory is that the
carriers of value are changes in wealth or welfare, rather than final states”
(Kahneman and Tversky, 1979). This component of the theory is illustrated
through the value function and provides the reasoning for the value function’s
features. They are based on movements away from the reference point, are
generally concave for gains and convex for losses, and the losses slope is steeper

than the slope for gains. The shape of the value function was derived from an

experiment where participants” preference for risky choices given probabilities
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for given outcomes show that 82% of participants prefer a 25% chance of
obtaining $4,000 or a 25% of obtaining $2,000 over a 25% of gaining $6,000.
Consistent with the reflection effect previously mentioned participants preferred
a 25% chance for a loss of $6,000 to losses of $4,000 or $2,000 both with a 25%

probability.

Graph 1 Value

Losses Gains

Kahneman and Tversky offer the following summary of the value function, “we
have proposed the value function is (i) defined on deviations from the reference
point; (ii) generally concave for gains and commonly convex for losses; (iii)
steeper for losses than for gains” (Kahneman and Tversky, 1979). The value
function, highlighting that individuals are risk averse with gains and risk seeking
with losses - where gains and losses are compared to a reference point - is then

coupled with the next aspect of prospect theory: the weighting function. This
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function attributes weights to the value of the results. Decision weights are not
simply probabilities associated with outcomes. “Decision weights measure the
impact of events on the desirability of prospects, and not merely the perceived
likelihood of these events” (Kahneman and Tversky, 1979). One observed aspect
of the weighting function is that given probabilities with a fixed ratio, decision
weights are nearer to one with low probabilities.

It is important to note the validity of experimental data. “By default, the
method of hypothetical choices emerges as the simplest procedure by which a
large number of theoretical questions can be investigated” (Kahneman, 2013).
Kahneman and Tversky repeat experiments from their earlier years with Israeli
subjects, in the Israeli army, later with University students. The results in both
cases were almost identical. The experimental method relies on several
assumptions: “that people often know how they would behave in actual
situational choice, and on further assumption that the subjects have no special
reason to disguise their true preferences” (Kahneman and Tversky, 1979). The
experiments have reasonable accuracy in predicting people’s true preferences.
Since the experimental data shows repeated violations of the expected utility
theory, it therefore provides significant evidence that a new way of modeling

market agents’ risk preferences should be considered.



