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ABSTRACT

This paper studies the importance of heterogeneous beliefs for the dynamics of asset
prices. We focus on currency markets, where the absence of short-selling constraints
allows us to perform sharper tests of theoretical predictions. We examine both
option and underlying markets, so that we can study a richer array of empirical
implications that include both volatility risk premia and expected returns. Using
a unique data set with detailed information on the foreign-exchange forecasts of
about 50 market participants over more than ten years, we construct an empirical
proxy for differences in beliefs. We show that this proxy has a statistically and
economically strong effect on the implied volatility of currency options beyond the
volatility of current macroeconomic fundamentals. We document that differences
in beliefs impact also on the shape of the implied volatility smile, on the volatility
risk-premia, and on future currency returns. Our evidence demonstrates that a
process related to the uncertainty about fundamentals has important asset pricing

implications.
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STANDARD ASSET PRICING THEORIES HAVE DIFFICULTY explaining episodes that are not
simply linked to fundamentals. Notable examples in the dynamics of capital markets are

the equity premium puzzle or the excess volatility puzzle.
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These puzzles have motivated an increasingly large literature over the last couple of
decades that explores the general equilibrium implications of uncertainty for asset prices.
There are three important directions in this literature. The first has focused on economies
with homogeneous investors that are uncertain and learn about the state of the investment
opportunity set (e.g., Veronesi (1999)). A second strand of the literature has investigated the
effect of knightian uncertainty in economies in which a single agent takes decisions that are
robust to model uncertainty (e.g., Hansen and Sargent (2001), Maenhout (2004), Leippold,
Trojani, and Vanini (2008)). The third stream explores the implications of multiple agents
with different beliefs about the growth rate of the economy. In these models, uncertainty
about the dividend drift (defined in a similar way as consumption growth uncertainty in
Bansal and Yaron (2004)) generates disagreement across agents. Depending on the learning
behavior of agents, the difference in beliefs is stochastic and can have important effects on
asset prices and risk premia because of the interaction of agents with different beliefs (e.g.
Scheinkman and Xiong (2003), Buraschi and Jiltsov (2006), and Dumas et al. (2009)).

Within the class of heterogeneous belief models, one can identify at least two different
approaches with somewhat different empirical implications. The first (neoclassical) ap-
proach considers rational, risk-averse agents, with identical preferences and endowments,
no trading frictions, but incomplete and heterogenous information. In this case, even if
dividends have constant volatility, agents have different optimal portfolio demands and in
equilibrium the stochastic discount factor varies with different levels of difference in be-
liefs.! As a result, differences in beliefs increase directly expected returns (e.g., Buraschi et
al. (2008)), generate excess volatility (e.g., Dumas et al. (2009)), and impact option-implied
volatility (e.g., Buraschi and Jiltsov (2006)). The second approach builds on the interaction
between behavioral biases and trading frictions (the Miller (1977) conjecture). For example,
Scheinkman and Xiong (2003) study a model with overconfident and risk-neutral agents.
They show that, in this context, short-selling constraints can support rational asset price
bubbles in equilibrium. Empirically, Diether, Malloy and Scherbina (2002) use equity re-
turns to show that negative opinions are not fully revealed and thus difference in beliefs has
a negative impact on expected stock returns. Understanding the link between uncertainty,
differences in beliefs and asset prices is very important. However, the empirical evidence
is mixed. Diether, Malloy and Scherbina (2002) focus on equity expected returns and find
supporting evidence for the Miller’s (1977) conjecture. On the other hand, Andersen et. al.
(2005) and Buraschi and Jiltsov (2006) use a different time period and empirical method-
ology and find supporting evidence for a neoclassical (i.e., risk-based) interpretation of the

impact of differences in beliefs on asset prices.

Knowing whether differences in beliefs matter even in absence of short-selling con-

'The implications of heterogeneous beliefs on the equilibrium risk premium and interest rates have orig-
inally been studied by Detemple and Murthy (1994), Zapatero (1998), and Basak (2000). See Basak (2005)
for a survey of this literature.



straints is important to improve our understanding of the link between uncertainty and
asset prices. The goal of this paper is to study empirically this link and to disentangle
the different implications of heterogeneous agent models. The analysis entails three key ele-
ments. The first is the ability to measure empirically the dispersion of beliefs. Uncertainty is
a precondition for differences in beliefs to matter in theoretical models, but it is considerably
harder to measure economic uncertainty than dispersion of beliefs. The second key aspect is
to focus on implications for both the first moment and the second moment, given that these
are markedly different for different models. Finally, we select a setting that gives the best
empirical opportunity to neoclassical models by focusing on the FX market. We choose this
market for a number of reasons. First, the marginal investor in the FX market is unaffected
by short-selling constraints. Second, there is a large literature that documents the relative
unimportance of macro fundamentals in explaining the dynamics of exchange rates (e.g.,
Meese and Rogoff, 1983), thus leaving open the question of what might possibly help explain
its dynamics. Third, exchange rates are unlikely to be driven by private information and
are thus an ideal laboratory to investigate a different source of information driven trades,
such as heterogeneous beliefs in the absence of private information. In this context, a re-
jection of the neoclassical risk-based null hypothesis that differences in beliefs explain asset
price dynamics would be very important as one may argue that, a fortiori, this hypothesis
would be rejected even more strongly in less favorable contexts. Obviously, failure to reject
the null hypothesis in FX markets would not necessarily rule out the explanatory power of
the Miller’s argument in other markets with binding short-selling constraints or indeed the

possibility of some other, as yet unspecified, behaviorial explanation.

The description of a noteworthy event in the foreign exchange (FX) markets is useful to
illustrate intuitively the potential link between exchange rates and differences in beliefs. At
the beginning of 2004, the FX market was approaching an ’overwhelming consensus’ that
the yen would continue to appreciate against the dollar.? The combination of a historically
small interest rate differential, large and opposing current account imbalances and strong
economic growth in Japan generated the belief that only the Bank of Japan’s persistent
currency intervention was stopping further declines in the dollar/yen exchange rate from
becoming a ’one-way bet’.? Consistent with this scenario, at the beginning of 2004 about
75% of forecasters in our sample were predicting yen appreciation over the coming three
months. Figure 1, Panel 1, shows an histogram of dollar/yen forecasts at the beginning
of January 2004 that illustrates the low disagreement of professional investors. At the
same time, dollar/yen implied volatility fell to a multi-year low. Over the subsequent
months, however, the Bank of Japan intervened massively spending more than $100 billion

buying dollars and selling yen. These record levels of intervention, coupled with veiled U.S.

2See, for example, Institutional Investor 12.2.2004. For further details on the FX mar-
ket in the first quarter of 2004, see the report of the Federal Reserve Bank of New York at
http://www.newyorkfed.org/newsevents/news/markets/2004/fxq104.pdf

3See, for example, Financial Times 9.1.2004.



criticism of Japan’s actions, created active disagreement in the market over the future of the

dollar /yen exchange rate.*

With unchanged economic fundamentals, the impact of these
events on the level of the exchange rate itself was not dramatic (the Yen weakened about 3%
against the dollar during February having appreciated by almost 2% in January). Its impact
on market expectations, however, was, as the Yen appreciation consensus was broken and in
March the dispersion of FX forecasts increased dramatically (see Figure 1, panel 2). At the
same time, the implied volatility on one month options increased by 50% (about 4 percentage
points) and the slope of the implied volatility smile increased substantially, with important
implications on the option-implied state price densities (see Figure 1, panel 3 and 4).> At
least in this example, disagreement amongst market participants was strongly positively
correlated with the implied volatility. Is this an isolated event, or is this an example of
a more generalized and deeper link between uncertainty and asset prices? Studying such
a link is important from a theoretical perspective since the implied volatility depends not
only on the characteristics of the distribution under the physical probability measure but

also on the properties and dynamics of the price of risk.

The empirical analysis of this paper is thus based on two unique data sets. The first
one is based on over ten years of daily options data for three currency pairs (USD/EUR,
USD/JPY, and GBP/USD), at four different constant maturities, and different moneyness
levels. Option markets are an ideal testing ground, because the estimation of the relevant
variables is simple and the neoclassical approach with heterogeneous agents provides specific
predictions on volatility under the risk-neutral measure. The second data set is a detailed
record of currency forecasts made by a large cross-section of professional market participants
that we use to obtain a proxy for the differences in beliefs. More specifically, at each
survey date, from the distribution of FX forecasts we compute measures of cross-sectional
dispersion, skewness and kurtosis. These measures capture different characteristics of the
differences in beliefs in the FX market. It is important to highlight that another key
advantage of our FX focus is that our data allows us to measure dispersion of beliefs directly
on the underlying asset. In contrast, other papers in the literature construct proxies for
the differences in beliefs about factors that are only indirectly related to the underlying
asset prices. For example, Anderson et al. (2005) construct proxies of differences in beliefs
about stock prices using forecasts about earnings, which require some additional modelling

assumptions linking earnings to asset prices.

The design of our empirical analysis is the following. We first study the effects of dif-

“Shortly after Japan’s most significant intervention, U.S. Treasury secretary John W. Snow warned of
the dangers of propping up currencies artificially. For an account of these events, see Business Week, March
22, 2004.

®We obtain the option-implied state price density as the second derivative of the option pricing formula
with respect to the strike price (Breeden and Litzenberger, 1978). The option pricing formula is the Black-
Scholes formula, where we replace the constant volatility parameter with a cubic-spline interpolated implied
volatility smile (see, among others, Shimko, 1993).



ference in beliefs on currency option markets and then turn to an analysis of the effects on
FX underlying returns. We find that differences in beliefs have statistically significant and
economically important effects on the implied volatility of currency options. This finding
is valid at four different horizons and on three different underlying exchange rates. For in-
stance, for the USD/JPY exchange rate, our proxy for the difference in beliefs explains up
to 64% of the contemporaneous variation in at-the-money implied volatilities. More specifi-
cally, a high dispersion of beliefs (one standard deviation above the mean) increases implied
volatility by about two percent. Furthermore, we document that the impact of dispersion of
beliefs on currency implied volatility goes beyond the effect of the current uncertainty about
macroeconomic fundamentals, proxied by the volatility of twelve macroeconomic indicators.
Lastly, we also investigate the previous link in the context of predictive regressions and find
that, even after controlling for the current level of volatility, the differences in beliefs exhibit

predictive power in explaining the dynamics of future implied volatility.

We also find that differences in beliefs explain the shape of the implied volatility smile.
For instance, our empirical measures of the dispersion of beliefs for the USD/EUR ex-
change rate explain, depending on the horizon, between 11% and 21%, of the contempora-
neous variation in the slope of the implied volatility smile. Furthermore, in periods with
high dispersion of beliefs, the slope of the implied volatility smile changes by about one
third. We obtain similar results for the other two currency pairs. This result is interesting
since it implies that agents with different subjective valuations about market fundamentals
engage in risk sharing trading, thus affecting the relative prices of options with different
moneyness. This finding also provides an economic explanation for the evidence of strong
and time-varying asymmetry of the conditional risk-neutral distribution of currency returns
documented in Carr and Wu (2007).

Another important result obtained in the currency option markets is the positive im-
pact of dispersion of beliefs on the volatility premium (i.e., the difference between implied
volatility and realized volatility). For example, for the USD/JPY exchange rate, the dis-
persion of foreign exchange forecasts alone explains between 37% and 60% of the variation
of the volatility spread. This finding is important since it suggests that differences in be-
liefs directly affect the pricing kernel and thus the difference between the physical and the
risk-neutral probability measure is correlated with differences in beliefs. Our results here
are consistent with the findings of Driessen and Perotti (2003), who use currency option
prices to study the evolution of investor confidence over the probability that individual
currencies would eventually converge to the Euro. The convergence risk, which may reflect
uncertainty over policy commitment as well as exogenous fundamentals, induces a level of

implied volatility in excess of actual volatility.

As a capstone to our analysis, we test whether our three main results above hold also

in the cross-section of currencies. We find that the currency pairs characterized by larger



disagreement are also the ones with larger implied volatility, steeper implied volatility smiles,
and larger volatility premiums. These findings are valid for the full sample, for different

sub-samples, and within a difference-in-difference regression specification.

Finally, we turn to the effects of differences in beliefs on FX underlying returns. The
empirical analysis proceeds along two related lines. We first look at carry trades, a simple
investment strategy based on borrowing in low interest rates currencies and investing in
high interest rates currencies. Generally, the Sharpe ratios of such trades have been higher
than that of an investment in the S&P500 index and a few papers documented a risk-based
explanation (e.g., Lustig et al., 2008). Our empirical analysis shows that large differences
in beliefs are strongly correlated with carry trade expected returns, consistent with the
interpretation of the difference in beliefs being a priced risk factor. This result is important
since it suggests a simple structural explanation that links contemporaneous changes in FX
volatility and carry trade expected returns, which has been one of the most thought pro-
voking empirical regularities in the FX literature. We also investigate this question within
the extensive literature on the foreign exchange expectation hypothesis puzzle. In partic-
ular, we show that the dispersion in beliefs explains future currency returns beyond what
is embedded in the forward premium. More specifically, the excess returns obtained from
the violation of the expectation hypothesis at times of low uncertainty, low differences in
beliefs and normal funding liquidity compensate the appreciation of the low-yield currencies
at times of high uncertainty, large differences in beliefs and funding liquidity problems. In
states of the world in which the differences in beliefs is the largest, low interest rate cur-
rencies appreciate the most and carry trades suffer large negative returns. These results
support our findings in the currency option market and are consistent with the interpreta-
tion of the differences in beliefs being a component of a time-varying foreign-exchange risk

premium.

The remainder of the paper proceeds as follows. In Section I, we analyze the theoretical
link between heterogeneous beliefs and asset prices in the literature to derive testable impli-
cations. Section II provides further details about the data and conducts some preliminary

analysis. In Section III, we show our empirical results. Section IV concludes.

I. Theoretical framework and literature review

Neoclassical models with uncertainty (i.e., incomplete information about fundamentals) and
heterogeneous agents study the link between uncertainty about dividend growth rates and
differences in beliefs. For example, proposition 1 in Scheinkman and Xiong (2003), Section
I.C in Buraschi and Jiltsov (2006), and lemma 2 in Dumas et al. (2009), characterize the
link between the volatility of the expected growth of aggregate dividends (i.e., economic un-
certainty) and the stochastic process for difference in beliefs. Buraschi, Trojani and Vedolin

(2008) study an heterogeneous economy with learning and distinguish between average



subjective uncertainty and the difference in subjective uncertainty. They show that “when
agents perceive different levels of uncertainty, the higher the average subjective uncertainty
across agents, the higher is the average disagreement", thus suggesting an empirically viable
way to build a proxy for average uncertainty. They show that this property is consistent
with the empirical observation that during periods of high economic uncertainty the aver-
age level of the dispersion in beliefs increases. At the same time, these models show that
the interaction of agents with different beliefs has important implications for equity returns
(e.g., Basak, 2005), implied volatility (e.g., Buraschi and Jiltsov, 2006), and credit spreads
(Buraschi et al., 2008).5

In this class of models, Buraschi and Jiltsov (2006) provide a simple generalization of
the standard general equilibrium Lucas economy with rational agents, identical preferences
and endowments, but incomplete and heterogeneous information. Agents select their opti-
mal consumption plans based on two different sets of beliefs (on the probability distribution
dQ), which creates a wedge in equilibrium between their marginal utilities. They argue that
when two agents have different beliefs d@)1 # d@Q2, the socially optimal ex-ante allocation
between the two agents must satisfy 0 = [ [u' (c1) + (02)% dQ@;. In the special case of
homogeneous beliefs, that is when dQ)1 = d(2, one obtains the standard result that the
distribution of consumption depends exclusively on preference characteristics, such as dis-
count rates, risk aversion, the elasticities of intertemporal substitution, and differences in
the distribution of initial wealth. However, in the more general case in which dQ; # dQo,
changes in the difference of beliefs % affect the relative weights of the two agents in the
representative agent utility function. This has important asset pricing implications. When
agents disagree, the equilibrium stochastic discount factor is affected by two components.
The first component is related to the aggregate endowment shocks, as in standard Lucas
endowment economies, since these affect the total amount of resources ¢; + ¢o that can be
shared by the two agents. The second component is the difference in beliefs 3@: since this
affects the relative discount factors of the two agents, given the total amount of resources
available, it induces agents to engage in additional state-contingent risk sharing contracts
with a number of important implications. The agent who is more optimistic about the
endowment process provides, in equilibrium, insurance to the pessimistic one and thus the
changes in difference in beliefs affect the observed distribution of consumption in equilib-
rium. Moreover, the aggregate stochastic discount factor can be volatile even when the

endowment process is smooth, which makes differences in beliefs a priced source of risk.

This basic theoretical framework can be extended in two main directions. First, the
model can be extended to economies with multiple goods. This extension has been studied
in Buraschi et al. (2009) in the context of a Lucas orchard economy to investigate the

occurrence of endogenous co-movement and time-varying correlations in periods of uncer-

These approaches are part of a theoretical literature where heterogeneous beliefs of multiple agents enter
the stochastic discount factor (e.g., Detemple and Murthy, 1994; Zapatero, 1998; Basak, 2000).



tainty and large differences in beliefs. When preferences in the two consumption goods are
separable, the main implications of the original model can be extended to a multiple goods
economy. The second extension is to incorporate money in the utility functions of the two
agents (e.g., Basak, 2005; Croitoru and Lu, 2008). In this setting, heterogeneity of beliefs
concerning monetary policy impacts both the price of money and stock price volatility.
Since an exchange rate is the relative price of a domestic and foreign good, each expressed
in terms of their numeraire, the appropriate theoretical framework to analyze the effects of
differences in beliefs on exchange rates should incorporate both extensions, multiple goods
(domestic and foreign) and money in the utility function. Although it would be interesting
to build on the current literature and study such a model with both features combined,
developing a structural general equilibrium FX model is beyond the scope of the current
paper. When preferences are separable in both money and consumption goods, it is realistic
to expect that the theoretical relations between differences in beliefs and asset prices borne

out in the simpler models are similar.

The understanding of the impact of differences in beliefs is also an important theme in
the behavioral finance literature. In this strand of the literature, however, the theoretical
link between differences in beliefs and expected returns is reversed. Disagreement affects
asset prices not because of the existence of a risk-based channel, but because of a limits
to arbitrage argument based on Miller’s (1977) conjecture: when frictions prevent the rev-
elation of negative opinions (e.g., short-sale constraints), an increase in the dispersion in
beliefs decreases expected returns. Although this theory does not have explicit predictions
for the volatility of returns, Diether, Malloy, and Scherbina (2002) obtain empirical results
that are consistent with the Miller’s model for U.S. stock market expected returns. In
particular, they find that in the period 1983-1991, the dispersion of analysts short-term
earnings forecasts (obtained from the Institutional Brokers Estimate System (I/B/E/S)) is
negatively correlated with future returns. However, other studies (e.g., Qu, Starks and Yan,
2003; Anderson et al., 2005) find opposite results when using different time periods and a

different empirical approach.”

We contribute to this literature in several respects. First, since equity analysts most
often provide forecasts of future earnings as opposed to future returns, these studies need
to make assumptions on a pricing model to map earnings forecasts to stock price forecasts.®
In our study, we work directly with price (exchange rate) forecasts. Thus, our results
are not sensitive to these types of modelling assumptions. Second, there is considerable

evidence that analysts’ forecasts of earnings are affected by agency issues between firms

"Dumas et al. (2009) extend this literature by studying an economy in which some agents overreact to a
public signal, introducing an additional risk factor in the economy, which increases both the equity premium
and the volatility of stock and bond returns. In contrast to Miller-type behavioral theories, however, this
paper does not rely on short selling constraints.

8 Anderson, Ghysels, and Juergens (2005), for instance, consider a constant dividend growth model and
assume that all earnings are distributed as dividends.



and investment banks (Rajan and Servaes (1997), Daniel, Hirshleifer, and Teoh (2002)),
which has recently led to the introduction of several regulatory measures. Given the nature
of the FX market, agency biases are much less of a concern in our analysis. Moreover,
the limited role of private information in FX markets also reduces these agency concerns.
Third, we investigate the link between dispersion in beliefs and the volatility risk premium
(the spread between the option-implied risk adjusted volatility and the realized physical
volatility). This allows us to study more directly the extent to which the dispersion in beliefs
is a priced risk factor. Fourth, the FX market is very liquid and not affected by short-selling
constraints, so that we can investigate the role of differences in beliefs in the absence of key
market frictions and so give a clean environment in which to examine neoclassical models
with heterogeneous agents. Finally, our FX survey features an average of about 50 market
participants’ forecasts, which is more than three times larger than the number of analyst
forecasters included in the First Call/Thompson equity survey. The computation of our

dispersion measure is thus likely to be more reliable.

In this paper our empirical focus is on currency options markets though we also look
at underlying spot and forward markets. Options are a natural testing ground not only
because their state-contingent payoffs are well-suited to study agents with heterogeneous
beliefs, but also because they offer a simple way to measure volatility. More specifically, we

can investigate four empirical questions.

First, is the level of the option-implied volatility affected by the difference in beliefs?
This link is natural in neoclassical models with differences in beliefs, given that heterogenous
agents engage in state-dependent risk sharing contracts and implied volatility represents the
price of these contracts. More specifically, the pricing kernel used in option pricing depends
on both the cash flow and difference in beliefs processes.” However, in Miller-type behavioral
models where dispersion of beliefs is not an additional risk factor, there are no predictions
about implied volatility. Documenting a significant relation would thus lend support to the
risk-based explanation of difference in beliefs outlined in neoclassical models. As for the
sign of this relation, all the extant neoclassical models cited above derive a positive relation
between differences in beliefs and the volatility of stock returns. While one may expect to
obtain the same positive relation in foreign-exchange markets, we leave the determination of
the sign and magnitude of the relation as an empirical question, since one could potentially
assume different preferences for the two agents on the domestic and foreign good that would
generate offsetting effects. In this sense, our empirical results will provide some guidance

for any theoretical model studying differences in beliefs in an international context.

Second, is the cross-section of option prices (e.g., the slope of the volatility smile)

correlated with the difference in beliefs? Since marginal rates of substitution across states

In Dumas et al. (2009), the overreaction of overconfident investors to a public signal generates excess
volatility under the physical measure. This model predicts a positive relation between dispersion of beliefs
and implied volatility only to the extent that implied volatility is correlated with physical volatility.



depend on agents’ beliefs, the subjective valuation of out-the-money options differs across
agents with different beliefs. In neoclassical models with differences in beliefs, in equilibrium
agents engage in state-contingent risk sharing with the pessimists purchasing protection
from the optimists. The larger the difference in beliefs, the higher the equilibrium cost of
protection required by the optimists to provide insurance, with immediate implications for
equilibrium option prices in the cross-section of moneyness. In FX markets, the definition
of a bad scenario that agents want to hedge against depends on several factors and it could
be country-specific. Thus, it becomes an empirical question to determine the sign of the
relation between differences in beliefs and the relative pricing of out-of-the-money put and

calls and its variation over different business cycles.

Third, is the size of the implied-realized volatility spread (the "volatility risk premium")
affected by the level of the dispersion in beliefs? The difference between the physical and
risk-neutral probability measure depends on the characteristics of the stochastic discount
factor of the representative agent, which in a neoclassical economy with heterogeneous
beliefs depends on the relative weights of the two agents in the representative agent utility
function. Given that the relative weights of the two agents depend on the difference in

beliefs, these models imply a link between disagreement and the volatility spread.

Last, is there a relation between differences in beliefs and first moments in FX markets?
The literature on the forward premium puzzle has found that forward exchange rates are
biased predictors of future spot rates possibly because of a time-varying risk premia (Fama,
1984). In neoclassical models with heterogeneous agents, dispersion of beliefs enters the sto-
chastic discount factor and is thus a natural candidate to explain future currency returns.!’
For example, the impact of changes in differences in beliefs on the stochastic discount fac-
tor could explain currency returns through the liquidity spiral model of Brunnermeier and
Pedersen (2008). In this setting, shocks to uncertainty/differences in beliefs affect the risk
tolerance of traders, so that when funding constraints are hit the lower risk tolerance induced
by higher differences in beliefs triggers the unwinding of carry positions with a consequent
impact on FX returns. Thus, we investigates the existence of a link between periods of

appreciation of low interest rates currency and large uncertainty/differences in beliefs.

II. Data and Preliminaries

In this section, we describe our data sets in detail, we show the approach we use to obtain

an empirical proxy for differences in beliefs and perform some preliminary analysis.

CURRENCY OPTION DATA. Our dataset contains the daily currency option prices traded
in the over-the-counter (OTC) market over the period April 1992 through December 2006,
kindly supplied by Citigroup. The options are European-style and they are written on the

'0This is also the same logic that guided the earlier heterogeneous beliefs models (e.g., Detemple and
Murthy, 1994) in explaining the equity premium puzzle.



Japanese yen price of the U.S. dollar (USD/JPY), the dollar price of the British pound
(GBP/USD), the German mark price of the dollar (USD/DEM) before 1999, and the euro
price of the dollar (USD/EUR) thereafter.!’ In the remainder of the paper, we will also
denote with USD/EUR™ the joint exchange rate represented by the USD/DEM and the
USD/EUR before and after 1999.

We keep track of the USD/DEM and USD/EUR as different currencies for at least two
reasons. First, the German mark represented only about 32% of the European currency
unit before the Euro was introduced. Second, the European Monetary System during our
sample period (1993-1999) was a limited-flexible exchange rate system, with defined bands in
which the bilateral exchange rates of the member countries could fluctuate. When a market
exchange rate reached either of these intervention points, the central banks were compelled
to support these rates indefinitely through open market operations. In the traditional
heterogeneous belief economy, the cost for the optimist to insure the pessimist is increasing
in the level of disagreement. However, if currencies cannot effectively fluctuate beyond a
pre-specified ban, it is a third agent, the central bank, that will take on the risk of the most
extreme changes. For this reason, some of our empirical results, in particular the relation
between the slope of the implied volatility smile and difference in beliefs, might be weaker

in the case of the German Mark.

Options on each currency pair have four constant times to maturity, at one month,
three months, six months, and one year. The constant time-to-maturity feature of the OTC
currency option market is useful as it allows us to sidestep the issue of interpolating between
adjacent maturities that typically occurs with the preset maturity dates of exchange-traded

options.

The OTC currency option market has very specific trading conventions.'> Unlike bond
or equity options that are typically traded in terms of option premiums at different strike
prices, currency options trade in terms of implied volatilities. More specifically, implied
volatility quotes are most commonly available in the form of three types of option com-
binations: the delta-neutral straddle, the risk reversal, and the strangle. A straddle is a
portfolio of a call option and a put option with the same strike price and maturity. For
the straddle to be delta-neutral, the strike price needs to be sufficiently close to the for-
ward price to make the implied volatility quote of the straddle an at-the-money implied
volatility (ATM). The risk reversal (RR) measures the difference in implied volatility be-
tween an out-of-the-money call option and an out-of-the-money put option. The moneyness
level is defined in terms of the Black-Scholes delta of the option and is conventionally set

at 25-delta.!®> The strangle (STR) corresponds more precisely to a butterfly spread and

"' The currency pairs are all expressed with the low-yielding currency as the numeraire.

12WWe describe the trading conventions that are key to understanding the properties of our dataset. For
further details on the currency option market practices see, among others, Malz (1997).

13 A 25-delta call corresponds to a call option with Black-Scholes delta of 0.25, and a 25-delta put corre-
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measures the difference between the average volatility of the two 25-delta options and the

delta-neutral straddle implied volatility. In summary:

OATM = O50ACall (1)

ORR = O25ACall — 025APut (2)
_ 025ACall T 025APut

OSTR = 5 — TATM- (3)

Equations (1), (2), and (3) show that the straddle is a measure of the level of the implied
volatility, the risk reversal is a measure of the slope of the implied volatility smile, and the
strangle is a measure of the curvature of the implied volatility smile. From the three quotes,

we can derive the level of implied volatilities at the three levels of delta:

1
O%Acall = OATM T OSTR+ 5ORR (4)
O%Aput = OATM +OSTR ~ 5ORR. (5)

For our empirical analysis, we use implied volatilities from market quotes and obtained
through equations (4) and (5). As a result, we do not need to match the currency option
data with underlying FX rates and interest rates, thus avoiding potential asynchronicity

biases.

Table 1 contains summary statistics for our sample of currency options related to the
three option combinations defined by equations (1), (2), and (3). The sample averages for
at-the-money implied volatilities show that USD/JPY is the most volatile currency pair
in our sample, followed by USD/EUR™ and GBP/USD. The average term structure of
at-the-money implied volatility is upward-sloping for all the underlyings. The analysis of
the risk reversal combination reveals that the sample average for the USD/JPY and the
USD/EUR™ is negative at all maturities, implying that the out-of-the-money put options
are on average more expensive than the corresponding out-of-the-money call options during
our sample period. In contrast, for the GBP/USD, the sample average of the risk reversal is
close to zero. In all cases, the standard deviation is large, suggesting that risk reversals vary
greatly over time, as documented also in Carr and Wu (2007). The strangle combination
is significantly positive for all currency pairs and maturities, peaking for the USD/JPY
currency pair. This is an indication that the risk-neutral distribution of all three currencies
exhibits fat tails. The strangle spreads are much more stable than the risk reversals, as the

lower standard deviations demonstrate.

THE FX FORECASTS: Our dataset on differences in beliefs is based on the full set of forecasts

sponds to a put option with Black-Scholes delta of -0.25. Another level of moneyness that is typically traded
in the currency option market is the 10-delta.
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that make up the Reuters survey of FX forecasts. The data is sampled at a monthly
frequency from May 1993 to December 2006. At the beginning of each month, about 50
market participants provide their forecasts of future exchange rates. The Reuters survey is
generally conducted on the first Tuesday of the month and released on the Wednesday (we
have information on all the survey collection dates). In our empirical analysis, we use the
timing convention of the day in which the survey is conducted. We also check the effect
of using as alternative convention the time the survey is released: all results hold with
no significant differences. The forecast horizons are set to be one month, three months,
six months, and twelve months respectively. Table 2 contains summary statistics for the
FX forecasts. For all forecasting horizons and currency pairs, we have more than 6,000
individual forecasts over 140 monthly surveys. The average number of forecasters in each
survey is almost 50 in all cases and we always have at least 27 major market participants
in the survey. This fares well against surveys on company earnings that typically feature

less than one-third of this number of respondents.

Besides offering a meticulous archive of individual forecasts (the longest uninterrupted
sample available), the Reuters survey has a number of advantages over other FX forecast
surveys such as those undertaken by Consensus Economics, WSJ, ZEW, Blue Chip and
Forecasts Unlimited (formerly the FT currency forecasts and the Currency Forecast Digest).
First, since it is conducted by the key FX news provider, it is very much focussed on FX
market participants whereas other surveys often include many other forecasters such as
professional forecast firms, corporations and academic institutions. We estimate that around
95% of contributors to the Reuters survey are active market participants compared to 85%
for Consensus Economics and even less for the other major surveys. This is important since,
as Ito (1990) finds, these other forecasters are not comparable with those actively trading
in foreign exchange. Second, the pool of forecasters is relatively constant. Other surveys
have both gaps in coverage (missing individuals months and in some cases years) and a
relatively rapid turnover of contributors. Third, it is the only survey that collects 1,3, 6

and 12 months ahead forecasts, thus offering the most complete short-term coverage.

FX forecast data has been already used to help understand market expectations. Frankel
and Froot (1987) use FX forecasts and find that expectational errors play a significant role
in explaining the forward premium puzzle. More recently, Bacchetta, Mertens and Van
Wincoop (2006) find a strong relationship between forecasts errors and excess returns, con-
firming the link between FX forecasts and underlying market behavior. On the other hand,
studies that focus on the predictive power of the forecasts (e.g., Bofinger and Schmidt,
2004) generally find no informational content in FX forecasts that help in predicting future

exchange rates.

A maintained assumption in our surveyed theoretical interpretation of the link between

beliefs heterogeneity and currency markets is that the average agent has no private infor-
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mation on the future dynamics of the exchange rate. We briefly investigate the robustness

of this assumption by estimating the following regression:
Sp—Si=a+ B (St,T - St) + e, (6)

where S; represents the foreign exchange rate at time ¢ and S’t,T represents the average
foreign exchange forecasts on day ¢ with horizon 7. We also compute the Root Mean
Squared Error (RMSE) of the average forecast and compare it with the RMSE of a random
walk (RMSErw).

We find that professional forecasters do not predict future exchange rates better than a
random walk (Table 3). The explanatory power of the forecasting regression is generally very
low, with the difference between the average forecast and the spot rate never explaining more
than 6% of the change in future exchange rates. The slope coefficient is significantly different
from zero for only one currency pair, GBP/USD, and is always significantly different from
one. The RMSE is always higher than the RMSE of a random walk forecasting model.'*
Not surprisingly for such a liquid market, these results lend support to the conjecture that
currency prices are mainly determined by the flow of public information about cash flows
and discount rates and by the mechanism of price discovery, i.e. by the aggregation of
heterogeneous private information (or heterogeneous interpretation of public information)
through trading. Clearly, even if exchange rates are not predictable by the average trader,
the observed heterogeneity in beliefs may still affect, as the theoretical literature shows, the

risk neutral measure and derivative asset prices.

AN EMPIRICAL PROXY FOR DIFFERENCES IN BELIEFS: We construct an empirical measure
for the difference in beliefs implicit in the cross-sectional distribution of FX forecasts. Het-
erogeneous belief models (e.g., Basak (2005); Buraschi and Jiltsov (2006)) derive a sufficient
statistic for the difference in beliefs that affects risk premia. Specifically, they define the
stochastic process 1, as the disagreement between the two agents about the growth rates

of the observable processes scaled by their respective volatilities:

Yy = ! (mtl - m?) ) (7)

where my is the perceived drift of agent n of the observable processes and €2 is their volatility.
The natural empirical proxy for equation (7) is the mean absolute deviation (MAD), i.e.
the average absolute deviation of all forecasts from the mean forecast, scaled by its local
volatility. In our empirical analysis, we measure the perceived drift of different agents m}'
using the forecasts in terms of log returns with respect to the spot exchange rate. Expressing

the forecast in log returns rather than levels has the desirable property of removing level

"The results of estimating equation (6) do not change when we use the median foreign exchange rate
forecast instead of the average foreign exchange rate forecast.
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effects from the time-series of the FX forecasts.

While equation (7) is an appropriate measure in the context of the models mentioned
above, alternative proxies could be more suitable if these models are misspecified or in
different theoretical settings. In our empirical analysis, we thus consider also higher order
moments and additional statistics of difference in beliefs, such as a simple standard deviation

measure and an entropy measure.15

Table 4 shows summary statistics. Since the average number of forecasters in each
survey is about 50 (see Table 2), the sample mean absolute deviation is a reliable estimate
of the dispersion of FX forecasts. The maximum and minimum values for the mean absolute
deviation show a relatively wide range around its mean. This indicates a significant time-
variation in the dispersion of beliefs and that the dispersion is larger at longer forecast
horizons. The average sample skewness alternates sign for different currencies/horizons,
but the large maximum and minimum values indicate that it is positive for some periods
and negative for some other periods in our sample. Summary statistics for kurtosis suggest
that extreme forecasts are more likely at shorter horizons and that they occur more often
for the GBP/USD currency pair.

Figure 2 illustrates the time-series dynamics of the mean absolute deviation, skewness,
and kurtosis of beliefs at different forecast horizons. The time variation of the mean absolute
deviation of beliefs is significantly different across our sample currency pairs, suggesting that
they are not driven by a single factor and that a panel of data for different exchange rates
adds important information. The skewness of beliefs switches sign over our sample period,
and is less correlated at different forecast horizons. The kurtosis of beliefs is subject to

frequent extreme peaks.

ITII. Empirical Results

In our empirical analysis, we investigate the implications of the theoretical literature sur-
veyed in Section I. First, we analyze the relation between at-the-money implied volatilities
and the differences in beliefs of foreign-exchange forecasters. Second, we extend this analy-
sis to the entire implied volatility smile. Third, we provide evidence on the links between
the currency volatility spread and FX differences in beliefs. After investigating the charac-
teristics of the second moments of FX returns under both the risk-neutral and the physical
measure, we finally document the extent to which this priced risk factor can also help ex-

plain the time-variation in conditional first moments with an analysis of carry trade returns

n the information theory literature, entropy is widely accepted as a measure of uncertainty in informa-
tion systems. Entropy has been related in economics to the accuracy of predictions (Sandroni, 2000) and
model uncertainty (e.g., Anderson, Hansen, Sargent, 2003). In the discrete case, entropy has its maximum
value when all probabilities are equal (uniform distribution, in the case of bounded supports), and the re-
sulting value for entropy is the logarithm of the number of states. The intuition is that when any random
event can occur with equal probability, one faces a situation with the highest uncertainty.
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and the FX forward premium puzzle.

A.  At-the-money implied volatility and differences in beliefs

One of the main implications of the neoclassical models described in Section I is the link
between the implied volatility of currency options and differences in beliefs. We measure
empirically the difference in beliefs 1, 1 defined in equation (7) by computing the mean
absolute deviation (MAD) of foreign-exchange forecast returns, i.e. the average absolute
deviation of all forecasts from the mean forecast. We then estimate the following linear

regression:

IWVir =a+ Byt + B SKer + Bru KUt + B3y IVi—30,7-30 + €t.1, (8)

where IV, r represents the implied volatility of at-the-money (ATM) options on day ¢ with
maturity 7.'® Since currency options have fixed time to maturities, rather than fixed
maturity dates, we observe every day implied volatilities for options with maturities of
one month, three months, six months and one year. As a result, the horizon of the foreign-
exchange forecasts matches precisely the maturity of the option and our empirical analysis is
not affected by the data synchronicity issues documented in Cavaglia, Verschoor and Wolff
(1994). We complement the specification suggested by the theory with three additional
regressors. To account for a comprehensive description of market participants’ beliefs, we
also include the skewness and the kurtosis of the cross-sectional distribution of the foreign
exchange forecasts on day ¢ with horizon T', SK;r and KUt respectively. These two
variables also control for potential uninformed extreme forecasts that could introduce noise
into the estimate of dispersion. Moreover, since there is evidence that stock market implied
volatility has predictive power for the future level of volatility, beyond past realized volatility
(e.g., Christensen and Prabbhala, 1998), we also include as a control variable the lagged
at-the-money implied volatility. This addresses the possibility that i, ; could simply pick
up the effect of persistent implied volatility shocks.

Table 5 shows the results of estimating equation (8). In the first five columns, we only
use the mean absolute difference of foreign exchange forecast returns as a regressor. The co-
efficient is positive and highly statistically significant in all cases. The results for USD/JPY
are striking. The MAD of foreign exchange forecasts in isolation explains between 54% and
64% of the variation of at-the-money implied volatilities. These results are also economically
important. A one-standard deviation increase in differences in beliefs implies an increase in
implied volatilities between 1.9% and 2.1%. The explanatory power for GBP/USD is lower

and decreasing for longer horizons. However, all the coefficients are statistically significant

YThe implied volatility is the daily implied volatility prevailing precisely on the day in which the FX
survey is conducted. The results do not change if implied volatility is measured on the day in which the FX
survey results are released.
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at the one percent level. The economic significance is also weaker, ranging between 0.7%
and 0.3% for one standard deviation shock in the differences in beliefs, although the un-
derlying currency is unconditionally less volatile. For the USD/EUR™ exchange rate, the
results are again highly significant at all horizons. The increase in implied volatility for a
one standard deviation increase in the standard deviation of foreign exchange forecasts is
between 1.4% at short horizons and 0.7% at long horizons. These economic effects are very
similar for the USD/DEM and the USD/EUR considered as separate currency pairs.

The last five columns of Table 5 show the results of estimating the full specification of
equation (8). This includes controlling for the skewness and the kurtosis of the distribution
of foreign-exchange forecasts, as well as the at-the-money implied volatility of the previous
month. In fact, it could be argued that part of the relevant characteristics of the differences
in beliefs is given by the asymmetry of market forecasts or by the frequency of extreme
forecasts, as reflected in the thickness of the tails of the distribution. The statistical sig-
nificance of the slope coefficient of v, 1 is always preserved. The role of the asymmetry is
particularly relevant for USD/EUR. The skewness coefficient is statistically significant at
least at the 5% level at all but the one-year forecast horizon. In this case, the asymmetry of
foreign-exchange views reflects some features of the difference in beliefs that impact implied
volatility. The kurtosis of the foreign exchange forecasts explains implied volatility more
sparsely and with somewhat lower statistical significance levels. Finally, as expected, due
to the persistence of implied volatility, the coefficient of lagged implied volatility is highly
significant and the level of significance is increasing in the horizon. In summary, the differ-
ence in beliefs proxied empirically by 1, ;- explains the current level of at-the-money implied

volatility beyond the information in lagged at-the-money implied volatility.

The literature of heterogeneous agent models surveyed in Section I shows that differ-
ences in beliefs can generate endogenous volatility of asset returns independently from the
volatility of fundamentals. However, one could argue that the volatility of fundamentals is
empirically correlated with the uncertainty on the growth rate of the aggregate dividend
process, which defines the degree of information incompleteness in economies with uncer-
tainty. In that case, the results of Table 5 could be spurious and just reflect that correlation.
To investigate this possibility, we collect a comprehensive data set of economic indicators
for the U.S., Japanese, European, and British economy from the OECD. The single source
for this data is important to guarantee homogeneity of measurement and accuracy across
countries. More specifically, we obtain indicators for the gross domestic product (GDP),
industrial production (IP), consumer price index (CPI), unemployment rate (UR), broad
money (BM), and balance of payments (BP). To estimate the volatility of the macroeco-
nomic time-series, we use the methodology of Schwert (1989). We first estimate a 12th-order
autoregression for Ry, the first differences of the macroeconomic series in logarithms, in-

cluding dummy variables D;; to allow for different monthly returns:
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12 12
R; = Z Otijt + Z BiRi—i + €. (9)
j=1 i=1

We then estimate a 12th-order autoregression for the absolute values of the errors from

(9),

12 12
el =S 7iDie+ 3 pileril + . (10)
j=1 i=1

The fitted values from (10) estimate the conditional standard deviation of R;, given
information available before month ¢t. We can now complement the differences in beliefs
proxies used in the empirical analysis so far with measure of volatility of current macroeco-

nomic fundamentals:
IVir = a+ByMADyr + BskSKt T+ BkuKUt T+ BipyIVi—307—30 +

Zﬁh ~GDPh’ I Zﬁh )JPh ~CPI h’ (11)

Z/Bh‘ URh’ +Zﬂh’~BMh‘ +Zﬁh‘~3 h‘ + et,

_|_

_l’_

where we include for each currency and each horizon estimates of the volatility of
economic indicators for the home economy (h = 1) and for the foreign economy (h = 2).
For example, we complement differences in beliefs at a 1-month horizon for the USD/JPY
currency pair with the volatility of GDP, IP, CPI, UR, BM, and BP of both the U.S. and

Japan.1”

Table 6 presents the key results. We observe in general a small increase in the explana-
tory power of the regressions, which is an indication that currency implied volatility reflects
to some extent volatility of current fundamentals. Typically, two of the 12 regressors that
describe macroeconomic uncertainty are statistically significant. However, the proxy for
differences in beliefs remains highly statistically significant for all currencies and all hori-
zons, suggesting that it contains additional information with respect to what is currently

observed in the economy.

The level, rather than the volatility of macroeconomic fundamentals could be an alter-
native channel through which economic conditions can impact FX implied volatilities. For
example, in the model of Verdelhan (2009), the pricing kernel is more volatile during bad

times in the home country. We thus complement the regressors with the level of the same

'"In the case of the USD/EUR™ currency pair, we use the volatility of the fundamentals of the U.S. and
of the euro area. Replacing the volatility of the fundamentals of the euro area with the fundamentals of
Germany before 1999 does not change the results.
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macroeconomic variables used to compute the volatility of fundamentals.'® The results of
Table 6 do not change. The levels of fundamentals are generally not statistically significant
at any horizon and for any underlying currency. We find only sporadic cases of statisti-
cal significance, such as the European industrial production in forecasting 6-month and
12-month implied volatility of the USD/EUR™, or the U.S. unemployment in forecasting
6-month USD/JPY implied volatility.

In summary, differences in beliefs contain additional information besides the level of
volatility of current fundamentals. It might still capture volatility of future fundamentals
or might just better aggregate and measure information with respect to low frequency
macroeconomic indicators. If this is indeed the case, our results suggest the importance
of explicitly taking into account differences in beliefs, in addition to current changes in

fundamentals.

A.1.  Specification and Robustness

The documented relation between difference in beliefs and implied volatility can potentially
be non-linear. More specifically, disagreement could play a different role in periods of market
stress characterized by large implied volatility and this could affect our previous findings
within a linear specification. We thus estimate equation (8) using a quantile regression
approach. In Table 7, panel A, we report the results for the median implied volatility. The
findings are very similar to the standard regression results, suggesting that they are robust
to non-linearities or large outliers. Furthermore, Table 7, panel B, shows the results for
the top quartile. We notice that the relation between difference in beliefs and large implied
volatility is still positive and strongly significant. In all but one case the relation is even

stronger in periods of high market stress.

We test further whether our regression model is appropriate using two additional specifi-
cation tests. The first is the Ramsey Regression Equation Specification Error Test (RESET)
to understand whether non-linear combinations of the estimated values help explain the en-
dogenous variable. The results are reported in Table 7, panel C. We find that this test never
rejects the null hypothesis that the model is correctly specified.”

As a capstone to our specification analysis, we also compute an asymptotic GMM test,
in which the moment conditions are obtained by conditioning on the three different terciles

of the difference in beliefs distribution, low, medium and high. We use as instruments the

18We also account for potential non-stationarities in the macroeconomic series and estimate the model
using first differences rather than levels. Furthermore, we introduce recession dummies when the GDP
variables for each country are in the bottom quartile in our sample period. Both alternatives do not change
our findings on the effect of differences in beliefs on implied volatility.

19We also experiment with a similar specification test whereby implied volatility is regressed on its es-
timated value from equation (8) and on its estimated value squared. We find that the coefficient on the
squared term is never significant for any currency pair at any horizon, suggesting that the original model is
correctly specified.
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lagged values of difference in beliefs and the current volatility of three series of macroeco-
nomic fundamentals. The choice of the instruments is based on their level of significance
determined by the regression results of Table 6. This setting gives rise to a Chi-square
test with 9 degrees of freedom. Table 7, panel D, summarizes the results. We find that
that the impact of difference in beliefs is strongly statistically significant. Furthermore, the
J-specification tests for overidentifying restrictions never reject the model for any currency
pair, suggesting that the relation between differences in beliefs and implied volatility is

stable at all levels of disagreement.

As a series of additional robustness checks, we consider specifications of equation (11)
with different lags for the regressors. For example, we lag by one week the MAD, the higher-
order moments of the distribution of the foreign exchange forecasts, and implied volatility.

The results are virtually unchanged.

Another interesting check is to re-estimate equation (11) using the beliefs characteristics
lagged one month. This alternative specification recasts the previous empirical question in
the context of predictive regressions for future implied volatility. This empirical exercise
addresses potential concerns of endogeneity, since differences in beliefs, implied volatility,
and all the other regressors are measured at the same point in time. Again, the horizon of the
forecast and the maturity of the option perfectly match, so that the analysis is unaffected
by the synchronicity issues described in Cavaglia, Verschoor and Wolff (1994). Table 8
shows the results for the one-month horizon. For all currencies, differences in beliefs predict
future implied volatility beyond current implied volatility. These results hold also when
the regressors include uncertainty about current fundamentals, which marginally increase
predictability. As a final robustness check, given the documented high persistence of implied
volatility, we estimate the specification (11) using first differences in implied volatility as
the dependent variable. The results (not reported) show again that the differences in beliefs

significantly explain the change in implied volatility for all currencies and at all horizons.

In summary, we show that a simple empirical proxy of the difference in beliefs of foreign-
exchange market participants, ¢, p, is an economically and statistically important driver of
implied volatility in FX markets. This finding holds for different currency pairs, at different
forecasting horizons, controlling for the volatility of current fundamentals and with different

empirical specifications.

B.  The option-implied volatility smile

The second set of empirical implications of the literature surveyed in Section I is related
to the effects of the structure of beliefs on the relative prices of derivative contracts. More
specifically, in the case of options, this should occur in terms of the cross-section of implied
volatilities for different moneyness levels, i.e. the implied volatility smile. This theoretical

prediction is especially relevant, given that the characteristics of the option-implied volatility
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smile are closely related to the characteristics of the foreign-exchange state price density
(e.g., Bates, 2001; Bakshi, Kapadia, and Madan, 2003).

We obtain the implied volatility of at-the-money options directly from market quotes
and compute implied volatilities of options with other moneyness levels from risk reversal
and strangle combinations, as described in Section IL.2° Then, we investigate the link be-
tween differences in beliefs and the slope of the implied volatility smile by estimating the

following regression:

25—delta
(I Vir

Wl) —l=a+Byir+ BaSKir + BruKUr +err,y (12)
tT

where IV delta represents the implied volatilities at x — delta moneyness for options on

day t with maturity 7" and the regressors are the same of the previous specifications.

Table 9 (first five columns) shows these results in the univariate regression case. We ob-
serve that higher dispersion of beliefs influences the slope of the volatility smile significantly
at three-, six-, twelve-month horizons for USD/JPY, and at all horizons for USD/EUR.
This evidence confirms the predictions of the theoretical literature. It is remarkable that in
this setting the results for the USD/DEM are much weaker than for the USD/EUR currency
pair. This different finding could be related to the role of the German central bank in the
limited-flexible exchange rate system with defined bands prevailing before the introduction
of the euro. In the traditional heterogeneous belief economy, the cost for the optimist to
insure the pessimist is increasing in the level of disagreement. However, if currencies cannot
effectively fluctuate beyond a pre-specified ban, it is a third agent, the central bank, that

will take on the risk of the most extreme changes.

The results of Table 9 are also economically important. For example, the unconditional
slope of the implied volatility smile for USD/JPY is about -7% for longer horizons. However,
the slope drops to about -4% when the differences in beliefs are one-standard deviation above

the mean. The economic significance is similar for the USD/EUR exchange rate.

The positive sign implies that higher dispersion of beliefs increases the risk-neutral
probability of a Japanese yen or euro appreciation against the dollar. Carr and Wu (2007)
document a strong correlation between the slope of the smile and the returns on the un-
derlying currency. Our result would thus occur naturally, for example, if there is a relation
between dispersion of beliefs and underlying returns. In the following subsection D. we will

specifically investigate this hypothesis.

In the remainder of Table 9, we estimate the full specification of equation (12). The
results are very similar to the univariate specification for USD/JPY and GBP/USD, except

that the higher-order moments of the distribution of beliefs become statistically signifi-

2Data on the risk reversal and strangle combinations for the USD/DEM currency pair were not available
for the six-month maturity.
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cant when the mean absolute deviation is not significant (e.g., the one-month horizon for
USD/JPY). For USD/EUR, the higher-order moments improve explanatory power signif-
icantly. The R? almost doubles on average, with the largest increase at the one-month
horizon. Both skewness and kurtosis of beliefs affect the slope of the implied volatility

smile.

In summary, the results show that the differences in beliefs are an important determi-
nant of the shape of the option-implied volatility smile, and thus, of the shape of the risk-
neutral foreign-exchange state price density. This is important evidence that the difference
in beliefs drives differential pricing of state-contingent claims, precisely as the neoclassical
literature with heterogeneous agents predicts and it supports the idea that dispersion of
beliefs enters the stochastic discount factor. This last aspect will become apparent in the

empirical tests of the volatility risk premium in the next subsection.

C. Volatility risk premium and difference in beliefs

In the heterogeneous agents neoclassical literature, beliefs enter the stochastic discount
factor and thus have a direct effect on the difference between the risk-neutral and physical
probability measure. A natural test for this theoretical prediction is thus to investigate
whether measures of the differences in beliefs impact the volatility spread, i.e. the difference

between implied and realized volatility.

Britten-Jones and Neuberger (2000), among others, show that the risk-neutral expected
value of the quadratic variation of returns is expressed in a model-free fashion by a particular
portfolio of options. In practice, this measure must be constructed from a finite number of
strike prices and, unfortunately, the three moneyness levels that are available in our data
set for the FX market do not allow for an accurate estimation. We thus approximate the
risk-neutral expected value of the return quadratic variation from time ¢ to time T with the

time t at-the-money implied volatility of currency options maturing at time 7.

The quadratic variation of returns under the physical measure is typically estimated
using squared returns. This approach has strong theoretical underpinnings and good em-
pirical performance (see, among others, Andersen et al. 2003). Realized squared returns
are used to produce the expectation at time ¢ of the realized volatility between time ¢ and
time T' (e.g., Bollerslev et al., 2008; Drechsler and Yaron, 2008). More specifically, as an
empirical proxy for the physical expected value of the return quadratic variation from time ¢
to time 7', we use an exponential moving average of the quadratic returns on the underlying

according to the following specification:

Ey[RVir] = \/(1 —ar)(rf .y +arri o +aq i g+ ), (13)

where 7; is the log return on the underlying asset on day ¢ and ar_; is the smoothing
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factor that depends on the horizon.?! The use of exponentially decaying weights is a useful
device in our setting to increase the number of observations, since we use daily rather than
intraday returns, and corresponds to a widely used approach among pratictioners (see J.P.
Morgan’s Riskmetrics, 1996).22

We then regress the volatility spread on the characteristics of the distribution of foreign

exchange forecasts:
IVir — E[RVir] = a+ By r + BaSKer + B KUt + er 1, (14)

where IV, 7 represents the at-the-money implied volatilities for options on day ¢ with ma-
turity 7', E [RV; 7] is an exponential moving average of realized volatility obtained with
the formula in equation (13) for a horizon matching the maturity of the option, and ¥, 1,
SK;r, KU are defined as before.??

Table 10 shows the results of estimating equation (14). As before, the first five columns
show our findings for the univariate specification with the mean absolute deviation of the
foreign exchange forecasts on the right-hand side. For USD/JPY and USD/EUR™, #, 7 has
a significantly positive effect on the volatility risk premium. In particular, for USD/JPY,
the dispersion of beliefs explains a striking average 50% of the variation in the volatility risk
premium across forecasting horizons. Unconditionally, the difference between implied and
realized volatility is about 3.3%, but it increases to about 5.3% when the dispersion of beliefs
is one standard deviation above average. For USD/EUR™, the volatility risk premium is
unconditionally lower, about 1.4%, but it increases to about 1.8% with high dispersion of
beliefs. For the USD/EUR considered as a single currency, the economic effects are even

stronger: large disagreement leads to a 75% increase in the volatility risk premium.

The remainder of Table 10 shows the results of estimating the full specification of
equation (14). The findings of the previous analysis are confirmed. There is only some
evidence that the higher-order moments of foreign-exchange forecasts distribution explain
the volatility risk premium beyond 1), ;. More specifically, for USD/EUR, the kurtosis of
the distribution of beliefs has a systematically significant positive effect on the difference

between implied and realized volatility.

*IThe exponential moving average can also be calculated in a recursive fashion as E;[RVir] =

\/aT_trf_l + (1 —ar—t)Ei—1 [RVt—l,T—1]2~
The smoothing parameter decreases with the horizon and is equal to 0.03, 0.01, 0.005, and 0.003 for a
one-, three-, six-, and twelve-month horizon, respectively.

220ur results are robust to the choice of model to proxy for expected realized volatility. As alternative
estimators, we used the exponential moving average of equation (13) with different smoothing parameters,
a centered moving average with squared differences between returns and mean returns, and a GARCH(1,1)
model.

23We also estimate a version of equation (14) where the volatility risk premium is the ratio of implied
to realized volatility instead of the difference between them. We obtain similar results, suggesting that our
findings are not driven by the positive correlation between the general level of volatility and the volatility
risk premium expressed as a difference.
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Our empirical measure of the volatility risk premium uses the expectation of realized
volatility constructed with information available at time ¢t. However, some papers in the
literature have measured realized volatility on the interval from time ¢ to time 7' spanned
by the maturity of the option (e.g., Carr and Wu, 2009). In this case, the volatility risk
premium coincides with the payoff of a volatility swap. We repeat our empirical analysis

above using this alternative definition, obtaining very similar results.

An additional robustness check is motivated by the frequent assumption in the literature
that the volatility risk premium is linear in volatility (e.g., Heston, 1993). Bakshi and
Kapadia (2003), among others, find empirical support for this hypothesis for the volatility
risk premium in the stock market. We thus estimate a more general version of equation
(14), where we also control for the lagged level of implied volatility on the right-hand-side.
The findings of Table 10 on the effect of dispersion of beliefs on the volatility risk premium

are unchanged (results not reported).

In summary, the evidence in this subsection is an important empirical validation of the
main theoretical result of neoclassical economies with heterogeneous beliefs: the stochastic
discount factor depends on the relative weights of different agents in the representative
agent utility function, which is a function of differences in beliefs. If there was only a
trading friction channel for dispersion of beliefs to impact asset prices, we would not find any
significant relation between the volatility spread and disagreement. This finding has broad
implications. For instance, since differences in beliefs are time-varying, this can generate
time-varying risk-premia and expected returns, which could help to explain several stylized
facts in the FX markets.

D. Differences in Beliefs and Currency Options in the Cross-Section

The relation between differences in beliefs and currency options has been analyzed so far in
the time-series and in isolation for each currency pair. However, the theoretical predictions
could also be empirically tested in the cross-section, that is, currency pairs characterized
by different disagreement should also exhibit different implied volatilities, different slopes

of the implied volatility smile, and different volatility spreads.

The most serious limitation for the identification of the effects of disagreement in
the cross-section is the availability of only three currency pairs in our setting, with the
USD/EUR™ viewed as a combination of USD/DEM and USD/EUR. Nonetheless, we ob-
serve these three pairs at different points in time over more than ten years and we can thus

exploit the identification power of a repeated cross-section.

The starting point of the cross-sectional analysis is to look at the average disagreement
and currency option characteristics over the full sample period. As the summary statistics in
Table 4 show, the ranking of average differences in beliefs, from higher to lower, is USD/JPY,
USD/EUR™, GBP/USD for all forecasting horizons. We observe the same ranking for the
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average implied volatility (see Table 1), for the absolute average magnitude of the risk
reversal (see Table 1), and for the volatility spread as defined in Section III.C (results not
reported).?* At least at this very aggregate level, the relations between disagreement and

currency option markets that hold in the time-series, also hold in the cross-section.

We take this analysis further by identifying two subsamples where the ranking of
disagreement changes. Between 1995 and 1999, we observe that the one-month MAD
for the USD/JPY currency pair is 40% higher than the corresponding disagreement for
USD/EUR™, which is in turn 30% higher than the MAD for GBP/USD. Consistent with
theory and time-series evidence, the implied volatility of USD/JPY is 27% higher than the
implied volatility of USD/EUR™, which is itself 26% higher than the implied volatility of
GBP/USD. Similar relations hold for the slope of the smile, where the risk-neutral prob-
ability of appreciation of the low-yield currency is higher for high disagreement currency
pairs. Finally, the average volatility spread in this subsample is 5.8%, 2.1%, and 1.2%.
Between 2000 and 2004, however, USD/EUR™ becomes the currency pair with the largest
differences in beliefs, with a one-month MAD 15% higher than USD/JPY (and 48% higher
than GBP/USD). USD/EURT implied volatility is now 7% higher than USD/JPY and
29% higher than GBP/USD implied volatility. Again, we observe the same ranking across

currency pairs for the slope of the implied volatility smile and the volatility spread.

Motivated by the evidence in the subsample qualitative analysis, we estimate a differ-
ence in difference specification, where the explanatory variable is the difference in disagree-
ment between two currency pairs and the dependent variable is the difference in either the
level of implied volatility of the two currencies, or the difference in the slope of the two
volatility smiles, or the difference in the volatility spreads. In all three cases, we find that
the difference in disagreement is statistically significant at the one percent level with robust

standard errors.?®

In summary, the cross-sectional analysis fully confirms our findings in the time-series,
lending further support to the notion that differences in beliefs are an important factor that

helps to explain currency option dynamics.

E.  Carry trades, exchange rates predictability and dispersion of beliefs

The empirical evidence presented so far is consistent with the predictions of the neoclassical
heterogeneous agent literature reviewed in Section I that the dispersion of beliefs is a priced
source of risk in FX markets. The first papers in the literature to investigate risk factors in
currency markets are related to the failure of the uncovered interest parity (e.g., Hansen and

Hodrick (1980); Fama (1984)). More recent research has focused on carry trades: borrowing

2*Within the USD/EURT currency pair, it is more difficult to compare USD/DEM to USD/EUR in this
cross-sectional exercise, because they refer to a different sample period.

25We obtain similar evidence for a standard panel regression with time fixed-effects. The results of both
estimation techniques are not reported, but are available upon request.
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a low interest rate currency and investing in a high interest rate one. These strategies are
widely used by market practitioners to exploit the predictable excess returns implied by the
forward premium puzzle. The Sharpe ratios of such trades tend to be higher than the Sharpe
ratio of an investment in the S&P500 index. For example, a simple developed country carry
trade strategy proposed in Lustig, Roussanov and Verdelhan (2008) generates a Sharpe
Ratio of 1.12 as compared with 0.57 for the S&P500 between 1982 and 2007. The academic
literature has tried to reconcile these puzzling returns with risk-based explanations. Lustig
and Verdelhan (2007), for example, show that U.S. consumption growth risk can explain
predictable returns in currency markets. Given our empirical evidence that dispersion of
beliefs is a priced risk factor, it becomes natural to ask how heterogeneity of beliefs affects

carry trade returns and, more generally, the forward premium puzzle.

Given the sample of currencies for which we can compute measures of dispersion of
beliefs, we focus on carry trade returns for the USD/JPY currency pair, which is the most
popular (and discussed) carry trade strategy among pratictioners.?5 We proceed as follows.
At each monthly survey date, we borrow JPY and invest in USD and close out the position
on the day before the following survey release. This approach allows us to relate precisely
carry trade returns to dispersion of beliefs and implied volatility. We decompose total carry
returns into returns generated by the interest rate differentials and the returns generated
by exchange rate appreciation/depreciation. Figure 3 plots average returns in high/low
dispersion of beliefs states, high/low implied volatility states, and high/low volatility risk
premium states. We can readily see that the interest rate differential is larger when disper-
sion of beliefs, implied volatility, or the volatility risk premium are high. However, when
we look at total carry trade returns, they seem to be virtually unaffected by low/high
implied volatility states. In contrast, we notice that total returns are much lower when
the volatility risk premium is high and they even turn negative when dispersion of beliefs is
high. Whenever market participants disagree about the future value of currencies, the carry

compensation seems to be insufficient to make up for adverse spot currency movements.

We test more formally for the relation between USD/JPY carry trade returns and
the dispersion of beliefs by regressing total carry trade returns on the dispersion of beliefs,
implied volatility, and the volatility risk premium. Table 11, panel A, shows the results. The
graphical intuition from Figure 3 is confirmed. Carry trade returns are virtually unaffected
by the level of implied volatility. The coefficients are not statistically different from zero.
In contrast, carry returns are significantly lower when dispersion of beliefs is high. The
economic significance is striking: a one-standard deviation shock to dispersion of beliefs
leads to a negative annualized returns on the carry trade of 7.7%. The magnitude of these
negative total returns is remarkable considering the positive average 3.7% interest rate

differential between USD and JPY in our sample. The effect of the volatility risk premium is

*6The interest rate differential is lower and switches sign for the USD/EUR™ and GBP/USD pairs. Fur-
thermore, these are not typical carry trade pairs among practitioners.
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not statistical significant at conventional levels, but economically a one-standard deviation
shock to the volatility risk premium generates a negative 5% annualized return. These
findings emphasize again that the extent of the disagreement about future exchange rates

is a key variable that affects asset returns, volatilities, and risk premia.

These results are in line with the evidence on the implied volatility smile documented
in Section III.B. When disagreement about the USD/JPY increases, the risk-neutral prob-
ability of the Japanese yen appreciation also increases and carry trade returns turn out to

be severely penalized.

A straightforward statistical intepretation of the negative relation between dispersion of
beliefs and carry trade returns would be that the distribution of beliefs has some forecasting
power for the large negative returns that periodically hit the carry trade strategy. Obviously,
a potential shortcoming of this empirical exercise is the availability of a sample of currency
returns and FX forecasts that is long enough to contain a sufficient number of FX jumps for
statistical inference. In our sample, we identify only 18 instances in which FX returns are
larger than two standard deviation bands. The dispersion of beliefs at one-month horizon
shows some predictive power for these negative large returns, albeit not at the conventional

statistical levels of significance.

An economic interpretation of our findings could be cast within the “liquidity spi-
rals”arising in the model of Brunnermeier and Pedersen (2008), where an exchange rate
correction only occurs when sufficiently many traders unwind their carry trade position.
Because of a negative shock or of a change in risk tolerance by traders, funding constraints
are hit and this triggers unwinding of carry positions with a consequent price impact, trad-
ing losses, a further increase in the funding problems, volatility and margins. In our setting,
it is precisely the effect of differences in beliefs on the pricing kernel that has an impact on

risk tolerance of the representative agent.

We perform an additional empirical exercise to better understand whether our find-
ings could be interpreted within this theoretical framework. More specifically, we try to
isolate empirically two cases in which a change in risk-tolerance would have the largest
effects. First, when funding liquidity is low, a decrease in risk tolerance translates directly
into unwinding of carry positions. We thus regress carry trade returns on disagreement,
conditional on a large (upper quartile) TED spread.?” Second, the potential for delevering
in case of a decrease in risk tolerance is larger when carry trade speculating position are
more substantial. Brunnermeier et al. (2008) show that the lagged performance of carry

trades describes speculator positions better than measures obtained from currency futures

2TThe TED spread is the difference between the 3 months LIBOR Eurodollar rate and the 3 months T-Bill
rate. The LIBOR rate reflects uncollateralized lending in the interbank market, which is subject to default
risk, while the T-Bill rate is risk-less since it is guaranteed by the U.S. government. The TED spread has
been traditionally used as an empirical proxy for funding liquidity problems, when it typically increases (e.g.,
recently in Brunnermeier et al., 2008).
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exchanges, because speculator positions tend to grow with a positive performance of the
strategy. We thus use a conditioning dummy variable equal to one when the performance
of the carry trade in the previous period was positive and the potential for delevering is
thus likely to be substantial.

Table 11, panel B, presents the carry trade conditional results. When funding liquidity
problems are more serious (high TED spread) or speculator positions are large, the effect of
disagreement on carry trade returns is very strong. In particular, when we use a large TED
spread as a conditioning dummy variable, the economic significance of disagreement doubles
and the explanatory power of the regression triplicates with respect to the unconditional
case.”® In contrast, when funding liquidity is normal or when there is a smaller potential for
delevering, differences in beliefs are not a significant determinant of carry trade returns.?”
This evidence suggests that the interaction between funding liquidity and shocks to risk-
tolerance induced by changes of differences in beliefs has a large impact on carry trade

returns.

We extend this analysis and study the link between currency returns and beliefs beyond
the USD/JPY exchange rate and the one-month horizon. To do this we cast our investi-
gation in the context of expectation hypothesis regressions and the extensive literature on

the forward premium puzzle. We thus estimate the following specification:

St4n — 5t = &+ Brupa (frivn — 5t) + BypVtpon + etttn, (15)

where s; represents the logarithm of the spot rate at time ¢, f; 1, represents the logarithm
of the forward rate at time ¢ with maturity ¢ + n, 9., is the mean absolute deviation
of foreign exchange forecasts at time t for the horizon t + n, and n is either one-month,
three-months, six-months, or one-year. This analysis is clearly related to the carry trade
strategy. The dependent variable is one of the two components of the carry trade returns.
Furthermore, the interest rate differential (the other component of carry trade returns) is

controlled for on the right-hand-side through the forward premium.

Table 11, panel C, shows the results of estimating equation (15) using Newey-West
standard errors with 12 lags.3’ The first column for each currency and horizon just replicates

the findings in previous literature and shows that the forward premium puzzle is generally

28 The correlation between the TED spread and differences in beliefs is not statistically significant (it is
-0.08 in our sample) and therefore it is an appropriate conditioning variable.

29 A number of papers use the CBOE VIX option implied volatility index as an empirical proxy for
the amount of risk capital devoted to carry trade strategies. Conditioning on large VIX delivers similar
but weaker results than conditioning on a large TED spread. VIX itself as an additional regressor is not
statistically significant when MAD is included.

30We also check the robustness of the results using Newey-West standard error corrections with lags
matching (a) the forecast horizons, (b) the forecast horizon minus one, similar to Cavaglia, Verschoor, and
Wolff (1994). The results are virtually unchanged.
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present in our sample period, for our sample currency pairs, and at our sampling frequency.?!
In the second column, we add our empirical proxy for dispersion of beliefs. We observe that
for all currencies and at almost all horizons, the dispersion of beliefs has significant predictive
power for subsequent currency returns beyond the forward premium. More specifically, when
we also include the MAD among the regressors, we obtain a substantial increase in the R?
. The currency pair for which MAD matters the most in terms of explanatory power is the
USD/JPY, where we register an average increase across horizons of more than 100%. The
forecast horizon where the MAD plays the strongest role across currencies is at one-month,
where the R? increases on average by about 1.5 times. The additional explanatory power

decreases monotonically for longer horizons.

The relation between dispersion of beliefs and currency returns is negative for all cur-
rencies. Higher dispersion of beliefs has a negative effect on FX returns, consistent with the
results presented in Panel A for the USD/JPY exchange rate. The economic magnitude of
the coeflicients is remarkable. For example, a one-standard deviation shock to dispersion of
beliefs causes a negative 3.3% annualized return on the USD/EURT exchange rate at the
one-month horizon. The economic significance monotonically decreases for longer horizons,

much in the same way the explanatory power did.

To better understand the forward premium puzzle interaction with differences in be-
liefs and link it to the previous evidence on carry trades, we re-estimate the one-month
regressions conditioning on a normal or large TED spread. Table 11, panel D, illustrates
intriguing results. When funding liquidity is at normal levels, the forward premium puzzle
documented in the literature is present for all the three currency pairs we consider and
differences in beliefs do not play a significant role. However, when the TED spread is in the
upper quartile, the puzzle disappears and differences in beliefs become a strong predictor
of an appreciation of the low-yield currency. This evidence suggests that the failure of the
expectation hypothesis and the resulting puzzling excess returns to investing in high yield
currencies can be seen as a compensation for the potential risk of a sudden appreciation of

the low yield financing currency at times of an increase of aggregate implied risk aversion.

In summary, we show that the dispersion of beliefs appears to be a risk factor in currency
markets with important asset pricing effects that go beyond the strong effects documented
for currency options. More specifically, the degree of dispersion of beliefs explains carry
trade returns for the USD/JPY currency pair and, more generally, explains spot currency
returns beyond the forward premium. This supports the predictions of the heterogeneous
agent neoclassical literature, where disagreement impacts the first moment of asset returns,
much in the same logic used to rationalize the equity premium puzzle by the earlier models
(e.g., Detemple and Murthy, 1994). Given that short-selling constraints are absent in the

FX market, this result is not consistent with the limits to arbitrage explanations of the

31Tn this case, we do not present the results for USD/DEM and USD/EUR separately to save space. These
results are qualitatively similar and available on request.
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behavioral literature.

IV. Conclusions

Financial prices reflect uncertainty and reveal information about its resolution. Many causes
of uncertainty are exogenous and are naturally resolved over time. Some other sources are
instead of a strategic nature, as the timing of their resolution is a strategic variable for
some agents with incentives to hide their information. Independent of the nature of un-
certainty, however, when agents have different expectations of future market fundamentals,
they can engage in dynamic trading either for speculative reasons or for dynamic hedg-
ing. In this paper, we test the link between differences in beliefs and asset prices using
a measure of dispersion in beliefs that is based directly on the distribution of forecasts of
future exchange rates provided by market participants. Combining this with an extensive
data set on OTC currency options, we investigate a number of empirical questions that the

theoretical literature has put forth.

We obtain four important results. First, we find that the differences of beliefs derived
from currency forecasts help explain the level of implied volatility of currency options. This
finding is statistically significant and robust, economically important, valid at different
horizons, and goes beyond the effect of volatility of current fundamentals. Second, we find
that disagreement affects the relative pricing of currency options in the cross-section, i.e.
the shape of the implied volatility smile. Third, differences in beliefs impact the volatility
risk premium. Last, our empirical proxy for differences in beliefs is also related to FX
underlying returns. During periods of high differences in beliefs, carry trades are unwound
and low interest rates currencies appreciate. This is consistent with the hypothesis that
differences in beliefs affects the stochastic discount factor and the price of risk. Our empirical
findings are valid both in the time-series and in the cross-section. All our results support the
predictions of the heterogeneous agent neoclassical literature, where differences in beliefs
represent an additional risk factor and highlight the role of uncertainty in asset pricing. The
results are not consistent with some of the behavioral finance models that suggests a non
risk-based role for heterogeneous beliefs founded on the interaction between short-selling

constraints and the Miller’s (1977) conjecture.
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Table 1: Currency options summary statistics

This table presents summary statistics for our sample of currency options written on
USD/JPY, GBP/USD, USD/EURT (USD/DEM before 1999, USD/EUR thereafter). We
report the mean, standard deviation, and number of observations on the straddle (o aras),
on the 25-delta risk reversal (orr), and on the 25-delta strangle (osrr), for four option
maturities. Data are daily from May 1993 to December 2006.

Usd/Jpy Gbp/Usd Usd/Eurt Usd/Jpy Gbp/Usd Usd/Eurt

One-month maturity Three-month maturity
Mean 10.79 8.41 10.13 10.94 8.75 10.35
oarym  Std.Dev. 2.90 1.68 2.05 2.62 1.52 1.78
Obs. 3597 3597 3597 3597 3597 3597
Mean -0.75 -0.02 -0.24 -0.75 0.01 -0.28
ORR Std.Dev. 0.90 0.33 0.45 0.82 0.28 0.38
Obs. 3122 3122 3122 2515 2515 2515
Mean 0.35 0.21 0.24 0.36 0.21 0.24
ostr Std.Dev. 0.13 0.06 0.08 0.13 0.05 0.06
Obs. 3122 3122 3122 2515 2117 2515
Six-month maturity One-year horizon
Mean 11.07 8.95 10.47 11.18 9.15 10.56
oarym  Std.Dev. 2.56 1.45 1.66 2.50 1.44 1.57
Obs. 3597 3597 3597 3597 3597 3597
Mean -0.72 0.02 -0.29 -0.74 0.03 -0.30
ORR Std.Dev. 0.86 0.27 0.36 0.92 0.26 0.34
Obs. 2515 2515 2515 2515 2515 2515
Mean 0.37 0.22 0.24 0.37 0.22 0.25
ostr Std.Dev. 0.12 0.04 0.06 0.12 0.04 0.06
Obs. 2515 2515 2028 2515 2421 2515
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Table 2: Foreign-exchange forecasts summary statistics

This table presents summary statistics for our sample of foreign-exchange forecasts on USD/JPY, GBP/USD,
USD/EUR* (USD/DEM before 1999, USD/EUR thereafter). For each forecasting horizon, we show the
number of individual forecasts, the number of monthly surveys, and the number of forecasters for each

survey.

Usd/Jpy Gbp/Usd Usd/Eur™

One-month horizon

Individual forecasts No. 7566 6987 7679

Monthly surveys No. 156 142 156
max No. 66 65 66

Forecasters ave No. 47.8 48.6 49.2
min No. 27 30 27

Three-month horizon

Individual forecasts No. 7640 7006 7729

Monthly surveys No. 156 142 156
max No. 67 66 67

Forecasters ave No. 48.2 48.6 49.5
min No. 30 29 27

Six-month horizon

Individual forecasts No. 7562 6948 7643

Monthly surveys No. 156 142 156
max No. 66 65 66

Forecasters ave No. 47.7 48.2 49.0
min No. 27 29 27

One-year horizon

Individual forecasts No. 7521 6896 7581

Monthly surveys No. 156 142 156
max No. 65 64 65

Forecasters ave No. 474 47.8 48.6
min No. 27 29 27
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Table 3: Do foreign exchange forecasts have predictive power?
This table shows the results of estimating the following regression:
Sr— St =a+ B (Myr — St) + e,

where S; represents the foreign exchange rate at time ¢t and M, 1 represents the average foreign exchange
forecasts on day ¢ with horizon T. We analyze three currency pairs: USD/JPY, GBP/USD, USD/EUR™
(USD/DEM before 1999, USD/EUR thereafter). We also compute the Root Mean Squared Error (RMSE)
of the average forecast and compare it with the RMSE of a random walk (RMSErw).

Usd/Jpy Gbp/Usd Usd/Eur™

One-month horizon

constant 0.2730  0.0002 0.0006
B 0.0655  0.3075 0.1651
R? 0.0015  0.0120 0.0155

RMSE/RMSErw 1.3045 1.0494 1.3816

Three-month horizon

constant 0.1985 0.0055 0.0079
I} -0.2675  0.4667** -0.0618
R? 0.0139 0.0272 0.0008

RMSE/RMSErw 1.3000 1.0139 1.2315

Six-month horizon

constant 0.1644 0.0107 0.0213
8 -0.0538  0.3597 -0.2350
R? 0.0005 0.0151 0.0086

RMSE/RMSErw 1.2089 1.0467 1.2067

One-year horizon

constant 0.6375 0.0287**  0.0434**
I} -0.2013  0.7904** -0.3935
R? 0.0090 0.0629 0.0186

RMSE/RMSErw 1.3156  0.9678 1.1704

* % %, #x, and * denote statistical significance at the one, five, and ten percent levels, respectively.
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Table 4: Difference in beliefs in foreign-exchange forecasts

This table presents summary statistics for the mean absolute deviation (MAD), the skew-

ness, and the kurtosis of the cross-sectional distribution of forecasts.

Usd/Jpy Gbp/Usd Usd/Eurt Usd/Dem Usd/Eur

max 0.0311 0.0263 0.0248 0.0248 0.0224

MAD ave  0.0142 0.0101 0.0134 0.0122 0.0139

min  0.0058 0.0059 0.0070 0.0076 0.0070

max 1.5594 6.7005 1.2899 1.2899 1.2784

One-month horizon Skewness ave -0.2151  -0.0478 0.1495 0.1490 0.1513
min -2.7184  -2.2878 -1.8880 -1.8880 -1.2530

max 14.0450  46.6212 7.7532 7.7532 7.5144

Kurtosis ave  3.7382 4.4633 3.2631 3.4293 3.1949

min  1.9067 1.8743 1.8088 1.8088 2.1372

max 0.0530 0.0322 0.0373 0.0373 0.0372

MAD ave  0.0256 0.0175 0.0236 0.0222 0.0242

min  0.0147 0.0102 0.0124 0.0128 0.0124

max 1.1200 6.2487 2.1533 2.1533 1.3044

Three-month horizon Skewness ave -0.1059  -0.1131 0.2482 0.2444 0.2847
min -2.8092  -5.5905 -2.0457 -2.0457 -1.3025

max 13.1263  42.0335 10.4946 10.4946 9.4833

Kurtosis ave  3.3926 4.1744 3.2151 3.5426 3.0937

min 1.7834 2.0986 1.7866 1.7866 1.9998

max 0.0654 0.0382 0.0499 0.0448 0.0499

MAD ave  0.0375 0.0241 0.0333 0.0319 0.0341

min  0.0228 0.0165 0.0181 0.0245 0.0181

max 2.8892 5.6869 1.6646 1.6151 1.6646

Six-month horizon Skewness ave  0.1300 -0.1263 0.2189 0.0060 0.3689
min -1.7103  -3.7290 -1.6808 -1.6808 -1.2503

max 15.8295  37.3594 8.2769 6.0783 8.2769

Kurtosis ave 3.3414 3.8324 3.2045 3.2129 3.1777

min  1.8746 2.0347 1.4880 1.4880 1.6805

max 0.0836 0.0470 0.0769 0.0549 0.0769

MAD ave 0.0518 0.0324 0.0448 0.0405 0.0471

min  0.0264 0.0221 0.0246 0.0261 0.0246

max 1.8026 5.0023 1.7149 1.2321 1.7149

One-year horizon Skewness ave 0.4185 -0.2039 0.2398 -0.2753 0.5386
min -1.3730  -2.1288 -2.1723 -2.1723 -0.3676

max 8.6445 31.8274 11.5625 11.5625 9.1081

Kurtosis ave  3.5670 3.9591 3.5135 3.3906 3.5436

min  1.6948 2.2310 1.8886 2.0596 1.8886
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Table 5: At-the-money implied volatility and difference in beliefs
This table shows the results of estimating the following regression:
IWVir=a+B,MAD; 1+ B, SKi 1 + By KUt T + B, I Vi—30,7—30 + €1,

where IV, p represents the implied volatility of at-the-money (ATM) options on day ¢ with
maturity 7', MAD; 1, SK; r, KUy, represent the mean absolute deviation, the skewness,

and the kurtosis of foreign exchange forecasts on day ¢ with horizon T', respectively.

Usd/ Gbp/ Usd/ Usd/ Usd/ Usd/ Gbp/ Usd/ Usd/ Usd/
Jpy Usd Eur* Dem Eur Jpy Usd Eur* Dem Eur

One-month horizon
a  4.32%**  5.44***  4.91***  3.88*** 5.06*** 1.25** 1.51*** 1.07* 0.71 1.73**
B, 466.737* 283.45"* 407.25"** 532.07*** 374.18™** 241.83*** 209.32*** 246.78"** 398.34* 167.30"*~

B 007  -0.13 035 024 0.62**
Breu 007  -0.02 024 028 0.5
Biv 0.55"* .57  0.50°* 0.37°*  0.58***

R? 0.54 0.23 0.46 0.60 0.44 0.72 0.59 0.68 0.72 0.72

Three-month horizon
a  3.45%*  6.39***  5.95%**  5.82*** 5.55"* (.09 1.34***  0.60 0.55 0.53
ﬁw 294.79*** 123.71*** 192.02*** 215.25*** 198.49*** 118.83*** 63.38*** 93.53*** 129.22*** 90.09***

Bar 0.04 0.01  024* 0.8 0.44***
B 0.13*  -0.01  0.16"* 0.09*  0.25*
Biw 0.68***  0.72°"*  0.67***  0.64*** 0.65"**

R? 0.58 0.14 0.30 0.32 0.34 0.85 0.66 0.76 0.73 0.81

Six-month horizon
a  2.747*  6.81***  6.76***  6.29***  6.52*** 0.37 1.11** 0.87* -0.22 1.04*
By 225.08** 78.87* 113.77*** 138.10*** 115.33*** 57.97*** 29.17** 29.83*** 77.03*** 24.41**

B 009  -004 018 -0.08  0.65™*
B 0.01 0.01 0.06 -0.03  0.05
Biv 0.77°**  0.79***  0.80***  0.80***  0.78***

R% 0.64 0.10 0.21 0.16 0.28 0.88 0.70 0.77 0.74 0.84

One-year horizon
o 336" T3 7.25%% 3747 6.85%*  0.23 1.03**  0.49 0.22 0.41
B, 152.92%** 53.83*** 75.61"** 173.58™** 78.09"* 21.40*** 11.45*  13.90** 52.85*" 17.43"*

Bk -0.06 0.04 0.08 0.16 0.30
Bru 0.02 -0.01 0.07**  0.08 0.06
Bin 0.88***  0.84**  0.87*** 0.76"**  0.85"**
R%* 0.57 0.09 0.22 0.37 0.29 0.91 0.77 0.84 0.81 0.87
obs. 156 142 156 60 96 155 141 155 99 95

%% %, %%, and x denote statistical significance at the one, five, and 10 percent levels, respectively,

with robust standard errors.
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Table 6: Implied volatility, difference in beliefs, and economic uncertainty

This table shows selected results of estimating the following regression:

1V, 7
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where IV, p represents the implied volatility of at-the-money (ATM) options on day ¢t

with maturity 7', MAD;r, SK¢7r, KUy r, represent the mean absolute deviation, the

skewness, and the kurtosis of foreign exchange forecasts on day ¢ with horizon T, respec-

tively, and ’éfco’h

represents estimates of the volatility of economic indicators ECO =
{GDP,IP,CPI,UR, BM, BP} for the home (h = 1) and the foreign (h = 2) economy. key

ECO represent the proportion of economic variables that is significant at least at the 10%

level.
Usd/ Gbp/ Usd/ Usd/ Usd/ Usd/ Gbp/ Usd/ Usd/ Usd/
Jpy Usd Eur™ Dem Eur Jpy Usd Eurt™ Dem Eur
One-month horizon Three-month horizon
Q@ 0.23 1.42 1.06 -1.70 2.24 -0.60 1.25 0.93 0.43 1.55
By 237.04*** 214.21*** 268.90*** 410.33*** 170.21*** 115.81*** 68.10*** 92.08*** 130.09*** 71.66***
Bk 0.05 -0.15 0.37* 0.25 0.64***  0.01 0.01 0.27** 041"  0.43**
Bru 0.06 -0.02 0.22***  0.34***  0.04 0.10 -0.02 0.11**  0.04 0.20**
Biv 0.53***  0.60™**  0.47***  0.42***  0.57***  0.67** 0.72*** 0.67*** 0.63"*  0.69***
key ECO 2/12 3/12 2/12 3/12 1/12 2/12 1/12 1/12 1/12 1/12
R? 0.76 0.65 0.73 0.79 0.76 0.86 0.70 0.78 0.78 0.82
Six-month horizon One-year horizon

@ 0.26 0.87 1.20 -0.56 1.43 0.20 0.90 1.05 0.05 1.11
By 50.76***  38.02*** 32.44*** 72.99*** 16.66**  15.32** 19.91** 18.12*** 55.46™** 12.53**
Bk -0.09 -0.06 0.28**  0.11 0.59***  0.03 0.05 0.16** 0.17 0.37
Bru -0.01 0.01 0.01 -0.09 0.01 -0.02 -0.01  0.05*  0.05 0.01
Biv 0.78***  0.79***  0.78***  0.78***  (0.82***  0.89***  0.82*** (0.84*** 0.76*** 0.87***
key ECO 2/12 3/12 2/12 1/12 1/12 3/12 1/12 2/12 2/12 1/12
R? 0.89 0.75 0.80 0.80 0.86 0.92 0.80 0.86 0.86 0.88
obs. 155 141 155 59 95 155 141 155 59 95

with robust standard errors.

* % %, %%, and * denote statistical significance at the one, five, and 10 percent levels, respectively,
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Table 7: Specification tests

This table shows the results of four tests of the following specification:
IWVir =a+B,;MADy 1 + By, SKe 1 + By KU + B, IVi—30,7—30 + €t,1,

where IV, p represents the implied volatility of at-the-money (ATM) options on day ¢ with maturity T,
MAD, 1, SK¢ 7, KU1, represent the mean absolute deviation, the skewness, and the kurtosis of foreign
exchange forecasts on day ¢ with horizon T, respectively. Panel A and B show quantile regression estimates
for the median and the top quartile, respectively. Panel C reports the results of a Ramsey RESET test.
Panel D shows parameter estimates, t-statistics, and a J-specification-test for overidentifying restrictions in
a standard GMM framework where different moment conditions correspond to three different percentiles of

MAD and instruments are lagged differences in beliefs and macroeconomic volatility.

Usd/ Gbp/ Usd/ Usd/ Usd/
Jpy Usd Eur* Dem Eur

Panel A: Quantile regression: median

a L55™  1.68**  1.22%* (.71 1.92%%
By 252.70*** 162.96** 222.18*** 347.91*** 246.84***
Bk 0.29 0.03 0.36™  0.09 0.63***
Bra 0.04 0.04  0.13* 015 0.04

Biy 0.52%*  0.61"*  0.53"* 046" .45

Pseudo— R? 0.48 0.36 0.47 0.46 0.51

Panel B: Quantile regression: top quartile

a 1.24 2.02°%  1.21*  0.01 1.64*
B, 318.89"* 221 .82 242 22 498.81** 142.10***
Bar 030  -0.19 043  0.20 0.78***
Bru 0.11 001 010  0.09 0.10

Biv 0.53**  0.55"**  0.58"**  0.46™*  0.65***

Pseudo— R? 0.54 0.35 0.44 0.49 0.53

Panel C: RESET specification test

F-test 1.18 0.48 1.54 0.88 0.52
(p-value) (0.86) (0.92) (0.22) (0.57) (0.90)
Panel D: GMM test, 3 parameters, 12 moment conditions

655“’ 460.63*** 269.64*** 423.18™** 546.77*** 366.58***
ﬁ$6d 453.62*** 266.30*** 379.58*** 530.75*** 377.38***
Bt 474.16*** 310.04*** 413.66*** 517.52*** 408.88***
J — stat 7.45 5.76 9.38 5.34 6.44

(p-value, 9 d.f.) (0.59)  (0.76)  (0.40)  (0.80)  (0.70)

* % %, %%, and * denote statistical significance at the one, five, and 10 percent levels, respectively.
The variance-covariance matrix is obtained by bootstrap replications in Panel A and B and using
the Newey-West method in Panel D.
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Table 8: Forecasting Implied volatility with difference in beliefs

This table shows selected results of estimating the following regression:

IV 130,460
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where IV, p represents the implied volatility of at-the-money (ATM) options on day ¢t

with maturity 7', MAD;r, SK¢7r, KU r, represent the mean absolute deviation, the

skewness, and the kurtosis of foreign exchange forecasts on day ¢ with horizon T, respec-

tively,

and ’éfcovh

‘ represents estimates of the volatility of economic indicators ECO =

{GDP,IP,CPI,UR, BM, BP} for the home (h = 1) and the foreign (h = 2) economy. Key

ECO represent the proportion of economic variables that is significant at least at the 10%

level.

Usd/ Gbp/ Usd/ Usd/ Usd/ Usd/ Gbp/ Usd/ Usd/ Usd/
Jpy Usd Euwrt Dem Eur Jpy  Usd Eur* Dem Eur
No economic fundamentals With economic fundamentals

« 2.15%%* 2.64*** 2.51***  3.97*** 1.58** 4.65"% 2.68*** 4.55%**  4.74*  3.44**
5¢ 86.01** 73.02** 137.65*** 100.29* 196.62*** 74.70** 93.28*** 156.87*** 136.76* 189.77***
Bk 0.19 0.06  0.55*** 0.03  0.79*** 0.29  0.07 0.46**  0.04  0.80***
Bru -0.01 -0.03 -0.06 -0.35  0.17 0.05 -0.04 -0.05 -0.29 0.21*
Biv 0.70*** 0.60*** 0.59***  0.61*** 0.51***  0.68*** 0.59*** 0.57*** 0.61*** (0.48***
key ECO 3/12 3/12  1/12  0/12  0/12
R? 0.65 0.50 0.61 0.52 0.74 0.67  0.56 0.63 0.58  0.76
obs. 155 141 155 59 95 155 141 155 59 95

* % %, %%, and * denote statistical significance at the one, five, and 10 percent levels, respectively,

with robust standard errors.
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Table 9: The implied volatility smile and difference in beliefs

This table shows the results of estimating the following regression:

25—delta
IVir

75—delta
1V, r

) —l=a+ 5¢MADt,T + B SKer + Br KUt + e,

where Vt”; delta popresents the implied volatilities at z — delta moneyness for options on day

t with maturity T’ and M AD, v, SK; 1, KU T, represent the mean absolute deviation, the

skewness, and the kurtosis of foreign exchange forecasts on day ¢ with horizon T, respectively.

Usd/ Gbp/Usd/ Usd/ Usd/ Usd/ Gbp/ Usd/ Usd/ Usd/
Jpy Usd Eur®™ Dem FEur Jpy Usd Eurt Dem Eur
One-month horizon
a -0.06*** -0.01 0.05*** -0.01 0.08*** -0.06*** -0.02  0.06™** 0.01 0.08***
B, -0.52 092 1.60* -2.01 3.90"** 0.38 1.29 2.20"*  -1.80 4.08***
Bk -0.03*** -0.01** -0.02*** -0.01 -0.03***
Bru -0.01  0.01* -0.00 -0.01 -0.01
R? 0.01 0.01 0.02 0.03 0.09 0.06 0.05 0.09 0.03 0.21
obs. 138 137 138 44 94 138 137 138 44 94
Three-month horizon
a -0.11"**0.02 0.09*** 0.12*** 0.09*** -0.13*** 0.05** 0.05** -0.02 0.07***
By 1.49%  -0.86 2.38™* 4.69™ 2.40*** 1.63* -1.55  2.04*** 3.34** 2.19***
Bk -0.02  0.00 -0.00 0.01 -0.01
B 0.01 -0.01** 0.01** 0.04** 0.01
R? 0.02 0.01 0.09 0.17 0.10 0.04 0.07 0.14 0.65 0.12
obs. 112 94 112 18 94 112 94 112 18 94
Six-month horizon
a  -0.18*0.01 0.08*** 0.08*** -0.19*** 0.02 0.11%** 0.11%**
/Bw 3.01*** -0.36 1.46*** 1.46*** 2.94*** -0.73 1.72%** 1.72%**
Bk -0.01 0.01 -0.02* -0.02*
Bl 0.01 0.00 -0.01* -0.01*
R? 0.15 0.00 0.09 0.09 0.16 0.02 0.14 0.14
obs. 112 112 91 none 91 112 112 91 none 91
One-year horizon

a  -0.19*** 0.01 0.05*** 0.10** 0.07*** -0.17*** 0.06*** 0.012 -0.05 0.05**
ﬂw 2.23*** -0.26 0.52* 2.26* 0.81*** 2.21*** -1.18*** 0.21 0.12 0.63**
Bk 0.03 0.02*** 0.03*** -0.02 0.03***
Bu -0.01  -0.00*** 0.01*** 0.01 0.01***
R? 0.12 0.00 0.02 0.12 0.06 0.13 0.18 0.10 0.62 0.11
obs. 112 107 112 18 94 112 107 112 18 94

* % %, %%, and * denote statistical significance at the one, five, and 10 percent levels, respectively,

with robust standard errors.
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Table 10: The volatility risk premium and difference in beliefs
This table shows the results of estimating the following regression:
IVir — E[RVir] = a+ B,MAD; 1 + B SKi 1 + B KU +err,

where IV, 1 represents the at-the-money implied volatilities for options on day ¢ with ma-
turity 7', E [RV; 7| is an exponential moving average of realized volatility over the previous
month, and MAD, 1, SK; 1, KU r, represent the mean absolute deviation, the skewness,

and the kurtosis of foreign exchange forecasts on day ¢ with horizon T', respectively.

Usd/ Gbp/ Usd/ Usd/ Usd/ Usd Gbp/ Usd/ Usd/ Usd/
Jpy Usd Eurt Dem Eur Jpy Usd Eurt Dem Eur
One-month horizon
o 290 054 0.76* 1.18 -0.56 -2.98* 0.65 -0.57 -0.20 -1.17*
B, 443.05%* 23.18 50.08 89.02  105.58*** 431.71*** -6.74  59.01* 88.35" 106.97***
Bk 0.37 -0.02  0.38*  0.30 0.57**
Bru 0.09 0.04* 0.35"** 0.39*** 0.16
R%? 0.37 0.002 0.01 0.04 0.08 0.38 0.02  0.09 0.16 0.15

Three-month horizon
a  -4.54***  1.26"** 0.67  0.89 -0.61 -5.85***  1.31*** -0.59 0.48 -2.51%**
57# 305.32*** -18.77 31.41* 63.67** 60.17"** 306.86*** -25.63 45.15*** 74.51** 78.95%**
Bk -0.13 0.07 043" 0.47* 0.63***
B 0.37 0.02  0.25"** 0.02 0.41***
R? 0.47 0.004 0.01 0.07 0.08 0.51 0.02 0.13 0.15 0.34

Six-month horizon

o -6.13"* 1.31"*0.62 -0.66  0.04 -5.88"**  1.25"** -0.21 0.67 -2.03***
By 251477 -11.57 22.00% 85.78"* 25.27*  252.04™* -13.94 29.24** 72.19"* 44.99***
Bk -0.20 -0.07 0.18 0.11 0.96***
Bru -0.08 0.03 017" 0.28 0.33***

R? 0.60 0.003 0.01 0.16 0.03 0.60 0.01  0.05 0.24 0.40

One-year horizon
o -5.53"* 0.85* 0.37 -1.04 -0.39 -5.52%** 0.47  -0.82  -1.52  -2.19***
B, 168.63* 6.17  19.05™ 64.76™** 29.37**  161.47*** 12.20" 29.62*** 76.05"* 47.84*~

Ban 0.80°* -0.22* 0.03  0.26  1.28**
Bl 0.02 0.03 0.21*** 0.0l  0.06
R? 0.55 001 002 013 0.6 057  0.03 010 016  0.40
obs. 156 142 156 60 96 156 142 156 60 96

x % %, k%, and x denote statistical significance at the one, five, and ten percent levels, respectively, with robust standard

€rrors.
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Table 11: Carry trade returns, currency returns, and dispersion of beliefs

Panel A shows the results of estimating the following regression:
carryii+1 = o+ By MADy 41 + B, I Vii+1 + By RPr 41 + €tt4ns

where carry; 41 represents USD/JPY carry trade returns between time ¢ and t + 1,
MAD; ;41 is the mean absolute deviation of USD/JPY one-month forecasts at time ¢,
IV, 141 is the implied volatility of USD/JPY one-month options, and RP; ;41 is the volatil-
ity risk-premium with one-month horizon.

Panel B shows estimates of the same specification of Panel A, conditioning on TED spread
in the top quartile (high TED), in the bottom three quartiles (normal TED), and on carry
trade returns of the previous period being positive or negative.

Panel C shows the results of estimating the following regression:
St4n — St =+ Bryq (ftt4n — S¢) + B¢MADt,t+n + €t t4n,

where s; represents the logarithm of the spot rate at time ¢, f; ;y, represents the logarithm
of the forward rate at time ¢ with maturity ¢t +n, M AD; 1, is the mean absolute deviation
of foreign exchange forecasts at time t for the horizon t + n, and n is one-month, three-
months, six-months, and one-year.

Panel D shows estimates of the same specification of Panel C for the one-month horizon,
conditioning on TED spread in the top quartile (high TED), in the bottom three quartiles
(normal TED),

Panel A
@ 0.0169* 0.0083 0.0069* 0.0046
B, -0.9519* -1.3905*
Biv -0.0004 0.0021
Brp -0.0009 -0.0013

R?* 0.0151 0.0016 0.0088  0.0267

Panel B
high TED normal TED carry;—1;: >0 carryi—1+ <0
@ 0.0305 -0.0185 -0.0249 0.0177
By -2.8228  -0.7214 -1.7779* -0.5658
Bin 0.0015 0.0026 0.0037 -0.0005
Byp -0.0007 -0.0002 -0.0024 -0.0006
R%  0.0900 0.0227 0.0607 0.0339
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Panel C

Usd/Jpy Gbp/Usd Usd/Eur*

One-month horizon
o -0.0049 0.0055 -0.0006  -0.0074* 0.0038* 0.0074
B fuwd -1.9377 -3.0161** -1.3137  -1.4692 -4.5970**  -4.0266**
[3¢ -1.0099** -0.6869* -0.8052*
R? 0.0058 0.0185 0.0027 0.0080 0.0388 0.0487
Three-month horizon
o -0.0168* 0.0180 -0.0025 -0.0209 0.0081 0.0119
B fuwd -2.3323* -3.6999*** -2.0814  -2.3989 -3.4795** -3.5397**
ﬁw -1.8992** -1.4011** 0.1532
R? 0.0271 0.0607 0.0245 0.0438 0.0758 0.0760
Six-month horizon
o -0.0549***  -0.0054 -0.0026  0.0496 0.0235*** -0.0353
B fwd -6.3486™**  -8.2463*** -4.1094  -4.7260 -10.5510*** -9.3788***
[3¢ -1.7592** -2.2483* -1.6443*
R? 0.0970 0.1215 0.0513 0.0918 0.2953 0.3180
One-year horizon

« -0.0850*** -0.0331 -0.0173  -0.0165** 0.0414* -0.0845*
B fwa -2.4804**  -3.4377*** -2.7106* -2.7128** -4.6206***  -3.7687***
Bw -2.9331** -0.0243 -2.5645**
R? 0.1451 0.2341 0.1687 0.1687 0.4737 0.5060

Panel D
Usd/Jpy Gbp/Usd Usd/Eur™
High TED Normal TED High TED Normal TED High TED Normal TED

o 0.0759 -0.0145 -0.0209 0.0107 -0.0278 -0.0067

Brwa 10.1584 -4.2448** 2.5469 -4.5870 6.8976 -5.7916**

Bw -2.2147** 0.4750 -0.5311* -1.4506 -1.0010* -0.7112

R? 0.0561 0.0507 0.0115 0.0212 0.0223 0.0603

* % %, %%, and * denote statistical significance at the one, five, and ten percent levels, respectively, using Newey-West

standard errors (12 lags).
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The first and

second plot show histograms of the one-month foreign exchange forecasts for the USD/JPY at the

beginning of January 2004 and March 2004. The plots also report the mean, standard deviation,

skewness and kurtosis of the forecasts. The third panel is the cubic-spline interpolated implied

volatility of one-month currency options as a function of the delta for January and March 2004.

The fourth panel shows the option-implied state price density of the USD/JPY in January and

March 2004.
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and four forecast horizons in our sample.
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USD/JPY carry trade
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Figure 3: USD/JPY carry trade returns. This plot shows average total carry trade returns
(annualized) and interest rate differential when the MAD for USD/JPY one-month forecast is low
or high, USD/JPY one-month implied volatility is low or high, the volatility risk premium (implied

- realized one-month volatility) is low or high. For all measures, low (high) is bottom (top) quartile.
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