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Abstract

We develop a model in which risk-averse, specialized bond investors must be paid to
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, our model naturally links the predictability of long-term bond returns to
the predictability of foreign exchange returns. Specifically, a shift in the net supply of
long-term bonds in one currency influences bond term premiums in both currencies as
well as the foreign exchange rate between the two currencies. Our model matches several
important empirical patterns, including the co-movement between exchange rates and bond
term premiums as well as the finding that central banks’ quantitative easing policies impact
not only local-currency long-term yields, but also foreign exchange rates. We also show
that this quantity-driven approach provides a unified account explaining both why foreign
exchange tends to outperform when the foreign interest rates exceed domestic rates and

why long-term bonds tend to outperform when the yield curve is steep.
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1 Introduction

One of the most significant developments in financial markets since the global financial crisis has
been the introduction of quantitative easing (QE) policies—i.e., large-scale purchases of long-
term bonds—by the world’s major central banks. While there continues to be an active debate
about the long-run impact of these policies, the evidence is largely settled that asset purchase
programs achieved the intended short-run effect of reducing long-term bond yields (Gagnon et.
al. [2011], Joyce et. al. [2011]). More recent work has suggested that quantitative easing policies
also impacted foreign exchange rates. For example, Neely (2010), Bauer and Neely (2014), and
Swanson (2017) have noted that the Fed’s long-term bond purchases were associated with a large
depreciation of the U.S. dollar vis-a-vis other major currencies.

From the point of view of standard asset-pricing theory, making sense of the impact of QE
has proven difficult. Ben Bernanke, while Chair of the Federal Reserve, quipped that “the
problem with quantitative easing is that it works in practice, but it doesn’t work in theory.” As
Woodford (2012) explains, a mere “reshuffling” of assets between households and the central bank
does not change the pricing kernel in standard theories. Addressing this challenge, a growing
literature argues that 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. This
literature assumes that bond markets are not closely tied to the ultimate household sector and,
hence, are often disconnected the kinds of consumption risk considerations featured in standard
theories. Instead, specialized bond investors with limited risk tolerance—best thought of as
financial intermediaries—must be paid to absorb shocks to the supply and demand for long-term
bonds (Vayanos and Vila [2009, 2019], Greenwood and Vayanos [2014]).!

According to this portfolio balance view, holding fixed the expected path of future short-
term rates, an inward shift in the supply of long-term bonds—such as occurred during QFE—
leads to a fall in long-term bond yields because it reduces the total amount of risk borne by
specialized investors.? Since the fixed-income market is assumed to be both disconnected from
aggregate consumption and partially segmented from other parts of the broader capital markets
(e.g., equities, commodities, real estate, etc.), specialized bond investors cannot diversify away
the interest rate risk they bear. Indeed, in the absence of such segmentation, it is difficult to
understand why QE policies—which, while large relative to national bond markets, are small
relative to global market for all financial assets—have such a large impact on long-term yields.

In this paper, we argue that this same quantity-driven, supply-and demand approach is also
remarkably useful for understanding the impact of quantitative easing on foreign exchange (FX)
rates, and that it provides a unified account of several puzzles in the exchange rate literature.
The key idea is that foreign exchange is an “interest-rate sensitive” asset—i.e., it is heavily

exposed to news about future short-term interest rates. Thus, if the global bond and FX markets

1Other contributions in this vein include Li and Wei (2013), Hanson (2014), Hanson and Stein (2015), Malkho-
zov, Mueller, Vedolin, and Venter (2016), Hanson, Lucca, and Wright (2018), and Haddad and Sraer (2019).

2See, for example, Hamilton and Wu (2012), D’Amico and King (2013), and Greenwood, Hanson, and Vayanos
(2016).



are integrated with one another, shocks to the supply of other rate-sensitive assets such as
long-term domestic and foreign bonds will also impact exchange rates. Concretely, when U.S.
short-term interest rates rise, foreign currencies typically depreciate against the U.S. dollar for
the usual uncovered-interest-rate-parity (UIP) reasons. At the same time, the prices of long-
term dollar-denominated bonds decline for standard expectations hypothesis reasons. Since
foreign currencies and long-term U.S. bonds are exposed to the same primary risk factor—i.e.,
unexpected movements in short-term U.S. interest rates, a shift in the supply of long-term U.S.
bonds affects the risk premium on both types of assets.

Our baseline model is a straightforward generalization of the Vayanos and Vila (2009, 2019)
term structure model to a setting with two currencies. Specifically, we consider a model with
short-term and long-term bonds in two currencies, say, the U.S. dollar (USD) and the euro
(EUR). There is an exogenously given short-term interest rate in each currency that evolves
stochastically over time. We assume the short rates in the two currencies are positively, but
imperfectly correlated.

The key friction in the model is that the marginal investors in the global bond and FX
markets—who we call “global bond investors”—are specialized bond investors. These investors
must absorb exogenous shocks to the supply and demand for long-term bonds in both currencies
as well as demand shocks in the foreign exchange market. Since these specialists have a limited
risk-bearing capacity and are concerned about the risk of near-term losses on their imperfectly
diversified portfolios, they will only absorb these supply and demand shocks if the expected
returns on domestic and foreign long-term bonds as well as foreign exchange adjust in response.

To solve the model, we must pin down three equilibrium prices: the long-term yield in each
currency and the foreign exchange rate between the two currencies—e.g., the number of dollars
per euro. Equivalently, we must pin down the equilibrium expected returns on three long-short
trades: a “yield curve trade” in each currency—i.e., a trade that borrows short-term and lends
long-term in a given currency—and an “FX trade”—i.e., a trade that borrows short-term in
dollars and lends short-term in euros.

We first show that this baseline model predicts that shifts in the net supply of long-term
bonds impact not only term premiums, but also the expected returns on the FX trade and,
hence, exchange rates. For instance, an increase in the supply of long-term U.S. bonds raises
both 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 depreciation of the euro versus the dollar.

The key to this result is the fact 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, consider the U.S.
yield curve trade. When the U.S. short rate rises unexpectedly, long-term U.S. yields also rise
through an expectations hypothesis channel: the expected path of U.S. short rates is now higher,
so long-term U.S. yields must also 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 a UIP channel: since future



short rates are now expected to be higher in the U.S. than in Europe, the euro must fall and
then be expected to appreciate in order 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 net supply of long-term U.S. bonds—e.g., because
the Federal Reserve announces it is going to unwind the quantitative easing policies it has pursued
since 2008. Following this outward shift in the supply of long-term U.S. bonds, 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. Since 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. At
the same time, 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 then be expected to appreciate going forward.?

The baseline model makes several additional predictions. First, we show that bond supply
shocks should have a larger impact on bilateral exchanges rates when the correlation between
the two countries’ short rates is low. For example, the USD-JPY exchange rate should be
less responsive to U.S. QE than the USD-EUR exchange rate. Second, 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 U.S.
and euro short-rate shocks, making it less risky for specialized bond investors than the standard
FX trade involving short-term bonds.

After fleshing out these basic predictions, we show that this supply-and-demand approach
delivers a natural and unified account that links two well-known facts about bond return pre-
dictability and foreign exchange return predictability. First, in the best known empirical failure
of the expectations hypothesis of the term structure, Campbell and Shiller (1991) showed that
the yield curve trade earns positive expected returns when the yield curve is steep. Second, Fama
(1984) showed that the FX trade earns positive expected returns when the short-term interest
rate in foreign currency exceeds that in domestic currency. With one additional assumption,
our model can simultaneously match these two facts. Specifically, we assume that global rates
investors’ exposure to the FX trade is increasing in the foreign exchange rate due to balance-of-
trade driven flows. This assumption, which is needed in Gabaix and Maggiori (2015) to match
the Fama (1984) result, immediately delivers the Campbell-Shiller (1991) for both the domestic
and foreign yield-curve trades in our model.*

To see the intuition, suppose that the level of short-term rates in euros exceeds that in dollars.

3We have discussed these effects in terms of U.S. short rate risk, but they apply symmetrically to euro short
rate risk. Specifically, the supply of long-term euro bonds has the opposite effect on the USD-EUR exchange rate
as the supply of long-term U.S. bonds. For instance, an increase in the supply of long-term euro bonds will lower
the risk premium on the borrow-in-dollar lend-in-euro FX trade, leading the euro to appreciate against the dollar.

4Symmetrically, the assumption that Vayanos and Vila (2009, 2019) needed to match the Campbell-Shiller
(1989) fact within a segmented-markets model of the term structure—that the net supply of long-term bonds is
decreasing in long-term yields—immediately delivers the Fama (1984) pattern for foreign exchange in our model.



By standard UIP logic, the euro will be strong relative to the dollar. However, because of the
assumed balance-of-trade flows, specialized bond investors must bear greater euro exposure when
the euro is strong.” This raises the expected returns on the borrow-in-dollar lend-in-euro FX
trade. As a result, the expected return on the FX trade is increasing in the euro-minus-dollar
short-rate differential as in Fama (1984). This is the logic in Gabaix and Maggiori (2015).
However, because specialized bond investors will lose money on these FX positions if U.S. short
rates rise, the equilibrium expected returns on the U.S. yield curve trade must also rise. Since
the U.S. term structure will be steeper than the euro term structure because U.S. short rates are
lower and are expected to mean-revert, the model will also match Campbell and Shiller’s (1991)
finding that a steep term structure predicts high excess returns on long-term bonds.

In our baseline model, while the global bond and FX markets are not tethered to aggregate
consumption and are partially segmented from other broad asset classes, the global bond and
FX markets are tightly integrated because global bond investors can flexibly buy bonds of any
maturity in both currencies. In an extension, we ask what happens if some bond investors are less
flexible, giving rise to further segmentation within the 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 currency, as well as with specialists in the
FX trade. Introducing such further segmentation delivers two additional insights relative to the
baseline model. First, shocks to the net supply of long-term bonds in either currency generally
have a larger impact on the foreign exchange rate than in the baseline model. This effect arises
because further segmentation effectively reduces bond investors’ collective risk-bearing capacity.
Second, shocks to the net supply of either dollar or euro long-term bonds trigger FX trading flows
between global bond investors and FX specialists, whose FX positions serve as a sufficient statistic
for the expected excess returns on foreign exchange. In this way, the extension endogenizes the
kinds of capital market driven FX flows considered in Gabaix and Maggiori (2015).

In a second extension, we consider the impact of introducing investors who cannot hedge any
foreign exchange risk arising from investments they make in non-local assets. For instance, bond
mutual funds may be prohibited from using derivatives to hedge foreign exchange risk. These
unhedged investors effectively “staple” the returns on foreign exchange together with the excess
returns on non-local assets. We show that introducing such unhedged investors further amplifies
the effect of asset supply shocks on exchange rates.

Our work is most closely related to papers studying portfolio balance effects in currency
markets (e.g., Kouri [1976], Evans and Lyons [2002], Froot and Ramadorai [2005], Gabaix and
Maggiori [2015]). In these models, the disconnect between exchange rates and macroeconomic
fundamentals (Obstfeld and Rogoff [2000]) is explained by a disconnect between intermediaries in

currency markets and the broader economy.® Our paper is also closely related to papers studying

>The idea is that U.S. net exports to Europe rise when the euro is strong and the dollar is weak. U.S. exporters
then want to swap the euros they receive from their European sales back into dollars. To accommodate these
trade-driven flows, specialized bond investors must then sell dollars and buy euros.

6 A literature in international economics, including Farhi and Werning (2012) and Itshoki and Mukhin (2019),
features reduced-form “UIP shocks,” which similarly disconnect exchange rates from macro fundamentals.



portfolio balance effects in bond markets.” Our key contribution is to show that the structure of
financial intermediation, which links shocks hitting the intermediaries in FX markets to shocks
in the bond market, helps to explain several important empirical patterns. In the model, we
assume that the same intermediaries are the marginal investors in both long-term bond and
foreign exchange markets. Given our key observation that both long-term bonds and foreign
exchange are interest-rate sensitive assets, this form of segmentation is natural: any human
capital or physical infrastructure useful for managing interest-rate sensitive assets can naturally
be applied to both bonds and foreign exchange.

Our paper is also related to the vast literature taking a consumption-based, representative
agent approach to exchange rates.® As we detail below, consumption-based models generally
imply very different relationships between foreign exchange rates and interest rates than those
implied by our model. For instance, in consumption-based models, the expected return on the
borrow-in-dollar lend-in-euro FX trade is negatively related to the difference between U.S. and
euro term premiums. By contrast, in our quantity-driven approach, the expected excess return
on the euro is positively related to the U.S.-minus-euro term premium differential.

What explains this fundamental difference? In consumption-based models, foreign currency
appreciates in bad times for foreign agents and depreciates in bad times for domestic agents.
These exchange rate dynamics make domestic assets risky for foreign agents and vice versa,
rationalizing imperfect international risk sharing even with complete financial markets. However,
since interest rates fall in bad economic times in most consumption-based models, the price of
long-term foreign (domestic) bonds rises in bad foreign (domestic) times. Since the realized
returns on foreign currency are positively correlated with those on long-term foreign bonds and
negatively correlated with those on domestic bonds, the expected return on foreign currency
is positively related to the foreign-minus-domestic term premium differential. By contrast, in
our theory as in the data, the realized returns on foreign currency are negatively (positively)
correlated with those on long-term foreign (domestic) bonds. This is because the realized returns
on foreign exchange and long-term bonds are both driven by shocks to short-term interest rates.
As a result, the expected return on foreign currency is negatively related to the foreign-minus-
domestic term premium differential.

The remainder of the paper is organized as follows. In Section 2, we present some empirical
evidence that motivates our theoretical analysis. Section 3 presents the baseline model. Section
4 presents an extension that allows for further segmentation within the global bond and FX
markets. Section 5 considers the implications when investors are constrained in their ability to

hedge FX risk. Section 6 concludes.

"See, for example, Vayanos and Vila (2009, 2019), Greenwood, Hanson, and Stein (2010), Greenwood and
Vayanos (2014), Hanson (2014), Hanson and Stein (2015), Malkhozov, Mueller, Vedolin, and Venter (2016),
Hanson, Lucca, and Wright (2018), and Haddad and Sraer (2019).

8Prominent 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 (2012), and Farhi and Gabaix (2016).



2 Motivating evidence

To motivate our theoretical analysis, we begin by presenting evidence for three related proposi-
tions. First, exchange rates appear to be about as sensitive to changes in long-term interest-rate
differentials as to changes in short-term interest rate differentials. Second, the component of long
rate differentials that matters for exchange rates appears to be a forecastable term premium dif-
ferential, rather than the future path of short rates. And third, the differences in term premiums
that move exchange rates appear to be partially quantity-driven, as they are responsive to QE
announcements. This last feature cannot be captured by complete-markets, representative-agent
models of exchange rates, since in such models supply shocks such as QE are just “reshufflings”

in the sense of Woodford (2012) and have no effect on asset prices.

2.1 Contemporaneous movements in foreign exchange rates

Table 1 shows monthly panel regressions of the form
ApGey = Ac+ B x Ay, (i, —it) + D x Ay (Yl — ye) + Apecy (1)

where Ayq. . is the quarterly (h = 3) or annual (h = 12) log change in currency c vis-a-vis the U.S.
dollar (USD), 47, and 7; denote the foreign and U.S. short-term interest rates, and 3}, and y, are
the foreign and U.S. long-term interest rates. Positive values of Ayq.; denote appreciation of the
foreign currency versus the dollar. The sample includes monthly observations between 2001 and
2017 for the euro (EUR), British pound (GBP), and Japanese yen (JPY). In Table 1, we measure
the short-term interest rate as the l-year government yield and long-term interest rate as the
10-year zero-coupon government yield. Details on data construction are in the Online Appendix.
The regressions include currency fixed effects and exploit within currency time-series variation.
The regressions are estimated using monthly data and contain overlapping observations, so we
report Driscoll-Kraay standard errors—i.e., the panel analog of Newey-West (1987).

Column (1) shows the well-known result, consistent with standard uncovered interest rate
parity (UIP) logic, that the foreign currency appreciates in response to an increase in the foreign-
minus-dollar short rate differential. A one percentage point increase in the short rate differential
in a given quarter leads to a 4.68 percentage point appreciation of the foreign currency. Column
(2) shows a new result: currencies appear to be at least as responsive to changes in long-term
interest rates as they are to changes in short-term interest rates. Specifically, the long-term yield
differential, Ay (y;, — v:), enters with a coefficient of 4.37, which compares to a coefficient of 3.51
on short rate differential, A (i}, —i;). Columns (3) and (4) present specifications that break the

short- and long-term rate differentials into their foreign and U.S. dollar components:

ApGer = Ac + By X Apizy + By X Apip + Dy X Apyey + Da X Apyes + Apcey (2)



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 5.09 and —4.83 in column (4), consistent with
the idea that changes in term premium differentials impact the exchange rate.

Columns (5) to (8) repeat the analysis from columns (1) to (4), but in this case the dependent
variable is the annual change in the exchange rate. Compared to the prior specifications using
quarterly changes, the coefficient on the foreign-minus-U.S. short rate differential is smaller
in magnitude (0.80 in column (6) versus 3.51 in column (2)), but the coefficient on long rate
differential is larger (7.37 in column (6) versus 4.37 in column (2)).

The evidence in Table 1 suggests that exchange rates react to movements in bond term
premia. However, the change in the 10-year bond yield is not a clean measure of changes in term
premia: it represents the sum of changes in term premia and changes in expected future short-
term interest rates. A potentially cleaner, albeit still imperfect, measure of movements in term
premia is the change in forward interest rates at distant horizons. Distant forward rates reflect
expectations of short-term interest rates in the distant future plus a term premium component.
The idea is that there is typically relatively little news about short-term rates in the distant
future, so changes in distant forward rates primarily reflect term movements in premia (Hanson
and Stein [2015]). Indeed, there is a large literature showing that forward rates forecast the
excess returns on long-term bonds (Fama and Bliss [1987], Cochrane and Piazzesi [2005]).

Table 2 presents regressions of the same form as in Table 1, but now using distant forward
rates (f7; and f,) instead of long-term yields (y, and y;) as our proxy for term premia. The
distant forward we use is the 3-year 7-year forward government bond yield. Compared with
Table 1, the coefficients on the short-rate differentials are slightly larger in magnitude and the
coefficients on the long-rate differentials are slightly smaller in magnitude, but the latter remains
highly significant. For example, in column (2) of Table 2, the short- and long-rate differentials
enter with coefficients of 4.72 and 2.99, which compares to a coefficients of 3.51 and 4.37 in
column (2) of Table 1. Thus, Table 2 reinforces the conclusion that changes in the term premia

component of long-term bond yields are associated with movements in foreign exchange rates.

2.1.1 Robustness

We have explored several variations on our baseline specifications. We find similar results with
different proxies for short-term rates, including the 2-year yield, and different proxies for distant
forward rates, including the 1-year 9-year forward. We also find similar results if we expand the
panel to also include the Australian dollar, Canadian dollar, and Swiss franc.

However, it is important to note that our results are sample dependent. They are statistically
and economically strong when we start our analysis in 2001 or later but become significantly

weaker if we extend the sample back further into the 1990s and 1980s. One possible explanation

9Changes in foreign short rates attract a larger coefficient than changes in domestic short rates. This is what
one would expect if innovations to foreign rates are more persistent than their domestic counterparts. Alternately,
we might expect this result if we think of the U.S. as setting world short rates and the short rates in other currencies
move less than one-for-one with U.S. short rates—i.e., if i} , = Brir 4 &L, where §; € (0,1).



for this sample dependence is that inflation was more volatile in earlier periods. As emphasized
in Section 3, our theory speaks to real interest rates and exchange rates, which may be swamped
by fluctuations in nominal price inflation in earlier data. A second possibility is that currency
and long-term bond markets were less integrated in earlier periods. The development of a more
integrated global bond and currency market may have taken place in the 1990s, especially after
the introduction of the euro in 1999 (Mylonidis and Kollias [2010], Pozzi and Wolswijk [2012]).
As we discuss in Section 4, one would not expect a tight linkage between exchanges rates and
bond term premia if bond markets are highly segmented from the foreign exchange market.

A final concern is that our results may reflect an omitted variables problem to the extent that
changes in long-term yields and foreign exchange rates reflect common movements in money-like,
convenience premiums as in Krishnamurthy and Vissing-Jorgensen (2012) and Jiang, Krishna-
murthy, and Lustig (2019). Convenience premiums are also quantity-driven, but are conceptually
distinct from the bond risk premiums which are our focus. However, fluctuations in convenience
premiums should generate the opposite relationship between contemporaneous changes in foreign
exchange rates and U.S. Treasury yields.!® Thus, when we control for the innovation to Jiang,
Krishnamurthy, and Lustig’s (2019) U.S. Treasury basis variable—which indeed helps explain
contemporaneous movements in exchange rates—the coefficients of interest in Tables 1 and 2 are

essentially unchanged.

2.2 Forecasting bond and foreign exchange returns

In Tables 1 and 2, we used changes in long-term yields and forward rates as proxies for movements
in the term premium on long-term bonds. If this interpretation is correct, these same measures
should also forecast excess returns on long-term bonds over short-term bonds in their respective

currencies. Table 3 tests this prediction by running bond return regressions of the form

Yy* ) _ - . *
Ty pyn — Ty = Ac+ B X (Zc,t — Zt) + D X (fc,t - ft) + Ect—tth (3)
and
Y* Y _ % . * *
Ty ston = TTpn = Ac+ By X Loy T By x4, + Dy X fc,t + Dy X f{ + ccpmtth- (4)
Here ra?,_, ., denotes h-month returns on long-term bonds in country ¢ in excess of the short-

term interest rate in that country. rzj ., denotes h-month excess returns on long-term bonds
in the U.S. As in Tables 1 and 2, the sample period run from 2001 to 2017 and consists of the
USD-EUR, USD-GBP, and USD-JPY currency pairs.

The key results are in columns (2), (4), (6) and (8) of Table 3, which show that distant

19Quppose there is an increase in the supply of U.S. Treasury debt. Assuming the special demand for U.S.
Treasury debt is downward sloping, this supply increase will lower the convenience premium on U.S. Treasuries,
pushing up U.S. Treasury yields (Krishnamurthy and Vissing-Jorgensen [2012]). Furthermore, if foreign investors
derive greater convenience services from U.S. Treasuries than do U.S. investors, this increase in U.S. Treasury
supply should also lead the dollar to depreciate versus foreign currencies—i.e., foreign currencies should appreciate
versus the dollar. Thus, movements in convenience premium should lead to a positive association between
contemporaneous movements in U.S. Treasury yields and movements in foreign currencies.
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forward rates predict future excess bond returns at 3- and 12-month horizons. For example,
column (2) shows that if the foreign distant forward rate is one percentage point higher than the
U.S. distant forward, then, over the next three months, the excess returns (in foreign currency)
on long-term foreign bonds exceed the excess returns (in dollars) on long-term U.S. bonds by
1.68 percentage points on average. Similar results obtain at an annual forecasting horizon.

In Table 4, we forecast the excess returns on investments in foreign currency. The specifi-
cations parallel those in Table 3, but the dependent variable is now the log excess returns on
an investment in foreign currency that borrows for h-months at the U.S. short-term rate i; and

invests at the foreign short-term rate i;. In other words, the regressions take the form:

T‘r(cl,t—nf—i-h =A.+ B X (ZZt - it) + D X (fc*t — ft) + Ectotthy (5)

and
rmg,tﬂrl»h = Ac + B1 X Z'Z,t + B2 X it + D1 X f:,t + D2 X ft + 5c,t—>t+h7 (6)

where 12, |, = Geprn — Ger + (R/12) X (if, — i;) is the h-month excess return (in dollars) on
the foreign currency c .

The results in Table 4 are consistent with a risk premium interpretation of our earlier results.
For example, in column (2), an increase in the foreign-minus-U.S. distant forward rate differen-
tial negatively predicts 3-month currency returns with a coefficient of —1.47 (p-value < 0.01)."
This means that if the foreign distant forward rate rises by one percentage point relative to the
U.S. distant forward, investors can expect a 1.47 percentage point lower return on the trade
that borrows in dollars and lends in foreign currency over the next 3 months. This is consistent
with our results in Tables and 1 2: when the foreign-minus-U.S. term premium differential rises,
the long-term yield and distant forward rate differentials rise. For instance, Tables 2 show that
increases in the foreign-minus-U.S. distant forward differential are associated with a contempora-
neous appreciation of the foreign currency. Table 4 shows that a high foreign-minus-U.S. distant
forward rate differential is associated with subsequent depreciation of the foreign currency and

thus low returns on foreign currency.

2.3 Central bank Quantitative Easing announcements

The results so far are consistent with the idea that bond term premiums play a role in driving the
foreign exchange risk premium. And, they cut against standard consumption-based asset-pricing
models and in favor of a segmented-markets approach where supply and demand play a key role
in determining bond and FX risk premium. Specifically, because long-term bonds are generally a
hedge in consumption-based models whereas foreign currency investments are risky, these models

imply that term premium differentials should have the opposite relationship with FX risk premia

' The coefficients on the short-term interest rate differential are essentially zero, consistent with evidence that
the “FX carry trade” that borrows in low short-rate countries and invests in high short-rate countries has been
weak in recent decades (e.g., Jylha and Suominen [2011]).



than that implied by our theory. In other words, consumption-based models generally imply the
coefficients on long-rate differentials should have signs opposite of those shown in Tables 1, 2,
and 4. That said, our prior results do not tell us precisely what drives bond term premiums 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 earlier, many studies have documented the impact of central bank quantitative
easing (QE) announcements on long-term bond yields (Gagnon et al [2011], Krishnamurthy
and Vissing-Jorgensen [2011], and Greenwood, Hanson, and Vayanos [2016]). Drawing on these
previous studies, we isolate periods where we have more confidence that changes in long-term
yields and distant forward rates reflect quantity-driven news about term premiums, and show
that these changes in term premims typically occur alongside changes in exchange rates.

Figure 1 illustrates our approach. Expanding the list in Mamaysky (2018), we construct a list
of large-scale asset purchase announcements by the U.S. Federal Reserve, the European Central
Bank, the Bank of England, and the Bank of Japan. For a QE announcement on date ¢, we
show the appreciation of the foreign exchange rate and the movement in foreign-minus-domestic
distant forward rates from day ¢t — 2 to day ¢t + 2. For the U.S. announcements, we show the
average appreciation of the dollar relative to euro, pound, and yen versus the movement in U.S.
long-term forward rates minus the average movement in forward rates for the euro, pound, and
yen. For the other three currencies, we show their appreciation relative to the dollar versus the
movement in the local currency forward rate minus the dollar forward 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 billion from a previously announced $600 billion. As can be seen
in Figure 1, 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 dollar depreciated by
approximately 4 percent vis-a-vis the euro, pound, and yen basket. For many announcements,
neither distant forwards nor currencies move by much, perhaps because the announcements were
anticipated, or because they fell short of the market’s expectations of future bond purchases.
However, Figure 1 shows that the announcements that were associated with significant relative
movements in distant forward rates were typically associated with sizable currency depreciations.

In Table 5, we focus our attention to these QE announcements and re-estimate the regressions

from Table 2, namely:
AgGegya = A+ B X (Ayily 0 — Dgin, ) + D X (Auflg — Dafrpo) + Dsccsio, (7)
and

Auqeriz = A+ By X Agif o+ By X Agiy, p + D1y X Ay fli 0+ Do X Ay fiio + Ageerya. (8)
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Whereas in Tables 1 and 2 we studied quarterly and annual changes, here we restrict attention
to the 55 QE-related announcements in the U.S., Eurozone, the United Kingdom, and Japan.
The regressions have more than 55 observations because for the 20 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 perspective, we cluster our standard errors by announcement date. As in Figure
1, Ayqci12 is the four-day change in the exchange 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 central 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 exchanges rates. Column (4) shows that the effects of foreign and U.S.
term premiums on exchange rate movements are approximately symmetric and of opposite sign,
attracting coefficients of 3.2 and —2.5 respectively.

In sum, the evidence suggests that, not only is there a close connection between bond-market
term premiums and FX risk premiums, but that both of these premiums have roots in shocks to

bond supplies. These stylized facts are the motivation for the model that we turn to next.

3 Baseline model

Our baseline model generalizes the Vayanos and Vila (2009, 2019) 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 currency (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—who we call “global bond investors”—are specialized in-
vestors. These bond investors must absorb exogenous shocks to the supply and demand for
long-term bonds in both currencies as well as demand shocks in the foreign exchange market.
These specialists have a risk-bearing capacity that is potentially small relative to the supply-and-
demand shocks they must absorb and are concerned about the risk of near-term losses on their
imperfectly diversified portfolios. As a result, they will only absorb these shocks if the expected

returns on domestic and foreign long-term bonds as well as foreign exchange adjust in response.!?

3.1 Model setup

The model is set in discrete time. To maintain tractability, we assume that asset prices (or yields)
and expected returns are linear functions of a vector of state variables. To model fixed income

assets, we (i) substitute log returns for simple returns throughout and (ii) use Campbell-Shiller

12To be clear, we are not assuming that global financial markets are highly segmented: we are simply positing
that there is some segmentation at the level of broad financial asset classes. In other words, we are assuming
that “bad times” for the marginal investors in global bond markets need not coincide with “bad times” for more
broadly diversified investors or for the representative households in, say, the U.S. and Europe.
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(1988) linearizations of log returns. We view (i) and (ii) as linearity-generating modelling devices

that do not impact the qualitative conclusions we draw.?

3.1.1 Financial assets

Here we describe the four assets in the model: short- and long-term bonds in both domestic and

foreign currency. We then describe the foreign exchange market.

Short-term domestic bonds The log short-term interest rate in domestic currency between
time ¢ and t + 1, denoted i;, is known at time ¢ and follows an exogenous stochastic process
described below. We think of the short-term domestic rate as being determined outside the
model by domestic monetary policy. Thus, we assume short-term domestic bonds are available
in perfectly elastic supply—i.e., investors can borrow or lend any desired quantity in domestic

currency from t to t + 1 at i,.'

Long-term domestic bonds The long-term domestic bond is a default-free perpetuity. At
time ¢, long-term domestic bonds are available in a given net supply s; which follows an exogenous
stochastic process described below. As shown in the Online Appendix, the log return in domestic

currency on long-term domestic bonds from ¢ to ¢t + 1 is approximately:

J

1-s (Y1 — W) 5 (9)

y
Tepr =% = 7

where y; is the log yield-to-maturity on domestic bonds and ¢ € (0,1).!5 The return on long-term
bonds is the sum of a “carry” component, 1, that investors earn if yields do not change and a
capital gain component, — (§/ (1 — 9)) (y;+1 — y:), due to changes in yields.

Iterating Eq. (9) forward and taking expectations, the domestic long-term yield can be

decomposed in an expectations hypothesis component and a term premium component:

yr = (1-9) Z;io &' By [t + rxth+j+1]? (10)

where rzf,, = r/,; — i, is the excess return on domestic long-term bonds over the domestic
short rate. In other words, rz}, , is the log excess return on the “yield curve trade” in domestic

currency—i.e., a trade that borrows short-term and lends long-term in domestic currency.

Short-term foreign bonds Short-term foreign bonds mirror short-term domestic bonds. The

log short-term riskless rate in foreign currency between time ¢ and ¢ + 1 is denoted ;.

13This approach is also used Greenwood, Hanson, and Liao (2018) and Hanson, Lucca, and Wright (2018).

14One interpretation of this assumption is that the only short-term debt instruments in each currency are
short-term interest-bearing deposits. The domestic and foreign central banks independently pursue monetary
policy in their currencies by posting an interest rate and then elastically borrowing and lending at that rate.

15This approximation for default-free coupon-bearing bonds appears in Campbell (2018) and is an approximate
generalization of the fact that the log-return on n-period zero-coupon bonds from ¢ to t + 1 is exactly r,, =
ypr—(n—-1) (y;:__ll — y}') where, for instance, yJ* is the log yield on n-period zero-coupon bonds at ¢.
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Long-term foreign bonds Long-term foreign bonds mirror long-term domestic bonds. They
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 Eq. (9), and the log yield-to-maturity on
foreign bonds, y;, is given by the analog of Eq. (10). We use rw%’il = rfjrl — iy to denote the

excess return on the “yield curve trade” in foreign currency.

Foreign exchange Let (); be the foreign exchange rate defined as units of domestic currency
per unit of foreign currency. An exchange rate of (J; means that an investor can exchange foreign
short-term bonds with a market value of one unit of foreign currency for domestic short-term
bonds with a market value of (); in domestic currency. Thus, a rise in (); means an appreciation
of the foreign currency relative to domestic currency. Let ¢; denote the log exchange rate.
Consider the excess return on foreign currency from time ¢ to t + 1—i.e., 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:

ral = (@ — q) + (i — ). (11)

Thus, the excess return on foreign currency is the sum of a “carry” component, i; — i, that
investors earn if exchange rates do not change and a capital gain component, (¢;+1 — ¢), due to
changes in exchange rates. Assuming the exchange rate is stationary with a steady-state level of
q; = 0—i.e., that purchasing-power parity holds in the long run, we can iterate forward and take

expectations to obtain:
Gt = D50 Ll — teng) — 12yl (12)

as in Froot and Ramadorai (2005). Thus, the exchange rate is the sum of a UIP component and

an FX risk premium component.'6

Real versus nominal rates Since our theory hinges on comovement between exchange rates
and short-term interest rates, it makes sense to think of the four interest rates in our model as real
interest rates and the exchange rate as the real exchange rate.!” This is why we focused on data
in recent decades—when inflation expectations have been firmly anchored and where movements

in nominal interest rates largely correspond to movements in real rates—in the previous section.

16 Although UIP fails in our model, covered-interest-rate parity (CIP) will hold because the only friction in our
model is the limited risk-bearing capacity of bond investors and the CIP arbitrage trade is completely riskless for
bond investors. However, it would be straightforward to capture the kinds of post-2008 CIP violations documented
by Du, Tepper, and Verdelhan (2018), Jiang, Krishnamurthy, and Lustig (2019), and Du, Hebert, and Huber
(2019) by adding investor balance sheet constraints to the model as in, e.g., Garleanu and Pedersen (2011). And,
in the presence of time-varying constraints, CIP violations would comove with bond and FX risk premiums.

17T short-term nominal interest rates move one-for-one with expected inflation, then news about future inflation
will not impact real exchange rates. What is more, inflation news will not lead to unexpected changes in nominal
exchange rates: it will only lead to expected future movements in nominal exchange rates. By contrast, news
about future short-term real rates should always impact both real and nominal exchange rates.
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3.1.2 Risk factors

Investors face two types of risk in our model: interest rate risk and supply risk. First, long-term
bonds are exposed to interest rate risk. For example, long-term domestic bonds will suffer an
unexpected loss if short-term domestic rates rise unexpectedly. Similarly, foreign exchange posi-
tions are exposed to interest rate risk: foreign currency will depreciate (appreciate) unexpectedly
if short-term domestic (foreign) rates rise unexpectedly. Second, both long-term bonds and FX
positions are exposed to supply risk: there are random supply shocks which impact equilibrium

bond yields and exchange rates, holding fixed the expected future path of short rates.

Short-term interest rates We assume short-term interest rates in domestic and foreign cur-

rencies follow symmetric AR(1) processes with correlated shocks. Specifically, we assume:

ip1 = T+ @i —7) + €y, (13a)
i1 = 1+ ¢;(if —7) + Eit, 1 (13b)

where 7> 0, ¢; € (0,1), Var[e;,,,] = Varieir | = 07 >0, and p = Corrle;,,, i, ] € [0,1].

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. Specifically, we assume:

sty = bl —35) +ew s (14a)
sty = &+ ou(siT—35)+ Earts (14b)

where 57 > 0, ¢, € (0,1), and Varlegy, | = Varfegr | = 02, > 0. These net bond supplies
should be viewed as the gross supply of long-term bonds minus the demand of any inelastic
“preferred habitat” investors—i.e., they reflect the combined supply and demand shocks that
global rates investors must absorb in equilibrium. Assuming that the two short rates and bond
supplies follow symmetric AR(1) processes enhances the analytical tractability of the model, but

it is easy to solve the model numerically if we relax these symmetry assumptions.'®

Net FX supply We assume that global bond investors must engage in a borrow-at—home and
lend-abroad FX trade in time-varying quantity s/ to accommodate the opposing demand of other
unmodeled agents. Concretely, we assume:

(15)

a q
St+1 = ¢s‘18t + €Sg+1,

where Variegs || = 02, > 0 and ¢, € (0,1). Of course, if we consider all agents in the global
economy, then foreign exchange 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

18The Appendix discusses the impact of relaxing these symmetry assumptions on short rates and bond supply.
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bond investors in our model are only a subset of all actors in global financial markets, so they
need not have zero foreign exchange exposure.

Collecting terms, let g,41 = [g;, 119 €ty Esgﬂ,asﬁl,gsgﬂ]' and X = Var, [g;11]. For simplicity,
we assume the three supply shocks are independent of each other and of both short rates. Again,
this independence assumption enhances analytical tractability, but it is straightforward to solve

the model numerically for any arbitrary variance-covariance matrix 3.

3.1.3 Global bond investors

The global bond investors in our model are specialized investors who choose portfolios consisting
of short-term and long-term bonds in the two currencies. They have a constant risk tolerance of
7 and have mean-variance preferences over wealth tomorrow. Let d} (d}") denote bond investors’
holdings of long-term domestic (foreign) bonds and let d] denote investors’ position in the borrow-
at-home and lend-abroad FX trade.'” Thus, defining d; = [d, d{*, df]’ and rx,41 = [raf,,, ra]l,,

raf 4], investors choose their portfolio holdings to solve

d;

1

max {d;Et [rxt+1] — 2—d;Va7’t [I'Xt+1] dt} N (16)
T

so their demands must satisfy:

B, [rxi1] = 7 'Var, [rxi41] dy. (17)

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 large 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 bond market players. Indeed, the
particular form of segmentation that we assume is quite natural since both government bonds
and foreign exchange are highly interest-rate sensitive assets. Specifically, any human capital or
physical infrastructure that is useful for managing interest-rate sensitive assets can be readily

applied to both bonds and foreign exchange.?’

YTrrespective of whether global bond investors are domestic- or foreign-based, they solve (16). The idea is
that we can represent an investor’s positions in any asset other than short-term bonds in her local currency as a
linear combination of these three long-short trades. So, assuming that all investors have the same risk tolerance
and hold the same beliefs about returns, all global bond investors will choose the same exposures to these three
long-short trades regardless of whether they are based at home or abroad.

20Tt is easy to allow for shocks to the aggregate risk tolerance of global bond investors. Specifically, if aggregate
risk tolerance at time t is 74, demands satisfy E; [rx;,1] = 7; 'Var; [rx;11] dy. If the physical net supply of assets
that investors must hold is §;, the market-clearing conditions are d; = §;, implying E; [rx;1] = Var [rxi11] 74 lg,.
This is equivalent to our model with 7 = 1 and s; = 7, 13,. We would then assume the effective supplies s; = 7, g,
follow a VAR(1) process.
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3.2 Equilibrium
3.2.1 Conjecture and solution

We need to pin down three equilibrium prices: y;, y;, and ¢;. To solve the model, we conjecture
that prices are linear functions of a 5 x 1 state vector x; = [is, 4}, s7,s!", s{]. As shown in the
Online Appendix, a rational expectations equilibrium of our model is a fixed point of an operator
involving the “price-impact” coefficients which govern how the supplies s, impact vy, y;, and ¢.
Specifically, the market clearing condition d; = s, implicitly defines an operator which gives
the expected returns—and, hence, the price-impact coefficients—that will clear markets when
investors believe 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 (agy = agq = 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 non-degenerate: the risk of holding assets depends on how prices react
to supply shocks. For example, if investors believe supply shocks will have a large impact on
prices, they perceive assets as being highly risky. As a result, investors 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 kind of logic means that (i) an equilibrium only exists when
investors’ risk tolerance 7 is sufficiently 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

t.22

price impac We focus on the unique stable equilibrium in our analysis.

3.2.2 Equilibrium expected returns and prices

We now characterize equilibrium expected returns and prices. Market clearing implies that

d; = s;. Thus, using equation (17), equilibrium expected returns must satisfy:

E; [rxi41] = 77 'Var, [rx,41]8; = 77 'Vsy, (18)

21 Equilibrium non-existence and multiplicity of this sort are common in models like ours where short-lived
investors absorb shocks to the supply of infinitely-lived assets. Different equilibria correspond to different self-
fulfilling beliefs that investors hold about the price-impact of supply shocks and, hence, the risks associated with
holding assets. For previous treatments of these issues, see De Long, Shleifer, Summers, and Waldmann (1990),
Spiegel (1998), Watanabe (2008), Banerjee (2011), Albagli (2015), and Greenwood, Hanson, and Liao (2018).

22 Consistent with Samuelson’s (1947) “correspondence principle,” this stable equilibrium has comparative stat-
ics that accord with standard intuition. By contrast, the comparative statics of the unstable equilibria are usually
counterintuitive. For instance, at an unstable equilibrium, an increase in the volatility of short rate shocks can
reduce the impact that supply shocks have on equilibrium prices. By contrast, in the unique stable equilibrium, an
increase in the volatility of short rate shocks always increases the impact of supply shocks on equilibrium prices.
Furthermore, as supply risk grows small, the stable equilibrium converges to the equilibrium with no supply risk,
whereas the unstable equilibria explode with extremely small supply shocks having a massive price impact.
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where V = Var, [rx;;1] is constant in equilibrium. Writing out Eq. (18) and making use of the

symmetry between long-term domestic and foreign bonds in equations (13) and (14), we have:

1 *

E; [T‘%i/—kl} = . [Vu x 5§ + Cyyn X s+ Cyq % 3?] (19a)
1

L [TZL‘?:_J = p [Cyey X 5} +Vy % s{" — Cyq X 5t (19b)
1 *

B raf] = £ Gy x (sF = 8%+ Vy ] (190)

where V,, = Var[ra} ] = Varrall,], Cyy = Covfrz],,, el ], and Cy g = Couvfraf, ,raf ] =

—Couvy[rzyi,,rx},,]. These variances and covariances are equilibrium objects: they depend both

on shocks to short-term interest rates and on the equilibrium price impact of supply shocks.
Making use of Egs. (10) and (12) and the AR(1) dynamics for i, i}, sf, s{*, and s}, we can

then characterize equilibrium yields and the exchange rate. The long-term domestic yield is:

Expectations hypothesis
A\ Steady-state tcrm premium

N

1-6
Y = {‘+1_5¢ (t_l}‘f’{T (Vy + Cyy) ><s} (20a)

4 1= _ . 4 1=6
T WX (=) 4+ Gy X (o = ) 4 77 =G ot

Vv
Time-varying term premium

the long-term foreign yield is:

Expectations hypothesis

Steady-state term premium
o\

- fre ; ¢ <=0+ T 0+ G < ) (200)
. _ . I )
T G X (5= 30 4 Yy x (87 = )] = 7 g x ot

Time-varying term premium

and the foreign exchange rate is

Uncovered interest rate parity FX risk premium
7\ 7\

)

11 \ 1 1
G = { x (if — zt)} — {7’1 Cyq X (s —s") + T’lﬁw X 33}. (20c)

1_¢z 1_¢sy

Egs. (20a) and (20b) say that long-term domestic and foreign yields are the sum of an ex-
pectations hypothesis piece that reflects expected future short-term rates and a term premium
piece that reflects expected future bond risk premia. For instance, the expectations hypothesis
component of long-term domestic rates 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 supplies. Eq. (20c) says that the foreign exchange
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rate consists of an uncovered interest rate parity (UIP) term, reflecting expected future foreign-
minus-domestic short rate differentials, minus a risk-premium term that reflects expected future
excess returns on the borrow-at-home lend-abroad FX trade.

3.2.3 Understanding equilibrium expected returns

We can understand expected returns in terms of exposures to the five risk factors in our model.

Formally, the time-t conditional expected return on any asset a € {y, y*, q} satisfies:
E, [7'$?+1] = Bidie + B Nis 1 + By Asvt + Bove A=t + BaaAsa s (21)

where, for f € {i,*, s¥, s¥*, s}, [3} is the constant loading of asset a’s returns on factor innovation
£f,,, and Ay is the time-varying equilibrium price of bearing ¢y, , risk.*® For instance, long-term
domestic bonds have a positive loading on ¢;,,, and no loading on &;; . At time ¢, the prices of

domestic and foreign short-rate risk are:

e = TR x 18+ pBL) x s, (22a)
New = 7707 x X, (088 + B2) x s, (22b)

and, for f € {s¥, s¥*, s7}, the prices of supply risk are:
Ay = 7710? X D a18% x st]. (22¢)

Expected returns can also be written using a “conditional-CAPM” representation.?* Specifi-
cally, letting rx7} | = s;rx;;; denote the excess return on global bond investors’ portfolio from ¢
to t 4+ 1, the conditional expected return on any asset a € {y,y*, q} is:

Covelra?®, ,, rast
Et [Txgﬂ}: t[ t+1> t+1]

Cenar T Bl (23)
Thus, the expected return on each asset equals its conditional 5 with respect to the return on the
portfolio held by bond investors times the conditional expected return on that portfolio. Eq. (23)
is superficially similar to the pricing condition that would obtain if the true conditional-CAPM
held in fully-integrated global capital markets. However, in our model, the portfolio return that
prices the three asset returns is the return on the portfolio held by specialized bond investors.
By contrast, in fully integrated markets, the portfolio return that prices all financial assets is
market portfolio consisting of all global financial wealth.

**Formally, 5% is the coefficient on e, , from a multivariate regression of —(ra{, , — Ey[rz{, ,]) on the innovations
to the five risk factors—i.e., we have raf , — Ey[raf, | = —Bfe;,,, — Bi-eir, | — ﬂgyss?ﬂ - ﬂgy*asﬁl - ﬂgqasgﬂ.
Thus, the prices of factor risk (As;) are non-negative in the model’s steady-state.

24 An analogous result obtains in many segmented-market asset pricing models, including Gabaix, Krishna-

murthy, and Vigneron (2007), Garleanu, Pedersen, and Poteshman (2009), and Vayanos and Vila (2009, 2019).
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3.3 Bond term premiums and exchange rates

The major payoff from our baseline model is that we are able to study the simultaneous de-
termination of domestic term premia, foreign term premia, and foreign exchange risk premia.
Specifically, we can ask how a shift in the supply on any of these three assets impacts the
equilibrium expected returns on the two other assets using Eq. (19).

3.3.1 Limiting case with no supply risk

Many of the core results of the model can be illustrated using the limiting case in which asset

supplies are constant over time, leaving only short rate risk—i.e., where 0%, = 0%, = 0.

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

51,
- = 2 . 24
o619, " (24)

5 2
Cy,y* = p(w) O'? > 0. (25)

Cyq = (1=p)

Thus, OE[rz},,]/0s] = 771C,, is decreasing in the correlation between domestic and foreign

short rates, p, whereas OE[raz;,]/0s] = 77 C, . is increasing in p.

Proposition 1 provides guidance about how shifts in long-term bond supply—e.g., due to QE
policies—should impact exchange rates and term premiums. There are two key takeaways.?’

First, Proposition 1 shows that a shift in domestic bond supply impacts the domestic term
premium, the foreign term premium, 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 Eq. (22a), lifting the expected returns on the dollar
yield curve trade and thus dollar long-term yields as in Vayanos and Vila (2009, 2019). The
increase in dollar bond supply also raises the euro term premium and euro long-term yields when
p > 0.2° Turning to exchange rates, Eq. (20c) shows that the borrow-in-dollars to lend-in-euros
FX trade is also exposed to dollar short-rate risk: the euro depreciates when dollar short rates
rise through the standard UIP channel. Because the price of bearing dollar short-rate has risen,
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 appreciate going forward.?”

25 Technically, the comparative statics in Proposition 1 must be interpretted as comparative statics on the
steady-state level of expected returns across economies where asset supplies are constant over time—i.e., they
give the effects of supply shifts that investors think are impossible. Nevertheless, the limiting case without supply
risk highlights the core mechanism at the heart of our model.

26This occurs even though long-term euro yields are not directly exposed to movements in dollar short rates.
Specifically, when p > 0, an increase in dollar bond supply raises the price of euro short-rate risk in Eq. (22b).
Intuitively, since the euro yield-curve trade tends to suffer at the same time as the dollar yield-curve trade, an
increase in the supply of dollar bonds raises the expected return on the euro yield-curve trade.

2TMore 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 Eqs. (22a) and (22b). As shown in Eq. (20c), the FX trade has offsetting
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Second, Proposition 1 shows that the effects of a shift in domestic bond supply depend on the
correlation p between domestic and foreign short-rates. When p is higher, more of the effect of the
domestic bond supply shift 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 those in Europe than
those in Japan. 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 Japanese yen than versus
the euro. At the same time, U.S. QE should lead to a larger reduction in European term premia
than Japanese term premia. Intuitively, if foreign and domestic short rates are highly correlated,
then the UIP component of the exchange rate will not be very volatile; if domestic short rates
rise, foreign short rates are also likely to rise, leaving 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.

3.3.2 Adding supply shocks

We now show that these results generalize once we add stochastic shocks to the net supplies of

domestic and foreign long-term bonds and to foreign exchange.?®

Proposition 2 Equilibrium with supply shocks. If 0 < p < 1, 02, > 0, 0% > 0, then in
any stable equilibrium we have OE[rx},|]1/0s] = 77 'Cy 4 > 0. If in addition p > 0 and 0%, = 0,
then in any stable equilibrium we have OE;ra}},]/0s{ = 77 Cy, > 0. Thus, by continuity of
the stable equilibrium in the model’s underlying parameters, we have OEy[rz]},]/0s] > 0 unless

foreign exchange supply shocks are especially volatile and p is near zero.

Proposition 2 shows that, once we allow supply to be stochastic, shifts in bond supply continue
to impact bond yields and foreign exchange rates as they did in Proposition 1 where supply was
fixed. Shifts in supply tend to amplify the comovement between long-term bonds and foreign

exchange that is attributable to shifts in short-term interest rates.

2

2, is large) and the corre-

The exception is when FX supply shocks are especially volatile (o
lation of short rates p is low. Because FX supply shocks push domestic and foreign long-term
yields in opposite directions by Eq. (20), if these shocks are highly volatile they can result in a
negative equilibrium correlation between domestic and foreign bond returns, C ., even if the
underlying short rates are positively correlated. However, in the empirically relevant case where

p is meaningfully positive, we have Cy . > 0 and bond yields behave as in Proposition 1.

exposures to dollar and euro short rates due to standard UIP logic. However, when the two short rate processes
are symmetric as in Eq. (13), the exposure to dollar short rates dominates and we have dE,[rz{, ,]/0s{ > 0.

28 As shown in the Online Appendix, when 02, > 0 and 02, > 0, solving the model involves characterizing the
stable solution to a system of four quadratic equations in four unknowns. When o2, > 0 and 02, = 0, the model
can be solved analytically: we simply need to solve two quadratics and a linear equation.
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3.3.3 Empirical implications of the baseline model

In Section 2, 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 in part, quantity-driven. Using our
baseline model, we can now formally motivate these empirical results.

For simplicity, we focus on the case where FX supply shocks are small—i.e., the limit where
st = 0 and 02 = 0.2 In this case, the foreign exchange risk premium is decreasing in the
difference between foreign and domestic bond supply (s¥* — s¥),

<0
——

Ey [Txgﬂ} = [_7__1Cy,q] x (s{" —s{), (26)

and the difference between foreign and domestic bond risk premiums is increasing in s — s7:

>0

A\

I ™~

E, [Txfil — 7“1}?+1] = [7'_1 (V, — ny*)} x (89" —sY). (27)

Egs. (26) and (27) motivate our regressions examining QE announcement dates in Section 2. 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. Eq. (27) shows that this decline in euro bond supply
should reduce euro term premia relative to dollar term premia. And, Eq. (26) shows that this
decline in s¥* should increase the risk premium 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—i.e.,
news that s will be low—will have the opposite effects.

Combining Eqgs. (26) and (27), the FX risk premium is negatively related to the difference

between foreign and domestic bond risk premia:

<-1

- 5 ~ *
Ey [ral, ] = [—ﬁ] x By [rall, —raf,]. (28)

Eq. (28) motivates the tests in Section 2 where we forecast foreign exchange returns using the
difference in (proxies for) foreign and domestic term premia. When euro bond supply is high,
the euro term premium is high and the risk premium on the borrow-in-dollar lend-in-euro FX
trade is low. Thus, the FX risk premium moves inversely with the foreign term premium. The
same argument applies to the domestic term premium with the opposite sign—i.e., the FX risk

premium moves proportionately with the domestic term premium.*’

29The Online Appendix shows that a similar, albeit slightly more complicated, set of results obtains when
02 >0 and s #0.

S

*0The constant of proportionality in Eq. (28), —Cy, 4/ (Viy — Cy.,+), is less than —1 because foreign exchange is
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Combining Eq. (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:

>1

0= S Bty = i + [ 2| X Sy Blrell o - vl ) (29)
This result motivates the tests in Table 1 and 2 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 currency must be strong—¢q; must be high—and must be expected to depreciate.

Lastly, 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 in the currency
with low rates and lends long-term in the currency with high rates. 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 at home (—rz},,), plus (ii) the return
to borrowing short at home to lend short abroad (rzf, ), plus (iii) the return to borrowing short

abroad to lend long abroad (rz}},). Thus, the expected return on the long-term FX trade is:

€(0,1)
V;/ B Cy,y*
Oyyq

By [ral,, + (raff, —raly)] = [1 — ] x By [raf,,] . (30)
Eq. (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 rates investors as compared to the standard FX trade. For instance, the standard FX
trade (rzf, ;) will suffer when there is an unexpected increase in domestic short rates. However,
borrowing-long to lend-short in domestic currency (i.e., —rzf, ;) will profit when there is an
unexpected rise in domestic 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 that on the standard short-term FX trade.

We collect these observations in the following proposition:
Proposition 3 Empirical implications. Suppose p € (0,1), 02, >0, and 02, = 0. Then:

e The FX risk premium (E, [rwf +1] ) is decreasing in the difference in net long-term bond
supply between foreign and domestic currency (si* — s{). The difference between foreign

and domestic bond risk premia, E; [rxt L — Ty +1] , 1S increasing in S; — Sj.

)

effectively a “longer duration” asset than long-term bonds.
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o E; [ra},,| is negatively related to Ey [raly, — raf,,].

e The foreign exchange rate (q;) 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
(Ey [ral,, + (rall, — ral,,)]) is smaller in magnitude than that on the standard borrow-
short-in-domestic to lend-short-in-foreign FX trade, (E; [raf,,]).

3.4 A unified approach to carry trade returns

In this subsection, we show that our model can deliver a unified explanation that links foreign
exchange return predictability and bond return predictability. For foreign exchange, Fama (1984)
showed that the expected return on the borrow-at-home to lend-abroad FX trade is increasing
in the foreign-minus-domestic short rate differential, iy — i;. This is the best known and most
empirically robust failure of uncovered interest rate parity. 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 or the “term spread,”
y; — 1;. This is arguably the best known and most empirically robust failure of the expectations
hypothesis of the term structure. In other words, the expected excess returns on both the FX
trade and the yield curve trade are increasing in their “carry,” defined as the return that investors
will earn if asset prices remain unchanged.

The baseline model we developed above does not generate either the Fama (1984) result for
the FX trade or the Campbell and Shiller (1991) result for the yield curve trade. In our baseline
model, shocks to short-term interest rates make foreign exchange and long-term bonds risky
investments for global rates investors. However, the level of short-term interest rates does not
affect expected excess returns on foreign exchange and long-term bonds.

However, a simple extension of our model can simultaneously match these two facts if we follow
Gabaix and Maggiori (2015) and, appealing to balance-of-trade flows, assume that global rates
investors’ exposure to foreign currency is increasing in the strength of the foreign currency. Put
simply, our model makes it possible to “kill two birds with one stone.” Specifically, the assumption
that Gabaix and Maggiori (2015) needed to make to match the Fama (1984) pattern within a
segmented-markets model of the foreign exchange market, immediately delivers the Campbell-
Shiller (1991) result for both the domestic and foreign yield-curve trades. Symmetrically, the
assumption that Vayanos and Vila (2009, 2019) needed to make to match the Campbell-Shiller
(1991) fact within a segmented-markets model of the term structure—i.e., that the net supply
of long-term bonds is decreasing in the level of long-term yields—immediately delivers the Fama
(1984) pattern for foreign exchange in our model.

Concretely, we extend the model by allowing the net supplies to depend on equilibrium prices:
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n{ = s{ — Syy, (31a)

n = s =Sy, (31b)
ni = si + Sqa, (31c)

where S, S, > 0. For example, the assumption that S, > 0 follows Gabaix and Maggiori (2015)
and is a reduced-form way of modeling balance-of-trade flows in the FX market. Specifically,
assume the domestic country runs a trade surplus of S;¢; with the foreign country: when foreign
currency is strong, domestic exports rise and domestic imports decline. However, if the domestic
country is running a trade surplus, domestic exporters will want to swap the foreign currency
they receive from their foreign sales for domestic currency. By FX market clearing, global bond
investors must take the other side of these trade-driven flows. Thus, when foreign currency is
strong, the expected returns on foreign exchange must rise to induce global bond investors to
increase their exposure to foreign currency. As Gabaix and Maggiori (2015) show, assuming that
Sy > 0 in this way delivers the Fama (1984) result for foreign exchange markets.

We solve the extended model using the same approach that we used to solve the baseline
model.>! The comparative statics of expected returns with respect to the independent supply
shocks—s?, s/*, and s]— in this extension are similar to those in the baseline model. However,

in this extension, ¢, and ¢} impact now expected returns on the three carry trades.

Proposition 4 Matching Fama (1984) and Campbell-Shiller (1991). Suppose p < 1. If
(i.a) Sy > 0 and S, = 0 or (i.b) S, = 0 and S, > 0 and (i) there are no independent supply
shocks (02, = 0% =0), then OE; [ra}, ] /0i; = —OE; [ral,,] /0i, > 0. Since exchange rates are

less responsive to short rates than under UIP, if one estimates the time-series regression:

T$g+1 = Qg+ ﬂq X (1 — i) + 51(;1+1) (32)

one obtains 3, = OF[rx},,]/0if > 0 as in Fama (1984).

Under the same conditions, we also have OE; [rz{, ] /0i, = OF, [ra{i,] /0if < 0. Thus, long-
term yields are less responsive to movements in short rates than under the expectations hypothesis,
so expected returns on long-term bonds are high when short rates are low. Furthermore, since

the term spread is high when short rates are low, if one estimates the time-series regressions:
T‘T%—H =y + /By X (g — i) + §%+1 and ng; = Oy + By* X (y; —iy) + gﬁp (33)
one obtains B, = (3, > 0 as in Campbell and Shiller (1991).

To see the logic, assume 02, = 02, = 0—i.e., there are no independent supply shocks, so net

31Specifically, the demands d; of global rates investors are still given by Eq. (17) above. Stacking the net
supplies in Eq. (31) as n; = [nf,nty*,ng]/, the market clearing conditions become d; = n;. Thus, equilibrium

returns satisfy E; [rx;11] = 77 Var, [rx;11] n.
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supplies only fluctuate because of movements in short-rates. In this case, we have
E, [7’@14-1} =7 [Cy,qSy X (y: - yt) + VX Sth] ) (34)

and
E; [rx?—&-l - Txfj—l] =7! [(Vy - Oy&y) Sy X (Y —y) + 20,454 %X ) - (35)

First, assume S, > 0 and S, = 0 and suppose that 7 —i; > 0—i.e., that euro short rates
exceed dollar short rates. By standard UIP logic, the positive short-rate differential means that
the euro will be strong—i.e., ¢ will be high. The assumption that S, > 0 implies that U.S. net
exports will be high, so U.S. exporters will want to convert their euro sales back to dollars. The
need to absorb these trade-driven FX flows means that global bond investors must bear greater
exposure to the euro when the euro is strong, raising the expected returns on the borrow-in-
dollar lend-in-euro FX trade. As a result, the expected return on the FX trade is increasing in
the euro-minus-dollar short-rate differential as in Fama (1984). This mechanism allows Gabaix
and Maggiori (2015) to match the Fama (1984) result. However, because these FX exposures
mean that global bond investors will lose (make) money if dollar (euro) short rates rise, the
equilibrium expected returns on the dollar (euro) yield curve trade must also rise (fall). Since
the U.S. term structure will steeper when 7; — ¢, > 0 by standard expectations-hypothesis logic,
the extended model will match Campbell and Shiller’s (1991) finding that a steep term structure
predicts high excess returns on long-term bonds.??

Another way to simultaneously match these two facts within our model is to follow Vayanos
and Vila (2009, 2019) who assume the net supply of long-term bonds is decreasing in the level
of long-term yields—i.e., to assume that S, > 0. This would be the case if, as in the data, firms
and governments tend to borrow long-term when the level of interest rates is low, or if there are
“yield-oriented investors” who tend substitute away from long-term bonds and towards equities
when interest rates are low. As Vayanos and Vila (2009, 2019) show, assuming that S, > 0
delivers the Campbell-Shiller (1991) result for long-term bonds. Specifically, assume S, > 0 and
S, = 0 and suppose that i; — ¢, > 0. By standard expectations hypothesis logic, euro long-term
rates will be higher than dollar long-term rates, but the yield curve will be steeper in dollars since
dollar short rates will be expected to rise more over time. However, since the net supply of long-
term bonds is decreasing in long-term yields, the term premium component of long-term yields
will be larger in dollars than in euros, matching Campbell-Shiller (1991). However, the resulting
difference between dollar and euro long-term bond supply means that global bond investors will
have a larger exposure to dollar short-rate shocks, so the expected return on the FX trade will
also be positive. As a result, the expected return on the FX trade will be increasing in the

difference between euro and dollar short-term rates, matching the Fama (1984) pattern.

32Term spreads also positively forecast bond returns in our baseline model since supply shocks move yields and
expected returns on long-term bonds in the same direction. What is novel here is that term spreads forecast bond
returns even in the absence of independent supply shocks.
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3.5 Relationship to consumption-based models

Our quantity-driven, segmented-markets model provides a unified way of jointly understanding
term premiums and foreign exchange rates. Thus, it is natural to contrast our model’s implica-
tions with those of frictionless consumption-based asset pricing models. Table 6 compares our
model’s implications with those of leading consumption-based models. We focus on real interest
rates and exchange rates since, as noted above, our theory speaks most naturally real returns.
Empirically, short-term real interest rates typically rise in economic expansions (and fall in
recessions)—e.g., because central banks adjust nominal short rates cyclically and since nominal
prices are sticky. In our model, specialized bond investors must take long positions in long-
term bonds (i.e., s¥, s/* > 0). While rapid economic expansions are good times for the typical
household in the economy, they are actually bad times for the specialized bond investors because
specialists will suffer large capital losses on their long-term bond holdings. Thus, as in Vayanos
and Vila (2009, 2019), long-term bonds are risky for specialized investors and real term premiums
will be positive in our model. In most consumption-based models, short-term real rates also rise
in good economic times (and fall in bad times). However, this means that long-term real bonds
are a macroeconomic hedge for the representative household, implying that real term premiums
are negative and the real term structure should be downward sloping on average.*> Empirically,
however, real term structures are usually upward sloping, just like the nominal term structures.’*
Consumption-based models also imply very different comovement patterns between foreign
exchange rates and real interest rates than those implied by our model. In consumption-based
models, foreign currency appreciates in bad times for foreign agents (and depreciates in bad times
for domestic agents). These exchange rate dynamics make domestic assets risky for foreign agents
(and foreign assets risky for domestic agents), rationalizing imperfect international risk sharing
even with complete financial markets.>® However, since foreign interest rates fall in bad foreign
times in most consumption-based models, the price of long-term foreign bonds rises in bad foreign
times. (Symmetrically, in bad domestic times, foreign currency depreciates and price of long-
term domestic bonds rises). Thus, realized foreign currency returns are positively (negatively)
correlated with those on long-term foreign (domestic) bonds. As a result, FX risk premium are
increasing in the foreign-minus-domestic term premium differential in most consumption-based
models (i.e., Cov; [raf,y,raf}, —rzl ] > 0 and Ejfra], ] is positively related to E[rz}l, —
rzy,q]). By contrast, in our theory as in the data, the realized returns on foreign currency are

negatively (positively) correlated with those on long-term foreign (domestic) bonds. This is

33To be sure, there are consumption-based models where real interest rates rise in recessions, implying a positive
real term premium (e.g., Wachter [2006]). Empirically, however, real interest rates tend to fall in recessions.

34The U.S. real curve has been upward sloping over 90% of the time from 1999 to present. The U.K. real curve
has been upward sloping nearly 75% of the time since 1986. And, for both countries, the relevant figures for the
real yield curve are similar to those for the nominal curve.

35Since foreign short rates decline in bad foreign times in most consumption-based models, there is a standard
“UIP effect” that pushes foreign currency to depreciate in bad foreign times. However, by construction, this
UIP effect needs to more than fully offset in consumption-based models by either a temporary appreciation of
foreign currency (i.e., by news that the expected returns on foreign currency will be lower going forward) or by
a permanent appreciation (i.e., an innovation to a random walk component of the exchange rate).
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because the realized returns on foreign exchange and long-term bonds are both driven by shocks
to short-term interest rates. As a result, the expected return on foreign currency is negatively
related to the foreign-minus-domestic term premium differential.

Finally, our model is capable of jointly matching the Fama (1984) “carry trade” pattern for
foreign exchange rates and the Campbell-Shiller (1991) “carry trade” pattern for long-term real
bonds. While consumption-based models are capable of matching the Fama (1984) pattern for
foreign exchange (see, e.g., Verdelhan [2010] and Bansal and Shaliastovich [2012]), they struggle
to simultaneously match the Campbell-Shiller (1991) pattern for real bonds in a realistic fashion.
Consider, for instance, Verdelhan (2010) who builds a habit formation model of foreign exchange
in the tradition of Campbell and Cochrane (1999). Suppose domestic agents are closer to their
habit level of consumption than foreign agents, so domestic agents are currently more risk averse.
Since the precautionary savings effect dominates the intertemporal substitution effect in Verdel-
han’s (2010) model, domestic short-term rates will be below foreign short rates. And, because
domestic agents are more risk averse, the expected excess returns to holding foreign currency
must be positive, thereby generating the Fama (1984) pattern. However, since interest rates
decline in bad economic times in Verdelhan (2010), long-term real bonds hedge macroeconomic
risk and carry a negative risk premium. Furthermore, bond risk premiums are more negative
when short rates are low. Thus, if the Verdelhan (2010) model is calibrated so the term structure
is steep when short rates are low—as is manifest in the data, the model delivers a negative asso-
ciation between the term spread and bond risk premiums, contrary to Campbell-Shiller (1991).3
The same is true for Bansal and Shaliastovich (2012), who build a long-run risks model of foreign
exchange in the tradition of Bansal and Yaron (2004).

In summary, Table 6 shows that our model is able to simultaneously match a large number of
important stylized facts about long-term bonds and foreign exchange rates. By contrast, leading

consumption-based models struggle to simultaneously match these stylized facts.

4 Further segmenting the global bond market

In Section 3, we showed that we can match several important empirical regularities about term
premiums and exchange rates using a simple segmented-markets model in which the marginal
investors in the global bond market are specialized bond investors. While this simple approach
is appealing, it does not capture two significant real-world features of bond and foreign exchange
markets. First, real-world markets feature a variety of different investor types—each facing a
different set of constraints—opening the door to meaningful segmentation within the global bond
market. Second, real world bond and foreign exchange markets involve substantial trading flows
between different investor types (Evans and Lyons [2002] and Froot and Ramadorai [2005]).

In this section, 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

36Tt is also possible to calibrate the Verdelhan (2010) model to match the Campbell-Shiller (1991) pattern, but
one then needs the yield curve to be flatter (less inverted) when short rates are low, which is counterfactual.
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first key take-away from this extension is that, with further segmentation, exogenous bond supply
shocks give rise to endogenous trading flows in the foreign exchange market that are associated
with changes in exchange rates. A second key take-away is that a small amount of additional
segmentation always increases the impact of bond supply shocks on exchange rates. Furthermore,
unless market segmentation is extreme, bond supply shocks have a larger impact on exchange
rates than in our baseline model.

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. Types only differ in their

ability to trade different assets. Specifically:

1. Domestic bond specialists, present in mass pm, can only choose between short- and long-
term domestic bonds—i.e., they can only engage in the domestic yield curve trade. Thus,

their demand for long-term domestic bonds is b/ = 7 (Var, [rz} +1])_1 Ey [raf,y].

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

demand for long-term foreign bonds is b}" = 7 (Vary [raf},] )_1 Ey [ra}}y].

3. F'X specialists, present in mass p (1 — 2m), can only choose between short-term domestic
and foreign bonds—i.e., they can only engage in the FX trade. Their demand for the

borrow-at-home-lend-abroad FX trade is b} = 7 (Var; [ra] +1])_1 Ey [ral,y].

4. Global bond investors, present in mass (1 — p), can hold short- and long-term bonds in
both currencies and can engage in all three long-short trades. Their demand for the three

trades is d; = 7 (Var, [rxtH])_l Ey [rx;44].

We assume p € [0,1] and 7 € (0,1/2). Increasing the combined mass of specialist types, u,
is equivalent to introducing greater segmentation in the global bond market. Thus, our baseline
model corresponds to the limiting case where y = 0. At the other extreme, markets are fully
segmented when p = 1. And, when p € (0, 1) markets are partially segmented.

Our domestic bond specialists are reminiscent of the specialized bond investors in Vayanos
and Vila (2009, 2019) in the sense that their positions in long-term domestic bonds are a sufficient
statistic 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 are essentially unwilling to substitute between bonds in different currencies. And,
we associate FX specialists with the global commercial banks who play an outsized role in the
foreign exchange market, but, who, are not natural holders of long-term bonds in either currency.

It is straightforward to solve for equilibrium under further segmentation. Letting [diag (V)]
be the matrix with the diagonal elements of V = Var; [rx;,1] on its diagonal and zeros elsewhere,

the vector of specialist investor demands is b, = [bY, Y, b]] = 7 [diag (V)] ™" E, [rx,,1]. Letting
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IT = diag (7w, 7,1 — 27), the market clearing conditions become s, = uIlb; + (1 — p) d;, which

implies that equilibrium expected returns are given by:

-1

By [txa] = 7" [0 [diag (V)] + (1 - ) V1] s, (36)
With this characterization, we can demonstrate the following results:

Proposition 5 Further segmenting the bond market. Suppose p < 1, 02, > 0, o2, > 0.

sY s4

Suppose fraction i of investors are specialists. We have the following results:

(i.) Segmentation leads to endogenous trading flows. For any € (0,1), a shock to the
supply of any asset a € {y,y*, q} triggers trading in all assets a’ # a between global bond

1nvestors and specialist investors.

(ii.) (a) Greater segmentation increases own-market price impact. Formally, for any
a € {y,y*,q}, O*Eyfrat, ]/0s¢0pn > 0. (b) Segmentation has a hump-shaped ef-
fect on cross-market price impact. Formally, for any a € {y,y*,q} and o' # a,
|OE[ray ,]/0s¢| is hump-shaped function of pu with |DE[raf,,]/0sf| > 0 in our baseline
model (i = 0) and OE[ra¢ ,]/0s¢ = 0 under full segmentation (u = 1). (c) Overall,
greater segmentation increases bond market-wide price impact. For any supply
s¢ # 0, the expected return on the global bond market portfolio ra}’ | = sirx,1 is increasing
in p: OE[ray,]/0p > 0.

(iti.) If asset supply is stochastic, greater segmentation increases market volatility.
Formally, for any arbitrary bond portfolio p, # 0 with returns rz},, = p;rx,1, we have

OV ary[ral,]/Op > 0. (If asset supply is constant, volatility is independent of y.)

Increasing p—i.e., further segmenting the global rates markets—has two direct effects on the
market equilibrium. First, as we increase pu, risk sharing becomes less efficient because fewer
investors can absorb a given supply shock. For instance, the fraction of investors who can absorb
a shock to domestic bond supply is pm + (1 — p), which is decreasing in p. This gives rise to an
“inefficient risk-sharing” effect. Second, as we increase p, we replace global bond investors whose
demands take the correlations between the three assets into account with specialist investors
who, taken as a group, behave as if the three returns are uncorrelated. This gives rise to a
“width of the pipe” effect: price impact is only transmitted across markets to the extent there
are investors—“the pipe”—whose demands are impacted by shocks to other markets. Finally,
there is a third indirect effect of increasing segmentation. To the extent that greater segmentation
directly raises the price impact of supply shocks, greater segmentation amplifies return volatility,
further increasing price impact. This is an “endogenous risk effect.”

As we raise y, these three effects always increase the impact of a supply shock in market a, s{,
on expected returns in that market: 0°E,[raf,,]/0s{Op > 0 for any a € {y,y*, q}. Cross-market

price impact under partial segmentation is more complicated. For instance, consider how the
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FX risk premium responds to domestic bond supply, 0E;[rz{,,]/0s/, as a function of y. When
there are only global rates investors (4 = 0), a shock to domestic bond supply raises expected
returns on the FX trade: 0F[rz{,,]/0s] > 0. This is the key result from our baseline model.
By contrast, it is clear that OE,[rzy, ,]/0s{ = 0 when there are no global rates investors (u = 1).
In this case, markets are completely segmented and bond supply shocks have no impact on the
foreign exchange market. In between, however, ; has a hump-shaped effect on cross-market
price impact. This hump-shape reflects the combination of the inefficient risk-sharing effect,
which typically leads 0FE;[rz{,,]/0s] to rise with p and dominates when p is near 0, and the
width of the pipe effect, which typically leads OE;[rzy,,]/0s] to fall with 1 and dominates when
1 is near 1. Furthermore, the endogenous risk effect amplifies the net of these two effects, so the
hump-shaped pattern is more pronounced when there is more supply risk.

These results are illustrated in Figure 2.3 Panel A of Figure 2 plots the impact on expected
returns of a domestic bond supply shock as a function of p. The plot assumes 7 = 1/3, so
specialists are evenly split between domestic bonds, foreign bonds, and foreign exchange. The
plot shows that, while 0E;[rz{, ,]/0s{ is always increasing in j, segmentation has a hump-shaped
effect on OEy[rz,,]/0s{ (and OE;[rz}},]/0s{). Unless p1 is near 1 and the global rates markets
is highly segmented, the effect of bond supply shocks on foreign exchange exceeds that in our
baseline model where 4 = 0. Thus, it is natural to conjecture that the impact of bond supply
shocks on foreign exchange markets has risen in recent decades because p has fallen over time.
In other words, relative to earlier periods where markets were extremely segmented (1 ~ 1), the
global rates market has gradually become more integrated, raising 0E;[rz{ ,]/0s{ (Mylonidis
and Kollias [2010], Pozzi and Wolswijk [2012]).

The next two plots in Panel B of Figure 2 show the trading response to a unit domestic bond
supply shock as a function of . When p € (0, 1), markets are partially segmented, meaning that
global bond investors and the three specialist types disagree on the appropriate compensation for
bearing factor risk exposure. Following a supply shock to any one asset, global bond investors
trade across markets to align—but not equalize—the way that factor risk is priced in different
markets. For instance, a shock to the supply of domestic bonds leads to foreign exchange trading
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. Foreign exchange 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.

3TTo draw Figures 2 and 3, we assume there is some FX-specific fundamental risk: we assume
m7 oo By [qi47] = ¢f° follows a random walk ¢f¢; = ¢7° + ggo ¢41 With Vary [gge 141] = 0300 > 0, imply-
ing ¢ = ¢° + E;io Eu[(ify ) —terg) — mjgﬂ»ﬂ]. If Ugoc = 0, then in the absence of supply risk, FX is a redundant
asset: FX returns are a linear combination of those on domestic and foreign bonds. Thus, if we instead assumed
Jgoo = 0 in Figure 2, global bond investors would take very large long-short positions as p approached 1 since they

would face no fundamental risk and would only be exposed to supply risk. Furthermore, while cross-market impact

would still be hump-shaped when 02,,02, > 0, instead of the smooth plots in Figure 2, there would be a sudden
decline in cross-market impact once p became very close to 1. Indeed, in the limit where aﬁm =02, =02, =0,

cross-market impact would increase in p for all g € (0,1) and then discontinuosly vanish at p = 1.
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In this way, our extension with additional bond market segmentation endogenizes the kinds
of capital market driven FX flows considered in Gabaix and Maggiori (2015). Rather than being
exogenous quantities that specialist FX investors are required to absorb, these endogenous FX

flows are tied to supply-and-demand shocks for long-term domestic or foreign bonds.

5 The role of foreign exchange hedging

In this section, we show that adding investors who cannot hedge foreign exchange risk—i.e.,
investors who effectively “staple” the returns on foreign exchange together with other excess
returns—amplifies the effect of supply shocks on exchange rates. Going further, such return

stapling means that a broader set of financial shocks may impact exchange rates.

5.1 Unhedged bond investors

A variety of institutional frictions, including constraints on short-selling or using derivatives, may
constrain certain investors’ ability to hedge foreign exchange risk. To capture such investors,
we add unhedged domestic and foreign bond investors to the model—i.e., investors who cannot
separately manage the FX exposure resulting from any investments they make in non-local, long-
term bonds. For example, if unhedged domestic investors want to buy long-term foreign bonds
to capture the foreign term premium, they must take on exposure to foreign currency. Thus,
unlike global rates investors, who can separately manage their exposures to foreign currency and
the foreign yield-curve trades, these unhedged domestic investors always “staple together” the
returns on the FX trade and the foreign yield curve trade.

Adding unhedged bond investors is like introducing a particular form of market segmentation.
As a result, supply shocks in one asset lead to trading in other related assets. Furthermore, we
show that adding unhedged bond investors always amplifies the impact of bond supply shocks
on the FX market relative to our baseline model.

We assume there are three investor types—all with mean-variance preferences over one-period-

ahead wealth and risk tolerance 7—who only differ in terms of the assets they can trade:

1. Unhedged domestic investors are present in mass 1/2. They can trade short-term domestic
bonds, long-term domestic bonds, and long-term foreign bonds, but not short-term foreign
bonds. Thus, if they buy long-term foreign bonds, they must take on foreign exchange
exposure, generating an excess return of r:z:fjrl + raf,, over short-term domestic bonds. In
effect, these investors only have access to excess returns rxp 11 = [rzy 4, rxi’;l +ral ) =
H',rx;,; where Hp =[1 0;0 1;0 1].

2. Unhedged foreign investors are also present in mass 7/2 and are the mirror image of un-
hedged domestic investors. They can trade short-term foreign bonds, long-term foreign
bonds, and long-term domestic bonds, but not short-term domestic bonds. If they buy

long-term domestic bonds, they must take on foreign exchange exposure, generating an
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excess return of rxj,; — raf,,; over short-term foreign bonds. These investors effectively
*

only have access to excess returns rxp1 = [ray, — rafy, ray,]" = Hprx,, where

Hp=[10;01;-10].

3. Global bond investors, present in mass (1 — 77), can hold short- and long-term bonds in both

currencies and can engage in all three carry trades.

Unhedged investors will naturally exhibit home bias in equilibrium. For instance, since an
FX-unhedged position in long-term domestic bonds is always riskier than the FX-hedged posi-
tion, it is particularly risky for foreign unhedged investors to invest in domestic bonds. Thus,
relative to global rates investors and domestic unhedged investors, foreign unhedged investors
face a comparative disadvantage in holding long-term domestic bonds. Symmetrically, domestic
unhedged investors face a comparative disadvantage in holding long-term foreign bonds.

It is easy to solve for equilibrium in this extension by aggregating the demand across investor
types and imposing market clearing. Equilibrium expected returns are:

-1

By frxi] = 7 | S Hp (HpVHp) ™ Hp+- Hye (HpVHp) ' Hpt (1-m) V7 s, (37)

where V = Var [rx;11] is the equilibrium variance-covariance matrix.

We then obtain the following results.

Proposition 6 Adding unhedged bond investors. Suppose p < 1, 02, > 0, and %, > 0.

Suppose fraction 1 of bond investors cannot hedge FX risk. We have the following results:

(i.) Introducing unhedged bond investors leads to endogenous trading. For anyn €

(0,1], a shock to the supply of any asset a € {y,y*, q} triggers trading in all assets a’ # a.

(i.) Increasing the fraction of unhedged investors n: (a) increases own-market price impact:
0*E, [7"5’5?“} /0ston > 0 for all a € {y,y*,q}; (b) reduces the impact of domestic bond
supply shocks on long-term foreign yields and vice-versa: 0*E, [r:cf;’il} /0sion < 0 and
O?Ey [ral ] J0s!"0n < 0; (c) increases the impact of bond supply shocks on exchange
rates: 0*Ey [raf, ] /0s{On > 0 and 0*E; [raf, ] /0s{"0n < 0; and (d) raises the expected

returns on the bond market portfolio raj' | = sirx,1: OE[raj']/0n > 0 for any s, # 0.

(iii.) If asset supply is stochastic, increasing the fraction of unhedged bond investors
raises market volatility. If asset supply is stochastic, for any arbitrary portfolio p; # 0
with returns rayt | = pirxyq1, we have OVaryrat',]/on > 0. (If asset supply is constant,

volatility is independent of .)

Figure 3 shows how a domestic bond supply shock impacts expected returns of as a function of
the fraction of unhedged investors 7. In our baseline model where 1 = 0, an increase in the supply
of long-term domestic bonds raises the expected returns on all three carry trades. As 7 rises,

the impact on long-term domestic bond returns rises. Own-market price impact rises because
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we are replacing global rates investors with unhedged foreign investors who are at a comparative
disadvantage at absorbing this domestic bond supply shock. Thus, 0E;[rz} ,]/0s{ must rise
with 7 to induce unhedged domestic investors and the remaining global bond investors to pick
up the slack. The same comparative advantage logic explains why the impact of a domestic
supply shock on foreign bond returns declines with 7): there are fewer players who are willing to
elastically substitute between long-term domestic and foreign bonds. As a result, 0FE;[rz};,]/0s!
must fall with 7: otherwise unhedged foreign investors’ demand for foreign bonds will exceed
the (unchanged) net supply of foreign bonds. Finally, as 7 increases, the domestic bond supply
shock has a larger impact on foreign exchange markets. To see the intuition, note that the
foreign currency demands of all three investor types are increasing in Ey[rz{,,] and Ei[rz}],]
and decreasing in Ey[rz,]. Thus, with 0E,[rz}, ,]/0s{ rising with n and 0Ey[rz},]/0s{ falling,
OE,[rx}, ,]/0s{ must rise with 7 to keep the foreign exchange market in equilibrium.

The three plots in Panel B of Figure 3 show the trading response to a positive shock to do-
mestic bond supply as a function of 7. In keeping with their comparative advantage, unhedged
domestic investors and global bond investors absorb this shock to domestic bond supply. Un-
hedged domestic investors buy domestic long-term bonds and—to lower their common short-rate
exposure—reduce their unhedged holdings of long-term foreign bonds. Global rates investors buy
long-term domestic bonds and hedge their increased exposure to short-term domestic rates by
reducing their holdings of long-term foreign bonds and foreign exchange. Thus, both unhedged
domestic investors and global rates investors sell long-term foreign bonds and foreign currency.
In equilibrium, unhedged foreign investors must take the opposite side of these flows, buying both
long-term foreign bonds and foreign currency. And, in order to buy foreign currency, unhedged
foreign investors must reduce their holdings of long-term domestic bonds.

The extension captures one intuition about how QE policies may impact exchange rates rates.
Specifically, explaining in May 2015 how he believed large-scale bond purchases by the European
Central Bank (ECB) had weakened the euro, ECB President Mario Draghi commented:

[The ECB’s bond purchases| encourage investors to shift holdings into other asset

classes ... and across jurisdictions, reflected in a falling of the exchange rate.

Specifically, domestic QE policies—i.e., a reduction in s/—would lead unhedged domestic in-
vestors to buy foreign bonds on an unhedged basis, putting additional downward pressure on
domestic currency relative to our baseline model. In summary, the presence of unhedged investors
gives rise to a form of segmentation in the global rates market. This segmentation implies that
a reduction in domestic bond supply leads to trading flows in the foreign exchange market (and
in long-term foreign bonds) and a larger depreciation of domestic currency as compared to our
baseline model.

Interest rate differentials may play an important role in determining the extent of FX hedging.
For instance, suppose i; — i; is large—i.e., short-term foreign rates exceed domestic rates. In
such an environment, domestic investors may be reluctant to hedge their exposure to foreign

currency because the flow costs of being short foreign currency are large. At the same time,
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foreign investors may be quite happy to hedge their exposure to domestic currency because the
flow cost of being short domestic currency are negative. Thus, instead of being equal as in our
formulation, the mass of unhedged domestic investors may exceed the mass of unhedged foreign
investors when i; — ¢; is large. Formally, we might assume there is a mass nm of unhedged
domestic investors, 1 (1 — 7) of unhedged foreign investors, and (1 — 7)) of global bond investors
where 7 is an increasing function of i; — .

The resulting difference in the mass of unhedged of investors implies that shocks to domestic
and foreign bond supply will have asymmetric effects. Specifically, when i} — ¢, is large, a shock
to foreign bond supply will have a larger impact on exchange rates than a similarly sized shock to
domestic bond supply. In such an environment, there will be more unhedged domestic investors,
which reduces the impact of domestic bond supply shocks on domestic term premia and exchange
rates. At the same time, there will be fewer unhedged foreign investors, increasing the impact of

foreign bond supply shocks on foreign term premia and exchange rates.®

5.2 Interest-rate insensitive assets

The key intuition in our model is that foreign exchange is an “interest-rate sensitive” asset—
i.e., it is highly exposed to news about future short-term interest rates. Thus, if the global
rates market is partially segmented from the broader global capital market, shocks to supply of
other rate-sensitive assets—such as long-term domestic and foreign bonds—will impact exchange
rates. However, in the absence of additional frictions, shocks to the supply of interest-rate
imsensitive assets—assets whose returns are not naturally exposed to short rate risk—will not
impact exchange rates. However, if some investors in rate-insensitive assets cannot hedge their
FX exposures, then shocks to these assets may also impact FX rates.

For instance, in the Online Appendix, we add domestic and foreign stocks to the model. Un-
expected stock returns depend on news about future dividend growth (assumed to be correlated
across countries), news about future short rates, and news about future equity risk premia. For
the sake of the argument, we assume any bad news about higher short-term rates is perfectly
offset by good news about future dividend growth and that news about future equity risk pre-
mia is driven by equity supply-and-demand shocks that are independent of those driving bond
markets. Under these admittedly strong conditions, the excess return on domestic and foreign
equities are naturally uncorrelated with those on foreign exchange.

If all equity investors can separately manage their FX exposures, then equity supply shocks
will not impact equilibrium exchange rates. And, this remains true regardless of the nature
of equity and bond market segmentation. For example, suppose there is an increase in the
net supply of domestic equities—effectively a negative shock to equity market sentiment—that

pushes up the domestic equity risk premium, while leaving FX risk premia unchanged. This

38This discussion is a bit loose. We are discussing a comparative static as we permanently shift the mix of
domestic versus foreign unhedged investors. However, the above suggests that this mix fluctuates stochastically
with 7} — ¢; over time. While it is beyond the scope of the current paper, we suspect that a more complex model
with a shifting mix of investors would give rise to time-varying asymmetries of the sort sketched above.
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shock will lead equity investors to purchase domestic equities. However, since equity investors
can separately manage their FX exposures, all equity investors will purchase domestic equities
on a fully FX-hedged basis, leaving their FX exposure unchanged.

However, if some equity investors cannot hedge FX risk, then shocks to supply of equities
will also impact FX rates even though equities are not inherently interest-rate sensitive. To see
this, we now add some “unhedged domestic equity investors” to the model who we assume can
only hold short-term domestic bonds, domestic equities, and FX-unhedged positions in foreign
equities—i.e., positions that earn the return on foreign currency plus the foreign equity premium.
Following an increase in the supply of domestic equities, unhedged domestic equity investors want
to buy domestic equities and, to manage their overall equity exposure, they want to sell foreign
equities on an FX-unhedged basis—i.e., they will sell foreign currency. By FX market clearing,
bond market investors must take other side of these FX trades, raising their exposure to foreign
currency. As a result, the expected returns on foreign currency must rise, so foreign currency
must depreciate relative to domestic. Thus, when FX hedging is limited, shocks to interest-rate-
insensitive assets can impact exchange rates, consistent with recent empirical findings (Hau and
Rey [2005], Hau, Massa, and Peress [2009], and Lilley, Maggiori, Neiman, and Schreger [2019]).

6 Conclusion

We have developed a quantity-driven model where the limited risk-bearing capacity of global
bond market investors plays a central role in determining foreign exchange rates. In our baseline
model, specialized bond investors must accommodate supply-and-demand shocks in the markets
for foreign and domestic long-term bonds as well as in the foreign exchange market. This means
that global bond and foreign exchange markets are potentially disconnected from aggregate
consumption dynamics.

This simple model captures many features of the data, including (i) the correlations amongst
the realized excess returns on foreign currency and those on foreign and domestic long-term
bonds, (ii) the relationship between the foreign exchange risk premium and the risk premiums
on foreign and domestic bonds, (iii) the effects of quantitative easing policies on exchange rates,
and (iv) the fact that currency trades are potentially more profitable when implemented using
short-term bonds than using long-term bonds. In addition, our baseline model provides a natural
and unified account linking the Fama (1984) result on the predictability of foreign exchange
returns with the Campbell-Shiller (1989) result on the predictability of long-term bond returns.
While our baseline model captures many empirical regularities, shocks to the supply of long-
term bonds do not generate trading flows in the foreign exchange market. We extend the model
by introducing investors who cannot flexibly trade bonds of any maturity in both currencies,
thus further segmenting the global bond market. In the presence of these constrained investors,
shocks to the supply of long-term bonds lead to endogenous trading flows in currency markets
that are associated with movements in the exchange rate. In addition, the presence of constrained

investors typically amplifies the impact of bond supply shocks on exchange rates. Overall, our
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paper shows that the structure of financial intermediation in bond and currency markets helps
explain a number of empirical regularities in these markets.

From a policy perspective, our model demonstrates that the ability to influence exchange
rates—and hence presumably trade flows—remains a potentially important channel for monetary
policy transmission even when central banks are pinned against the zero lower bound (ZLB)
and must rely on quantitative easing, rather than changes in the short-term rates, to provide
monetary accommodation. Indeed, our analysis leaves open the interesting possibility that when
other conventional channels of transmission are compromised by very low rates (Brunnermeier
and Koby [2019]), this QE-exchange-rate channel may become a relatively more important part
of the overall monetary transmission mechanism. If so, and given the zero-sum nature of this
channel across countries, it would follow that the arguments for monetary-policy coordination
made by Rajan (2016) gather more force near the ZLB.*® 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.

39Rajan (2016) writes: “....the unconventional ‘quantitative easing’ policy of buying assets such as long term
bonds from domestic players may certainly lower long rates but may not have an effect on domestic investment
if aggregate capacity utilization is low ... And if certain domestic institutional investors such as pension funds
and insurance companies need long term bonds to meet their future claims, they may respond by buying such
bonds in less distorted markets abroad. Such a search for yield will depreciate the exchange rate. The primary
effect of this policy on domestic demand may be through the ‘demand switching’ effects of a lower exchange rate
rather than through a demand creating channel. Of course, if all countries engage in demand switching policies,
we could have a race to the bottom, with no one any better off.”
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A Additional results

A.1 Allowing for asymmetries between the two countries

This Appendix discusses how the results of our baseline model in Section 3 generalize if we allow
the two countries to have different short rate and bond supply processes.

First, since the stable equilibrium is continuous in the model’s underlying parameters, Propo-
sition 2 implies that C,, > 0 whenever p < 1 and the short rates and bond supply follow suf-
ficiently symmetric processes. For example, while Cov,[ray ,,raf, ] # —Cow[rz};, rai, ], we
still have Cov[rey, ,rof, ;] > 0 and Cov[rz}},,raf ;] < 0 if there are moderate asymmetries
between the domestic and foreign short rate and bond supply processes—e.g., there can be mod-
erate differences in either the volatilities or persistences. Furthermore, C, ,« > 0 whenever p > 0,
the short rates and bond supply follow sufficiently symmetric processes, and when FX supply
risk is sufficiently small relative to p.

However, things grow more complicated if we allow for highly asymmetric short rate and
bond supply processes. For instance, with highly asymmetric short rate processes, the sign of
Cy.q is ambiguous and the sign of C,, , need not opposite that of C,,. For instance, suppose
that of. = Vare;: || # Varilei,,,| = o, but the two short rates share the same persistence ¢;.
Then, focusing on the limit where there is no supply risk for simplicity, we have

5 2
Cyvy* = (1 _ (5¢) po-lo-l*7 (38&)
1 (5 2 (oF
1 ) 2 g;
v, = — 11— .
Cyr 4 =51 5@'01 ( pai*) (38¢)

While we still have Cy,~ > 0 so long as p > 0, the behavior of C,, and Cy«, is more
complicated. Noting that po;«/o; (po;/o) is the coefficient from a regression of i} on i; (i; on
i¥), there are now three possible case:!

1. If 1 > max{po/0;, po;/ox}—i.e., if the short rates are sufficiently symmetric, Cy, > 0
and Cy*,q < 0.

2. If poy/o; > 1 > po;/ox—i.e., if foreign short rates move more than one-for-one with
domestic short rates, then C, , < 0 and Cy- , < 0.

3. If po;/oy > 1 > poy/o—i.e., if domestic short rates move more than one-for-one with
foreign short rates, Cy , > 0 and Cy+ , > 0.

In other words, in the event of a positive shock to the supply of long-term dollar bonds,
foreign currencies with po;s /o; < 1 would be expected to depreciate against the dollar on impact
and then appreciate going forward: this is the case emphasized in the main text. By contrast,
foreign currencies with po;s /o; > 1 would be expected to appreciate versus the dollar on impact
and then depreciate going forward. To see the intuition, suppose that po;«/o; > 1 > po;/o, so
foreign short rates move more than one-for-one with domestic short rates. Here an increase in
the supply of long-term domestic bonds leads to a larger increase in the price of foreign short rate

Y0However, since min {po;« /0;, po;/oi«} < 1, we can never have C, , < 0 and Cy« , > 0.
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risk than in the price of domestic foreign short rate risk. Since foreign exchange has a positive
exposure to domestic short rates and a negative—and opposite—exposure to foreign short rates,
the increase in domestic bond supply actually reduces the expected future return on foreign
exchange, leading foreign currency to appreciate today. And, since an increase in foreign bond
supply also has a larger impact on the price of foreign short rate risk, such a shock also leads
foreign currency to appreciate.

A.2 Contrast with frictionless asset-pricing models

In this Appendix, we contrast the results from our baseline model in Section 3 with those implied
by frictionless, consumption-based asset pricing models. Consider a frictionless asset-pricing
model featuring complete international financial markets, but imperfect risk sharing between the
home and foreign countries. Since financial markets are complete, the stochastic discount factor
is unique, implying:

My = My (Qer/Qr) - (39)

where @), is the foreign exchange rate, M, ; is stochastic discount factor (SDF) that price all
returns in domestic currency, and M}, is discount factor pricing all returns in formal currency
(Backus, Foresi, Telmer [2001]).
Taking logs we find:
Qt+1 — 4t = m:+]_ — Mi41. (40)

Thus, frictionless theories imply that foreign currency appreciates in bad times for foreign agents
where mj,, is high and depreciates in bad times for domestic agents when ;. is high. These
exchange rate dynamics make domestic assets risky for foreign agents and vice versa, rationalizing
imperfect international risk sharing even with complete financial markets.

As shown in Table 6, consumption-based theories typically imply that foreign interest rates
decline in bad times for foreign agents, so standard uncovered-interest-rate-parity (UIP) logic
pushes foreign currency toward depreciating in bad times for foreign agents. However, by con-
struction, this UIP effect needs to more than fully offset in consumption-based models by either
a temporary appreciation of foreign currency (i.e., by news that the expected returns on foreign
currency will be lower going forward, perhaps, because £, [m*? +1} is increasing in (if —i;)) or by
a permanent appreciation (i.e., by an innovation to a random walk component of the exchange
rate).! Thus, many leading consumption-based models imply

Covy [Agur, A (174 — ies1)] = Covy [rafy,if, — i) < 0. (41)

By contrast, in our theory as in the data, we have Cov; [Aqtﬂ, A (i;"H — it+1)] > 0.

T . . .
“'We have q;11 = — Zj:l(m;‘rl-&—j — Myt145) + @7 Letting Eyriq [Gryoo) = limyoo Eiq1 [ge47] and taking
expectations and the limit as T — oo, we obtain ¢y = —Z;’;l Eralmiy g — miries] + By [@eyoo] =

Yieo Bealifingyy — ier1eg — 28 04 5] + Brin [Geroo]. Since
Nti;l Ntrff Nt‘hx)
(Bry1 = Be) qr1 = 30520 (Brvr — By) [i74145 — derr4g] = 2ojog (Ber — By [ral o] + (Ber — By) [ge4-00]

unexpected movements in exchange rates must either reflect news about the future interest rate differentials

*

(N +1"), news about futureqexcess returns on foreign exchange (AJ¥]), or permanent news about the long-run
level of foreign currency (N1>).
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Assuming that both the foreign and domestic SDF's are log-normally distributed, we have

. 1 .
Ey[ratin] = Bulan — o+ (7 — )] = 5 (otlmun] — o [mia]) (42)
which follows from the facts that g1 — ¢ = mj,; — M1, 4 = —Ey[myy] — 0f[mesq]/2, and
iy = —Eymy,] — o7[mj4]/2. Thus, the expected excess return on foreign currency is one half

the difference between the conditional variances of the domestic and foreign log SDFs. In other
words, foreign currency risk premium will be high when domestic agents are more risk averse
than foreign agents or when domestic agents are exposed to greater macroeconomic risk.

Similarly, assuming the local-currency excess returns on long-term bonds are jointly log-
normal, we have:

1
Eyfrai ]+ 503[7’55%1] = —Corrray .y, mya|orey o mea], (43a)
* 1 * * % * %
Eyfraiq ]+ §U?[Tx?+1] = —Corrrai y, miloray o [mt-i—l] . (43b)

Consumption-based models almost always imply that Corr[rzy,,, ms41] > 0 and Corry [Tﬁjm my,) >
0—i.e., long-term domestic (foreign) bonds are an attractive hedge for domestic (foreign) in-
vestors. The idea is that domestic interest rates typically decline when the domestic agents’
marginal value of financial wealth is unexpectedly high (e.g., because the SDF is persistent or
because the volatility of the SDF rises in bad times), leading the prices of long-term domestic
bonds to rise in these states of the world.

In our model, E; [rzj,,] is negatively related to Ey[ra¥, — ra¥, ] —ie., the expected ex-
cess returns on foreign exchange are decreasing in the foreign-minus-domestic term premium.
What do leading consumption-based model imply? In modern consumption-based models, the
main reason expected returns fluctuate over time is because the conditional volatilities of SDF's
(o¢[mys1] and o[mf, ]) vary over time—e.g., due to time-varying risk aversion as in habit forma-
tion models (Campbell and Cochrane [1999]), time-varying consumption volatility as in long-run
risks models (Bansal and Yaron [2004]), or a time-varying probability of a rare economic dis-
aster (Gabaix [2012] and Wachter [2013]). Thus, since Corrrzy,,, mepq1] > 0, an increase in
o[ms] raises Ey[raf,,], but reduces Ey[ray, | —i.e., Corr (Efraf ], Ey[ra},,]) < 0. By con-
trast, in our model, Ey[rz{,,] tends to be high at the same time that Ey[rz},,] is also high—i.e.,
Corr (Ey[ral, ], Eyfrz},,]) > 0. Symmetrically, since Corryfra?,,,m:,,] > 0, an increase in
oi[mi,,] reduces Eyfra?, ] and also reduces Ejfra?, | —i.e., Corr(Efral ], EfrzY,,]) > 0. By
contrast, in our model, we have Corr(E,[rz?, ], Eifra?,,]) < 0.

This crucial difference stems from two differences between our theory and standard friction-
less theories. First, we assume that the global rates market is partially segmented from the
broader capital markets as well as from ultimate consumption. As a result, long-term bonds
are potentially risky for the specialized bond investors who are the relevant marginal holders of
long-term bonds. Second, in consumption-based models, the realized returns on foreign currency
are positively correlated with those on long-term foreign bonds and negatively correlated with
those on domestic bonds. By contrast, in our theory as in the data, the realized returns on
foreign currency are negatively correlated with those on long-term foreign bonds and positively
correlated with those on domestic bonds.

To see this juxtaposition starkly, suppose that o7 [rzy, ;] = o} [T:U?H] = o2 and that Corr[ra,, mey] =
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y* * _ .
Corrra{,,,mi | = o,,, > 0 are constant over time, so

1
Et[rl‘:g—‘rl] + 5012, = _Qy,mUyUt[th], (44a)
* 1 %
Et[rx?—s—l] + 50-32/ = _Qy,mayat[mt+1]- (44]3)

Thus, all time-series variation in foreign and domestic bond risk premia is driven by time-variation
in the conditional volatility of the domestic and foreign SDFs. However, this implies that

Eiraily —rafa] = 0y moy (oe[mir] = ou[mi4]) - (45)
Using Eq. (42), we find that:

>0

A

oy[mi1] + ogmyy ]

2 OymTy

L [m:gﬂ} =

X Eyfraly —raf,). (46)

Thus, most consumption-based theories predict a positive relationship between FX risk premia
and the difference between foreign and domestic term premia. By contrast, as emphasized in
Section 3, our theory implies a negative relationship between FX risk premia and the difference
between foreign and domestic bond risk premia.

Turning to the expected return to the long-term FX trade, consumption-based models in this
class imply that the expected returns on the long-term carry trade are greater in magnitude than
those on the short-term FX trade:

>1
A\
7 N

. om + o M}
E; [Txgﬂ + (Txtyﬂ - m;ilﬂ)] = (1 + ! “';L at [ HJ) x By [T&:?H} . (47)
ym-yY

By contrast, our model is consistent with the evidence in that the return on the long-term FX
trade are smaller than those on the standard, short-term FX trade.
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Figure 1. Movements in foreign exchange 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. 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 ¢ — 2 to day ¢ + 2. The
long-term forward rate is the 3-year yield, 7-years forward. For the U.S. announcements, we show the
average appreciation of the dollar relative to euro, pound, and yen versus the movement in U.S. long-
term forward rates minus the average movement in forward rates for the euro, pound, and yen. For
the other three currencies, we show their appreciation relative to the dollar versus the movement in
the local currency forward rate minus the dollar forward rate.
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Figure 2. Further segmenting the global bond markets. This figure illustrates the model with further
segmentation from Section 4. The figure shows the impact of a shock to domestic bond supply on
expected returns and investor holdings as a function of the fraction of specialists, u. The figure assumes
m = 1/3, 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: g; = 0.3%,
$; =098, p=05, oy =1, ¢y =095, 05a = 0.6, psa = 0.95, o4 = 0.5%, § = 119/120 (i.e., the
long-term bond has a duration of 120 months or 10 years), and 7 = 1.4.
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Figure 3. Unhedged bond investors. This figure illustrates the model with unhedged bond investors
from Section 5. The figure shows the impact of a shock to domestic bond supply on expected returns
and investor holdings as a function of the fraction of unhedged investors, n. We chose the other model
parameters so each period represents one month. We assume: 0; = 0.3%, ¢; = 0.98, p = 0.5,
oy =1, ¢y = 0.95, 050 = 0.6, pga = 0.95, 540 = 0.5%, 6 = 119/120 (i.e., the long-term bond has a
duration of 120 months or 10 years), and T = 1.4.

Panel A: Impact of a large shock (4 times o4v) to domestic bond supply () on expected returns

Return impact of a shock to s¥
0.8 T T T T

06 .

%

02 1 1 1 1
0 0.2 0.4 06 0.8 1

Fraction of unhedged investors: 7

— B[]
-
Et[mfﬂ]

Panel B: Impact of a unit shock to domestic bond supply (s") on investor holdings

I:npact of a shock to s¥ on unhedged-domestic holdings 1Ismpal:t of a shock to s¥ on unhedged-foreign holdings
r . v . . . v . v I . v v . , v - . .
125
1k
075
X osf
025
0 \__
025 F
05 | ! 1 1 | | 1 | ! 05 1 I I | | I ! ! |
0 01 02 03 04 05 06 07 08 08 1 0o 01 02 03 04 05 06 07 08 09 1
Fraction of unhedged investors: Fraction of unhedged investors: #
'—D.;'md}‘) ' ’ 0.50dy ‘
........ U.Snd}’,‘ --------U,-5!;df—'
0.5ndj, | 0.5nd}

Impact of a shock to s¥ on generalist holdings

125

0.75
0.5
0.25

%

025
-05

1] 01 0.2 03 04 s 0.6 07 o8 [+R:] 1
Fraction of unhedged investors: 7

e (1 — 1) d¥*

—(1—n)d¥
(1 - n)d?

47



Table 1. Contemporaneous relationship between movements in foreign exchange, short-term interest
rates, and long-term interest rates. This table presents monthly panel regressions of the form:

AQer = A +BxA, (i:,t —i)+ DXAh(y;,t — V) +A gy,
and
ApQer = A+ Bl><Ahi(:t +B, x Al + DIXAhy:,t + D, <ALy + A&

We regress Z-month changes in the foreign exchange rate on A-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 currency fixed effects. We show results for Euro-USD, GBP-USD, and JPY-USD where a
higher value of q.; means that currency c is stronger versus to the dollar. The sample runs from
2001m1 to 2017m12. Our proxy for the short-term interest rate in each currency is the 1-year
government yield. Our proxy for the long-term interest rate is the 10-year government bond yield. For
regressions involving A-month changes, we report Driscoll-Kraay (1998) standard errors—the panel
data analog to Newey-West (1987) standard errors—allowing for serial correlation up to
ceiling(1.5 x h) lags. *, ', and ™" indicate statistical significance at the 0.10, 0.05, and 0.01 levels,
respectively. Statistical significance is computed using the asymptotic theory of Kiefer and Vogelsang
(2005).

h = 3-month changes h = 12-month changes
(1) (2) 3) (4) (5) (6) (7) ®)
Ap(ice —ip) 4.68™ 3.517 2.39 0.80
(1.63) (1.69) (1.54) (1.64)
Ap(Yee = Ye) 4.37 7.37"
(1.20) (1.71)
Apiz: 7.00"" 5.86"" 5.60"" 2.45
(1.32) (1.34) (1.37) (1.90)
Apiy -3.87  -2.50" -1.84 -0.01
(1.18) (1.13) (1.17) (1.27)
Apyee 5.09" 11.51™
(1.48) (2.26)
Apy: -4.83™ -7.44
(1.07) (1.91)
DK lags 5 5 5 5 18 18 18 18
N 612 612 612 612 612 612 612 612
R-squared 0.14 0.19 0.19 0.25 0.07 0.16 0.16 0.28
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Table 2. Contemporaneous relationship between movements in foreign exchange, short-term interest
rates, and long-term forward rates. This table presents monthly panel regressions of the form:

and
A0 =A +B ><Ahi;t +B, x A i + D, x A, fcft +D, xA T+ A&

We regress Z-month changes in the foreign exchange rate on A-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 currency fixed effects. We show results for Euro-USD, GBP-USD, and JPY-USD where a
higher value of q.; means that currency c is stronger versus to the dollar. The sample runs from
2001m1 to 2017m12. Our proxy for the short-term interest rate in each currency is the 1-year
government bond yield. Our proxy for the distant forward rate is the 3-year, 7-year forward
government bond yield. For regressions involving A-month changes, we report Driscoll-Kraay (1998)
standard errors allowing for serial correlation up to ceiling(1.5 X h) lags. ", ™, and """ indicate statistical
significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using
the asymptotic theory of Kiefer and Vogelsang (2005).

h = 3-month changes h = 12-month changes
(1) (2) (3) (4) (5) (6) (7) (8)
Ap(ice —1ip) 4.68™ 4.727 2.39 2.63
(1.63) (1.56) (1.54) (1.51)
Ap(fee = fo) 2.99™ 4.01™
(0.85) (1.33)
Apice 7.00" 7.02"" 5.60"" 5.33"
(1.32) (1.21) (1.37) (1.37)
Apis -3.877 -3.89™ -1.84 -1.62
(1.18) (1.11) (1.17) (1.16)
Apfle 3.33" 7.10™
(1.15) (1.45)
Apfi -3.04™ -3.77
(0.76) (1.31)
DK lags ) ) 5 5 18 18 18 18
N 612 612 612 612 612 612 612 612
R-squared 0.14 0.18 0.19 0.23 0.07 0.12 0.16 0.24
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Table 3. Forecasting foreign minus domestic bond excess return using short-term interest rates and
long-term forward rates. This table presents monthly panel forecasting regressions of the form:

y* y _ -k - *
r-Xc,t»t+h - rXc,tet+h - Ab +Bx (Ic,t - It) + D x ( fc,t - ft) + gc,tat+h )
and
y* y _ i* H *
MXetoten = MXCitn = A +B xi , + B, xI + D, x fc,t +D, x f, + Ectost+he

We forecast the difference between foreign and domestic A-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. We show results for Euro-USD, GBP-USD, and JPY-USD where a
higher value of q.; means that currency c is stronger versus to the dollar. The sample runs from
2001m1 to 2017m12. Our proxy for the short-term interest rate in each currency is the 1-year
government bond yield. Our proxy for the distant forward rate is the 3-year, 7-year forward
government bond yield. rxgi st — rxgi t—e4+n 18 the difference between the Z-month excess returns on
10-year foreign bonds and those on 10-year domestic bonds—i.e., the difference between the returns
on two yield-curve carry trades that borrow short- and lend long-term. For regressions involving 4-
month excess returns, we report Driscoll-Kraay (1998) standard errors allowing for serial correlation
up to ceiling(1.5 X h) lags. ", ", and ™" indicate statistical significance at the 0.10, 0.05, and 0.01 levels,
respectively. Statistical significance is computed using the asymptotic theory of Kiefer and Vogelsang
(2005).

h = 3-month excess returns h = 12-month excess returns

(1) (2) (3) (4) (5) (6) (7) (8)
ler — it -0.22 -0.28™ -0.42 -0.53
(0.14) (0.14) (0.41) (0.45)
fée— It 1.68™ 416"
(0.31) (0.45)
it -0.38" -0.18 -1.06™ -0.58
(0.15) (0.16) (0.42) (0.42)
i; 0.08 0.16 -0.02 0.17
(0.16) (0.15) (0.44) (0.44)
ot 1.27 3.02"™
(0.30) (0.44)
ft -1.65™ -3.90"™
(0.33) (0.46)
DK lags 5 5 5 5 18 18 18 18
N 609 609 609 609 582 582 582 582
R-squared 0.01 0.12 0.03 0.15 0.01 0.29 0.13 0.37
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Table 4. Forecasting foreign exchange excess return using short-term interest rates and long-term
forward rates. This table presents monthly panel forecasting regressions of the form:

=A +Bx(ic,—i)+Dx(fi —f)+¢

q
rx c,tot+h?

c,t—>t+h
and

X n = A+ B xic + B, i+ Dy x f + D, x f +¢

c,to>t+h*

In words, we forecast A-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. We show results for Euro-USD, GBP-USD, and JPY-USD where a higher value of q.,
means that currency c is stronger versus to the dollar. The sample runs from 2001m1 to 2017m12. Our
proxy for the short-term interest rate in each currency is the 1-year government bond yield. Our proxy
for the distant forward rate is the 3-year, 7-year forward government bond yield. rxgt_)t +p is the 4
month return on the FX carry trade strategy that borrows short-term in U.S. dollars and lends short-
term in currency c¢. For regressions involving Z-month excess returns, we report Driscoll-Kraay (1998)
standard errors allowing for serial correlation up to ceiling(1.5 X h) lags. ", ™, and """ indicate statistical
significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using
the asymptotic theory of Kiefer and Vogelsang (2005).

h = 3-month excess returns h = 12-month excess returns

(1) (2) 3) (4) () (6) (7) (®)

05— i -0.00 0.06 0.26 0.38
(0.36) (0.34) (1.47) (1.43)
fer— [t -1.47 -4.44"
(0.49) (1.27)
i 0.13 -0.24 1.05 0.11
(0.43) (0.49) (1.73) (1.73)
i 0.11 0.07 0.28 0.14
(0.35) (0.33) (1.28) (1.23)
ot -0.79 -2.32
(0.57) (1.64)
f: 1.527 4,217
(0.52) (1.39)
DK lags 5 5 5 5 18 18 18 18
N 609 609 609 609 582 582 582 582
R-squared 0.00 0.03 0.01 0.05 0.00 0.07 0.04 0.11
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Table 5. Daily movements in foreign exchange, short-term interest rates, and long-term forward rates
on QE announcement dates. This table presents daily panel regressions of the form:

Ao o = A+BxA,(i

*

ct+2 It+2) +Dx A4( fc,t+2 - ft+2) + A4gc,t+2’

and

AgQcrrz = A+ B XA lg o+ By x Ayl + DAL T 5+ Dy x AT + A48 10

on days with major QE news announcements. In words, we regress 4-day changes in the foreign
exchange rate on 4-day changes in short-term interest rates and in distant forward rates in both the
foreign currency and in U.S. dollars. For an announcement on date ¢, we look at changes from date
t—2to t + 2. We show results for Euro-USD, GBP-USD, and JPY-USD where a higher value of g,
means that currency c is stronger versus to the dollar. Our proxy for the short-term interest rate in
each currency is the 1-year government bond yield. Our proxy for the distant forward rate is the 3-
year, T-year forward government bond yield. Standard errors are clustered by date in these
specifications. ", ©, and ™" indicate statistical significance at the 10%, 5%, and 1% levels.

(1) (2) (3) (4)

Ay(icesz = it+2) 7.92" 10.46™
(3.26) (1.90)
As(fevz — fre2) 4.62™
(1.12)
Ayicisz 7.36" 10.17
(3.22) (2.00)
Dyityn -15.66™" -12.70"
(7.35) (5.89)
A4fC’tt+2 453***
(1.35)
Dyftsz -4.43™
(1.28)
N 95 95 95 95
R-squared 0.10 0.31 0.14 0.31
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Table 6: Comparison of our segmented-markets, quantity-driven model with leading consumption-based models.

Real short Real short Real term Shock to FX trade loses E lrxl,,] Fama (‘84) Campbell- Real yield Notes
rates fall in  rates fall in premia can if41 = legr (makes) money negatively FX carry Shiller (‘91)  curve steep
recessions “bad times” be positive: associated when foreign related to trade: yield curve when short
for bond E/[rx,]>0  with foreign (domestic) yield-  E, [y, =] Ee [rx},,]is  carry trade:  rates low:
investors currency curve trade does: increasing E, [rx?’ o1l is e — i)
appreciation: Cov, [rxfﬂ, in (if — i) increasing decreasing
Cove[rx,,, X — TY41]<0. in (ye — 1) n i
ify41 = it41]>0
Data Yes N/A Yes Yes Yes Yes Yes Yes Yes
Our model Yes No Yes Yes Yes Yes Yes Yes Yes
Textbook C-CAPM model: . . .
Power utility, homoskedastic Yes Yes No No No N/A N/A N/A Yes
growth shocks, positive
autocorrelation of growth!
Non-standard C-CAPM: No No Yes Yes Yes N/A N/A N/A Yes Reduces
Power utility, homoskedastic equity risk
growth shocks, negative prerﬁium
autocorrelation of growth't
Long-run risks: News ab01.1t Yes Yes No No No No Yes No/Yes Yes/No
long-run growth, stochastic
volatility, EZ-W utility,
CRRA (y) exceeds inverse-
EIS (lp—l).iii
Long-run risks: News about Yes No Yes Yes Yes Yes No No/Yes Yes/No Reduces

long-run growth, stochastic
volatility, EZ-W utility,
inverse-EIS (1) exceeds

CRRA (7).

equity risk
premium

Time-varying Proba.blhty O,f Yes Yes No No No No Yes No/Yes Yes/No
rare consumption disasters’

Hablt formation: Short rate Yes Yes No No No
rises when surplus-

consumption ratio rises"

No Yes No/Yes Yes/No

Habit formation: Short rate No No Yes Yes Yes
falls when surplus-
consumption ratio rises"

Yes No No/Yes Yes/No

i See Campbell (1986), Campbell (2003), Campbell (2018).

it See Campbell (1986), Campbell (2003), Campbell (2018).

ii See Campbell (2003), Bansal and Yaron (2004), Colacito and Croce (2011), Bansal and Shaliastovich (2013), Campbell (2018).
v See Campbell (2003), Bansal and Yaron (2004), Colacito and Croce (2011), Bansal and Shaliastovich (2013), Campbell (2018).
v See Wachter (2013) and Campbell (2018).

vt See Campbell and Cochrane (1999), Wachter (2006), Verdelhan (2010), and Campbell (2018).

Vi See Campbell and Cochrane (1999), Wachter (2006), Verdelhan (2010), and Campbell (2018).
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