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Abstract

We measure subjective risk premia from professional forecasters’ beliefs about sovereign bond
yields and exchange rates. Survey-implied risk premia are (i) negative for bonds and funding
currencies, positive for investment currencies, (ii) correlated with subjective macro expecta-
tions, (iii) positively linked to future returns but significantly different from those implied
by statistical models. This suggests that subjective risk premia follow a classical risk-return
trade-off, despite deviations from rationality. A standard asset pricing model with a wedge
between physical and subjective measures matches these findings and allows us to quantify
belief distortions in terms of a positive bias in long-run growth.
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Measuring expected returns is a long-standing endeavour in financial economics usually inferred
by approximating conditional expectations with projections of realizations onto observable factors.
However, projection approaches are problematic for a number of well-known reasons.” This paper
explores an alternative approach. We extract subjective expected excess returns on government
bonds and exchange rates from a panel of professional forecasters who are local specialists in their
respective domestic markets.

Our main result is that subjective risk premia in bond and FX markets vary counter-cyclically
with respect to subjective macro beliefs, they are correlated with quantities of risk, and significantly
positively predict future realized excess returns. Therefore, despite clear evidence of deviations
from full information rationality, subjective risk premia extracted from survey forecasts obey a risk-
return trade-off. Indeed, we show that a standard general equilibrium model is able to match most
survey characteristics by simply allowing for a wedge between the physical probability measure of
an econometrician and the subjective measure of the agents in the economy.

We obtain these findings by studying a monthly panel of international beliefs that allows us to
measure (i) model free real-time subjective risk premia, (i7) country specific subjective growth rate
expectations and (7ii) expectation errors across both sovereign bond and exchange rate markets.
The joint properties of subjective risk premia, subjective macro expectations and expectation
errors shed light on the validity of existing asset pricing models, and provide guidance for the
design of future models which seek to incorporate deviations from full information rationality.

Studying their empirical properties, we first show that subjective bond risk premia (BRPs) are
negative on average but can change sign, being persistently positive. An unconditionally negative
BRP is consistent with predictions from many leading equilibrium models. Interestingly, the signs
of subjective BRP line up with those predicted by the capital asset pricing model (CAPM). To
highlight this point, we compute international stock-bond correlations (corrsg) and show that the
well-studied change from positive to negative corrgp that occurred in the late 1990s in the U.S.
carries over to the cross-section of countries in our sample. This is an intriguing observation since
observing corrsg < 0 suggests bonds should also be hedges according to CAPM logic. Moreover,

in the 1990s when corrsg > 0 we do, in fact, observe BRPs which are largely positive. Considering

nferring ex-ante beliefs from projections depends crucially on the researcher’s choice of covariates; thus, inherits a form
of model mis-specification. Proxying for unconditional expected returns from sample mean realized returns assumes that
information surprises cancel out during the sample period studied, which in the context of trending interest rate markets
is unlikely (Elton, 1999). In statistical terms, typical samples are too short for asymptotic statistical inference to be taken
literally; moreover, in-sample inference often paints a different picture than out-of-sample inference (Nagel and Xu, 2023).



country specific corrgg and BRP, we find a strong positive statistical relationship with a pairwise
average correlation of 19%; thus, the average sign of subjective BRPs is consistent with a standard
risk based view of asset pricing.

Second, we explore the cyclical properties of subjective BRP through a series of panel regres-
sions on subjective expected real growth measures, also obtained from surveys, and we find evidence
of a strong and robust negative relationship. Subjective BRPs are therefore counter-cyclical even
if innovations to realized asset prices rates and macro quantities are largely unspanned. This is an
important result since leading asset pricing models predict that risk premia vary cyclically with
the state (realized or expected) of the macro-economy.”

Third, subjective BRPs are significantly positively linked to the realized volatility of bond
returns and so survey expectations preserve the basic risk-return relation which predicts a tight
link between quantities of risk and compensation for risk. This is an additional important take-
away since detecting a link between realized returns and measures of volatility is notoriously
difficult (see, for example, Eraker, 2018).

Results for subjective exchange rate risk premia (X RP) are consistent with “carry trade” in-
tuition. The average exchange rate risk premium for the standard “funding currencies” within
the carry trade, i.e. Switzerland and Japan, is largely negative, while it is largely positive for
“investment currencies” such as Norway and Australia. For the remaining countries, the average
X RP is closer to zero but it is highly time-varying. Exchange rate risk premia display a large de-
gree of co-movement, with all pairwise correlations being positive and significant, equal to 50% on
average. The large cross-sectional correlation between individual countries risk premia, which we
document in both fixed income and currency spaces, is consistent with highly globalized markets,
in which sources of risk and risk compensations are common across countries. Subjective exchange
rate risk premia also display strong cyclical properties. This sheds light on the long withstanding
exchange-rate macro-disconnect puzzle, which grapples with the question “why are exchange rates

so volatile yet apparently disconnected from fundamentals?”.? We provide a potential resolution to

For example, models featuring priced long run risks (Bansal and Yaron, 2004), habit preferences (Campbell and Cochrane,
1999), and rare disasters (Wachter, 2013) imply countercyclical risk premia. To be clear, we do not argue in support of
these models since they imply subjective risk premia which coincide with objective risk premia, an assumption we clearly
reject. However, we do argue that subjective risk premia respect a risk-return trade-off which could arise from the first order
condition of a maximising representative agent, E5[M;y1R:+1] = 1, albeit formed under a subjective measure S # P.

3This puzzle has been studied in various guises beginning from the seminal works of Meese and Rogoff (1983) in the
context of a forecasting puzzle. Rogoff and Stavrakeva (2008) provide a survey of the literature. Related to our paper,
Stavrakeva and Tang (2023) provide a complementary analysis on the disconnect puzzle by exploiting subjective surprises



this puzzle by showing that while volatile realized innovations are largely uncorrelated, subjective
expectations of returns and macro aggregates are strongly related.

Next, we estimate a set of return predictability regressions in order to characterise the infor-
mational content of subjective risk premia as a signal about future realized returns. We compare
forecasts from subjective expectations to benchmark price-based predictors, considering interest
rate differentials and slopes of the yield curve, for the exchange rate and bond realized returns, re-
spectively. Summarising, we show that ex-ante beliefs about returns significantly forecast realized
returns, in both economic and statistical terms, and with the correct sign according to rational
expectations. At the same time, survey expectations are “unspanned” by interest rate spreads
which also significantly predict future excess returns. This implies that, while positively correlated
with future realized returns, survey implied forecast errors are predictable by date ¢ information,
suggesting that beliefs are not fully consistent with full information rational expectations.

Studying the properties of expectation errors more deeply we show that, for all countries in our
sample, professional survey forecasters over-predicted the level of future interest rates, consistent
with a downward trend in rates during our sample that was unpredictable ex-ante.” For exchange
rates, expectation errors are mean zero, i.e, there is no systematic bias. Interestingly, forecast errors
are highly correlated across countries, and while errors display only mild persistence sampled at
annual horizons, this translates into predictability by interest rate spreads.

Finally, we study a subjective multi-country equilibrium model that incorporates the empir-
ical observations that we document. Our approach deviates from full information rationality by
introducing a distortion between the subjective beliefs of the representative agent and the physi-
cal measure inferred by an econometrician, implemented via a structural estimation, and reveals
broad insights on subjective asset pricing.

We consider an equilibrium model with (distorted) long run risks, recursive preferences and
constant volatility, and study unconditional moments of risk premia, interest rates and forecast
errors. For ease of interpretation we begin by assuming a belief distortion which is constant.
Moreover, we assume complete markets so that the risk neutral measure is unique. In this case, it
turns out that belief distortions are equivalent to the difference between the market prices of risk

under subjective and physical measures.

obtained by combining subjective expectations and realized quantities.
“Buraschi and Whelan (2016) and Hillenbrand (2021) show that Fed Funds futures market was also “surprised” by the
secular decline in interest rates by computing shocks to interest rate around FOMC meetings.



In estimation we consider a 3-country world economy consisting of Australia (AUD), Switzer-
land (CHF) and the U.S. and proceed via simulated methods of moments in a sequence of steps.
First, we estimate the parameters in the consumption process separately for each country and
match the properties of the realized consumption processes with a very persistent long-run risk
factor. Second, we estimate the preference and distortion parameters for all countries jointly tar-
geting the term structures, subjective bond risk premia and yield forecast errors. The model can
capture well the level of the yield curves in the three countries, the average negative subjective
bond risk premia and the positive yield forecast errors with a relative risk aversion of 4.0, an elas-
ticity of intertemporal substitution of 1.3, implying a preference for early resolution, and a belief
distortion to risk prices that implies subjective optimism. Indeed, mapping the belief distortion
in terms of risk prices into a belief distortion about consumption prospects, we find subjective be-
liefs about long term consumption growth are approximately 1.5% larger than under the physical
measure, and this bias is similar across countries.

In a final step, we calibrate the correlations between shocks in the U.S. and in the foreign
countries by targeting the subjective exchange rate risk premia, while taking all other parameters
as given from the previous steps. Interestingly, the estimated model implies that the X RP for
AUD is larger than the one for CHF, as in the data, for all values of the correlation between long
run risk shocks, even though we do not use any information about the exchange rate dynamics or
premia in the estimation, and we can match X RPs exactly by setting correlations between foreign
and U.S. latent shocks equal to around 0.3 for CHF and 0.9 for AUD. Similarly, average forecast
errors on log exchange rates are consistent with the observed ones, even though we have not used
information from exchange rates forecast errors in the estimation. In particular, the forecast errors
on exchange rates are close to zero, as they are a function of the difference in belief distortions in
the foreign and domestic countries, which tend to be similar.

While the baseline version of the model is able to match unconditional moments, it obviously
cannot match the time series properties of the subjective risk premia as model-implied risk pre-
mia are constant. Therefore, we also consider an extension with stochastic volatility in order to
rationalize the time series dynamics of subjective risk premia and the empirically observed cycli-
cality and predictability properties. Introducing time-varying economic uncertainty rationalises
the cyclical properties of subjective risk premia by allowing for a positive correlation between the

latent volatility and expected growth factors. Consistent with the data, in the stochastic volatility
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version of the model subjective bond risk premia can also positively predict future excess returns

as long as the distortion between physical and subjective measure is, importantly, not too large.

I. Relationship to the Literature

Piazzesi, Salomao, and Schneider (2015) are probably the first to construct subjective (bond) risk
premia from surveys. These authors point out that while statistical measures of bond risk premia
are volatile and countercyclical, subjective premia are far less volatile and not “that” cyclical.
The cyclical properties of subjective risk premia takes centre stage in Greenwood and Schleifer
(2014) who show that individual investors’ stock return expectations display evidence of belief
extrapolation and therefore pro-cyclicality rather than counter-cyclicality. More recently, Nagel
and Xu (2023) analyse survey-based risk premia across a range of asset classes and forecaster
types. These authors argue subjective risk premia are, in fact, a-cyclical which poses a dilemma
for rational expectations representative investor asset pricing models, whose basic mechanism
generates risk premia via countercyclical variation in perceived risks or effective risk aversion.
While expectations of retail investors are often found to be extrapolative and pro-cyclical,
recent studies using survey expectations of professional forecasters and asset managers’ capital
market assumptions show evidence of counter-cyclicality, see e.g. Wu (2018), Mgller, Pedersen,
and Steffensen (2020), Renxuan (2021), Dahlquist and Ibert (2024), Couts, S Gongalves, and
Loudis (2023) and Gandhi, Gormsen, and Lazarus (2023). For a recent survey article on the
state of this literature see Adam and Nagel (2023). Our paper contributes to this literature
by focusing on a cross-section of sovereign bond and currency markets, and demonstrates that
subjective risk premia implied by professional forecasters’ expectations are indeed cyclical, if one
considers measures of subjective macro growth rates also extracted from surveys. On the exchange
rate side, our findings compliment those of Kremens, Martin, and Varela (2023) who study long
horizon survey expectations of exchange rates and show they are strongly correlated with ex-post
movements and related to a set of macro-variables that make subjective FX beliefs interpretable.
Deriving a structural subjective belief decomposition, we estimate an equilibrium model with
subjective beliefs, risk neutral beliefs, and ex-post objective beliefs that allows us to map forecast
errors on asset prices into forecast errors on long run macroeconomic quantities. Thus, our paper

relates to a growing literature that seeks to embeds subjective beliefs and belief distortions in



equilibrium models (for recent examples, see Maenhout, Vedolin, and Xing, 2023 and Bhandari,
Borovicka, and Ho, 2022, and Bianchi, Ludvigson, and Ma, 2022). To the best of our knowl-
edge, Chernov and Mueller (2012) is the only other paper to exploit information in risk-neutral,

subjective, and physical probability measures in estimation.

II. Data

SURVEY DATA: From Consensus Economics (CE) we collect professional financial market par-
ticipants monthly forecasts of (i) spot exchange rates; and (ii) yields on 10 year government
bonds for a variety of countries.” We focus on the most heavily-traded G10 currencies vis-a-vis
the United States (USD): Australia (AUD), Canada (CAD), Switzerland (CHF), Europe (EUR),
United Kingdom (GBP), Japan (JPY), New Zealand (NZD), Norway (NOK) and Sweden (SEK).
CE reports projections for two horizons, 3 and 12 months, for both exchange rate and interest
rate expectations. We focus on the 12-month forecasts which is the horizon where predictable
variation in risk premia is most likely to arise. Forecasts begin in (i) 1990 for the USD, CAD,
EUR, GBP, JPY; (i) in 1995 for AUD, NZD and SEK; and (i) in 1998 for NOK and CHF.
All results in the paper, unless otherwise stated, are based on the period from January 1995 to
December 2020, for a total of 312 monthly observations for all countries except NOK and CHF. In
addition to forecasts of future asset prices CE covers projections for a large set of macroeconomic
variables. We focus on 1-year ahead real personal consumption growth and GDP growth, which
are available for all G10 countries.

CE has maintained a consistent questioning procedure over time and survey respondents face
the same questions for each country. Forecasters receive the questionnaire in the first few days
of the month, and survey forecasts are collected the second week of every month on Monday and
then released by CE three days after on the Thursday of the same week. We sample all yields,
spot rates and exchange rates on the date when the survey goes public, i.e. the release date, that
is normally around the middle of the month, in order to avoid any look-ahead bias. Moreover,
the survey focuses on experts for each region, with respondents generally located in the country

for which they are asked to make predictions. Thus, the dataset is comparable across a large

5CE panellists provide par yield forecast which we treat as zero coupon forecasts. Section A.l in the Online Appendix
(OA) discusses the approximation error.



cross-section of countries and is available at monthly frequency for an extended sample period.
Section A.1 in the Online Appendix (OA) provides additional details of the CE dataset.
REALIZED DATA: We obtain monthly G10 FX spot and 3-month forwards from Refinitiv Eikon
for the sample period January 1995 to December 2020. For the same panel, we obtain zero coupon
bond yields, which are generally available for maturities 3, 6, 9 and 12-months, and 3, 5, 10 and
15 years from Bloomberg. Below we require country-specific yields for three bond maturities: the
12-month rate (risk-free), the 10-year rate, and the 11-year rate. While Bloomberg provides the
former two series, it does not provide us with the latter. To remedy this, we fit a cubic spline
to all available maturities and sample the desired yield. Realized second moments of bond and
FX returns are measured at daily frequency by computing realized volatility from the sum of
squared log returns between subsequent survey release dates, which are approximately n = 22
days apart. All volatility estimates are annualized. In addition, in foreign exchange markets, we
exploit option-implied risk neutral variances constructed and discussed by Krohn, Mueller, and
Whelan (2024).

We also use realized quarterly observations on real person consumption and consumer price
inflation. These time-series are available for all G10 currencies for our sample period. Time-
series originate from various sources but can be obtained directly from the “Trading Economics”

archive.®

II1. Framework and Notation

The price of a k-period bond satisfies the first order condition of a representative investor who
forms her beliefs under a subjective measure (S). This measure does not necessarily coincide with

the objective measure (S # IP), in which case the following decomposition holds
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where M;; is the one period stochastic discount factor. The final line shows that subjective risk
premia (studied in section [V) and forecast errors (studied in section VI) are flip sides of the same
coin. In this section, we introduce notation and formulas used to compute subjective risk premia

and later we study forecast errors.”

A. Risk Premia in the Fized Income Market

Let P ) be the time ¢ price of a default risk-free zero-coupon bond of maturity k years. Spot

(k)
k-year yields are then defined as z't h“: Subjective bond risk premia on a k-year bond are

defined as 1-year holding period subjectively expected excess returns given by
BRPF = ES [ 1‘§+1] = —(k—1)E} [ Eill)] + kil — i, (3)

where continuously compounded yields are annualized and k is expressed in years. Note that
under the expectation hypothesis (EH), EP {é i )] = t(l’k), where ft(l’k) = klik# is the forward
rate for k periods starting 1-year from now, so that the risk premium for investing in long-term
bonds is zero, i.e., BRPF = 0.

Consensus Economics surveys provide us with the expected yields on a 10-year bonds for a
1-year forecast horizon. In what follows, we compute subjective bond risk premia as the expected

change in 11-year log bond prices above the 1-year risk free rate.

B. Risk Premia in the Foreign Fxchange Market

Denote by z; the log of the exchange rate, expressed in US Dollars per unit of foreign currency, and
Axyi 1 the 1-year change in the log exchange rate. A positive Az, corresponds to a depreciation
of the US Dollar relative to the foreign currency. Denoting the 1-year interest rate in the foreign
country as i,”, the annualized log 1-year currency excess return is given by rafX = (i) —

iy) + Axq. The subjective exchange rate risk premium is defined as the conditional subjective

"The literature studying return predictability typically interprets expected excess log returns as risk premia. This is not
quite correct since risk premia should be measured as expected excess simple returns. Assuming log-normality, arithmetic
average returns differs from the geometric average returns by one half the variance (the Jensen’s gap). Computing Jensen’s
terms from BlueChip Financial Forecasts, Buraschi, Piatti, and Whelan (2022) show that the Jensen’s gap is tight using
survey expectations on interest rates. Kyle and Todorov (2023) show that for currencies, the difference is very small and
that there are no higher-order risk premiums above the one on variance. In what follows we interpret expected log excess
returns as risk premia.



expectation of this object i.e.,
XRP, = EP [rafy] = (i) —it) + (B [w41] — ) (4)

According to uncovered interest rate parity (UIP), high interest rate countries are expected to
experience an exchange rate depreciation to equalise expected exchange rate adjusted returns on
assets. The idea behind UIP is that when the foreign interest rate is higher than the local interest
rate, the foreign currency will depreciate by the difference so that in local currency terms the

return on investing in the two countries has a zero expected excess return, i.e., XRFP, = 0.

IV. Subjective Risk Premia

A.  Subjective Bond Risk Premia

Figure 1 shows the time series of survey-based BRP; and panel (a) of Table I reports summary
statistics. Subjective bond risk premia are slightly negative on average, volatile and persistent.
For example, the GBP BRP, ranges between -8% around the year 2000 to +10% in the aftermath
of the 2008 financial crisis. The JPY BRP, is less volatile but still displays significant persistence

ranging between -3% pre financial crisis to +7% post financial crisis.
[ INSERT FIGURE 1, 2 AND TABLE | HERE]

A negative BRP; implies that default-free bonds are perceived as hedges, consistent with pre-
dictions from many structural models. Re-writing the definition for BRF, above we have the

following decomposition

BRP, = 10 x (@-gm _ES [z’ﬁfﬁ]) + (z'ﬁ”) - z‘i”) . (5)

N————

Term Spread
On average, the second term is positive since the (nominal) term spread is typically positive; thus
a negative BRP; means that the first term in parenthesis is negative. Assume date t interest rate
beliefs can be written as a random walk forecast plus an adjustment ¢,. The consensus belief can

(11)  .(10)

then be written as £ [Z.gol)} = z'§1°) +¢¢. Then, since empirically ¢, —7;" " ~ 0 this implies ¢; > 0,

i.e. conditional on the current level of the term structure, surveys expected long-term rates to



rise. Actually, in our sample there was an unprecedented decline in long term rates and survey
forecasters made consistently biased forecasts. This point highlights the link between subjective
risk premia and expectational errors, which we study in detail in sections V and VI.

Do forecasters believe bonds are genuinely hedges or is this an artefact of the sample period?
Consider again Figure 1. In both first half and second half of the sample (when interest rates
were relatively flat) we observe that BRP, < 0 most of the time. Table A.2 in the OA confirms
this point more formally by providing subsample statistics. Investigating this question further,
Figure 2 displays stock-bond correlations (corrgg) computed as the rolling 200-day correlation
between 10-year zero coupon bond returns and the corresponding major equity market indices
in each country. The figure demonstrates that the well studied change from positive to negative
corrgp that first occurred in the late 1990’s in the U.S. is a common feature in the cross-section of
G10 countries in our sample. This is an interesting observation since a negative corrgp suggests
bonds should also be hedges according to a simple CAPM logic. Moreover, in the 1990s when
corrsg > 0 we do, in fact, observe BRPs which are largely positive. Computing the average
pairwise correlation between corrgg and BRP, we obtain a value of 19%; thus, the average sign
and dynamics of subjective BRPs are consistent with a risk based view of asset pricing.

Another notable feature of subjective bond risk premia is their co-movement. Figure 1 displays
a clear systematic pattern across countries, which is confirmed by a very high average cross-country
correlation equal to 53%. All pairwise correlations are positive ranging from 19% between GBP
and NOK, to 76% between EUR and AUD (Table A.4 in the OA). This is an interesting result
since it implies that beliefs about future sovereign yields have a strong factor structure. The
international finance literature often interprets factor structures as being driven by a combination
of global and local shocks - we design and estimate an equilibrium model with this feature in
section VII below.

In the time-series expected excess bond returns appear counter-cyclical, with risk premia being
high in bad states such as the early 2000s and during the 2008 financial crisis, while in more
recent years the average risk premia are lower, mainly negative and less volatile. We study the
cyclical properties of subjective bond risk premia formally by estimating pooled OLS regressions of
subjective BRPs on subjective expectations of 1-year growth rates in real consumption and GDP
whose dynamics are displayed in Figure 3. Panel (a) of Table II displays findings. A constant is

included in the regression but is not reported and we report 95% confidence intervals estimated
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using a circular block bootstrap with 1000 replications.®
[ INSERT FIGURE 3 AND TABLE II HERE |

Considering specification (7) we find that lower expected real growth rates are strongly signifi-
cantly linked to higher subjective bond risk premia with an R? &~ 4%, while specification (i7) shows
a similar relationship with expected GDP growth. Exploring the cyclical properties of subjective
risk premia further, we estimate a regression of BPR; on realized bond return variances (7) and
realized excess bond returns measured over the past year, in specifications (iii) and (iv), respec-
tively. Specification (7i7) shows a highly significant and positive link between subjective bond risk
premia and the realized variance of bond returns, which is a simple proxy for the current quantity
of risk in bond markets. Since quantities of risk are high in bad times this also demonstrates a
link between survey implied risk premia and the state of the macro economy. Specification (iv)
also shows a significant relationship to realized excess bond returns, which answers the question of
whether subjective beliefs are extrapolative or not. The 95% confidence intervals do not display
evidence of extrapolation. In fact, we find the opposite: past bond returns and consensus expec-
tations of future returns are negatively correlated, consistent with predictions from benchmark
asset pricing models with rational pricing of risk. Indeed, rational asset pricing models gener-
ally predicts that low prices due to discount rate variation generate high expected returns going

forward.

B. Subjective Exchange Rate Risk Premia

Figure 4 displays the dynamics of the X RPs and panel (b) of table I reports summary statistics.
They are time-varying and volatile relative to their mean, with standard deviations ranging be-
tween 2.5% (CAD) and 5.6% (NZD). The average X RP; is negative for Switzerland and Japan,
equal to -1.7% and -2.8%, consistent with the idea that these are “funding currencies” within the
carry trade, and positive around 3.5% for Norway and Sweden. For the remaining countries, aver-

age exchange rate risk premia are smaller (< 1.8%) but positive. All pairwise correlations between

8The circular block bootstrap takes into account potential heteroskedasticity and autocorrelation. We use a block size of
12 observations, which is in the range of optimal block sizes for each of the countries’ bond and exchange rate risk premia.
We report an equivalent table using the estimator of Driscoll and Kraay (1998) in Table A.G of the OA. In a panel setting,
N x T autocorrelated and spatial dependent observations contain less information than N x T independent observations.
Driscoll and Kraay (1998) propose a nonparametric covariance matrix estimator that generates consistent standard errors
which are robust to heteroskedasticity and general forms of temporal and spatial dependence.
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exchange rate risk premia are positive and their average is 50% (Table A.4 in the OA). The X RP,
of Japan is less correlated to the remaining countries” X RP;, in fact excluding Japan from the
sample of countries the average pairwise correlation increases to around 63%. Interestingly, X PRs
flip sign in a systematic fashion throughout the sample, being largely positive between 1995 — 2004

and oscillate between positive and negative values thereafter.
[ INSERT FIGURE 4 HERE |

We investigate the cyclicality of subjective exchange risk premia via pooled OLS regressions of
X RP; on subjective macro expectations. From the perspective of a U.S. investor who sells USD
and buys foreign currencies, from a risk-sharing perspective, one should expect exchange rate risk
premia to be correlated with both foreign growth and foreign growth relative to domestic growth.

Panel (b) of Table IT shows the results of a panel regression of X RPs on subjective foreign
country macro expectations. Specifications (7) and (i7) show that positive shocks to foreign coun-
try consumption and GDP growth rate expectations are associated with an increase in X RP;,
thus demonstrating that subjective expectations of business cycle dynamics are clearly linked to
subjective exchange rate risk premia. Table A.7 in the OA shows that differences in subjective
macro expectations defined as the foreign expected growth rate minus the U.S. expected growth
rate are also, intuitively, associated with an increase in X RP,. In bad times, the US Dollar is
expected to appreciate due to its perceived safe-haven role, leading to a decrease in the expected
exchange rate (expressed as US Dollars per foreign currency) and therefore a lower X RP.

Panel (b) of Table 11 also shows a positive and significant link between X RP; and risk neutral
return variance implied by FX options.” Finally, X RPs display evidence of mean-reversion around
past realized returns, which contrasts with extrapolative beliefs that has been proposed as an

explanation for return predictability by the behavioural finance literature.

C.  Comparison with Statistical Risk Premia

We compare the dynamics of our survey-based bond risk premia (BRP) and exchange rate risk
premia (X RP) with standard statistical models which are typically used in academic research as

a proxy for the objective measure. Projection-based bond risk premia are obtained by regressing

9We also find a positive and significant link to realized exchange rate variance although the statistical significance is
smaller.
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realized excess returns at time ¢ + 1 (one year holding period) on the slope of each yield curve
at time ¢, defined as the spread between the 10-year and the 1-year yield. For exchange rate risk
premia, we use the forecasts implied by 1-year interest rate differentials.'’

Figure 5 displays time series of equally-weighted averages of each country’s subjective risk pre-
mia against the same time series obtained with statistical models. The dynamics of the statistical
model-based premia are clearly different from survey-based premia. Bond risk premia using sta-
tistical models are uniformly positive and do not switch sign, contrary to subjective BRP which
are on average negative. Interestingly, while there is clearly a large wedge between mean forecasts,
their correlation is quite large, equal to 44%. The dynamics of subjective versus objective FX risk
premia are also clearly different which can be seen in the ranking of country averages, and in the
time-series displayed in the bottom panel of Figure 5. Indeed, while their time-series means are
close and centred around zero, the two time series are actually slightly negatively linked, with a

correlation equal to -13%.""
[ INSERT FIGURE 5 HERE |

Summarising, on one hand we find that subjective risk premia vary counter-cyclically with
subjective beliefs about the macro economy, are significantly positively linked to realized return
volatility and negatively linked to past returns, seemingly consistent with leading asset pricing
models (e.g. long-run risk, habit formation and rare disaster type of models). On the other
hand, we demonstrate stark differences in the dynamics of subjective risk premia and objective
risk premia: for bonds they are positively correlated but display very different means, while for
exchange rates they are centred around zero but are negatively correlated.

Therefore, we do not find support for the models listed above in their canonical form since
assumption they impose that subjective risk premia coincide with objective risk premia. Instead,
we argue that subjective risk premia respect a risk-return trade-off, which could arise from the
first order condition of a maximising representative agent, EF[M; 1Ry, 1] = 1, albeit formed under

a subjective measure S # P. We derive and estimate such an economy in Section VII.

10Gtatistical forecasts are computed in sample so are subject to a look-ahead bias, contrary to the survey-based forecasts
which are real-time. However, we do not attempt to compute projection-based estimates in real time, i.e. out-of-sample, as
our goal here is just to compare the time series dynamics of the survey and statistical-based foreign bond risk premia, not
their predictive power. For a comparable out-of-sample exercise along these lines we refer the reader to Nagel and Xu, 2023.

"Table A.3 in the OA reports summary statistics for risk premia based on statistical projections. Note for example that
the ranking of the country average exchange rate risk premia are clearly different from survey-based X RP. In particular,
the negative exchange rate risk premia of SEK and NOK appear inconsistent with the standard intuition behind carry trade
strategies.
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V. Predictability Regressions

We estimate predictability regressions in order to characterise the informational content of survey-
based risk premia as signals about future realized returns, and contrast these to statistical expected
return signals. The statistical benchmark signals we consider are the slope of the yield curve (for

bonds) and the interest rate differential (for FX) which we denote
IRD, =" —i{"" " Siope, = i{"” — i, (6)

A. Bond Risk Premia

Panel (a) of Table I11 reports bond market expectations hypothesis predictability regressions where

point estimates are pooled and confidence intervals are computed using circular block bootstrap.'?
raf}y = a+ b, Slope, + b, BRP, + 1. (7)

[ INSERT TABLE III HERE |

The slope of the yield curve significantly positively predicts future realized returns, as ex-
pected. More importantly, survey-based expected excess bond returns are also positively and
highly significantly linked to future realized excess bond returns. A common null hypothesis in
full information rational expectations tests would include Hy : by = 1. These estimates deliver
a 95% upper confidence interval of 0.77 which rejects but is not “miles away” from the rational
expectations beta loading null, economically speaking. In any case there are many well known
consensus aggregation reasons for which this is not an appropriate null hypothesis for testing
rationality. More importantly, we infer that b, > 0 with a high degree of statistical confidence.
Interestingly, the predictive power of our survey-based measure does not disappear when adding
the slope as an additional predictor, even if the estimated factor loading by drops from 0.52 to
0.30. This result suggests that survey forecasts contain valuable information to predict future
bond returns, which is not completely spanned by the information in current interest rate term
structures. This ‘lack of spanning’ also suggests that forecast errors are predictable by date ¢

information since they do not subsume the predictive ability of the Slope. This suggests that

12For robustness, we report an equivalent table using the estimator of Driscoll and Kraay (1998) in the OA, see Table A.S.
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bond market beliefs deviate from full information rational expectations. Section VI immediately

below elaborates on this point.

B.  Ezchange Rate Risk Premia

Beginning with Fama (1984) a vast literature has tested the UIP condition via a predictability
regression of log spot exchange rate changes on lagged interest rate differentials (or forward-spot
spreads). The zero currency expected excess return prediction is commonly tested by the time-
series predictive regression

Axt-i—l =a+ BIRDt + €t41- (8)

The UIP condition predicts that @« = 0 and § = 1 so that earning positive carry from the
perspective of a U.S. investor (I RD; < 0) is offset by a capital loss (a foreign currency depreciation,
Azyy1 < 0) when repatriating the initial investment. Subtracting igl) — i§1)7f from both sides of

the regression,

A$t+1 — [RDt = o+ (B — 1) [RDt -+ €t+1, (9)
b

we see that considering a Fama regression with excess returns as a dependent variable, UIP
implies a regression coefficient b; = 0. Testing the predictability of excess exchange rate returns,

we estimate the following pooled OLS regressions:
rofX = a+ b IRD; + by X RP; + €41 (10)

Panel (b) of Table III shows that the coefficient for the usual UIP predictor, the interest rate
differential, is significantly negative, consistent with the literature. The estimated b; is -1.56,
meaning that not only do U.S. investors in high interest rate currencies earn positive carry but
they also earn a capital gain when closing out their positions.

As above, a natural null hypothesis for the X RP,; coefficient is Hy : a = 0 and by, = 1, i.e. if sur-
veys were fully rational (in a full information sense) we should expect r:pfiﬁ = XRP,+¢€;41. Testing
this null, we do not reject at conventional levels based on bootstrap standard errors (nor based on

Driscoll and Kraay (1998) standard errors in Table A.8). However, moving to specification (ii7)
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we find that both the interest rate differential and X RP; are statistically significant. Moreover,
the point estimate of coefficient by does not change much and remains statistically significant. In
summary, survey forecast of exchange rate returns not only significantly positively predict future
realized excess returns but they do not only use information completely spanned by current in-
terest rate spreads. As with the bond predictability regression above, while positively correlated
with future realized returns their errors are predictable by the current observables (I RD; in this

case) again suggesting that beliefs are not consistent with full information rational expectations.

VI. Expectation Errors

From survey forecasts about a target variable y;,1; we compute expectation errors as follows

Yir1 — Yo = B [ym - yt] + FEyy (11)

Table IV provides insights into the properties of forecast errors, by showing summary statistics
of 10-year yield and exchange rate expectation errors for all countries in the sample. For interest
rates, the mean expectational error is negative for all countries, meaning that all forecasts over-
predicted the level of future interest rates, consistent with a downward trend in rates during our
sample that was unpredictable ex-ante. For exchange rates, the mean expectational errors are
close to zero, meaning that there is no systematic bias. To the best of our knowledge, the finding
of a over prediction in yields and a zero bias in exchange rate predictions from the same set of
forecasters is new to the literature. A plausible explanation for this finding is a central feature of
the structural estimation which follows below.

Studying dynamics in errors, Figure 6 displays the time series of 10-year yield forecast errors
(left panel) and exchange rate errors (right panel). Interestingly, forecast errors across countries
are highly correlated suggesting there is a common factor in belief formation. However, we note
that errors are volatile around zero and display only mild persistence, as evidenced by the AR(1)

coefficients sampled at annual horizons (final row of each panel in Table V).
[ INSERT FIGURE 6 AND TABLE IV HERE |

Next, we ask whether the mild persistence observed in the autocorrelation of ¢+ 1 errors results

in predictability by factors observable at date ¢. Such a question is important since forecast error
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predictability suggests that consensus beliefs (measured from surveys) are not incorporating all
available information. Table V shows pooled regressions of (a) 10-year yield or (b) foreign exchange
forecast errors, at the annual horizon, on the level and slope of the yield curve and the 1-year

interest rate differential, respectively.
FEZ,tH =a' + bin + 77;+17 (12)

where for interest rate forecast errors X; includes the Level;, = @'51) and Slope; = (iglo) — igl)) and
for exchange rates IRD; = (@E” - i;(l)’f).

Considering first panel (a) which displays interest rate forecast error predictability, we observe
that the Level; of the yield curve is significant at 5%, while the Slope; of the yield curve is not
significantly linked to future forecast errors. The point estimates on the Level, is positive, meaning
that a negative shock to the date t interest rate causes agents to under predict future interest rates,
consistent with the idea that agents generally perceive rate shocks to be more persistent than they
turns out to be ex-post.

Consider now panel (b) which analyzes the predictability of exchange rate forecast errors.
Exchange rate errors are also predictable by IRD; with a point estimate that is negative and
statistically significant at 5%. The negative sign has the opposite interpretation than for interest
rate errors: a negative shock to I RD; causes agents to over predict future exchange rates, consistent

with the idea that agents tend to perceive rate shocks to be less persistent than they turns out to

be ex-post.
[ INSERT TABLE V HERE ]

These findings suggest agents do not exploit all available information when forming their beliefs,
which is inconsistent with the basic idea of full information rational expectations. However, to
the best of our knowledge it remains an open question whether statistical predictability can be
exploited to correct errors in real-time. In the OA (Section A.2) we provide a partial answer to
this question by designing an experiment which constructs fictitious expectations that correct for
predictability in errors using date t observables. Summarising, we find that ‘uncorrected’ beliefs
dominate their corrected counterparts in a mean-square-error sense, mainly in terms of variability,

meaning that predictability in agents errors does not easily translate into forecast improvements.
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VII. An Equilibrium Model with Subjective Beliefs

In this section, we adapt an off-the-shelf asset pricing model to incorporate a wedge between
objective beliefs and subjective beliefs and use the model to shed light on the joint empirical
properties of (i) subjective risk premia; (ii) expectation errors; (7it) physical and risk neutral FX

and interest rate dynamics.

A.  Stylized Facts: Empirical Characteristics of Subjective Risk Premia

e Risk PREMIA: Subjective bond risk premia are negative on average but can also take posi-
tive values. This is consistent with the idea that bonds are usually hedges but can sometimes
be risky bets. From the perspective of a U.S. investors, foreign currency risk premia display
a clear carry trade pattern: positive expected returns are earned on investment currencies

and negative expected returns are paid on funding currencies.

e CycLIicALITY: Both subjective bond risk premia and exchange rate risk premia vary counter-

cyclically with subjective macro-expectations of real growth rates and quantities of risk.

e BELIEF DISTORTIONS: Ex-ante beliefs about returns significantly forecast realized returns
and with the correct sign according to rational expectations. At the same time, survey ex-
pectations are not completely “spanned” by interest rate spreads, which also significantly
predict future excess returns. This implies, and indeed we show, that while positively cor-
related with future realized returns, survey implied forecast errors are predictable by date ¢

information; thus, there exists a distortion between subjective and physical measures.

Studying these characteristics, we consider a 3-country world consisting of Australia, Switzer-
land and the U.S. and estimate the model via simulated methods of moments by exploiting beliefs
from surveys and asset prices jointly. The U.S. represent the “home” country, as the U.S. Dollar
is the reference currency for all our currency pairs, and we select Australia and Switzerland for
our estimation as they are typical investment and funding countries in the carry trade.

Our model estimation is designed to understand the stylized empirical facts reported above
in a structural setting. We begin with a model in which risk premia are constant and target

unconditional moments of risk premia, as well as interest rates and forecast errors, in order to
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learn about the magnitude of the distortion between subjective and physical measures. Then, we
extend the model introducing a stochastic volatility factor in order to rationalize the time series
dynamics of risk premia in the data and in particular the observed cyclicality and predictability
properties. A full derivation and estimation details are reported in Sections A.3 and A.4 of the

OA, respectively.

B.  Fundamentals and Preferences

Consider an economy where the state-variables are adapted to the filtered probability space
(Q, Fier,P) and P denotes the physical probability measure of the econometrician. The level
of the aggregate consumption flow in this economy, C; (¢; = InC}), evolves according to the

following dynamics, and its conditional mean is driven by a “long run risk” factor g;:

1
de, = (gt - 50—3> dt + o, dW,,, (13)

dgi = Kg(ptg — g1)dt + 0gdWy,, (14)

We assume a constant conditional mean Geometric Brownian Motion for the price level

d
—Q = mwdt + UQdWQt (15)

Q

and that all Brownian motions are independent.

A continuum of identical agents hold the Duffie and Epstein (1992a) parameterisation of the
continuous time Epstein and Zin (1989) and Weil (1989) recursive preferences, where g is a time
discount factor, v is the coefficient of risk aversion, and ) is the elasticity of inter-temporal substi-
tution (EIS). As discussed in Bansal and Yaron (2004), recursive preferences allow for separation
of time-and state-preferences for consumption. When v # 1 agents have a preference for early

(late) resolution of uncertainty when risk aversion is larger (smaller) than the inverse of EIS. A

preference for early resolution combined with ¢ > 1 implies that 6 =

1—
1_1% < 1.

C. Bond Pricing

An approximate solution for asset prices in this economy follows from a standard log-linearisation

of the consumption-wealth ratio. Denoting h; = F [%ﬂ the diffusion for the nominal SDF is given
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dA
Tt = —rdt — 0. dW,., — 0,dW,, — OqdWq, (16)
t
1
Ty =T+ Egt (17)
0. — o, - ([ 1 O — (18)
c = V0¢ ) g — hl"‘l‘fg Y ¢ Ug ) Q_UQ

Bond prices are exponentially affine and given by
A d
PT = FE, |:—T:| =F, |:6_ ftT rsds;Q:| _ E;@ |:€_ ftT Tsd8i|

Under the Q-measure the risk neutral diffusion for g, is given by
dg; = /ig(,u? — g)dt + agde, (19)

so that the unconditional mean py; = p,— @QZ—Z is different under the physical and the risk-neutral
measure. The bond price factor loading is obtained from standard risk-neutral pricing techniques
inig(l — e‘”gT) < 0 so that higher real growth rates lower bond prices

and increase interest rates. A, is also known in closed form and reported in the OA. The term

and is given by B, = —

structure of interest rates is then given by y; = a, + b,g; where the yield factor loadings are equal

to the bond pricing factor loadings multiplied by —71.

D. Subjective Measure and Belief Distortion

The state variables in the previous subsections are all adapted to the filtered probability space
(Q, Fier, P), where IP represents the physical probability distribution. When investors only have a
short sample of data available, learn sub-optimally, or suffer from some behavioural biases, their
subjective measure S will not necessarily coincide with the physical (objective) measure P of an
econometrician.

Formally, the relationship between the physical measure and the subjective measure is given
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by Ef [£2,] = E} [2,], where from Girsanov'®

- = W= + — 2

AWD? = dW," — ¢.dt. (21)

We call ¢, a BELIEF DISTORTION. For simplicity and ease of interpretation we assume that the
distortion is constant and that only the latent long run risk process g; has different shocks under
the subjective and physical measures, so that ¢, # 0, while all other Brownian motions are the
same under S and P. Potentially, a similar change of measure could hold for the other shocks and
in different settings.

Abstracting from a specific mechanism for subjective belief formation, we have two changes of

measure which satisfy'*

Q _ P P Q _ S S
AWy = dW,, +©,dt , AW = dW,, + 6,dt,
AW, = dW,, — ¢gdt  — ¢’ =6, -6} (22)

So, the SDF dynamics under the subjective measure is given by

dAt S S S S S S
o=t — O, — O, — W, (23)

O;=0. , ;=0 +¢, , O,= 0 (24)

This implies that only the market price of risk for the latent long-run risk factor g is different
under the two measures and in particular it increases by the distortion ¢,. Under the subjective

measure S, the diffusion for g; is given by

dg; = /-fg(,uﬁ — g)dt + agdWit,

where ,u§ = g + :—Zgbg. Note that bond prices can equivalently be solved for under the subjective

13We assume S is absolutely continuous with respect to P.

M\ icro-foundations for belief distortions arise when investors are subjective to behavioural biases or information frictions
(see Coibion and Gorodnichenko (2015) for an overview) or in settings where agents have preferences for statistical robustness
(for recent examples, see Maenhout, Vedolin, and Xing (2023) and Bhandari, Borovicka, and Ho (2022)).
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or physical measure via the changes of measure defined above:

P EI[D |:/>\T:| _ Eip |:6_ ftTTst(;%} EIP’ |: r ds Zg ji:| Et |: f rsds Cé(g:| Eé@ [6_ ftTrsdsi|
t

whose solution is unique and reported above.

E.  Subjective Bond Risk Premia and Yield Forecast Errors

The subjective price of risk outlined above also drives subjective expected excess bond returns.
Namely, the subjective instantaneous bond risk premium on a 7' period bond is given by the
negative of the covariance between SDF changes and bond returns:

dAS Py
A Py

BRP, = ES[ ] = O.B.0, (25)

In this economy, the bond risk premium is constant and negative, consistent with the uncon-
ditional mean of the subjective bond risk premia observed in the data, as for realistic parameter
choices, we have @E > 0 and B, < 0. Forecast errors on yields are given by FE[ | = y],,—E} [yg +1]

which can be written as

B,
FE[ | = — (901 — B (9141)] (26)

where EP(g;11) = gie ™% + ,u§(1 — e~ k9). The physical expectation of the survey forecast errors
therefore depends on the difference between the unconditional mean of the g process under P and

S, which is proportional to the belief distortion ¢,:

_B’T _ _
EP (FEtTH) = T [EF(QtH) — g€ ko — M§(1 —¢€ kg)]
B, .
-1t a ] o

In order to match the negative yield forecast errors in the data, since B, is negative, we need a
positive belief distortion ¢4, so that the unconditional mean of the long-run risk factor under the

subjective measure is larger than under the physical measure.
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F.  Foreign Countries

In order to solve for the exchange rate risk premium we need to make an assumption about the
foreign countries. Let us assume there are N + 1 consumption goods and N + 1 countries: “home”
country (the U.S.) and N “foreign” countries. As in Colacito and Croce (2011), we assume that
each country behaves as in autarky, in both consumption and financial assets (total home bias)
so that a representative investor within each country only consumes the good which they are
endowed.

We assume foreign country dynamics have the same structure as in (13) but with different
shocks and potentially different parameters. We model cross-country correlation by assuming that
shocks in the foreign country, i.e. dWE ;f , de ;f and dWS:{ , are correlated with the corresponding
shocks in the home country, with correlations p., py and p,, respectively. Cross-country correlation
among the state variables potentially generates global and local factor pricing of risk as in Lustig,
Roussanov, and Verdelhan (2011). We also assume that the correlation between shocks in the
foreign countries is completely driven by their exposure to the home country shocks.

Investors can trade in both domestic and foreign bond markets. Denote X; the real exchange
rate in the U.S good per the foreign good. When X; goes up, the US dollar depreciates in real
terms. If markets trade without frictions then exchange rates are pinned down by the ratio of
the SDFs, i.e. X; = A,{ A;', where the dynamics of the foreign SDF Af follows exactly the same
structure as the domestic SDF in Equation (16) but with the country-specific parameters and

shocks. The U.S. dollar price of the foreign bond (PtT’f ) is given by
AX P = B At+1Xt+1PtT+_1Lf] (28)

which implies that the exchange rate risk premium is obtained as the negative of the covariance
between the SDF and exchange rate changes, which is equal to the drift in the exchange rate

dynamics plus the interest rate differential (equivalent to Equation (4)):

1 dA, dX, 1 dA, 1 dA, dA]
XRP, dtC’ovt (At, Xt) dtVart (At) dtCovt (At : A{) (29)
=05 (67 —03p.) + 6 (65 — 657 p,) + 65 (@% — 0y’ pQ> (30)
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As for the bond risk premium, in this simple setting the exchange rate risk premium is constant,
but it can take both positive and negative values, depending on the correlation across countries
and their respective market prices of risk. Forecast errors on log exchange rates are given by
FELY =40 — ES [xtﬂ] . The physical expectation of the survey forecast errors therefore depends

on the difference between the P and S expectations of log exchange rates:
EF (FE&_)I() = EF [l‘t+1] - EtS [%4—1] (31)

Using Equation (4) we can rewrite this as the difference between the exchange rate risk premia

under the physical and subjective measures:

EF (FEFX) = EP [A:cm} -~ B [Axm] — XRP? — XRP®

=0, (0, -6 /p,) — @? (@§ - @E’fpg) , (32)

which depends on the relative magnitudes of the belief distortions in the foreign and domestic

country.

G. Estimation Results

We estimate the model in several steps. First, we estimate the parameters in the consumption
process (Equations (13)-(14)) for each country separately using the simulated method of moments
and targeting mean, standard deviation, skewness, kurtosis and autocorrelations (with 1, 5 and
10 lags) of the realized consumption processes. Tables A.15, A.16 and A.17 in the OA report
estimation results for the US, Switzerland and Australia, respectively. Panel (a) shows parameter
estimates alongside 95% confidence intervals and panel (b) reports the empirical moments as well
as the model-implied moments and their confidence intervals.

Consistent with the literature on long-run risk models we match the properties of realized
consumption processes in the three countries very well, with a very persistent long-run risk process
g. The estimated mean reversion coefficient x is around 0.05 for the US, 0.20 for Switzerland and
0.06. The unconditional mean of the log-run growth process is 1.3%, 1.6% and 3.2%, for the US,
Switzerland and Australia, respectively.

Inflation parameters 7 and o¢ (see Equation (15)) are set equal to the mean and volatility of
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inflation in each country.

With these parameters at hand we turn to the estimation of the preference parameters, i.e. the
time preference parameter [, the coefficient of risk aversion ~, and the elasticity of inter-temporal
substitution . These preference parameters affect the term structures in each country, as well
as the risk premia. However, the subjective bond risk premia depend on both the preferences
and the distortion between physical and subjective beliefs. Therefore, we estimate the preference
parameters and the distortions jointly using term structure moments and the average bond risk
premia, as well as the average 10-year bond yield forecast errors. The preference parameters are
assumed the same across countries, while the belief distortion ¢, could potentially be country-
specific. Overall, we have 6 parameters to estimate (3, 7, 1, ¢5%, ¢S"F, ¢/UP) and 18 moment
conditions (mean of the 3-month yield, standard deviation of 3-month yield changes, mean of
5-year yield, mean of 10-year yield, mean bond risk premium and average 10-year yield forecast
error), for a total of 6 moments for each of the 3 countries.'® Preference and distortion parameter
estimates are summarized in Table VI, and estimated target moments in the model and in the

data are presented in Table VII.
[ INSERT TABLE VI and VII HERE |

The model estimation fits the average subjective bond risk premia and yield forecast errors
quite well. In particular, the estimated bond risk premia are all negative and around -1%, as
in the data. The model also captures the standard deviation of yields and the level of the term
structure. The estimated values of the risk aversion and intertemporal elasticity of substitution
parameters are 4.0 and 1.3, respectively, implying a preference for early resolution of uncertainty.
The main shortcoming of the model is the fitting of the shape of the yield curves, with the model
implying slightly downward sloping term structures while the observed term structures are all
upward sloping.

Interestingly, the estimated belief distortions for the latent factor shocks (¢,) are all relatively
small, with values of 0.22, 1.31 and 0.14, for the US, Switzerland and Australia, respectively.

In order to better understand the economic magnitude of these distortions, we can compare the

15n our sample, 7V5 = 2.29%, #“HF = 0.53% and 7#4Y" = 2.15%, while the unconditional volatilities of inflation are
09% =0.81%, 05" = 1.12% and 05" = 0.67%.

18T the estimation, instead of the instantaneous bond risk premium we compute the annualized expected excess bond
return with a 1-year holding horizon, as in Equation (3), to be consistent with the empirical counterpart. We find that the
model-implied values of the instantaneous and 1-year ahead bond risk premia are quite close.
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unconditional mean of the latent risk factor g under the physical and the subjective measure.
For the US, the physical mean is p, = 1.31% while the subjective mean is ,u§ = 2.64%, which
implies a 1.30 percentage points difference between the two. For Switzerland this difference is
a little higher, at 1.72%, since we find p, = 1.55% and pj = 3.27%. For Australia instead the
difference is a little smaller at 1.13%, with p, = 3.22% and y? = 4.45%. An alternative way to
interpret the magnitude of the belief distortion is to look at the difference in the market prices
of risk for the factor g under the two measures, i.e. @5 and @E, as well as the model-implied
subjective and physical instantaneous bond risk premia. Table VIII summarises these differences
and confirms that, while the belief distortion helps matching the negative and relatively sizeable

bond risk premia implied by survey forecasts, its magnitude in economic terms is not large.
[ INSERT TABLE VIII HERE |

Finally, we calibrate the correlations between shocks in the US and in the foreign countries by
targeting the subjective exchange rate risk premia, while taking all other parameters as given from
the previous steps. The correlations between consumption growth and inflation shocks, p. and
pq, are observable, so we set them equal to the correlation between US and foreign consumption
growth and inflation in the data (see Tables A.12 and A.14 in the OA). For Switzerland, we have
pe = 0.97 and p, = 0.89, while for Australia we have p. = 0.76 and p, = 0.95. Panel (a) of
Figure 7 shows the model-implied exchange rate risk premia for the two foreign countries as a
function of the correlation between the unobservable long-risk risk factors, p,, fixing all other
parameters to their estimated values. The estimated model implies that XRP for AUD is always
larger than the one for CHF, as in the data, even if we have still not used any information
about the exchange rate dynamics or premia in the estimation. Note also that we can set the p,
parameters in order to exactly match the subjective exchange rate risk premia in the data, which
are XRPCHF = —1.69% and X RPAUP = 1.74%. The corresponding values of p, are 0.32 for
Switzerland and 0.90 for Australia.

[ INSERT FIGURE 7 HERE |

The main driver of the sign of the XRP in the two countries is the relative magnitude of the
market prices of risk for the long-run risk factor in the US versus the foreign country, weighted

by the correlation p, as the market prices of risk for the consumption and price level shocks are
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relatively smaller. Under the subjective measure, @§ is similar in Australia and in the US, leading
to positive values of the exchange rate risk premia, while for Switzerland the market price of risk
is much larger, so that XRP can become negative when the correlation p, is large enough (larger
than 0.27). Tt is interesting to note that the ranking of the market prices of risk is very different
under the physical measure, i.e. @g’CHF < @E’US < @E’AUD , which would imply a positive XRP
for Switzerland and a possibly negative XRP for Australia.

Average forecast errors on log exchange rates are consistent with the observed ones, even
though we have not used information from exchange rates forecast errors in the estimation. Panel
(b) of Figure 7 shows the model-implied average log exchange rate forecast errors for the two
foreign countries as a function of the correlation between the unobservable long-risk risk factors,
pgy, fixing all other parameters to their estimated values. The values in the data are 1.01% for CHF
and -0.34% for AUD, denoted by the horizontal dashed lines in the figure. The model-implied
values are generally positive for CHF and negative for AUD, as in the data, and we can match
the observed value for CHF with a p, not far from the one required to fit the exchange rate risk
premium (p, = 0.23 vs p, = 0.32). Our three step estimation approach has a harder time fitting
the FX forecast error for AUD but the value of p, required to fit the FX error and FX risk premium

jointly is indeed close to 1.

H. Introducing Stochastic Volatility

The model presented so far is able to match the unconditional mean of the subjective risk premia,
in both fixed income and exchange rate markets, and allows us to clearly quantify and interpret the
belief distortion between P and S. However, it obviously cannot match the time series properties
of the subjective risk premia, such as their volatility and cyclicality, as model-implied risk premia
are constant. Therefore, in this subsection we look at the implications of introducing stochastic
volatility in the model.

The only difference compared to the model above is that consumption growth and the long-
run risk factor have stochastic volatility, so that Equations (13) and (14) are substituted by the

following;:
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1
dCt = (gt - —Uz>dt + \/v_tdWc,b <33)

2
dge = g(ptg — g1)dt + og/0rd Wy, (34)
dUt = Ky (,LLU — Ut)dt -+ O-v\/QTtdWU,tu (35>

where v; is the stochastic volatility factor, which follows a CIR process, and all Brownian motions
are independent.
We assume that the preference structure is unchanged so that the nominal SDF satisfies the

following process:

dA,

= —rdt = O.dWe — 0,dWy, — OgdWo, — ©,dW,. (36)
t

where the market prices of risk for consumption and the latent g and v processes are proportional
to y/v;. Bond prices are still exponentially affine but they also depend on the stochastic volatility
factor:

APy
Pt: = pup(T)dt + By(7)0,\/0:dWy s + By (T)0y/0edW, 4, (37)

where By(7) < 0 and B, (7) > 0 are the bond factor loadings.

As above, we assume that only the latent long run risk process g; has different shocks under the
subjective and physical measures, but instead of a constant distortion we assume that ¢, = ¢/,
so that the market prices of risk for the long-run risk factor, ©,4, have the same form under P and
S, i.e. they are both proportional to ,/v;, just with a higher proportionality coefficient under S.
Note that under the subjective measure S, the diffusion for g; is now given by

dg, = [’ig(:ul_g — gt) + ogQuldt + UgdeS,ta

(38)

so that the distortion affects not only the unconditional mean of the long-run risk factor, but also
its persistence. The model-implied instantaneous subjective bond risk premium in this case is
given by:

BRP, = ©5By(7)04:/v; + O3B, (T)0u\/r. (39)

Since both market prices of risk are proportional to y/v;, the subjective bond risk premium
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is proportional to v;. So, in this economy, the bond risk premium is time varying with economic
uncertainty. We have ©5 > 0 and By(7) < 0, as well as ©5 < 0 and B,(7) > 0, so BRP is still
negative and larger in absolute than in the base model, all else equal. This stochastic volatility
version of the model still does not allow bond risk premia to switch sign, but it is straightforward
to think about further extensions of the model that could help matching this feature of the data,
such as priced inflation risk, credit risk, or allowing for (possibly stochastic) correlations across
Brownian motions in the model.

The subjective exchange rate risk premium implied by the stochastic volatility model is given

by:
XRP, =0, (6 =62 p.) + 6 (6 — 657 py) + 65 (@% - oy’ pQ) +65 (6 — 637 p,), (40)

so it has exactly the same form as in Equation (30) with an additional component that depends
on the market prices of risk for the domestic and foreign volatility factors. Assuming that the
stochastic volatility factor is global, i.e. common across all countries, the last term disappears (as
we would have p, = 1 and ©5/ = ©%) and X RP, is affine in v;. The subjective exchange rate risk
premium can be both positive or negative, as in the base model, but it is also time-varying and
could potentially switch sign depending on the relative sign and magnitude of the constant term
in the expression (the 9% component) and the terms proportional to v;.

In order to match the cyclicality of subjective bond risk premia we would need a negative
covariance (under the subjective measure) between subjective bond risk premia and subjective
expectations of consumption growth, i.e. Cov® (BRP;, g;) < 0. Since BRP, is a negative linear
function of v, this can be obtained with a positive correlation between v; and ¢;, i.e. between the
latent volatility and expected growth factors. This same positive correlation is also consistent with
the observed positive covariance between X RP and expected growth, at least for the countries in
which the model-implied exchange rate risk premium is positive, that is the majority of countries
in the data.

The predictability properties of subjective risk premia require a positive covariance between
subjective risk premia and future realized excess returns, i.e. Cov (BRP;,rz4y1) > 0 for bonds. By

construction, under the probability measure of the econometrician we have ra;y; = BRPF + €41,
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where €47 is a mean-zero error uncorrelated with excess returns. Therefore,

roy, = BRP? 4+ (BRPY — BRPP) + ¢4,

= BRP; — ¢B,(T)o4v: + €111, (41)

from which

Cov (BRP;,r441) = Var (BRP) — ¢By(1)o,Cov (v;, BRF,) (42)

where both B,(7) and Cov (vt,BRPtS) are negative, so that the second term is positive and
reduces the covariance between BRP and realized returns. This means that subjective bond risk
premia can positively predict future excess returns if the distortion between physical and subjective

measure, ¢, is not too large, as we have found in the baseline version of the model.

VIII. Conclusion

This paper elicits subjective risk premia on sovereign bonds and currencies from professional
forecasters’ beliefs about bond yields and exchange rates. We show that survey-implied risk
premia in both fixed income and FX markets are countercyclical: they are significantly linked
to subjective macro expectations in a manner consistent with canonical asset pricing models.
Moreover, subjective risk premia are significantly positively linked to measures of quantity of risk,
such as realized and implied volatility on bonds and exchange rates, consistent with the basic idea
of a risk-return trade-off.

We also show that subjective risk premia significantly positively predict future realized excess
returns and the predictive power goes beyond that of standard predictors like the interest rate
differential and the slope of the term structure. This finding also implies (and we show) that
forecast errors based on survey expectations are predictable by yield spreads, even if they are only
mildly autocorrelated at annual horizons.

Overall, our findings suggest that subjective risk premia can be understood in terms of a
classical risk-return trade-off, despite clear deviations from full information rational expectations.
We rationalize this finding through the lens of a standard multi-country asset pricing model, with
the crucial addition of a belief distortion between the probability measures of the econometrician

(P) and a subjective measure (S) under which the representative agent optimises.
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The equilibrium asset pricing model we consider features complete markets, recursive pref-
erences, long run risks and a long run-risk belief distortion. We estimate the model exploiting
information from the yield curves, subjective risk premia and forecast errors, to jointly estimate
the risk-neutral probability measure (Q), as well as P and S. The model implied unconditional
moments line up closely with the empirical survey based unconditional moments, with a belief dis-
tortion implying a positive bias (optimism) in long-run economic growth of approximately 1.5%,
with reasonable values of risk aversion and intertemporal elasticity of substitution.

Our main findings open several avenues for future research. First, professional forecasters’
beliefs are now available for a wide range of asset classes. It would be interesting to understand
whether the link between subjective risk premia and subjective macroeconomic expectations that
we document in sovereign bond and FX markets extends also to other asset classes, such as
equities and commodities. Second, our analysis overlooks beliefs heterogeneity, as we simply
consider consensus forecasts of sovereign bond yields and exchange rates due to data limitations.
These limitations are increasingly being relaxed by related literatures, and various sources now
provide individual-level expectations of professional forecasters. Therefore, an interesting question
that we leave to future research is to study the properties of the cross-section of subjective risk
premia at the individual forecaster level. Finally, and related to the previous points, there is much

work to be done on micro foundating financial market belief distortions.
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IX. Tables

AUD CAD CHF EUR GBP JPY NOK NZD SEK USD
Panel (a): BRP
Mean —-0.83 —0.43 —1.91 —1.18 —0.55 0.29 —-2.72 —0.94 —1.56 —1.41
Std 345 3.78 1.00 214 3.03 1.74 334 358 358 285
Skew 085 0.72 0.11 047 043 0.73 —-0.30 032 0.31 0.46
AR(1) 0.06 045 -0.18 0.00 0.49 0.30 0.03 —0.02 0.38 0.20
Panel (b): XRP
Mean 1.74 1.03 -1.69 0.17 0.20 —-2.76 3.55 1.14 3.48
Std 491 248 448 4.04 264 412 3.00 558 4.32
Skew 0.63 —0.33 0.11 0.84 0.06 —0.24 0.11 0.58 0.52
AR(1) 0.68 0.34 056 0.66 026 025 020 071 0.62

Table I. Descriptive Statistics for Subjective Risk Premia
This table presents the means, standard deviations, skewness, and AR(1) coefficients for subjective
bond risk premia (BRP) and subjective exchange rate risk premia (X RP) as defined in Equations
(3) and (4), respectively. The reported AR(1) coefficients relate to the yearly autocorrelation. The
sample period is 1995.1 to 2020.12.
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(i) (ii) (iif) (iv)
Panel (a): BRP

Elcon| —0.57
[~0.92 —0.24]
E[gdp] —0.55
[~0.90 —0.12]
BondV ar 2.16
[0.96 3.14]
ray, —0.09
[—0.13 —0.05]
R? (%) 3.78 3.57 5.85 5.11
Panel (b): XRP
E[con] 1.08
[0.54 1.76]
E[gdp] 0.95
039 1.81]
FXVar 0.78
[0.35 1.55]
ref —0.09
[~0.18 —0.02]
R* (%) 6.36 4.87 3.58 4.81

Table II. Cyclicality Regressions: Subjective Bond & FX Risk Premia
This table reports estimates from pooled OLS regressions of the forms

BRP,=a+b"X; + ¢, and
XRP, =a+b"X; + e,

BRP,; is the survey-implied bond risk premium, X RF; is the survey-implied currency risk premium,
and X; is a vector of explanatory variables. For the specifications in panel (a), X; contains the
1-year ezpected consumption (con) growth and gdp growth, the realized bond variance (BondV ar),
and the excess return on an 11-year bond, realized between ¢ — 1 year and ¢. For the specifications
in panel (b), X; contains the 1l-year expected consumption (con) growth and gdp growth in the
foreign country, the FX option-implied risk neutral variance (F'XVar), and the excess currency
return realized between ¢ — 1 year and ¢. A constant is included but not reported. Confidence
intervals in [-] are estimated using a circular block bootstrap with 1000 replications. We report an
equivalent table using the estimator of Driscoll and Kraay (1998) in Table A.6. The sample period
is 1995.1 to 2020.12 except for specification (iii) in panel (b) which only contains data from 1999.1
to 2019.4.
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(i) (i) (iif)

Panel (a): Bond Return

Slope 2.81 2.49
[1.96 3.69] [1.53 3.46]

BRP 0.52 0.30
(0.27 0.77]  [0.03 0.58]

R* (%) 13.85 4.96 14.79

Panel (b): FX Return

IRD —1.56 —1.41
[—2.38 —0.45] [—2.19 —0.36]
XRP 0.55 0.45
[0.08 1.01]  [0.03 0.90]
R%* (%) 8.89 5.43 12.54

Table ITI. Bond & FX Return Panel Predictability Regressions
This table reports estimates from pooled OLS regressions of the forms

7’:6,571;21 =a+ by Slope; + bo BRP€; 141,
rxffil =a+ b IRD; + by XRP; + €441,

where the dependent variables are the one-year excess return on an 11-year bond and the

one-year currency excess return in panels (a) and (b), respectively. Slope, = (ziw) — igl))
is the slope of the domestic yield curve, IRD, = (igl) — z',gl)’f ) is the one-year interest rate

differential, BRP, is the survey-implied bond risk premium, and X RF; is the survey-implied
currency risk premium. We also report univariate regressions with the same predictors in
columns (i) and (ii). A constant is included but not reported. Confidence intervals in [-] are
estimated using a circular block bootstrap with 1000 replications. We report an equivalent
table using the estimator of Driscoll and Kraay (1998) in Table A.8. The sample period is
1995.1 to 2020.12.
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GBP JPY NOK NZD SEK
-0.52 -0.33 -0.55 -0.45 -0.78
0.71 0.47 0.78 0.87 0.81
-2.24 -1.75 -2.38 -2.58 -2.58
1.11 1.07 1.66 181 1.79
-0.10 -0.05 0.07 -0.10 -0.12

USD
-0.60
0.77
-2.37
1.80
-0.23

Panel (a): IR AUD CAD CHF EUR
Mean -0.57 -0.55 -0.52 -0.64
Std 0.89 0.65 0.58 0.67
Min -2.65 -2.06 -1.90 -2.41
Max 204 155 124 1.48
AR(1) -0.18 -0.03 -0.08 -0.18
Panel (b): XR AUD CAD CHF EUR
Mean 0.00 -0.01 0.01 -0.01
Std 0.13 0.08 0.10 0.10
Min -0.31 -0.23 -0.25 -0.28
Max 0.33 0.19 0.37 0.20
AR(1) 0.10 0.12 0.23 0.09

GBP JPY NOK NZD SEK
0.00 0.00 -0.04 0.01 -0.05
0.08 0.11 0.11 0.13 0.11
-0.29 -0.27 -0.29 -0.37 -0.36
0.15 0.23 0.23 0.30 0.20
-0.07 0.19 0.10 0.08 0.01

Table IV. Summary Statistics: Expectation Errors

This table shows the means, standard deviations, minima and maxima of the forecast errors of
survey forecasts. It also shows, at an annualized horizon, the 12 month autocorrelation. For each
country in our sample, statistics are reported for long-term (10Y) interest rates, and for log spot
exchange rates w.r.t the US in panels (a) and (b), respectively. The reported AR(1) coefficients
relate to the yearly autocorrelation. Realized forecast errors are computed for the sample period

2000.1 to 2020.12.
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Yields FX

Level; 0.08

[0.03 0.15]
Slope, 0.08
[—0.03 0.20]
IRD; —0.95
[—1.41 —0.45]
R? (%) 5.71 5.73

Table V. Forecast Error Predictability
This table shows pooled OLS regressions of (a) 10-year yields and (b) foreign exchange forecast
errors, both at an annual horizon, on either the level and slope of the yield curve or the 1-year
interest rate differential:
FEi141 = a+b0Xy + niya,

where for interest rate forecast errors X; includes Level; = igl) and Slope; = (iglo) - igl)) and

for exchange rate forecast errors it includes IRD; = (igl) - igl)’f ). Confidence intervals in [-] are
estimated using a circular block bootstrap with 1000 replications. We report an equivalent table
using the estimator of Driscoll and Kraay (1998) in Table A.9. The sample period is 1995.1 to

2020.12
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Parameter Estimate Lower Upper

Pg.d 0.22 0.07 0.37
by, f1 1.31 0.78 1.84
Py, fa 0.14 0.09 0.20
B(%) 0.58 -0.25 1.41
v 4.01 0.27 7.75
¥ 1.30 1.02 1.58

Table VI. Term Structure Estimation: preferences
This table presents the estimates from the SMM estimation of the distortions and preference
parameters of the model presented in Section VII of the paper, alongside 95% confidence
intervals.

Moment Data Model Lower Upper
USD
E[y)-2] 2.33 3.76 2.89 4.63
std Ay 0.21 0.24 0.19 0.29
Ely?] 3.37 3.66 2.80 4.52
Ely°] 3.98 3.56 2.69 4.43
BRP® -1.41 -0.81 -1.27 -0.35
FE10 -0.60 -0.81 -1.27 -0.35
CHF
E[y?-?] 0.82 2.27 1.41 3.13
std Ay 0.19 0.20 0.16 0.24
Ely}] 1.42 2.26 1.40 3.11
Ely°] 1.96 2.25 1.39 3.10
BRPS -1.91 -1.22 -1.76 -0.69
FEY -0.52 -0.57 -0.81 -0.32
AUD
E[y)-?] 4.13 4.97 3.97 5.97
std Ay 0.25 0.35 0.27 0.43
Ely?] 4.65 4.77 3.83 5.71
Ely°] 4.96 4.59 3.65 5.52
BRP® -0.83 -1.13 -2.07 -0.20
FE -0.57 -0.65 -0.92 -0.39

Table VII. Term Structure Estimation: moments
This table presents the estimates from the SMM estimation for the moments of the model
presented in Section VII of the paper, alongside 95% confidence intervals.
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USD CHF AUD
Panel A: Consumption growth
g 2.64 3.27 4.35
A 1.31 1.55 3.22
[y — [y 1.34 1.72 1.13
Panel B: Risk pricing

S 40.18 135.16 39.56
CH 18.60 4.22 25.06
BRP® -0.81 -1.22 -1.13
BRP? -0.38 -0.04 -0.72

Table VIII. Belief Distortion

Panel A reports the estimated unconditional mean of the long-run growth process g, i.e.
ftg, under the subjective and physical measures, for the three countries. Panel B reports
the estimated market prices of risk for the g factor, ©4, and the model-implied bond risk

premia, BRP, under the two measures for the three countries.
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Figure 1. Subjective Bond Risk Premia
This figure displays real-time bond risk premia, defined as:
(1) _ (1)

11 10
BRPtll - EtS [7“51315-1-1)} = EtS [p£+1)] — Dy (A

where p? are the log zero coupon bond prices for maturity n and i; is the continuously compounded

one-year interest rate. The sample period is 1995.1 to 2020.12.
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Figure 2. Stock-Bond Correlation
This figure displays the time series of rolling window correlations between ten-year log bond
returns and log equity returns for a given country. We use the respective country-specific
benchmark equity indices. The rolling window length is 222 daily observations. The sample

period is 1995.1 to 2020.12.

44



- Tc0c
I— 0¢0c¢
— 610¢
I— 8T0¢
— LT0¢
—9T0¢
— GT0C
— v10¢
— €T0¢
—c¢Toc
— TT0c¢
— 0T0cC
I— 600¢
I— 800¢
— L00¢
I— 900¢
— G00¢
— ¥00¢
— €00¢
I— ¢00¢
I— T00¢
I— 000¢
— 6661
I— 8661
I— L66T
— 966T
— G661

5% —

0% —

-1% —

-2% —

-3% —

-4% —

(a) GDP

— Switzerland ——Norway —— New Zealand
——Japan ——USA

Canada
Sweden ——Euro Zone — UK

— Australia

- T¢0¢
I~ 0c0¢
—6T0¢
- 8T0¢C
- L10¢
I~ 9T10¢
I~ ST0C
- v10¢
- €T0¢
- ¢10¢
— T10C
I~ 0T0C
I~ 600¢
I— 800¢
— ,00¢
I~ 900¢
— S00¢
— ¥00¢
— €00¢
- 2¢00¢
— T00¢
I— 000¢
— 6661
— 8661
- L66T
— 9661
— G661

1% —

0% —

-1% —

-2% —

-3% —

(b) Consumption

Figure 3. Subjective Macro Expectations
This figure displays subjective expectations of 12-month ahead GDP growth (%) and real private
consumption growth (%), for AUD, CAD, CHF, NOK, NZD, SEK, JPY, EUR, GBP and USD.

The sample period is 1995.1 to 2020.12.
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Figure 4. Subjective Exchange Rate Risk Premia
This figure displays real-time exchange rate risk premia, defined as:

XRP, = B [ralX] = ("7 — i) + B [Ay]

where the 1-year change in the log exchange rate is denoted Ax;y1, and z( ) is the continuously
compounded one-year interest rate in the foreign (f) versus domestic (U.S. ) markets. The sample

period is 1995.1 to 2020.12.
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(b) Exchange Rate Risk Premia

Figure 5. Survey vs Projected Risk Premia

This figure displays an equally-weighted average of subjective risk premia (green) across countries,
as well as average projected risk premia (blue). Projections are obtained by regressing realized
excess returns on the slope of the yield curve (Panel (a)) and on the interest rate differential
between the foreign country and the home country (Panel (b)). The sample period is 1995.1 to
2020.12 for survey forecasts and 1995.1 to 2019.12 for projection-based forecasts.
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(b) Exchange Rates

Figure 6. Forecast Errors

Forecast errors are calculated as
Yi1 — Yo = B} (Y1 — yi] + 01

and plotted for 10-year interest rates and log exchange rates for a 1-year forecast horizon. Forecast

errors are realized over the sample period 2001.1 to 2020.12.
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Figure 7. Model Implied Exchange Rate Risk Premia
This figure shows the model-implied exchange rate risk premia (Panel (a)) and average log exchange
rate forecast errors (Panel (b)) for CHF and AUD as a function of the correlation between foreign
and domestic long run risk factor, pg, taking all other parameters as given from the previous steps
of the model estimation. The horizontal dashed lines in both panels denote the corresponding
values in the data.
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Subjective Risk Premia in Bond and FX Markets
INTERNET APPENDIX: Not intended for publication

This online appendix is not intended for publication. Section A.1 contains additional details
on the construction of our survey dataset. Section A.2 reports additional results related to section
VI. Section A.3 reports the derivations of the subjective beliefs equilibrium model discussed in
Section VII. Section A.4 provides details of the simulated method of moments estimation approach.
Sections A.5 and A.6 contains supplementary tables and figures to the main body of paper.

A.1. Data Appendix

Integral part of this paper is the measurement of subjective beliefs. We use the Consensus Eco-
nomics dataset to get these beliefs for a set of professional forecasters such as banks, funds, and
economic advisors. In particular, we use the Consensus Forecasts - G7 & Western Europe and
Asia Pacific Consensus Forecasts datasets. These two datasets contain a wide cross-section of
countries. While a large cross-section of countries is available, the number of forecasters partic-
ipating for less developing economies is significantly smaller than the number of forecasters for
developed economies. Furthermore, FX data is not available at all for some currencies and realized
data is sparse for the smaller economies. Therefore, we restrict our attention to the universe of
countries outlined in Section II of the main body of the paper to maintain a satisfactory number
of observations for each date.

Included in the two datasets are expectations about several macroeconomic variables, interest
rates, and exchange rates. While we know the identity of forecasters predicting macroeconomic
variables and interest rates, Consensus Economics only reports a consensus estimate for historical
exchange rates. Figure A.1 displays the number of forecasters that submitted estimates of future
10-year yields for each of the ten countries selected.

[ INSERT FIGURE A.1 HERE |

A. Interest Rate Ezxpectations

Consensus Economics asks its panellists to provide estimates of “yields on 10 year government
bonds”, without specifying what type of yield. However, it is generally understood that they
are providing estimates of the on-the-run bond yield to maturity, which is effectively a par yield
forecast. Since we only have two maturities available, we cannot bootstrap zero coupon bond
yield estimates from the par yields provided. Therefore, in the main body of the text, we treat
par yield forecasts as zero coupon forecasts. Moreover, the compounding frequency of the yields
provided is also not explicitly stated, so we assume they are continuously compounded, i.e. log
yields. This appendix shows the robustness of our results with respect to these assumptions, by
comparing empirically par yields and zero-coupon bond yields for 10-year government bonds, as
well as yields and bond returns based on different compounding frequency assumptions.

Panel A of Table A.1 displays the mean and standard deviation for (1) US 10-year par yields
obtained from the Fed (H15), (2) US 10-year zero yields obtained from Bloomberg (BB), and (3)
their differences. Figure A.2 shows the time series of the same par (H15) and zero (BB) yields, as
well as their difference. We can see that the two series are extremely close and their difference is



close to zero and insignificant. A similar picture arises when looking at the bond returns implied
by par and zero yields.

Panel B of Table A.1 contains similar summary statistics for US 10-year zero log-yields obtained
from Bloomberg assuming different compounding frequencies of the raw data. Again, both mean
and standard deviation of the yields are extremely similar (see also Figure A.3).

[ INSERT TABLE A.1 AND FIGURES A.2 AND A.3 HERE |

Summarising, we show that par yields and zero-coupon bond yields for 10-year government
bonds are empirically very close and that the compounding frequency has little impact on the
bond yields, so our results would be practically unchanged if we assumed that yields are annually
or semi-annually compounded instead of continuously compounded, and they are robust to our
assumption that survey forecasters provide zero yields.

B.  Macroeconomic Expectations

In addition to interest rate and foreign exchange forecasts CE covers a large set of macroeconomic
variables. We focus on real GDP growth and personal consumption growth, and the rate of
unemployment. A complication with the survey projections is that respondents are asked to
report expectations over the current and the next calendar year (except for interest rates, which
are constant maturity forecasts); thus, the dataset represents a set of variable maturity events. For
example, in July 2003 each contributor to the survey made a forecast for the percentage change
in GDP for the remaining two quarters of 2003 (6 months ahead), and an average percentage
change for 2004 (18 months ahead). The December 2003 issue contains forecasts for the remaining
period of 2003 (1 month ahead) and an average for 2004 (13 months ahead). The moving forecast
horizon induces a seasonal pattern in the survey. We compute an implied constant maturity
forecast for each individual forecaster as in Buraschi and Whelan (2022) and Fendel, Lis, and
Riilke (2011). Let j be the month of the year, so that j = 1 for January and j = 1,2,...,12. A
constant maturity expectation is formed taking as weight (1 — 1]—2), for the short term projection
(the remaining forecast for the same year), and %, for the long-term projection (the forecast for

12
the following year). Figure A .4 illustrates the weighting procedure visually.

[ INSERT FIGURE A.4 HERE |

A.2. Economic Significance of Deviation from Rational Expectations

To study the economic significance of behavioural components in agents expectations, we design an
experiment in which we construct fictitious expectations by correcting the predictable errors using
information available in date ¢ observables. In this real-time experiment, we initialise a rolling
regression with a window of w-years of data and recursively estimate a projection of realized errors
on yields or interest rate differentials. The loadings available in the forecast error regression at
date t can only be learned from errors realized one year earlier. These loadings are then applied



to date t observables in order to build a ‘corrected’ beliefs from the following system

FE, ,, =+ B8] X (A.1)
& =+ B X, (A.2)
?t = EtS [Y;H-l] +& (A.3)

The subscript ¢t in the parameters &; and BtT indicate that the correction is restricted to use
only real-time information which is available at time ¢. The predictable component of forecast
error is estimated using a rolling window to replicate real-life conditions of a trader. In unreported
results we also consider expanding windows after a 5-year initial burn in period; the main message
that follows is quantitively similar.

Panel (a) of figure A.9 displays the change in the RM SE’s (y-axis) from the original forecasts
to the corrected forecasts for various rolling window lengths (x-axis). We find that, although the
initial regressions indicate the existence of predictability in the forecast errors, the RMSFE of the
corrected beliefs are unambiguously higher than the uncorrected ones. For instance, using a rolling
window of 5 years in the estimation of the correction parameters, the RMSE increase by around
96% for the 10-year bond. This shows that the expectations extracted from surveys cannot be
easily improved using market based state-dependent information. In panel (b) of figure A.9 we
show that if one were to correct interest rate expectations for a constant bias, obtained from the
(ex-post) mean of the forecast errors, the RMSE of the forecast would decrease by about 11%.
However, we note that this is due to the bias in forecasts coming from over-prediction in sample
rather than agents omitting useful information from the term structure. The result of replicating
this experiment for exchange rate expectations yields similar results and is visualized in figure
A.10.

Summarising, the findings of this section show that ‘uncorrected’ beliefs dominate their cor-
rected counterparts in a mean-square-error sense, mainly in terms of variability, meaning that
predictability in agents errors does not easily translate into forecast improvements. This provides
a possible explanation for why subjective expectation can be persistently different from the null
implied by full information rational expectations.

[ INSERT FIGURE A.9 AND A.10 HERE |

A. Note on the Driscoll and Kraay (1998) estimator

In Section IV, we discuss tables that show evidence about the explainability and predictability of
survey-implied risk premia. For better readability, we choose to report point estimates as well as
95% confidence intervals. These intervals are estimated using a circular block bootstrap that uses
a block length of 12 and 1000 bootstrap samples. As a robustness check to our predicability and
cyclicality results, we also present confidence intervals using the estimator of Driscoll and Kraay
(1998).

As shown in Tables A.4 and 7?7, our panel dataset is characterized by significant cross-sectional
correlation. We choose the Driscoll and Kraay (1998) estimator to account for this cross-sectional
dependence in the estimation. Hoechle (2007) provides a discussion of the inner workings of
the estimator and includes a STATA program called xtscc to run the estimation. In short, the
estimator of Driscoll and Kraay (1998) applies a correction similar to Newey and West (1987) but



adds robustness to cross-sectionally clustered standard errors. By combining these two properties,
it yields a method to obtain standard errors that are not only robust to autocorrelation and
heteroskedasticity but also consistent in settings of cross-sectional dependence. Another appealing
property of the estimator is that it can, with a minor adjustment, handle unbalanced samples by
applying the Newey and West (1987) correction at every time ¢ to the moment conditions of
individuals N (¢).

In terms of hypothesis testing, Tables A.6 and A.8 yield similar results as their counterparts
(Tables 11 and III) in the main body of the paper.

[ INSERT TABLES A.6 AND A.8 HERE |

A.3. Asset Pricing Derivations

A.  Economic Dynamics

Consider the following model. Aggregate consumption flow is given by C; (¢; = InC}) whose
conditional mean is driven by a “long run risk’ factor g,

1
de, = <gt - 503) dt + 0. dW,,, (A.4)
dgr = Kg(pg — gi)dt + o,dWy 4, )
= ((lgo + aglgt)dt -+ Ugde,ta (A6)

where (dW.;,dW,+) = pe, is potentially non-zero. However, in estimation we assume short run
and long run risks are independent. We assume a constant conditional mean geometric Brown
motion for the price level

@:wdtjta dWq 4+ AT
RUWQ,

Q

with dWq, independent of all other Brownian motions.

B. Preferences

We employ the Duffie and Epstein (1992a) parameterisation of the continuous time Epstein and
Zin (1989) and Weil (1989) recursive preferences

J, = E, ( /t e Js)ds) (A.8)



where f(C,J) is the normalized Kreps and Porteus (1978) aggregator

f(CJ):(l—’y)J< B )(Ol_w—[(l—v)J]”">

=3 (=)
son=per| S
T lla=yan
= B0J(Z(C,J) ~ 1],

where we have defined

Z(C,J) = [lel/w] [(1— ,Y)J]—l/e
P —
Tl

(A.9)
(A.10)

(A.11)

(A.12)
(A.13)

£ is a time discount factor, v is the coefficient of risk aversion, and v is the elasticity of in-
tertemporal substitution (ELS). As discussed in Bansal and Yaron (2004), EZ preferences allow for
separation of time-and state-preferences for consumption, a property unavailable in time-separable
specifications where consumption profiles are governed by a single parameter, v = 1/¢). When
v # 1 agents have a preference for early (late) resolution of uncertainty when risk aversion is
larger (smaller) than the inverse of EIS. A preference for early resolution combined with ¢ > 1

implies that # < 1. Note that f; and fo are given by

fr=82(C,J)(0-1)—p0
fo=B(1—=7)JCT'Z(C, ).

C. Bond Pricing
Duffie and Epstein (1992a) also show that

A = Belo F1(Cadiids ¢ ()
which defines the wealth process defined as the present value of future consumption

A:Wt = Et |:/ A:W5d8:|
t

The real risk-free interest rate is given by

1 dA*
*:__E t
AT t(Az‘)

dA; df
_Ye | poar
AR

(A.14)
(A.15)

(A.16)

(A.17)

(A.18)

(A.19)



and prices of risk come from the diffusion terms in %. Solving for real bond prices, note that in
what follows the logarithm of A; follows the SDE

1 1
leg A: = (—T: - 5(@0)2 - 5(6)9)2) dt — @chc,t - ngWg,t <A20)
=70+ TeGt (A.21)
This implies for 7 =T — t
P*—E A;“ — FE log A% —log A} A.22
r = I Ar| T t [6 ] (A.22)
= B e It SOt O ot 0y (A.23)
Notice that
dQ B 1 (7 , 1., T T
P exp <—§/t [@c + 599 du—/t O.dW. —/t O,dW, (A.24)

is the Radon-Nikodym derivative between physical probability measure P and another measure
risk-adjusted measure Q. With the Radon-Nikodym derivative at hand we can re-write P™ =
Ef[...] as

Et [%%Giffr;du}
* _ Q| - tT'r;‘ds
Pr=— £ — £ [e J } (A.25)
t LdP

and from Girsanov theorem we know that this change of measure satisfies
t
W3 = Wi+ / O du. (A.26)
0

Notice the SDF can be equivalently expressed as

A .
A;: = —rfdt — O, /1 — p2,dW], — (pcg®c + @g)de,t — OdWoq, (A.27)

where dWCTt is an orthogonal Brownian. Under the (Q-measure the risk neutral diffusion for g; is
given by

dgr = [a;% + a?lgt]dt + agdet, (A.28)
a%y = ag0 — (pegOc + Oy)a, (A.29)
ag = ag1 (A.30)



Computing bond prices follows from the standard risk neutral pricing approach requiring a solution
to

oP; 0 o 10PF 1 , O*Pr y
W = [ago + aglgt] agt + 50_9 ag? - /r'tPT (A31)
Conjecture the solution
P* =exp <A* (1) + B(T)gt>. (A.32)

Taking partials, substituting in the PDE above yields the system of equations

0A*(T) 1

5 = B(T)ag + 5 B(7)*og — (A.33)
0B
37('7-) = B(1)ag —r, (A.34)

The boundary conditional for the ODEs will have to be A(0) = B(0) = 0 which implies P; = 0.
B(7) is a first order non-homogeneous linear DE; which can be solved using an integrating factor
where

B(r) = ~% (1 — ") (A.35)

CLgl

Note that B(7) < 0 because higher real growth rates increases short rates and lowers prices. Then
A(7) is an ugly expression that follows by direct integration. The specific preferences specifica-
tions that we consider below will generate differences in bond pricing solutions through the risk
adjustments {©., O,} and through the short rate loadings {rg,,}. The nominal SDF is given by
A= dAQ;

dA; = dN Q7 + AFdQrt 4 dATdQ; (A.36)
d\, dAF dQ dA; dQy
— = —— —o dt — ——— A.37
P AR V) (447
Thus,
dA;
A_ = — Ttdt - @chc,t - @gde,t - @QdWQﬂg <A38>
t
re=r, +7m— O'é (A.39)
@Q = 0Q <A40)

and the nominal bond pricing function is given by

Po= B |29 g | A g | Q) () + B(rg)esp (I — Lo2lr) (A1)
{At Qr Ay Qr 2

= exp(A(7) + B(7)g:) where A(1) = A*(7) + [ — sog]T (A.42)



The diffusion for bond returns follows as an application of ito’s lemma

dP;

5 = prdt 4+ o7 gdWy, (A.43)
where
1 [0P 10?°P , 0P
e il -z - A.44
: ut,f{agug+2ag2ag+37] (A4
1
= |:B(’7')(ag[) + agig:) + 53(7‘)202 + Al(1) + B’(T)gt} (A.45)
1 |oP
Org = P {a—gag} = B(1)o, (A.46)
Nominal instantaneous expected excess returns are given by
dP- 0P, o |dPr| d\; dP;
B [1] O pa[1] g [t e
1 dA\; dP;
—BRP(1) = —E,; A4
4 PAE) {At PT] (4.48)
= 0.B(7)0ypeg + OyB(T)0y (A.49)

D. The Subjective Measure

Here, we use superscripts P to indicate the physical SDF which is that of an econometrician
who has full information about the data generating process and the parameters which govern its
distribution. The relationship between the econometricians measure and the subjective measure
is given by E [z,] = E} [952s] where from Girsanov'’

—eXp< / ¢.dWL, — / ¢du) (A.50)

dWP =dW., + ¢.dt (A.51)
We call ¢, a BELIEF DISTORTION. Now we have two changes of measure which satisfy

W2 =dW!, +0%dt , dW2 =dW:, +©3dt, (A.52)
dejt =dW3 +¢.dt — ¢ =0] 0" (A.53)

It what follows we assume that a belief distortion only exists on the distribution of g,

dg; = [a§0 + ailgt]dt + O'gdeSt, (A.54)
a?o = ag0 + P40, (A.55)
a§1 = ag (A.56)

1"We assume S is absolutely continuous with respect to P.



The subjective SDF is given by

dA? S S S S S S
A_tSt = —rdt — @chCJ — @gde,t — @QdWQJ
of = eF
O, = O, + ¢,
S P

Note that bond prices can equivalently be solved for under the subjective or physical measure via

the changes of measure defined above:

[A
P, =B, A_T]
t

dQ
- B f rsds
‘" d]P’]

T rods d@ ds
ds dp

[ o
:EtS |:€ Ji rsd %]

= EQ [ -1 “ds} exp (AT + BTgt).

E.  Recursive HJB equation
The HJB equation implied by the normalized aggregator is given by

sup f(C,J)+DJ(-) =0
{C}

which spelling out is equal to

(A.61)
(A.62)

(A.63)

(A.64)

(A.65)

L sup £(C, T)dt + J,E(dg) + JeE(dC) + [Jggd<g, 9) + Jocd(C, C)] + Jyod(g,C) = 0 (A.66)

dt (cy

which after inserting the states is given by

¢y

1
sup f(C, J) + Jy(ag + ag9) + JcCg + = [Jggaj + JCCCQUg] + JycCoy0cpey =0

(A.67)

and we denote the maximized aggregator f*. In the following we will solve for an exact and an

approximate solution based on the following ansatz
Wi

-7
F(g) = exp(aro + aryg)

J(W,g9) = F(g)

(A.68)
(A.69)



F.  Log-linear solution
For v # 0 the consumption-wealth ratio again follows from the envelope condition

% = BYFT = gYRe (A.70)

where we have defined

—_
|
<

Q
Il

(A.71)

—
|
2

The HJB becomes

1
f*J_l + aFg¢<agO + aglg> + (1 - 7)9 + 5 (aFg¢)2O'§ + (_7)(1 - 7)0_20203]
+ ang/JC’_l(l —7)C040.peyg =0

From f =60J(8Z — ) we can re-write the first term as

C
I =0J(3Z - p)J =087 08 = QW — 083 (A.72)
Where we obtain the last equality by nothing that Z(C,J) can be re-written in terms of the
consumption wealth ratio since

Z =(1—~)"°B"  exp <[aFo + apyg] (i :f) (lp; 1)) W, (A.73)
1/ —1 Wt
X exp ([(ZF() + aFgg] ( éw_ 1 )> (1 — ’Y>_1/0
Z =p""exp ([apo + apgglc) wy (A.74)
Cy
87 = (A.75)

Following Chacko and Viceira (2005), define piq, = Elc; — wy| where lowercases indicate logs, and
take a Taylor expansion of the consumption wealth ratio around its long run mean

= exp(c — w) ~ exp(few) (1 — Hew) + eXp(fiew)(c — w) = ho + hi[aro + apggla (A.76)

~ ho =+ hl[apo + Clpgg]Oé <A77)

S|asa

ho = exp(tew ) (1 — pew + ¥ 1In B) and hy = exp(pew) are determined endogenously in equilibrium.
Using f = 0J(8Z — ) we linearise the non-homogeneity in the Bellman equation. Then substi-
tuting into the Bellman gives

Oho + Ohia(apo + apgg) — 08 + apg(ag + agig) + (1 —7)g

1
+ 2 (aFg¢)2U§ +(y - 1)03 + apgh(1 = 7)0y0cpeg = 0

10



Nothing that

o((5) () - e

via separation of variables we have

aro Zﬁ (‘9(h0 — B) + apgtbago + % [(aFg¢)QU§ +9(y = 1)o?| +apgp(1 — W)Uchpcg)
a 1=
fo —1/’<h1 - agl)

Now we see the effect of separating risk aversion with EIS. The sign of hjap,a determines whether
the consumption-wealth ratio (also the dividend-price ratio) rises or falls on good news (positive
dW,, shocks

@C/W—h 1—vy 1—4
dg "(hy —ag) 1 -7

_ (h1 1“%1)) 11_/” (A.80)

which is negative for ¢» > 1 meaning that prices (wealth) rise faster than consumption. We now
have to solve for hy. Spelling things out explicitly

(A.79)

C
B 15| ~ expliea)(1 = o) + explien) Elfe ~ w)] (As)
= exp(ﬂcw)(l - chw> + eXp(:ucw),ucw (A'82)
exp(fiew) = My (A.83)
C
E|—=|~h A84
]~ (A8
So
Ct ,¢
hi=F W =F 8% exp ((aro + apgg:)c)] (A.85)
t
=Y e 0 [ [¢¥Fe9t] (A.86)
=B3Ye 0 F [e""]  where u = apyo (A.87)
We first need the conditional Laplace transform for g;
o(t, h;u) = Ey (e"9t+h) (A.88)
which Feynman-Kac says this function satisfies the following partial differential equation
99
0=Do(t, h;u) + E(t’ h;u) (A.89)

11



with initial condition ¢(¢,0;u) = €9 and where D is the infinitesimal generator for g;

out the partials
8P( N )+182P 2+8P_0
g 0TI T 52 % T Ty T

We conjecture an exponentially affine solution

o(t, hyu) = eAny (u)+Bhy (hyu)ge

with Ay, (0,u) = 0 and By, (0,u) = u . After substituting in we obtain

1 OAn, | OB
Bhlg(ago + aglgt) + 5321905 - 8h1 * 8}11 gt

Collecting terms we obtain the system of equations

0A, 1 o 5
87_1 — Bhlgago + EBthO-g
0By,
87'1 = Bhlgagl
whose solutions are given by
1 0§u2

g0 ag1rh
A (h — 9 g1 _ 1 -
h1( ,U) uagl [6 } + 4 agl

Bhl (h7 u) = ueag1h

[€2a91h - 1j|

. Spelling

(A.90)

(A.91)

(A.92)

(A.93)

(A.94)

(A.95)

(A.96)

Notice that limy,_, Bp, (h, ) = 0 only in the case that the parameter a,; < 0 which is stationarity
condition of the OU process. Under this condition the transition at horizon h tends to the
stationary distribution (or marginal distribution, i.e., the distributions dependence on g; has been

marginalized out). The marginal distribution admits the Laplace transform

2,2
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(A.98)
(A.99)

(A.100)

A solution for h; follows from a fixed point iteration. Specifically, empirically speaking pi., =
Ele; — w] ~ —6 — hy ~ 0.003 so we take this as an initial value and update for a new h; by

updating the parameters apg and ap, repeat this procedure until convergence.
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(. Risk Free Rate

Above we derived
fo=80—-~y)JC'Z(C,J). (A.101)
which we can re-express as
fe =87 exp ((aro + argg)x) C77 (A.102)

where we have defined another constant

X=1v¢+a= (1_W> (A.103)
1=
Similarly
fr=(0—1)ho — 08 — hix(aro + aryg) (A.104)

The diffusions for f¢ is given by

dfc

1 1
= (—79 +argx(ag + agg) + 5v(y +1)ol + Sap, o) — yaFgXagacpcg) dt  (A.105)

2 2
— Y0 AWy + apgxoadWy (A.106)

The risk free rate is then given by

1 d
TP =— EEt (%) —fu (A.107)
1 o Lo 9
= 79t — argx(ago + agige) — 57(7 + 1)o; — 5@FgX g T YAFgXTgTcPeq (A.108)
— (0 = Dho + 68+ hix(aro + argg:) (A.109)

which for convenience we denote

Ty =T+ TG, (A.110)
1 1
ro= +6p— 57(7 +1)02 — ap xag0 — 50%9)(202 + Yap XTg0cpeg — (0 — 1)ho + hixary (A.111)
1
=y (A.112)
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Notice in the limit ¢ — % we recover the CRRA solution above r, = v and ry = 05 — %7(7 +1)02
since in this case § = 1 and x = 0. We now want the diffusion for the SDF which follows

dA?
A; = —rjdt — 0. dW,, — 0,dW,, (A.113)
t
O, = o, (A.114)
S} b ! (A.115)
= —Q = -_— .
g FgXTg Iy — agr g " Og

Note the price of long run risk shocks can be positive or negative but for preference for early
resolution ap, < 0 and so negative long run growth shocks are bad news. The nominal SDF
follows

dA,

A_ = — Ttdt - @CdWC,t — @gde,t — @QdWQﬂg (A116)
t
re=r{+7T—0p (A.117)
0. = yo, (A.118)
1 1
o — - A.119
! (hl—agl) (7 ¢) 7 ( )
Og = 0g (A.120)
The nominal bond risk premium is constant and given by
BRP; = ©.B(T)0,pcdt + ©,B(T)o,dt (A.121)
1 . 1 1\
%BRPT = ’)/O'CO'gpch(T) + (hl——ag1> <’}/ - E) O'gB(T) (A122)

The first term is the standard one arising in a CRRA Lucas tree economy: when (dW,,, dW,,) =
Peg > 0 bonds have a hedging property against dW.; shocks. The second term arises when agents
have a preference for temporal resolution. The early resolution condition is vy > i in which case
dW,: < 0 are bad states of the world and bonds also hedge these shocks.

A.4. Simulated Method of Moments

We estimate the model via simulated method of moments (SMM) which is analogous to the
generalized method of moments (GMM) estimator, but allows us to estimate the parameters even
if latent long-run growth factors are not directly observable. Moreover, SMM avoids difficulties
of computing analytical moment conditions which given the number of moment conditions is a
tedious procedure.

We collect the structural parameters of interest in a ¢ x 1 parameter vector 5. Given 3, we
simulate the counterpart (/) of the observed data sample z using the model specification. Given
a simulation of length 7 x T" where 7 > 1 we obtain the p > ¢ vector of moments M (Z(3)). Under
the assumption that the model Z(3) is correctly specified and f is the true structural parameter
vector, the moment conditions M (Z(f)) converge asymptotically to the sample moments M ().

Thus, SMM proceeds in a similar fashion to GMM by choosing # to minimize the weighted sum

14



of squared moments errors Gp(j3) = [M(SE(B)) - M(w)]

B =min G} W Gy (A.123)
B

where W is a g X ¢ positive definite weighting matrix. Under the regularity conditions set out in
Duffie and Singleton (1993), /5 is a consistent estimate of [.
For a general weighting matrix W, the asymptotic distribution of the parameters is given by

VT(B = Bo) ~ N[0, (1+1/7)V], (A.124)
where V = (d"Wd)'d"WSWd(d"Wd)™ and d=FE {%—Aﬂ :

Diffusions are discretized using a Milstein scheme (Kloeden and Platen (2013)). Our sample
moments are estimated with 7" = 20 years of data, we set 7 = 100 and discard the first 5-years
of each path to avoid sensitivity to initial conditions. Random number streams are held constant
for each simulation path to avoid introducing sampling error. Moments Mg are computed on data
sampled at monthly frequency consistent with the sampling frequency of the empirical moment
vector Mp. S is computed using 100 block bootstrap samples of moments from the data and a
Newey and West (1987) variance covariance estimate with lag length K = 12. The Jacobian d
is computed using 100 replications in line with the recommendations of Gouriéroux and Monfort
(2000), and we use the identity matrix as weighting matrix in the estimation, but replace (i,7)
elements corresponding to subjective moments with 10’s, i.e., giving these moments 2 times the
influence in estimation, to counteract the fact that we have more moments related to the physical
probability distribution. Note that 2/3’s of all moments are physical (term structure moments)
and 1/3 subjective (subjective risk premia and forecast errors).

(A.125)
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A.5. Tables

Panel (a): Summary Statistics Yields Returns
Mean Std Dev Mean Std Dev
Par 3.87 1.64 4.53 1.49
Zero 3.98 1.67 479  1.55
Difference -0.13 0.09 -0.28 0.21

Panel (b): Frequency Comparison Yields
Mean Std Dev

Continuous 3.98 1.67
Annualy 4.07 1.74
Semi-Annual 4.02 1.70

Table A.1. Summary Statistics: Par Yields and Zero Yields
This table reports the means and standard deviations for (1) US 10-year par yields obtained from
the Fed, (2) US 10-year zero yields obtained from Bloomberg, and (3) their differences. Panel (b)
contains similar summary statistics for US 10-year zero log-yields obtained from Bloomberg as-
suming different compounding frequencies of the raw data. Sample period is monthly observations
from between 1995.1 and 2020.12.
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AUD CAD CHF EUR GBP JPY NOK NZD SEK USD
Panel (a): 1995.1 to 2007.12.
Mean —-0.82 0.91 —-1.61 —1.02 —0.86 0.58 —2.67 —0.29 —0.04 —0.73
Std 3.77 373 204 203 266 202 322 326 333 296
Skew 1.08 0.62 0.07 0.10 —0.03 0.58 —0.09 0.66 0.51 0.28
AR(1) 0.18 0.43 -0.17 0.03 049 0.15 0.63 0.10 053 0.23
Panel (b): 2008.1 to 2020.12.
Mean —-0.85 —1.76 —2.13 —1.33 —0.24 —0.02 —2.78 —1.60 —3.08 —2.07
Std 3.10 334 193 223 333 134 343 376 3.13 2.56
Skew 041 096 0.10 0.77 056 037 —0.41 0.25 0.11 0.55
AR(1) —0.27 0.30 0.04 -0.13 0.47 0.12 —-0.04 —0.20 —0.08 0.03

Table A.2. Sub Sample Summary Statistics BRP
This table presents the means, standard deviations, skewness and AR(1) coefficients for subjective
bond risk premia (BRP) for the sample periods 1995.1 to 2007.12. (panel A) and 2008.1 to 2020.12.
(panel B). The reported AR(1) coefficients relate to the yearly autocorrelation.
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AUD CAD CHF EUR GBP JPY NOK NZD SEK USD
Panel (a): BRP projected
Mean 4.80 5.16 3.97 520 4.75 3.59 3.64 352 6.19 4.65
Std 299 321 188 298 282 257 344 249 3.77 1.86
Skew 0.04 040 029 027 024 044 —-0.33 0.10 0.56 0.15
AR(1) 028 0.33 039 048 0.75 078 027 046 0.01 0.59
Panel (b): XRP projected
Mean 1.43 0.29 —-0.68 —1.32 —0.31 —3.00 —0.89 2.19 —1.20
Std 419 1.15 424 353 140 3.18 337 3.79 3.65
Skew 0.06 —0.11 0.02 0.13 0.25 —0.33 0.58 —0.42 0.29
AR(1) 066 0.29 0.75 0.65 062 082 057 051 048

Table A.3. Descriptive Statistics for Projected Risk Premia

This table presents the means, standard deviations, skewness, and AR(1) coefficients for exchange
rate risk premia (XRP) and bond risk premia (BRP) where conditional expectations defined
in Equations 3 and 4 are replaced by projections. These predictions are obtained by regressing
realized ex-post excess returns on the slope of the yield curve (for bond risk premia) and the
interest rate differential between the foreign country and the United States (for exchange rate risk
premia). The reported AR(1) coefficients relate to the yearly autocorrelation. The sample period
is 1995.1 to 2020.12.
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AUD CAD CHF EUR GBP JPY NOK NZD SEK USD

Panel (a): BRP
AUD 1.00 0.54 0.66 0.76 0.44 0.31 0.65 0.75 0.61 0.62
CAD 0.54 1.00 0.48 0.68 0.52 0.52 0.45 0.66 0.53 0.69
CHF  0.66 048 1.00 072 021 036 066 059 0.66 0.54
EUR 0.76 0.68 0.72 1.00 0.54 0.37 0.65 0.68 0.69 0.69
GBP 0.44 0.52 021 054 1.00 0.28 0.19 0.34 0.21  0.56
JPY 0.31 0.52 0.36 037 0.28 1.00 0.32 0.36 0.41  0.32
NOK  0.65 045 066 0.65 0.19 0.32 1.00 059  0.73  0.46
NZD 0.75 0.66 0.59 0.68 0.34 0.36 0.59 1.00 0.65 0.62
SEK 0.61 0.53 0.66 0.69 0.21 0.41 0.73 0.65 1.00 0.49
USD 0.62 0.69 0.54 0.69 0.56 0.32 0.46 0.62 0.49 1.00
Panel (b): XRP
AUD  1.00 0.72 055 0.78 053 —-0.07 054 091 0.78
CAD 0.72 1.00 0.30 0.53 040 -0.17 0.47 0.71 0.58
CHF  0.55 030 1.00 0.84 050 041 0.72 049 0.69
EUR 0.78 0.53 0.84 1.00 0.67 0.15 0.76 0.73 0.88
GBP 0.53 0.40 0.50 0.67 1.00 0.12 0.55 0.46 0.62
JPY -0.07 -0.17 041 0.15 0.12 1.00 0.06 —0.17 0.01
NOK 0.54 0.47 0.72 0.76  0.55 0.06 1.00 0.48 0.77
NZD  0.91 071 049 073 046 —0.17 048 1.00  0.69
SEK 0.78 0.58 0.69 0.88 0.62 0.01 0.77 0.69 1.00

Table A.4. Cross Country Correlations of Survey Premia
This table shows the correlation coefficients between the measures of subjective risk premia, as
defined in Section III in the main body of the paper. Based on monthly observations from between
1995.1 to 2020.12.
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AUD CAD CHF EUR GBP JPY NOK NZD SEK

Panel (a): Az
Mean 0.09 0.85 —0.11 0.93 —0.26 —0.37 2.92 —0.99 3.70
Std 59.33 250 5.08 435 281 481 425 585 4.72
AR(1) 0.74 0.32 059 062 024 032 012 0.77 0.58
Panel (b): IRD
Mean -1.64 —0.18 1.59 0.76 —-047 239 -0.63 —2.13 0.22
Std 1.66 086 1.53 137 1.14 206 176 1.56 1.70
AR(1) 069 030 077 0.70 0.69 0.81 0.59 0.59 0.53
Panel (c): rx&ll)
Mean 480 5.16 397 520 475 359 3.64 352 6.19
Std 894 6.65 580 6.69 733 446 T7.20 829 8.68
AR(1) —0.28 —0.03 —0.18 —0.30 —0.20 0.25 —0.08 —0.45 —0.15
Panel (d): Slope
Mean 0.78 1.26 098 135 093 1.09 0.80 0.55 1.27
Std 0.65 096 0.64 083 1.21 0.70 1.03 1.12 0.77

AR(1) 029 0.37 041 049 0.75 079 0.27 046 0.03

Table A.5. Descriptive Statistics Predictive Regressions

This table presents the means, standard deviations, skewness and AR(1) coefficient for log spot

rate changes (Axyy1), interest rate differentials (IRD; = (igl) —iil)’f )), realized excess bond returns

(m:&ll)), and the slope of the yield curve (iglo)’f — igl)’f). The reported AR(1) coefficients relate to

the yearly autocorrelation. The sample period is 1995.1 to 2020.12.
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(i) (i) (iif) (iv)
Panel (a): BRP

E[con] —0.57
[~0.98 —0.16]
E[gdp] —0.55
[—1.02 —0.09]
BondV ar 2.16
[0.87 3.45]
ra, —0.09
[—0.14 —0.04]
R? (%) 3.78 3.57 5.85 5.11
Panel (b): XRP
E[con] 1.08
0.32 1.83]
E[gdp] 0.95
[0.14 1.75]
FXVar 0.78
[0.20 1.36]
ref —0.09
[~0.19 0.01]
R? (%) 6.36 4.87 3.58 4.81

Table A.6. Cyclicality Regressions: Subjective Bond & FX Risk Premia

This table reports estimates from pooled OLS regressions of the forms

BRP, =a+b"X; + ¢, and
XRP, =a+b"X; + e,

in panels (a) and (b), respectively. BRP,; is the survey-implied bond risk premium, X RP; is
the survey-implied currency risk premium, and X; is a vector of explanatory variables. For the
specifications in panel (a), X; contains the 1-year expected consumption (con) growth and domestic
gdp growth, the realized bond variance (BondVar), and the excess return on an 11-year bond,
realized between ¢ — 1 year and t. For the specifications in panel (b), X; contains the 1-year
expected consumption (con) growth and foreign gdp growth, the FX option-implied risk neutral
variance constructed and discussed by Krohn, Mueller, and Whelan (2024) (FXVar), and the
excess currency return realized between ¢t — 1 year and t. A constant is included but not reported.
Confidence intervals in [-] are estimated using the estimator of Driscoll and Kraay (1998) using 12
lags. The sample period is 1995.1 to 2020.12 except for specification (iii) in panel (b) which only
contains data from 1999.1 to 2019.4.
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Elconf —con]  0.72

0.30 1.17]
Elgdp’ — gdp) 0.76
[0.17 1.35]
R* (%) 3.57 2.17

Table A.7. Cyclicality: Subjective FX Risk Premia (Macro Spreads)

This table reports estimates from pooled OLS regressions of the forms
XRP,=a+b'X; +¢.

where X RP, is the survey-implied currency risk premium (X RP;), and X is a vector of explanatory
variables containing spreads in 1-year ezpected consumption con growth and gdp growth between
the foreign countries and the US. A constant is included but not reported. Confidence intervals
in [-] are estimated using a circular block bootstrap with 1000 replications. The sample period is
1995.1 to 2020.12.
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(i) (i) (iif)

Panel (a): Bond Return

Slope 2.81 2.49
[1.78 3.85] [1.35 3.63]

BRP 0.52 0.30
[0.22 0.82] [—0.03 0.63]

R? (%) 13.85 4.96 14.79

Panel (b): FX Return

IRD —1.56 —1.41
[—2.74 —0.38] [—2.52 —0.31]

XRP 0.55 0.45
[—0.03 1.12] [-0.08 0.99]

R* (%) 8.89 5.43 12.54

Table A.8. Bond & FX Return Panel Predictability Regressions
This table reports estimates from pooled OLS regressions of the forms

Ta:l(f}tljl = a+ by Slope; + by BRP€g 41,

m‘fjﬁ1 =a+ 0 IRD; + by XRP, + €441,

where the dependent variables are the one-year excess return on an 11-year bond and the
i . . 100 (1)
one-year currency excess return in panels (a) and (b), respectively. Slope; = (i; i)
is the slope of the domestic yield curve, BRPF; is the survey-implied bond risk premium,
IRD; = (iﬁl) —i{d ) is the one-year interest rate differential, and X RP; is the survey-implied
currency risk premium. We also report univariate regressions with the same predictors in
columns (i) and (ii). A constant is included but not reported. Confidence intervals in []
are estimated using the estimator of Driscoll and Kraay (1998) using 12 lags. The sample

period is 1995.1 to 2020.12.
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Yields FX

Level, 0.08
[0.01 0.15]
Slope, 0.08
[—0.06 0.22]
IRD; —-0.95
[—1.48 —0.42]
R* (%) 5.71 5.73

Table A.9. Forecast Error Predictability
This table shows pooled OLS regressions of (a) 10-year yields and (b) foreign exchange forecast
errors, both at an annual horizon, on either the level and slope of the yield curve or the 1-year
interest rate differential:
FEi 411 =a+bXy + g1,

where for interest rate forecast errors X; includes Level; = igl) and Slope; = (igw) - igl)) and

for exchange rate forecast errors it includes ITRD; = (igl) - igl)’f ). Confidence intervals in [-] are
estimated using the estimator of Driscoll and Kraay (1998) using 12 lags. The sample period is

1995.1 to 2020.12

AUD CAD CHF EUR GBP JPY NOK NZD SEK USD
3m mean 413 252 0.82 1.70 292 0.12 3.18 4.68 2.18 2.33
3m delta std 0.87 0.76 0.66 0.64 0.78 0.25 1.20 1.04 0.74 0.73
dy mean 4.65 3.48 1.42 250 3.57 0.68 3.39 5.00 3.10 3.37
10y mean 4.00 4.01 1.96 3.16 397 1.28 4.00 5.25 3.62 3.98

Table A.10. Summary Statistics: Term Structure Moments
This table shows the means of 3 month, 5 year and 10 year bond yields for all countries in our
sample. It also reports the annualized standard deviations of month-on-month differences in 3
month yields. Moments are computed for the sample period 1995.1 to 2020.12.
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AUD CAD CHF EUR GBP JPY NOK NZD SEK USD
mean 8.63 6.83 218 5.62 810 0.66 835 805 4.72 9.17
std 1.72 141 1.67 135 1.63 197 193 236 226 1.95
skew 0.62 0.38 0.07 —0.18 041 094 —-0.24 0.38 0.19 -0.62
kurt 2.89 298 324 323 381 471 413 290 254 4.30
AR(1) 0.86 0.66 0.85 0.82 0.84 0.83 0.66 0.83 0.87 0.82
AR(5) 0.32 0.02 0.14 —0.00 0.28 0.04 —0.14 0.12 —0.02 0.04
AR(10) —0.02 0.03 0.20 —0.25 0.03 —0.07 0.07 0.19 —0.24 0.02

Table A.11. Summary Statistics: Inflation Moments
This table shows the annualized means, annualized standard deviations, skewness and kurtosis as
well as AR(1), AR(5) and AR(10) coefficients of realized inflation for Australia, Switzerland and
the United States. Moments are computed for the sample period 1995.1 to 2020.12.

AUD CAD CHF EUR GBP JPY NOK NZD SEK USD

AUD 100 099 063 096 099 015 098 099 094 0.98
CAD 099 100 071 098 000 026 099 099 096 0.99
CHF 063 071 100 082 073 083 077 068 0.81 0.76
EUR 096 098 082 1.00 099 039 099 097 097 0.99
GBP 099 0.00 073 099 100 028 0.00 099 095 0.99
JPY 015 026 083 039 028 1.00 032 019 040 0.29
NOK 098 099 077 099 0.00 032 100 098 097 0.00
NzD 099 099 068 097 099 019 098 1.00 097 0.98
SEK 094 096 081 097 095 040 097 097 1.00 0.96
Usb 098 099 076 099 099 029 0.00 098 096 1.00

Table A.12. Correlation of realized inflation
This table shows the correlation coefficients between realized inflation rates between any two
countries. Based on monthly observations from between 1995.1 to 2020.12.
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AUD CAD CHF EUR GBP JPY NOK NzZD SEK USD
mean 13.24 11.52 6.34 491 945 2.87 12.22 1393 9.60 5.33
std 228 235 132 168 433 3.16 349 3,57 296 3.13
skew 0.17 —-0.72 —-0.36 —0.43 —1.64 —0.67 —0.54 —0.67 —0.06 —1.32
kurt 293 431 249 3.10 6.15 3.18 431 490 4.05 5.22
(1) 079 0.79 080 0.70 090 0.60 0.68 0.75 0.75 0.89
(5) 0.10 —0.20 0.07 0.24 040 —-0.08 0.07 0.28 —0.15 0.39
AR(10) 0.02 0.15 —0.13 0.12 046 -0.19 0.11 0.00 —0.15 0.04

AR
AR

Table A.13. Summary Statistics: Consumption Growth Moments
This table shows the annualized means, annualized standard deviations, skewness and kurtosis
as well as AR(1), AR(5) and AR(10) coefficients of realized consumption growth for Australia,
Switzerland and the United States. Moments are computed for the sample period 1995.1 to
2020.12.

AUD CAD CHF EUR GBP JPY NOK NZD SEK USD

AUD 100 098 098 091 087 061 098 099 097 0.74
CAD 098 100 0.00 097 094 072 000 000 099 0.85
CHF 098 0.00 100 097 094 073 099 099 099 0.85
EUR 091 097 097 1.00 099 08 096 096 097 0.95
GBP 087 094 094 099 100 090 095 094 096 0.97
JPY 061 072 073 08 090 1.00 074 073 078 0.95
NOK 098 0.00 099 09 095 0.74 1.00 0.00 0.00 0.85
NzD 099 000 099 09 094 073 000 1.00 099 0.84
SEK 097 099 099 097 096 0.78 0.00 099 1.00 0.87
Uusb 074 08 08 09 097 095 08 084 0.87 1.00

Table A.14. Correlation of realized consumption growth
This table shows the correlation coefficients between realized consumption growth rates between
any two countries. Based on monthly observations from between 1995.1 to 2020.12.
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Panel A

Parameter Estimate Lower Upper
Kg 0.05 -0.06 0.16
04(%) 1.31 1.10 1.52
(%) 0.62 0.57 0.68
Panel B
Moment Data Model Lower Upper
mean (%) 1.36 1.36 1.15 1.57
std (%) 0.67 0.67 0.61 0.73
skew -0.40 -0.00 -0.00 0.00
kurt 4.01 2.86 2.85 2.87
AR(1) 0.60 0.11 0.07 0.15
AR(5) 0.25 0.08 0.05 0.12
AR(10) 0.10 0.03 0.00 0.06

Table A.15. US Consumption Growth Estimates
This table reports estimation results for the consumption growth process given by

dC
— = gudt 4 0. dW,y,
Cy ’

dgs = kg(pg — gr)dt + € - 0. dWy,.

where the Brownian shocks are orthogonal and we preset € = 0.50. The model is estimated
via simulated method of moments targeting the mean, standard deviation, skewness, kurto-
sis, and autocorrelations of quarterly realized consumption growth. Panel (a) reports point
estimates alongside 95% confidence intervals. Panel (b) reports moments in the data and
model implied moments alongside 95% confidence intervals.
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Panel A

Parameter Estimate Lower Upper

Kg 0.20 0.09 0.31

04(%) 1.55 1.50 1.59

(%) 0.53 0.51 0.56

Panel B

Moment Data Model Lower Upper
mean (%) 1.57 1.57 1.53 1.61
std (%) 0.56 0.56 0.53 0.59
skew 0.00 -0.01 -0.01 -0.00
kurt 3.09 2.88 2.88 2.88
AR(1) 0.19 0.07 0.05 0.10
AR(5) 0.10 0.05 0.03 0.07
AR(10) -0.05 0.01 -0.01 0.02

Table A.16. Swiss Consumption Growth Estimates

This table reports estimation results for the consumption growth process given by

c,

Cy
dgs = kg(pg — gr)dt + € - 0. dWy,.

where the Brownian shocks are orthogonal and we preset € = 0.50. The model is estimated
via simulated method of moments targeting the mean, standard deviation, skewness, kurto-
sis, and autocorrelations of quarterly realized consumption growth. Panel (a) reports point
estimates alongside 95% confidence intervals. Panel (b) reports moments in the data and

= gtdt + UCdWC,ta

model implied moments alongside 95% confidence intervals.
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Panel A

Parameter Estimate Lower Upper
Kg 0.06 -0.12 0.24
04(%) 3.22 2.80 3.63
oc(%) 0.92 0.83 1.01
Panel B
Moment Data Model Lower Upper
mean (%) 3.29 3.29 2.87 3.71
std (%) 0.99 0.99 0.90 1.08
skew 0.20 -0.00 -0.01 0.00
kurt 2.75 2.86 2.84 2.88
AR(1) 0.08 0.11 0.05 0.17
AR(5) 0.05 0.08 0.02 0.13
AR(10) 0.06 0.03 -0.01 0.07

Table A.17. Australian Consumption Growth Estimates
This table reports estimation results for the consumption growth process given by

dC
— = gudt 4 0. dW,y,
Cy ’

dgs = kg(pg — gr)dt + € - 0. dWy,.

where the Brownian shocks are orthogonal and we preset € = 0.50. The model is estimated
via simulated method of moments targeting the mean, standard deviation, skewness, kurto-
sis, and autocorrelations of quarterly realized consumption growth. Panel (a) reports point
estimates alongside 95% confidence intervals. Panel (b) reports moments in the data and
model implied moments alongside 95% confidence intervals.
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Figure A.1. Number of long-term bond yield forecasters by country
This figure displays number of forecasters predicting 10-year as part of the Consensus Eco-

1995.1 - 2020.12.

1S

for the given country. The sample period

nomics surveys
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Figure A.2. Comparison of H15 and BB yields
The above figures show the time series of US 10-year par yields obtained from the Fed and
US 10-year zero yields obtained from Bloomberg (Panel (a)) as well as the difference between
the two series (Panel (b)). Data is available for the sample period 1995.1 to 2020.12.
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Figure A.3. Comparison
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The above figure shows the time series of US 10-year zero log yields obtained from Bloomberg
that have been generated assuming continuous, annual, and semi-annual compounding.
Data is available for the sample period 1995.1 to 2020.12.
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Figure A.4. Constant Maturity Macro Expectations
Figure displays a visual explanation to the construction of the constant maturity proxy. Let
j be the month of the year, so that j = 1 for January and j = 1,2,...,12. A constant
maturity expectation is formed taking as weight (1 — 2

remaining forecast for the same year), and

the following year).
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(c) Option-implied risk neutral exchange rate volatility

Figure A.5. Volatility of realized bond returns and spot exchange rates
Panel (a) displays the volatilities of ten year sovereign bond returns, panel (b) displays the volatilities of spot exchange rates changes
and panel (c) displays option-implied risk neutral exchange rate volatilities for AUD, CAD, CHF, NOK, NZD, SEK, JPY, EUR,
GBP (and USD for panel (a)). Volatilities in panels (a) and (b) are measured as the sum of squared differences of log prices in the
22 days preceding a sampled date. Dates are sampled as the survey dates of the Consensus Economics forecasts.
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Figure A.6. Interest Rate Spreads

Figure displays term structure slopes (panel a) and 1-year interest rate differentials (panel
b) for AUD, CAD, CHF, NOK, NZD, SEK, JPY, EUR, GBP and USD. The slope of the
yield curve is defined as the difference between the respective country’s ten year bond yield

and its one year bond yield. The sample period is 1995.1 to 2020.12.
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Figure A.7. Projected Bond Risk Premia
Figure displays projected bond risk premia for AUD, CAD, CHF, NOK, NZD, SEK, JPY,
EUR, and GBP. The projections for the bond risk premium are obtained by regressing
realized ex-post premia on the slope of the yield curve and then forming 12-month ahead
projections. Sample period is monthly observations from between 1995.12 and 2019.12.
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Figure A.8. Projected Exchange Rate Risk Premia
Figure displays subjective exchange rate risk premia for AUD, CAD, CHF, NOK, NZD, SEK,
JPY, EUR, and GBP. The projection for the bond risk premium are obtained by regressing
realized ex-post premia on the interest rate differential between the foreign country and the
United States and then forming 12-month ahead projections. The sample period is 1995.1

to 2020.12.
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Figure A.9. Correcting Errors: A RMSE in the Fixed Income market
This figure displays the exploitation of predictable forecast errors using Equation (A.3).
Panel (a) shows the difference in root mean squared error (A RMSE) between the
predictability-corrected forecast and the raw survey-implied forecasts. To predict forecast
errors, a linear model as specified in Equation (12) is used to predict the error term of Equa-
tion (A.3). Panel (b) shows the same difference in RMSE between the raw survey-implied
forecasts and the predictability-corrected forecast when using just the simple historical av-
erage to predict the error term of Equation (A.3). The horizontal axes shows the behaviour
of A RMSE for varying moving window sizes of 60 to 120 observations. The vertical axis
shows the A RMSE in percent (RMSE“’”“M_RMSES“’"“” % 100). Data is available for the

RMSEsurvey
sample period 2000.1 to 2020.12.
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Figure A.10. Correcting Errors: A RMSE in the Foreign Exchange market
This figure displays the exploitation of predictable forecast errors using Equation (A.3).
Panel (a) shows the difference in root mean squared error (A RMSE) between the
predictability-corrected forecast and the raw survey-implied forecasts. To predict forecast
errors, a linear model as specified in Equation (12) is used to predict the error term of Equa-
tion (A.3). Panel (b) shows the same difference in RMSE between the raw survey-implied
forecasts and the predictability-corrected forecast when using just the simple historical av-
erage to predict the error term of Equation (A.3). The horizontal axes shows the behaviour
of A RMSE for varying moving window sizes of 60 to 120 observations. The vertical axis
shows the A RMSE in percent (RMSEcagﬁfggu}ffSES“”ey % 100). Data is available for the
sample period 2000.1 to 2020.12. ’
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