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Abstract

We document that currencies with a steeper yield curve tend to depreciate against the US
dollar, independently of interest-rate differentials, especially at 2 to 4-year horizons. Using
survey data, we demonstrate that this relationship is driven by expectations of macroeco-
nomic fundamentals reflected in the yield-curve slope. Within a no-arbitrage, preference-free
framework, we derive conditions under which transitory risk can rationalize our documented
relationship alongside the ‘disconnect’ of exchange rates from interest rates. We show these

conditions emerge as equilibrium outcomes in models of domestically-incomplete markets.

JEL Codes: E43, F31, G12.
Key Words: Bond Yields; Exchange-Rate Risk Premia; Incomplete Markets; Term Structure;

Uncovered Interest Parity.

*We are especially grateful to Giancarlo Corsetti for many helpful discussions. We also thank anonymous
referees, Gianluca Benigno, Ambrogio Cesa-Bianchi, Joe Chen, Mikhail Chernov, Luca Dedola, Pierre De Leo
(discussant), Pierre-Olivier Gourinchas, Matteo Maggiori, Thomas Nitschka (discussant), Ilaria Piatti (discus-
sant), Katrin Rabitsch, Lucio Sarno, Sanjay Singh, Alan Taylor, and Adrien Verdelhan, as well as presentation
attendees at the Bank of Canada, Bank of England, Centre for Central Banking Studies, Banque de France-Bank
of England International Macroeconomics Workshop, CRETE 2019, European Economic Association Annual
Conference 2019, Federal Reserve Bank of New York, Money, Macro and Finance Annual Conference 2019, the
Royal Economic Society Annual Conference 2019, University of Nottingham, University of Cambridge, the 10th
Banca d’Italia-European Central Bank Workshop on Exchange Rates, the 37th International Conference of the
French Finance Association, UC Davis, the American Economic Association Annual Meetings 2023, Texas State
University, the 5th Liquidity in Macroeconomics Workshop (Federal Reserve Bank of San Francisco), the Bank of
Canada-Federal Reserve Bank of San Francisco Conference on Fixed Income Markets 2023, and the International
Association for Applied Econometrics Annual Conference 2023 for useful comments. The paper was previously
presented with the title “Exchange-Rate Risk and Business Cycles”. Marin acknowledges the Keynes Fund at
the University of Cambridge (Project JHUK) for financial support on this project. The views expressed in this
paper are those of the authors, and not necessarily those of the Bank of England.

TBank of England and Centre for Macroeconomics. Email Address: simon.lloyd@bankofengland.co.uk.

#University of California, Davis. Email Address: emarin@ucdavis.edu.



1 Introduction

Uncovered interest parity (UIP) predicts that expected carry-trade returns should be zero.
While UIP robustly fails at short horizons (Hansen and Hodrick, 1980; Fama, 1984; Engel,
2016), it cannot be rejected empirically over long horizons (Chinn and Meredith, 2005; Chinn
and Quayyum, 2012) or with long-maturity bonds (Lustig, Stathopoulos, and Verdelhan, 2019).
In this paper, we shift our focus to, comparatively underexplored, intermediate horizons and doc-
ument how differences between long- and short-maturity interest rates—the yield-curve ‘slope’—
can explain exchange-rate dynamics, over and above spot-yield differentials. Our focus on the
slope is motivated by its widespread use as a leading indicator of macroeconomic outcomes
(Estrella and Hardouvelis, 1991; Estrella and Mishkin, 1998; Estrella, 2005; Bansal and Shalias-
tovich, 2013), allowing us to revisit the ‘disconnect’ between exchange rates and macroeconomic
fundamentals (Meese and Rogoff, 1983), both empirically and theoretically.

We first document an empirical association between relative yield-curve slopes and exchange-
rates, which is strongest at medium-term (2 to 4-year) horizons. To provide an initial illustration
of this novel finding, Figure 1 plots coefficient estimates from ‘canonical’ UIP regressions—of
exchange-rate changes on spot-yield differentials—across horizons (from 6 months to 10 years)
and UIP regressions ‘augmented’ with cross-country differences in yield-curve slopes—here,
measured as the difference between observed 10-year and 6-month yields, a common proxy,
for a panel of 6 advanced economies vis-a-vis the US.! Most striking is the significant tent-
shaped relationship across horizons between the relative slope and exchange rates, conditional
on interest-rate differentials (Figure 1b). At the 3-year peak, a 1pp increase in a country’s
yield-curve slope relative to the US is, on average, associated with a 4.4% cumulative (1.64%
annualized) exchange-rate depreciation over that horizon.

We explore this result further by analyzing the association between relative yield-curve
slopes, bond risk premia and exchange-rate risk premia (ERRP), extending the empirical anal-
ysis in Lustig et al. (2019). By distinguishing carry-trade strategies across holding periods and
using different maturity bonds, our empirical framework has at least two advantages relative
to the literature. First, we disentangle the relationship between the relative yield-curve slope
and ERRP, as opposed to local-currency bond risk premia. Second, our specification reduces
the empirical challenges posed by the limited number of non-overlapping observations in the
long-horizon UIP regressions underpinning Figure 1. Still, as in the augmented UIP regression,
we identify a tent-shaped relationship between exchange rates and relative slopes that peaks at
2 to 4-year holding periods, for a range of bond maturities, and is orthogonal to interest-rate dif-
ferentials. We further show that the relationship is predominantly linked to ERRP. Our results
are also robust to a range of specification changes, as well as the inclusion of liquidity yields
(Du, Im, and Schreger, 2018; Engel and Wu, 2022) (the non-monetary returns that government

bonds provide due to their safety, ease of resale, and collateral value).

!Figure la plots the estimated yield-differential coefficients. While our main focus is on Panel (b), the
augmented regression does not challenge the common view that UIP can be rejected at short to medium horizons,
but is harder to reject at longer horizons. Appendix A.2 details the regression specification.



Figure 1: Results from canonical and augmented UIP regressions

(a) Estimated relative-yield coefficients (b) Estimated relative-slope coefficients
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Notes: Coeflicient estimates from regressions of xK-month exchange-rate change on: (i) k-month yield differentials;
(ii) k-month yield differentials and relative yield-curve slope. See Appendix A.2 for details. Panel (a): loading on
relative-yield differentials from (i) (red crosses) and (ii) (black circles); (b): loading on relative-slope differentials
from (ii). Horizontal axes plot horizons x in months. Regressions estimated for 6 currencies (AUD, CAD,
CHF, EUR, JPY, GBP) vs. USD, 1980:01-2024:09, pooled with country fixed effects. 95% confidence intervals,
calculated using Driscoll and Kraay (1998) standard errors, denoted by gray shading/black bars.

To uncover the drivers of this relationship, we use survey data from Consensus Economics
to show that the component of the relative yield-curve slope associated with ERRP is tightly
linked to expectations of macroeconomic fundamentals. We do so by first isolating variation in
relative yield-curve slopes explained by cross-country differences in expectations of GDP growth
and inflation.? Going a step further, we show that it is predominantly this component of relative
slopes—as opposed to the unexplained component—that generates the tent-shaped relationship
between yield curves and exchange rates. So, our evidence suggests that the relationship between
relative yield-curve slopes and intermediate-horizon exchange-rate dynamics that we uncover
has its roots in cross-country differences in expected macroeconomic fundamentals.

Turning to theory, we show that the empirical association between relative slopes and ERRP
can be reproduced within a no-arbitrage framework, alongside the ‘disconnect’ of exchange rates
from spot yields. To do so, we build on the SDF process proposed in Alvarez and Jermann
(2005), which expands on the canonical Vasicek (1977) model for the term-structure of interest
rates, and undertake a risk-accounting exercise. The model incorporates three types of risk: (i)
permanent innovations; (ii) transitory innovations; and (iii) transitory innovations which are
restricted to have an offsetting conditional mean and variance. While all three drive exchange
rates, (i) is not reflected in spot yields or yield-curves slopes (Chernov and Creal, 2023) and
would result in failure of long-run UIP if not equalized across countries (Lustig et al., 2019).
(ii) is reflected in both yields and slopes (Alvarez and Jermann, 2005). We show that only (iii)
drives yield-curve slopes, but is ‘hidden’ from spot yields.

Through the lens of our decomposition, cross-country differences in both transitory inno-

?Bansal and Shaliastovich (2013) show that yield-curve slopes are associated with expectations of GDP growth
and inflation within a country. Consistent with our focus on the relative price of currencies, our analysis hones
in on cross-country differences in slopes and macroeconomic expectations.



vations drive exchange-rate dynamics. With transitory risk, booms—periods in which con-
sumption has low marginal value—are expected to be followed by busts—periods in which
consumption has high marginal value, and so yield curves slope upwards, on average, to com-
pensate investors for risk (Piazzesi and Schneider, 2007). This ‘business-cycle’ risk is consistent
with our empirical evidence using survey data showing that the association between ERRP
and relative yield-curve slopes reflects cross-country differences in macroeconomic expectations.
Our results echo Basu, Candian, Chahrour, and Valchev (2021) who identify a ‘risk shock’ that
drives a large portion of aggregate co-movement over the business-cycle, including exchange
rates, and contributes to a positive yield-curve slope. Furthermore, as long as transitory risk is
predominantly due to the hidden factor (iii), this will also imply a disconnect of exchange rates
from spot yields.

Not only are the conditions which underlie hidden factors plausible, they arise as equilibrium
outcomes in a large class of models where heterogeneous agents trade in incomplete financial
markets—e.g., due to segmentation within or across countries, or due to the presence of unin-
surable idiosyncratic risk.® To see this, we consider a framework where there are two investors
in the domestic economy. The marginal investor trades in both domestic and foreign bonds and
is exposed to two (transitory) factors, while the other only invests in domestic bonds and is
exposed only to one. Here, no arbitrage requires that the second factor be hidden from bond
prices of any traded maturity (i.e., it be unspanned), since investors must agree on pricing, yet
the second factor will still be reflected in the yield curve slope. This occurs because the hidden
factor has offsetting effects on the mean and variance of SDFs. Our findings are therefore a
challenge for general-equilibrium models which generate a functional relationship between the
mean and variance of SDFs—notably, those with external habits (Campbell and Cochrane,
1999) and long-run risk (Bansal and Shaliastovich, 2013)—as summarized in Hassan, Mertens,
and Wang (2024), who argue that this creates a tension between closed and open-economy asset
pricing. To speak to these contributions, we conclude by showing our findings survive in a class
of dynamic asset-pricing models that allow for time-varying volatility (e.g., Cox, Ingersoll, and
Ross, 1985).

Related Literature. While previous studies have noted an empirical association between
exchange rates and relative yield-curve slopes (e.g., Ang and Chen, 2010; Chen and Tsang,
2013; Grab and Kostka, 2018; Chernov and Creal, 2020), our analysis goes further in three

ways.? First, our focus is on intermediate horizons whereas existing studies focus on horizons of

3Within-country segmentation is studied in, e.g., Alvarez, Atkeson, and Kehoe (2009); Hassan (2013), cross-
country segmentation in, e.g., Gabaix and Maggiori (2015); Itskhoki and Mukhin (2017); Chernov, Haddad, and
Itskhoki (2024). Gourinchas, Ray, and Vayanos (2022) includes both. Incomplete markets due to idiosyncratic
risk and the associated asset-pricing implications are studied in Constantinides and Duffie (1996a); Alvarez et al.
(2009); Hassan (2013); Marin and Singh (2024).

4Chen and Tsang (2013) only find significance at short horizons, but we attribute this difference to the fact they
capture relative yield-curve factors by directly estimating Nelson and Siegel (1987) decompositions from relative
interest-rate differentials, thus assuming common factor structures across countries. In contrast, we construct
proxies for factors using yield curves estimated on a country-by-country basis, allowing factor structures to be
country-specific.



less than 2 years. Second, by extending the empirical setup of Lustig et al. (2019), we distinguish
the relative slope’s role for different components of bond returns to show a particular association
between the slope and ERRP, not local-currency bond premia. Third, we use survey data to
document new evidence that the relationship between the relative slope and ERRP is specifically
associated with cross-country differences in macroeconomic expectations.

In doing so, we contribute more generally to the literature ‘reconnecting’ currency moves
to fundamentals. While existing examples use, e.g., production data (Colacito, Riddiough, and
Sarno, 2020), capital-flow data (Lilley, Maggiori, Neiman, and Schreger, 2022) or productivity-
news shocks (Chahrour, Cormun, De Leo, Guerron-Quintana, and Valchev, 2021) to assess the
macroeconomic origins of exchange-rate dynamics, our study connects exchange-rate changes
to cross-country differences in macroeconomic expectations captured in survey data. To date, a
limited literature has used such data to assess short-horizon exchange-rate anomalies (e.g., Can-
dian and De Leo, 2023; Stavrakeva and Tang, 2023) but our analysis is unique in its particular
focus on medium-term horizons.

Our theoretical exposition contributes to a literature using term-structure models to un-
derstand exchange-rate determination (e.g., Lustig et al., 2019; Chernov and Creal, 2023). We
make three further contributions here. First, while others have shown an association between
the relative slope and ERRP within a no-arbitrage setup, we introduce restrictions to tran-
sitory risk to reproduce the ‘connection’ between yield-curve slopes and ERRP alongside the
‘disconnect” between ERRP and spot yields and the failure to reject long-horizon UIP. Sec-
ond, while term-structure models are almost exclusively written under complete markets with
a unique SDF, we contribute to a nascent literature on ‘hidden’ factors (Joslin, Priebsch, and
Singleton, 2014; Bakshi, Crosby, Gao, and Hansen, 2023), illustrating how these restrictions
arise as equilibrium outcomes in models of incomplete markets. Finally, we build on Balduzzi,
Das, and Foresi (1998) and Ang and Chen (2010) to show how our results generalize to models
of stochastic volatility. Relative to Ang and Chen (2010), we derive the conditions required to
jointly deliver the failure of UIP, upward sloping yield curves and a relationship between yield
curves and ERRP.

Outline. Section 2 presents our empirical results. Section 3 describes our preference-free, no-
arbitrage framework, establishing a link between yield-curve slopes and transitory risk. Section
4 specifies a model which rationalizes our findings alongside the disconnect from short yields.

Section 5 concludes.

2 Empirical Link Between Exchange Rates and Relative Slopes

We first present new empirical evidence about the link between exchange rates, vis-a-vis the
US dollar, and relative yield-curve slopes. We then show that the relationship between relative
slopes and ERRP at medium-term horizons is predominantly associated with cross-country

differences expectations of GDP growth and inflation.



2.1 Excess Returns, Risk Premia and Relative Slopes
2.1.1 Empirical Setup

Let P, , denote the price of a xk-maturity zero-coupon bond at time ¢ and R;, > 1 denote the
gross return on that bond. To decompose bond returns, we distinguish a bond’s maturity « from
its holding period h, where h < k and h = & if and only if the bond is held to maturity. The
h-month holding period return on a x-month zero-coupon bond is H PRg:;:_h = Pithw—n/Pix
(the bond’s resale price at t + h when its maturity has diminished by h months relative to its

time-t price). The (log) excess return on that bond over the holding period h is thus:

()
K HPRtt h
T‘T;t)-‘rh = IOg T: (1)

where Ry 3, is the gross return on an h-month zero-coupon bond at time ¢, the risk-free rate.

The h-period (log) return on a Foreign bond, expressed in US dollars, in excess of the

risk-free return in the base currency, rmi?ﬁw can be decomposed as:
(k).$ 1 HPRzgfzikh & 1 HPRl(t’jf)—:h 1 |:R:h & ] (k)= FX (2)
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, represents the (log) local-currency bond return from a Foreign bond and TTy

*
where rx('z)
b

tt+
is the (log) currency excess return.

To study the drivers of these returns, we first estimate the following panel regressions for

different holding periods h and bond maturities k:
K) (k * K K)
Yg',t,h = 72,/2 (S5e—St) + f;,h) + €§,t+h (3)

where S7, is the slope of the Foreign-country-j yield curve at time ¢, S; is the slope of the

(%)

tn 18 either:

base-country yield curve, > and y

° mcg?tih — rw%}%m 4, the dollar bond-return difference, the excess return on the Foreign

bond in US dollar terms relative to the US return;

. m:f t)‘; 4 the exchange-rate risk premium (ERRP), the excess return from Foreign cur-

rency; or,

(r)* (~)

® TLiyiih T TSk the local-currency bond-return difference, the excess return on the

Foreign bond in Foreign-currency terms relative to the US return.

The coeflicient 'yén}z captures the association between the relative slope and (annualized) ERRP

or bond premia.

5 Along with its curvature, the level and slope of the yield curve are known to capture a high degree of variation
in bond yields (Litterman and Scheinkman, 1991).



Regression (3) aligns with the specification in Lustig et al. (2019) when h = 1—although they
consider a 1-month holding period, while we look at 6-month holding periods, so comparison
is not exact. Looking at x = 120 only, they show that the relative yield-curve slope has an
insignificant influence on dollar bond-return differences, but opposing effects on local-currency
bond-return differences (positive coefficient) and ERRP (negative coefficient) that cancel out
overall. Our empirical framework extends this, assessing the predictability of excess returns
with yield-curve slope differentials at a range of maturities x and holding periods h, bridging
the gap between the canonical UIP regressions and Lustig et al. (2019).

To account for the contribution of the relative slope over and above spot-yield differentials,

we also estimate the following extending regression:
Yion = Mon (= ren) +950 (S50 = S0) + £i7 + el (4)

where the maturity of the relative spot yield, ;5 = log(R;), matches the holding period h

of the excess return on the left-hand side yﬁ)h.

2.1.2 Data

We estimate these regressions using exchange- and interest-rate data for 7 jurisdictions with
liquid bond markets: Australia, Canada, Switzerland, Euro Area, Japan, UK, and US. The US
is the base country among our sample of G7 currencies. To capture the term structure of interest
rates in each region, we use nominal zero-coupon government bond yields of 6, 12, 18, ..., 120-
month maturities. Yield curves are obtained from a combination of sources, including central
banks and Wright (2011) (Appendix A.1), so our bond-yield panel is unbalanced. Nominal
exchange-rate data is from Refinitiv. We use end-of-month data from 1980:01 to 2024:09.

We measure the yield-curve slope in each region with proxies. We define the slope as the
difference between the 10-year and 6-month yields, 57, = y7, 10, — y]’itﬁm.“ Since these proxies
are constructed by taking cross-country differences derived from yield curves estimated on a
country-by-country basis, we do not assume any symmetry in the factor structure of yield

curves across countries—unlike Chen and Tsang (2013).

2.1.3 Results

Tables 1 and 2 present the full results for regression (3), with Figure 2 focusing on the coef-
ficient estimates for the 10-year maturity only (k = 120). Importantly, where our regression
specification most closely matches Lustig et al. (2019), at short holding periods h = 6 and
the longest maturity x = 120, our results mirror theirs. The relative slope is insignificantly
associated with the dollar bond-return difference (Panel A), a positive and significant influence

on the local-currency bond-return difference (Panel C), and a negative and significant influence

SWe prefer this proxy to principal-component estimates of the slope, which potentially contain look-ahead
bias, being defined using weights estimated using information in the whole sample. By construction, our proxy
is only based on information available up to time ¢. Nevertheless, our findings are robust to the use of principal-
component-based measures.



Figure 2: Estimated relative slope coefficients from excess-return regressions across holding
periods for 10-year maturity
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Notes: ’Ayé’l,fo) estimates from regression (3) for dollar bond-return differences (blue diamonds), exchange-rate
risk premia (maroon circles) and local-currency bond-return differences (grey crosses). Horizontal axis denotes
the holding period h in months. Regressions estimated using pooled monthly data for 6 currencies (AUD, CAD,
CHF, EUR, JPY, GBP) against the USD from 1980:01 to 2024:09, including country fixed effects. 95% confidence
intervals, calculated using Driscoll and Kraay (1998) standard errors, denoted by shaded areas/bars around point

estimates.

on the ERRP (Panel B). The latter two effects approximately cancel out for dollar bond-return
differences. More generally, the short-horizon local-currency bond-return difference predictabil-
ity confirm results for US bond returns (see, e.g., Fama and Bliss, 1987; Campbell and Shiller,
1991; Cochrane and Piazzesi, 2005).

Exploring our results across holding periods h and for all maturities k, two observations
are noteworthy. First, while the relative yield-curve slope does not significantly predict dollar
bond-return differences at the 6-month holding period for 10-year bonds, the relative-slope
loading for the same bond maturity is significantly non-zero over some longer holding periods.
While, in the former case, the influence of the relative slope on currency and local-currency
bond returns offset one another (in line with Lustig et al., 2019), our results indicate that the
influence of the relative slope on the currency premium dominates over longer holding periods,
even for long-term bonds. This does not necessarily contradict the conclusions in Lustig et al.
(2019), but echoes that exchange rates may be near random-walk objects (e.g., Chernov and
Creal, 2023; Andrews, Colacito, Croce, and Gavazzoni, 2024). Nevertheless, for a given holding
period, the influence of the relative slope on dollar bond returns decreases in magnitude with
maturity.

Second, for a given maturity, the loading on the relative slope tends to peak in magnitude at
short-to-medium holding periods for the dollar bond risk premium. For the 66-month maturity,
and above, the peak coefficient occurs at the 18-month holding period. Here a 1pp increase in the
Foreign relative slope, vis-a-vis the US slope, is associated with a 1.2-1.8% annualised reduction
in dollar-bond premia on Foreign bonds. This gives rise to a(n inverse) tent shaped relationship

in the coefficients across h, as the Figure 2 shows for dollar bond-return differences for the



Table 1: Slope coefficient estimates from dollar bond-return and ERRP regressions

1) (2) (3) (4) (5) (6) (7) (8) 9) (10)
Holding Periods h
6m 12m 18m 24m 30m 36m 42m 48m 54m 60m
(<)% (=)

Panel A: Dependent Variable TT i T TS et

12m | -2.44%F%

(0.74)

18m | -2.41%F% g 7R

(0.73) (0.52)

24m | -2.36%FF  215FRE 9 R

(0.71) (0.51) (0.41)

30m | 2310 1Rk g 1oRRk ] gk

(0.71) (0.51) (0.40) (0.34)

36m | -2.24%F% 2 08FFE 8%k ] gokwx ] 7gik

(0.70) (0.50) (0.39) (0.33) (0.28)
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(0.69) (0.49) (0.38) (0.33) (0.27) (0.23)
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(0.68) (0.49) (0.38) (0.32) (0.27) (0.22) (0.21)
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(0.68) (0.48) (0.37) (0.32) (0.26) (0.22) (0.21) (0.21)
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(0.68) (0.48) (0.37) (0.31) (0.26) (0.22) (0.20) (0.21) (0.21)

66m | -L8IFFE  L74RRR ] gqRRk ] gk ] 7RRR ] Bk ] ggek ] 03k 0 81FRE _0.65%*
(0.68) (0.48) (0.36) (0.31) (0.25) (0.21) (0.20) (0.21) (0.21) (0.20)
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(0.68) (0.48) (0.36) (0.30) (0.25) (0.21) (0.20) (0.20) (0.20) (0.19)
84m | -LB2¥F  L4QFRE L] E4%RE ] E3FRF ] BgERE ] ageke ] o0%Rr 0 0ERFF 0. 7ERRE _0.61%F*
(0.68) (0.48) (0.36) (0.30) (0.25) (0.21) (0.19) (0.20) (0.19) (0.19)
90m | -143%F  JLATRRE JLETRRE L ETRRE ] BZRRE ] Q¥R L] 1E%RE L0.03%FF  _(73%KF () 50%kk
(0.68) (0.48) (0.36) (0.30) (0.25) (0.21) (0.19) (0.20) (0.19) (0.19)
96m | -1.34FF J133FRE L B0RRE ] BRERE ARRRE ] 34%RK ] 12%F _0.00%FK (. 70%FF 057k

(0.68) (0.48) (0.36) (0.30) (0.24) (0.21) (0.19) (0.19) (0.19) (0.18)
102m | -1.24%  L25%FX 1AZRRE ] 4EFRF _143%0x ] 30%RK ] Q7R Q86FFF Q.68 FF 055
(0.68) (0.48) (0.35) (0.30) (0.24) (0.21) (0.19) (0.19) (0.18) (0.18)
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(0.68) (0.48) (0.35) (0.30) (0.24) (0.21) (0.19) (0.19) (0.18) (0.18)
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(0.68) (0.48) (0.35) (0.29) (0.24) (0.21) (0.19) (0.19) (0.18) (0.17)
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(0.68) (0.48) (0.35) (0.29) (0.24) (0.21) (0.19) (0.19) (0.18) (0.17)

: : FX
Panel B: Dependent Variable TT h

ST S2A3FFE L ATRRR 2 J0FFF ] 88FFF 1 77FRF ] BOFRF 1 33FFF ] OB5FFF  Q.82FFF 0 G5FFF
(0.76) (0.54) (0.42) (0.35) (0.28) (0.23) (0.22) (0.22) (0.22) (0.21)

Notes: Coefficient estimates on the relative yield curve slope StR = St* — St from regressions with the (log) dollar bond-return difference
(Panel A) or the (log) ERRP (Panel B) as dependent variables. Regressions estimated using pooled end-of-month data for 6 currencies
(AUD, CAD, CHF, EUR, JPY, GBP) against the USD for 1980:01-2024:09. Log returns are annualised. All regressions include country
fixed effects. The panels are unbalanced and Driscoll and Kraay (1998) standard errors are reported in parentheses. *, % and * % * denote

significant point estimates at 10%, 5% and 1% levels, respectively.



Table 2: Slope coefficient estimates from local-currency bond-return regressions

1) (2 (3) (4) (5) (6) (7) (8) 9) (10)
Holding Periods h
6m 12m 18m 24m 30m 36m 42m 48m 54m 60m
Panel C: Dependent Variable rxg.i)“rh - Txgg’t ith
12m -0.01
(0.04)
18m 0.02 -0.00
(0.08) (0.03)
24m 0.07 0.01 -0.01
(0.12) (0.06) (0.03)
30m 0.13 0.04 -0.01 -0.03
(0.15) (0.09) (0.05) (0.02)
36m 0.19 0.09 0.01 -0.04 -0.02
(0.17) (0.11) (0.07) (0.04) (0.02)
42m 0.26 0.14 0.04 -0.03 -0.03 -0.01
(0.20) (0.12) (0.09) (0.06) (0.03) (0.01)
48m 0.35 0.21 0.09 -0.01 -0.02 -0.02 -0.01
(0.22) (0.15) (0.11) (0.07) (0.05) (0.03) (0.01)
54m 0.43* 0.28%* 0.14 0.02 -0.00 -0.00 -0.00 -0.00
(0.24) (0.16) (0.12) (0.08) (0.06) (0.04) (0.02) (0.01)
60m 0.52%%* 0.35%* 0.19 0.05 0.03 0.02 0.01 0.01 0.00
(0.26) (0.17) (0.13) (0.10) (0.07) (0.05) (0.03) (0.02) (0.01)
66m 0.62%* 0.43%* 0.26* 0.10 0.06 0.05 0.04 0.02 0.01 0.01
(0.28) (0.19) (0.15) (0.11) (0.08) (0.06) (0.04) (0.03) (0.02) (0.01)
72m 0.72%* 0.51** 0.32%* 0.15 0.10 0.08 0.07 0.04 0.03 0.02
(0.29) (0.20) (0.16) (0.12) (0.09) (0.06) (0.05) (0.04) (0.03) (0.02)
78m 0.81%**  (.59%** 0.39%* 0.20 0.15 0.12 0.10* 0.07 0.05 0.03
(0.31) (0.21) (0.17) (0.13) (0.10) (0.07) (0.06) (0.05) (0.04) (0.02)
84m 0.91%**  Q.67*** 0.46%* 0.25% 0.20%* 0.16** 0.14%* 0.09* 0.07 0.05
(0.32) (0.22) (0.18) (0.14) (0.11) (0.08) (0.07) (0.05) (0.04) (0.03)
90m 1.00%**  Q.76%**  (.52%** 0.31%* 0.25%* 0.20%* 0.17** 0.13** 0.09* 0.06*
(0.33) (0.23) (0.19) (0.14) (0.11) (0.09) (0.07) (0.06) (0.05) (0.04)
96m 1.10%**  0.84%**  (.59*** 0.37** 0.30%* 0.25%** (. 22%** 0.16** 0.12%* 0.08%*
(0.34) (0.24) (0.20) (0.15) (0.12) (0.10) (0.08) (0.07) (0.06) (0.04)
102m | 1.19%*¥*  0.92%%*  (0.66%**  (0.42%**  (0.35%**  (.20%%* (. 26*** 0.19%* 0.14%** 0.11%*
(0.35) (0.25) (0.21) (0.16) (0.13) (0.10) (0.09) (0.07) (0.06) (0.05)
108m | 1.28%**  1.00%**  0.73%¥*%*  (0.48%**  (0.40%F*  (0.34%*¥*F  (0.30%**  (.23%** 0.17** 0.13%*
(0.36) (0.26) (0.21) (0.17) (0.14) (0.11) (0.10) (0.08) (0.07) (0.05)
114m | 1.37%¥*%  1.07%F*  0.79%*%F  Q.54%**  (0.45%F*  (.39%**F  (0.34%F**  0.26%FF  (0.20%** 0.15%*
(0.37) (0.27) (0.22) (0.18) (0.14) (0.12) (0.10) (0.09) (0.07) (0.06)
120m | 1.45%%*%  1.15%%*  (.86%**  (.59%*¥*  (.49%*F*  (0.43%¥*¥*  (.38%*¥*  (.20%F* (. 23*¥FF (. 17F**
(0.39) (0.29) (0.23) (0.19) (0.15) (0.13) (0.11) (0.09) (0.08) (0.06)

Notes: Coefficient estimates on the relative yield curve slope S; — S¢ from regressions with the (log) local-currency bond-return
difference (Panel C) as dependent variable. Regressions estimated using pooled end-of-month data for 6 currencies (AUD, CAD,
CHF, EUR, JPY, GBP) against the USD for 1980:01-2024:09. Log returns are annualised. All regressions include country fixed
effects. The panels are unbalanced and Driscoll and Kraay (1998) standard errors are reported in parentheses. #*, xx and * * *

denote significant point estimates at 10%, 5% and 1% levels, respectively.
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Figure 3: Estimated relative slope coefficients from ERRP regressions across holding periods
with and without controlling for relative spot-yield differentials

Coefficient

0 6 12 18 24 30 3% 42 48 54 60
Holding Period (in months)

— & — Rel. Slope Only
—e— Rel. Slope, w. Rel. Spot Yield

Notes: 42,5 estimates from regressions (3) (maroon circles) and (4) (black circles) for exchange-rate risk premia.
Horizontal axis denotes the holding period h in months. Regressions estimated using pooled monthly data for
6 currencies (AUD, CAD, CHF, EUR, JPY, GBP) against the USD from 1980:01 to 2024:09, including country
fixed effects. 95% confidence intervals, calculated using Driscoll and Kraay (1998) standard errors, denoted by

shaded areas/bars around point estimates.

10-year maturity. Although significant at shorter holding periods and longer maturities, the
relative slope loadings are quantitatively small for local-currency bond premia. Panel B reveals
that the relative slope is predominantly associated with ERRP, since loadings on currency excess
returns dominate in explaining the relative slope’s impact on relative dollar-bond risk premia.

The (inverse) tent-shaped relationship between the relative slope and excess returns arises
when controlling for spot-yield differentials, as in regression (4). Figure 3 demonstrates this,
presenting the coefficient estimates on the relative slope for ERRP from that regression, com-
pared to the benchmark regression (3). The coefficient estimates are also tabulated in Panel
A of Table 3. In the specification with spot-yield differentials as controls, the negative coeffi-
cient on the relative slope is significantly different from zero from the 18-month holding period
and above. At the peak, 30-month horizon, a 1pp increase in the Foreign yield curve vis-a-vis
the US is associated with a 1.6% annualised reduction in the Foreign ERRP-—quantitatively
consistent with the role of the relative slope in Figure (1). Therefore our results indicate that
the relative slope has predictive power over and above spot-yield differences at business-cycle

horizons specifically.

2.1.4 Robustness

Before proceeding, we briefly summarize the robustness of these empirical findings vis-a-vis the
US dollar base. However, we concede that, like other UIP patterns, the tent-shaped relation-
ship between relative slope and ERRP is specific to using the US dollar as the base currency,

suggestive of a global ‘dollar’ factor, consistent with the analysis in, e.g., Jiang (2024).
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Table 3: Robustness of relative slope coefficient estimates from regression (3) for rafX

tit+h
€ (2) (3) (4) (5) (6) (7) (®) ) (10)
Holding Periods h
6m 12m 18m 24m 30m 36m 42m 48m 54m 60m
A: Controlling for interest-rate differentials
SE -0.85 -1.05 -1.51%* SLLBIRHFR L BRFFE ] gp¥kR 1 22%%F (. 96%F* Q. TRF** -0.66%***
(1.17) (0.88) (0.63) (0.54) (0.45) (0.37) (0.30) (0.27) (0.25) (0.24)
T}I;?' 2.77 1.11 0.44 0.23 0.11 0.07 0.05 0.04 0.02 -0.00
(1.74) (0.70) (0.37) (0.25) (0.18) (0.13) (0.09) (0.07) (0.06) (0.05)
B: 1980:01-2005:12 sub-sample
SE -1.06 -1.11 -1.63%* - 1.69%FF L1L7TRRER J1.65**K J1B0¥FR J1.29%FK ] 15¥k* -1.05%*%*
(1.35) (1.02) (0.76) (0.65) (0.54) (0.44) (0.34) (0.29) (0.27) (0.26)
r}{? 4.90%%  2.16** 0.98* 0.55 0.29 0.18 0.11 0.06 -0.00 -0.04
(2.39) (0.94) (0.51) (0.35) (0.25) (0.18) (0.12) (0.09) (0.07) (0.06)
C: 1995:01-2024:09 sub-sample
ST -0.87 -1.05 SLETRRR TR TR RRR 1 56% R 1.23%FF _0.94%xF Q. 77FF -0.66*
(1.11)  (0.81)  (0.61) (0.53) (0.45) (0.40) (0.35) (0.36) (0.37) (0.36)
rf 2.26 1.12* 0.44 0.18 0.06 0.06 0.07 0.06 0.04 0.01
(1.84)  (0.62)  (0.34) (0.24) (0.17) (0.12) (0.10) (0.09) (0.08) (0.07)
D: 1980:01-2019:12 sub-sample
SE -0.75 -0.97 -1.46%* S1.42%F 150 ¥KF _1.39%kx 1 17k (. 93%kk (7R -0.66%**
(1.23) (0.92) (0.66) (0.55) (0.47) (0.38) (0.31) (0.27) (0.25) (0.24)
rf 3.27% 1.32% 0.53 0.31 0.15 0.10 0.08 0.06 0.02 -0.00
(1.87) (0.74) (0.39) (0.26) (0.19) (0.14) (0.10) (0.07) (0.06) (0.05)
E: Controlling for liquidity yields
SE -0.80 -0.90 -1.32 -1.20 -1.37%* -1.37%%* -0.99%* -0.61 -0.31 -0.10
(2.05) (1.31) (0.85) (0.73) (0.63) (0.56) (0.49) (0.48) (0.44) (0.39)
r}? 1.14 0.63 0.15 0.04 -0.02 -0.03 0.02 0.03 0.05 0.05
(2.67) (0.90) (0.44) (0.32) (0.23) (0.17) (0.14) (0.11) (0.09) (0.08)
nﬁ)y 0.06 0.06* 0.05%* 0.06** 0.06%** 0.07%** 0.07%** 0.07%** 0.07%** 0.07%**
(0.04) (0.03) (0.03) (0.02) (0.02) (0.02) (0.01) (0.01) (0.01) (0.01)

Notes: Coefficient estimates on the relative yield curve slope Sf = S* — S from regressions with the (log) ERRP as dependent variable.
Regressions estimated using pooled end-of-month data for 6 currencies (AUD, CAD, CHF, EUR, JPY, GBP) against the USD. Log returns
are annualised. All regressions include country fixed effects. The panel is unbalanced and Driscoll and Kraay (1998) standard errors are
reported in parentheses. *, ** and * * * denote significant point estimates at 10%, 5% and 1% levels, respectively. Regressions include
spot-yield differentials rB o= 7"}*1 — rp as regressors. Regressions in Panel E additionally control for 10-year liquidity yields 7]{?09 as

regressors.

Sub-Sample Stability. Panels B, C and D of Table 3 demonstrate that the association
between the relative slope and ERRP, against the US dollar, is robust to sub-sample splits.
Panel B presents results for a sample ending prior to the global financial crisis, 1980:01-2005:12.
Panel C shows results for a sample with the majority of time spanning the post-crisis period,
1995:01-2004:09. Panel D documents results for a pre-Covid sample, 1980:01-2019:12. In all

cases, estimated coeflicients peak in magnitude at the 30-month holding period.

Liquidity Yields. We also document that the significant relationship between the relative
slope and ERRP at business-cycle horizons is robust to controlling for liquidity (or convenience)
yields (i.e., non-pecuniary returns), which Engel and Wu (2022), Jiang et al. (2021), and others
have shown are important for exchange-rate determination. To do this, we use data on the term
structure of liquidity yields from Du et al. (2018). These measure the difference between risk-
free market rates and government yields at different maturities to quantify the implicit yield
on a government bond, correcting for other frictions in forward markets and sovereign risk. Let
nft’ .. denote the x-horizon liquidity premium for a x-horizon US government bond relative to an

equivalent-maturity Foreign government bond yield in country j. An increase in %Rt .. Teflects
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an increase in the relative liquidity of US Treasuries vis-a-vis country j. With these measures,

we extend regression (4) by estimating:”

S = A (o — ren) + 5 (S5 — S + A5 + £15) + S (5)

where yﬁ)h has the same definition as in regression (3) and fyéﬁ}z can be interpreted as the

average influence of a 1pp increase in relative US Treasury convenience. When the ERRP is

the dependent variable, we expect 75'2 to be positive.

The results for current returns 7‘$5 t)i », are shown for the 10-year liquidity yield 77{%03/ in Panel
E of Table 3. As before, the relative slope coefficient is significantly associated with ERRP
at business-cycle holding periods—here 2.5 to 3.5 years. Corresponding investigation into the
dollar bond-return differences confirms that the influence of the relative slope on dollar-bond
returns predominantly works through ERRP.

Strikingly, the ’yéﬁ}z coefficients reveal a stronger association between liquidity yields and
ERRP at longer horizons. The coefficients on relative liquidity yields rise monotonically with
respect to holding periods and grow in significance. This complements existing studies into
liquidity yields and exchange-rate dynamics (e.g., Engel and Wu, 2022; Jiang et al., 2021),

which have focused on short-horizon returns.

2.2 Macro Expectations, Relative Slopes and ERRP

Next, we explore the roots of the relationship between cross-country differences in yield-curve
slopes and ERRP. Motivated by widely studied links between country-specific yield-curve slopes
and macroeconomic outcomes (e.g., Estrella and Hardouvelis, 1991; Estrella and Mishkin, 1998;
Estrella, 2005), we investigate the relationship between relative yield-curve slopes across coun-
tries and relative business-cycle expectations using data from professional forecasters work-
ing at large financial institutions. We then show that the association between relative slopes
and ERRP at medium-term horizons is specifically associated with cross-country differences in

macroeconomic expectations.

2.2.1 Expectations and Relative Yield-Curve Slopes

We use forecasters’ expectations for GDP growth and inflation from Consensus Economics for
the period over which data is available for all G7 economies (1990:01-2022:12). The forecasts
are formed for the current year (y = 0) and the next year (y = 1). We denote the average
expectations of country-j forecasters for year-y GDP and inflation by Mg’te and ﬁ%’f , respec-
tively. We also use data capturing uncertainty around forecasts, labelling the cross-sectional
standard deviation of GDP and inflation expectations, across forecasters, by std(gdp¥°);, and

std(m¥€);, respectively.

" Although the Du et al. (2018) data is available from 1991:04 for some countries and tenors, some series begin
as late as 1999:01 due to data availability. All series end in 2021:03.
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Table 4: Association between relative yield curve slope and relative business-cycle expectations

(1) (2) (3) (4) (5)
Sample: 1990:01-2019:12 1990:01-2022:12

gdp© ~0.40%%* _0.32%5% ~0.24%%% ~0.15%*
(0.09) (0.09) (0.08) (0.07)
gdp"° 0.57%%* 0.42%%* 0.37%%* 0.22%
(0.16) (0.16) (0.14) (0.11)

epi° -0.39%** -0.38%#* -0.27%** -0.30%**
(0.10) (0.11) (0.09) (0.08)
i _0.44%%% ~0.29%* -0.30%* -0.21
(0.13) (0.12) (0.13) (0.14)
std(gdp®©) -0.35 -0.17
(0.48) (0.36)
std(gdp"©) 0.31 0.06
(0.42) (0.32)

std(cpi®®) 0.97* 1.02%*
(0.50) (0.44)

std(cpit©) 1.04%* 1.40%**
(0.41) (0.34)

Constant -0.64%%* ~1.10%% ~1.03% % -0.83% % -0.80%#*
(0.17) (0.15) (0.18) (0.16) (0.14)

# Countries 6 6 6 6 6

Country FE YES YES YES YES YES
Within R 0.107 0.159 0.220 0.216 0.194

Notes: Coefficient estimates from variants of regression (6), with the relative yield curve slope as the dependent
variable. Regressions estimated using pooled end-of-month data for 6 countries (with currencies: AUD, CAD,
CHF, EUR, JPY, GBP) against the US. All regressions include country fixed effects. Driscoll and Kraay (1998)
standard errors are reported in parentheses. *, *x and * * * denote significant point estimates at 10%, 5% and
1% levels, respectively.

We illustrate the link between relative business-cycle expectations and the relative yield-

curve slope by estimating variants of the following regression:

LD

y=0,1

+ fitei

{191 (gdpﬁ',’f " — gdp}; Z,t) + 92 (ﬁf’k

_ —=Y,€
”US,t)

+ U3 (std(gdp”*) ¢ — std(gdp?®)use) + Da (std(7*) ;1 — std(7¥ )y se)

(6)

Table 4 presents the estimated coefficients. Given the marked swings in macroeconomic ag-

gregates during the Covid-19 pandemic, columns (1)-(4) focus on a pre-Covid sample, 1990:01-
2019:12—though results for the 1990:01-2022:12 sample, column (5), are similar. The coeffi-

cients on average expectations for GDP, for the current and next year, and current inflation are

strongly significant in all specifications. The mean GDP-expectation coefficient changes sign

across horizon. The coefficient on the current-year expectation indicates that relatively high

near-term GDP-growth expectations are associated with a relatively flat yield curve—consistent

with higher short-term rates in booms (e.g., Wachter, 2006). In contrast, relatively high ex-

pectations for future GDP growth are associated with a relatively steep yield curve—consistent

with expectations of higher short-term interest rates in the future. The coefficients on mean



inflation expectations are negative at both horizons, possibly indicating lower-frequency dy-
namics through price expectations: relatively high inflation expectations are associated with a
relatively flat yield curve, consistent with a need for higher short-term interest rates to stave
off persistence in the rate of price increases. In addition, column (4) highlights some role for
uncertainty about inflation in yield curve slopes, with relatively high uncertainty associated
with a relatively steep yield-curve slope—a feature that is consistent with inflation risk leading
nominal bonds to command a term premium. All in all, the four specifications—plus the sam-
ple spanning Covid—demonstrate a strong association between asymmetries in business-cycle
expectations and the relative yield-curve slope across countries, which is also consistent with

theory.

2.2.2 Expectations and Excess Currency Returns

To reconnect movements in exchange rates to fundamentals, we test whether the component of
the relative slope explained by business-cycle expectations is the main driver of ERRP dynamics
at business-cycle horizons. To do so, we recover fitted values S ft = S;T—\St and residuals €;
from estimates of equation (6). We construct the fitted values and residuals by estimating
equation (6) on a country-by-country basis, in order to account for cross-country heterogeneity.
Pooling these estimates across countries, we then estimate variants of the following extension
to regressions (3) and (4):

yg,?h 7?}3 (rjen = Ten) +7§i25 t+V§K/2AJ, + f(h +5§ t)—l—h (7)
where we replace the observed relative slope S;‘,t — S, with the fitted value S ft and additionally
include the residual €;;, which captures the component of the relative slope which is unexplained
by variation in macroeconomic expectations.®

Panel A of Table 5 presents the baseline results, from the regression including spot-yield
differentials for the pre-Covid period 1990:01-2019:12. The coefficient on the fitted relative
slope is significantly negative across similar holding periods to the regressions involving observed
relative yield-curve slopes (4). This setup can be understood as a spanning regression, in the
spirit of Joslin et al. (2014) indicating that the component of the relative slope explained by
cross-country asymmetries in macroeconomic expectations has explanatory power for ERRP,
orthogonal to interest rates. We investigate this relationship theoretically in Section 4.

Figure 4 plots the 755 and 73 estimates from that regression. While the coefficient es-
timates on the residual are insignificant across most holding periods in this specification, the
fitted relative slope coefficient is significant at all but the 5-year horizon. For holding peri-
ods of a year or more, the coefficients, again, peak, at the 30-month horizon. This suggests
that movements in the relative yield-curve slope attributable to changes in relative macroeco-

nomic expectations explain variation in ERRP at these intermediate horizons, over and above

8The inclusion of the fitted residual ¢ alongside the fitted value S% from regression (6) additionally deals with
concerns about inference with generated regressors. Pagan (1984) shows that consistent inference is possible with
generated regressors when fitted values and residuals are used together in the same regression specification.
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Table 5: Estimated relationship between ERRP and the component of relative slope driven by
business-cycle expectations

©) ® ® @ ® © @) ® ©® (0
Holding Periods h
6m 12m 18m 24m 30m 36m 42m 48m 54m 60m
A: Controlling for relative interest-rate differentials (1990:01-2019:12)
Sk -2.35 -1.56 -1.49% -1.60%*  -1.76*** -1.66%FF  -1.33%**  _1.09%* -0.76* -0.49
(1.46) (0.96) (0.77) (0.68) (0.55) (0.48) (0.45) (0.46) (0.44) (0.40)
é 0.87 0.21 -0.43 -0.47 -0.72 -0.72%* -0.53* -0.36 -0.34 -0.32
(1.36) (0.85) (0.61) (0.53) (0.44) (0.36) (0.30) (0.29) (0.27) (0.27)
ri 3.33* 1.48** 0.74%* 0.45%* 0.23 0.17 0.15* 0.11 0.07 0.04

(1.87) (0.63) (0.35) (0.24) (0.17) (0.11) (0.09) (0.07)  (0.06)  (0.06)
B: Relative yield-curve slope terms only (1990:01-2019:12)

G [ 4.13%%%  2.06%%*%  _2.42%Fk g ogRkx g [pRRR ] ggFRk ] goRRx ] 32%%k 0 Q1%F (.57
(1.36)  (0.97) (0.81) (0.73) (0.60)  (0.50) (0.47) (0.47)  (0.44)  (0.40)
é -1.11 -1.39%* S1L52%Hk 7Rk 1 18% K J1.09%FF  _0.88%**  _0.64%**  _0.53%*  -0.42%*
(0.99)  (0.66) (0.48) (0.40) (0.31)  (0.25) (0.23) (0.24)  (0.24)  (0.23)

C: Controlling for relative interest-rate differentials (1990:01-2022:12)

SR -2.41% -1.71% -1.61%* -1 7R S1.84%FF 1 69%FF  1.36%** -1.10%** -0.78* -0.51
(1.45) (0.99) (0.78) (0.69) (0.55) (0.47) (0.44) (0.45) (0.43)  (0.39)

é 0.56 0.02 -0.54 -0.66 -0.90%* -0.84%** -0.65%* -0.43 -0.35 -0.31
(1.20) (0.75) (0.53) (0.47) (0.40) (0.34) (0.29) (0.28) (0.27) (0.26)

rf 2.61 1.22%%* 0.61** 0.35 0.16 0.12 0.11 0.09 0.07 0.04

(1.69) (0.56) (0.31) (0.22) (0.15) (0.11) (0.08) (0.07)  (0.06)  (0.06)

Notes: Coefficient estimates on the fitted relative yield curve slope S’f% and residual €, estimated from regression (6), with the (log)
ERRP as dependent variable. Regressions estimated using pooled end-of-month data for 6 currencies (AUD, CAD, CHF, EUR, JPY,
GBP) against the USD. Log returns are annualised. All regressions include country fixed effects. Driscoll and Kraay (1998) standard

errors are reported in parentheses. *, *x and * * * denote significant point estimates at 10%, 5% and 1% levels, respectively.

Figure 4: Estimated coefficients for fitted relative slope and residual from ERRP regressions
across holding periods when controlling for relative spot-yield differentials

Coefficient

0 6 12 18 24 30 3% 42 48 54 60
Holding Period (in months)

—e— Fitted Rel. Slope
Residual

Notes: A2,5 (maroon circles) and 43 5 (grey crosses) estimates from regression (7) for exchange-rate risk premia.
Horizontal axis denotes the holding period A in months. Regressions estimated using pooled monthly data for
6 currencies (AUD, CAD, CHF, EUR, JPY, GBP) against the USD from 1990:01 to 2019:12, including country
fixed effects. 95% confidence intervals, calculated using Driscoll and Kraay (1998) standard errors, denoted by

shaded areas/bars around point estimates.

spot-yield differentials.
Panels B and C of Table 5 report results from two supportive robustness exercises. Panel B
reports coefficient estimates from regression (7) excluding spot-yield differentials. It continues

to indicate that the fitted relative slope component is the predominant driver of ERRP. Panel
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C reports estimates from regression (7) including spot-yield differentials for the full 1990:01-
2022:12 sample. In spite of the inclusion of Covid-19 in the sample, where macroeconomic
dynamics and their expectations were distinct from previous periods, variation in the relative
slope fitted with macroeconomic expectations continue to act at the predominantly driver of

ERRP—most strongly so at the 2.5-year horizon.

3 Preference-Free Theoretical Setup

Next, we present a no-arbitrage, preference-free framework and derive the conditions required

to replicate the relationship between relative yields, relative yield-curve slopes and ERRP.

3.1 Pricing Kernels and Stochastic Discount Factors

The model has two countries: Home (base currency, US) and Foreign (denoted by an *), each
populated by representative investor—which we later generalize in Section 4.2. The Home
nominal pricing kernel V; represents the marginal value of a currency unit at time t. No
arbitrage implies the existence of a nominal SDF M, ., which is given by the growth rate
of the pricing kernel between periods ¢t and t + k: My 1 = Vi4r/Vi. We make the following

assumption about trade in bonds:

Assumption 1 Investors in both countries can trade freely in Home- and Foreign-currency

denominated risk-free bonds of maturities k.

The price of a Home zero-coupon bond that promises one currency unit s periods into the
future is given by: Py, = By [My 14k] = By [My¢41Pi41,x—1], where M; ;41 denotes the one-period
SDF and, by recursive substitution, M; ;. = Hf:_ol Mt ¢+i+1. Defining the gross return on a

Home k-period zero-coupon bond as Ry, = 1/P;, = (1 +14,) > 1, then:

1

= E¢ [My 4] (8)

)

which can be expanded as:
—Tt = Eg[mgan] + Lo(Myian), 9)

where my 4y = In My i\ and Ly (Myiqy) = InE[My4y] — E¢[my 4] denotes the conditional
multi-period entropy of the SDF. If we assume one-period SDFs, Mt(’ﬁl are log-normally dis-
tributed, then (9) evaluated at £ = 1 is equivalent to: gvary (my41) = Li(Mys41). However,
multi-period SDFs (k > 1) will generally not be log-normally distributed if risk is heteroskedas-
tic. Foreign expressions are analogously derived.

Based on (9), the following assumption delivers stable risk-free rates:

. . . A¥ .. .
Assumption 2 Stochastic discount factors Afgl and j\%l are jointly stationary.
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3.2 Transitory Risks and the Yield Curve

To understand sources of risk in the yield curve, we then use the following Alvarez and Jermann
(2005) decomposition of the pricing kernel V; into a permanent component V¥ and a transitory

component V,:
5t+l€

Vi =VEVE,  where Vi = lim

K—00

(10)

t,K

where the constant ¢ is chosen to satisfy the regularity condition: 0 < limy 00 P /0" < 00 for
Ep1[Vigw]
E¢[Vits] —

1. So, its permanent component follows a martingale, defined by: VF = lim oo Etgﬁjﬁ].

all t. A pricing kernel V4 is defined as having only transitory innovations if lim_ s

Importantly, the infinite-maturity bond can be written as a function of transitory innovations
to SDFs only: Rioo = limu oo Reyx = VtT/V;El = 1/Mtq£t+1 = exp(—mEtH), where mEtH
denotes the transitory component of the SDF. In contrast, one-period bond returns, defined by
equation (8), depend on both transitory and permanent innovations to SDFs.

More generally, only transitory risk is reflected across the term structure of interest rates.
Define the (log) excess return from buying a n-period Home bond at time ¢ for price P, = 1/R; 5,
and selling it at time ¢ + 1 for P11 = 1/Ri115-1 as rﬂ:gzl = Pi+in—1 — Dt — Yt,1, Where
Pt = 10g(Pry) and yi , = —%pm = %Tt,n is the annualized yield on a n-period bond. Assuming,
for convenience, SDF's and prices are jointly log-normally distributed, this excess return can be

written as:

-1
1 n
I [T‘rgil—l} + gvare (1) = —cove (mg,rtH,]EtH ngi,t+i+1> (11)
i=1
Over long enough samples, this risk premium is approximately equal to the yield-curve slope,
E,; [rxiTQH] ~ Sy where S; = vy, — y¢,1, implying that the yield curve will be upward sloping on
average if the covariance term is negative (Piazzesi and Schneider, 2007).

The bond premium is positive if today’s one-period SDF is negatively correlated with ex-
pected future marginal utility, consistent with a notion of transitory ‘business-cycle’ risk. That
is, if households receive relatively good news about the distant future, they expect to value
consumption less at long horizons (i.e., lower Ei[myyi¢1i+1] for some ¢ > 0), but relatively
highly in the near term (i.e., higher my41). It follows that the relative yield-curve slope S; — S

captures asymmetry or asynchronicity in transitory business-cycle risk across countries.

3.3 Exchange Rates and Currency Risk Premia

Finally, we explore how the sources of risk reflected in the yield curve impact exchange rates.
Define the exchange rate & as the Foreign price of a unit of Home currency such that an increase

corresponds to a Foreign depreciation. When engaging in cross-border asset trade, the Euler

9To derive this, re-write the excess return rwgﬂ_l as: Pi+1n—1 —Ptn — Yt,1 = MYtn — (M — L)Ysgp1n—1 — Y1 =
Yeon — Yt,1 — (M — 1)(Yet1,n—1 — Yt,n). Over a long enough sample and with large n, the difference between the
average (n — 1)-period yield and the average n-period yield is zero, implying that [E; [rmiﬁ)ﬂ] X Yin — Y1 = St.
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equation for a Home investor holding a s-period Foreign currency-denominated bond is:

&t

1= [Mt,tngHH

R;ﬁn] (12)
By no arbitrage, the change in the nominal exchange rate corresponds to the ratio of SDFs:

Eirw _ %em,tﬂc (13)
& M4y

for all kK > 0, where 7 4 is the log incomplete-markets wedge as defined in Backus et al. (2001),
such that 7 1, = 0 characterizes complete markets. For simplicity, we assume internationally
complete markets, but Appendix B.2.1 shows this does not drive our results. In the complete-
markets case, equation (13) shows that the stationarity of exchange-rate changes follows from
the stationarity of SDF's.

The (log) k-period ez-ante currency risk premium E; [rxf t)-(m] can be written as the difference

in entropy of the Home and Foreign SDF's:

1 1
L5, raf ] = L ot = — Belvsel o+ Bibnass)
1 *
Tk (Lt (Mipin) = Lo (Mipi)) (14)

This is the multi-period generalization of the one-period UIP return (e.g., Engel, 2016).
Lustig et al. (2019) show the failure to reject long-horizon UIP implies the equalization of

the entropy of permanent SDF components. We formalize this assumption as:

Assumption 3 The entropy of the permanent components of SDFs is roughly equal across
countries Ly (M£+K) ~ L (Mﬁjﬁ)

Imposing this assumption, then (15) implies:

1 1
EEt [raf i) ~ P (Lo (Msw) — Lo (M) (15)

Consequently, short and medium-horizon ERRP must reflect cross-country differences in the
volatility of transitory innovations to SDFs resulting in a clear theoretical association between

relative yield-curve slopes and ERRP, operating through transitory risk.

4 Implications for International Asset Pricing and ‘Disconnect’

Having established that the association between yield-curve slopes and ERRP can be ratio-
nalized within the preference-free no-arbitrage framework laid out in Section 3, we investigate
the broader implications of this relationship for international asset pricing debates around the
‘disconnect’ of exchange rates from fundamentals.

To make progress on this, we derive the restrictions implied on SDF's by our empirical results.
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First, we define innovations € such that:
€ = {e: proj(5f — Sile) < 0 & proj(ry, — rixle) = 0 for some £ > 1} (16)

That is, following an increase in €, the Home slope becomes relatively steeper but interest-rate
differentials of some maturity x are unchanged. As long as Home households invest frictionlessly
in the Home bond (9), per Assumption 1, this implies that movements in the conditional mean
and variance of SDF's must perfectly offset for these innovations to not drive k-maturity interest

rates:'?
proj(E¢[my 1] |€) = —proj(Le(My i) &) (17)

Consistent with equation (11), these innovations must drive the autocovariance of the SDF
in order to be reflected in the yield-curve slope and we know from our regressions that they are
relevant for ERRP determination, proj(E, [rxﬁ_),i] > 0). In Section 4.2, we address the natural
question of whether such restriction are plausible. We argue these restrictions are not only
reasonable, but they necessarily emerge as equilibrium outcomes in a large class of incomplete-

markets models.

4.1 A Stylized Model of Interest Rates and Exchange Rates

We specify a minimal model for exchange rates and the term structure of interest rates to
highlight the role of transitory, yet unspanned, innovations to SDFs, and show how they map
to the innovations detailed in (16). Our setup builds on Backus, Chernov, and Zin (2014)
who consider a single transitory risk factor (denoted by T') that is fully spanned by interest
rates, resembling a truncated Vasicek (1977) model. Relative to this, we extend the model with
two unspanned factors, a permanent factor (IP) which drives exchange-rate volatility, but is
not reflected in the term structure of interest rates (Alvarez and Jermann, 2005; Chernov and
Creal, 2023), and a novel unspanned-transitory factor (d) which is necessary for explaining the
relationship between ERRP and the relative slope.

We do not take a stance on the specific interpretation of these factors. Rather we carry out a
risk-accounting exercise to assess which factors explain which empirical regularities. Neverthe-
less, our evidence in Section 2.2 suggests that the transitory innovations are closely related to
expectations of future macroeconomic fundamentals. Additionally, although this initial model
is static model, it still allows us to map average empirical evidence at different horizons. Later,
Section 4.3 demonstrates how the results generalize to a setting with time-varying volatility.

Let the (log) one-period SDF of the representative Home investor be decomposed as:

T P
M4t = My + My (18)

We assume the (truncated) Wold decompositions of the transitory and permanent components

0 assan, Mertens, and Wang (2024) emphasize the tension between models that generate a negative functional
relationship between the mean and variance of SDF's and the unpredictability of exchange rates. Given that we
are specifically focusing on the predictable component, orthogonal to short rates, our results are consistent.
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can, respectively, be written as:

1 1
T 2 2
Myp1 = 1088 — SyoT + aoer i1 + arery — 500y + docarr + dicag (19)
unspanned transitory factor
1
P 2
M1 = = 50P T P11 (20)

where ¢€; ; denote shocks to risk factors ¢ = T, d,IP which we assume are i.i.d. mean zero, have
constant variance o7 and are normally distributed. Foreign variables are defined analogously
and denoted with asterisks.

In our risk-accounting exercise, we analyze which factor volatilities (i.e., o7 for i = T, d, P)
are reflected in exchange rates, (relative) yields and the (relative) yield-curve slope. The key
results rely only on Assumptions 1 and 2.'" Per Assumption 2, we assume SDFs are stationary,
and, as in the supplement to Alvarez and Jermann (2005), we set the mean of the (log) perma-
nent component (—%JI%) to be non-zero and counteract the variance. The transitory component
can be unrestricted (i.e., 7, d need not equal to 1). We focus on a setting with symmetric factor
loadings «; = o, but allow for asymmetry in factor volatilities (i.e., o; # o} for i = T, d, P).

Combining (9) with (18), the s-period bond yield can be written as a function of both

transitory factors’ volatilities, or and oy:

e =log B+ X [(d3 = w8) + (d+ o)~ 1)) 2
0.2
+ % [(ef — K7) + (o1 + a0)?(k — 1)] ?T (21)

Critically, imposing Assumption 1 such that the SDF restriction (17) applies for k = 1, we
require 0 = d%. With this, the short-term interest rate r; = y; 1 is a function of only the spanned-
transitory factor volatility and is ‘disconnected’ from the unspanned-transitory factor volatility.
Furthermore, the relationship with its volatility ot will be negative as long as a% —v>0 (ie.,
when precautionary-savings motives dominate). This is consistent with models of habits and
long-run risk (e.g., Engel, 2016) that generate the correct sign for UIP deviations—since excess
returns to Foreign currency are positive when Home volatility is high (Verdelhan, 2010).

However, the volatility of the unspanned-transitory factor, o4, will still be captured in the

yield-curve slope, St('{) = yi”) — 7y

0'2 g
s (oD wrwr Do (- @ra] E @

K

Evaluating (14), the s-horizon ERRP reflects asymmetries across countries in all three

1We do not require Assumption 3 which would further impose ag = —a and dg = —d1, but our results are
robust to this. To see this, note that in the absence of permanent risk, the bond premium must equal half the
variance of the SDF.
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factors:

o= L 2 o oy’
Elray ] = - [d + (di + do)*(k — 1)] 5 Ty
Lo oo 2 U% J%‘TQ U]% 0—]>1k32
2 100+ (01 4 a0)* (s — 1)) < > 2 )t 2 T2 (23)

Since the relative slope will reflect cross-country asymmetries in the volatilities of both tran-
sitory factors, this leaves scope for the relative slope to have explanatory power for ERRP over
and above the short rate per our empirical findings. The following proposition then summarizes

this key result:

Proposition 1 (Risk, Bond Yields and ERRP) An increase in the factor volatilities o}

. . . . dE[rzfX)
for i € {T,P} are both associated with a higher ERRP —; =

be associated with a relatively steep yield-curve slope % > 0 without also being reflected in

short interest-rate differentials dg# > 0. In contrast, the volatility of the hidden factor (cq4) can

match these facts if and only if § = d3.
Proof: See Appendix B.1. O

> 0, for k < 0o, but cannot

The proposition above shows that only o4 can satisfy the restriction for SDF dynamics (17),
such that there are movements in the relative slope which are orthogonal to short yields. Put
differently, only o4 € € (see (16), emphasizing the role of these innovations for exchange-rate
dynamics. More generally, our spanning regression (7) implies that o4 reflects macroeconomic
expectations and, if so, the model delivers a disconnect from short yields, but not a disconnect
from fundamentals which are captured by the relative slope.

We can further extend this to rationalize the differential association between relative slope
and ERRP across horizons. We consider an illustrative three-horizon case with a short-,
medium- and long-run, where the orthogonal relationship between ERRP and relative yield-
curve slope occurs the medium-run horizon, speaking directly our empirical findings. To do
this, we generalize our framework such that the choice of § imposes (17) for k > 1 to ensure oy
is unspanned in longer-maturity interest rates. Moreover, we enforce Assumption 3 (implying
op = op, ap & —a1,dy & —dp) so the model can jointly deliver stylized facts at short and
intermediate horizons.'?

The following proposition generalizes the disconnect of ERRP to spot yields of some inter-
mediate tenor K and, as a result, short-term yields can have some relationship with exchange

rates in line with the UIP puzzle:

Proposition 2 (Horizon Variation) An increase in o4 is associated with both: (i) an in-

. . . dE¢ [rmﬂ_);] . ds, .
crease in medium horizon ERRP oy > 0 and a steeper relative slope dog = 0, but is not

12 As shown by Lustig et al. (2019), carry-trade returns at long horizons are zero (and thus unpredictable) if
there are no differences in the permanent innovations of SDFs across countries. Notably, Andrews, Colacito,
Croce, and Gavazzoni (2024) find evidence that rz®? (®) = 0 only because it is negative before and positive
post-GFC. Consistently, Chernov and Creal (2020) argue the evidence for zero ERRP at long horizons appears
weak.
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dyt,E
dad

= 0, (i) an increase in short horizon expected currency

> 0 and a fall in the short rate differential Cfiyat’dl < 0, if and only if:

reflected in E—maturity yields
dIEt[Txf-ﬁ]
dog

returns
6 =1d5+ (do + d1)*(k — 1) (24)

Additionally, (i) in the long run, ERRP are zero.
Proof: See Appendix B.1. O

4.2 Endogenizing Hidden Factors via Domestically Incomplete Markets

Term-structure models like this are almost exclusively written under complete markets ,where
there can only exist a unique SDF. Here, we show that our hidden (or unspanned) transitory
factor can arise as an equilibrium outcome in a large class of incomplete-markets models. The
generalized model is consistent with no-arbitrage pricing by the SDF my11 (18), but the struc-
ture of risk is constrained due to trade in assets by an additional investor with SDF m;, 1—ruled
out if domestic financial markets were complete. This setup relates to models of incomplete
markets and limited participation such as Guvenen (2009) and Marin and Singh (2024), as well
as models of preferred habitat as in Gourinchas et al. (2022) and Greenwood et al. (2023), and
carries implications for fully specified models.

Compared to the previous section, suppose there exists a second investor in the Home
country with the SDF:!'3

- 1
myp1 = logf — 50% + Q€T t+1 + Q1€T ¢

We then make the following adaption to Assumption 1:

Assumption 1'  Both investors in the Home country (myit+1,Mes41) trade frictionlessly in
domestic bonds with maturities k € k. Only the investor characterized by my ¢+1 can additionally

trade frictionlessly in Foreign assets.

The combination of the additional investor and Assumption 1’ delivers the following propo-

sition:

Proposition 3 (Incomplete Markets and Hidden Factors) Suppose & = 1 such that
only the risk-free rate is traded by both m and m. No arbitrage requires § = d%. More generally,

for any k € K maturity traded, condition (24) is required to satisfy no-arbitrage.
Proof: Consider the set of conditions E[M; ;] = IE[MLHR] =1/ REH) V k € & which reflect
risk-sharing between agents at horizon k. Once again, under complete markets k = R, which

implies the mean (and variance) of all multi-horizon SDF's is equalized. O

13Notice, this is a normalization. More generally, we can consider m,’;,tﬂ = log(D'{"tHMt,tH) and interpret
the expectations above as cross-sectional (see also Constantinides and Duffie, 1996b; Marin and Singh, 2024).
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Intuitively, bonds traded by both investors only price risks which both investors face and
agree upon. In the spirit of preferred-habitat models, €511 can reflect investor-specific demand
shocks, which drive both the term structure of interest rates and exchange rates. Since My

does not face these habitat shocks, the only equilibrium consistent with no arbitrage requires §
such that (17) holds.'*

4.3 A Dynamic Asset-Pricing Model

Finally, we show our results generalize to a canonical dynamic asset-pricing model with stochas-
tic volatility, building on a two-country version of the Cox et al. (1985) model, studied in Backus
et al. (2001) and Lustig et al. (2019), amongst others. The purpose of this section is to show
our results generalize to canonical asset pricing models in the literature, which have also been
shown to capture key features of equilibrium models (e.g. Campbell and Cochrane, 1999; Bansal
and Shaliastovich, 2013). We relegate derivations to the Appendix B.3.

Consider a representative Home investor’s SDF which loads on three independent country-

specific factors zo ¢, 21,¢, 22,4

—mpr1 = 204 + (A}/2 — D21 + My/Zigeet + (A3/2)22,0 + Aoy/Z2i€2,041, (25)
Zigr1 = (1 — @i) 24 + Gizit — 0i\/Zig€ipr1, forie {0,1}
22441 = (1 — $2)0 + dozay — 02/Z2 162,111

where A1, A2 < 0 are coefficients which capture the price of risk with respect to each factor (see
also, Backus et al., 1998, 2001; Lustig and Verdelhan, 2019). This setup resembles the model
of central tendency in Balduzzi et al. (1998) where 22+ captures the long-run mean of the short
rate.'” To keep notation simple, we assume zp; has a zero price of risk. The representative
Foreign investor’s SDF mj, ., and country-specific pricing factors z;, are defined analogously,
and with symmetric coefficients (A} = \;, ¢ = ¢;, and o] = 0y).

As is standard, assuming log-normality, combining (25) and the expression for the (log) price
of an n-period bond, p;n = E¢[my 41 + pryin—1] + (1/2)vary(mye 441 + pry1,n—1), We can write
(log) bond prices as affine functions of pricing factors pt,, = — (2, + Apzo0t + Bnzit + Crnzay),

where ,, A,, B, and C,, are recursively defined.

Hidden Factors in CIR. Once again, the SDF (25) can be interpreted as an equilibrium

outcome from an incomplete markets model. Define a SDF 1y ;41 which is identical to my 41

14 Alternatively, domestic market incompleteness may arise because investors have heterogeneous expectations
over the same fundamentals. To consider this, define a new subjective expectation operator E.. If investors agree
on risks in the limit, markets are de-jure complete. In contrast, if there is disagreement, the second investor
underestimates the d-factor. In this case, the only admissible equilibrium with trade in the one-period bond
(R = 1) has a hidden factor, per Proposition 3. A further example would be a model of intermediation (e.g.,
Gabaix and Maggiori, 2015). Here, the SDF my ;41 would additionally capture frictions (or different preferences)
faced by the intermediary, not faced by the household My ¢+1, i.e., the d- factor.

15 Ang and Chen (2010) provide direct evidence for the importance of a time-varying long-run mean. Kozicki
and Tinsley (2001) identify monetary policy and long run expectations as a good proxy for zz:, providing a
supporting economic interpretation of this factor.
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except that it does not depend on zo;—i.e., 5\2 = 0. If both investors trade the short bond,
no-arbitrage requires Cy = 0, which is satisfied in the model above. More generally, one can
express the model with a conditional mean of (A\2/2 —1)z1 ¢ + (A\3/2 + ()22, leaving conditional
variance unchanged. Then, ¢ must be 0 to satisfy no arbitrage. Critically, however, there are
additional requirements for subsequent C,, to be non-zero, such that the term structure captures
information for 29, specific to the dynamic model and detailed below.'°

(*) _

Term Structure. An immediate consequence of (25) is that short rates are given by r;”’ =
z(():kt) — zﬁt) and are countercyclical with respect to z;, implying B,, < 0—consistent with Backus
et al. (1998); Verdelhan (2010). Absent additional factors, this counterfactually implies a neg-
ative average slope of the yield curve and bond premium (Wachter, 2006) and increasingly

negative longer-horizon UIP deviations (Lustig et al., 2019). The ez ante bond risk premium

is given by:
(c0) 1
I [T‘Tt,t+1} + Evart(rmt-i-l) = — covi(Prsin—1,Mit41)
=—-MN0o1Bn_1214 — X020 1224 (26)
0
<

and additionally depends on €3 ; which is hidden from 7.
The next proposition details necessary conditions for this framework to deliver our empirical

findings.

Proposition 4 (Bond Yields and ERRP in CIR) In the model described by (25), a
relatively steep Home yield-curve slope (Sy > Sf) can be associated with higher future ERRP
(E, [rmffiﬁ]), orthogonal to short-rate differentials, only if the loading on zo 4 is positive at longer
maturities (Cy, > 0) which, in turn, requires zo to tend to zo ;.

Proof: See Appendix B.1. O

This proposition illustrates that our thesis—namely that factors hidden from spot yields
but reflected in yield curves drive ERRP—is compatible with a larger class of dynamic models,
but requires a model of central tendency. Within the dynamic framework, it demonstrates that
condition (17) is compatible with other salient features of the data, such as a positive yield-curve
slope and short-run UIP differentials. The sufficient condition to deliver C,, > 0, required for
a positive yield-curve slope, is for zp; to be persistent (¢2 > ¢1)—which also rationalizes why
the relative yield-curve slope especially matters at intermediate (as opposed to short or long)
horizons.

Moreover, the model with time-varying volatility is sufficiently rich to speak to the regression
evidence and account for a zero or near-zero R? coefficient of a regression of future exchange-
rate changes (see Appendix B.3) on short-maturity interest rate differentials in the limit when
var(zz4) is very high—while Proposition 4 implies a higher R? if the regression additionally

includes yield-curve slopes which captures the hidden factor.

16 Appendix B.3.1 generalizes hidden factors to longer tenors.
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5 Conclusion

Overall, our paper highlights that a significant component of currency fluctuations and ERRP,
at business-cycle horizons in particular, can be explained by cross-country differences in the term
structure of interest rates. Preference-free results derived assuming no-arbitrage suggest this is
driven by cross-country differences in the autocorrelation of investor valuations (SDF's) across
countries, consistent with a notion of (transitory) business-cycle risk. To corroborate this, we
turn to evidence that survey data on expectations for GDP and inflation explain relative yield-
curve slopes. Then, regressing exchange-rate movements on the fitted component of the relative
yield-curve slope, we find that cross-country asymmetries in macroeconomic expectations are a
significant determinant of ERRP, orthogonal to interest rates, especially at 2 to 4-year horizons.

In addition to finding evidence that currency fluctuations reflect expectations of macroeco-
nomic fundamentals, we illustrate the importance of transitory factors which can be ‘hidden’
from short-term interest rates because of offsetting effects on the conditional mean and variance
of SDFs. As such, these factors are consistent with the literature on the exchange-rate ‘discon-
nect’, while still being captured by the yield-curve slope. Going a step further, we show that
market incompleteness is a plausible mechanism which generates hidden factors as endogenous

outcomes in equilibria with trade.
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Appendix

A Additional Information on Empirical Analysis

A.1 Data Sources

We use nominal zero-coupon government bond yields at maturities from 6 months to 10 years
for 7 industrialised countries: US, Australia, Canada, Euro Area, Japan, Switzerland and UK.
Our benchmark sample spans 1980:01-2024:09, although the panel of interest rates is unbal-
anced as bond yields are not available from the start of the sample in all jurisdictions. Table
A1 summarizes the sources of nominal zero-coupon government bond yields, and the sample

availability, for the benchmark economies in our study.

Table Al: Yield Curve Data Sources

Country Sources Start Date
UsS Giirkaynak, Sack, and Wright (2007) 1971:11
Australia Reserve Bank of Australia 1992:07
Canada Bank of Canada 1986:01
Euro Area Bundesbank (German Yields) 1980:01
Japan Wright (2011) and Bank of England 1986:01
Switzerland Swiss National Bank 1988:01
UK Anderson and Sleath (2001) 1975:01

Notes: Data from before 1980:01 are not used in this paper.

Exchange-rate data is from Fikon, reflecting spot rates wis-a-vis the US dollar. Liquidity
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yields are from Du et al. (2018), available at the 1, 2, 3, 5, 7 and 10-year maturities. The earliest
liquidity yields are available from 1991:04 for some countries (e.g., UK) and end in 2021:03. The
latest liquidity yields are available from 1999:01 (e.g., euro area). For both exchange rates and

liquidity yields, we use end-of-month observations.

A.2 Canonical and Augmented UIP Regressions

This appendix provides additional detail about our motivational analysis in Figure 1.
The canonical UIP regression for k-month-ahead exchange-rate changes is:
ejirn — €t = Biw (T1n — Ttw) + Fim + Ujtin (A1)
where e = log(&;) is the (log) exchange rate of the Foreign country j vis-a-vis Home (base)
currency at time t. It is defined as the Foreign price of a unit of base currency such that an
increase in e;; corresponds to a Foreign depreciation. 77

j7t7n
compounded return in the Foreign country and 7, is the corresponding Home return. f;, is a

is the net k-period continuously-

country fixed effect and u; sy, is the disturbance.

Under the joint assumption of risk neutrality and rational expectations, the null hypothesis
of UIP is that 1, =1 for all x > 0 (and f;, = 0 for all j and x > 0).

To illustrate the link between exchange rates and the yield-curve slope in the simplest
possible manner, we augment regression (Al) with the relative yield-curve slope S’;-"t — S,
estimating:

€jitr — €t = B (Fiw — Ttw) + Bou (S5t — St) + fim + Wjittn (A2)

where S7, is the slope of the Foreign-country-j yield curve at time ¢, and \S; is the slope of the
base-country yield curve. 3 , captures the relationship between the relative slope and exchange
rates that is orthogonal to interest-rate differentials.

Along with its curvature, the level and slope of the yield curve are known to capture a high
degree of variation in bond yields (Litterman and Scheinkman, 1991). We proxy the relative
level in regression (A2) with the s-period interest-rate differential (r}, . — ri,x). This ensures
that the specification nests UIP, such that 33 ,, captures the yield-curve slope’s contribution over
and above spot-yield differentials. Defining the ex post k-period ERRP for Foreign currency as

FX _

roi st =k

iiw =Tits — Ttx — (€jt+x — €j¢) and combining with equation (A2) yields:

Tmit)f.@ = (1 - 51,/1) (T;‘:tﬂ - Tt,ﬁ) - ﬁQ,/{ (S;’t - St) - fj,n — Ujtt+r (A3)

From this, we see that f, can be interpreted as either the average Foreign depreciation (in
percent) or the average decrease in the ERRP (in pp) associated with a 1pp increase in the
slope of the Foreign yield curve relative to the US.

The estimated coefficients from Figure 1 are tabulated in columns (1)-(3) of Table A2.
While the tent-shaped relationship is specific to using the US dollar as the base currency, the

result is also robust to a number of changes to the specification, including: excluding spot-yield
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differentials from (A2), since these are themselves predicted by the yield curve slope (column

(4)); and including the relative curvature as an extra regressor in (A2) (columns (5)-(7)).

A.3 Alternative Currency Bases

The tent-shaped pattern for the relative slope coefficient appears specific to the USD currency
base. This is shown in Table A3, which plots the coefficients on the relative slope when regression
(A2) is estimated with each alternative currency base in turn (i.e., AUD, CAD, CHF, EUR,
JPY, GBP). For almost all currencies, the estimated coefficients on the relative are broadly
insignificant at business-cycle horizons, and there is very little sign of a tent-shaped relationship

with positive coefficients across horizons—except for the CHF.

B Theoretical Proofs and Derivations Appendix

B.1 Proofs to Propositions

Proof to Proposition 1. Holding Foreign factors volatilities constant (o}, i € {T,d,P}),
an increase in Home transitory volatility (o) is associated with a relatively steeper yield-curve
slope (22), but is reflected in interest-rate differentials (21) for k = 1. In contrast, permanent
volatility (op) affects neither the yield-curve slope nor yield differentials. For the d-factor,
the if condition follows directly by imposing § = d% such that condition (17) is enforced for the
specific SDF (18), and then comparing (21), (22) and (23). The only if condition follows because
when § # d2, the d factor behaves like the transitory factor (T) and there is no movement in
factor volatility which drives yield-curve slopes and ERRP, but is not reflected in short-maturity

interest-rate differentials. O

Proof to Proposition 2. § = 1 (d2 + (do + d1)*(k — 1)) imposes (17) for k = F—i.e., at
intermediate horizons. The equalization of the permanent risk factor (op = o), along with
the purging of permanent risk from the transitory factors (ap ~ —a1,dy ~ —d;) ensures ERRP

are zero in the long-run and so there is no predictability. The following derivatives can be

calculated:

1\ d? 1\ of
25 _(p - L)ydo o A 1) o (BL)

doj k) 25 doy K) 2
el 18 Y] 103 (52

dag k27 da%r K2

Ayt dyt,1 10‘8
dog " doy < K2 .
O

Proof to Proposition 4. Assuming A, A2 < 0, and given that B,_1 < 0, (26) delivers a

positive bond premium only if C,,—1 > 0 for n > 1. We require Cy = 0 so that z5; is unspanned
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Table A2: Coefficient estimates from canonical UIP regression and regression augmented with
relative yield-curve slope

(1) (2) 3) (4) (5) (6) (7)
Maturity | Canonical Augmented UIP Slope Augmented UIP + Curvature
UIP Only
K T — Tk rE— Tk S* -5 S* -5 T — Tk S* -5 c*-C
6m -0.89 -0.33 0.43 0.62 -0.10 0.93 -0.80
(0.58) (0.87) (0.58) (0.38) (0.84) (0.66) (0.71)
12m -0.77* -0.05 1.06 1.11%* 0.17 1.74 -1.00
(0.43) (0.70) (0.88) (0.55) (0.69) (1.09) (1.06)
18m -0.62* 0.40 2.27** 1.73%%* 0.66 3.32%*% -1.51
(0.36) (0.55) (0.95) (0.65) (0.57) (1.25) (1.21)
24m -0.42 0.60 3.04%** 2.08%** 0.99* 5.03%** -2.93%
(0.33) (0.50) (1.07) (0.74) (0.52) (1.43) (1.49)
30m -0.27 0.80* 3.98%H* 2.55%H* 1.25%** 6.68*** -4.06%*
(0.29) (0.45) (1.13) (0.76) (0.46) (1.51) (1.71)
36m -0.12 0.84** 4.37HH* 2. 73HHK 1.26%** 7. 25%K* -4 44HF*
(0.26) (0.39) (1.12) (0.77) (0.41) (1.53) (1.68)
42m 0.07 0.88%** 4.31%%* 2.51%%%* 1.34%%* T.9TH*H -5.80***
(0.25) (0.33) (1.05) (0.83) (0.35) (1.52) (1.78)
48m 0.26 0.89%#* 3.89%H* 2.01%* 1.32%%* T.TANHH -6.28%***
(0.25) (0.29) (1.08) (0.96) (0.29) (1.58) (1.95)
54m 0.48** 0.98%#* 3.54%H% 1.43 1.33%#* 7.05%** -5.88%***
(0.23) (0.25) (1.12) (1.07) (0.25) (1.70) (2.09)
60m 0.66*** 1.08%** 3.32%%% 1.01 1.34%%* 6.28%** -5.08**
(0.22) (0.25) (1.20) (1.17) (0.23) (1.82) (2.18)
66m 0.84*** 1.19%** 3.15%** 0.65 1.37%x* 5.36*** -3.90*
(0.21) (0.24) (1.23) (1.25) (0.23) (1.87) (2.23)
72m 1.03%** 1.30%** 2.77** 0.13 1.42%** 4.31%* -2.79
(0.18) (0.21) (1.14) (1.24) (0.21) (1.76) (2.03)
78m 1.16%** 1.33%** 2.03** -0.54 1.41%%* 3.26** -2.27
(0.16) (0.19) (1.01) (1.17) (0.19) (1.60) (1.93)
84m 1.21%%* 1.29%%%* 1.11 -1.25 1.33%** 1.97 -1.61
(0.16) (0.18) (0.95) (1.12) (0.17) (1.56) (2.05)
90m 1.20%** 1.22%% 0.31 -1.82 1.23%%* 0.51 -0.39
(0.15) (0.17) (0.92) (1.12) (0.16) (1.55) (2.16)
96m 1.13%** 1.10%** -0.47 -2.31%* 1.08%** -0.93 0.90
(0.15) (0.16) (0.88) (1.08) (0.15) (1.60) (2.31)
102m 1.02%** 0.96%+* -1.14 -2.68%* 0.93*** -2.08 1.86
(0.16) (0.16) (0.94) (1.11) (0.15) (1.62) (2.35)
108m 0.92%** 0.84%%* -1.71% -3.00%** 0.81*** -3.06* 2.69
(0.15) (0.16) (1.02) (1.15) (0.15) (1.65) (2.36)
114m 0.88*** 0.80*** -1.89% -3.09%** 0.77+** -3.76%* 3.76
(0.16) (0.17) (1.04) (1.15) (0.15) (1.54) (2.30)
120m 0.87%%* 0.79%** -2.14%* -3.28%%* 0.76%%* -4.19%%* 4.19*
(0.16) (0.17) (1.04) (1.17) (0.16) (1.40) (2.17)

Notes: Column (1) presents results from canonical UIP regression (Al), a regression of k-period exchange-rate
change A”ety, on the s-period return differential 7y, — 7¢,x. Columns (2)-(3) present results from augmented
regression (A2), using relative yield-curve slope S} — S; as an additional regressor. Column (4) presents results
when relative slope is only regressor. Columns (5)-(7) documents results when relative curvature is added as regressor
in (A2). Regressions estimated using pooled end-of-month data for 6 currencies (AUD, CAD, CHF, EUR, JPY,
GBP) against the USD from 1980:01 to 2024:09, including country fixed effects. The panel is unbalanced. =, x
and * % * denote statistical significance at the 10%, 5% and 1% levels, respectively, using Driscoll and Kraay (1998)

standard errors (reported in parentheses).
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Table A3: Relative slope coefficient from augmented UIP regression using alternative base

currencies
(1) (2) (3) (4) (5) (6)
Base: AUD CAD CHF EUR GBP JPY
S*— S S*— S S*— S S*— S S*— S S*— S
6 months 0.02 0.27 0.69* -0.49 -0.64 0.77
(0.52) (0.38) (0.40) (0.77) (0.64) (0.48)
12 months 0.28 0.60 1.31%* -1.19 -0.90 1.33*
(0.73) (0.54) (0.61) (1.27) (0.90) (0.74)
18 months 0.40 0.60 1.86** -1.27 -0.58 1.50*
(0.77) (0.65) (0.74) (1.43) (0.95) (0.91)
24 months 0.35 0.65 2.09%** -1.00 -0.47 1.64
(0.77) (0.70) (0.76) (1.27) (1.01) (1.01)
30 months 0.20 0.35 2.38%** -1.09 -0.36 1.71
(0.82) (0.76) (0.74) (1.14) (1.05) (1.10)
36 months 0.05 -0.23 2.32%** -1.86* -0.63 1.25
(0.89) (0.90) (0.72) (1.12) (1.14) (1.20)
42 months -0.28 -1.24 2.07%** S TTHHRH -1.13 0.46
(0.99) (0.96) (0.75) (1.05) (1.23) (1.30)
48 months -0.70 -2.03%* 1.37* -3.70%** -1.76 -0.81
(1.01) (0.98) (0.82) (1.01) (1.24) (1.40)
54 months -0.52 -2.43%%* 0.58 -3 TR -1.88%* -1.55
(0.97) (0.93) (0.86) (1.08) (1.14) (1.40)
60 months 0.01 -2.25%* -0.03 -2.76%* -1.78 -1.74
(0.91) (0.94) (0.84) (1.33) (1.16) (1.45)
66 months 0.59 -1.68%* -0.52 -1.14 -1.59 -1.21
(0.90) (0.98) (0.80) (1.70) (1.15) (1.50)
72 months 1.07 -1.44 -1.11 0.57 -1.31 -0.55
(0.94) (0.97) (0.73) (1.88) (0.94) (1.47)
78 months 1.30 -0.86 -1.57** 2.02 -1.25 0.54
(1.06) (0.94) (0.72) (1.77) (0.86) (1.36)
84 months 1.54 -0.34 -1.81%* 2.91%* -0.97 1.97
(1.09) (0.97) (0.75) (1.64) (0.81) (1.21)
90 months 2.00* -0.29 -2.00** 3.27%* -0.68 2.58%*
(1.09) (0.95) (0.82) (1.53) (0.77) (1.13)
96 months 2.20%* -0.74 -2.37FF* 3.01%* -0.88 2.45%*
(1.14) (0.92) (0.85) (1.48) (0.81) (1.10)
102 months 2.29% -1.47 -2.70%** 2.35 -1.16 2.35%*
(1.20) (1.01) (0.91) (1.54) (0.90) (1.05)
108 months 2.24%* -2.16** -3.25%** 1.63 -1.65* 2.21%*
(1.21) (1.10) (0.98) (1.72) (0.89) (1.10)
114 months 1.86 -2.48** -3.58%** 1.41 -2.11%* 1.97*
(1.19) (1.19) (1.01) (1.87) (0.84) (1.17)
120 months 1.30 -2.90%** =391k 1.14 -2, T4, 1.09
(1.18) (1.26) (1.03) (2.04) (0.90) (1.16)

Notes: Coefficients on relative yield curve slope from extended regression (A2), using relative yield-curve
slope S} — St as an additional regressor, for different currency bases. Regressions estimated using pooled
end-of-month data for 7 currencies (AUD, CAD, CHF, EUR, JPY, GBP, USD) from 1980:01 to 2019:12,
including country fixed effects. The panel is unbalanced. *, ** and * * % denote statistical significance
at the 10%, 5% and 1% levels, respectively, using Driscoll and Kraay (1998) standard errors (reported

in parentheses).
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in short interest rates, inspecting the recursion for C,, (see Appendix B.3), C,—; > 0 is

possible because E[zg¢11] = 224, such that the recursion for C,,_; depends on A, > 0.

B.2 Derivations for Section 4.1

Consider equations (19)-(20), repeated below for convenience:

1 1
mEHl = log 8 — 5'70'%[‘ + aper 41 + arery —5503 + do€g i1+ di€qy

unspanned transitory factor
P 1

2
M1 =~ 5P +ePt+1

T _ k=1 __ T P _ k=1 __P .
Construct my ;. = >0 My ppitts Mt = > Mitiryiv1 aS follows:

1
T 2
Mypye = rlogf— 5 YROT + o€ t+1 F ieT + - QOET 14k T QLET 1451
1o o
—§5ﬁ0d +do€gi+1 + di€qs + -+ do€q i + d1€d 41,
1
P _ 2 P P
Miprr = “HR0P T Ep1 T Eppp

These imply the following moments:

1 1
Et[m}:wn] = klogp — 57&0% + ajery — 55&03 + dieqy,
1
P
Et[mt,t+n] = _55012%
vary(myyy,) = agop + (ao+ a1)(k = 1)or + dgog + (do + d1)*(x — D)o,
Vart(mﬁm) = Kop

Combining (9) with the above yields:
1 9 1 5 1,99 2 2
—re = klogf— i’YHO'T — iﬁap + 5 {aOJT + (o + a1)*(k — l)aT}
1
+5 {d3o3 + (do + d1)*(k — 1)o3 + Ko }
2

only

(B4)

(B5)

(B6)

2
o o
= klogfB+ % (af —v6 + (a0 + a1)*(k — 1)) + ?d (dg — vk + (do + d1)*(k — 1))

Condition (21) then follows from y¢ . = 1y .

B.2.1 Internationally Incomplete Markets

When markets are incomplete, we follow Backus et al. (2001) and Lustig and Verdelhan (2019)

and consider a (log) exchange-rate process is given by e;1 — e = my 41 — my, 41 T M+1 where

Nt+1 is an incomplete-markets wedge.
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Proposition D.1 (Term Structure and Market Incompleteness) When international fi-
nancial markets are incomplete (41 # 0), relative yield-curve slopes are unaffected cov(log(S;)—

log(St), 1) = 0 and proj(Ei[rzfX] | €) is unchanged.

Proof: Following Lustig and Verdelhan (2019), frictionless trade across borders in Home and

Foreign bonds for k =1 (i.e., (8) and (12)) and Foreign analogs, implies:

1

—E¢nir1] = §Vart(77t+1)+COVt(mt+1,77t+1)a (B7)
1 .

E¢[net1] = §Vart(77t+1)+C0Vt(mt+1v_77t+1) (B8)

Evaluating (8), (12) and Foreign analogs for v x,yf, for £ > 1, then covi(yi s, mt+1) = 0 Vk
which delivers the first part of the proposition. Moreover, additionally using (16) implies

covi(€,me41) = 0, delivering the second part. O

The proposition above does not depend on the specific form of SDFs and shows that, while
market incompleteness will affect the volatility and predictability of exchange rates, it will not
alter the relationship we study.'”

One example of market incompleteness is the presence of convenience or liquidity yields.
As shown in Engel and Wu (2022) and Jiang et al. (2024), these increase the predictability of
exchange rates. However, Corsetti, Lloyd, and Marin (2020) shows convenience yields increase
the predictability of the incomplete-markets wedge 7,41, but are uncorrelated with the relative

slope as long as they are constant along the term structure.

B.3 Derivations for Section 4.3

We focus on a symmetric model with country-specific factors.
Bond-Pricing Recursions. First, consider the one-period bond, n = 1:

1
peq = By [mypq1] + S vart (M, e41)

A A M A3
= 20t + <1 - 21) 21t — ?222,15 + ?lzl,t + EZZQ,t

= —20¢+ 21

where the first line uses the expression for the bond price for n = 1, the conditional expectation
of equation (25) is used in the second line, and the resulting expression is rearranged to yield

the third line. The one-period risk-free yield y; 1 is therefore given by:

Yt,1 = 20t — 21t

Y"Lustig and Verdelhan (2019) discuss that market incompleteness is an unlikely candidate for resolving
exchange-rate puzzles, although Marin and Singh (2024) show that international market incompleteness has
stronger implications in the presence of within country idiosyncratic risk.
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Next, consider the general n-period bond price:

1

Pt =y [mt t+1 + Pr1 nfl] + ivart (mt,t+1 +pt+1,n71)

1
2
=— 204+ <1 > 21,4 — 5)\222,t — Q1 — Ap_120441 — Bno12z1041 — Cno122,641
+ Val"t <>\1\/2’1 U1+ A2y/Z2 U241 — An—120,041 — Bn-121441 — Cn—1z2,t+1)

1
=— 204+ <1 — *>\ ) 21t — ikgzz,t — Ap—1[(1 — ¢o)z2,t + d0z0,4]
1

— Bp1[(1 = ¢1)224 + d121,1] — Cr1[(1 — ¢2)0 + doza 4]

+ B <>\ 214+ Nozoy + A2 (03204 + B2 0321, + C2_ 103204 — M Bp_101214 — >\2Cn10222,t)

where the second line uses the linear pricing equation and (25); and the third line uses the

process for the factors. Rearranging,the recursions can be seen in the final line:

Qn :anl + Cnfl(l - ¢2)0

A,=14+A,_ 109 — n 103

1
B,=—-1+Bp_1¢01 + 5)\101]3”—1 3 (By_101)*

1

1
Cn :Anfl(l - ¢>0) + anl(l - Cbl) + CbZCnfl + §>\20'20n71 -5

3 (Cr_102)?

with initial conditions Ag = Cy =0, By = —1.

Bond Excess Returns. The ex ante n-period bond excess return is defined as IE; [rxg?ﬂ] =

Et[pt+1,n—1 — Pt.n — Y¢,1]. This can be written as:

E, [mi’lll} =E¢ [Pt+1,n—1 — Ptn — Yt,1)
=E¢ [ Q1+ Qn — Ap120441 + Anzot — Bn121,041 + Bnzip — Cr—122441 + Crzo4]
— 20t + 21t
=Cn-1(1 — ¢2)02 — Ap_1E¢[20,041] + Anzot — Bn1B¢[21,441] + Bnz1y
— Cpo1E[20441] + Crzar — 20t + 21t
=[-An_100+ Ap — 1] 204 + [-Bp-161 + Bp + 1] 211+
[~An—1(1 = ¢0) = Bn1(1 — ¢1) — Cpo1¢2 + Cp] 20

where line 2 uses the pricing equation, line 3 uses the recursion for A, defined above, and line 4
expands the conditional expectation of factors and collects like terms. Evaluating the expression

above in the limit as n — oo yields:

B, [7‘9580421} = [Aw(l=¢0) — 1] 20t + [Boo(l — ¢1) + 1] 21,4 +
[(1 = ¢2)Co — Aso(l — ¢0) — Boo(1 — ¢1)] 22, (B9)
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which can be rearranged as:

E, [7’«”380421} = [Aoo(1 = ¢0)] (20t — 22,t) + [Boo(1 — ¢1)] (21,4 — 22,4) +
[Coo(1 — ¢2)] Zot — 204+ 21t (B10)

The bond premium is driven by the distance of factors 0 and 1 from their long-run mean and

from movements in the long run mean itself. From the recursion formulas:

1 1 1
Eq [Tngzl} = [—2 (AooUO)Q] 20t + [2)\101300 ~3

1 1
(B | 214+ | hamaCoc = § Co

Then, the ez ante bond risk premium is given by:

1
DM [7‘952(501«21} + §Vart(7“n,t+1) = - COVt(pt+l,n—17 mt,t+1)

=—\N0o1By_1214 — A202Cy 1204,

recovering equation (26) in the main body. Factor zero does not appear because there is a zero

price of risk.

Yield-Curve Slope and Bond Premium Approximation. The yield curve slope is de-

fined as the difference between yields on n- and 1-period bonds:

1
Stn =Yt — Yt,1 = - (Qn + Ay + Bpzit + Crzat) — 201 + 21

Evaluating this expression in the limit as n — oo yields:
Stoo = Coo(1 — ¢2)0 — 204 + 214

which arises from the recursions for A,,, B,, and C},, where A,,, B,, and C,, have a finite limit and
2, grows linearly. The approximation of the slope by the bond risk premium S; o, ~ E; [7'$530421]
is also verified within the CIR model. Over long enough samples, E¢[2g¢] = E¢[21¢] = FEy[224] =

0, yielding the result.

Exchange Rates Under complete markets, (log) one-period exchange rate changes are deter-
mined as Aejti+it1 = mf+i7t+i+1 — Myyit+i+1.- Lhe expected one period exchange rate change

is therefore given by:
Eileri1] — e = Bolmuyeer —miy ] = —(200 — 250) + (1= A1/2)(210 — 214) + X?/2(220 — 23)

We focus on conditional risk premia because our symmetric setup implies that unconditional

risk premia [E;[rz{}] are zero. The one-period ERRP can be derived by combining equations
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(14) and (25), assuming complete markets:

]Et[rxft)il] (A %/Q)Et[zl,tﬂ =21l (A%/2)Et[22,t+1 — 23,441] (B11)

where an increase in 2141 — z’it 11 leads to a fall in 7441 — 7} 1 and an increase in conditional
ERRP, as in Fama (1984). However, the ERRP also depends on the second factor (22; — 23 ;)
so long maturity bonds are a useful orthogonal predictor, as in Ang and Chen (2010). We

investigate longer horizon currency returns below.

Transitory-Permanent Variation. We begin by showing how to eliminate permanent in-
novations in the model, such that ERRP in the long-run are zero—and therefore there is no
long-riun predictability. If there are no permanent innovations, Alvarez and Jermann (2005)

show this requires:

1
E; [rwﬁ‘ﬁl] = §Vart(mt’t+1)

Since this must be true for any value of 2, 214, 22+, using (B9), this requires:

Aol = 60) =1] = 0, (B12)
[Boo(l—¢1)+1] = ;A%, (B13)
(Cooll = 62) = Bl = 61) — Aw(1 = 90)] = 3 (B14)
such that:
Ee [ra3) —ral) 7| = O3/2)lz00 — 21 + (3/2)[z20 — 25 (B15)

coinciding exactly with the one-period Eq[rz/ ]

Longer-Horizon Currency Movements. The x-step-ahead exchange-rate change is then

given by:
K
Eilerin] — €0 =Y Ey[Aleyy ] = (B16)
i=1
1— ¢ k=1 i—1
1- ¢>0 (260 = 200) + (1= 00) D D &(Farim1—j = 2244i-1-3)
0 i=0 ;=0
L ZZ:IJEt[ZO,t—Q—z 207t+2] i
)\2 —111= ¢;¢ k—1 i—1
+ = (Zl t Zl,t) (1—¢1) ¢j1(22 t+i—1—j Z2,t+z>1—j)
2 1—¢ .
i=0 ;=0
L Z?;11 Btl2] 14— 21 e+ ]
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A2 1 — ¢k
) o5
2 1—¢o

-1
i Be(23 4 i—22,0+i]

(22,0 = 22)

Importantly, expected depreciations are stricly increasing in both factors (z14,22+) ceteris
paribus. This implies higher relevance of the second factor at longer horizons through two
chanels. First, because factor 2 is assumed more persistent. Second, because factor 1 tend to

factor 2 in the long run.

B.3.1 General Formulation with Hidden Factors.

Finally, as in Section 4.1, we consider a generalization of the representative Home investor’s

SDF such that factor 2 can be hidden from longer maturity interest rates:

—Mr1 = 206 + (€ 4+ A1/2)21¢ + My/ZLieesr + (C+ A5/2)220 + Aay/Z2ee2 11 (B17)

The price of an n—period bond is given by

pﬁ”) = —200 — (E+A}/2)210 — (C4A3/2) 224 — Qo1 — Ap—1204 — Bno1214 — Cn1204

1
2 2 2 2 2 2 2 2
+§ {Nl 214 + Nszos + A5 05204 + B 101214+ Cr_105204 — Mo1Bp_1214 — A202Chr_1224 }

(B18)

It follows that:

Qn :Qn—l + Cn—l(l - ¢2)0

Ay =14 Ap_1¢0 — A2_,0?

1 1
Byp ={+ Bp-191 + 5/\101371—1 —3 (Bp-101)*
1 1

Cpn=C+An-1(1 — o) + Bp—1(1 — ¢1) + $p2Cr—1 + 5/\2U2Cn—1 ~3 (Cp102)?

where QO = O,Ao = 1,B0 = 6,00 = C
Consider, for example, the maturity x = 2:
(2) L, 1 Lo o
PP = 6= 6a)0a] — | (L 60) — 508 200 = |€(1+ 1) + 5 haéor — 5€%0F | 21 (B19)

[ e 0 < ) - P+ |
therefore,
p§2) = Qo+ Agzoy + Baziy, if CPoh + C(1+ ¢ — Aaoa) + [E(1 — ¢1) + (1 — )] =0

which, once again imposes (17) and ensures factor 2o, is not reflected in the spot-yield differ-

ential.
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