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We develop a model in which specialized bond investors must absorb shocks
to the supply and demand for long-term bonds in two currencies. Since long-term
bonds and foreign exchange are both exposed to unexpected movements in short-
term interest rates, a shift in the supply of long-term bonds in one currency influ-
ences the foreign exchange rate between the two currencies, as well as bond term
premia in both currencies. Our model matches several important empirical pat-
terns, including the comovement between exchange rates and term premia, and
the finding that central banks’ quantitative easing policies affect exchange rates.
An extension of our model links spot exchange rates to the persistent deviations
from covered interest rate parity that have emerged since 2008. JEL codes: E43,
E52, F31, G12.

I. INTRODUCTION

There is a growing recognition that financial intermediaries
play an important role in determining foreign exchange (FX) rates
(Kouri 1976; Evans and Lyons 2002; Froot and Ramadorai 2005;
Gabaix and Maggiori 2015; Itskhoki and Mukhin 2021). When
there are frictions in financial intermediation, exchange rates
move in response to shifts in the supply and demand for assets in
different currencies, which intermediaries must absorb. Since the
wealth of intermediaries in FX markets need not be closely tied
to aggregate consumption or conditions in broader financial mar-
kets, this approach can explain the disconnect of exchange rates
from macroeconomic fundamentals (Obstfeld and Rogoff 2001)
and the predictability of currency returns (Fama 1984).
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In this article, we provide a framework for understanding
how the structure of financial intermediation affects FX rates and
show that this approach can shed light on numerous puzzles in
the exchange rate literature. We start by assuming that global
bond and FX markets are integrated with one another but seg-
mented from other financial markets. We make this assumption
for two reasons. First, FX is conceptually similar to long-term
bonds in that both are “interest-rate sensitive” assets: they are
heavily exposed to news about future short-term interest rates.
Thus, the physical and human capital needed to trade long-term
bonds can also be used to trade FX. Indeed, at most major dealer-
banks and hedge funds, interest rate and FX trading are tightly
integrated.

Second, concrete motivation for this assumption comes from
recent work showing that quantitative easing (QE) policies—that
is, large-scale purchases of long-term bonds by central banks—
significantly affected foreign exchange rates and not just long-
term bond yields, suggesting important linkages between the two
markets. For example, Bauer and Neely (2014), Neely (2015),
Swanson (2017), and Bhattarai and Neely (2022) show that the
Fed’s long-term bond purchases were associated with a large de-
preciation of the U.S. dollar vis-a-vis other major currencies.

A quantity-driven, supply-and-demand approach in the spirit
of Tobin (1958, 1969) provides a natural explanation for bond
price movements stemming from QE.! According to this “portfo-
lio balance” view, holding fixed the expected path of future short-
term rates, a reduction in the supply of long-term bonds—such as
QE—Ileads to a fall in long-term bond yields because it reduces
the total amount of interest rate risk borne by specialized finan-
cial intermediaries. Since the fixed-income market is assumed to
be partially segmented from other parts of the broader capital
markets, these intermediaries cannot diversify away the inter-
est rate risk they bear and must be paid to absorb shocks to the
supply and demand for long-term bonds. This segmentation ex-
plains why QE policies—which, while large relative to national
bond markets, are small relative to global markets for all finan-
cial assets—have a large effect on long-term yields.

1. See Hamilton and Wu (2012), D’Amico and King (2013), Greenwood and
Vayanos (2014), Greenwood, Hanson, and Vayanos (2016), and Vayanos and Vila
(2021).
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Our article shows that this same quantity-driven, supply and
demand approach can also explain many empirical facts about ex-
change rates, including their response to QE. The key insight is
that FX and long-term U.S. bonds are exposed to the same pri-
mary risk factor—unexpected movements in short-term U.S. in-
terest rates. Thus, if the global bond and FX markets are inte-
grated with one another, a shift in the supply of long-term U.S.
bonds like QE affects the risk premium on both types of assets.

Our baseline model is a straightforward generalization of the
Vayanos and Vila (2021) term structure model to a setting with
two currencies. Specifically, we consider a model with short-term
and long-term bonds in two currencies, which we label the U.S.
dollar (USD) and the euro (EUR). Short-term interest rates in
each currency are exogenous and evolve stochastically over time.
We assume that short rates in the two currencies are positively
but imperfectly correlated.

The key friction in the model is that the marginal investors
in global bond and FX markets—whom we call “global bond
investors”—are specialized. These investors must absorb exoge-
nous shocks to the supply and demand for long-term bonds in both
currencies, as well as demand shocks in the FX market. Because
these specialists have limited risk-bearing capacity, they will only
absorb these shocks if the expected returns on long-term bonds in
both currencies, as well as FX, adjust in response.

To solve the model, we must pin down three equilibrium
prices: the long-term yield in each currency and the exchange
rate between the currencies—the number of dollars per euro.
Equivalently, we need to determine the equilibrium expected re-
turns on three long-short trades: a “yield curve trade” in each
currency—which borrows short-term and lends long-term—and
an “FX trade”—which borrows short-term in dollars and lends
short-term in euros.

This baseline model predicts that shifts in the supply of long-
term bonds affect not only term premia but also the expected re-
turns on the FX trade and hence exchange rates. For instance, an
increase in the supply of long-term U.S. bonds raises the expected
excess return on long-term U.S. bonds and the expected return on
the borrow-in-dollar lend-in-euro FX trade, leading to a deprecia-
tion of the euro versus the dollar.

The key intuition is that the U.S. yield curve trade and the
borrow-in-dollar lend-in-euro FX trade have similar exposures
to U.S. short-rate risk. First, when the U.S. short rate rises
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unexpectedly, long-term U.S. yields also rise through an expec-
tations hypothesis channel: the expected path of U.S. short rates
is now higher, so long-term U.S. yields must rise for long-term
U.S. bonds to remain attractive to investors. As a result, the price
of long-term U.S. bonds falls, so investors in the U.S. yield curve
trade lose money. The borrow-in-dollar lend-in-euro FX trade is
also exposed to U.S. short-rate risk. When the U.S. short rate
rises unexpectedly, the euro depreciates through an uncovered-
interest-rate-parity (UIP) channel: since future short rates are
now expected to be higher in the United States than in Europe,
the euro must fall and then be expected to appreciate for short-
term euro bonds to remain attractive. Thus, the FX trade suffers
losses at the same time as the U.S. yield curve trade.

Now consider the effect of an increase in the supply of long-
term U.S. bonds—for example, because the Federal Reserve an-
nounces it is going to unwind its QE policies. Following this out-
ward supply shift, global bond investors will be more exposed to
future shocks to short-term U.S. interest rates. As a result, the
price of bearing U.S. short-rate risk must rise. Because long-term
U.S. bonds are exposed to U.S. short-rate risk, this leads to a rise
in the term premium component of long-term U.S. yields. It also
leads to a rise in the risk premium on the borrow-in-dollar lend-
in-euro FX trade, which is similarly exposed to U.S. short-rate
risk. As a result, the euro must depreciate against the dollar and
will be expected to appreciate going forward.?

The baseline model makes several additional predictions.
First, we show that bond supply shocks should have a larger ef-
fect on the bilateral exchange rate when the correlation between
the countries’ short rates is lower. For example, the JPY-USD
exchange rate should be more responsive to U.S. QE than the
EUR-USD exchange rate because Japanese short rates are less
correlated with U.S. short rates than are euro short rates. Sec-
ond, our model matches the otherwise puzzling finding in Lustig,
Stathopoulos, and Verdelhan (2019) that the return to the FX
trade declines if one borrows long-term in one currency to lend
long-term in the other. In our model, this pattern arises because
the “long-term” FX trade has offsetting exposures to short-rate
shocks, making it less risky for global bond investors than the

2. We discuss these effects in terms of U.S. short-rate risk, but they apply
symmetrically to euro short-rate risk. The supply of long-term euro bonds has the
opposite effect on the EUR-USD exchange rate as that of U.S. bonds.
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standard FX trade involving short-term bonds. Third, if we as-
sume that the net supply of each risky asset is increasing in its
price, our model offers a unified explanation that links the pre-
dictability of FX returns documented by Fama (1984) with the
predictability of long-term bond returns documented by Fama and
Bliss (1987) and Campbell and Shiller (1991).

After fleshing out these basic predictions, we extend the
model in several ways to explore how the detailed structure of
financial intermediation affects foreign exchange rates. We first
explore what happens if intermediation is further segmented in
global bond and FX markets. Specifically, we replace some of our
flexible global bond investors with local-currency bond specialists,
who can only trade short- and long-term bonds in their local cur-
rency, as well as with specialists who only conduct the FX trade.
Introducing this specialization delivers two additional effects rel-
ative to the baseline model. First, shocks to the supply of long-
term bonds trigger FX trading flows between different investor
types. In this way, we endogenize the FX flows in Gabaix and
Maggiori (2015), ascribing them to broader capital market forces,
and these flows in turn affect exchange rates. Second, shocks to
the supply of long-term bonds in either currency generally have a
larger impact on the exchange rate than in the baseline model.
This effect arises because further segmentation effectively re-
duces bond investors’ collective risk-bearing capacity.

In our next extension, we add non-risk-based bank balance
sheet constraints to our model, which Du, Tepper, and Verdelhan
(2018) show are critical for explaining the post-2008 violations of
covered interest rate parity (CIP). We show that doing so provides
a simple and plausible explanation for the fact that CIP devia-
tions comove with spot exchange rates, as documented by Avdjiev
et al. (2019) and Jiang, Krishnamurthy, and Lustig (2021). The
intuition is that a positive U.S. bond supply shock generates de-
mand from euro investors to buy long-term U.S. bonds and hedge
the associated FX risk. Doing so consumes scarce balance-sheet
capacity, so banks will only accommodate this hedging demand
if there are deviations from CIP, leading to comovement between
CIP deviations and spot FX rates.

A key implication of this extension is that CIP deviations
are informative about the supply shocks that global bond in-
vestors must absorb, which are otherwise difficult to observe.
Thus one might say that, through the lens of our model, the strong
empirical relationship between CIP deviations and spot exchange
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rates suggests that an important fraction of the variation in
the latter is due to supply and demand factors, rather than the
changes in macro fundamentals that drive conventional models
of exchange rate fluctuations.

This article is most closely related to work studying portfo-
lio balance effects in currency markets (e.g., Kouri 1976; Evans
and Lyons 2002; Froot and Ramadorai 2005; Gabaix and Mag-
giori 2015). In these models, the disconnect between exchange
rates and macroeconomic fundamentals is explained by a discon-
nect between intermediaries in currency markets and the broader
economy. A related literature in international economics, includ-
ing Farhi and Werning (2012) and Itskhoki and Mukhin (2021),
features reduced-form UIP shocks, which similarly disconnect ex-
change rates from macro fundamentals. Our article is also closely
related to papers studying portfolio balance effects in bond mar-
kets.? Our key contribution is to show that the structure of finan-
cial intermediation, which links shocks hitting the intermediaries
in FX markets to shocks in the bond market, helps explain several
important empirical patterns.

The closest work to ours is independent work by Gourinchas,
Ray, and Vayanos (2022; GRV). GRV also study a two-currency
generalization of the Vayanos and Vila (2021) term structure
model. While we work in discrete time with two bonds in each cur-
rency, GRV work in continuous time and consider a continuum of
zero-coupon bonds in each currency. The tractability afforded by
our simpler model allows us to analytically derive a broader and
more general set of results. Despite these technical differences,
our baseline results in Section IIT have close analogs in their set-
ting. Nevertheless, there are a number of important differences
between the papers, and we believe they are complementary. GRV
numerically estimate their model using data on the EUR-USD ex-
change rate and the U.S. and German yield curves, show that the
estimated model can match a variety of stylized facts, and use the
estimated model to conduct numerical policy experiments. In con-
trast, we theoretically explore the role of additional segmentation
in the global bond market and CIP violations. We also establish
a number of empirical results that support the key predictions of
our baseline model. In summary, while the results in Section III

3. See Greenwood and Vayanos (2014), Hanson (2014), Hanson and Stein
(2015), Malkhozov et al. (2016), Haddad and Sraer (2020), Hanson, Lucca, and
Wright (2021), and Albagli et al. (2022).
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are similar in spirit to those in GRYV, the results in Sections IT and
IV are entirely distinct.

This study is also related to the vast literature taking a
consumption-based, representative-agent approach to exchange
rates.* In contrast to our quantity-driven, segmented markets
model, these traditional asset pricing theories struggle to explain
why supply shocks—for example, central bank QE policies—
affect foreign exchange rates and other asset prices. As Woodford
(2012) emphasizes, this is because a “mere reshuffling” of assets
between households and the central bank does not change how
risk is priced in standard theories.? Furthermore, consumption-
based models generally imply different relationships between ex-
change rates and interest rates than our model. For instance, in
consumption-based models, the expected return on the borrow-
in-dollar lend-in-euro FX trade is negatively correlated with the
difference between U.S. and euro term premia. By contrast, in our
model, the correlation is positive.

The remainder of the article is organized as follows. In
Section II, we present some empirical evidence that motivates
our theoretical analysis. Section III presents the baseline model.
Section IV extends the model in several ways to explore how the
structure of financial intermediation affects FX rates, including
by allowing for further segmentation in the global bond and FX
markets and for deviations from CIP. Section V concludes.

II. MOTIVATING EVIDENCE

To motivate our theoretical analysis, we present evidence
for three related propositions. First, exchange rates appear to
be about as sensitive to changes in long-term interest rate dif-
ferentials as to changes in short-term interest rate differentials.

4. Contributions to this literature include Backus, Kehoe, and Kydland (1992),
Backus and Smith (1993), Backus, Foresi, and Telmer (2001), Verdelhan (2010),
Colacito and Croce (2011, 2013), Bansal and Shaliastovich (2013), Lustig, Rous-
sanov, and Verdelhan (2014), Farhi and Gabaix (2016), and many others.

5. If one consolidates a country’s fiscal authority and its central bank, then
QE policies replace long-term government liabilities (bonds) with short-term ones
(reserves) and are isomorphic to changing the maturity structure of government
debt. In standard frictionless models, Ricardian equivalence holds and the matu-
rity structure of government debt is irrelevant because it does not change the total
amount of interest rate risk that is borne by households; it simply shifts risk from
households’ asset holdings to their tax liabilities.
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Second, the component of long-term rate differentials that mat-
ters for exchange rates appears to be a forecastable term premium
differential, rather than the future path of short rates. Third, dif-
ferences in term premia that move exchange rates appear to be
partially quantity driven, as they are responsive to central bank
announcements about large-scale purchases of long-term bonds—
that is, QE.

The motivating evidence we develop here echoes findings
from the recent literature exploring linkages between foreign
exchange and bond markets. Ang and Chen (2010), Lustig,
Stathopoulos, and Verdelhan (2019), Lloyd and Marin (2020), and
Chernov and Creal (2023) find that variables that predict long-
term bond returns—for example, the differences in term spreads
between currencies—are also useful for forecasting FX returns.
The common finding, which we reproduce below, is that expected
returns are lower on currencies that appear to have higher bond
term premia. As pointed out by Lustig, Stathopoulos, and Verdel-
han (2019), this joint predictability of FX and bond returns im-
plies that the returns on currency carry trades are higher when
they are implemented with shorter-term bonds than when im-
plemented with longer-term bonds. Second, Chinn and Meredith
(2004), Bacchetta and van Wincoop (2010), Boudoukh, Richard-
son, and Whitelaw (2016), Engel (2016), and Chernov and Creal
(2023) all find evidence that UIP holds better at long horizons
than at short horizons, a finding that is also tightly linked to the
logic in Lustig, Stathopoulos, and Verdelhan (2019). Third, Bauer
and Neely (2014), Neely (2015), Swanson (2017), and Bhattarai
and Neely (2022) find that the U.S. dollar has tended to depreciate
when the Federal Reserve announces that it is going to expand its
purchases of U.S. long-term bonds.

II.A. Data

We obtain data on nominal exchange rates from Bloomberg.
We obtain estimates of the nominal zero-coupon government yield
curve for each currency from each country’s central bank or fi-
nance ministry. For example, our data on U.S. Treasury zero-
coupon yields is from Giirkaynak, Sack, and Wright (2007). Many
of these data sets lack estimates for three-month government bill
yields, so we obtain data on three-month government bill yields
from Global Financial Data. Online Appendix A provides addi-
tional details on our data sources and variable definitions.
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Our theory is intended as a description of the exchange rates
of major developed economies that have floating (or lightly man-
aged) currencies, independently set their own monetary policy,
and play an important role in international financial markets.
Thus, our analysis uses data for six major currencies, each quoted
versus the U.S. dollar: the Australian dollar (AUD), Canadian dol-
lar (CAD), Swiss franc (CHF), euro (EUR), British pound (GBP),
and Japanese yen (JPY).

As discussed shortly, our theory characterizes the behavior
of real yields and real exchange rates. However, due to the lack
of comprehensive international data on inflation-indexed bonds,
our motivating evidence here exploits data on nominal exchange
rates and nominal bond yields, introducing measurement error
from the perspective of our theory. Thus, it makes sense to focus
on a period when inflation expectations were relatively stable and
hence the use of nominal data introduces little measurement er-
ror. Motivated by this consideration, our baseline sample includes
monthly observations from 2001 and 2021. In addition, bond and
FX markets have arguably become more tightly integrated in re-
cent decades, especially after the introduction of the euro in 1999
(Schulz and Wolff 2008; Mylonidis and Kollias 2010; Ehrmann
et al. 2011; Pozzi and Wolswijk 2012). Since our theory hinges on
the idea that bond and FX markets are tightly integrated, this ar-
gues in favor of looking at more recent data. See Online Appendix
A for additional discussion.

II.B. Contemporaneous Movements in FX Rates

Table I shows monthly panel regressions of the form

(1) AHQGet =Ac +B- Ay (ij,t - Zt) +D - Ay (yj,t _yt) + AH‘gc,t,

where Apq.; is the quarterly (H = 3) or annual (H = 12) log
change in currency c vis-a-vis the U.S. dollar, i}, and i; denote the
foreign and U.S. short-term interest rates, and y;, and y; are the
foreign and U.S. long-term interest rates. Positive values of Agq.,
denote appreciation of the foreign currency versus the dollar. The
regressions include currency fixed effects and thus exploit within-
currency time-series variation. We measure the short-term rate
as the 1-year government bond yield and the long-term rate as
the 10-year zero-coupon government bond yield.

Because these regressions use overlapping changes, the
residuals will be mechanically autocorrelated in a given currency
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TABLE I

CONTEMPORANEOUS RELATIONSHIP BETWEEN MOVEMENTS IN FOREIGN
EXCHANGE, SHORT-TERM INTEREST RATES, AND LONG-TERM INTEREST RATES

H = 3-month changes H = 12-month changes

(1) (2 3) (4) (5) (6) (7 (8

Aplif, —i) 427  3.22 2.77 1.26
' (1.3 (141" (1.44)" (1.64)
ApE, —ye) 3.13 5.13
(1.26)" (1.88)"
Agiz, 6.69 5.16 6.00 3.10
(1.23)"" (1.11)™" (1.15)"" (1.40)"
Aggie -3.10 -1.67 -2.14 -0.21
(0.84)™" (0.84)" (0.93) (1.08)
Amy?, 4.94 9.07
(1.39)"" (1.63)""
Any: -3.98 —5.77
(1.06) (1.61)"™"
DK lags 18 18 18 18 29 29 29 29
N 1,512 1,512 1,512 1,512 1,512 1512 1512 1,512

R? (within) 0.12  0.14 0.18 0.22 0.10 0.14 0.20 0.27

Notes. This table presents monthly panel regressions of the form:

AHGet =Ac +B x Ag (i, —it) +D x Ag(ye, —yt) + Agect,

and
Afqet =Ac + By x Agig, +Bg x Agit + D1 x Agys; +Do x Ayt + Agécyt-

‘We regress H-month changes in the foreign exchange rate on H-month changes in short-term interest rates
and in long-term yields in both the foreign currency and in U.S. dollars. All regressions include currency fixed
effects. The sample runs from 2001m1 to 2021m12 and includes six currency pairs: AUD-USD, CAD-USD,
CHF-USD, EUR-USD, GBP-USD, and JPY-USD (a higher value of g.; means that currency c is stronger
against the USD). Our proxy for the short-term interest rate is the one-year government yield. Our proxy for
the long-term interest rate is the ten-year government bond yield. We report Driscoll-Kraay (1998) standard
errors allowing for serial correlation up to a lag parameter that is chosen using a data-dependent approach

based on Lazarus et al. (2018). Statistical significance is assessed using the fixed-b asymptotic theory of
Kiefer and Vogelsang (2005). * p < .10, ** p < .05, *** p < .01.

over time. Furthermore, the residuals may be contemporaneously
correlated across currencies at a given time. To draw proper infer-
ences, we compute Driscoll-Kraay (1998) standard errors—that
is, the panel data analog of Newey-West (1987) time-series stan-
dard errors. We assess statistical significance using the fixed-b
asymptotic theory of Kiefer and Vogelsang (2005), which yields
more conservative p-values and has better finite-sample prop-
erties than traditional Gaussian asymptotic theory. As detailed
in Online Appendix A.3, our standard errors allow for serial
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correlation up to a lag parameter that we choose using the data-
dependent approach of Lazarus et al. (2018).

Table I, columns (1)-(4) consider quarterly changes (H = 3
months). Column (1) shows the well-known result, consistent
with standard UIP logic, that the foreign currency appreciates
in response to an increase in the foreign-minus-dollar short-rate
differential. Column (2) shows a more novel result: currencies ap-
pear to be nearly as responsive to changes in long-term interest
rates as they are to changes in short-term rates. Columns (3) and
(4) present specifications that break the rate differentials into
their foreign and dollar components:

AHQGcy =A.+B;- AHi:.t + By - Agi; + D1 - AHy’ck’t
(2) +Ds - Agye: + Ay

Foreign and U.S. short-term rates enter with opposite signs in
column (3). Similarly, the foreign and U.S. long-term yields enter
with coefficients of 4.94 and —3.98 in column (4), consistent with
the idea that changes in the term premium differential impact
the exchange rate.

Columns (5)—(8) repeat this analysis using annual changes
(H = 12 months). Compared with the specifications using quar-
terly changes, the coefficient on the foreign-minus-U.S. short-rate
differential is smaller in magnitude, but the coefficient on the
long-rate differential is larger.

The evidence in Table I suggests that exchange rates react
to movements in bond term premia. However, the change in the
10-year bond yield is not a very clean measure of changes in
term premia: it reflects changes in term premia and changes in
expected future short-term interest rates. A potentially cleaner,
but still imperfect, measure of movements in term premia is the
change in forward interest rates at a distant horizon. Distant
forward rates reflect expectations of short-term interest rates in
the distant future plus a term premium component. A range of
evidence suggests that there is typically relatively little news
about short-term rates in the distant future, so changes in dis-
tant forward rates primarily reflect movements in term premia
(Campbell and Ammer 1993; Hanson and Stein 2015; Cieslak and
Pang 2021). Moreover, there is a large literature showing that for-
ward rates strongly predict the excess returns on long-term bonds
(Fama and Bliss 1987; Cochrane and Piazzesi 2005). Of course,
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TABLE II

CONTEMPORANEOUS RELATIONSHIP BETWEEN MOVEMENTS IN FOREIGN
EXCHANGE, SHORT-TERM INTEREST RATES, AND LONG-TERM FORWARD RATES

H = 3-month changes H = 12-month changes

(1) (2) (3) 4) B (6 (7 (8)

ApGE, —ip) 427 415 2.77 2.70
' (1.37)"* (1.38)"* (1.44)" (1.42)"
A(fe = 1) 1.72 2.50
(1.21) (1.13)°
Agrit, 6.69 6.53 6.00 5.54
(1.23)"" (1.21)"" (1.15)" (1.12)""
Apiy -3.10 -2.92 —214 -1.72
(0.84)™" (0.87)"™" (0.93) (0.87)"
Anfr, 2.41 5.38
(0.99)" (0.84)™"
Aufs -1.95 —2.79
(1.01)" (0.83)""
DK lags 18 18 18 18 29 29 29 29
N 1,512 1,512 1,512 1,512 1,512 1,512 1512 1,512

R? (within)  0.12 0.13 0.18 0.20 0.10 0.11 0.20 0.25

Notes. This table presents monthly panel regressions of the form:

AgGet =Ac +B x Ak, —ip) + D x Ag(fi, — fi) + Agecy.

and
Afqes =Ac + By x Agig; +Bg x Agris + Dy x Ay fay +Dg x Ag fr + Aprecy.

‘We regress H-month changes in the foreign exchange rate on H-month changes in short-term interest rates
and in distant forward rates in both the foreign currency and in U.S. dollars. All regressions include cur-
rency fixed effects. The sample runs from 2001m1 to 2021m12 and includes six currency pairs: AUD-USD,
CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. Our proxy for the short-term interest rate is the
one-year government bond yield. Our proxy for the distant forward rate is the three-year, seven-year forward
government bond yield. We report Driscoll-Kraay (1998) standard errors allowing for serial correlation up
to a lag parameter that is chosen using a data-dependent approach based on Lazarus et al. (2018). Statis-

tical significance is assessed using the fixed-b asymptotic theory of Kiefer and Vogelsang (2005). * p < .10,
¥ p < .05, ¥ p < 01,

movements in distant forward rates may still reflect some news
about future short rates, so changes in distant forward rates are
still an imperfect proxy for movements in bond term premia.
Table II presents regressions of the same form as in Table I
using distant forward rates (f, and f,) instead of long-term yields
+: and y;) as our proxy for term premia. The distant forward we
use is the three-year seven-year forward government bond yield—
that is, the rate one can currently lock in on a three-year loan
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TABLE III

2339

FORECASTING FOREIGN MINUS DOMESTIC BOND EXCESS RETURNS USING
SHORT-TERM INTEREST RATES AND LONG-TERM FORWARD RATES

H = 3-month excess returns

H = 12-month excess returns

1) 2 3) (4) (5) (6) (7 (8)
i, =i —-0.05 —0.21 0.11 —0.27
(0.14) (0.13) (0.45) (0.39)
fro—fe 1.74 4.31
(0.22)" (0.33)"
i, -0.17 —0.23 -0.37 —0.51
(0.16) (0.16) (0.49) (0.42)
it —0.08 0.08 —0.60 —0.21
(0.17) (0.14) (0.53) (0.37)
o 1.62 3.94
0.2 (0.55)""
i —~1.71 —4.12
(0.25)* (0.38)™*
DK lags 17 17 17 17 28 28 28 28
N 1,494 1,494 1,494 1,494 1,440 1,440 1,440 1,440
R? (within) 0.00 0.10 002 011 0.00 0.22 008 028

Notes. This table presents monthly panel forecasting regressions of the form:

erj»HH =% g =Ac B X Ggy —i) +D x (f — )+ ecptrH>
and
T bl T ey opep =Ac +B1 X5, + By x it + D1 % [y + Dy X fy ey i

We forecast the difference between foreign and domestic H-month bond returns using short-term interest
rates and distant forward rates in both the foreign currency and in U.S. dollars. All regressions include
currency fixed effects. The sample runs from 2001m1 to 2021m12 and includes six currency pairs: AUD-USD,
CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. Our proxy for the short-term interest rate is the
one-year government bond yield. Our proxy for the distant forward rate is the three-year, seven-year forward

government bond yield. r: c,’;~>t+H =Tl is the difference between the H-month log excess returns on

10-year foreign bonds and those on 10-year domestic bonds—that is, the difference between the returns on
two yield-curve carry trades that borrow short- and lend long-term. We report Driscoll-Kraay (1998) standard
errors allowing for serial correlation up to a lag parameter that is chosen using a data-dependent approach
based on Lazarus et al. (2018). Statistical significance is assessed using the fixed-b asymptotic theory of
Kiefer and Vogelsang (2005). * p < .10, ** p < .05, *** p < .01.

in seven years’ time. Compared with Table I, the coefficients on
the short-rate variables are slightly larger in magnitude and the
coefficients on the long-rate variables are slightly smaller in mag-
nitude, but the latter generally remain economically and statisti-
cally significant. Thus, Table II reinforces the idea that changes in
the term premium component of long-term yields are associated
with movements in foreign exchange rates.
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I1.C. Forecasting Bond and FX Returns

In Tables I and II, we provided suggestive evidence of a rela-
tionship between term premia and exchange rates. We now pro-
vide more direct evidence, showing that forward rates forecast
returns on both long-term bonds and foreign currency. Table III
starts with long-term bonds, running monthly panel regressions
of the form
(3)
rszHH X% el =A.+B- (i:,t - it) +D- (f:t - ft) t+ Ectt+H,

and
mﬁltm — X L iiH =Ac+ By 'i:.t + B> 'it + D1 - c*,t
4) + D5 - ft* + Ectt+H-

Here rxzjﬁ .. denotes H-month log returns on long-term bonds
in country c¢ in excess of the H-month short-term interest rate
in that country. rx] , g denotes H-month log excess returns on
long-term bonds in the United States. As in Tables I and II, the
sample period runs from 2001 to 2021 and includes six major cur-
rency pairs. (For simplicity, the short-term interest rates on the
right side in these regressions are the one-year government bond
yields we have been using throughout.) The table shows that dis-
tant forward rates strongly predict future excess bond returns at
3- and 12-month horizons. For example, column (6) shows that if
the foreign distant forward rate is 1 percentage point higher than
the U.S. distant forward rate, then, over the next 12 months, ex-
cess returns (in foreign currency) on long-term foreign bonds ex-
ceed excess returns (in dollars) on long-term U.S. bonds by 4.31
percentage points on average. Similar results obtain at a quar-
terly forecasting horizon.

In Table IV, we forecast excess returns on foreign currency
investments. The specifications parallel those in Table III, but the
dependent variable is now the log excess return on an investment
in foreign currency that borrows for H-months at the H-month

H
U.S. short-term rate it( 2) and invests at the foreign short-term

H
rate z:(t ) In other words, the regressions take the form:

(5) rxgt%HH =A.+B- (i:,t — it) +D- (f:t - ﬁ) + Ect—st+H,

and
(6)
rxg,t—>t+H =Ac +Bl : L:t +BQ : it +D1 : f:t +D2 ‘ ﬁ +8C,t~>t+H7
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TABLE IV

FORECASTING FOREIGN EXCHANGE EXCESS RETURNS USING SHORT-TERM
INTEREST RATES AND LONG-TERM FORWARD RATES

H = 3-month excess returns H = 12-month excess returns

1 (2) (3) (4) (5) (6) (7 (8)

i, —is 021 0.29 0.65 0.96
(0.36) (0.37) (1.31) (1.34)
fir—f —0.83 —3.59
(0.39)° (1.03)™*
i, 0.31 -0.13 1.23  0.11
(0.43) (0.60) (1.44) (1.76)
i —-0.10 —0.06 —-0.05 —0.02
(0.33) (0.36) (1.16) (1.22)
o —-0.27 -1.86
(0.37) (0.84)"
fi 0.88 3.51
(0.42)" (1.09)™*
DK lags 17 17 17 17 28 28 28 28
N 1,494 1,494 1,494 1494 1,440 1,440 1,440 1,440

R? (within) 0.00  0.01 0.01 0.03 0.01 0.04 0.03 0.09

Notes. This table presents monthly panel forecasting regressions of the form:

ert»HH =Ac+Bx gy —i)+ D x (f&y = f) + ecimtrHo

and

ol g =Ac +B1 xig +By xir + D1 % [y +Da X fy + eepsiiH-

We forecast H-month foreign exchange excess returns using short-term interest rates and distant forward
rates in both the foreign currency and in U.S. dollars. All regressions include currency fixed effects. The
sample runs from 2001m1 to 2021m12 and includes six currency pairs: AUD-USD, CAD-USD, CHF-USD,
EUR-USD, GBP-USD, and JPY-USD. For simplicity, the short-term interest rates on the right side in these
regressions are one-year government bond yields. Our proxy for the distant forward rate is the three-year,
seven-year forward government bond yield. rxg (tiH 1S the H-month log excess return on the FX carry
trade strategy that borrows short-term in U.S. dollars and lends short-term in currency ¢ and is defined as
H H H
(15)  .(§5) (75) (15)

rxthHH = (Qes+H —Get) + (% ) i: 2°_ iy 127 where i: 127 and iy 127 denote the (%) —year short-term
interest rates in foreign currency ¢ and U.S. dollars, respectively. We report Driscoll-Kraay (1998) standard
errors allowing for serial correlation up to a lag parameter that is chosen using a data-dependent approach
based on Lazarus et al. (2018). Statistical significance is assessed using the fixed-b asymptotic theory of
Kiefer and Vogelsang (2005). * p < .10, ** p < .05, ¥ p < .01.

H H
where raf, |, ;= (qesm —qed) + (15) - (i*( ) _ it(“)) is the H-

c,t
month excess return (in dollars) on foreign currency c. The re-
sults in Table IV are consistent with a risk premium interpreta-
tion of our earlier results. For example, in column (6), an increase
in the foreign-minus-U.S. distant forward rate differential neg-
atively predicts 12-month currency returns with a coefficient of
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—3.59 (p-value < .01). This means that if the foreign distant for-
ward rate rises by 1 percentage point relative to the U.S. distant
forward rate, investors can expect a 3.59 percentage point lower
return on the trade that borrows in dollars and lends in foreign
currency over the next three months. This is consistent with our
results in Tables I and II. For instance, Table II shows that in-
creases in the foreign-minus-U.S. distant forward differential are
associated with a contemporaneous appreciation of the foreign
currency. Table IV shows that this increase in distant forward
rate differentials is associated with a subsequent depreciation of
foreign currency and thus low foreign currency returns.

1. Robustness In Online Appendix A, we conduct a battery of
robustness checks on our baseline results in Tables I, II, ITI, and
IV. First, one might be concerned about our use of overlapping
changes and returns in our baseline regressions. Our results are
quite similar if we simply use nonoverlapping H-month changes
or returns.

Second, the panel data estimates in Tables I-IV are a
weighted average of currency-level time-series estimates. Al-
though pooling data across currencies generates additional sta-
tistical power and is standard practice in empirical asset pricing,
it is natural to examine the results for the six currencies sepa-
rately. Broadly speaking, our results are strong for AUD, CHEF,
GBP, EUR, and JPY when considered in isolation, but our results
for CAD are not.

Third, EUR, GBP, and JPY are the three currencies that,
alongside the USD, arguably play the most significant role in in-
ternational financial markets and thus most clearly satisfy the
conditions of our theory. Thus, it is comforting that our results
are similar if we restrict our sample to EUR, GBP, and JPY.

Fourth, in light of the growing literature that emphasizes the
special role of the USD in international financial markets, it is
natural to ask whether our results are driven by the decision to
use USD as the base currency. The short answer is no: we obtain
broadly similar results if, instead of using USD as the base cur-
rency, we use other currencies.

Finally, our baseline results focus on the 2001 to 2021 pe-
riod. As explained, we focus on recent data for two main reasons.
First, we are using data on nominal rates to test a theory that
makes predictions about real rates. As a result, we expect the
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patterns predicted by our theory to emerge most strongly in nom-
inal data during periods when expected inflation is stable. Sec-
ond, our theory hinges on the idea that bond and FX markets are
tightly integrated and these markets have arguably become more
integrated in recent decades. However, neither consideration of-
fers a strong justification for beginning the analysis in precisely
2001: we do not think there was a structural break in the stabil-
ity of inflation expectations or the integration of markets in 2000.
The Online Appendix shows that our results hold over the longer
19942021 sample which is as far back as we have zero-coupon
yields for all currencies in our sample. To be sure, if we were to
extend our sample back to the 1980s or 1970s—which is possi-
ble for some of the currencies we consider—our results become
weaker. However, this is consistent with the notion that our the-
ory’s predictions should emerge less strongly during these earlier
decades, especially when working with nominal data.

I1.D. Central Bank QE Announcements

Our results so far are consistent with the idea that bond term
premia play a role in driving the FX risk premium. That said, our
prior results do not tell us precisely what drives bond term premia
in the first place and thus do not necessarily single out a supply-
and-demand approach to risk premium determination. As a final
piece of more direct motivating evidence for our quantity-driven
approach, we turn our attention to central bank announcements
about changes in the net supply of long-term bonds. As noted ear-
lier, many studies have documented the effect of central bank QE
announcements on long-term bond yields (Gagnon et al. 2011;
Krishnamurthy and Vissing-Jorgensen 2011; Greenwood, Han-
son, and Vayanos 2016). Drawing on these previous studies, we
isolate periods in which there is news about quantities and show
that changes in distant forward rates—our proxy for movements
in term premia—typically occur alongside changes in exchange
rates at these times.®

Figure I illustrates our approach. We construct a list of large-
scale asset purchase announcements by the U.S. Federal Reserve,

6. Even this evidence from QE announcements is not uniquely consistent with
a term premium interpretation. According to the “signaling” view, QE also influ-
ences long-term rates through an expectations hypothesis channel by signaling
a central bank’s intention to keep short rates low for a long period of time. See
Eggertsson and Woodford (2003), Bauer and Rudebusch (2014), and Bhattarai,
Eggertsson, and Gafarov (forthcoming).
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FIGURE 1

Movements in Exchange Rates versus Differential Movements in Forward Rates
on QE Announcement Dates

The figure shows the movement in foreign exchange rates versus movements
in the difference between foreign and domestic long-term forward rates around
quantitative easing (QE) announcement dates by the U.S. Federal Reserve, the
European Central Bank, the Bank of England, and the Bank of Japan from 2008 to
2019. For an announcement on date ¢, we show the change in the foreign exchange
rate and the movement in foreign minus domestic long-term rates from day
t — 2 to day ¢ + 2. The long-term forward rate is the three-year yield, seven-years
forward. For the U.S. announcements, we plot the average appreciation of the
dollar relative to euro, pound, and yen versus the movement in U.S. long-term for-
ward rates minus the average movement in forward rates for the euro, pound, and
yen. For the other three currencies, we plot their appreciation relative to the dol-
lar versus the movement in the local currency forward rate minus the dollar for-
ward rate. To form our list of QE announcement dates, we begin with Fawley and
Neely’s (2013) list of unconventional policy announcements by these four central
banks. We update this list through 2019 and then focus on the subset of the an-
nouncement that contain news about central bank purchases of long-term bonds
(either sovereign or private-sector).

the European Central Bank, the Bank of England, and the Bank
of Japan from 2008 to 2019.7 Since the Reserve Bank of Australia,

7. We end this analysis in 2019, thereby excluding the asset purchase an-
nouncements associated with the onset of the COVID-19 pandemic in March 2020,
for two reasons. First, central banks began purchasing long-term bonds in March
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the Bank of Canada, and the Swiss National Bank did not un-
dertake large-scale purchases of long-term bonds from 2008 to
2019, we drop AUD, CAD, and CHF and focus solely on EUR,
GBP, JPY, and USD. To form our list of asset purchase announce-
ment dates, we begin with Fawley and Neely’s (2013) list of un-
conventional policy announcements by these four central banks.
We update this list through 2019 and focus on the subset of an-
nouncements that contain news about large-scale purchases of
long-term bonds (either sovereign or private-sector), including an-
nouncements about “tapering” or “balance sheet normalization”—
a.k.a. “quantitative tightening.”

For an asset purchase announcement on date ¢, we show the
appreciation of the FX rate and the movement in foreign-minus-
U.S. distant forward rates from day ¢ — 2 to day ¢ + 2. For the U.S.
announcements, we plot the average appreciation of USD relative
to EUR, GBP, and JPY versus the movement in U.S. long-term
forward rates minus the average movement in forward rates for
EUR, GBP, and JPY. For the other three currencies, we plot their
appreciation relative to USD versus the movement in the local-
currency forward interest rate minus the USD forward interest
rate.

Consider the Fed’s announcement on March 18, 2009, that
it would expand its purchases of long-term U.S. bonds to $1.75
trillion from a previously announced $600 billion. As can be seen
in Figure I, distant U.S. forward interest rates fell by more than
40 basis points relative to those in other countries in the days
surrounding this announcement, and the USD depreciated by
approximately 3% vis-a-vis the EUR, GBP, and JPY basket. Con-
versely, when the Fed announced it was planning to slow or
“taper” its long-term bond purchases on June 19, 2013, distant
U.S. forward rates rose by roughly 10 basis points relative to for-
eign forwards and the USD appreciated by roughly 2.5%. For
many announcements, neither distant forwards nor currencies

2020, in part due to a desire to counteract the widespread institutional bond sales
associated with the COVID-induced “dash for cash.” Thus, the sign of the ini-
tial combined shock to net bond supply—institutional sales minus central bank
purchases—is unclear. Second, our theory emphasizes that exchange rates depend
on term premia differentials and, hence, the differential net supply of long-term
bonds in different currencies. Since the major central banks announced large-
scale bond purchases in rapid succession (most in a few days after March 15,
2020), these events do not represent clean shocks to cross-currency differences in
net supply.
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move by much, perhaps because the announcements were largely
anticipated. However, Figure I shows that announcements that
were associated with significant relative movements in distant
forward rates were typically associated with sizable currency
movements.®

In Table V, we focus our attention on these asset purchase
announcement dates and estimate the regressions akin to those
in Table II, namely:

AgGesr2 =A+B - Ay (0 —ltse) + D - Mg ([0 — fre2)
@) + Agéecty2,
and
Asqeria =A+B1- Adiyy o+ B Adly,, + D1+ Aafly s
(8) + Dz - Ayfiyo + Agecyyo.

Whereas in Tables I and II we studied quarterly and annual
changes, here we restrict attention to the 73 QE-related an-
nouncements in the United States, Eurozone, United Kingdom,
and Japan. The regressions have more than 73 observations be-
cause for the 28 U.S. QE announcements, we include data points
for each of the euro, pound, and yen responses; this is similar to
looking at the average change in the dollar relative to these three
currencies. To avoid double-counting events from a statistical per-
spective, we cluster our standard errors by announcement date.
As in Figure I, A4qc42 is the four-day change in the exchange

8. A potential alternative interpretation is that long-term yields and FX
rates reflect movements in convenience or safety premia. However, fluctuations in
safety premia should generate the opposite relationship between contemporane-
ous changes in FX rates and long-term yields. To see why, suppose U.S. QE leads
to a reduction in the supply of safe dollar assets. If the demand for safe assets
is downward sloping, QE should raise the dollar safety premium, pushing down
long-term Treasury yields (Krishnamurthy and Vissing-Jorgensen 2011, 2012). If
foreign investors derive greater convenience services from holding safe dollars as-
sets than U.S. investors, the decline in the supply of safe dollar assets should also
lead the dollar to appreciate against foreign currencies (Jiang, Krishnamurthy,
and Lustig 2021). Alternately, if central bank reserves are safer than the long-
term assets the Fed is purchasing, then U.S. QE would expand the supply of dol-
lar safe assets, which should push up long-term U.S. yields and lead the dollar to
depreciate (Jiang, Krishnamurthy, and Lustig 2020). Either way, movements in
the U.S. dollar safety premium should lead to a negative, not positive, correlation
between U.S. Treasury yields and the strength of the dollar.
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TABLE V

DAILY MOVEMENTS IN FOREIGN EXCHANGE, SHORT-TERM INTEREST RATES, AND
LoNG-TERM FORWARD RATES ON QE ANNOUNCEMENT DATES

(1) 2) 3) (4)
A4,y —ir2) 8.26 9.67
(3.33)" (2.12)"
As(Fr, g — fre2) 4.04
(1.26)""
Agif, 7.53 8.82
' (3.26)" (2.25)"™*
Agirio -17.01 —13.45
(6.89)" (5.67)"
A4fiy s 4.33
(1.41)
Asfrio -3.59
(1.4D)™
N 128 128 128 128
R-squared 0.10 0.26 0.14 0.27

Notes. This table presents daily panel regressions of the form:

AgGeryz =A+B x Agliy, o —ig12) +D x Ag(fy 0 — fryo) + Dsecsio.

and
Agqesra =A+B1 X Agig, o+ By x Agiyyo +D1 x Agfyy o +Do x Agfyio+ Agecyra.

on days with major QE news announcements by the U.S. Federal Reserve, the European Central Bank, the
Bank of England, and the Bank of Japan from 2008 to 2019. We regress four-day changes in the foreign
exchange rate on four-day changes in short-term interest rates and in distant forward rates in the foreign
currency and in U.S. dollars. For an announcement on date ¢, we look at changes from date ¢ — 2 to ¢ + 2.
We show results for EUR-USD, GBP-USD, and JPY-USD where a higher value of g.; means that currency
¢ is stronger versus the dollar. Our proxy for the short-term interest rate in each currency is the one-year
government bond yield. Our proxy for the distant forward rate is the three-year, seven-year forward gov-
ernment bond yield. To form our list of QE announcement dates, we begin with Fawley and Neely’s (2013)
list of unconventional policy announcements by these four central banks. We update this list through 2019
and then focus on the subset of the announcements that contain news about central bank purchases of long-

term bonds (either sovereign or private-sector). Standard errors are clustered by announcement date in these
specifications. * p < .10, ¥* p < .05, ¥ p < .01.

rate, from two days before the announcement to the close two days
after; all other variables are measured over the same period.

Column (2) shows the main result. Both changes in short-
term interest rate differentials and changes in long-term forward
rate differentials measured around QE-news dates are positively
related to movements in exchange rates. Column (4) shows that
the effects of foreign and U.S. term premia on exchange rate
movements are approximately symmetric and of opposite sign,
attracting coefficients of 4.3 and —3.6, respectively.
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In sum, the evidence suggests that not only is there a close
connection between bond term premia and FX risk premia, both
premia are partially driven by shocks to bond supply. These styl-
ized facts are the motivation for the model that we turn to next.

III. BASELINE MODEL

Our baseline model generalizes the Vayanos and Vila (2021)
term structure model to a setting with two currencies, say, the
U.S. dollar and the euro. We consider a model with short- and
long-term bonds in domestic currency (dollars) and foreign cur-
rency (euros). There is an exogenously given short-term interest
rate in each currency. The key friction is that the global bond
market is partially segmented from the broader capital market:
we assume the marginal investors in the global bond market—
whom we call “global bond investors”—are specialized investors.
These bond investors must absorb exogenous shocks to the sup-
ply and demand for long-term bonds in both currencies, as well
as shocks in the foreign exchange market. Because they are con-
cerned about the risk of near-term losses on their imperfectly di-
versified portfolios, specialists will only absorb these shocks if the
expected returns on bonds and FX adjust in response.

III.A. Model Setup

The model is set in discrete time. To maintain tractability, we
assume that asset prices (or yields) and expected returns are lin-
ear functions of a vector of state variables. To model fixed income
assets, we (i) substitute log returns for simple returns through-
out and (ii) use Campbell and Shiller (1988) linearizations of log
returns. We view (i) and (ii) as linearity-generating modeling de-
vices that do not qualitatively affect our conclusions.

1. Financial Assets. There are four assets in the model:
short- and long-term bonds in both domestic (dollars) and foreign
(euros) currency. We then describe the foreign exchange market.

i. Short-Term Domestic Bonds. The log short-term interest
rate in domestic currency between time ¢ and ¢ + 1, denoted i,,
is known at time ¢ and follows an exogenous stochastic process
described below. We assume short-term domestic bonds are avail-
able in perfectly elastic supply: investors can borrow or lend any
desired quantity in domestic currency from ¢ to ¢ + 1 at i;.

€202 4940j00 /| U0 Josn AleiqiT |00yos mMeT plenleH AQ 0EE1L8L L//ZEZ/7/8E L/alome/lb/woodno-oiwepese/:sdyy woly peapeojumod



TERM PREMIA AND EXCHANGE RATES 2349

ii. Long-Term Domestic Bonds. The long-term domestic
bond is a default-free perpetuity with geometrically declining
payments. At time ¢, long-term domestic bonds are available
in a given net supply s; which follows an exogenous stochastic
process. As shown in Online Appendix B, the log return in do-
mestic currency on long-term domestic bonds from ¢ to ¢ + 1 is
approximately:

1 8

)
Vi — —=Yi+1 =Yt — 7= W41 — Vi),

® i 1-6 1-6

t+1=1_8

where y; is the log yield-to-maturity on domestic bonds, § € (0,
1),and D = 1_Ls is the duration of the long-term bond, that is, the
sensitivity of the bond’s price to its yield. The parameter § = 1 —
% is governed by the rate at which the bond’s payments decline
over time, and a larger § corresponds to an economy with longer-
term bonds. Naturally, the return on long-term bonds is the sum
of a “carry” component, y;, which investors earn if yields do not
change and a capital gain component, —(%_(s)(ytﬂ —3) , due to
changes in yields.

Iterating equation (9) forward and taking expectations, the
domestic long-term yield can be decomposed into an expectations

hypothesis component and a term premium component:

(10) ye=(1=8) Y ¥Efivy; +rx), 4]
j=0
where rx},; = r],; —i; is the excess return on domestic long-term

bonds over the domestic short rate. In other words, rx; .1 1s the log
excess return on the domestic “yield curve trade,” the trade that
borrows short-term and lends long-term in domestic currency.

iii. Short-Term Foreign Bonds. Short-term foreign bonds mir-
ror short-term domestic bonds. The log short-term riskless rate in
foreign currency between time ¢ and ¢ + 1 is denoted i}.

iv. Long-Term Foreign Bonds. Long-term foreign bonds mirror
long-term domestic bonds. Specifically, long-term foreign bonds
have the same duration D = 1_Ls as long-term domestic bonds
and are available in an exogenous, time-varying net supply s;".
The log return in foreign currency on long-term foreign bonds is
given by the analog of equation (9), and the log yield-to-maturity
on foreign bonds, y;, is given by the analog of equation (10).

rx),, =r,,; —if denotes the excess return on the yield curve trade

in foreign currency.
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v. Foreign Exchange. Let @; denote the foreign exchange
rate defined as units of domestic currency per unit of foreign
currency—that is, an investor can exchange foreign short-term
bonds with a market value of one unit in foreign currency for do-
mestic short-term bonds with a market value of @, in domestic
currency. Thus, a rise in @, corresponds to an appreciation of the
foreign currency relative to the domestic currency. Let ¢; denote
the log exchange rate.

Consider the excess return on foreign currency from time ¢ to
t + 1, the FX trade that borrows short-term in domestic currency
and lends short-term in foreign currency. The log excess return
on foreign currency is approximately:

(11) rx?H =(qe41 —qt) + G —1p).

Thus, the excess return on foreign currency is the sum of the
interest rate differential, i} —i;, and the change in exchange
rates, (¢;11—q;). Assuming the exchange rate is stationary with a
steady-state level of zero (i.e., that purchasing power parity holds
in the long run), we can iterate forward and take expectations to
obtain:

(12) =2 Et[(it*+j — leyj) — rx?+j+1]’
j=0

as in Froot and Ramadorai (2005). Thus, the exchange rate is
the sum of a UIP component and an FX risk premium compo-
nent. Equation (12) is consistent with the evidence in Dahlquist
and Pénasse (2022) who show that the level of the real exchange
rate is a robust negative predictor of the future excess returns on
foreign exchange.’

9. Our assumption that the exchange rate is stationary is made purely
for simplicity. Virtually all of our results carry through trivially if the ex-
change rate is nonstationary. Specifically, we could instead assume that g; =
g7 + 220 B Gy — i) = rxgﬂ.ﬂ], where ¢i° = limy_, o E; [g¢17] follows an ex-
ogenous random walk 0, =qf° + &g 141, &gx 41 is orthogonal to the other
shocks and Vary [gg 411] = qzw > 0. Relative to the expressions we present, which
assume oqzoo =0, allowing for this random walk component of exchange rates
means that we simply need to add aqzoo > 0 to the fundamental component of
2(1—,0)1'ri2

V, =Var, [rxf +1]. For instance, in Proposition 1 we would replace V, = o)

. 2(1—/))(7.2
with V, = 02, + L
I ()
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vi. Real versus Nominal Rates. Since our theory hinges on
the comovement between exchange rates and short-term interest
rates, it makes sense to think of all of the interest rates in our
model as real interest rates and the exchange rate as the real ex-
change rate.!? This is a key reason we focused on data from 2001—
2021 in the prior section: this was a time when inflation expec-
tations were firmly anchored and where movements in nominal
interest rates largely corresponded to movements in real rates.

2. Risk Factors. Investors face two types of risk in our
model: interest rate risk and supply risk. First, long-term bonds
and FX positions are exposed to interest rate risk. For example,
both long-term domestic bonds and foreign currency will suffer
unexpected losses if short-term domestic rates rise unexpectedly.
Second, long-term bonds and FX positions are exposed to supply
risk: stochastic supply shocks affect equilibrium bond yields and
exchange rates, holding fixed the expected future path of short
rates.

i. Short-Term Interest Rates. We think of monetary policy as
determining short-term rates outside of the model. The domestic
and foreign central banks independently pursue monetary policy
in their currencies by posting an interest rate and then elasti-
cally borrowing and lending at that rate. Formally, we assume

10. To see why, note that if short-term nominal interest rates move one-for-
one with changes in expected inflation, then news about future inflation will not
impact real exchange rates. What is more, pure news about future inflation will
not lead to unexpected changes in nominal exchange rates and will only lead to
expected future movements in nominal exchange rates (see Krugman, Obstfeld,
and Melitz 2022, chap. 16). Only news about future short-term real rates leads to
unexpected changes in both real and nominal exchange rates. Turning to bonds,
although both real and nominal long-term bonds are exposed to news about future
short-term real rates, only long-term nominal bonds are directly exposed to news
about future inflation. These ideas are detailed in Online Appendix B, where we
extend our model to include shocks to both real interest rates and expected in-
flation. The upshot is that the comovement patterns between long-term bonds
and exchange rates that we emphasize should be strongest when looking at real
bonds. Similarly, the FX return predictability we emphasize should be strongest
when looking at real rates: looking at nominal rates simply adds measurement
error to the independent variables, biasing the results toward zero. Alternately, if
one is forced to use data on nominal bonds to test our theory (e.g., due to a lack of
data on real bonds), then we would expect our predictions to emerge most strongly
in periods where inflation expectations are stable and the resulting measurement
error is small.
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short-term interest rates in domestic and foreign currencies
follow exogenous and symmetric AR(1) processes with correlated
shocks:

(13a) i1 =0+ i — 1) + &5,
(13b) i =Tl —D e,

where 7 > 0, ¢; € (0, 1), Varlg,,,,] = Varle;; 1=07 >0, and p =
Corrlei,,,, & 1 € [0, 1].

ii. Net Bond Supplies. We assume the net supplies of long-
term domestic bonds (s}) and long-term foreign bonds (s)*) follow
symmetric AR(1) processes. These net bond supplies are the mar-
ket value of long-term domestic and foreign bonds, denominated
in units of domestic currency, that arbitrageurs must hold in equi-
librium. Specifically, we assume:

(14a) sl =8 +do(s] —&) +ey

t 41’

(14b) sl =8 + (s =) + ey,

where & > 0, ¢» € [0, 1), and Var, [86‘;,+1] =Var, [85'211] =02 >0
As in Vayanos and Vila (2021), these net bond supplies
should be viewed as the gross supply of long-term bonds minus
the demand of any inelastic “preferred habitat” investors—that
is, they reflect the combined supply and demand shocks that
global bond investors must absorb in equilibrium. This means
that from the vantage point of our global bond investors, there
are two potential sources of variation in the net supply of long-
term bonds. First, there are true shocks to the gross supply of
long-term bonds that all private investors must collectively hold.
These gross supply shocks could either stem from the issuance
of long-term government bonds or from QE policies by central

11. Online Appendix B explores the effect of relaxing our symmetry assump-
tions on short rates and bond supply. Our baseline results carry through quali-
tatively so long as the asymmetries are moderate. However, our model has quali-
tatively different implications for the comovement between foreign exchange and
bond returns if the short-rate processes become highly asymmetric—say, if the
foreign country’s short rate tends to move more than one-for-one with the home
country’s short rate. Thus, our baseline results apply most naturally to major cur-
rencies whose central banks pursue an independent monetary policy.
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banks. Second, there are inelastic demand shocks from other
unmodeled investors that our global bond investors must accom-
modate. For instance, if pension fund or insurance companies
exogenously decided to sell their holdings of long-term bonds,
that would be a positive net supply shock from the standpoint of
our global bond investors.'? With this broader view of net supply
in mind, it is plausible that there are sufficient fluctuations in
net supply to explain a meaningful fraction of the variation in FX
rates and long-term bond yields.

iii. Net FX Supply. We assume that global bond investors
must engage in a borrow-domestic and lend-foreign FX trade in
time-varying market value (in domestic currency units) s/ to ac-
commodate the opposing demand of other unmodeled agents. For
example, if nonfinancial firms have an inelastic demand to ex-
change foreign currency for domestic currency, global bond in-
vestors must take the other side, going long foreign currency and
short domestic currency. We assume

a _ q
(15) Spi1 = $ses; + £t s

where Var, [szﬂ] =02 >0 and ¢y € [0, 1). Of course, if we con-
sider all agents in the global economy, then FX must be in zero
net supply: if some agent is exchanging dollars for euros, then
some other agent must be exchanging euros for dollars. However,
the specialized bond investors in our model are only a subset of
all actors in global financial markets, so they need not have zero
FX exposure.

Collecting terms, let &;41 = [¢;, ,, Eir 1 € 2 B gs;,ﬂ]/ and X =
Var;lg; 4 1]. For simplicity, we assume the three supply shocks are
independent of each other and of both short-rate shocks.

3. Global Bond Investors. The global bond investors in our
model are specialized investors who choose portfolios consisting
of short- and long-term bonds in the two currencies. They have
mean-variance preferences over next-period wealth with risk

12. For recent work along these lines, see Greenwood and Vayanos (2010) for
bond demand from pension funds, Hanson (2014) and Malkhozov et al. (2016) for
bond demand linked to mortgage hedging, and Hanson, Lucca, and Wright (2021)
for demand from extrapolative investors. Indeed, using their demand system ap-
proach, Koijen and Yogo (2020) argue that portfolio rebalancing by institutional
investors can explain 50% to 60% of the variation in long-term bond yields and
exchange rates.
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tolerance 7. Let d) (d}") denote the market value of bond in-
vestors’ holdings of long-term domestic (foreign) bonds and let
d} denote the value of investors’ position in the borrow-domestic
and lend-foreign FX trade, all denominated in domestic currency.
Defining d; = [d}, &}", df]" and rx, 1 = [rx), |, mx7,, raf ], in-
vestors choose their holdings to solve:!?

3

1
(16) mdax {d;Et [I'Xt+1] — Zd;Vart [I'XH_l] dt} .

Thus, their demands must satisfy:

17 E, [rx;1] = T 'Var; [rx;41] d;.

These preferences are similar to assuming that investors manage
their overall risk exposure using value-at-risk or other standard
risk management techniques.

In practice, we associate the global bond investors in our
model with market players such as fixed-income divisions at
global broker-dealers and global macro hedge funds. Relative to
more broadly diversified players in global capital markets, risk
factors related to movements in interest rates loom large for these
imperfectly diversified investors. Indeed, the particular form of
segmentation that we assume is quite natural since both govern-
ment bonds and foreign exchange are interest rate sensitive as-
sets. Any specialized human capital, physical infrastructure, or
organizational infrastructure that is useful for managing inter-
est rate sensitive assets can be readily applied to both bonds and
FX.14

13. Global bond investors solve expression (16) irrespective of whether they
are domestic- or foreign-based. This is because we can represent an investor’s
positions in any asset other than short-term bonds in her local currency as a lin-
ear combination of three long-short trades: the yield curve trade in each currency
and the FX trade. Assuming all investors have the same risk tolerance in domes-
tic currency terms (i.e., the risk tolerance of any foreign-based investors is é in
foreign-currency terms) and hold the same beliefs, all will choose the same expo-
sures to these three trades in domestic-currency terms regardless of where they
are based.

14. Our view is that at its core, market segmentation is driven by the gains
from investor specialization and the informational frictions specialization engen-
ders. Different assets are exposed to different kinds of economic risk factors, and
understanding different kinds of risk factors requires specialized human capi-
tal. Although specialization is valuable, it inevitably creates informational prob-
lems between specialized investors and outside capital providers. Because of these
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II1.B. Equilibrium

1. Conjecture and Solution. We need to pin down three
equilibrium prices: y;, y;, and g;. To solve the model, we con-
jecture that prices are linear functions of a 5 x 1 state vector
z = [i;,1},s),s",s?]. As shown in the Online Appendix, a ra-
tional expectations equilibrium is a fixed point of an operator
involving the “price-impact” coefficients that govern how the
supplies s, = [s],s",s7]" affect y;, y;, and g;. Specifically, the
market-clearing condition d;, = s; implicitly defines an operator
that gives the expected returns—and hence the price-impact
coefficients—that will clear markets when investors believe that
the risk of holding assets is determined by some initial set of
price-impact coefficients. A rational expectations equilibrium of
our model is a fixed point of this operator.

In the absence of supply risk (o7 = 032(1 = 0), this fixed-point
problem is degenerate, and there is a straightforward, unique
equilibrium. However, when asset supply is stochastic, the fixed-
point problem is nondegenerate: the risk of holding assets de-
pends on how prices react to supply shocks. For example, if in-
vestors believe that supply shocks will have a large effect on
prices, they perceive assets as being highly risky. As a result, in-
vestors will only absorb supply shocks if they are compensated
by large price declines and high future expected returns, making
the initial belief self-fulfilling. This logic means that (i) a linear
equilibrium only exists when investors’ risk tolerance t is suffi-
ciently large relative to the volatility of supply shocks and (ii) the
model admits multiple equilibria. However, there is at most one
equilibrium that is stable in the sense that it is robust to a small
perturbation in investors’ beliefs regarding equilibrium price

informational problems, the specialized investors who are the marginal price
setters in the short run are not fully diversified and have outsized economic
exposures to the specific assets they intermediate. A key implication of this
human-capital-centric approach to market segmentation is that there is a crucial
distinction between the economic and statistical similarity of different risk fac-
tors. For example, U.S. and Japanese short-term rates are not highly correlated,
implying that U.S. and Japanese bonds face very different statistical risks. How-
ever, the underlying human capital needed to analyze and manage short-rate risk
is quite similar in both currencies. As a result, global bond investors may have an
edge in both bond markets even though the underlying short rates are far from
perfectly correlated.
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impact.’® We focus on this unique stable equilibrium in our
analysis.

2. Equilibrium Expected Returns and Prices. We character-
ize equilibrium expected returns and prices. Market clearing im-
plies that d; = s;. Thus, using equation (17), equilibrium expected
returns must satisfy:

(18) E, [rx; 1] = T 'Var [rx;.1]s, = T Vs,

where V = Var,[rx;,1] is constant in equilibrium. Writing out
equation (18) and making use of the symmetry between long-term
domestic and foreign bonds in equations (13) and (14), we have:

(192)  E [

t+1] [Vy 8] +Cyyu -8, +Cyy 'stq]

**llr—a

=

A9)  Eifrally] == [Cruy sl +Vy 80 = Cyy o]

(19¢) E, [rx

«~l|b—*

[Cy,q : (S?fv - 3%*) +Vq '33] )

t+1]

where V, = Var[rx) |1 = Var[rx);

I,

t+11)

Cy., = Coy, [rxtyH, rx 4], and C,q = Cov[rx]
—Cou;[rx*

t+1° t+1] =
10 T +1] These variances and covariances are equi-
librium objects: they depend on shocks to short-term interest

rates and on the equilibrium price impact of supply shocks.
Making use of equations (10) and (12) and the AR(1) dynam-
ics for is, i}, s), 5", and s}, we can characterize equilibrium yields

Vy = Varrx] 1],

15. Equilibrium nonexistence and multiplicity are common in models like
ours where short-lived investors absorb shocks to the supply of infinitely lived as-
sets. Consistent with Samuelson’s (1947) “correspondence principle,” the unique
stable equilibrium has comparative statics that accord with standard intuition.
By contrast, the comparative statics of the unstable equilibria are counterintu-
itive. For previous treatments of these issues, see Spiegel (1998), Watanabe (2008),
Banerjee (2011), and Greenwood, Hanson, and Liao (2018).
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and the exchange rate. The long-term domestic yield is:

Expectations hypothesis X
Steady-state term premium

=D+ {TH(Vy +Cyye) - &)

1-6
1— 8¢

1-6
+{‘571 [Vy'(sg_sty)‘f‘cy‘y* '(‘Sgﬁﬁ_'s‘_\y)]""ff1 qu'S?};

Time-varying term premium

(20a)

the long-term foreign yield is:

Expectations hypothesis .
Steady-state term premium

oo 1-5 . -
yi:{H— 1—45¢; (& _L)}+{T LV +Cyy) -8

1-9 + 4 186
+{I71 [Coye - (57 =)+ V- (517 = &) =+ 1m0y»q'3f};

Time-varying term premium

(20b)
and the FX rate is

Uncovered interest rate parity FX risk premium
Q= { ! '(i*—iz)} —{171;0 (s} =)+t
- t .q t t
1—¢ 1-¢o 1

(20¢)

1

— (sa

Equations (20a) and (20b) say that long-term domestic and for-
eign yields are the sum of an expectations hypothesis component
that reflects expected future short-term rates and a term pre-
mium component that reflects expected future bond risk premia.
The expectations hypothesis component for domestic long-term
bonds, for example, depends on the current deviation of short-
term domestic rates from their steady-state level (i; —7) and the
persistence of short-term rates (¢;). Similarly, the domestic term
premium depends on the current deviation of asset supplies from
their steady-state levels and the persistence of those asset sup-
plies. Equation (20c) says that the FX rate consists of a UIP term,
reflecting expected future foreign-minus-domestic short-rate dif-
ferentials, minus a risk-premium term that reflects expected fu-
ture excess returns on the borrow-domestic lend-foreign FX trade.

Vq-s;’}.
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3. Understanding Equilibrium Expected Returns. We can
understand expected returns in terms of exposures to the five risk
factors in our model. Formally, the time ¢ conditional expected
return on any asset a € {y, y*, g} satisfies:

(21)  Eilrxf ] = Bi'his + Biihict + Baho t + Bohsr st + Boahsa s,

where, for factors f € {i, i", s”, 8", s9}, ,3? is the constant load-
ing of asset a’s returns on factor innovation ¢y, , and Az, is the
time-varying equilibrium price of bearing ¢y, , risk. Formally,
/3;‘5 is the coefficient on &4  from a multivariate regression of

—(rx} ; — E¢lrx? ;1) on the innovations to the five risk factors. For
instance, long-term domestic bonds have a positive loading on ¢;,
and no loading on Eir, - At time ¢, the prices of domestic and for-
eign short-rate risk are:

(22a) re=1lof Y [(B] + pBi:) - st

(22b) Mg =102 Y [(pBY + BE) 8P

and, for f € {s?, 8", 7}, the prices of supply risk are:
(22¢) Ape=1"07" ;[ﬁ? -8].

Expected returns can also be written using a conditional-
capital asset-pricing-model (CAPM)-like representation. Letting
rx "1 = $,rX;;1 denote the excess return on global bond investors’
portfoho from ¢ to ¢ + 1, the conditional expected return on any
risky asset a € {y, y", q} is:

Cov[rx? |, rx

t+1°

t-‘rl] Et[rx
Var[rx}

@3 Elm]=
t+1]

t+1]

The expected return on each asset equals its conditional g8 with
respect to the portfolio held by bond investors times the condi-
tional expected return on that portfolio. Relatedly, the stochas-
tic discount factor that prices risky assets—that is, the random
variable m;,; that satisfies E;[rx} ;] = —Cov[rx{, |, m;;1] for all

. E
a—is my 1 = — (rle E, [rle]) ( ‘[rx‘t}J]) In other words,

“bad times” in our model—states of the World where m;,1 1S unex-
pectedly high—are states where the excess return on global bond
investors’ portfolio (rxt . 1) is unexpectedly low.

Equation (23) is superficially similar to the pricing condi-
tion that would obtain if the true conditional-CAPM held in fully
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integrated global capital markets. However, in our model, the
portfolio return that prices risky assets is the return on the port-
folio held by specialized bond investors. By contrast, in fully in-
tegrated markets, the portfolio return that prices all financial
assets is the market portfolio consisting of all global financial
wealth.

If global bond investors’ portfolios were readily observable,
equation (23) would be directly testable. Currently, however,
there are (at least) two main hurdles to observing the portfo-
lios of the marginal intermediaries in the global bond market.
First, we think that global macro hedge funds play an important
role in bond and FX markets. Data on these funds’ positions are
unavailable to the best of our knowledge. Second, some data are
available on the portfolios of the large dealer banks through the
Federal Reserve’s Primary Dealer Statistical Release. However,
these data only cover primary dealers’ positions in cash securities,
not derivatives. Conceptually, the relevant object in our model is
global bond investors’ total exposure to interest rate risk, whether
it comes through securities or derivatives. Given that intermedi-
aries’ portfolios are not readily observable, precisely quantifying
the magnitude of the effects in our model is challenging. Thus,
our main goal is to trace out the qualitative implications of this
quantity-driven view of bond term premia and exchange rates.'6

II1.C. Bond Term Premia and Exchange Rates

The major payoff from our baseline model is that we are able
to study the simultaneous determination of domestic term pre-
mia, foreign term premia, and FX risk premia. Specifically, we
can ask how a shift in the supply of any of these three assets

16. Gourinchas, Ray, and Vayanos (2022) take a complementary approach.
Treating the net supplies held by global bond investors as unobservable, they esti-
mate the unknown parameters of their model using an indirect inference aproach:
they choose parameters to match a set of empirical statistics summarizing the
volatilities of and covariances between equilibrium prices. They estimate this
model using monthly data on U.S. and German bonds and the EUR-USD exchange
rate from 1986 to 2021. They show that this estimated model can match a range of
stylized facts and use the model to conduct a set of numerical policy experiments.
We believe their multimaturity model is a more natural setting for quantitative
estimation of this sort. By contrast, the tractability of our two-bond model means
we are able to analytically derive a broader and more general set of qualitative
results. Our simpler model is better suited to considering extensions as we do in
Section IV.
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affects the equilibrium expected returns on the two other assets
using equation (19).

1. Limiting Case with No Supply Risk. Many of the core re-
sults of the model can be illustrated using the limiting case in
which asset supplies are constant over time, leaving only short-

2

rate risk, that is, where 02 = 02 = 0.

PROPOSITION 1. Equilibrium without supply shocks. If 02 = 02 =
0 and p € (0, 1), then

5\’ 1\
Vvy=<1_—5¢l> Ui2>0 and Vq=2<1_¢l) (1—,0)Ui2>0,

(24a)

1
1-6¢;1—¢; °

5 2
Cyyu=p <1 —8¢-> 0? >0 and Cy,=(1—p)

(24b)

0E; [rx?, |1 _ . . . .
Thus, —5*- = t7'C,, is decreasing in the correlation be-
t

OB [y
ds]

tween domestic and foreign short rates, p, whereas

t~1C, . is increasing in p.
Proof. All proofs are in the Online Appendix.

Proposition 1 provides guidance about how shifts in long-
term bond supply—for example, due to QE policies—should affect
exchange rates and term premia. There are three key takeaways.

First, Proposition 1 shows that a shift in domestic bond sup-
ply affects the domestic term premium, the foreign term pre-
mium, and the FX risk premium. For example, suppose there is
an increase in the supply of dollar long-term bonds. This increase
in dollar bond supply raises the price of bearing dollar short-rate
risk in equation (22a), lifting the expected returns on the dol-
lar yield curve trade and long-term dollar yields as in Vayanos
and Vila (2021). When dollar and euro short rates are correlated
(p > 0), the increase in dollar bond supply also raises the price of
euro short-rate risk in equation (22b), pushing up the euro term
premium and long-term euro yields.

o2 > 0.
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Turning to exchange rates, equation (20c) shows that the
borrow-in-dollars to lend-in-euros FX trade is also exposed to dol-
lar short-rate risk: the euro depreciates when dollar short rates
rise through the standard UIP channel. Because the price of
bearing dollar short-rate risk rises following an increase in the
supply of dollar long-term bonds, the expected returns on the FX
trade must also rise. Thus, an increase in the supply of long-term
dollar bonds leads the euro to depreciate; it is then expected to ap-
preciate going forward. More precisely, when p > 0, an increase
in the supply of long-term dollar bonds raises the prices of both
dollar and euro short-rate risk per equations (22a) and (22b). As
shown in equation (20c), the FX trade has offsetting exposures to
dollar and euro short rates. However, as long as p < 1, the in-

crease in the supply of long-term dollar bonds has a larger effect

. . OE, [r!
on the price of dollar short-rate risk, so % =771C,, > 0.

Second, Proposition 1 shows that the effects of a shift in do-
mestic bond supply depend on the correlation p between domes-
tic and foreign short rates. When p is higher, the domestic bond
supply shift has a larger effect on the price of foreign short-rate
risk. As a result, more of the effect appears in long-term foreign
yields and less shows up in the exchange rate. For instance, U.S.
short-term rates are more highly correlated with euro short rates
than with Japanese yen short rates. Thus, Proposition 1 suggests
we should expect U.S. QE—a reduction in dollar bond supply—to
lead to a larger depreciation of the dollar versus the yen than ver-
sus the euro. At the same time, U.S. QE should lead to a larger
reduction in euro term premia than yen term premia. Intuitively,
if foreign and domestic short rates are highly correlated, the UIP
component of the exchange rate will not be very volatile; if domes-
tic short rates rise, foreign short rates are also likely to rise, leav-
ing the UIP component of the exchange rate largely unchanged.
This means that the FX trade is not very exposed to interest rate
risk, and therefore its expected return should not move much in
response to bond supply shifts.!”

Corollary 1 details the limiting case where § — 1, and there-
fore the duration of long-term bonds D = ﬁ goes to infinity.

17. We find some suggestive evidence in favor of this prediction in
Online Appendix A. Specifically, if we add interaction terms involving an esti-
mate of each currency’s p to the regressions in Tables II and IV, the coefficient on
the interaction with distant forward rates goes in the predicted direction and is
marginally significant.
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COROLLARY 1. Limit where the duration of long-term bonds be-
comes infinite. Suppose 02 = 02 = 0 and consider the limit

where § — 1. In this limit, we have

1 2
‘/3,:(1_¢> oiz>0,Vq=2(1_p)VyaCy~y*=pV’

andC,, =(1-p)V,,
(25)

so Var, [rx] | + (rx)}, —rx) )] =V, +2V,—2C,,, — 4C,, =

0, that is, the long-term FX carry trade is riskless.
Thus, long-term UIP must hold state-by-state and

hence also in expectation (ie., rx} ; + (rxﬁ;y —rx) ) =
* OE;[r. _

E;[rxl  + (rx); —rx), ;)] = 0). As a result, % =71,

BEt[rfo] _

0E [rx) ] 1
Tfﬂ =T ,OVvy and

t t

equals the sum of
1 -p)V,.

In the § — 1 limit where the duration of long-term bonds
becomes infinite, the long-term FX carry trade that borrows
long-term in dollars and lends long-term in euros becomes risk-
less. As a result, the return on the long-term carry trade must
be zero by the absence of arbitrage—that is, we must have
lims_, 1 [rx] | + (r); —rx),;)] = O state-by-state.’® Even though
long-term UIP holds in this limit, our model still pins down the
precise mix of equilibrium adjustments that ensure it holds fol-
lowing a change in asset supply. For instance, suppose there is an
increase in dollar bond supply s;. This bond supply shock raises
the term premium on long-term U.S. bonds, E; [rx] +1]- Long-term
UIP implies that some combination of the term premium on euro
bonds (E;[rx;7,]) and the FX premium (E,[rx} ;1) must adjust in
response. What Corollary 1 shows is that the correlation between
domestic and foreign short rates, p, governs whether the adjust-
ment comes through the foreign term premium or the FX risk
premium. Specifically, when the correlation p is higher, more of
the adjustment comes through a rise in the foreign term premium
and less comes through a rise in the FX premium.

18. If the exchange rate is stationary, the fact that limg . Var; [rxf Lt
oy — ) O = limy g By [ra | + () — rx) )] = 0 still holds once we intro-
duce stochastic supply shocks. Of course, lims_.1 Var;[rx}, ; + (. til —rx )1 >0

if the exchange rate contains a random-walk component.
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2. Adding Supply Shocks. We show that these results gen-
eralize once we add stochastic shocks to the net supplies of do-
mestic and foreign long-term bonds and to FX.19

PROPOSITION 2. Equilibrium with supply shocks. If 0 < p < 1,

02>0, 02 >0, then in any stable equilibrium we have

P q

% =17!C,, > 0.If in addition p > 0 and 02 = 0, then in
t

any stable equilibrium we have %j‘yﬂ] =171Cy,, > 0. Thus,

t

by continuity of the stable equilibrium in the model’s un-

oE; [rxﬁl] 0 1 f .

—5— > 0 unless foreign ex-

change supply shocks are volatile and p is near zero.

derlying parameters, we have

Proposition 2 shows that once we allow supply to be stochas-
tic, shifts in bond supply continue to affect bond yields and for-
eign exchange rates as they did in Proposition 1, where supply
was fixed. Shifts in supply tend to amplify the comovement be-
tween long-term bonds and foreign exchange that is attributable
to shifts in short-term interest rates.

The exception is when FX supply shocks are volatile (62 is
large) and the correlation of short rates p is low. Because FX sup-
ply shocks push domestic and foreign long-term yields in opposite
directions by equation (20), if these shocks are highly volatile they
can result in a negative equilibrium correlation between domes-
tic and foreign bond returns, C, ,«, even if the underlying short
rates are positively correlated. However, in the empirically rele-
vant case where p is meaningfully positive, we have C, ,+ > 0 and
bond yields behave as in Proposition 1.

3. Empirical Implications of the Baseline Model. In
Section II, we presented evidence for three propositions. First,
exchange rates appear to be about as sensitive to changes in
long-term interest rate differentials as they are to changes in
short-term interest rate differentials. Second, the component of
long-rate differentials that matters for exchange rates appears
to be a term premium differential. Third, the term premium
differentials that move exchange rates appear to be, at least

19. As shown in the Online Appendix, when ”329' > 0 and ‘73%1 > 0, solving the
model involves characterizing the stable solution to a system of four quadratic
equations in four unknowns. When afy > 0 and (rszq = 0, the model can be solved
analytically: we simply need to solve two quadratics and a linear equation.
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partly, quantity driven. Using our baseline model, we can for-
mally motivate these empirical results. We can also match the
finding in Lustig, Stathopoulos, and Verdelhan (2019).

We begin with our third fact: the term premium differen-
tials that move exchange rates are partially quantity driven. To
see this, we focus for simplicity on the case where FX supply
shocks are small—that is, the limit where s = 0 and 02 = 0. (The
Online Appendix shows that a similar set of results obtains when
O'S2q > 0 and s{ # 0.) In this case, the FX risk premium is decreas-
ing in the difference between foreign and domestic bond supply

(st" —s1),

<0
20 Bt ] = 0] (57— 5.

and the difference between foreign and domestic bond risk premia
is increasing in s} — s}

>0

@) B, -l ] =[0Gl (8 <),

t+1

Equations (26) and (27) motivate our regressions examining QE
announcement dates in Section II. In the context of the model,
we think of a euro QE announcement as news indicating that
the supply of euro long-term bonds s)* will be low. Equation (27)
shows that this decline in euro bond supply should reduce
euro term premia relative to dollar term premia. Equation (26)
shows that this decline in s}* should increase the risk pre-
mium on the borrow-in-dollar lend-in-euros FX trade, leading the
euro to depreciate relative to the dollar. By symmetry, U.S. QE
announcements—that is, news that s} will be low—will have the
opposite effects.

To understand our second fact, we combine equations (26)
and (27). We find that the FX risk premium is negatively related
to the difference between foreign and domestic bond term premia:

<-1
Cyq ]

—— 2 | E [r, —rx) ]

‘/y_cy.y* [ t+1 t+1]

Equation (28) motivates Table IV where we forecast FX returns
using the difference in (proxies for) foreign and domestic term

@ B[]
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premia. When euro bond supply is high, the euro term premium is
high and the risk premium on the borrow-in-dollars lend-in-euros
FX trade is low. Thus, the FX risk premium moves inversely with
the foreign term premium. The same argument applies to the do-
mestic term premium with the opposite sign—the FX risk pre-
mium moves proportionately with the domestic term premium.?°

To understand our first fact, we combine equations (12) and
(28). The exchange rate reflects the sum of expected (i) foreign-
minus-domestic short-rate differentials and (ii) foreign-minus-
domestic bond risk-premium differentials:

(29)
>1

C,
Qt=]§0Et[i§‘+j_it+J] [W} ZEt[ AT er+J+1i|‘

Jj=0

This result motivates Tables I and II, where we regress changes in
exchange rates on changes in short-rate differentials and changes
in (proxies for) term premium differentials. When foreign bond
supply is high, the foreign term premium is high and the risk
premium on the borrow-at-home to lend-abroad FX trade is low.
For investors to earn low returns on foreign currency, foreign cur-
rency must be strong—gq; must be high—and must be expected to
depreciate.

Last, our model can match the otherwise puzzling finding in
Lustig, Stathopoulos, and Verdelhan (2019) that the return to the
FX trade—conventionally implemented by borrowing and lending
short-term in different currencies—declines if one borrows long-
term and lends long-term. To see this, note that the return on a
long-term FX trade that borrows long-term at home to lend long-
term abroad is just a combination of our three long-short returns.
Specifically, the return on this long-term FX trade equals (i) the
return to borrowing long to lend short domestically (—rx) +1), plus
(ii) the return to borrowing short domestically to lend short in the
foreign currency (rx{ ,), plus (iii) the return to borrowing short
to lend long in the foreign currency (rx;,). Thus, the expected

20. The constant of proportionality in equation (28), - CC , is less than

—1 because FX is effectively a “longer duration” asset than long-term bonds when
8 < 1. This fact follows from the expressions in equation (24) in the limit where
afy = S2q =0 and is proved in Online Appendix D for the general case where

2 2
0y O = 0.
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return on the long-term FX trade is:
€(0,1)

f—/—
V - C *
(80) Ey[rx]  + (), —rx),))] = |:1 — %} B, [r?,,].
y.q

Equation (30) shows that the expected return on the long-term
FX trade is smaller in absolute magnitude—and hence less
volatile over time—than that on the standard short-term FX
trade. The intuition is that the long-term FX trade has offsetting
exposures that reduce its riskiness for global bond investors
compared with the standard FX trade. For instance, the standard
FX trade (rx] 1) will suffer when there is an unexpected increase
in domestic short rates. However, borrowing long to lend short
in domestic currency (i.e., —rx, ;) will profit when there is an
unexpected rise in domestic short rates. Thus, the long-term
FX trade is less exposed to interest rate risk than the standard
short-term FX trade. As a result, the expected return on the
long-term FX trade moves less than one-for-one with the return
on the standard short-term FX trade.?!

We collect these four observations in the following
proposition.

PROPOSITION 3. Empirical implications. Suppose p € [0, 1), 02 >
0, and 02 = 0. Then:

* The FX risk premium (E;[rx] ;1) is decreasing in the dif-

ference in net long-term bond supply between foreign and

domestic currency (s}” —s}). The difference between for-

eign and domestic bond risk premia, E, [rx)}, —rx} ], is
increasing in s}” — s
* E,[rx] ,]is negatively related to E; [rx)}; —rx) 4 ].

e The FX rate (g;) is the sum of expected future foreign-
minus-domestic short-rate differentials and a term that
is proportional to expected future foreign-minus-domestic
bond risk premium differentials.

e The expected return on the borrow long in domestic to

lend long in foreign FX trade (E;[rx , + (rx), —rx), D)

21. This result goes through unchanged if we allow the exchange rate to be
nonstationary by adding a random-walk component. Thus, the ability of our model
to match the Lustig, Stathopoulos, and Verdelhan (2019) result does not simply
follow from our simplifying assumption that the exchange rate is stationary.
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is smaller in magnitude than that on the stan-
dard borrow-short-in-domestic to lend-short-in-foreign FX

trade, (E;[rx}, 1.

This logic, which implies that bond supply shocks should af-
fect FX risk premium, also implies that FX supply shocks should
affect bond risk premium. For instance, suppose the foreign cen-
tral bank conducts a sterilized FX intervention to depress its cur-
rency, selling some of its holdings of short-term foreign bonds to
purchase short-term domestic bonds. By FX market clearing, this
FX intervention is associated with an increase in the net sup-
ply of foreign currency that global bond investors must absorb—
that is, a rise in s7. Naturally, our model predicts that this FX
intervention will raise the risk premium on investments in for-
eign currency (E;[rx] 1], leading foreign currency to depreciate
versus the domestic currency. However, since C, , > 0, our model
also predicts that this FX intervention will lead to a decline in
foreign term premia and a rise in domestic term premia (see
equations (20a) and (20b)). Some suggestive evidence in favor
of this prediction comes from Christensen and Krogstrup (2019),
who find that Swiss term premia fell in August 2011 when the
Swiss National Bank first hinted that it might intervene in FX
markets to hold down the value of the franc.

II1.D. A Unified Approach to Carry Trade Returns

In this section, we show that our model can deliver a unified
explanation that links return predictability in FX and long-term
bond markets to the levels of domestic and foreign short-term in-
terest rates. For foreign exchange, Fama (1984) showed that the
expected return on the borrow-in-dollar to lend-in-euro FX trade
is increasing in the euro-minus-dollar short-rate differential,
iy —i;, a well-known failure of UIP. For long-term bonds, Fama
and Bliss (1987) and Campbell and Shiller (1991) showed that
the expected return on the borrow short to lend long yield curve
trade is increasing in the slope of the yield curve, y; — i;, a well-
known and highly robust failure of the expectations hypothesis of
the term structure.

The baseline model we developed above does not gener-
ate either of these predictability results. In our baseline model,
shocks to short-term interest rates make FX and long-term bonds
risky investments for global bond investors. As a result, supply
shocks affect the expected excess returns on foreign exchange and
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long-term bonds. But the levels of domestic and foreign short
rates do not affect the relevant supplies and, hence, expected ex-
cess returns.

However, as detailed in Online Appendix B, a straightforward
extension of our model can simultaneously match these two re-
turn predictability results: we simply need to assume that the net
supply of each risky asset is endogenously increasing its price. For
instance, first assume that global bond investors’ exposure to the
FX trade is endogenously increasing in the spot exchange rate
due to balance-of-trade-driven flows. The idea is that when the
euro is strong, U.S. net exports to Europe rise. This in turn cre-
ates higher demand from U.S. exporters to swap the euros they
receive from their European sales into dollars, which global bond
investors must accommodate.

This assumption, which is needed in Gabaix and Maggiori
(2015) to match the Fama (1984) result, naturally delivers the
Campbell-Shiller (1991) result in our model for the yield curve
trades in both currencies. When the euro short rate is higher than
the U.S. short rate, the euro will be strong relative to the dollar by
standard UIP logic. Trade flows then mean that global bond in-
vestors must bear greater euro exposure to borrow-in-dollar lend-
in-euro FX trade when the euro is strong. This raises the expected
returns on that trade. As a result, the expected return on the FX
trade is increasing in the difference between euro and U.S. short
rates as in Fama (1984). This is the logic of Gabaix and Maggiori
(2015). In our model, greater exposure to borrow-in-dollar lend-
in-euro FX trade means greater exposure to U.S. short-rate risk,
and thus the equilibrium expected returns on the U.S. yield curve
trade must simultaneously rise. At the same time, the yield curve
will be steeper in the United States than the euro area because
U.S. short rates are lower and expected to mean revert. Thus,
our model will also match Campbell and Shiller’s (1991) finding
that a steep yield curve predicts high excess returns on long-term
bonds.

In this way, our model suggests that it is possible to theoret-
ically “kill two birds with one stone.” Specifically, the assumption
that the supply of FX exposure is increasing in the exchange rate,
which delivers the Fama (1984) result for FX, simultaneously gen-
erates the Campbell-Shiller (1991) result for bonds. Conversely,
the assumption that the net supply of long-term bonds is in-
creasing in the bond price, which generates the Campbell-Shiller
(1991) result for bonds, simultaneously delivers the Fama (1984)
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result for FX.?2 In practice, both supply-driven mechanisms (and
potentially other mechanisms as well) are likely needed to re-
alistically generate the observed magnitude of the Fama (1984)
and Campbell-Shiller (1991) results. Our more modest conclusion
here is simply that the two supply-driven mechanisms are mutu-
ally reinforcing.

III.LE. Relationship to Consumption-Based Models

Our quantity-driven, segmented markets model provides a
unified way to understand term premia and exchange rates. In
Online Appendix B, we compare our model’s implications with
those of frictionless, consumption-based asset pricing models. Our
model is able to simultaneously match many important stylized
facts about long-term bonds and foreign exchange rates. By con-
trast, leading consumption-based models struggle to simultane-
ously match these empirical patterns in a unified way. The key
driver of these differences is our assumption that the global bond
and FX markets are partially segmented from financial markets
more broadly. In other words, “bad times” for the marginal in-
vestors in global bond markets need not coincide with “bad times”
for more broadly diversified investors or for the representative
households in, say, the United States and Europe.

IV. MODEL EXTENSIONS

In this section, we consider a series of extensions that explore
how introducing additional intermediation frictions alter the pre-
dictions of our baseline model.

IV.A. Further Segmenting the Global Bond Market

In our first extension, we enrich the structure of intermedi-
ation in our model to capture two significant, real-world features
of global bond and FX markets. First, real-world markets fea-
ture a variety of different investor types—each facing a different
set of constraints—opening the door for meaningful segmenta-
tion within global bond and FX markets. Second, real-world bond

22. Relatedly, once we endogenize supply, changes in conventional monetary
policy in the eurozone (i) will impact U.S. term premia (E; [rxty +1]) and vice versa.
As a result, the Friedman-Obstfeld-Taylor trilemma fails: foreign monetary policy
impacts domestic financial conditions (and vice versa) even though exchange rates

are floating.
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and FX markets involve substantial trading flows between differ-
ent investor types (Evans and Lyons 2002; Froot and Ramadorai
2005).

We further segment the global bond market as in Gromb
and Vayanos (2002), assuming some bond investors cannot trade
short- and long-term bonds in both currencies. A first take-away
is that with further segmentation exogenous bond supply shocks
give rise to endogenous FX trading flows that affect exchange
rates. A second is that a small amount of additional segmenta-
tion increases the effect of bond supply shocks on exchange rates.

Our extended model features four types of bond investors.
All types have mean variance preferences over one-period-ahead
wealth and a risk tolerance of 7 in domestic currency terms. Types
only differ in their ability to trade different assets. Specifically:

e Domestic bond specialists, present in mass um, can only
choose between short- and long-term domestic bonds—that
is, they can only engage in the domestic yield curve trade.

e Foreign bond specialists, also present in mass pw, can only
choose between short- and long-term foreign bonds—that
is, they can only engage in the foreign yield curve trade.

e FX specialists, present in mass u(1 — 27), can only choose
between short-term domestic and foreign bonds—that is,
they can only engage in the FX trade.

e Global bond investors, present in mass (1 — w), can hold
short- and long-term bonds in both currencies and can en-
gage in all three long-short trades.

We assume p € [0, 1] and 7 € (0, 3). Increasing the com-
bined mass of specialist types, u, is equivalent to introducing
greater segmentation in the global bond market. Thus, our base-
line model corresponds to the limiting case where 1 = 0. At the
other extreme, markets are fully segmented when = 1. When u
€ (0, 1) markets are partially segmented.

Our domestic bond specialists are reminiscent of the special-
ized bond investors in Vayanos and Vila (2021) in the sense that
their positions in long-term domestic bonds are a sufficient statis-
tic for the expected returns on the domestic yield curve trade. Our
FX specialists are similar to the FX intermediaries in Gabaix and
Maggiori (2015): their FX positions are a sufficient statistic for
the expected returns on the FX trade. In practice, we associate the
domestic and foreign bond specialists with market participants
who, for institutional reasons, exhibit significant home bias and
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are essentially unwilling to substitute between bonds in different
currencies.
In the Online Appendix, we derive the following results:

PROPOSITION 4. Further segmenting the bond market. Suppose p
€ (0, 1) and that fraction u of investors are specialists. We
have the following results:

(i) Price 1mpact Suppose 02 = o2 = 0. (a) Greater seg-

mentation increases own-market price impact. For-

mally, for any a € {y, y", q, % 0. (b) Segmen-

tation has a hump-shaped effect on cross-market

.. . OB [rx,1
price impact. For anya; € {y,y", ¢} and as # a1, %
t
. . . JoE; [rle]
is a hump-shaped function of u with | > 0 when

u=0and M = 0 when u = 1. (¢) Greater segmen-

tation increases bond market-wide price impact.
For any supply s; # 0, the expected return on the global
bond market portfolio rx;’ ‘.1 = $;TX;,1 is increasing in pu:

dE,lr;cHlJ - 0.

(ii) Segmentation leads to endogenous trading flows.
Suppose 02 >0, 62 > 0. For any u € (0, 1), a shock to
the supply of any asset a € {y, y", ¢} triggers trading in all
assets a # a between global bond investors and specialist
investors.

Further segmenting the global bond market has three effects.
First, as we increase p, there is an “inefficient risk-sharing” effect
because fewer investors can absorb a given supply shock. This ef-
fect tends to increase the price impact of all supply shocks. Sec-
ond, there is a “width-of-the-pipe” effect because we increase the
mass of specialist investors who do not alter their demand for
their asset in response to shocks in other markets. This effect
tends to diminish the impact of a supply shock in one market on
prices in other markets because price impact is only transmit-
ted across markets by global bond investors—“the pipe”—whose
demands for each asset are affected by shocks to other markets.
Finally, there is an “endogenous risk” effect. To the extent that
greater segmentation directly alters the price impact of supply
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shocks, greater segmentation affects equilibrium return volatil-
ity, further altering equilibrium price impact.

Part (i) of Proposition 4 characterizes equilibrium price im-
pact as a function of p in the limit where supply risk van-
ishes.?? In this limit, the endogenous risk effect disappears, leav-
ing only the inefficient risk-sharing and width-of-the-pipe effects.
As we raise u, these two effects always increase the impact of

a supply shock in market a on expected returns in that market:

92E, [rx

a ] . ..
35701 L > 0 for any a € {y, y , q}. Cross-market price impact un-

der partial segmentation is more complicated. Consider how the

FX risk premium responds to domestic bond supply, ’L;f“] as a

function of . When there are only global bond investors ( nw=0),a

shock to domestic bond supply raises expected returns on the FX

trade: % 0. This is the key result from the baseline model.

By contrast, when markets are fully segmented and there are no
global bond investors, bond supply shocks have no effect on FX—

that is, il _
() 1

effect on cross-market price impact. This hump shape reflects the

combination of the inefficient risk-sharing effect, which typically

leads M to rise with u and dominates when u is near zero,
and the Wldth of-the-pipe effect, which typically leads M to
fall with 1 and dominates when wu is near one.

When we introduce stochastic supply shocks, the endoge-
nous risk effect comes into play. By continuity of the stable
equilibrium in the model’s underlying parameters, the results
in part (i) of Proposition 4 continue to hold when supply risk
is small. More generally, the endogenous risk effect typically
amplifies the sum of the inefficient risk-sharing and width-

= 0 when y = 1. In between, 1 has a hump-shaped

of-the-pipe effects, so the hump-shaped profile of M be-

comes more pronounced in the presence of supply I‘lSk. In addi-
tion, when asset supply is stochastic, greater segmentation typ-
ically increases equilibrium market volatility. Furthermore, the

23. To prove part (i) of the proposition and draw Figure II, we assume there
is some FX-specific fundamental risk. Specifically, we assume limp_, o, E;lg; 7] =
g;° follows a random walk g0, = ¢/° + ego 41 With Varlegeo r11] = quoc > 0. If
quoo =0, then in the absence of supply risk, FX is a redundant asset whose re-
turns are a linear combination of those on domestic and foreign bonds. However,
if 0'31, o'fy > 0, FX is not redundant and cross-market impact is still hump-shaped.
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FIGURE II
Further Segmenting the Global Bond Markets

This figure illustrates the model with further segmentation from Section IV.A.
The figure shows the impact of a shock to the domestic bond supply on expected
returns (top panel) and investor holdings (bottom two panels) as a function of the
fraction of specialists, 1. The figure assumes 7 = %, so specialists are evenly split
between domestic bonds, foreign bonds, and foreign exchange. We chose the other
parameters so each period represents one month. We assume o; = 0.25%, ¢; =
0985, p=05 09 =1 ¢y =095,00 =1, ¢ =095, ogc =0.5%, § = %g
(i.e., the long-term bond has a duration of 120 months or 10 years), and t = 1.80.
These parameter choices are illustrative. See Online Appendix C for additional
details.

endogenous risk effect typically steepens the relationship be-
tween segmentation u and the expected return on the global bond
market portfolio.?

24. Formally, for any bond portfolio p; # 0 with returns rxfjrl = P, rX; 41, We

. aVars [rxftl] . . . . .
typically have ———*1 > 0. When the endogenous risk effect is positive in this

portfolio sense, then for any set of supply shocks s; # 0, the expected return on

the global bond market portfolio rxi‘+1 = s,TX; 1 rises more steeply with u—that

. . B
is, the endogenous risk effect raises aiﬂ”l > 0.
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The results in Proposition 4 are illustrated in Figure II. The
top panel plots the impact of a domestic bond supply shock on

expected returns as a function of u. The plot shows that while

AE, [rx “]
— o 1s always increasing in u, segmentation has a hump-
t

shaped effect on % Unless u is near one and global bond

markets are highly segmented, the effect of bond supply shocks
on foreign exchange exceeds that in our baseline model where
u = 0. Thus, one might conjecture that the effect of bond supply
shocks on foreign exchange markets has risen in recent decades
because i has fallen over time. In other words, relative to ear-
lier periods when markets were highly segmented (u ~ 1), the
oE; [rx

global bond market has become more integrated, raising ‘“J

(Mylonidis and Kollias 2010; Pozzi and Wolswijk 2012).

The next two plots in Figure II show the trading response to
a unit domestic bond supply shock as a function of x. When u
€ (0, 1), markets are partially segmented, global bond investors
and the three specialist types disagree on the appropriate com-
pensation for bearing factor risk exposure. Thus, as shown in
part (ii) of Proposition 4, following a supply shock to any one as-
set, global bond investors trade across markets to align—but not
equalize—how factor risk is priced in different markets. For in-
stance, a shock to the supply of domestic bonds leads to FX trad-
ing between global bond investors and FX specialists. Specifically,
following a positive shock to domestic bond supply, global bond
investors want to increase their exposure to domestic bonds and
reduce their exposure to the FX trade. FX specialists must take
the other side, increasing their exposure to the FX trade. These
endogenous FX trading flows are associated with an increase in
FX risk premia and a depreciation of foreign currency. In this way,
our extension with additional bond market segmentation endog-
enizes the kinds of capital market driven FX flows considered in
Gabaix and Maggiori (2015). Rather than being exogenous quan-
tities that specialist FX investors are required to absorb, these
endogenous FX flows are tied to supply-and-demand shocks for
long-term bonds.?®

25. In Online Appendix C, we show that similar results to Proposition 4 obtain
if we instead add bond investors who cannot hedge FX risk—that is, investors who
cannot separately manage the FX exposure resulting from investments they make
in nonlocal, long-term bonds.
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IV.B. Deviations from Covered Interest Rate Parity

We combine our model with bank balance sheet constraints,
which Du, Tepper, and Verdelhan (2018) show are critical for
explaining post-2008 violations of CIP. We show that doing so
provides a simple and plausible explanation for the fact that
CIP deviations comove with spot exchange rates. This suggests
that CIP deviations are informative about the supply shocks that
global bond investors must absorb, which are otherwise very
difficult to observe.

To model deviations from CIP and their connection to spot FX
rates, we first introduce one-period FX forward contracts, which
allow investors to lock in the next period’s exchange rate. When
CIP holds, the “cash” domestic short-term rate equals its “syn-
thetic” counterpart, which is obtained by investing in short-term
foreign bonds and hedging the associated FX risk using FX for-
wards. Because CIP violations imply the existence of riskless
profits, CIP violations cannot be explained by the limited investor
risk-bearing capacity we assume in the baseline model. We there-
fore make three changes to our baseline model. First, we split
our global bond investors, so half are domiciled in the domestic
country and half are domiciled in the foreign country. Second, we
assume that the only market participants who can engage in risk-
less CIP arbitrage trades—borrowing at the synthetic domestic
short rate to lend at the cash domestic short rate—are a set of
global banks who face non-risk-based balance sheet constraints.
Third, we assume bond investors must use FX forwards if they
want to hedge the currency risk stemming from any investments
in nonlocal long-term bonds.?%

In this setting, we show that deviations from CIP comove
with spot exchange rates as recently documented in Avdjiev et al.
(2019) and Jiang, Krishnamurthy, and Lustig (2021). The intu-
ition is that bond supply shocks generate investor demand to
hedge foreign currency risk, which in turn generates demand
for FX forward transactions. When banks accommodate this de-
mand, they engage in riskless CIP arbitrage trades. These trades

26. This is equivalent to saying that bond investors cannot directly borrow (or
obtain “cash” funding) in nonlocal currency. Of course, they can convert their local
currency to nonlocal currency in the spot FX market to purchase nonlocal assets.
But if they wish to obtain leverage in nonlocal currency, they must use “synthetic”
funding, which is constructed by borrowing in local currency, converting the pro-
ceeds to nonlocal currency in the spot market, and then forward selling nonlocal
currency in the forward market.
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consume scarce bank balance sheet capacity, so banks are only
willing to accommodate FX forward demand if they earn positive
profits doing so, that is, only if there are deviations from CIP.

To illustrate, suppose that there is an increase in the sup-
ply of long-term domestic bonds. As in our baseline model, this
supply shock raises the domestic term premium and the FX risk
premium, leading the domestic currency to appreciate. To take
advantage of the elevated domestic term premium, foreign bond
investors want to buy long-term domestic bonds. They want do
so on an FX-hedged basis to isolate the elevated domestic term
premium component of the investment. This puts pressure on the
market for FX forwards, generating deviations from CIP. Thus,
deviations from CIP are driven by supply-and-demand shocks in
the global bond market.

Once we allow for CIP deviations, domestic investors ac-
quire an endogenous comparative advantage at absorbing domes-
tic bond supply shocks relative to foreign investors. Intuitively,
domestic investors can hold long-term domestic bonds without
bearing currency risk or paying the costs of hedging currency risk
with FX forwards, and foreign investors cannot. As a result, the
failure of CIP leads bond supply shocks to have a larger effect on
bond risk premia and FX risk premia than in our baseline model
where CIP holds.

1. Forward Foreign Exchange Rates. Let FtQ denote the one-
period forward exchange rate at time ¢, that is, the amount of
domestic currency per unit of foreign currency that investors can
lock in at ¢ to exchange at ¢ + 1. Once we introduce forwards,
there are two ways to earn a riskless return in domestic currency
between ¢ and ¢ + 1. First, investors can hold short-term domestic
bonds, earning the gross “cash” rate of I;. Second, investors can
convert domestic currency into é units of foreign currency, invest
that foreign currency in short-term foreign bonds at rate I}, and
enter into an forward contact to exchange foreign for domestic
currency at ¢t + 1, obtaining the gross “synthetic” domestic rate of
% Under CIP, the cash (I;) and synthetic (%) domestic short

rates must be equal, implying F? = QIZI’ or ff=q,— (@G —1i)in

logs. )
By contrast, if CIP fails, the “cross-currency basis,” x;'”, given
by

(31) P =i — (i + 1 —q),
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is nonzero. The cross-currency basis, x;”, is the return on a risk-
less CIP arbitrage trade that borrows short-term in domestic cur-
rency on a synthetic basis at rate (i} + f/ — g;) and lends short-
term in domestic currency on a cash basis at rate i;. Alternately,
we have:

(32) f=q — (i; — i) — .

Thus, 2 is positive when the forward FX rate is lower than it
would be if CIP held.

2. Positions Involving FX Forwards. We introduce three posi-
tions that involve FX forwards.

i. Forward FX Investments. The excess return in domestic cur-
rency on a position in foreign currency that is obtained through a
forward purchase of foreign currency is:

(33) qt+1 — ftq = [(Qt+1 - qt) + (lf - it)] +x§ip = rxfﬂ +x§ip,

which follows from equation (32) and rxtq+1 = (g1 —qs) +
(¢ —i;). A forward investment in foreign currency is equivalent

to “stapling” together a standard FX trade, which earns rx! 1, and

a long position in the CIP arbitrage trade, which earns x;'”. Using
FX forwards in this way is a synthetic way of obtaining funding
or leverage for a standard FX trade. An investor in FX uses little
of their own capital up front when they use forwards, just as they
use little of their own capital up front when they use leverage.

In our baseline model where CIP held, it did not matter
where our global bond investors were domiciled. However, once
CIP fails, investor domiciles matter. For instance, movements in
the cross-currency basis change the attractiveness of investing in
long-term foreign bonds for domestic bond investors because they
must either (i) not hedge the FX risk stemming from their for-
eign bond holdings or (ii) hedge this risk at cost of x;"”. Thus, we
must distinguish between foreign and domestic investors when
considering FX-hedged investments in long-term bonds.

ii. FX-Hedged Investments in Long-Term Foreign Bonds by Do-
mestic Investors. To obtain this return from ¢ to ¢ + 1, a domestic
investor exchanges domestic for foreign currency in the spot mar-
ket at time ¢, invests that foreign currency in long-term foreign
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bonds from ¢ to ¢ + 1, and then exchanges foreign for domestic
currency at t + 1 at the predetermined forward rate FtQ. The log
excess return on this position is approximately:

(34) (rF + =) =i =ra) 7

AT tjrl —1if. Thus, an
FX-hedged investment in long-term foreign bonds is akin to “sta-
pling” together the foreign yield curve trade, which earns rxﬁl,
and a short position in the CIP arbitrage trade, which earns —x'”.
Using forwards to hedge FX risk in this way is a way of converting

domestic currency funding into foreign currency funding. 27

which follows from equation (32) and r. ) r

iii. FX-Hedged Investments in Long-Term Domestic Bonds by For-
eign Investors. Symmetrically, the log excess return foreign in-
vestors earn buying domestic long-term bonds and hedging the
FX risk is approximately:

(35) (7%+1+qt—ff)—i;‘:rxf+1+x§ip.

This expression is consistent with recent evidence from Tabova
and Warnock (2021) who show that foreign holdings of Treasuries
tend to rise when the CIP basis (x;"”) is high.

3. Investor Types. We assume that half of all bond investors
are domiciled in the domestic country and half are domiciled in
the foreign country. Both domestic and foreign investors have
mean-variance preferences over one-period-ahead wealth and
a risk tolerance of 7 in domestic currency terms. Investors dif-
fer only in terms of the returns they can earn because of CIP
violations.

Domestic bond investors are present in mass % They can ob-
tain a riskless return of i; from ¢ to ¢ + 1. They can also (i) buy
long-term domestic bonds, earning an excess return of rx, 415 (D)
take FX-hedged positions in long-term foreign bonds, generating

27. FX-hedged positions in foreign risky assets do not completely eliminate
the exchange rate risk that investors must bear because the size of the hedge
cannot be made contingent on the foreign asset’s subsequent return. Thus, the full
FX-hedged return includes a second-order interaction between the local currency
excess return on the foreign asset and the excess return on foreign currency. For
simplicity, we omit this second-order term, which converges to a constant when
investors continuously rebalance their hedges, from our analysis.
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cip,

an excess return of rx., —x"”; and (iii) make forward invest-

t+1
ments in foreign currency, earning an excess return of rx}, ; + 5P
In effect, domestic investors only have access to excess returns

c cip1s 28 : 1
[rx) iy rx{ 1 ,rx! 1 +x/71'*® Foreign bond investors are

present in mass 5 L and are the mirror image of domestic investors,

with access to excess returns [rx) cip)r,

141 T Clp ’“xgﬂ’ rxt+1 + %

While domestic and foreign bond 1nvestors may transact in
FX forwards, they cannot engage in the riskless CIP arbitrage
trade in isolation. To the extent that these investors transact in
FX forwards, they “staple” the returns on a riskless CIP arbitrage
trade together with those on other risky trades. This assumption
is crucial for preventing bond investors, who are risk averse but
are not subject to other constraints, from arbitraging away devia-
tions from CIP. This is equivalent to assuming that bond investors
cannot obtain leverage in nonlocal currency; they can only obtain
synthetic nonlocal currency funding, which embeds a spread (x;"”)
that reflects banks’ balance sheet costs.

We assume that the only players who can engage in the risk-
less CIP arbitrage are a set of balance sheet constrained banks.
These banks choose the value of their positions in the CIP ar-
bitrage trade, dg’t’ , to solve max s {aSP dgh — (%) (dgh)?}, where «

> 0. Here (% )(d“p )? captures non-risk-based balance sheet costs
faced by banks These costs arise because equity capital is costly
and banks are subject to non-risk-based equity capital require-
ments. Thus, banks take a position in the CIP arbitrage trade
equal to djy? =k~ 1x{"”.

These assumptions are purposely stark and highlight the key
mechanisms. In particular, our results would be qualitatively un-
changed if some bond investors could engage in the CIP arbitrage
trade in limited size. Similarly, we are assuming that banks have
zero risk-bearing capacity, so that anytime they transact in the
forward market, it is as part of a CIP arbitrage trade. However,
we would obtain qualitatively similar results if we assumed that
banks had finite risk-bearing capacity and thus could also take
on risky FX positions.

28. Domestic investors can make unhedged investments in long-term foreign
bonds. By combining FX-hedged investments in long-term foreign bonds with for-
ward FX investments, they earn rxg' at rx] ', Which is independent of x; ‘P How-
ever, if they want FX-hedged exposure to long-term foreign bonds, they must pay

cip
xt .
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4. Market Equilibrium. We need to clear four markets at time
t: the markets for (i) long-term domestic bonds; (ii) long-term for-
eign bonds; (iii) forward FX exposure, which we assume is in net
supply s7; and (iv) the CIP arbitrage trade.?® Because forwards
and the CIP arbitrage trade span the spot market, (iii) and (iv)
are equivalent to clearing the forward and spot FX markets.

To clear the market for forward FX exposure at time ¢, in-
vestors must be willing to make a forward FX investment with a
domestic notional value of s{. Turning to the CIP arbitrage mar-
ket, recall that the CIP arbitrage trade exchanges currency at the
time ¢ spot rate and then reverses that exchange at ¢ + 1 at the
forward FX rate ftQ. For simplicity, we assume that the CIP ar-
bitrage trade is in zero net supply (s;'"” = 0), implying that banks
must take the opposite side of bond investors’ trades.

PrOPOSITION 5. Allowing for CIP deviations. Consider the ex-
tended model where the banks are potentially balance sheet
constrained. We have the following results:

® In the limiting case where banks are not balance sheet
constrained—that is, where « — 0, CIP holds (x;"” — 0)
and the extended model converges to the baseline model in
Section III.

e If banks are balance sheet constrained (« > 0), we have

cip

(368) By [rel,,] = v [V, ] + Cppo s +Cyy s8] = 5,

(36b) E; [rleil] =7! [C.%y* 5 +V, -5 =Cyy 3?] + 5

(36¢) E, [rxq

t+1

]=7"Cpq- (s} —8) +V, - s7] — 2P,

y vV, +C
cip _ _ y Yy (Y
(36d) w7 = g S ).

<0

29. To clearly separate the amount of risky FX exposure and the amount of
balance sheet—intensive riskless funding that bond investors and banks must in-
termediate, we assume here that s7 is the net supply of risky FX exposure on a
forward basis. Since bond investors can accommodate shocks to the supply of for-
ward FX exposure without using scarce bank balance sheet capacity, sf does not
impact xﬁ‘p . By contrast, if s? were instead the supply of risky FX exposure on a

spot basis, then a rise in s} would be associated with a decline in x;"”.
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cip s

] and x;* in op-

cip

* Bond supply shocks s; and s;" push E; [rx{,

posite directions; as a result, these shocks push g¢; and x;
in the same direction. Indeed, When there are no FX sup-
ply shocks, we have E; [rxtH] K, - (E;lrx) ;|1 — E;lrx) 1)

and x”p K.ip - (E¢lrx) *1] [rxy 1], where K, and K.,
are positive constants given in the Online Appendlx
¢ A rise in bank balance sheet costs raises the effect of do-

mestic bond supply shocks on domestic bond risk premia
2Elrx) L] 82Et[rxfﬂ]

and FX risk premia (2 asam >0, — 5% > 0), but re-

duces the effect of these shocks on foreign bond risk premia
0°E: [y,

(gt < 0.

In the limiting case where banks’ balance sheet costs van-
ish (¢« — 0), CIP holds, and equilibrium bond yields and ex-
change rates behave exactly as they did in the baseline model in
Section III. This limit arguably approximates the pre-2008 era,
when CIP held and banks did not face binding non-risk-based eq-
uity capital constraints.

Next consider the case where bank balance sheet costs
are positive (« > 0). In this case, risk premia are given by
equation (36), and the cross-currency basis x;"” is given by
equation (36d). To understand the intuition for equation (36d),
suppose there is an increase in the supply of long-term domes-
tic bonds, s). As in the baseline model, this supply shock raises
the domestic term premium and the FX risk premium, leading
domestic currency to appreciate against foreign. Foreign bond in-
vestors then want to buy long-term domestic bonds, but they want
to hedge the associated FX risk to isolate the elevated domestic
term premium. Hedging the FX risk involves forward-selling do-
mestic currency. Because banks are balance sheet constrained,
they are only willing to accommodate investor demand for FX
hedges if domestic currency is weaker than CIP would imply in
the forward market, meaning that the forward exchange rate f/
rises and the basis xt”’ declines. Equivalently, the domestic bond
supply shock boosts foreign bond investors’ demand for short-
term synthetic funding in domestic currency. Because banks are
balance sheet constrained, this shift in funding demand pushes
up the synthetic domestic short rate (if + f/ — q;) relative to its
cash counterpart (i;), thereby driving down the basis.
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Equations (36¢) and (36d) show that bond supply shocks (s) or

s)*) push 2,7 and E, [r«! ] in opposite directions. Thus, these sup-

ply shocks induce a positive time series correlation between the
basis x;"” and the spot exchange rate g;, consistent with the recent
findings of Avdjiev et al. (2019) and Jiang, Krishnamurthy, and
Lustig (2021). Intuitively, in our model, demand to buy domestic
currency in the spot market, which drives down g¢;, is linked with
hedging demand to sell domestic currency in the forward mar-
ket, which drives down x;"”. Since risk premia are not directly
observable but CIP deviations are, the CIP basis is an informa-
tive signal about the underlying supply-and-demand shocks that
drive UIP failures. Relatedly, our model suggests that the CIP ba-
sis should be higher when foreign term premia are higher, that is,
we have x;"” = K., - (E;[rx}" ;] — E;[rx; ;1) when there are no FX
supply shocks. This prediction is loosely consistent with the ev-
idence in Du, Tepper, and Verdelhan (2018), who find that CIP
bases are increasing in the level of foreign interest rates, in the
cross section of currencies and in the time series for a given cur-
rency.

Through the lens of our model, the strong correlation be-
tween CIP bases and spot FX rates suggests that an important
fraction of the variation in FX rates may be due to supply-and-
demand shocks, as opposed to the macro fundamentals that drive
FX rates in more conventional models. The CIP basis has a fun-
damental value of zero, so its movements can only reflect supply-
and-demand imbalances. Thus, if the basis moves strongly with
the level of the currency, this would seem to indicate that the lat-
ter is also heavily influenced by these imbalances. In any event,
this is the mechanism in our model.

Finally, our model suggests that allowing for CIP deviations
(¢ > 0) puts foreign investors at an endogenous comparative dis-
advantage relative to domestic investors when it comes to ab-
sorbing domestic supply shocks (and vice versa). If they hold
long-term domestic bonds, foreigners must either bear currency
risk or pay the cost (—x;"’) of hedging the associated currency
risk with FX forwards. Since these FX hedging costs rise with
the level of domestic bond supply (s)), foreigners play a smaller
role than domestic investors in absorbing domestic bond sup-
ply shocks. As a result, a rise in bank balance sheet costs («)
raises the effect of domestic bond supply shocks on domestic

term premia (E;[rx; ;1) and FX premia (E;[rx} ;1) but reduces
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the effect of domestic bond supply shocks on foreign term premia
(E; [rxﬁl])-?’o

IV.C. Interest Rate Insensitive Assets

In a final extension, we introduce interest rate insensitive
assets that are not exposed to movements in interest rates. In
our baseline model, shocks to the supply-and-demand for rate-
insensitive assets have no effect on exchange rates because they
do not change the amount of interest rate risk borne by global
bond investors. However, in the presence of deviations from CIP,
these shocks can affect exchange rates because they generate
demands for different currencies, which global bond investors
must accommodate. In other words, the CIP deviations that have
emerged since 2008 significantly increase the set of capital mar-
ket flows that can affect exchange rates. See Online Appendix C.

V. CONCLUSION

We develop a workhorse model in which the limited risk-
bearing capacity of global bond market investors plays a cen-
tral role in determining foreign exchange rates. In the baseline
model, specialized bond investors must accommodate supply-and-
demand shocks in the markets for foreign and domestic long-term
bonds and in the foreign exchange market.

This simple model captures many features of the data, in-
cluding (i) correlations between realized excess returns on for-
eign currency and long-term bonds, (ii) the relationship between
the FX risk premium and bond term premia, (iii) the effects of
quantitative easing policies on exchange rates, and (iv) the fact
that currency trades are more profitable when implemented us-
ing short-term bonds than when using long-term bonds.

30. Our results here connect to those in He, Nagel, and Song (2022). Motivated
by the sharp rise in long-term interest rates and the rise in Treasury yields rela-
tive to those on overnight-index swaps (OIS) during the COVID-19-induced “dash
for cash” in March 2020, these authors add non-risk-based dealer balance sheet
costs to an otherwise standard Vayanos and Vila (2021) term structure model.
Shocks to the net supply of long-term bonds push term premia and the spread
between Treasury and OIS yields—a failure of the law of one price that reflects
dealer balance sheet costs—in the same direction. The presence of these balance
sheet costs steepens the aggregate-demand curve for interest rate risk, amplifying
the effect of bond supply shocks on term premia.
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We enrich the structure of intermediation in our model in
two ways. First, we further segment the bond market, introduc-
ing investors who cannot flexibly trade bonds of any maturity in
both currencies. This segmentation leads to endogenous trading
flows in currency markets that are associated with movements
in the exchange rate. Second, we add balance sheet constrained
banks, which allows us to study CIP deviations. Overall, our ar-
ticle shows that the structure of financial intermediation in bond
and currency markets helps explain a number of empirical regu-
larities in these markets.

From a policy perspective, our model shows that the abil-
ity to influence exchange rates—and hence presumably trade
flows—remains a potentially important channel for monetary pol-
icy transmission even when central banks are pinned against the
zero lower bound and must rely on quantitative easing to provide
monetary accommodation. Indeed, our analysis leaves open the
interesting possibility that when other conventional channels of
transmission are compromised by low rates (Brunnermeier and
Koby 2018), this QE-exchange-rate channel may become a rela-
tively more important part of the overall monetary transmission
mechanism. If so, and given the zero-sum nature of this chan-
nel across countries, arguments for monetary-policy coordination
(Rajan 2016) may gather more force near the zero lower bound. To
be clear, neither our model nor any of the evidence that we have
presented gives decisive guidance on this point. But the model
does provide a framework in which questions of this sort can be
pursued more rigorously.
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