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A Empirical analysis

A.1 Data

Our baseline sample includes monthly observations from 2001m1 and 2021m12 for the Australian
dollar (AUD), the Canadian dollar (CAD), the Swiss franc (CHF), the euro (EUR), the British pound
(GBP), and the Japanese yen (JPY).

We obtain data on nominal spot exchange rates from Bloomberg. The nominal foreign exchange
rate for currency c, )., is expressed as the number of US dollar per unit of foreign currency. Thus, a
higher value of ().; means that currency c is stronger against the USD.

We obtain estimates of the nominal zero-coupon government yield curve for each currency from
each country’s central bank or finance ministry for n = 1, 2, ..., 10-year bonds. Many of these datasets
lack estimates for 3-month government bill yields, so we obtain data on 3-month government bill yields
from Global Financial Data. All bond yields are expressed as continuously compounded annual yields.

Our sources for these zero-coupon government yields are as follows:

Currency Website

AUD https://www.rba.gov.au/statistics/tables/x1ls/f17hist.x1ls

CAD https://www.bankofcanada.ca/rates/interest-rates/bond-yield-curves/

CHF https://data.snb.ch/en/topics/ziredev#!/cube/rendoblid

EUR https://www.bundesbank.de/en/statistics/money-and-capital-markets
/interest-rates-and-yields/term-structure-of-interest-rates

GBP https://www.bankofengland.co.uk/statistics/yield-curves

JPY https://www.mof.go.jp/english/jgbs/reference/interest_rate/index.htm

USD https://www.federalreserve.gov/pubs/feds/2006/200628/200628abs .html

Several notes are in order:

e As is standard in the literature, we use yields on German government bonds to proxy for the
default-free term structure of interest rates in the Eurozone.

e The zero-coupon curves for AUD and CAD are estimated using the Merrill Lynch Exponential
Splines model; see Finlay and Chambers (2008) and Bolder, Metzler, Johnson (2004), respec-
tively. The CHF, EUR, and USD curves are estimated using the Svensson (1994) parametric
model; see Miiller (2005), Schich (1997), and Gurkaynak, Sack, Wright (2007), respectively. The
GBP curve is estimated using the Waggoner (1997) splined-based approach; see Anderson and
Sleath (2001). The JPY yields are yields on constant maturity coupon-bearing bonds. Following
Cieslak and Pavlova (2015), we treat these as par-coupon yields and convert these to zero-coupon
yields by bootstrapping the zero-coupon yield curve.

e Due to a paucity of short-dated government bonds in Australian, beginning in 2001 Finlay and
Chambers (2008) supplement their data on short-maturity Australian government bonds with
data on short-dated overnight index swaps (OIS).

Variable definitions:

e In Table 1, we measure the short-term interest rate as the 1-year government bond yield and the
long-term interest rate as the 10-year zero-coupon government bond yield. Specifically, let y§”)

denote the n-year zero-coupon yield in USD in month ¢ and y:,(t”) denote the n-year zero-coupon
(1) (10 (10)

(l)a it =Y’ y:,t = yc,t )7 and Yt = Ys

)

yield in currency ¢ in month ¢. Thus, we define i%, =y,
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e 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 1s the 3-year T-year forward government bond yield. Specifically, we have

fct - (10 yc(tl()) -7 yct )/3 and f (10 y(lo )/3

In Table 3, we work with the log excess returns on 10-year zero-coupon bonds. The 12-month
log excess return on 10-year bonds in currency ¢ from month ¢ to ¢t + 12 is

* x(10 *(9 *(1
rxlc/,t—nf—',-l? =10- yc,(t ) - 9- yc,(t—‘z12 - yc,(t )

The analogous 3-month excess return from ¢ to ¢t 4 3 is

* *(10 *(9.75 *(0.25
rals s =100 — 975 20T —0.25. 420,

To compute 3-month returns, we estimate yz ff;’ by linearly interpolating between 9- and 10-year

yields—i.e., we set yc(ﬁg’ =0.75 -y, t1+0; +0.25 - yz(tQH Since many central banks do not include

estimates of the 3-month yield in the datasets, our estimate of yc *(025) 45 the 3-month government

bill yield from Global Financial Data. We compute the excess returns on U.S. dollar bonds in
the analogous fashion.

In Table 4, we work with the log excess return on foreign currency investments. Let ¢.; =
log (Qc.:). We compute 12-month excess return on foreign currency c as

mﬁg,t—>t+12 = (Qet412 = Gey) + (y*(l) yt(l))'

Analogously, the 3-month excess return on foreign currency c is

mtg,t—>t+3 = (Ge,t4+3 = Ger) +0.25 - (y,. *(0 25) yt(0.25)).

A.2 Sample choice: Taking our theory to the data

To test our theory, we need to choose a sample—i.e., we need to specify the set of currencies and the
time period to examine. There are two sets of issues to confront when taking our theory to the data.
The first set involves what we think of as the “boundary conditions” of our theory—e.g., the guidance
our theory offers on how the empirical results should be expected to vary over currencies and over
time. The second set involves issues about measurement and data availability.

Boundary conditions that emerge from our theory:

1.

“Convenience-free” and default-free rates: As in other models in the Vayanos and Vila (2021)
tradition, the interest rates in our model correspond to the “convenience-free” and default-
free term structure of rates at which a permanently or “refreshed” AAA-rated private firm or
financial institution can borrow. As a result, our model does not speak to the non-pecuniary
“convenience” or “safety” premia than can push the yields on ultra-safe government bonds—
e.g., U.S. Treasuries and German bunds—below those on default-free private yields (see e.g.,
Krishnamurthy and Vissing-Jorgensen (2012) and Du and Schreger (2016)). Today, we believe
that the best empirical proxy for the short rate in our model is the secured overnight financing
rate (SOFR) and that SOFR swap rates are the best proxy for the long-term rates in our model.
Alternatively, one could associate the short rate in our model with the overnight Federal funds
rate and the long-term rates in our model with Overnight Index Swap (OIS) swap rates. (OIS



and SOFR-linked rates have been extremely similar in recent years.) However, as we explain
below, we lack long time series on OIS or SOFR-linked rates. As a result, we are forced to test
our theory using data on government bond yields, which may embed convenience premia.

2. Real versus nominal rates: Our theoretical results hinge on the comovement between short-term
interest rates on the one hand and exchange rates and long-term bonds on the other. As a result,
it makes sense to think of the interest rates in our model as real interest rates and the exchange
rate as the real exchange rate.

To see why it makes sense to focus on real instead of nominal rates, note that if short-term
nominal interest rates move one-for-one with changes in expected inflation, then news about
future inflation will not impact real exchange rates. What is more, the arrival of pure news
about future inflation will not lead to unexpected changes in nominal exchange rates: news
about future inflation will simply lead to expected future movements in nominal exchange rates
(see, e.g., Chapter 16 of Krugman, Obstfeld, and Melitz’s International Economics textbook).
Only news about future short-term real rates impacts both real and nominal exchange rates
on arrival. Turning to long-term bonds, while both inflation-indexed (real) and non-indexed
(nominal) long-term bonds are exposed to news about future short-term real rates, only long-
term nominal bonds are directly exposed to news about future inflation.® All of this is spelled
out in Section B.2 of the Appendix below where we extend our model to include both shocks to
real interest rates and shocks to expected future inflation.

The upshot is that the comovement patterns between long-term bonds and exchange rates that
lie at the heart of our theory should be strongest when looking at inflation-indexed (real) bonds.
This is because pure news about future inflation will impact long-term nominal bond yields,
but should not impact nominal (or real) exchange rates on arrival. Similarly, the FX return
predictability we emphasize should be strongest when looking at real rates: looking at nominal
rates simply adds measurement error to the independent variables, biasing the results toward
zero. Alternately, if one is forced to use data on nominal bonds to test our theory (e.g., due
to a lack of historical data on inflation-indexed bonds), then we would expect our empirical
predictions to emerge most strongly in periods where inflation expectations are stable and the
resulting measurement error is small.

3. Integration between FX and bond markets: Our theoretical results hinge crucially on the idea
that long-term bond markets and FX markets are at least partially integrated—i.e., that there
are investors who are marginal in both markets—and vanish as these markets become highly
segmented. This consideration argues strongly in favor of discarding many emerging market cur-
rencies where the presence of capital controls means that we are closer to this pure segmentation
case. This consideration also argues in favor of discarding currencies that are pegged to, or are
highly managed relative to, the base currency.? More generally, market integration considera-
tions argue in favor of focusing on currencies that play an important role in international financial
markets and, thus, are likely to play a non-trivial role in the portfolios of global fixed-income

!By contrast, shocks to the current nominal price level that do not change expected future inflation will impact
nominal exchange rates, but not the yields on nominal bonds.

2In our framework, a central bank who is aggressively managing its currency can be thought of as an additional trader
who is absorbing currency supply-and-demand shocks in order to prevent global rates investors from being required to
absorb those shocks. If the central bank has significant foreign currency reserves and FX demand is relatively inelastic,
such a peg may be effective in the short-run. By contrast, assuming the central bank has limited reserves over the longer
run, a central bank who is trying to peg its currency may be forced to adjust its short rate to closely track movements
in home short rates to avoid having to absorb large net FX flows.



investors. This consideration also argues in favor of looking at more modern data, when global
bond and FX markets have arguably become more tightly integrated.

4. Sufficiently symmetric currencies: Our model has qualitatively different implications for the
comovement, between foreign exchange and bond returns when the short rate processes for the
two countries are highly asymmetric. Specifically, if the foreign country’s short rate tends to
move more than one-for-one with the home country’s short rate, then our framework will yield
qualitatively different predictions. As a result, it makes sense to focus on “core” countries that
pursue relatively independent monetary policies and to exclude “periphery” countries where
monetary policy is largely dictated by that in the home country.

To see the idea, note that if we generalize our model to allow for asymmetric currencies, then the
expected returns on long-term domestic bonds, long-term foreign bonds, and foreign exchange
are given by

Ly [Txijﬂ]
Ly [Txﬁl]

Ly [Txgﬂ]

1 * *
(Vart[rxfﬂ] -] + C’ovt[rxi’ﬂ, Tm?ﬂ] -5+ Covt[rxfﬂ,rxgﬂ] ° S ) )
1

p_—
p——
p_—

q
t
y y* y y* y* y* a q
[Covt[Txtﬂ’waﬂ -5} + Varyrali|] - s{" + Covrafiy, ref, ] - St} ’
q
t

1 y q y v .4 y* q
(Covilrat,y,rafy] - st + Covlraliy, rafy,] - si™ + Var[raf,] - sf),

In our baseline model where the two currencies are perfectly symmetries, we have Var[rz, ;] =
Varrzll], 0 < Coyraf,,,ral ] = —Covfrally,rel ], and Covfra,,, rx]},] > 0. We first
note that the qualitative predictions of our baseline model carry through so long as the two
currencies are not highly asymmetric. Since the stable equilibrium in our model is continuous
in the model’s underlying parameters, Proposition 2 implies that Cov[ra} ,,rz{,;] > 0 and
Covraiiy,rx},,] < 0, whenever p < 1 and the short rates and bond supply follow sufficiently
symmetric processes.” Furthermore, we have Couv[rzy, ,rz]i;] > 0 so long as short rates and
bond supply follow sufficiently symmetric processes, p > 0, and FX supply risk is sufficiently
small relative to p.

However, things grow more complicated if we allow for highly asymmetric currencies. Specifically,
with highly asymmetric short rate processes, the sign of Cov[rz}, ;,rzf, ] is ambiguous and the
sign of Covy[rz}},,rx},;] need not be opposite that of Cov[rzy,,,rz{,,]. To see why, suppose
0% = Vart[gi;H] # Vare;,.,] = o2, but the two short rates share the same persistence ¢,.

Focusing for simplicity on the limit where there is no supply risk, we have

. 4 5 5\’
CO/Ut[TiU?_,’_l,T'.I'?_i_l] = Cov __1——(5(%8it+1j —1_—(m€i;+1:| = (1 — 5¢Z) PO ;0 j*,
[ 5 ]. 1 5 O
COUt[T$?+17T$g+1] = COU __ 1— 5¢i€it+1> 1— d)z (8’?“ - 8it+1>:| = 1— ¢Z 1— 5925@0@2 (1 —p o >
" [ ) 1 1 ) g;
Coulratiy,rainl = Cov |~y e, 7= (20 - 5““)} RS rG (1 —7 0> '

While we still have Couv[rzf, ,rz};,] > 0 so long as p > 0, the behavior of Cov,[ray ,rzf, ]
and Couv[rzy;,, ref, ] is more complicated. Noting that po«/o; (po;/os+) is the coefficient from
a regression of i} on ¢; (i; on i}), there are three possible cases:

e If 1 > max{po;/0;, po;/oix}—i.e., if the short rates are sufficiently symmetric, then
Covlrzy y,ref ] > 0 and Covfrel,, ref, ;] <0 as in our baseline model.

31f there are moderate asymmetries between the domestic and foreign short rates and bond supply processes, then
Covilrzf,,raf ] # —Covfray ,rx{ ] but we still have Cov,[ray, |, rz{, ] > 0 and Cov[rzyy ,rz{,,] < 0.

6



o If po;-/o; > 1 > po;/o~—i.e., if foreign short rates move more than one-for-one with
domestic short rates, then Cov[raz, |, rzf ;] < 0 and Cov[rz};, raf ;] <O0.

o If po;/op» > 1 > poss/o—i.e., if domestic short rates move more than one-for-one with
foreign short rates, then Cow[rz},,,rz{, ;] > 0 and Couv[rz{;,,raf ;] > 0.

Suppose we take the base currency to be the US dollar as in our baseline empirical analysis. Then
the primary concern is that there are countries in the second group whose short rates move more
than one-for-one with USD short rates. Here news that USD short rates are set to rise going
forward will typically lead such a currency to appreciate versus the dollar—this news suggests
that foreign short rates will rise relative to USD short rates—leading to a negative correlation
between the returns on this currency and those on long-term USD bonds. And, since these
currencies typically appreciate when there is bad news about future USD short rates—i.e., news
that USD short rates will rise—the expected returns on these currencies should decline, not rise,
when the price of USD short rate risk increases.

The upshot is that this boundary condition argues against an empirical analysis that combines
together large developed currencies who independently set their monetary policies with “periph-
ery” currencies whose short rates may move more than one-for-one with U.S. monetary policy.
Instead, it makes sense to focus on countries that pursue relatively independent monetary poli-
cies.

Data considerations:

1. Using government bond data: Our theory speaks to “convenience-free” and default-free rates.
Today the best empirical proxies would be the rates of SOFR swaps or OIS swaps. Deep mar-
kets in OIS and SOFR swaps are a fairly recent innovation, so we are forced to choose between
historical data on sovereign yields (which are closer to default free, but are impacted by con-
venience premia) and LIBOR swap rates (which are closer to convenience free, but reflect the
time-varying credit risk component of LIBOR). Since convenience premia are generally thought
to be slower moving than credit spreads, we judged that sovereign bond yields were the better
empirical proxy for “convenience-free” and default-free rates. Also, we wanted to rely on off-the-
shelf estimates of zero-coupon curves and we have been able to track down a wider cross-section
of sovereign zero-coupon curves than LIBOR swap zero-coupon curves.

2. Using nominal data: Our theory is best thought of as characterizing real yields and real exchange
rates. However, we test our theory using nominal bonds and nominal exchange rates due to two
practical data considerations. First and foremost, inflation-indexed bonds are a fairly recent
development—e.g., they were only introduced in Japan in 2004 and in Germany in 2007—and
are still not issued in large quantities in currencies other than USD and GBP. Indeed, we have
only been able to find off-the-shelf estimates of the real zero-coupon curve for the USD and
GBP. Second, even in the US and UK, inflation-indexed bonds are far less liquid than nominal
bonds and are thought to be impacted by localized “technical” factors—i.e., local price-pressure
effects—that lie outside the scope of our model (Campbell, Shiller, and Viceira [2009]). For
instance, forced sales of inflation-indexed bond in the U.S. and U.K. at the height of the 2008
Global Financial Crisis temporarily pushed up real yields relative to nominal yields, driving down
breakeven inflation (Campbell, Shiller, and Viceira [2009]). From the standpoint of our theory,
these localized technical factors that impact real yields are a source of measurement error.

3. Sample of currencies: As explained above, we do not expect our theory’s predictions to apply
to all currencies. Specifically, our theory is best viewed as a description of the exchange rates of
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major developed countries that have floating or lightly-managed currencies, that pursue a semi-
autonomous monetary policy, and that play an important role in international financial market.
Thus, our baseline sample consists of six currencies: AUD, CAD, CHF, EUR, GBP, and JPY.
However, we show that our results are robust to focusing solely on the EUR, GBP, and JPY,
which arguably play the most significant role in international financial markets.

4. Sample time period: We focus our baseline analysis on the 2001-2021 time period. We do so for
two main reasons. First, our theory makes predictions about real rates, but data considerations
force us to test our theory using data on nominal rates. And, when working with nominal
rates, we would expect the patterns predicted by our theory to emerge most strongly during
periods when inflation is stable. Intuitively, shocks to nominal inflation simply add noise to our
key dependent and independent variables, either reducing our statistical power or biasing our
estimates towards zero. This is the first reason why we focus on the 2001-2021 period in our
baseline analysis: this was a period when inflation expectations were firmly anchored and where
movements in nominal interest rates largely corresponded to movements in real rates. Second,
global bond and FX markets have arguably become more tightly integrated in recent dates (e.g.,
Schulz and Wolff [2008], Mylonidis and Kollias [2010], Ehrmann, Fratzscher, and Rigobon [2011],
Pozzi and Wolswijk [2012]). Since our theory hinges on the idea that bond and FX markets are
tightly integrated, this consideration also argues in favor of looking at more modern data.

However, neither consider offers strong justification for beginning the analysis in precisely 2001.
And, we do not think there was a structural break in either the stability of inflation expectations
or the integration of markets in 2000. Instead, inflation expectations became more firmly moored
throughout the 1990s. Similarly, FX and bond market integration likely increased over this
same period. Comfortingly, we show that our conclusions are largely unchanged—although the
significance is slightly attenuated—if we extend the analysis back to 1994m1, which is when
zero-coupon data for all six currencies we examine first becomes available.

A.3 Bandwidth choice for Driscoll-Kraay standard errors

Here we discuss how we choose the bandwidth S in our Driscoll-Kraay (1998) variance estima-
tor. Driscoll-Kraay (1998) is the panel data analog of the Newey-West (1987) heterostacity-and-
autocorrelation robust variance estimator. Thus, we frame our econometric discussion of these issues
here in a pure time-series setting for simplicity. However, all of the logic here carries through unchanged
to the panel data case.

Suppose we have a time series of length 7" and let S denote the bandwidth used when com-
puting Newey-West (1987) standard errors. The textbook Gaussian asymptotic theory for perform-
ing inference with Newey-West (1987) standard errors—a specific instance of heteroskedasticity-and-
autocorrelation robust (HAR) standard errors—assumes that S — oo and S/7T — 0 (Andrews (1991)).
If the regression scores z; = z;_qu; follow an AR(1), z; = p,z—1 + wy, Andrews (1991) showed that the
MSE-minimizing bandwidth choice for a Newey-West variance estimator is

2
S* =1.1447 - (i) ’ LT3,
1—p2

which evaluates to S* = 0.75 - T'/3 when p, = 0.25. As Lazarus, Lewis, Stock, and Watson (LLSW,
2018) note, computing standard errors using this Andrews (1991) bandwidth choice and then using
critical values based on a limiting standard normal distribution remains common in practice.

However, as is well known, noise in these Newey-West variance estimator leads the resulting ¢-
statistics to have “fat tails” in finite samples relative to this limiting Gaussian distribution. See, for
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example, Muller (2014) for a summary. As a result, tests based on critical values from the standard
normal distribution tend to result in significant over-rejections of the null in moderately-sized samples—
i.e., there are serious size distortions. This problem is analogous to the reason we teach undergraduates
to use critical values from the Student’s ¢t-distribution instead of the standard normal when they have
a small number of observations. And, these size distortions become more severe when the serial
correlation in the underlying data is more pronounced and when the bandwidth parameter, S, is large
relative to the sample size.

In the years since Andrews (1991) and Newey-West (1994) developed their approaches to bandwidth
selection, several authors have noted that the HAR testing problem entails a tradeoff between bias and
variance. This contrasts with MSE minimization which entails a tradeoff between squared bias and
variance. As a result, the testing-optimal bandwidth choice with Newey-West standard errors should
be S* = s-T"? for some s, increasing faster with 7" than the MSE-optimal bandwidth which only
grows with T3 (Velasco and Robinson (2001) and Sun, Phillips, and Jin (2008)).

Relatedly, Kiefer and Vogelsang (2005) derived a modified asymptotic theory that has better finite-
sample performance than the standard Gaussian theory by assuming that the bandwidth S is a fized
fraction b of the sample size: S = bT for some b € (0, 1]. Specifically, letting Z(r) denote a standard
Brownian motion (i.e., Z(r) ~ N(0,7)) and Z(r) = Z(r) — rZ(1), Kiefer and Vogelsang (2005) show
that limiting distribution for a Newey—West t statistic under these so-called “fixed-b” asymptotics is
t4 7 /\/ , where Q (b) = 2 fo Vdr — 2 f (1 +b) Z (r) dr. Furthermore, they show

that @Q () 21 as b — 0, so ﬁxed—b asymptotics reduce to standard Gaussian asymptotics as b — 0.*

Even though econometricians knew to use Kiefer and Vogelsang (2005) standard errors and that
optimal bandwidth choice took the form S* = s -T2 for some s, until LLSW (2018) there still was
no formal guidance econometric on how to choose s. To choose the optimal value of s in S* = s- T/,
LLSW (2018) proposed minimizing a natural loss function, namely, Loss = r, (Ag)*+(1 — k,) (AB>)?,
where Ag is the size distortion from a test based on the critical values from Kiefer and Vogelsang’s
(2005) fixed-b distribution and A'B** is the worst-case power-loss against local alternatives. As LLSW
(2018, 2021) explain, there is a size versus power tradeoff here: choosing a larger bandwidth S reduces
size-distortions (a good thing) but increases worst-case power-loss (a bad thing).

Assume a desired test size of & = 5% and that one is using Newey-West standard errors (a HAR
variance estimator that uses the Bartlett or triangular kernel) and a weight x, on controlling size
distortions. Then, LLSW (2018) show that the loss-function minimizing bandwidth S for testing
hypotheses about the the mean of a Gaussian AR(1) process with persistence p, is given by S* =

s* (K, p,) - TY? where
K i 2p 3
*(Ky, = 0.453 - - .
& (s ) (1—@) (1—03)

Naturally, s* (k., p,) is increasing in both x, and p,, equals zero if either k, = 0 or p, = 0, and becomes
infinite if either k, — 1 or p, — 1.

4To better see the relationship to Student’s ¢-distribution, LLSW (2018) note that ¢ < 7z 1)/ ZM/z K& where
the K are a set of fixed weights and the £, are a set of random variables that are drawn independently (of each other
and Z (1)) from the y-squared distibution with 2 degrees of freedom (divided by 2)—i.e., fj L X3/2 so E[¢] = 1.

Thus, the term under the radical is a weighted average of variables that are distributed X3/2, so it resembles the
Student s t- distribution Indeed, as discussed in LLSW (2018, 2021), this weighted average can be approximated as

ZM/ °K; i€ Xy 2 /v where v = 1/b. Thus, letting ¢ be random variable drawn from the y2 distribution, we have

t 4 Z(1)/ EB/Q < 1) /v/¢/v, implying that the limiting fixed-b distribution is similar to Student’s t-

distribution with v = 1 /b degrees of freedom. To be clear, this is only an approximation: the true limiting fixed-b
distribution with Newey-West standard errors is non-standard and must be computed using the formulae in Kiefer and
Vogelsang (2005).



In deference to classical hypothesis testing, LLSW (2018) argue in favor of placing a large weight
on controlling size distortions. Specifically, they set x, = 0.9. Finally, to consider the case of a
moderately persistent process, LLSW (2018) set p, = 0.7. Plugging into the above formula, this yields
$*(0.9,0.7) = 1.3 as shown in their Table 2. Assuming we want to fix x, = 0.9 but allow p, to vary,
the rule then becomes S* = s* (p,) - T'/? where

R 2. \?
s* (p,) = 0.7846 - (1 2) :

L
How should we apply these insights to regressions involving overlapping returns? Consider fore-
casting H-month returns in overlapping data using a regression of the form

H
YoheaTtan =A+B-x+ e pyn.

Under the null that returns are independent of x;—i.e., that returns are not predicted by x;, the
regression scores for this H-period forecasting regression are given by z, = ;> 5 (14 — E[rd]).
Assuming that the monthly returns are iid, the first-order autocorrelation of these scores is

o Cov (2, 2e41) _H-1
? Var (z) H

P>

where p, is the first-order auto-correlation of the forecasting variable z;. And, the j-order autocorre-

lation is ‘
) — Cov (2, 245)  max{H — j,0}

Var (z) H

pY (p) -

Indeed, one can show that approximating these scores as following an AR(1) with persistence pgl) is

going to be conservative. Specifically, since pgj ) < (pgl))j, the autocorrelations will decay faster than

would be expected if the scores followed an AR(1) with persistence pgl).5

For the monthly regressions we consider in our paper, we have p, ~ 0.9, implying that p, =
(2/3) - 0.9 = 0.6 for our 3-month forecasting regressions and p, = (11/12) - 0.9 = 0.825 for our 12-
month forecasting regressions. The forecasting regressions in Tables 3 and 4 have T = 249 observations
when forecasting 3-month returns and 7" = 240 when forecasting 12-month returns. Plugging these

values of p, and T into the LLSW (2018) formula gives

2.0.6 \?
=0.7846 - | —— | -249"% = 16.
S =0.7846 <1—0.62) 9 6.95
when forecasting 3-month returns and
2.0.825 \?
=0.7846 - [ ———— ] -240"% =27.
S =0.7846 (1—0.8252) 0 7.63

when 12-month forecasting regressions. We round up in both cases and use 17 and 28 lags, respectively.
With 7" = 240 observations and S = 28, we have b = S/T = 0.117. The resulting Kiefer-Vogelsang

5The inequality is trivial for j > H. For 0 < j < H, we show that (H — 5)/H < ((H —1) /H)’. This is equivalent
to[In(H—j5)+(j—1)InH]/j <In(H — 1) which holds by Jensen’s inequality.
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(2005) fixed-b critical values for a two-sided t-test are as follows:

p-value b=0.117 b=0

90% 1.90 1.64
95% 2.30 1.96
99% 3.12 2.58

These fixed-b critical values can be compared to the familiar Gaussian critical values, which corresponds
to b= 0.

The persistences of the scores p, in Tables 1 and 2 (where we estimate monthly regressions with
H-month overlapping returns) are similar to those in Tables 3 and 4 (where we forecast overlapping
H-month returns). Thus, we use the same values for p, throughout (0.6 for 3-month changes/returns
and 0.825 for 12-month changes/returns). However, we select slightly larger values of S since the
regressions in Tables 1 and 2 contain 7" = 252 monthly observations. As a result, we select S = 18
when examining 3-month changes and S = 29 when examining 12-month changes.

A.4 Robustness for baseline empirical results

In this section, we conduct a battery of robustness checks on our main empirical findings in Tables 1,
2, 3, and 4.

A.4.1 Estimates using non-overlapping data

One might be concerned about our use of overlapping changes and returns in our baseline regression
specifications. Fortunately, Appendix Tables A1, A2, A3, and A4 show that our estimates and our
inferences are quite similar if we use non-overlapping H-month changes or returns. Specifically, using
non-overlapping returns—which sidesteps the inferential issues associated with overlapping returns—
has minimal effect on our point estimates. Of course, using non-overlapping returns results in less
precise estimates since we are deliberately throwing away some amount of statistically independent
data. But, while we loose some power when we inefficiently discard data in this way, our results
generally remain significant. Of course, the best strategy is to use all of the data—i.e., to use over-
lapping returns—and then to get the standard errors right. This is what we do in the main text.

Econometric background: To begin, note that, in the absence of strong seasonalities, the Frisch-
Waugh-Lovell theorem suggests that the coefficients in our panel regressions that use overlapping
returns should approximately equal the simple average of coefficients from the corresponding set of
panel regression specifications using non-overlapping returns.

To see the idea, recall that we are estimating panel regressions of the form:

Yet = Ac + B- Tet + Eeity

where y.; = Zthl Tei+h, ¢ indexes countries, and ¢ indexes time.® Our regressions include currency
fixed effects, A., and thus only exploit within-currency time-series variation.

Suppose we group the months in our sample into H buckets that contain non-overlapping data for
the dependent variable y.; = Zthl Tet+n. For instance with H = 12 returns, we could run regressions
using returns from January to January, February to February, ..., or December to December. So, there
are H different estimators that use non-overlapping returns, each corresponding to one of the possible
starting points for H-month returns.

6For simplicity, we discuss these issues in the context of a univariate forecasting regression, but these same ideas
extend naturally to multivariate regressions.
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In the absence of strong seasonalities in the data, our panel regressions with currency fixed effects
will be nearly identical to panel regressions with currency-by-starting-month fixed effects:

Yet = Ac,h(t) + Bmod * T + Ec,t-

(In other words, there are now H separate fixed effects for each currency, one for each set of possible
starting months for H-month returns.) Applying the Frisch-Waugh-Lovell theorem to this modified
estimator, we obtain

A~ A~
~
B ~ Bmod
no-overlap P 1
h pno-overlap

A
A
le ~

—\2 - =
N ZH > Zteh(t) (Tet — Te,n) > Zteh(t) (et — Ten) (Yer — Yen)
- h=1 H — 2 — 2

D ket Xoe Ztek(t) (Tet — Ter) > Zteh(t) (et — Ten)

o H no-overlap fyno-overlap
= D po1 Wy By,

where BZO'OU”IGP is the panel data estimator for y.; = A. + B - z; + €.+ that only makes use of data
beginning in h-months.”
Again, absent strong seasonalities in the data, we would expect to have w]”***"* = 1/H and thus

5 o~ D ~ 771 H  pno-overlap
B~ Buoa~ H S B _

In other words, our panel data estimator will approximately equal the simple average of the H dif-
ferent panel data estimators that use non-overlapping H-month returns. As we show below, this
approximation is extremely accurate for our panel data estimator because seasonalities are negligible.
So, why then do we use overlapping returns? So, long as the estimators using non-overlapping re-
turns are imperfectly correlated, there will be an efficiency gain from pooling them—i.e., from working
with overlapping returns. And, this efficiency gain becomes larger when these correlations are smaller.
Specifically, so long as Corr( By~ BV < 1 for some pair of estimators, we will have

Var [B] ~ \/H2 Zh,k COTT’(BZO_Overlap, Bzo—overlap) \/VCLT [BZO_OWTZQP]VCLT‘ [Bzo—overlap]

< H'Y \/ Var[B)-oerer).

Of course, pooling these non-overlapping estimators then puts the onus on us to properly estimate
~no-overlap ~no-overl
these correlations—i.e., C’orr(ﬁzo e ZO . ap)—but that is the whole point of using Driscoll-Kraay

(1998) standard errors. This efficiency argument is precisely why, like us, researchers often work with
over-lapping data and then strive to get the standard errors right.

Results: Here we show that our estimates and our inferences are quite similar if we simply use
non-overlapping H-month changes and returns. There are four tables that use non-overlapping data,
corresponding to Tables 1 to 4 in the paper:

Table Al AHQC,L‘ = Ac + B - AH (iz,t — Zt) + D - AH (fc*,t — ft*) + Ach,tp
Table A2 Apges = Ac+ B-Ap (if, —4,) + D Ay (f2, — f7) + Ancey,
Table A3 ra¥y . p—ral . p=Ac+B-(it, —i,) + D (fi, — f) + cctmtsm,

Table A4 sz,t—>t+H = AC + B . (i:,t — Zt) —+ D . (f(j,t — ft) + Ec,t—>t+H-

TA quick note on the notation. For instance, for h = December, h (t) is the set of December observations in the
sample. For ¢ = euro and h = December, Z.,;, is the average value of z. for the euro in December, 7, ) is the average
value of y. ; for the euro in December, etc.
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Panel A of each table shows the results for H = 3-month returns and Panel B shows the results
for H = 12-month returns. In each panel, column (1) reports our estimates using overlapping H-
month changes/returns. For these overlapping estimators, we report Driscoll-Kraay (1998) standard
errors with Kiefer-Vogelsang (2005) p-values as in the main text. We report the slopes from the H
underlying panel estimators that only use non-overlapping data. There are three such estimators for 3-
month returns and 12 such estimators for 12-month returns. For these non-overlapping estimators, we
compute standard errors that cluster by time to account for any contemporaneous correlation across
currencies. Finally, in column (2) of each table, we report the (equal-weighted) average coefficient
estimate across these H non-overlapping estimators as well as the average (estimated) standard error.

As can be seen by comparing columns (1) and (2) of each table, the average coefficient estimate
across these H separate non-overlapping estimators is almost identical to our baseline estimator that
uses overlapping returns. However, the average of the standard errors across these H estimators is
larger than the Driscoll-Kraay standard error from our baseline estimates. This larger average standard
error arises due to the efficiency loss from the fact that the non-overlapping estimators discard some
amount of statistically independent data.

Even though they are each throwing away some informative data, many or most of the non-
overlapping estimators are individually significant. And, our results generally remain significant if
we use the average standard error from these H estimators to assess the significance of the average
coefficient from the H estimators. Obviously, this procedure is extremely conservative and lacks any
formal econometric justification.

In summary, the results in Tables A1, A2, A3, A4 give us considerable comfort that we are drawing
appropriate inferences when using overlapping data.

A.4.2 Country-by-country results

In our baseline analysis in Tables 1, 2, 3, and 4, we obtain additional statistical power by pooling data
across currencies in our panel—i.e., our panel data estimator is a weighted average of currency-level
time-series estimators. While this is a standard econometric practice in empirical asset pricing and in
the FX literature more specifically, it is natural to examine the results for each of the six currencies
in our sample separately.

Tables A5, A6, A7, and A8 report the results for each country separately. Broadly speaking, our
results are strong for AUD, CHF, GBP, EUR, and JPY when considered in isolation. However, our
results for the CAD often have the opposite signs of those suggested by our model.

There are several potential explanations for the CAD results. First, the correlation between CAD
and USD short rates is very high (e.g., the correlation between monthly changes in CAD and USD short
rates is poap = 0.73), which should attenuate the magnitude of the expected relationship between
foreign exchange rates and term premium differentials in our theory. However, a high short-rate
correlation alone should not lead the relevant coefficients to change sign. Second, if investors believe
that the § of CAD short rates with respect to USD short rates exceeds 1, we would actually expect
sign flipping of the sort we observe for the CAD. (See the discussion in Section A.5.1.) However, in
our sample, this empirical /3 is high (we have BC AD = Poap = 0.73), but still well below 1. Finally,
the outlying results for the CAD could either stem from some unknown set of forces that lie outside
of our model or could simply reflect chance sampling variation.

A.4.3 Panel results for major currencies only

Our theory is best viewed as a description of the exchange rates of major developed countries that
have floating or lightly-managed currencies, that pursue a semi-autonomous monetary policy, and that
play an important role in international financial market. Arguably, the EUR, GBP, and JPY are the
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three currencies that, alongside the USD, best fit the bill. Comfortingly, Tables A9, A10, A1l, and
A12 show that we obtain broadly similar results if we restrict our sample to the EUR, GBP, and JPY.

A.4.4 Varying the base currency

In light of the growing literature that emphasizes the special role of the U.S. dollar in international
financial markets, it is natural to ask whether our results are driven by the decision to use the USD
the base currency. The short answer is that our results are not driven by this choice. Tables A13, A14,
A15, and A16 show that we obtain broadly similar results in Tables 1, 2, 3, and 4 if, instead of using
the USD as the base currency, we use other currencies as the base. Specifically, the results are similar
if we use AUD, CHF, EUR, GBP, or JPY as the base currency. However, the results are weaker if we
use the CAD as the base currency. Overall, while we are convinced by the growing literature showing
that the USD plays a special role in international financial markets, our main empirical results do not
appear to derive from USD specialness.

A.4.5 Results for different time periods

As explained above, we focus on more recent data for two main reasons. First, our theory makes
predictions about real rates, but data considerations force us to test our theory using data on nominal
rates, which effectively adds measurement error. Thus, when working with nominal rates, we would
expect the patterns predicted by our theory to emerge most strongly during periods when inflation is
stable—i.e., when the resulting measurement error is small. Second, our theory hinges on the idea that
bond and FX markets are tightly integrated and these markets have arguably become more integrated
in recent decades. Motivated by these two considerations, the baseline sample for Tables 1, 2, 3, and
4 runs from 2001 to 2021.

However, neither consideration offers a strong justification for beginning the analysis in precisely
2001: we do not think there was a structural break in either the stability of inflation expectations
or the integration of markets in 2000. Comfortingly, Tables A17, A18, A19, and A20 show that our
results hold over the longer 1994 to 2021 sample. This is as far back as we have zero-coupon yields for
all currencies in our sample. To be sure, if we were to extend our sample back to the 1980s or 1970s—
which is possible for some of the currencies we consider—our results become weaker. However, are not
overly concerned by this fact because our theory’s boundary conditions suggest that its predictions
should emerge less strongly during these earlier decades, especially when working with nominal data.

One might also wonder whether our results are somehow specific to the post-Global Financial Crisis
period. The short answer is no. Specifically, Tables A21 and A22 show that our results generally hold
in both the 2001-2007 period as well as the 2008-2021 period. If anything, the results are somewhat
stronger during the 2001-2007 subsample. Of course, this needs to be taken with a healthy grain of
salt since we are now working with fairly short subsamples. We simply lack the power to draw firms
conclusions when slicing the data so thinly.

A.5 Additional empirical results
A.5.1 Supply shocks and short rate correlation

As discussed in the main text, our model implies bond supply shocks should have a larger impact
on the bilateral exchange rate when the correlation between the two countries’ short rates is lower.
Specifically, we have

L [raf,]

-1
=7 C

Y Y.
0s;
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_ y q
where C, , = Cov,[rz],,,rx{,;]. And, we can show that

O*Eyral, ] _ - oC <0,
ds!0p dp

where p = Corrle;, +175i2‘+1] is the correlation between domestic and foreign short rate shocks. For

instance, in limiting cases where there are no supply shocks (02, = 02, = 0), we have

) 1
=(1-— 2
Cyq = ( p>1—5q§i1— lU >0,
implying that® , )
O Eyfray,,] _ T—laCy,q _ ! 0 1 o2 <0
0s{dp op 1—06¢,1—¢,; ° '

Unfortunately, taking this direct prediction on the impact of bond supply shocks to the data is
not straightforward because, other than on QE dates, we do not have a clean proxy for bond supply
shocks. And, based on QE dates alone, we do not have enough power to detect this interaction effect.

That said, our theory suggests a less direct test of this same idea. Specifically, if there are bond
supply shocks but no FX supply shocks—i.e., 02, > 0 and %, = 0, our theory implies that

<0

A\

Cyo | .
b [Txgﬂ] - [_ﬁ] B [rxgﬂ - msi’ﬂ} :

Moreover, we can show that the negative term in square brackets is increasing in p, implying that:

O?E, [raf, ]

- > 0.
OB, [rafy, —ral 4] Op

To test this prediction, we add interaction terms involving the short-rate correlation to our speci-
fications from Tables 2 and 4. Specifically, we estimate panel regressions of the form

Ay = Ac+ Bi- Ay (ify —icy) + By po X Ao (i}, — icy)
+D; - Ay (fc*t - fc,t) + Dy p, X Agg (f:t - fc,t) + Aa€cy,

and

Pl = Act Bre (it~ iee) + Ba- o x (it — i)
+Dy - (f:t - fc,t) + Dy - f)c X (f;t - fc,t) + €ctotr12-

Our main interest is on Ds: the coefficient on the interaction between the short-rate correlation (p,)
and the change/level of the difference in distant forwards, which is our proxy the change/level of
B, [T:Efﬁ;l —rx) +1] . In the first regression relating contemporaneous changes in FX rates to contempo-
raneous changes in interest rates, we expect D; > 0 and thus predict that D, < 0. In the FX return
forecasting regression, we expect D < 0 and thus that predict Dy > 0. To operationalize this test, we
estimate p. using the sample correlation between monthly changes in USD short rates and monthly

81n this limit, a supply shock is a “MIT shock”—i.e., a one-off shock that investors think is impossible. However, it
is still the case that C, ,/9p < 0 when o2, > 0 and o2, > 0.
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changes in the short rate in currency c. Doing so, we obtain the following estimates of p,.:

Currency: AUD CAD CHF EUR GBP JPY
De 040 0.73 049 052 0.58 0.29 °

The rank ordering across currencies strikes us as intuitive.

The results of this exercise are shown below in Table A23. The results go in the direction predicted
by our theory and are significant at the 10% level in both specifications. Intuitively, the coefficient
D5 on this interaction term is roughly equivalent to (1) first running a set of country-level time-series
regressions and (2) then running a cross-sectional regression where the estimated currency-specific
slopes are regressed on p.. This interaction term goes in the predicted direction in our panel because
the results for the CAD, which has the highest short-rate correlation with the USD, look so different
than those for the other currencies. That said, this result is not entirely robust—e.g., it vanishes if
we drop the CAD from the sample—and is effectively being identified from a cross-section of just six
observations.

B Additional theoretical results for the baseline model

B.1 Campbell-Shiller approximation of the return on a perpetuity

In this section, we derive the Campbell-Shiller (1988) log-linear approximation to the return on default-
free long-term bonds that we use throughout the paper. We assume that long-term bonds are default-
free, self-amortizing perpetuities with geometrically-declining payments. Specifically, consider a self-
amortizing perpetuity that has a face value of 1 at time ¢ and a coupon rate of C' > 0. We assume
that a holder of this perpetuity at time t receives (1) a coupon payment of C' at t 4+ 1, (2) a principal
repayment of (1 — k) at t + 1 for some « € [0,1], and (3) and « units of this self-amortizing perpetuity
(which has a face value of 1) at ¢t + 1. Thus, x controls the amortization rate of long-term bonds and
hence their duration—i.e., the sensitivity of price to yield-to-maturity.

Let P/ denote the price and Y; the yield-to-maturity of long-term bonds at time ¢. By the definition
of yield-to-maturity—i.e., the constant return that equates bond price and the discounted value of
promised cashflows, bond prices and yields are linked via the following formula:

o0

Py_zﬁjl(].—ﬁ—i—C)_ 1—{—0—/{)
b 1+v)y  1+Yi—+w

(3)

=1

When « = 0, this is the formula for the price of a 1-period bond. When s = 1, this is the standard
perpetuity formula. The Macaulay duration—i.e., the elasticity of price with respect to yield—of

bonds at time ¢ is
oP!1+Y; 1+ Y,

— . 4
oy, P} 1+Y,— k& (4)
Holding Y; fixed, Dyyac, is increasing in the amortization rate . At one extreme, when kK = 0, Dyyact = 1
(the duration of a 1-period bond). At the other extreme, when £ = 1, Dyacr = (1 +Y;) /Y; > 1 (the
duration of a standard perpetuity).
The gross return on long-term bonds from time ¢ to ¢t + 1 is

Dmac,t = -

C+1—k+ kP’
1+ R?—i—l = pY a8 (5)
¢

To generate a tractable linear model, we use a Campbell-Shiller (1988) log-linear approximation to the
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return. Specifically, defining

K
= <1, 6
1+C (6)

the one-period log return on the long-term bond is approximately

D D—1
—_— —_—
v y 1 ) )

iy =1n (1 + Rt+1) Sy L U - (Y1 — W) 5 (7)

where y; = In (1 4 Y;) is the log yield-to-maturity on the long-term bond at time ¢ and where

1 1+C
1-6 14C—k

D

(8)

is the Macaulay duration when the bond is trading at par (i.e., when Y; = C' and P/ = 1).°
To derive this approximation, we take a log-linear approximation of the log return about the point
where the bond is trading at par at t + 1 (i.e., where P, = 1 and thus p{,; = In (P/,) = 0) and
obtain
rfa = (1—r+C+rexp(pl1)) —pf =0+ 0pty, — i, (9)

where # = In(1+ C) and § = k/ (14 C). are parameters of the log-linearization. Iterating equation
(9) forward, the log bond price is approximately

p =~ (1— 5)71 0—> 0B, [Tz%+i+1] :

Applying this approximation to the yield-to-maturity (again, the constant return that equates price
and the discounted value of promised cashflows), we obtain

Wal=6""0-01-0""y. (10)

Equation (7) then follows by substituting the approximation for p{ in equation (10) into the Campbell-
Shiller return approximation in equation (9).

Equation (10) also shows that the duration of this long-term bond is approximately D = (1 — 6) ™" =
(1+C) /(14 C — k) which corresponds to Macaulay duration when the bond is trading at par. Specif-
ically, when P/ =1, we have Y; = C' and thus Dy,c: = (14+C) /(1 +C — k).

Finally, note that, while x is a free parameter that controls the bond’s amortization rate and
hence its duration, the coupon rate C' cannot be regarded as a free parameter. Instead, based on
the logic of the log-linearization, C' must be chosen so that the perpetuity is priced at par in the
steady state. Specifically, we need to set § = In(1+C) = E [ln (1 + Rfﬂ)} =k [Tfﬂ], so that
Elp!] = Elln (PY)] = 0.

B.2 Real versus nominal rates

In this section, we show how to generalize our model to allow for both inflation-indexed (real) bonds
and non-indexed (nominal) bonds. To do so, we add two sets of pure nominal shocks: persistent shocks
to expected future nominal inflation and transitory shocks to realized inflation.

The key insight here is that, as in any textbook theory of uncovered interest rate parity (see,

9This log-linear approximation for default-free coupon-bearing bonds appears in Campbell, Lo, and MacKinlay (1997)
and Campbell (2018). As explained in Campbell (2018), equation (7) is an approximate generalization of the fact that
the log-return on n-period zero-coupon bonds is 7"75-7-1 = nyin) —(n—-1) yt(f_fl) where, for instance, yt(n) is the log yield

on n-period zero-coupon bonds at .
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e.g., Chapter 16 of Krugman, Obstfeld, and Melitz’s International Economics textbook), the real
foreign exchange rate only moves unexpectedly due to shocks to the expected path of future real short
rate differentials. Shocks to expected future inflation differentials—which by construction have zero
impact on the real exchange rate, but have a major impact on long-term nominal bond yields—impact
the expected drift of nominal exchange rates but are not associated with unexpected movements in
nominal exchange rates. By contrast, transitory shocks to realized inflation have no impact on long-
term nominal bonds yields, but have a one-for-one impact on nominal exchange rates.

The takeaway is that our theory makes predictions about real rates, but data considerations force
us to test our theory using data on nominal rates, which effectively adds measurement error. Thus,
when working with nominal rates, we would expect the patterns predicted by our theory to emerge
most strongly during periods when inflation is stable—i.e., when the resulting measurement error is
small.

Setting: Let i; and i} denote the short-term nominal rates between ¢ and ¢ + 1. Let 7, and 77
denote the short-term ex ante real interest rates between t and ¢ + 1. Expected nominal inflation
between ¢ and ¢ + 1—which is known at time t—is given by 7, and 7;. Finally, we let P, and P}
equal the nominal prices levels of goods in domestic and foreign currency, respectively. We assume
that realized inflation between ¢ and t + 1 equals expected inflation plus a transitory price shock

M1 = log (P /P) = pry1 — pe = T + p i
Ty = log (Ptil/Pt*) = Pii1 — Dp =Ty + Eprpra,

where €, 441 and €)+ ;11 are the transitory price shocks at ¢ + 1.
We assume that short-term ex ante real rates are stationary, following symmetric AR(1) processes

Ti1 = T+ o1 —T) +er,y
Tiyr = T+ —T) +emp,,

where ¢, € (0,1). We assume that expected one-period ahead inflation follows

%t—i-l = T+ ¢;T\(/7T\_t — %) + €%t+1

Ti = 7 +0:(T —T°) +esp,,5
where ¢z € (0,1] and ez, , and ez; , are the shocks to expected 1-period ahead inflation at ¢ + 1.
Thus, we can allow inflation to follow a random walk—i.e., we can consider the case where ¢~ = 1.

And, we can allow the average long-run rate of domestic price inflation 7 to differ from the long-run
rate of foreign inflation 7*. Finally, we assume that

it = T+ Ty

—~k ~%
T+,

<k
2

Thus, for simplicity, we assume we do not need to worry about pinning down an endogenous inflation
risk premium on short-term nominal bonds and can take both short-term nominal and real rates as
being exogenously given. It is easy to relax this assumption, but it adds little to the analysis other
than complexity.!’

0Tn principle, we should assume that i, = 7y + 7 + rp} and i} =77 + 7, + rp}” where rp! and rpi* are endogenous
risk premia that compensate investors for the fact that short-term nominal bonds are risky in real terms, earning lower
real returns when inflation is unexpected high between ¢ and ¢ + 1. For instance, the ex post real returns on domestic
short-term non-indexed bonds between ¢ and ¢t +1is rj, = iy — 1 = (Fy + T +1pY) — (T + €put1) = Te +7P) —€p it
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Furthermore, we can allow the set of shocks €111 = (€74, 77, |+ €7, 115 €7, s Ept1; Epr 1) O be
correlated with each other. For instance, if bad news about current inflation is associated with higher
future inflation expectations, then Cov(e),, ,,€z,,,) > 0. If the domestic central bank follows a forward-
looking Taylor rule with a coefficient exceeding one on expected inflation, then Couv(ez, . ,,€%,,,) > 0.
And, these real rate and inflation shocks in the domestic country can be correlated with those in the
foreign country.

Inflation-indexed (real) and non-indexed (nominal) bonds: We first introduce inflation-
indexed (real) and non-indexed (nominal) long-term and short-term bonds in both currencies. Short-
term domestic nominal bonds earn a nominal return of i; between ¢t and ¢ + 1 and short-term domestic
real bonds earn a real return of 7; between ¢ and ¢+ 1.1! The corresponding rates on short-term foreign
bonds are i; and 7;.

Let y; and y;* denote the real yields on indexed bonds in domestic and foreign currency, respectively.
Similarly, let y! and y/* the nominal yields on non-indexed bonds in domestic and foreign currency.
We assume that all long-term bonds have the same duration of 1/ (1 — §) where § € (0,1). The excess
nominal return on long-term non-indexed bonds over short-term non-indexed bonds is

: P 0 i i
Txi/—&-l = (yi - 2t> “1_35 (yt+1 - yt) )

and the excess real return on long-term indexed bonds over short-term indexed bonds is

~

r r 0 r r
refg = (Y —T) — 1-¢ (?Jt+1 - yt) .

Iterating these identities forward for bonds in both currencies, we have

vy = (1=0) 7200 Elivy; + mt+g+1]»
yi = (1=0) Z & Ex[rey; + rxt-l—j—!—l]v
ut o= (1= 0) X 8 Bl + ),
o = (1 —5)2 o’ Et[rtﬂ +rxt+j+1]

Thus, long-term indexed (real) bonds reflect the expected future path of future short-term real rates
plus a real term premium. And, long-term non-indexed (nominal) bonds reflect the expected future
path of future short-term nominal rates plus a nominal term premium.'?

Thus, assuming that the central bank has perfect control over the ex ante short-term real rate and that it can be taken
as exogenously given, we still need to clear the market for short-term nominal bonds: at the margin, investors must be
indifferent between holding short-term real and nominal bonds. (An alternate and perhaps more realistic assumption
would be that the central bank has perfect control over the short-term nominal rate, ;. In this case, we would assume
that nominal rates (i;) and expected inflation (7;) are both exogenously given. However, the equilibrium rate on
short-term real bonds would have to be pinned down endogenously and would equal 7; = iy — (7 + rpt).) Assuming
investors require a positive risk premium for bearing this inflation risk, this means that rp! = 4; — (7 +7) > 0 and
rp!* = if — (77 + @) > 0. In practice, the inflation risk premia on short-term nominal bonds are thought to be de
minimus, so we proceed under the simplifying assumption that i; = 7, +7; where 7; and 7; are both endogenously given.

1 The distinction between indexed and non-indexed short-term bonds arises from the fact that inflation is not perfectly
known one-period in advance. If inflation is known perfectly one-period in advance—i.e., if Var [e), 44+1] = O—then there
is no distinction between indexed and non-index short term bonds. Both must pay the same nominal interest rate and
will earn the same real return. However, with unexpected shocks to the price level, the nominal payoff of short-term
domestic real bonds is 7 + Tt + €p 141 = ¢ + €p 141

12The real excess return on long-term indexed bonds over short-term non-indexed bonds equals m:iil + €p,t+1 since
long-term indexed bonds are protected against unexpected increased in the nominal price level (gp441) but short-term
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For simplicity, we first consider a steady state where long-term bond supply is constant and where
is there is no supply of foreign exchange. In this case simple case, we have

A o i ; o ; 1-6 . _ 1-5
y, = (1=0)> 700 Efigy| + Elra) | =T+7T+ Ejral || + —— (" —7) + ——— (7 — 7) ,
: b0, =50
1-5

o= (=) SV Efe] + Blralla) =7+ Elrafu] + 15 (=1,

1-4 18

yr o= (1=0) X2, 6 Eilify )+ Elral,] =7+ 7 + Elral},] + =60 =7+ T—d0- (T = 7).,

- 00 i T - _ r 1-46 ., _
yio = (1-9) ijo o' Ex[ryy ;] + Elrai ] =7+ Elraf,] + 1_—5¢% (r; —7).

As a result, the unexpected returns on domestic nominal long-term bonds, domestic real long-term
bonds, foreign nominal long-term bonds, and foreign real long-term bonds are given by

rxilﬂ - E[Tﬁﬂ] = _1_—W5?,t+1 - m&?,tﬂ
'r r )

rafyy — Elrayy] = —1_—M€m+1
1% 7% 5 5

Tx?+1 - E[Txterl] = —1_—(W€?*,t+1 - mé‘m,tﬂ
’r* % 5

rajg — Elraly] = _1——5%5?*’“1'
In words, the unexpected returns on long-term nominal bonds reflect shocks to the expected path of
future nominal rates and, hence, are exposed to news about future inflation and future short-term real
rates. By contrast, the unexpected returns on long-term real bonds only reflect shocks to the expected
path of future real rates and, hence, are not exposed to news about future inflation.

It is easy to extend all of this logic to allow for time-varying supply and hence time-varying risk-
premia—i.e., discount rate news. Once we allow for supply shocks unexpected returns are given by

m?ﬂ - Et[mi/ﬂ] = —mé‘atﬂ 1— 66, ————¢z441 + N- DRH—I
m”?—rkl - Et[rxiil] - 71 36, — &1 T N- DRt+1

yi* yi* (S 5
ragy — Bilrala] = T g, it T T gt N-DRY},
rx?—:*l — B [Wt:l] - 1 3, 1 + V- DRt+1

Now, the conditional expected returns can vary over time and the N-DRZ,, for Z € {y',y", y™*, y"™}
terms reflect the discount rate news associated with supply shocks. Specifically, we have

) . ) /
N-DRf,, = 13 (1=8) 27200 (Bepr — Ey) [raf, 0] = 13 (aBr) €

non-indexed bonds are not. Similarly, the real excess return on long-term nominal bonds over short-term real bonds

is rx} | — €p 141 since short-term indexed bonds are protected against unexpected increased in the nominal price level
(€p.t+1) but long-term nominal bonds are not.
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In this model, the exact form of these discount rate news shocks (i.e., the equilibrium coefficients
a?, that map state variables into bond term premia) will depend on whether global bond investors
must hold real long-term bonds—which are only exposed to news about future real rates—or nominal
bonds—which are also exposed to news about future inflation.

Nominal and real exchange rates: Next, we introduce nominal and real exchange rates. We
let ()7 denote the nominal exchange rate. The nominal log excess return on foreign currency is

mgil = (qz:L+1 - ‘J?) + (i} — 1y).

This is the familiar nominal return that is obtained by making an investment in short-term nominal
foreign bonds. Let Q] = Q}P;/P, denote the real exchange rate—i.e., the price of goods in foreign
currency (Q7 P;) divided by price of goods in domestic currency (F;). The real log excess return on
foreign currency between ¢ and t 4 1 is

Txgﬂ = (C]Lrl - qz) +(r; —7).

The real excess return can be obtained by making an investment in short-term real (inflation-indexed)
foreign bonds.!?

Assuming that the real exchange rate is stationary and equals to zero in the long-run steady state,
we have

Uncovered interest rate parity

A FX risk premium
~ r 1
= S50 Bl ~ ) = rafl ] =

. (rf — ?t)} - Z;io Eyfrai .
By definition, the log nominal exchange rate is given by
4 = q; + (Pt — ;)

where p; and p; are the log price levels of domestic and foreign goods. Thus, the nominal exchange
rate need not be stationary: it can trend deterministically if 7 # 7 or it can trend stochastically if

¢ = 1.1

13Specifically, since short-term foreign real bonds pay (7} + 7y + €px,t+1) at t + 1, short-term domestic real bonds pay
(Tt + T +€pig1), and (qf_s_1 — qf) = (q{_s_1 — q[) + (7Tt+1 — WZ‘H), we have

~

ral = (g — i) + (L 47 + eprpgr) — Fe+ T +epirn)) = (6 —af) + (7 — 7).

YIf ¢ =1, then
* * T-1 ~ ~% * ~ ~*
E; [pt+T - pt+T] =(p —pf)+ ijo E; [7Tt+j - 7Tt+j] =(pe —p;) +T (7 — 7;)

and lim7_ o F; [thrT — p;kJrT] will either be 400 or —oo. By contrast, if ¢, < 1, then

1
* * T-1 ~ ~ * — —x

Ei [pevr = piyr] = (o0 =07) + Xj20 Bilfery =Tl = e —p)) + T (7 =7) + 5
If 7 # 7, pirr — piyp Will contain a deterministic trend. Otherwise if 7 = 7", then

. * . 1
Tlgr;OEt [Pt+T _pt+T] = (pt—p;)+ m (Tt —7¢)-
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Let € Xiy; = (Et—Ei—1) Xi4+; denote time ¢ news about some random variable X, ; for j > 0.
Consider the following thought experiment. At time ¢, the only news is about future inflation between
t and t 4+ T'. If future nominal rates move one-for-one with inflation so that real rates are unchanged,
we have

=0 =0 =0

A
-

<
T—1 -~ v
€q; = Zj:() Et[(ﬁkﬂ' - Tt+j) _Txg-&-l-&-j] + €4t

and
ZT_l € [%*n,_%n ] T-1 x =N
=0 J=0 tAtﬂ t+J _Z]’:O et[Tiq = T+]
7 N
71 % - q" n
€qy = Zj:() Et[(ltﬂ' —dyy) — mct+1+j] + €y

Thus, in this benchmark case, pure inflation news is not associated with unexpected movements in
either real or nominal foreign exchange rates: inflation news just changes the expected path of future
nominal foreign exchange rates. Since this change in the expected future drift perfectly offsets the
news about future nominal interest rate differentials, the nominal exchange rate does not jump in
response to the news.

Of course, to the extent that news about inflation coincides with news about future short-term real
rates—i.e., because the short-term nominal rate is pinned at some lower bound or because the central
bank’s policy rule for the short-term nominal rate reacts more than one-for-one to news about future
inflation as with a standard forward-looking Taylor rule—then it will be associated news about future
short-term real rates. In this case, inflation news will be generally be associated with unexpected
movements in both real and nominal exchange rates. But it is the induced news about real rates that
is doing the work; not the pure inflation news.

More generally, we have

Q?-H - Q? = (QIH - q;) - (77':4-1 - 7Tt+1) = (qg+1 - Qtr) - (%I - %t) - (Ep*,tJrl - gp,tJrl) .

The nominal appreciation of foreign currency (g;+1 — ¢;) equals the real appreciation (¢;,; — ¢; ) minus
realized foreign less domestic inflation between ¢ and t + 1, (7},; — m41). As a result, we have

41 — B [Qfﬂ} =G — L [‘JZH] — (&p* 11 — Eptt1) -

In other words, the unexpected appreciation of the nominal exchange rate, ¢, — E; [qfﬂ} , equals the
unexpected appreciation of the real exchange rate, ¢;,; — F; [q{ +1] minus the difference in contempo-
raneous surprise inflation, €,« ;11 — €,++1. This implies that we have

' T 1 T
Tngrl - Et[rngrl] = 1 ¢A(5f"{+1 - 5?t+1) + N‘DR?H
n n 1
refy — Bufreiy] = 1— o

(5??“ — &ryy) — (Eprp1 — Eppr1) + N-DR?H

where
o0 /
N-DR? = Y220 (Eypr — By) [raf, o) = (afp) €a

for Z € {q",q"}.

Thus, FX investments are exposed to news about the future path of short-term real rate dif-
ferentials. However, they are not exposed to news about future inflation differentials. But, when
implemented in nominal terms, FX investments are exposed to contemporaneous shocks to the levels
of domestic and foreign goods prices. By contrast, the nominal returns on bonds are exposed to news
about future inflation. But, nominal bond returns are not exposed to contemporaneous shocks to the
levels of domestic and foreign goods prices.
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Implications: The upshot of this discussion is that the co-movement patterns between bonds and
foreign exchange rates that we emphasize in our paper should be most pronounced for real (inflation-
indexed) bonds and real exchange rates.

The existence of nominal shocks will attenuate these co-movement patterns if one looks at nominal
bonds and nominal currency returns. Specifically, the unexpected nominal appreciation of the exchange
rate depends on transitory price shocks, but not news about future inflation. By contrast, the returns
on nominal bonds are exposed to news about future inflation, but not to one-off transitory changes in
the nominal price level.

Alternately, if one is looking the co-movement between nominal (non-indexed) bonds and nominal
currencies, these co-movement patterns should be strongest in environments like that observed in
recent decades where inflation was highly stable and movements in long-term nominal interest rates
primarily reflected movements in long-term real rates.

B.3 Allowing for asymmetries between the two countries

This subsection 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 Cy,, > 0 whenever p < 1 and the short rates and bond supply follow suffi-
ciently symmetric processes. For example, while Couv[rzy, ,rzf ] # —Covraiiy,ral,,], we still
have Cow[rz],,,rz{ ;] > 0 and Cov,[rz}7,,rz} ;] < 0 if there are moderate asymmetries between the
domestic and foreign short rate and bond supply processes—e.g., there can be moderate 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 C,, is
ambiguous and the sign of Cy,, need not be opposite that of C,,. For instance, suppose that

oi = Vareir, ] # Varye,,,] = 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
4 5 5\’
Cy,y* =Cov -—1_—(%51‘#1, _1_—(m€iz+1:| = <1 — 5¢Z> PO ;0 i, (133)
[ 5 ]_ 1 6 O
Coa= O |t (Fo )| = gt (L 0%) o)
[ d 1 1 5, o
Cyeq=Cov _—1_—(%61-;“, =S (&‘;ﬂ - 5it+1>:| =1 - 5@02-* (1 - pai*) . (13c)

While we still have C, ,~ > 0 so long as p > 0, the behavior of C} , and Cy- 4 is more complicated.
Noting that pox/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;,poi/o;»}—i.e., if the short rates are sufficiently symmetric, C,, > 0 and
Cyq <0.

2. If po/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.

Y5 However, since min {po; /0, po;/oi+} < 1, we can never have Cy,q <0and Cy 4 > 0.
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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.

Thus, in the event of a positive shock to the supply of long-term dollar bonds, foreign currencies
with po;«/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
poi/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 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.

B.4 A unified approach to carry trade returns

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

The baseline model we developed above does not generate either predictability result. In our
baseline model, shocks to short-term interest rates make foreign exchange and long-term bonds risky
investments for global bond investors. As a result, supply shocks impact the expected returns on
foreign exchange and long-term bonds. However, the levels of domestic and foreign short-term interest
rates do not affect the expected excess returns on FX 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 bond in-
vestors’ 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) need to make to match the Fama (1984) pattern in their model, immediately de-
livers the Campbell-Shiller (1991) result for both the domestic and foreign yield-curve trades in our
model. Symmetrically, the assumption that Vayanos and Vila (2021) need to make to match the
Campbell-Shiller (1991) fact in their model—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:

n{ = s{ — Syyr, (14a)
n" =s{" = Sy, (14b)
n{ = si + Sya, (14c)

where S;, S, > 0. That is, we assume the net supply of each asset is increasing that asset’s price. 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 that when foreign currency
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is strong, domestic exports rise and imports fall, so the domestic country runs a trade surplus of S;q;
with the foreign country: 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, delivering the Fama (1984) result as Gabaix
and Maggiori (2015) show.
Proposition Al describes the new results.

Proposition A1: Matching Fama (1984), Campbell-Shiller (1991), and Lustig, Stathopou-
los, and Verdelhan (2019). Suppose p € [0,1). If (i.a) S, > 0 and S, = 0 or (i.b) S, = 0 and
Sy > 0 and (ii) there are no independent supply shocks (o2, = o2, = 0), then OE; [ra],,] /0i; =
—0FE, [ra},,] /0iy > 0. Since exchange rates are less responsive to short rates than under UIP, if one
estimates the time-series regression:

rafy = ag+ B, - (1] — i) &L, (15)

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

Under the same conditions, we also have OE; [rxz} ] /0i, = OF, [raf},] /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:

TI?ttl =0y + 53; (yr — i) + §?+1 and Tmtyil = Oy + ﬁy* Sy —ip) + gtyib (16)
one obtains 3, = B3,, > 0 as in Campbell and Shiller (1991).
Finally, if one estimates the following time-series regression:
* <% . At
ngﬂ + (Tx%lﬂ - Tx?+1) = Qg + Bq,lt - (if =) €8, (17)

one obtains 0 < B,,, < B, as in Lustig, Stathopoulos, and Verdelhan (2019). In other words, the

long-term FX carry trade is less profitable than the short-term FX carry trade. Relatedly, let rx?ihoo

(1—=0)>"7, 67 (qrajir — Quag) + (Wi — i) denote the return on the long-horizon or hold-to-maturity
FX carry trade. Then, if one runs the following time-series regression:

ih * h
Txgﬂoo = Qg,in + Bq,lh (yt - yt) + £g+17 (18)
one obtains 0 < B, < B, as in Chinn and Meredith (2004).
To see the logic, assume 02, = 0%, = 0—i.e., there are no independent supply shocks, so net

supplies only fluctuate because of movements in short-rates. In this case, we have
Ey [ng_‘_l} =7 [CyaSy - (Wi —ye) + V- Sqai] (19)

and
E [Txilﬂ - 7’5535/11] =7 [(V;/ - Cy*,y) Sy - (Wi —we) + 2Cy ¢S - ) - (20)

First, assume S, > 0 and S, = 0 and suppose that ¢f — ¢, > 0—i.e., euro short rates exceed
dollar short rates. By standard UIP logic, the positive short-rate differential means the euro will be
strong—i.e., ¢; will be high. The assumption that S, > 0 implies that global bond investors must
bear greater exposure to the euro when the euro is strong, raising the expected returns on the borrow-
in-dollars lend-in-euros FX trade. As a result, the expected return on the FX trade is increasing in
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the euro-minus-dollar short-rate differential as in Fama (1984). However, because these FX exposures
mean that global bond investors will lose money if dollar short rates rise, the expected return on the
dollar yield curve trade must also rise. Since standard expectations-hypothesis logic implies that the
U.S. term structure will steeper when ¢ — i, > 0 due to the mean-reverting nature of short rates,
the extended model will also match Campbell and Shiller’s (1991) finding that a steep yield curve
predicts high excess returns on long-term bonds. Finally, due to the negative relationship between
the short-term interest rate and the bond term premium in each currency, the model delivers Lustig,
Stathopoulos, and Verdelhan’s (2019) finding that the returns on the FX carry trade are lower when
borrowing long-term in currencies with low interest rates to lend long-term in currencies with high
rates. And, since E[ra?™ ] = (1 —0) > im0 & Eyfraf i —i—r:cf_:jﬂ —rx{,;,], we also reproduce Chinn
and Meredith’s finding that the long-horizon FX carry trade is less profitable than the traditional,
short-run FX carry trade.'

Another way to simultaneously match these two facts within our model is to follow Vayanos and
Vila (2021) and 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 (2021) show, assuming .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 net supply of
dollar long-term bonds will be higher than the supply of euro long-term bonds. This means the term
premium component of long-term yields will be larger in dollars than in euros, matching Campbell-
Shiller (1991). In addition, since global bond investors will have a larger exposure to dollar short-rate
shocks, 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.

Finally, once we link supply to prices, changes in conventional monetary policy in the eurozone (i})
impact U.S. term premia (E; [rz},,]) and vice versa, meaning the Friedman-Obstfeld-Taylor trilemma
fails. In the absence of capital controls, foreign monetary policy impacts domestic financial conditions
despite floating exchanges rates. The sign of this effect is ambiguous and depends on S,, S,, and p.
Specifically, we have the following result:

Proposition A2: Impact of foreign short rates on domestic term premia and vice versa.
Suppose 0%, = 0%, =0. (i) If S;>0,5,=0, and p € [0,1), OF, [ra{ ] /0i; = O, [ra},] 0i, > 0.
(it) If S; =0, S, >0, and p € (0,1], O, [ra}, ] /Oi; = OE, [ra}},] /0ir < 0.

When S, > 0, S, =0, and p < 1, raising foreign short rates raises the domestic term premium. To
understand the intuition, suppose that 7; rises—i.e., the ECB tightens monetary policy. This results
in an appreciation of the euro relative to the dollar (i.e., g rises) for UIP reasons. Since S, > 0
and S, = 0, this appreciation in turn raises global bond investors’ exposure to the borrow-in-dollars
lend-in-euros trade, which raises their exposure to U.S. short rate risk. Thus, the term premium on
long-term U.S. bonds, FE; [rmf H}, must rise in equilibrium.

By contrast, if S, = 0, S, > 0, and p > 0, raising foreign short rates lowers the domestic term
premium. Suppose again that short-term euro rates i; rise. This raises long-term euro yields y; and

¥Indeed, lims—1 B, = 0 and lims_1 3, = 0. Specifically, as shown above, rzf, | + (rz}i, — rz{,,) converges to
zero state-by-state as the duration of long-term bonds approaches infinitity (6 — 1) and is therefore independent of the
short rate (or long rate) differential.
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reduces the supply of long-term euro bonds. Since excess returns on long-term U.S. bonds are positively
correlated with the those on long-term euro bonds when p > 0, the term premium on long-term U.S.
bonds must decline (i.e., E; [raf, ] must fall).

More generally, when S, > 0 and S, > 0, the sign of OE; [ra{,,] /0i; = OE, [rz}}] /Di; is ambigu-
ous and depends on S, (increasing S, raises OE; [ra{, ] /0i; when p < 1), S, (increasing S, lowers
OE; [ra},,] /0i; when p > 0), and p (raising p reduces IE; [rz}, ] /0i;).

B.5 Relationship to consumption-based models

Discussion Our quantity-driven, segmented-markets model provides a unified way to understand
term premia and exchange rates. Table A24 compares our model’s implications with those of leading
frictionless, consumption-based asset pricing models. The table shows that our model is able to
simultaneously match many important stylized facts about long-term bonds and foreign exchange rates.
By contrast, leading consumption-based models struggle to simultaneously match these empirical
patterns in a unified way.

The key driver of the differences is that our assumption that the global bond and foreign exchange
markets are partially segmented from financial markets more broadly. As a result, the wealth of
intermediaries in these global bond markets need not be closely tied to aggregate consumption or
conditions in other financial markets (e.g., equities). To be clear, we are not assuming that financial
markets are highly segmented; we are simply positing that there is some segmentation at the level of
broad financial asset classes.

As shown in column (1) of Table A24, the starkest implication of this assumption is that, in our
model, FX rates move in response to shifts in the supply and demand for assets in different currencies—
e.g., central banks’ QE policies—which intermediaries must absorb. By contrast, in frictionless asset-
pricing theories, a mere “reshuffling” of assets between different agents in the economy has no asset
pricing implications.

A second implication of this segmentation assumption is 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. As shown in columns (2)-(4) of Table A24,
this helps us fit several features of the term structure of interest rates. Empirically, short-term real
interest rates typically rise in economic expansions and fall in recessions. As a result, long-term real
bonds are a macroeconomic hedge for the representative household, which leads most consumption-
based models to predict negative real term premia.!” Empirically, however, both real term and nominal
term premia are positive. By contrast, in our model as in Vayanos and Vila (2021), long-term bonds
are risky for specialized bond investors, who suffer capital losses when short rates rise, and real term
premia are therefore positive.

Traditional complete-markets models also imply different patterns of comovement between ex-
change rates and real interest rates than our model, summarized in columns (5)-(7) of Table A24. In
complete-markets models, foreign currency appreciates in bad times for foreign agents—i.e., Q;11/Q; =
M}, /My, in these models, where M}, and M, , are the foreign and domestic SDF, respectively.
This appreciation occurs despite the fact that short-term foreign interest rates fall in bad foreign times
(Engel [2016]) and makes domestic assets risky for foreign agents, thus rationalizing imperfect interna-
tional risk sharing with complete financial markets.!® Furthermore, since long-term bonds are hedge

1"There are consumption-based models in which 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.

8Lustig and Verdelhan (2019) consider the implications of relaxing the “complete-spanning” assumption that
Agi1 = mi, — My and instead assume Aqipy = my,; — myy1 + 1, Where 7, is wedge term that captures
market incompleteness. If both domestic and foreign agents are both on their Euler equations for short-term bonds in
both currencies, Lustig and Verdelhan (2019) show that this alone imposes tight restrictions on the wedge term 7, .
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assets in consumption-based models, foreign long-term bond yields fall in the same bad foreign times
that foreign currency appreciates. As a result, foreign currency returns are positively correlated with
long-term foreign bond returns and negatively correlated with long-term domestic bond returns. Thus,
in most consumption-based models, the FX risk premium is increasing in the foreign-minus-domestic
term premium differential (i.e., E,[rz{, ] is positively related to Eifrz]}, — rzf,]). See below for
additional discussion.

By contrast, in our theory and in the data, foreign currency appreciates when short-term foreign
interest rates rise relative to short-term domestic interest rates (Engel [2016]). Furthermore, the
realized returns on foreign currency are negatively correlated with foreign bond returns and positively
correlated with domestic bond returns. 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.

As we showed above, our model can also jointly match the Fama (1984) and Campbell-Shiller
(1991) forecasting results, thereby linking expected returns to the level of short-term interest rates.
While consumption-based models can match the Fama (1984) result (see, e.g., Verdelhan [2010] and
Bansal and Shaliastovich [2012]), they struggle to simultaneously match the Campbell-Shiller (1991)
pattern, as summarized in columns (8)-(10) of Table A24. Consider, for instance, the habit formation
model of Verdelhan (2010). When domestic agents are closer to their habit level of consumption than
foreign agents, domestic agents are more risk averse. Thus, the expected excess return to holding
foreign currency must be positive at these times. Since the precautionary savings effect dominates
the intertemporal substitution effect in Verdelhan’s (2010) model, domestic short rates will be below
foreign short rates at these times, thereby generating the Fama (1984) pattern. However, since interest
rates decline in bad economic times in the model, long-term real bonds hedge macroeconomic risk and
carry a negative term premium. Furthermore, bond risk premia are more negative when short rates
are low. Thus, if the Verdelhan (2010) model is calibrated so the term structure is steeper when
short rates are low, the model delivers a negative association between the term spread and bond risk
premia, contrary to Campbell-Shiller (1991).' The same is true for Bansal and Shaliastovich (2012),
a long-run risks model of foreign exchange.

While it poses a challenge for existing models, it will be possible to develop complete-markets
models that, like our model, can match Lustig, Stathopoulos, and Verdelhan’s (2019) finding that
the FX carry trade earns lower returns when implemented with long-term bonds instead of short-
term bonds. As explained in Lustig et al (2019), the resolution is to assume that the domestic and
foreign SDF's share a similar permanent component but different transitory components, implying that
international risk-sharing is greater in the long-run. However, to the extent that short- and long-term
interest rates still fall in bad times in this next generation of consumption-based models, they will still
struggle to match the correlation structure between contemporaneous returns and between different
risk premia that we see in the data.

Formal details 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 = M1 (Qua1/Qy) - (21)

As a result, while this form of market incompleteness can help explain the volatility of exchange rates and FX risk
premium, they show it cannot overturn the crucial (and arguably counterfactual) implication that foreign exchange
rates appreciate in bad times for foreign agents.

197¢ 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 (more inverted) when short rates are low, which is counterfactual.
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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 — Gt = m:+1 — Mty (22)

Thus, frictionless theories imply that foreign currency appreciates in bad times for foreign agents where
my,; is high and depreciates in bad times for domestic agents when m;,; 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 24, 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 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, perhaps, because F; [m‘f +1} is increasing in (i} —4;)) 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

COUt [Aqt+17 A (@T—I—l - it-i—l)] = COUt [T:L‘g+1, Z.;fk-i-l - it+1:| < 0. (23)
By contrast, in our theory as in the data, we have Cov; [Aqt_H, A (i;‘H — it+1)} > 0.
Assuming that both the foreign and domestic SDF's are log-normally distributed, we have

Ey [ral] = Eylgea — q + (i —i0)] = 5 (07 [me] — of [miy4]) (24)

1
2
which follows from the facts that g1 — ¢ = mjy, — myp, i = —Eimes] — 0f[mea]/2, and i =
—Ey[mj;. ) —oi[m},]/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
Et[rx%jtl] + 5‘7?[7“5”?“] = —007"7‘15[7“37?“7 mt-i—l}a-t[rxi/—&—l]at[mt-&—l]a (25a)
* 1 * * % * "
Eifray ] + 5Uf[?“$i’+1] = —Corryfray y, mylofray o, [mi,] . (25b)

Consumption-based models almost always imply that Corr,[ra?, |, m; 1] > 0 and Corry[ra?, ,, ms, ] >

T . . :
20We have i1 = — 3,y (Mfy 14 — Mayi4s) + Gy Letting Eyyi [giqo0) = limr— o Erya [ge47] and taking expecta-
tions and the limit as 7' — oo, we obtain g1 = — 3272, Erp1[myiq; — Mititj] + B [@rroo] = 22520 Brpalitiigy —
G145 = T8¢ 404 ;] + Bt [Gr4oo]. Since
N NI N

(Et+1 - Et) qt+1 = Z;‘io (Et+1 - Et) [iz+1+j - it+1+j] - Z;io (Et+1 - Et) [ng+2+j] + (Et+1 - Et) [qt+00]

unexpected movements in exchange rates must either reflect news about the future interest rate differentials (/\/;l+fl),
news about future excess returns on foreign exchange (/\/'{Jff), or permanent news about the long-run level of foreign
currency (NZ>).
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0—i.e., long-term domestic (foreign) bonds are an attractive hedge for domestic (foreign) investors.
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; [rz{,,] is negatively related to E; [ral;, —ra?, ] —i.e., the expected excess 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 SDFs (o¢[m1] and o.[m; ])
vary over time—e.g., due to time-varying risk aversion as in habit formation 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 disaster (Gabaix [2012] and Wachter [2013]).
Thus, since Corry[ray, ,,myq1] > 0, an increase in oy[my;q] raises Eyraf, ], but reduces E;razf,  ]—
ie., Corr (Eyrz{ ], Ey[ra},,]) < 0. By contrast, in our model, E,[rz{ ] tends to be high at the
same time that Ej[razf,,] is also high—i.e., Corr (E[ra},,], Ey[ra},,]) > 0. Symmetrically, since
Corrfral,,,m: 1) > 0, an increase in o,[mj,,] reduces Ei[ra{, ;] and also reduces Et[rxfjrl]—i.e.,
Corr(Ey[ral ], Eyfra?,,]) > 0. By contrast, in our model, we have Corr(E;[rzl, ], Ei[ra¥,,]) < 0.

This crucial difference stems from two differences between our theory and standard frictionless
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 o?[rzf,,] = o?[rz},,] = o2 and Corryfraf,,, m11] =
Corry[rz{,,,mi ] = 0,,, > 0 are constant over time, so
y L,
Eyfrai] + 5%y = — 0y mTy0t[Mey1], (26a)
. 1 .
Et[rxgt!-&-l] + 50-32; = _Qy,mgygt[mt+1]- (26b)

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

Eylrafly — rafi1] = 0,0y (0e[men] — oe[miy]) - (27)

Using Eq. (24), we find that:

>0

.

Toumep] + oumia]] .
E, [ngﬂ} = 2 o S E Et[rxfﬂ - Tm?—&—l]' (28)
ym-Y

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
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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

. 20, ,.0
Ejrad 4+ (ral  —ra? )] =1+ wm Y By {ral ] 29
tlraf + (refa t41)] < o] + o0 [ma] o [radia] (29)

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.

Behavioral models Building on Frankel and Froot (1989), a set of recent papers have sought to
link the predictability of exchange rate returns to expectational errors about short rates (e.g., Valente,
Vasudevan, and Wu [2022], Candian and De Leo [2022], Granziera and Sihvonen [2020]). The key idea,
which goes back to Gourinchas and Tornell (2004), is that investors must underreact to news about
short rates.

For instance, suppose the true persistence of short-rate shocks is ¢, € (0, 1), but investors mis-
takenly believe the persistence is (251 € (0,1). For simplicity, assume investors are risk neutral so all
subjectively expected excess returns are zero Formally, letting E?[-] denote investors’ biased expec-
tations, we have

00 1 . = ]- - 6 . =
w = (1-9) ijo 0 Eylives] =+ ~ (Zt - Z)
* [e’e) J b * = ]- - 5 o -
yp = (1-9) ijo 0" By [Zt+j] =1+ ~ (Zt - Z)
100,
q = ijo Eﬂlt—&-j — g = —— (iy —ir) .
1—¢,
However, the objectively expected excess returns perceived by a rational econometrician are
E, [TIE?H] = - i = (¢2 - &51) (it - E)
1— 09,
) n _
 [rat] o ¢:) (i =)
q 1 N 3 .
L [Txt-&-l] = 15 (¢; — &) (i7 — i) -

Also, note that

-4y, -
).

Y — =

It is easy to see that if ¢, < ¢, then (1) E, [raf,,] is increasing in (i} — i) as in Fama (1984) and
(2) Ey [rz!,,] is increasing in y; — i; and E; [ra¥},] is increasing in y; — i} as in Fama and Bliss (1987)
and Campbell and Shiller (1991). Intuitively, the Fama (1984) results arises because short rates mean
revert more slowly than investors expect and, hence, currencies with high short rates depreciate less
than investors expect. The Campbell-Shiller (1991) fact also arises because short rates mean revert
more slowly than investors expect.
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Furthermore, we have

. [ 1 0 | A e
Ly [Txgﬂ + Tx?ﬂ - TI%+1} = L_—gbz - (1 _ 5&)] (¢; — ¢:) (i — i) -

If ¢, < ¢, then (3) E, [raf,, +rzfi, — ral ] is increasing in (i; — 4;), but not as strongly as E; [rzf,,],
implying that |E; [raf,, +rafyy —ral, ]| < |E [raf,y]| (with strict inequality when if # 4,). In
other words, this simple behavioral model can also match the evidence in Lustig, Stathopolous, and
Verdelhan (2019) that the long-term FX carry trade earns lower returns that the traditional short-term
FX carry trade. The three recent papers mentioned above provide evidence from surveys consistent
with the idea that ¢; < ¢;.

While these behavioral approaches match the key return predictability results that our model deliv-
ers in Section 3.4, it is unlikely that a behavioral approach would match all the facts our model delivers.
In particular, an approach based purely on expectational errors would not explain our quantity-based
evidence—e.g., why Quantitative Easing impacts exchange rates and term premia. In addition, our
results on the relationship between CIP violations and spot exchange rates and the ways that segmen-
tation can generate trade flows would be hard to match in an otherwise frictionless model with biased
expectations.

C Model extensions

C.1 Choice of parameters for numerical illustrations

This section details the parameter choices underlying Figures 2, 3, and Al.

Each period in our numerical illustrations represents one month. For parameters that can be
readily estimated, we choose parameters based on the data in our sample. The other parameters—
most importantly the volatility of net supply shocks and the aggregate risk tolerance of investors
(1)—have been chosen informally to generate results seem economically plausible.

Here are the details:*!

e Short rate parameters: o;, ¢,, and p.

— The volatility of short rate shocks of o; = 0.25% is chosen to roughly match the monthly
volatility of changes in short-rates for the currencies in our sample.??

— The short rate persistence of ¢, = 0.985 is chosen to match the average monthly persistence
of short rates for the currencies in our sample. For reference, ¢, = 0.985 implies that the
half-life of a shock to short rates is 46 months. Together our choices of o; and ¢, imply
that the long-run volatility of short rates is y/o?/ (1 — ¢22) = 1.4%, matching the average
short-rate volatility of the currencies in our sample.

— We set § = 119/120 which means that the long-term bonds in our illustrations have a
duration of D = 1/(1 —¢) = 120 months—i.e., 10-years. Thus, our parameter choices

21Tn the prior draft, we had set o; = 0.30%, ¢, = 0.98, and 7 = 1.75. We changed o; and ¢, slightly because we added
three additional currencies to our baseline sample. This had almost no impact on our figures.
22(iven the high monthly persistence of short rates—i.e., since ¢; ~ 1, we have Var [iz41 — is] = (¢; — 1) Var [iy] +

0? ~ 02 for monthly changes.
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imply that a 1 basis point increase in the short-rate i; should raise the yield on a coupon-
bearing bond with a duration of 10-years by (1 — ¢§) / (1 — d¢;) =~ 0.36 basis points through
the expectations hypothesis channel. Relatedly, a 1 basis point increase in the short-rate
should raise the 10-year forward rate by ¢;°° ~ 0.16 basis points.

— We assume p = Corrle;,, ,, 5"?+1] = 0.5 based on the correlation between monthly changes in
U.S. and foreign currency short rates in our sample.?® Specifically, the correlations between
monthly changes in 1-year USD rates and 1-year rates in the six other currencies in our
sample are as follows:

Currency: AUD CAD CHF EUR GBP JPY Average
De 0.40 0.73 049 0.52 058 0.29 0.50

The average across the six currencies in our sample is 0.50.
e Supply parameters: o, 0, Py, and ¢ ,.

— When we solve our model in the presence of supply risk, the volatility of bond supply
shocks (04 ) and FX supply shocks (04 ) are always multiplied by the inverse of total risk
tolerance—i.e., these volatilities always appear in terms like 77 !oy and 77 'o.. Thus,
investor risk tolerance (7) and one of these supply volatilities are not separately identified
based on prices alone: only their ratio is identified. Therefore, we normalize o, = 1. And,
we also assume oy = 04 for the sake of simplicity—i.e., we assume that bond supply
shocks and FX supply shocks are equally volatile. However, our illustrations do not change
substantively if we assume a different mix of bond and FX supply shocks.

— We assume ¢, = ¢,, = 0.95, implying that the half-life of supply shocks is 14 months. This
captures what we view as the empirically-relevant case where the net supply shocks that
drive risk premia are less persistent than the underlying short-rate shocks.

e Other parameters: o~ and 7.

— All of our illustrations assume the exchange rate contains a small random walk component
whose monthly innovations have a volatility of o4, = 0.5%. Admittedly, this is chosen
somewhat arbitrarily. As discussed in the paper, we add this random walk component to
exchange rates so that exchange rates are not spanned by long-term bonds in the absence
of supply shocks. When supply risk is small, this smooths out the illustrations in Figure
2 near the limit where bond and FX markets become perfectly segmented (i.e., near the
p = 1 boundary).

— We set 7 = 1.80. This has been chosen to generate results seem economically plausible.
e Parameters for individual figures:

— In Figure 2, we assume m = 1/3, so specialists are evenly split between domestic bonds,
foreign bonds, and foreign exchange. We focus on this symmetric case for the sake of

23Given the high persistence of short rates at monthly horizons—i.e., since ¢; ~ 1, we have

, o ‘ Covligiy —ig, it — it 1) Covliy,i] + po?
COTT[ZhLl - Ztvlz+1 - Z;&k] = [ s Dbl t] = (¢Z ) [ L t] po-l = p= COTT[EZ},+1)575I+1

\/Va‘r[it+1 — ) Var [if,, — i}] (¢; — 1)* Var [i] + o?

for monthly changes.
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simplicity: we do have any evidence suggesting that the risk bearing capacity of specialists
is distributed in this symmetric fashion.

— In Figure 3, we assume bond investors are split equally between the home and foreign
country. We focus on this symmetric case for simplicity and not due to any specific evidence
suggesting that risk bearing capacity is symmetrically distributed.

— In Figure Al, we assume unhedged bond investors are split equally between the home and
foreign country. Again, we focus on this symmetric case purely for simplicity.

C.2 Adding unhedged bond investors

A variety of frictions, including constraints on short-selling or using derivatives, may limit some in-
vestors’ ability to hedge FX risk. In our third extension, we add bond investors who cannot hedge
FX risk—i.e., investors who cannot separately manage the FX exposure resulting from 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 bond investors, who can separately manage their exposures to foreign
currency and the foreign yield-curve trade, these unhedged domestic investors always “staple together”
the returns on the FX trade and the foreign yield-curve trade. We show that adding unhedged in-
vestors is like introducing a particular form of market segmentation. Thus, adding unhedged investors
amplifies the effect of supply shocks on exchange rates and leads to endogenous trading flows.

We assume there are three investor types—all with mean-variance preferences over one-period-
ahead wealth and risk tolerance 7 in domestic currency terms—who only differ in terms of the assets
they can trade:

1. Unhedged domestic investors are present in mass 17/2. 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 7“55?;1 + raf,, over short-term domestic bonds.

2. Unhedged foreign investors are present in mass 17/2 and are the mirror image of unhedged domes-
tic investors. If they buy long-term domestic bonds, they must take on FX exposure, generating
an excess return of rzy,; — raf ; over short-term foreign bonds.

3. Global bond investors, present in mass (1 —n), can hold short- and long-term bonds in both
currencies and can engage in all three carry trades.

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

Below, we solve for equilibrium and obtain the following results:

Proposition A3: Adding unhedged bond investors. Suppose p € (0,1) and that fraction n of
bond investors cannot hedge FX risk. We have the following results:

(i.) Price impact. Suppose o2, = 02, = 0. Increasing the fraction of unhedged investors n: (a)

increases own-market price impact: 9*E; [raf.,| /0s;0n > 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, [rmﬁl} /0s!on <

0 and 0*E, [T:Biﬂrl] /0s¥*0n < 0; (c) increases the impact of bond supply shocks on exchange
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rates: O°Ey [raf,,| /0s{0n > 0 and O*E; [raf,,]| /0s!"0n < 0; and (d) raises the expected returns
on the bond market portfolio rz}' | = s;rxepr: OErx},|/0n > 0 for any s; # 0.

(ii.) Introducing unhedged bond investors leads to endogenous trading. Suppose o2, > 0,
and o2, > 0. For any n € (0,1], a shock to the supply of any asset a € {y,y*,q} triggers trading
in all assets o' # a.

Figure A1l 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 n = 0, an increase in domestic
bond supply s raises the expected returns on all three trades. As 7 rises, the impact on domestic
bond returns rises. Own-market price impact rises because we are replacing global bond 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, 0E,[rz{},]/0s{ must fall with n: otherwise unhedged foreign investors’ demand
for foreign bonds will exceed the (unchanged) net supply of foreign bonds. Finally, as 1 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 E,[rzf, ;] and
Ey[rz};,] and decreasing in Ey[rz} ,]. Thus, with 0E;[rz}, ,]/0s] rising with n and 0E;[rz};,]/0s{
falling, OF,[rzf, ,]/0s{ must rise with 1 to keep the foreign exchange market in equilibrium.

The three plots in Panel B of Figure A1l show the trading response to a positive shock to domestic
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. Unhedged domestic
investors buy domestic bonds and—to lower their common short-rate exposure—reduce their unhedged
holdings of foreign bonds. Global bond 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 bond 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.

This extension captures one common intuition about how QE policies may impact exchange rates
rates. For instance, explaining in May 2015 how he believed large-scale bond purchases by the European
Central Bank had weakened the euro, 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{—lead unhedged domestic investors 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 bond market. This segmentation implies that a reduction in domestic
bond supply leads to trading flows in the FX market and a larger depreciation of domestic currency
than in our baseline model.
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C.3 Interest-rate insensitive assets

The key intuition in our baseline 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. This leads shocks to the supply
of other rate-sensitive assets—such as long-term domestic and foreign bonds—to impact exchange
rates. However, in the absence of additional frictions, shocks to the supply of interest-rate insensitive
assets—assets whose returns are not naturally exposed to short rate risk—will not impact exchange
rates.

To see this idea most starkly, we can add a hypothetical set of domestic and foreign assets that
have zero interest-rate exposure, which we label Z assets, to the model. We make a series of admit-
tedly extreme assumptions to guarantee that the excess returns on domestic and foreign Z assets are
naturally uncorrelated with those on long-term bonds and foreign exchange.?* If investors in Z assets
can separately manage their FX exposures and CIP holds, then shocks to the supply of Z assets will
not impact equilibrium exchange rates. For instance, an increase in the supply of domestic Z assets
pushes up the domestic Z asset risk premium, leaving FX premia unchanged. The shock will lead
foreign investors to purchase domestic Z assets, but they will do so on a fully FX-hedged basis, leaving
the FX exposure of global bond investors unchanged.

However, if there are CIP violations as in Subsection 4.2 of the paper or if some non-local investors
in Z assets cannot hedge FX risk as in Subsection C.2, then shocks to Z assets will also impact
spot FX rates. Under these conditions, investors in Z assets will not fully FX-hedge their non-local
investments. As a result, shocks to the supply of Z assets will alter the FX exposures of non-local
investors in Z assets and, thus by FX market-clearing, those of global bond investors.

In this way, our framework suggests that shocks to the supply-and-demand for even interest-rate-
insensitive assets can meaningfully impact spot exchange rates when FX hedging is limited, consistent
with a host of recent empirical findings (Hau and Rey [2005], Hau, Massa, and Peress [2009], Lilley,
Maggiori, Neiman, and Schreger [2019], and Pandolfi and Williams [2019]). This line of reasoning
suggests that the rise in bank balance sheet costs—and the corresponding CIP deviations—that have
emerged since 2008 may have increased the set of capital market flows that can impact spot exchange
rates. Furthermore, if bank balance sheet costs lead to CIP deviations, then the cross-border flows
triggered by shocks to interest-rate-insensitive assets can lead spot exchange rates and the CIP basis
to co-move positively as in Subsection 4.2.

D Solution of the baseline model

D.1 Equilibrium conjecture

There are three prices that we need to pin down in equilibrium: ¥, y;, and ¢,. We conjecture that
prices are a linear function of a state vector z;:

_ Y y/
Y = QT+ Qg z,

* Y* y*/
Yo = Qg T Oy Zy,
_ q q/

QG = Oyt aqZ.

Given our assumptions, the 5 x 1 state vector z, = [it -7, -1, s{—38, sIF—3, sf]/ follows a
VAR(1) process z,.1 = ®z; + £,41, with Var, [g;11] = 2 and &= diag(¢;, ¢;, s, P, Psa). We stack

. !/ / /
these three prices as a vector y; = a+ Az, where y: = [y, yi, @), a = [af, oy, of], A = [af, !, a]]".

24Gpecifically, we assume news about the cashflows of Z assets perfectly offsets news about higher short-term rates. We
also assume that news about future risk premia on Z assets is driven by supply-and-demand shocks that are independent
of those driving bond and FX markets.
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D.2 Equilibrium concept, multiplicity, and selection

A rational expectations equilibrium of our overlapping-generations model is a fixed point of a specific
operator involving the “price-impact” coefficients, @ = vec (A), which show how the supplies impact
bond yields and FX prices. Specifically, consider the operator f () which gives the price-impact
coefficients that will clear the market for long-term bonds and FX when agents conjecture that a = «.
Thus, a rational expectations equilibrium of our model is a fixed point a* = f (a*).

In any rational expectations equilibrium of our baseline model, bond yields always and FX prices
reflect the expected path of future short rates. As a result, risk premia do not depend on short rates.
This implies that an equilibrium of our baseline model is a solution to a system of 9 nonlinear equations
in 9 unknowns. Specifically, we need to determine how equilibrium yields and FX prices respond to
shifts in the supply of long-term bonds and the FX carry trade: this generates 9 unknowns and 9
corresponding equations.?’

When supply is stochastic, an equilibrium solution only exists if investors are sufficiently risk
tolerant (i.e., for 7 sufficiently large). When an equilibrium exists, there are multiple equilibrium
solutions. Equilibrium non-existence and multiplicity of this sort arise in overlapping-generations,
rational-expectations models such as ours where risk-averse investors with finite investment horizons
trade an infinitely-lived asset that is subject to supply shocks.?® Different equilibria correspond to
different self-fulfilling beliefs that investors can hold about the price-impact of supply shocks and,
hence, the risks associated with holding long-term bonds and the FX carry trade.

The intuition for equilibrium multiplicity can be understood most clearly if short-lived investors
hold a single long-lived asset. If investors are sufficiently risk tolerant there are two equilibria in this
special case: a low price impact (or low return volatility) equilibrium and a high price impact (or
high return volatility) equilibrium. If investors believe that supply shocks will have a large impact
on prices, they will perceive the asset as being highly risky. As a result, investors will only absorb a
positive supply shock if they are compensated by a large decline in prices, making the initial belief
self-fulfilling. However, if investors believe that prices will be less sensitive to supply shocks, they will
perceive the asset as being less risky and will absorb a supply shock even if they are only compensated
by a modest decline in prices.

While our model admits multiple equilibria, we always find a unique equilibrium that is stable
in the sense that equilibrium is robust to a small perturbation in investors’ beliefs regarding the
equilibrium that will prevail in the future. Formally, letting o) = a* +£ for some small € and defining
a™ = f(a™ 1), an equilibrium a* is stable if lim,, ., @™ = a* and is unstable if lim,,_., o™ # a*.
Let {\;} denote the eigenvalues of the Jacobian D,f (a*). If max;|)\;| < 1, then a* is stable; if
max; |\;| > 1, then a* is unstable. We focus on this unique stable equilibrium in our numerical
illustrations.

Why do we focus on the unique stable equilibrium? First, consistent with Samuelson’s (1947)
correspondence principle, the single stable equilibrium has local comparative statics that comport
with common sense economic intuition. By contrast, the unstable equilibria feature comparative
statics that conflict with standard intuition.?” To understand the intuition for this result, consider

25Once we allow bond supply to depend on the level of yields and carry trade exposures to depend on the exchange
rate, risk premia will depend short rates. In that case, we need to determine how equilibrium yields and FX prices
respond to shifts in the supply of long-term bonds and the FX carry trade as well as short rates: this generates 15
unknowns and 15 corresponding equations.

20For previous treatments of these issues, see Spiegel (1998), Bacchetta and van Wincoop (2003), Watanabe (2008),
Banerjee (2011), Greenwood and Vayanos (2014), and Albagli (2015).

2TFor instance, in the simple case discussed above with only a single risky asset, the low price-impact equilibrium
is stable and the high price-impact equilibrium is unstable. At the stable equilibrium, an increase in the volatility of
short-term rate shocks or the volatility of supply shocks is associated with an increase in the price-impact coefficient
and an increase in the volatility of returns. By contrast, these comparitive statics take the opposite sign at the unstable
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the impact of some parameter 7 on the equilibrium. An equilibrium satisfies a* = f (a*,7). By the
implicit function theorem, we have

D,a* = [I - D,f (a*,7)] ' D, f (a*,7).

If an equilibrium is stable (as well as isolated and non-degenerate), then all of the eigenvalues of
D.f (a*,v) have a modulus less than 1 and we can write

Do =[5 (Daf (a,7))D,f (a",7).

This says that comparative statics on a* have a straightforward interpretation in terms of a dynamic
adjustment process. The first-round direct effect is D,f (a*,v). The second-round indirect effect is
then Dof (a*,7) D,f (a*, 7). The third-round indirect effect is (Dqof (a*,7))* D,f (a*, 7). The total
effect is the sum across all rounds.?® Samuelson’s correspondence principle refers to this correspondence
between equilibrium comparative statics and the result of this dynamic adjustment process.

When equilibrium only involves a single variable, knowledge that an equilibrium is stable (unsta-
ble) allows one to unambiguously determine the sign of equilibrium comparative statics (Samuelson
(1947)).2° Things are more complicated when an equilibrium involves multiple unknowns as it does in
our general (Arrow and Hahn (1971) and Echenique (2002, 2008)). In multivariate settings, knowledge
that an equilibrium is stable (or unstable) only allows one to unambiguously sign equilibrium compar-
ative statics in very special cases. However, the fact that an equilibrium is stable, still has qualitative
implications for comparative statics.

Second, the unique stable equilibrium of our general model has a well-behaved limit as investors’
risk tolerance grows large (7 — oo) in the sense that it converges to the equilibrium with risk-neutral
investors. By contrast, the unstable equilibria explode in this limit with one or more price-impact
coefficients going to infinity. Similarly, as the volatility of supply shocks vanishes, the stable equilibrium
converges to the equilibrium with deterministic supply. Again, the unstable equilibria explode in this
limit.

D.3 Equilibrium solution

To find a rational expectations equilibrium of our overlapping-generations model, we need to set up
the fixed point problem discussed above. In our baseline model, one can either think of this as a fixed
point problem involving A or V.

To set up this problem, we begin with the market-clearing conditions F; [rx;,;] = 77 'Vs;. We
write the vector of excess returns as

Yy 1 ) .
7“$ty¢1 11T5?Jt - ?E(gyt—&-l — U
_ _ * * x|
IXep1 = (T0q | = | 155Y% — 195V — i | = Boye + Biyi + Razg 41,
q - % -
TTi4q Qi1 — @ + (i} — iy

equilibrium.

2By contrast, if an equilibrium is unstable then some of the eigenvalues of D,f (a*,7) have a modulus greater
than 1. Thus, we have [[ — Dof (@*,7)] " # [25°, (Daf (a*,7))"] so Dya* # [327°, (Daf (a*,7))']D,f (a*, ) and
comparative statics don’t have this intuitive interptation.

29 Consider a univariate fixed point problem of the form a* = f (a*,7). An equilibrium is stable if |0 f (a*,7) /0| < 1.
The comparative static with respect to 7 is da* /8y = [L — f (a*,~) /8a] "' [Of (o*,~) /8y]. When |8f (a*,7) /dal <
1, we have da*/dy = [Y oy (Of (a*,7) 100)[0f (a*,7) /7] o 8f (a*,~) /Oy. However, when df (a*,~) /da > 1,
da* [0y x =0 f (a*,v) /0.
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where

& 0 0 - 0 0 -1 0 0 0 0 —1
Bp=|0 &5 0|,Bi=| 0 —% 0|, Ri=|0 -1 0 0 0|,andrg= |-
0 0 -1 0 0 1 -1 1 000 0

Substituing y; = a+ Az; and y;,1 = a+ Az, = a+ APz, + Aeyyq, we obtain
Xy = [Boa + Bla + I‘()] + [BoA + BlAQ + Rl] Z; + [BlA] Et+1,
which implies
Et [rXt+1] = [Boa + Bla + I'[)] + [BQA + BlA(ﬁ + Rl] Zy,

and
V = Var, [rxi1] = BIAXA'B].

Finally, the vector of net asset supplies that fixed-income investor must hold in equilibrium can be
written as s; = sg + S12z;, where

00100 sY
S;=1(0 0 01 0| andsy= |sY
00001 0

Thus, the market clearing conditions F; [rx; 1] = 77 Vs, can be written as
[Boa + Bla + I'()] + [B()A + BlAq) + Rl] Z; — Til (BlAEA,Bll) (SU + Slzt) . (30)

Since By, By, and ® are diagonal, it follows that [BoA + B;A®| = Ao [BoE + B;E®] where o
denotes element-wise matrix multiplication (i.e., the Hadamard product) and E is a 3 x 5 matrix of
1s. Specifically, we have

1-6¢,  1-6¢, 1—0.y 1-8¢y  1-0.q
117535 117525 1 16755 1 157155 1 15}?
— — o9 — 0@, —9Psy —0Psy —O0®Psa
[BoE + B,E®| = 15 19 19 19 19

gbz_]' ¢1_1 qbsy_l ¢sy_1 Cbsq—l

Thus, matching the matrices multiplying the state vector z;, we see that A must solve the following
fixed point problem:

A = [ 'B,ATA'B)S, - Ry] @ [BoE + B,E®], (31)

where @ denotes element-wise matrix division (i.e., Hadamard division).?* As we show below, the 6
elements for short rates are trivially pinned down, so this can be reduced to a fixed point problem
involving the 9 price impact coefficients which govern how prices respond to changes in asset supply.
Matching coefficients on the vector of constants, we find

(Bo+Bj)a= [r'BJASA'B|sy — 1] . (32)

Since the final row of By + B only contains zeros, the constants for the two bond yields are pinned
down in equilibrium, but the constant for the exchange rate is not pinned down.

30The price function that will clear markets today when agents conjecture that the price function will be A at all
future dates is A = Bal [T71 (BlAEA’B’l) S1 — (B1A® + Rl)]. Of course, any solution to this modified fixed point

problem is a solution to the fixed point problem in equation (31) and vice versa.
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Coefficients on short rates To further characterize the solution A, we partition z, as z, = [z; ;, z, ,|'

where z;;, = [it -7, i — ﬂ’ and z,; = [sf —5Y, s —3Y, sﬂ,. Thus, z;; contains the two state
variables that drive short rates and z,; contains the three state variables that drive asset supply.
Similarly, we partition A as A =[A;, A;] where A, is the 3 x 2 matrix of loadings on x;; and A is the
3 x 3 matrix of loadings on x,,. For an arbitrary matrix X, let X[l for m > n be the submatrix

consisting of columns n, n + 1, ..., m — 1, mof X. Given the form of R; and S;, we see that
B 1-6¢,  1-3¢, 1-6 0
1-2) 12 b 159, 1550, 0
A;=-R; " 0[BE + B,E®] =— |0 Lol TF|= = (33)
-1 1 ¢ —1 ¢ —1 1 1o

Thus, the coefficients A; governing how asset prices respond to interest rates are trivially pinned down
in any rational expectations equilibrium.

Price impact coefficients Next, making use of the assumed orthogonality between short rate shocks
and supply shocks, we partition the variance-covariance matrix of the shocks as

. 2 2 Ogy 0 0
Y= {021 022;3] where X; = [” p";} and S, = | 0 o2 0
3x2 s po} o 0 0 o2
Thus, the variance covariance matrix of excess returns becomes

In other words, V is the sum of a term (B;A;X;A/B)) reflecting the fundamental risk generated by
future shocks to short rates and a term (B;A ;X ;A’B) reflecting the non-fundamental risk generated
by future shocks to asset supply. Again, making use of the form of R; and S, we obtain the following
fixed point problem involving A alone:

A, =F,(A,) =7 [(B1A,SA'B)) + (BA,3,A'B))] © [BoE + B,E®]? | (35)

As discussed above, the operator F; (A;) gives the price function y; = g (A;)+A;z;++F (A;) 25, that
will clear the markets for long-term bonds and FX when agents conjecture that the risk of holding of
assets is determined by the price function y;1; = ag + A;z; 441 + Aszs,1. In other words, equation
(35) says that the equilibrium price impact coefficient must satisfy

L8 1-6 1-5
Yy Y Yy ‘/ —_—
gy Oy Ol 1 g(;)sy 6.y Cyy 5o, Cy.q
Qgy Qgyx Qg | =T — 5¢ Y =55 Cuys 100,y Vi T3¢ Cyra | » (36)
q  a q 1 1
aly al. « -1 -1
sv Tevr o st ~ 16, Cva 15, O 1—¢gq 4

/ 1. . .
where V, = Var [raf,,] and C, o = Covlra{,,, raf,,] are the equilibrium return (co)variances.
The variance-covariance matrix in the absence of supply risk is (B;A;3;AB]) =

2 2
(1—%@) 73 (ﬁ) poi 5o g0t (1-p)
2 2
(—1_%¢.) por (—1-‘%@.) E——— TR (37)
2
1 65(;5 14,7 o (1-p) —1= 5¢ - ¢ o? (1—p) (%) 202 (1—p)
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The contribution of supply risk to the variance-covariance matrix is (B;A,X,A/B)) =

[ ) (a§y>2 o2 ) (afyaly) a2, (aYyaly) o,
(%) | +(a%.) o2, (1) | +(adai)od | = (%) | +(admaln)ad
+(a%)? 02, + (adals) 0%, + (adals) 03,
, (a¥yady) o, ) (Oég;)z o2 (afyady) o,
(1%5) + () o2, (15—6) + (ai{Z*)Q o2, — (%5) + (.0 ) o2,
+ (adsaly) o2 + (ai’Z‘)Q o2 + (ayials) 02
(a¥yal)) o?, (a¥yal,) o?, (@gy)z o2
- (%) + (a0l ) o2, — (%) + (.0l o2, + (a%.)% 02,
| + (afsds) qu + (adsas) qu + (ozfiq)Q qu

As we Will show below, any solution to this fixed point problem must satisfy o¥, = o¥., a%. = o2,

y o q
oy = —a¥;, and o, = — gy -

Yx*

Recasting the fixed-point problem in terms of the variance-covariance matrix We now
recast this fixed point problem involving the 3 x 3 matrix A, as a fixed point problem involving the
3 x 3 variance-covariance matrix of returns V—i.e., a fixed point of the form V = G (V). While A, is
not symmetric, V is symmetric, effectively reducing the fixed-point in 9 unknowns to one involving 6
unknowns. Specifically, making use of equations (34), (36), (37), and (38) and defining the constants,

5 L6 1 L1

9y Oga, hy =7 '——0n,and h, =T

we find that V must satisfy the following system of 6 equations in 6 unknowns:

(5 2
v = (o 5¢) 724 02 (V) 462 (Cpr 02 (G

V;,*(

Vo= (1) 20t 0+ [ o 0 (€ 405 0]

) ol [gy (Vi )2 +9§ (Cy7y*)2 +9621 (Cy*vq)Z]

)
Cyye = ( 50, ) Po; 2+ gyV Cy, y*""gyvy*cy y* +quy ¢Clys, q}

Cyq = _ ¢ _¢ i (1-p) + 951y VyCypat9yhyCyyCagt9q1qCy g Vo
4] 1
Cyprg = — 1—00, 1_¢40-12 (1=p) + [9yhy Vi Cyr g9y 1y Cyp - Cy g +9qhgCy 4 Ve

1_5¢sy To: Ga =T 1_6¢8q Y 1_¢sy . ! 1_¢sq

(39)

(40a)
(40b)
(40¢)
(40d)

(40e)

(40f)

These equations give the actual risk of holding assets when agents make specific conjectures about
future asset risk and thus demand commensurate discounts to absorb supply-and-demand shocks.

It is easy to see that any solution to this fixed-point problem must satisfy V,, = V,, and C,

v, =

—Cyuq- To see this, subtract the second equation from the first to obtain V, — V- = g2 - ((C,)" —
(Cyeo)?). Next, add the fifth and sixth equations to obtain Cy, + Cyu g = [gyhyCyr.q - (Vi —

41
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Gyhy (Cyw* +Vy)

Cy,q + Cy*,q = {

— gqhqV,]. Combining these two expressions, we have

£0
919304 (Cy = Cpea) ] e
1 - gyhy (Cy,y* + ‘/y) — gqhq‘/q Y9 y*,q) s

which implies that Cy , + Cy., = 0. It then follows that V,, = V..
Imposing this symmetry condition, we are left with a fixed point problem involving just four

unknowns:

5 2
(15 ) o+ RO 462 (€ + 42 G

1 ? 2 2 2 2 2
(1) 20 -0+ (203 Co® + 1 )

()

1—-0¢, 1— ng~

ZgyV Cyyr —

ol (1-p) +

D.4 Characterizing the solution

9 (Cya)’]

[hygy (Vy - Cy,y*) + hngvq} Cyyq

(41a)
(41b)

(41c)

(41d)

We now characterize the solution to the system of equations in (41). We first discuss the solution in
the limiting case where supply risk vanishes. We then discuss the solution in the general case where

both 2 > 0 and o2
Y q
ng =0.

D.4.1 Limiting case with no supply risk

> 0. Finally, we discuss the solution in the special case where o

Taking the limit as supply risk grows small (X, — 0), we have

lim V =

s—0

and limy;, .0 A =7~

1-6

1-6¢.y

-1 1-4

1-6¢.y

1
1_¢s

(B1AX;A/B)) = (

_ 5

1-6¢, 1— ¢>
1(B;AZAB)) ©

2 2
1—«5@-) i
2

_5¢.) po;

2501 (1=p)

2 2
(), 7

2 2
1_5¢.> pPT;
i (1-p)

1-6

1-6¢.y

1-4§
1_5¢s

y
0

(
(

1
1-¢gy 1-6¢; 1—¢

) 2 2
<1——&¢i> PIi

2
s 2 5
(1_5¢-> g; 54, 1

i 5¢> - ¢> o7 (1=p) <ﬁ> 202 (1—p)

[BoE + B,E®] )

2
6 2
1_5(]51_) PO

1-0 é
1-0¢pyq 1-0¢; 1— ¢Z

1-¢ ) 1

2

15¢1¢

00,0 105 16,

é 2
1—6@) i
2
Z

(1-p)

o7 (1-p)
o7 (1-p)

—% (1—1%) 207 (1-p)

2 > 0 and
o7 (1—p)
501 (1=p) | »

In the limit where supply risk grows small (X, — 0), all of the price-impact coefficients have the ex-
pected signs. Since the model’s stable equilibrium is continuous in the model’s underlying parameters,
this guarantees that the price-impact coefficients will always have same signs when supply risk is small.
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D.4.2 General solution with both bond and FX supply shocks

When o2, > 0 and 02, > 0, solving the model involves reducing a system of four quadratic equations in
four unknowns to an equation that behaves like a cubic in a single unknown, characterizing solutions
to that equation, and then solving the rest of the system. We assume throughout that p < 1.

Step #1: Solve for A =V, — C,,. as a function of C,,. We subtract condition (41c) for
C, 4« from condition (41a) for Vj to obtain the following quadratic in A =V, — C} .

5 2
o= o) = (1055 ) 720+ 88 0 = G 4262 (G

Since the right-hand-side is always positive, we must have A =V, — C, . > 0. We then solve the
following quadratic equation for A = (V,, — C,, ,.) as a function of C ;:

Y

CA(Cy,q)>0
an>0 ~ % . -
2 2 2 2 0 2
0= g, A=A+ 29, (Cya)” + 1—06¢, o; (1-p)|.

A real solution only exists if

5 2
I > 495 [292 (Cy,q)2 + (1_&25) o} (1-p)

stlow \? | (om0’ ) 5 \?
= 4 : 2 =] (C 2(1-
(1—5% ) [ < =00, > (Cod™+ <1—6¢i> 7 (1=)
or 7 > 7 (Cy,)—i.e., if risk tolerance is sufficiently larger—where this cutoff is an increasing function

of Cy,q.
Let A (C,,) denote the smaller solution to this quadratic:

1— \/1—4aAcA (Cyg)
2aA

A(Cyq) = ) (42)

which corresponds to the stable solution to the fixed point problem. Call the solution A (C,,) > 0

and note that )
2gq Cy.q

1_9§2A (Cy,q)

since 1—g72A (Cy4) > 0 at the relevant solution. Thus, A’ (0) = 0, A" (Cy4) > 0 when C,, > 0, and
A’ (C,,) < 0 when C,, < 0. Also note that

A’ (Cy7q> = o Cyq,

202 (1—g?2A (C, +4¢2¢2N' (C, ) C
A (C,,) = gq( 9y ( y,q)) 9yYq 2( ) Cy.q > 0.

[1_ (gy)2 2A* (Cyﬂ)]

Thus, A (C) is a positive, U-shaped function of Cy 4. Also, note that we have g2A < 1.

Step #2: Solve for V, as a function of C,,. Next, we solve for V, as a function of Cy,.
Rearranging condition (41b) for V,, we want to solve the following quadratic for V, as a function of
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vy (Cy,q)>0
av, >0 r A\

2 .
0= "1 W -V, (%3 O+ (125 ) 2 <1—p>).

A real solution only exists if 7 > 7, (C,,) where this cutoff is an increasing function of C,,. Let

1— \/1—4quch (Cyﬂ)

2qu

Vq (Cyq) = >0 (43)
denote the smaller root of this quadratic which corresponds to the stable solution to the fixed point
problem. Note that, at the relevant solution to this quadratic, v, (0) = 0, v; (Cy4) > 0 when C, , > 0,
and v; (Cy,) < 0 when C,, < 0. Also, note that v (C,,) > 0. Thus, v,(C,,) is also a positive,
U-shaped function of (), ,. Also, note that we have hqu < 1.

Step #3: Plug these functions back into condition (41d) for C,, and solve for C,,.
Plugging in these two functions—A (C,,) and v, (C,,)—into condition (41d) for C, ,, we obtain the
following equation in one unknown for (), ;:

5 1

Cyq=F(Cyy) = ; (1_:0) + [hygy A (Cyq) + hegqvq (Cyq)l Cy g (44)

We now use the properties of F' (C'
F (C,,4) has the following properties:

o F(0) = 55150 (1=p) > 0.

o F'(Cy4) >0 for all Cy,. To see this note that

.q) to characterize the solutions to C,, = F'(C,,). Specifically,

F (Cy,q> = [hygyA (Cy,q> + hg9qVq (Cy,q)] + [hygyAl (Cy,q) + hngV; (Cy,q)] Cyyq

Since A (Cyq) > 0, vy (Cyq) > 0, and sign (A’ (Cy4)) = sign (v, (Cyq)) = sign(Cy4), we have
F'(Cy4) > 0 for all Cy,.

o F"(Cy4) >0 when C,, >0 and F"(C,,) < 0 when C,, < 0. This follows from the fact that

" (Cyq) =2 [hygyA, (Cyq) + hng”:; (Oy,q)} + [hygyA” (Cyq) + hngVﬁ;’ (Oy,q)] Cyq-

e Together, these three previous properties imply that F'(C,,) is a “cubic-shaped” function—i.e.,
F(C,,) is shaped like A+ BX?® for A,B > 0. To be clear, F (C,,) is not actually a cubic
function of Cy ,. It simply behaves qualitatively like a cubic function of C,, 4.

Knowing that F' (Cy,) is “cubic-shaped” allows us to characterize the solutions to C, , = F (Cy,)-
We have the following results:

e Positive solutions: Since (i) F'(0) > 0 and (ii) F’ (Cy4) > 0 and F" (Cy,) > 0 when C, , > 0,
there are no positive solutions if F’ (0) > 1. If F’ (0) < 1, positive solutions may or may not exist.
If there are positive solutions, there can be one or two solutions: a smaller stable solution (at
which F’ (Cy,) < 1) and a larger unstable solution (at which F’(C,,) > 1). Since the existence
of A(C,,) and v, (C,,) depends on C,,—they may exist for (C,,)* small but not for (C,,)°
large—it is possible that no positive solutions exist. And, is possible that the smaller stable root
exists, but that the larger unstable root does not exist.
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e Negative solutions: Since (i) F'(0) > 0 and (ii) F' (Cy,) > 0 and F" (C,,) < 0 when C, , > 0,
there is at most a single negative solution. Furthermore, if it exists, this negative solution must
satisfy F” (C’;"q) > l—i.e., it corresponds to an unstable solution to the fixed point problem.
Since F'(Cy,) is cubic shaped, we have C,, — F' (C,,) < 0 for C,, — —oo, assuming that
F (C,,,) continues to exist as C, , — —oo. However, since the existence of A (Cy,) and v, (C,)
depends on C, ,—they may exist for (C,,)* small but not (C,,)* large—it is possible that this
negative unstable root does not exist.

e Summary: Any stable solution is positive: In summary, C,, = F (C,,) may have 0, 1,
2, or 3 solutions. If positive solutions exist, there is one stable positive solution (the smaller
positive solution) and potentially one additional unstable positive solution (the larger positive
solution). There is at most one negative solution to C,, = F (Cy,) which is always unstable.
Thus, any stable solution is positive. If a stable solution exists, we call this solution CA'M > 0.

e Conditions to ensure existence of a positive stable solution: A positive stable solution
will never exist if 1 < F’(0). Therefore, a necessary—but not sufficient—condition for a positive
stable solution to exist is that:

1> F'(0) = gyhyA(0,7) + gghgry (0,7).

Since both A (0,7) and v, (0,7) are decreasing in 7, this implies that we need 7 sufficiently
large. So we need 7 > 7¢,, where 7¢,  is implicitly defined as the solution to 1 = F'(0,7).
However, knowing that 7 > 7¢, . is necessary—but not sufficient—to ensure the existence of a
positive stable solution. Furthermore, it is clear that only the positive stable solution exists for
770w — 0 and 7710 — 0, since

: o 1 5
Tflasy—}(},ngflasanF (Cyq) = 150,10, o; (1—p) = Constant > 0.

Step #4: If a positive stable solution CA‘M exists, use it to solve for V,, V,, C, .. First,
we solve condition (41a) for V,,. We know C}, and A = A(C,,). To determine V,, we use condition
(41a) and solve the following quadratic equation for V,

) 5 \? .
0 = g§<w>2+g§<%—A>2—%+((1_%}) a?+g§<0y,q>2>

. 5 \?2 N2 .
262 (V,)? = (14 22V, + ((1—5¢-) 7+ g2 (o) +g§<A>2).

A real solution only exists if 7 > %y(CA’M). As usual, if we want the smaller, stable solution of this
quadratic. Call this solution Vy

Second, we can read off the solution to Vj: it is Vq = l/q(é%q) > 0.

Third, we can read off the solution to C ,.: it is CA’y7y* = Vy ~A < ‘A/y Somewhat surprisingly, when
o2, > 0, we can have CA’M* < 0 because foreign exchange supply shocks push domestic and long-term
yields in opposite directions. For instance, if 0%, > 0, 0%, = 02,. = 0, and p = 0, condition (41c)
becomes

Cyyr = _92 (Cy7q)2 <0,

so we must have CA'yvy* < 0. However, when p > 0, the two long-term yields tend to move in the
same direction because domestic and foreign short rates are positively correlated. As a result, we have
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CA'yyy* > 0 unless foreign exchange supply shocks are large and p is near zero.

Summary of solution. When ¢, > 0, 6%, > 0, and p € (0,1), we have

- 5\, . 1 \? 5 1
Vy>(1_—&¢l) ai>0,1/(1>(1_¢i> 207 (1—p) > 0, adeyq>15¢1 ¢ o3 (1—p) >0

in the model’s unique stable equilibrium. Naturally, once we add supply shocks, the equilibrium
volatility of all three excess returns exceeds that in the absence of supply shocks. And, the equilibrium
covariance between the excess returns on domestic bonds and the FX carry trade is positive—i.e.,
CA'yyq = Covy [rz¥ ,,ral, ] > 0—and exceeds that in the absence of supply shocks. However, we can

have CA'y,y* < 0 in the unique stable equilibrium. Specifically, if 2, > 0 and ¢2, = 02,. = 0, then we
have C .« <0 as p — 0.

Solution properties. Consider a stable solution of the model. We show that Vq — QCA’M > (0 and
Cyg+Cyye —V, >0 when 6 <1 and p < 1. First, using the equations in (41), note that

Cy,q + Cy,y* - V;/

502 (1-8) (1 p) o A A o
- (1—,) (60, — 1)2 + [(hygy(Vy — Cyy) + hngV)C’ 29q (Cy, ) — gz(Vy _ C’yy*)?]
607 (1—=10)(1—p) ~a . . . R X A
> (1 o ¢Z) (1 o 5¢2)2 + gg(‘/;/ - Cyvy*) ' [nyq + Cy,y* - Vy} + ggcy,q : [‘/q - QCy,q]y

where the last line follows from the facts that the hs are larger than the gs, V, — C},. > 0, and
Cyq > 0. Since g2(V, — Cy ) < 1 in equilibrium (see above), we have

a>0 biO
. . . ?50? (1=09)(1-p) 1 k ggéyg Nt

[Cyy+ Cyye — V] > ————+ :
P T (1= (106" 1— g2(Vy — Cyp) 1= g2(V, — Cy )

Proceeding similarly, we have

[Vq_Qéyg}
202 (1-6) (L - p .

+ [2h2(Cy )7 + B2(Vi)? = 2(hyg, (Vyy — Cy ) + g V) Clyl

(1—¢;)" (1 - b9,

)
)

20%(1—6) (1= p) o

0o @ ooy TG (Cuat Cue =Vl + 1V [Vy = 26y

Since hgffq < 1 in equilibrium (see above), we have

c>0 d>0
7\

. N 2012 1—-60)(1—0p 1 2h2C, ’ N A .
[Vq - 2C’y,q] > ( 2 ) ( ) ~ 5 y? ’ [Oy,q + Cy,y* - V;;] (46)
(1—9¢)" (1 =d¢;) 1 —n2V, 1-h2V,

~ A

Treating a, b, ¢, and d as fixed positive constants and [CA’M—i—Cy’y* —V,] and [Vq —2C’y7q] as unknowns
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to be characterized, we have shown that

~ ~

[Vq - 2éy,q]/d - C/d > [C’y,q + éyﬂ;* - Vy} >a+b- [‘/;1 - 2éy,q]- (47)

~ ~

Thus, it follows that the equilibrium solution must satisfy [V, — 2C, ] > 0 and [C}, + Cypu — V,] > 0
when § < 1 and p < 1.

Additional results for Subsection 3.3.3 An analogous set of results to those presented in Section
3.3.3 also hold when ¢, > 0. In this case, we have

>0 >0
1 [r$g+1] = [T_lcyvq] - (s{ = s/7) + [T_lvq] 5%, (48)
>0 >0
* o T, (oY oux —1 q
E; [Txi/ﬂ - rw?—i—l] = [T (Vy — Cy,y*)] (sf —s{7) + [27 Cy,q] 5S¢ (49)

Thus, both (i) the expected return on FX carry trade and (ii) difference between domestic and foreign
bond risk premia are increasing in (a) the difference in domestic and foreign bond supply and (b) the
supply of FX carry trade. Combining these equations, we obtain

>0 >0
q qu y y* -1 Vq(‘/;/_cyy*) _Q(qu>2 q
Et [T.TtJrl] = _—’ 'Et [Tl’tJrl - T:Et+1] + |7 ; : *S¢. (50)
Vy — Cyy v = Cyy

As in Section 3.3.3, the expected return on the FX carry trade is increasing in the difference between
domestic and foreign risk premia. However, there is now a second term that reflects the impact of FX
supply on the FX carry trade over and above the impact that FX supply has on the difference in bond
risk premia.?!

Finally, the expected return on the long-term carry trade is

€(0,771Cq,q) €(0,771Vy)
7\ 7\

E; [7’33?-5-1"’ (T’xfil—rxilﬂ)] :r[T_l (Cyq— (V;J_Cy,y*»? (3%_33*) + TT_l (Vq_QCy,q)T'Sg- (51)

Thus, comparing equations (48) and (51), we see that the expected return on the long-term FX carry
trade is less responsive to movements in (sY — s¥*) and s{—and, hence, less variable over time—than
that on the short-term FX carry trade. Specifically, since (V, — C, ) > 0 and C,, > 0, we have
Cyqg— (Vy=Cyyr) < Cyyand V, —2C,, < V,. And, as shown above, both terms are still positive in
the presence of supply risk.>?

Finally, lims_,; [Cy 4 + Cy o — V,] = lim, 1 [Cy, + Cy e — V] = 0 and lims_; [V, — 2C, ;] = lim,_; [V, — 2C,
0. Since Vary [raf,, + (rz¥i, —raf,,)] = V42V, —2C, ;. —4C, 4, this implies that lims_, Var, [raf,, + (rzf}; -
lim,_1 Var, [raf, + (rafi, —raf,;)] = 0. In the limiting cases where long-term bonds have infinite
duration or whether the domestic and foreign short rates are perfectly correlated, the long-term FX
carry trade is completely riskless and therefore earns a zero excess return.

Of course, this result assumes that there are no independent shocks to long-run FX fundamentals

(Ugoo = 0) as in our baseline model. When there are independent shocks to long-run FX fundamen-

31In the presence of supply risk, we have det (V) = (V, 4+ Cyy-) [Vy (Vy — Cyye) — 2(Cyq)’] > 0 Thus, since
(V, + Cyye) > 0, we have V, (V, — Cy =) — 2(Cy4)° > 0 and the term multiplying s? is positive.

%2To interpret this expression, note that [Cy, — (V, —Cy )] = Couv [raf,, + (rafl, —ra},,),rz}, ] and
Vo —2Cy 4] = Covy [raf,y + (rafl, —ral,,) ,rai,].
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tals (02 > 0), we still have lims_; [Cy 4 + Cyyr — V] = lim,_1 [C, 4 + Cyy- — V| = 0. However, when
02 > 0, we now have lims_; [V, — 2C, 4] = lim,_ [V, — 2C, ;] > O and lim;_, Var, [raf,, + (rafy, —raf)] =
lim,_1 Var, [rzf + (rafi, —raf,y)] > 0.

D.4.3 Solution with only bond supply shocks

When o,, = 0, we have g, = h, = 0 and the system of equations simplifies further. Specifically, the
fixed point problem reduces to the following system of four equations in four unknowns:

(5 2

Vo = (105 ) o0 4 4 o) (522)
2

v, = ( 1¢) 202 (1-p) + [20% (Cy)? (520)

Cyye = ( 0 ) 29yVny] (52c)
1

Cy,q = 1— 5¢ 1— ¢ (1 P)+[hygy(v;/_cy,y*)] nyq (52d)

We now assume that p € (0,1). This system can be solved using the following sequence of steps.

Step #1: Solve for A =V, —C, ,~. Subtracting the condition (52c) for C} ;- the from condition
(52a) for V,,, we obtain

5 2
Vy = Cyys = <1_5¢'> U? (1-p) -i—g; (Vy — Cy,y*)z > 0.

We can solve the resulting quadratic for A =V, — C} ,» > 0. The quadratic is

2
0=t at () -, (53

which has a real solution if and only if

o o

po |

The model’s stable equilibrium corresponds to the smaller root of this quadratic and is given by

2
o 1- \/1—495 (5) 2 1=0)
A =

292

> 0. (55)

This stable solution A converges to A = 0 as p — 1 and to A = (do;/ (1 — 0 N2 (1—p)asT 105y — 0
This stable solution also has natural comparative statics: dA/9r < 0, A /dogw > 0, DA /D¢,
A /do; > 0, 0A/d¢; > 0, and DA /p < 0.

Step #2: Substitute A into condition (52d) for Cy,q to obtain a solution for C,, . We
substitute the solution for A into condition (52d) for C} , and solve to obtain a solution for Cy ,. Doing
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so we obtain the following solution for Cy ;:
do; o 00 (o
b <1—6¢i> <1—¢i> (1=p) (1—5@) (1—@) (1=p)
va = A = .
1 —gyhyA o 510w \2 (60 \?
- 1oy () (35) a-0)

We can show that we must have

" T ow 0t o A R
1 > gyhyA = (1 _ ¢Sy) (1 o 5¢sy) (V;/ - Cy,y*),

in any stable equilibrium. Thus, we have CA’M > 0 in any stable equilibrium and CA'y,q > 0 when

p € [0,1). Intuitively, if this condition doesn’t hold then, from condition (52d), a small perturbation

to the equilibrium value of C, , leads to larger and larger changes in C), 4, indicating that the equilibrium

solution is unstable. Formally, we can show that gyhyA > 0 is one of the eigenvalues of the Jacobian

matrix of the relevant fixed point problem, so we must have gyhyA < 1 in any stable equilibrium.
Finally, it is easy to see that 8C'y,q/8p < 0 and that CA'y,q = (0 when p = 1.

Step #3: Substitute A into condition (52c) for C,,« to obtain a solution for C .
Proceeding similarly, we substitute V, = A + C, ,~ into condition (52c), we obtain

5 \? A
Cyys = (m) :0‘712 + 29§(A + Cyyr ) Cyye-

Thus, we need to solve the following quadratic in C), ,-:

. 5 \2
0= 2g§ (C'y’y*)2 + (2g§A —1)Cy, + (1_5(/5) pos. (57)

We can show that 29§A = 295 (V, = C,,+) < 1in any stable equilibrium. Specifically, we can show
that 2g2A = 297 (V, — Cy4+) > 0 is one of the eigenvalues of the Jacobian matrix of the relevant fixed
point operator, so we must have 29§A = 295 (V, — Cy4+) < 1in any stable equilibrium. Thus, so long

as p > 0, it follows that (:”yyy* > ( in any stable equilibrium.
Since 1 — 2¢2A > 0, a real solution exists so long as 1 — 2g2A > 2v/2g, (6/ (1 — 6¢;)) 041/p. Using
the expressions for A and gy, this is equivalent to

T ) o
2TV T T T,

The relevant stable solution for C, ,« is

2
A A [
P (1-2g;A) - \/(1 —2g;A)? — 8g7 (m) po; .
* = > .
vy 4g2.

At this stable solution, we have C, - — 0 when p — 0 and C,, ~ — V,, when p — 1.
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Step #4: Obtain solutions for V}, and V. The solution for V, is trivially given by
V,=A+0C,, >0.

And, the solution for V, is given by

~ 1 2 9 T_lO'sy 2 A 2
o (1 Y st 2 () G

Solution summary. When 02, = 0, 02, > 0, and p € (0,1), we have V,, > 0, V, > 0, C,, > 0,
and C,« > (0/ (1—6¢,))% po? > 0 in the model’s unique stable equilibrium. Thus, in this case, all
equilibrium variance and covariances exceed those in the absence of supply risk.

Solution properties. We are interested in the term in square brackets in

Cy q

Belrata] = 5= 6—

By [raf,, —ral] . (58)

N

Since éyq >0 and v — Cy y > 0 in any stable equilibrium, this quantity is obviously positive. We
now show that [C,,/( )] > 1. Using equation (53), we can rewrite this term as

-
PN lese)ion () )

va _ _ * = :
Vy = Cyyr A (T 1"Sy) <6T71”59>A b SR B i\
1=¢ ) \ 1-00s (1—5@“) ba) \ &~ (W) o;
where A? = A/ (1 — p) is the smaller root of the following quadratic equation

67 1o\’ ) 5 \?
0:(1—6¢sy> 1=n){&) _A”(l—éem) 7

Since A? > (6/ (1 — 6¢,))? 02 when p < 1, it follows that

R s 1 s 1
O Y,q — (175¢i0i) (1,@0}') > (1*5@0-1‘) (17%0'1') _ 1—1¢i
V=Crr (6 oV 16 (Ar_ (2 0o 5 o) =
166,%1) ~ 5(1—¢.9) —\1569, ) i 104,71 i

It is also easy to see that AA?/dp < 0 when o2, > 0, thus we have

when o2, > 0. Specifically, we have
~ 1—-§ (67105y>2 (Ap)Z
Cy 5—t2) 1=36,0

Y.q
V é 9 ? 1-6 A ) 2 . <5T*105 )2 . '
(1_5@‘”) = 0w A”—<—1_5¢i) of | 1=2 (T4 ) (1=p)A”

9
dp

Vv, — 0




Finally, since C,,, > (V,, — C,,+), it follows that

€(0,1)
O 7 N N\ N Y
q y* Yy [ ¥ A h Y JYx V;/_Oyay* q
E; [Txt+1+ (Txt+1_rxt+1)] =7 (Cy,q_(%_cy,y*))]' (s{=s{") = |1-———"—| B [TxtJrJ
Y,q

D.5 A unified approach to carry trade returns

In Section 3.4, we extend the baseline model to explain the linkages between expected carry trade
returns and short-term interest rates. To do so, we assume that the total net supplies that must be
absorbed by arbitrageurs are

-5, 0 0
n; =s; + Syy; where So = | 0 -5, 0. (59)
0 0 &,

Thus, following Vayanos and Vila (2021), we assume the supplies of long-term bonds in both currencies
are decreasing in the relevant long-term bond yield; and, following Gabaix and Maggiori (2015), we
assume the supply of the FX carry trade is increasing in strength of the foreign currency. Since
s; = So + S12; and y; = a + Az, we have n, = (sg + Sa) + (S1 + S2A) z,.

The market clearing condition for the extended model, namely F; [rx;;1] = 771V, can be written
as

[Boa + Bia + 1] + [BoA + BiA® + Ry]z, = 7'V (5o + Sa) +77 1V (S1 + S2A) 2, (60)

where V = (BjAXA'B)).
Matching slope coefficients in equation (60), we have

[BoE + BiE®] 0o A—77'VS,A = 77'VS; — R,.
To solve for A, we vectorize this condition to obtain
diag (vec (BoE + B1E®)) vec (A) — 77! (Is ® (VSy)) vec (A) = vec (7'VS; — Ry)

where I is the 5 x 5 identity matrix and ® denotes a Kronecker product. Solving this equation vec (A),
we require

vec (A) = [diag (vec (BoE + B1E®)) — 77! (I; @ (VS,))] “vee (t7'VS: —R,), (61)

where we note that the matrix is square brackets is block-diagonal. Finally, since V = B;AYXA'B/,
we obtain the following fixed-point point problem in A:

vec (A) = [diag (vec (BoE + B1E®)) — 77 (I; ® (B;AXA'B]S,))] “vec (TT'BLATA'B)S; — Ry) .
(62)
Natural, the fixed point problem in equation (61) reduces to that in equation (31) when Sy = 0.
Matching constant terms in equation (60), we obtain

(B0+B1 - T_IVSQ) a = (T_IVS() — I'()) .

This condition always allows us to pin down the steady state levels of bond yields, o and of*. When
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S, =0, (Bo+B; — 77'VS,) is singular and the steady-state level of exchange rates o is not pinned
down as in the baseline model. However, when S, > 0, (Bo+B; — 771VS,) is invertible and o
is pinned down. Specifically, since we have assumed the home and foreign countries are perfectly
symmetric, we have af = 0. (We would not have o = 0 if the countries were not symmetric.)
Intuitively, o is pinned down because the steady-state supply of the FX carry trade depends on the
steady-state level of the exchange rate.

We are mainly interested in the loadings on i; and ;. Using equation (61), the loadings on i; take
the form

O‘zii 11%6? + T_lsyvy ;'_1Sy0y,y* _T_lsqoy,q 1
O‘?q = T_ISyC%y* 11__? + T_ISyV;/ T_ISquhq 0 (63)
&; 7ﬁlsyoy,q _Tilsycy,q —(1—-¢;)— Tﬁlsq‘/;z 1

and the loadings on 7; take the form

al. 29 4 7718, V,  771S,Cy —7715,Cyq 0
ay | = 718, Clyy 11%5? +7718,V, T15Cyq L. (64)
e 718, Cyy —7718,Cy —(L—=¢;) — 7715,V -1
Thus, it follows that
all =af, ol =a)", and . = —al. (65)

We study the extended model in two specific cases:

e Case #1: S, >0 and S, =0.
e Case #2: S, =0and S, > 0.

D.5.1 Calculations for Case #1: S, >0 and S, = 0.
General analysis When S, > 0 and S, = 0, equation (63) implies that the loadings on i; are

1—6 17¢1;+T’1SqquT*ISqu,q

Yy
0% 1-69; 1—¢i‘1|'7'715qvq

yx | __ 1-6 T +5,C,
o = aCy.q

i 104, -7 19,V, (66)
o 1

1=t 1S,Vg
and the loading on i again satisfy equation (65). Using equations (66) and (65), we note that
1—-9¢

Y Yy
a; + g <1

T 104,

Bounding the quantities in equation (66), we see that:

1. o/ € <0, 11__5‘;) so long as (i) 0 < C,, and (i) 7715,C,, < 1—¢; + 7 15,V;

1-6
1-6¢;

e o < so long as (i) 0 < Cy4;

e a! > 0solongas (ii) 715,Cyy <1 — ¢, + 7715,V

2. a¥" > 050 long as 0 < Cy
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3. af € (—1+¢,0> since V, > 0.

We now explore how changes in short-term interest rates impact equilibrium expected excess re-
turns. Since V, > 0, we have

VL = 0F, [raj,] /0i; = (6, — 1) ol +1 = 5V >0
it = t t+1 t i i* 1— ¢z + T—lSq‘/q ’
Symmetrically, we have 7! = OE; [raf, ] /9i, = —v}. Furthermore, so long as C,, > 0, we have
B _ 1 — 69, 715,Cyq
v = OE [rzl.] [0i, = ( s )a%’— 1= i prw—ya <0,

% 1- 5¢1 7'_15 C ,
= omlreta i = () o = gy o
? qvq

Symmetrically, we have ¥, = OE, [rzi},] /0i; = ~! and 4¥" = OE, [ra}},] /0ir = L.

Closing the model in Case #1 when there are no independent supply shocks It is straight-
forward to analytically solve for the equilibrium variance and covariance terms in case where there

are only shocks to the two short rates—i.e., when o2, = 02, = 0. In this case, we can show that

(i) 0 < Cy, and (i) 7715,C,, < 1—¢, +715,V,, confirming that the bounds discussed above indeed
hold.
Assume there are only short rate shocks. Making use of the facts that o = oY, «

al. = —a!, we have

Y*
77, and

L =a

o
rafn = Bilrafy] = -7 (0fei +alei )
)
ragi, — By [Tﬁil} R (afeciry1 + afein 111)
mc1[t1+1 — Ei [m'?ﬂ} = aj. (€ir g1 — €igt1) -

It is then easy to solve for the equilibrium level of V. We have
V= Var ol (e 141 — £ias1)] = (0L)* 207 (1 - p).
Using the fact that o, =1/ (1 — ¢, + 7715,V,), we obtain the following fixed-point condition for Vj:

207 (1 - p)

> 0.
(1—¢; +7715,V,)?

Vo=1 (V) =

Since f (V,) >0, f'(V,) <0, and limy, ., f (V) = 0, it follows that there is a unique solution V, > 0.
It is also easy to see that OV,/S, < 0, so we have V, < 202 (1 —p) /(1 — ¢,;)°. However, we have
0(5,V,)/0S, > 0.
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We now solve for Cy ,. We have

Cy,q = 1 5001) [Oé Eit+1 T CY «Eix 141, O 3* (5i*,t+1 - 5i,t+1)]

)

—5 ( p) Uz Oéz* (aij - 05?*)

. (i-pe? 5 (1 — ¢+ 718,V — T—lsq2cy,q)
1—0¢;+ T_ISqV:z 1—0¢ 1—¢,+7715,V, ‘

Y, and ol to V, and C,,. Thus, the

where the third line uses the prior expressions linking ., o,

equilibrium value of Cy , is

(1-p)o? s
A — 4718, V, 1-38¢;
Cpq = 1=¢;+ s(ivq)l 2<z> : -0
1 —P)I;
1 + 2T Sq <(1_¢i+715q‘7q)2 15¢i)
where p < 1.
We now show that ) )
1—¢; + 715V, >7715,C,
which guarantees that & > 0. We have
A 0 254 (AY _ AY
Cyg = 1-¢ (1= p)oidg (& —ai) >0
J
<~ (&) — a&l) > 0 [since 6(1—p)0?&'3* > 0]
1-94 1-9§
(1—5@_2@?*) > 0 [since & 1—5@_&%]
— 1 27 54Cq — [since &l = L=0 ™ 54Cuq —.
1—¢; + 7715,V 1—=0¢;1— ¢, + 7715,V

Since C'yﬁq > 0, it then follows that
1— ¢+ 715,V > 2r18,Cy s > 7718,C, 4
Finally, we show that 7% + (74 —~4Y,) > 0. We have

718, (Vg —2Cy)
1-— gbz + T_lsq‘/;] '

YE+ (V=4 =

Thus, it suffices to show that 0 <V, — 2C, ,. We have

)
Ve —2C,,] = Cou KO‘?* ~1- s (af — a?*)) (v 11 — €ipr1) » e (Eir g1 — €i,t+1)}

)
= at (ot - {25 e -al) )20 1)

B 1 2 — i+ 7718, [V, — 20, ]
= (o) (o (5 ) ) man

54




Thus, we have

2
1 1-90 2
<1—¢i+rlsqvq> =54, 205 (1 =)

2 _
1 718,
Ut () 0 () 22 00-p)

Furthermore, we have [V, — 2C, ,] > 0 when 6 < 1 and lim;_, [V, — 2C, ,] = 0.

[Vq - 20%(1] =

D.5.2 Calculations for Case #2: S, =0 and S, > 0.
General When S, =0 and S, > 0, the loadings on 7; are

o 1
ozii 115?1 + T_lsyVy 1 67'_1SyC’y’y* 0 1
o | = | T8Ch  ERATISY, 0 0 (67)
&; L TﬁlSyCyvq _Tilsycyﬂ —(1-¢,) 1

130,
%018,V
= T80y Y
T — O
120¢; +7ro1S, Vv,

=6
1 T18yCyq Y Y
| —y + (af )

1-9, —a

2] —1
7(5(1)2- 1 ‘ I () Sy C. JY*
( Sy Y S )

and the loading on i; again satisfy equation (65). Since V,, — C, . =V, (1 — Corr [mi’ 1 rmfjl]) > 0,

it follows that .
ol —al = > 0.

7 2 1-0¢; _
1—?1 + 7718, (Vi = Cyye)

Bounding the quantities in equation (67), we have:

1 y [ 1-6¢; -1 (Tﬁlsycy,y*)Q - 1-6
Q= ﬁ-i-T SyVy—— e (0 .

’ 11_£5(§i +7718yVy T 1-09;

e To show o/ > 0, notice that
1 —d¢;
~T—5 ? +7715,V, >0

and

-1 2 -1 2 1 —0¢, -1 ?
(178 Cye)” < (T8 V)" < g5 +7 SV )

Together these inequalities imply

1—6¢, -1 L)
o5 +T_1SyV;/ o 1(;} SyCyy) >0,
1-9 = 715V,

confirming that o > 0.

1-6

54, 1t suffices to show

e To show o <

(7'_1SyCy,y*)2

100, N
s T TSV

> 0.

TﬁlSyVy -
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This is equivalent to

( — %, T_lsyvy> TSV, — (T_lsycy,y*)z >0

1 —
which is true since (7719,C,,.)° < (r715,V,)? and
2. ol = —1,75;,15”—???’* Y. Since o > 0, we have sign (o
150 15,V
3. af = — A+ T %0 (oY o
1.

1-6¢;
% > 0.

) = sign(—Cy ).

e Since (af — ) > 0, we have o > —1= so long as (i) Cy, > 0.

s

e And, we have a! < 0 so long as (ii) 7715,C, ,(a? —

al.) < L.

’L*

(a?—al.) € (_1+¢.70) solong as (i) Cy, > O and (ii) 715,C, , (o

y*

—

(2

) <

We now explore how changes in short-term interest rates impact equilibrium expected excess re-

turns. So long as Cy, > 0, we have

vk = OF; [rxfﬂ] JOi; = (¢, — 1) ah +1= T_lSyC’M(a? —al) > 0.

Symmetrically, we have v¢ = 9E; [raf, ] /0i, = —
have

V) = OF, [raf,,] /0i, = <1 — %% ) ol —1<0.

1—4

Finally, so long as C), ,~ > 0, we have . < 0 and thus

VY = OF, [ral,,] J0iy = < 1 _?

)a?* <0.

Symmetrically, we have ¥ = 8Et [rai}y] J0i; = ~Y and 1Y = OF, [ra}},] /0i = L.

Next, we show that 7Y — 7% < 0. To see this, note that

et = () @ -at) -1

1
— ( — 00, ) ozi.’ 14 1_67(;. SyClyy
1= 5 + 75V,

Thus, we have 7/ — 7% < 0 so long as we have

1-6 0% 718,V <1 — 5,

= >al = ———
1 — 09, st TSV, + 7S, O 1-9

One can show that this condition is equivalent to

1—90
=00,

which is always true since V,, > C), ,-.
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+ T_lsyVy -

(7_1Sycy,y*)
1;5?1' + 7715,V

y

?.. Furthermore, since of < (1 —10) /(1 —d¢;), we



Closing the model in Case #2 when there are no supply shocks When there are no inde-
pendent supply shocks—i.e., when 02, = 0%, = 0, it is easy to confirm that we must have C,, > 0 and
(ii) 7715,Cy4(af — ) < 1. Thus, the bounds noted above must indeed hold in this case. We can
also show that we must have Cy - > 0 in this case.

When 02, = %, = 0, we have

_ Y ) q
Cyq = 50011 [af€i i1 + adici pp1, e (Eix 1 — Eiyn)]

-
= % 1= ol (af — b))
1_5 KA 1 (A (A

§ (o —ak) _
= o (1-p) 1-0 1—¢, (1 -7 1Sycy7q<a? - O‘?*))
where the last line follows from the fact that
1 _
al. = s (1—77'5,Cyq(a? — al))
Thus, given an equilibrium solution for (& — &%) > 0, we have
ay—a,
: 02 (1— p) 15525
Cyq = 5 (Zay,a.y )2 >0
1+771S,02(1—p) T
We also have
715,02 (1 - p) G
A Yy~ .

TﬁlsyCy,q (& —ak)

7 *

|
<
<
A
—_

We show that we must have Cy ,~ > 0. We have

2
)
Cypr = | ——= ] Cov|ade; i1+ afcin i1, 0ii1 + Qlein 11
1—-9¢

5 2
= (125) [ratato? = @)oot + (0 po]

2 _ 2 _
= (L) (ay>2 0'2 ) T 183/0973/* —9 T 15}/0.%?/* +p
t=o/ 7 RSy, ER TS,

1

Suppose that C, ,~ < 0. If C, ,~ < 0, then this equation implies that C, , > 0 so long as p > 0: a
contradiction. Thus, when p > 0, we must have C, ,~ > 0 in equilibrium. Of course, when p = 0, we
have Cy ,~ = 0 in equilibrium.

Finally, we show that 7% + (7% —~%) > 0. We have

B 1— 66, 718y (Cyyu + Cyg — V)
;‘1* + ?: - :ig* =T IS C aij - Oé?* + < Z> O{;“-l - OZZ'J* —1= £ e = 5
Tt O ) =S Gl m ) ¥ T ) el el T s e e T
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Since V,, > C), ., it suffices to show that 0 < C) . + C, , — V,,. We have

) )
= Cou Ka?* —— (o — 04?*)) (€41 — Ei41) s T1-5 (afeipr1 + adieinpi1)

) 1)
— 4 _ _— (¥ =Y —— (oY = — 2
- (ai* 1— 5 (az O‘z*)) (1 _ 5 (Odz O‘z*)) (1 p) Jz
2(5 (1-90) 1-— T_l‘sy [Cy,y* + Cyq — V.;J]

L=¢i (1—0¢;+ (187715, (V, = C,)*

Thus, we have

(1—p)o? 5?;;” L .
— = P70 (=064 (1-8)7 1Sy (Vy—Cy))
[Oy,y* + Oy,q V;J] - 1 + (1 . p) 02 5(1-6) 18, Z 0.

El=¢; (1-8¢;+(1—8)T 18, (Vy—Cy))*

Thus, we have [y 4+ (7% —4Y")] > 0 when 6 < 1 and lims_;[7% 4+ (7% — 4 )] = 0. Note that this
argument implies that 1 — 7715, [C} 4« + Cy, — V,] > 0.

D.5.3 Regression calculations

Fama (1984) regressions Consider the excess returns on FX carry trade. Suppose we estimate the
following time-series forecasting regression

TIngl = Qg+ 5«1 (if — i) + gngl'

We have
By [rafy] =k - @ — i) + 9% - (s — sf ) + 7% - s,
where 7} = O, [rzf, ] JOf: for f; € (iy, i}, s{, s, s{) and we have made use of the fact that 7! = —%

and ~%,. = —+%,. Because independent movements in asset supply (s?, sV, s?) are orthogonal to the
interest rate differential by assumption, it follows that

~ Cov[rafyy,if —i]  Cov[E; [rafy,] iy —if]

By =

e — = E— =~d = % >0
Var[if — i) Var [if — iy iy

Thus, in either Case #1 or Case #2, the extended model matches Fama’s (1984) finding that the
expected returns on the borrow-home-lend-abroad FX carry trade are high when the foreign-minus-
domestic interest rate differential is high.

Lustig, Stathopoulos, and Verdelhan (2019) regressions Consider the regression
* -k . N
Txg+1 + (Txijﬂ - Tmty+1) = Qg + Bq,lt - (if =) + f?ﬁl‘ (68)
We want to show that 0 < 3,;, < 3, as in Lustig, Stathopoulos, and Verdelhan (2019). Since

Bt =By + Bye_y =70 + (0% —77),
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it suffices to show that —3, < < 0, where f3,._, is the coefficient from the regression

Yy =y
7“17?11 - Tx%+1 = Qyry t ﬁy*fy ) (Z;fk - Zt) + gil—i-Iy'
We first consider 5,._,. We have
By [rafyy —raf] = (3 =27 (6 — i) + (7 = 7%) (87" — s!) + 292081,
It follows that

Cov [T:Jc;ﬁl —rxy g, i — it}
Var [if — iy
OE[rz},] _ OB [raf,,] = A — Y

By*—y =

We have 7% — 4¥* < 0 under either Case #1 or #2. This is trivial under Case #1 since in that case
v < 0 and v¥* > 0. It is also negative under Case #2 since in that case we have 7! — 7% < 0
(even though we have %7 < 0 and 7¥" < 0). It follows that g < 0 and, therefore, that 3, =
Bq + By*fy < Bq'

We now show that 3, > 0 or, equivalently, —3, < 8,._,. We have

y* -y

— 4 yr YR
=By = =V <Vir = Vi = By

It suffices to show that

0 <+ (v =1i)-
As shown above, in both Case #1 and Case #2 we have 7% + (7% — 4" ) > 0 when 6 < 1 and
lims 1 [7i + (v =7/ )] = 0.

Chinn and Meredith (2004) regressions One can also the returns on the a long-horizon FX
carry trade that borrows long-term in domestic currency and lends long-term in foreign currency

7lh o0 j *
re{te, = (1-9) ijo 07 (Grajrr — Govg) + (U7 — yt) -

The borrowing costs for this long-horizon or hold-to-maturity FX carry trade is known at the outset.
Only the cumulative FX appreciation is unknown.
Chinn and Meredith (2004) run the following regression

JLh h
rwg—»oo = Qq,lh + ﬁq,lh (y: - yt) + 5?—}—1

and find that 0 < 8, ,, < B, where
rafyy = o+ B, (i — i) + &l

is the standard Fama (1984) FX carry trade regression. This finding is intimately related to the LSV
(2019) result and, naturally, our model can also replicate this fact.
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The expected return on this long-horizon trade is

(1= 0) 320 & Erlgrajon — qeeg] + () — )
= (1-0) 3520 & El(ivry — ityy) + rafy ]

+(1=08) 2 I Eiliy,; 4+l )

— (1= 0) 32720 " Erlivy; + 1,44
1-9) Z;io &' E, [T$g+j+1 + mtyijﬂ - m?ﬂﬂ]
1-4)327% &' Ey[Ery [rafy i + Tx?—:j—i-l — )yl
I- 5) Z;io 5jEt [ﬁq,lt (i:ﬂ - it+j)]
1—96

= —— Boulii —it)

=00,

where 3, is the coefficient from the LSV (2019) long-term FX carry trade regression:

(
=
(

. . It
m?ﬂ + (mﬁl - Tx?—&-l) = Qg + Bq,lt (i) =) + f?ﬂ-

Recall that 0 < 3,,, < ,. Noting that y; —y, = (a% — o¥")(i* — i), the long-horizon regression of
the form ra{" = agm + By, (Ui — yi) + €l.oo yields the coefficient
1-6

=
Baan =~ 7B

¥ %

We now show that 0 < 3, ,, < 3.

Case #1 We have

Y y*

Wl — 1—6 1—¢;+7715,(V,—2C,,)
‘ ' _1_5¢i 1—¢,+7715,V,

and thus
1-¢;+7'5,V,

1= + 7715, (Vg —2C,,)

We want to compare (3, and j3,. Since

B qlh =

5q,lt > Bq,lt > 0.

771561 (Vg —2C,,)
1 — sz + T_lsq‘/q

Bq,lt -

and Cy , > 0, we have

T_lsq (VZI - QCyﬂz) < T_lsqv;z

Pain = 1= ¢y +7715,(Vg—2Cy) 11—, +7715,V, =P
Case #2 We have
* * 1
O'/'Zi/* - Oé?i/ = 1—66, 1 ;
=5 + 7715y (Vy — Cy )
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SO

-9
Sy (Vy — Cy,y*)) By > By > 0.

We have
T_lsy (Cy,q - (Vy - Cy,y*))

T TS, (G O
5, = - T:ijCM ,
s T 718y (Vy = Cyys)
implying that
Bun = T35 S0 Coa = (V= Cu).
Thus, we have
-1
— S, (G- G (1 _:jliig"fi fy’;;f;y* _>%)>
i =50, 0y Vy = Oy
1—-9 1—771 . —
> TS Vo Cone) ( n ngsfvc_ ov>)>

> 0

since (V, — Cyyu) > 0, (Cyg + Cyyu = V,) >0, (1-6)/ (1 = 0¢;) € (0,1), and 17715, (Cy g + Cy — V) >
0.

Campbell and Shiller (1991) regressions Consider the excess returns on the yield curve carry
trade. Suppose we estimate the following time-series forecasting regression

Txi/ﬂ =0y + 5y (yr — i) + €?+1-
We have
1 [szt{&—l] =E [m:fﬂ} 9 (= 0) + 9 (67 =) + 92 (s{ — 8Y) + v (s = 3Y) + viast
where 7% = 0F; [rz 1] /O f: for fi € (iy, 1}, s, s{", s{). The term spread is given by
(yr — i) =af + (& — 1) (i —72) + o (17 —7) + % (s} — 5Y) + % (7" — 8Y) + ¥y si.
We have 3, = Cov [yt — i, rxiﬂrl} /Var [y, — i;]. Thus, we have

B, o Couvly —ipral,]

2
0;
= Dl =D+ plal = Daw + paiiyi + abre] 17— 5
Y Y Yy Y U?y y Y qu
+ (Wsyasy + 7311* asy*) 2 + ('quOésq) 2
1- ¢s 1- (bs
Y q
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We wish to show that 3, > 0. For any supply factor f; € (s{,s{", s{), we have sign(v}) = sign(a¥).
It thus follows that (7%, + Yo%) > 0 and (v%a%) > 0. Thus, the second term is square brackets
is always positive. Thus, to prove that 3, > 0, it suffices to show that the first term in square brackets

is positive—i.e., to show that

(af = 1) (] + pvi) + e (o7 + i) > 0.

We prove this inequality separately in Case #1 and Case #2 below under the simplifying assumption

that 02, = 0%, = 0. Finally, letting

rafiy = oy + By (U7 — i) + &4,

we have 3, = 3, by symmetry.

Case #1 In Case #1 where S, > 0 and S, = 0, we have 7/ = —4% < 0. By definition, we have

1— 460, 1—-946
vy 2T O% o of = 1+ ~9).
We also have 15 15
y - - = 7Y

Substituting these expressions for o, o’ and 7%, we obtain
(of = 1) (7] + i) + g (0] +73%)
1—6 15 .
- (1- 1) AY 42 R )
-0 | ({5 1) 2 ()

where the inequality follows because (1 — ) /(1 — d¢;) < 1 and 7¢ < 0.

Case #2 In Case #2 where S, =0 and S, > 0, we have 7 < 0. Since we have

al = —cai <0

for some constant ¢ > 0, we have

1- 1-—
ayjzl—éfb (1++Y) and o, = —c 0

Since o > 0 and vY < 0, we also have 0 < (14 +¥) < 1. Finally, we have

Substituting these expressions for af, ., and 7., we obtain

(of = 1) (v + pyie) + gt (o7 +73t)
<0 <0
P A - <0 P A~ <0

— - ~ ~ —5 - ~ <
= <11_ 55 (170 - 1) (v = pe(L+77)) + (—011_ 55, U +7§’))(p7§’ —c(l+7)) >
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E Solutions of model extensions

E.1 Further segmenting the global bond market

In the Section 5.1, 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. Our
extended model feature four types of bond investors. All types have mean-variance preferences over
one-period-ahead wealth and a risk tolerance of 7 in domestic currency terms. The types only differ
in their ability to trade different assets. Specifically, the four investor types are:

1. Domestic bond specialists, present in mass pum, can only choose between short- and long-term
domestic bonds—i.e., they can only engage in the domestic yield-curve carry trade. Thus, their
demand for long-term domestic bonds is bf = 7 (Var; [raf H})*l E; [raf,,].

2. Foreign bond specialists, also present in mass pm, can only choose between short- and long-term
foreign bonds—i.e., they can only engage in the foreign yield-curve carry trade. Their demand
for long-term foreign bonds is b* = 7 (Var; [raf},] )71 Ey [raf7,].

3. FX specialists, present in mass p (1 — 27), can only choose between short-term domestic and
foreign bonds—i.e., they can only engage in the FX carry trade. Their demand for the borrow-
at-home-lend-abroad FX carry trade is bf = 7 (Var [raf, ] )71 By [rzf ]

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 carry trades. Their demand for the three carry trades is
dt =T (VCLT’t [I’XH_l])il Et [I'Xt+1].

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

Technical assumption: Adding FX-specific fundamental risk To solve the extended model
in the absence of supply risk, we assume there is some small amount of FX-specific fundamental
risk. Naturally, this implies that long-run UIP will not hold even in the 6 — 1 limit. We make this
assumption to study our extended model in the absence of supply risk.

Specifically, we assume limy_,o E; [gi47] = ¢° follows a random walk ¢;; = ¢7° + €400 441 With
Var [ege 111] = 0o > 0, implying ¢; = ¢7° + 3272 Ei[(if,; —ir4;) — 72}, ;] Thus, in the absence of
supply risk, we have:

2 2
0 2 ) 2 é 1 2
(%) o (%) #o: 55, 15,01 (1)
2 2
_ ) ) [ 1
V= (176@-) pO'zz (17&151-,) 0-12 T 1-6¢, 1-9, 012 (1_:0) . (69)

2
Ehraet 1m0 ~Eiaeielio) o+ () 2t

If 0'(2100 = 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. While the model can still be solved in the limit
where 02 = 02, = 02, = 0, in this case, cross-market impact increases in  for all 4z € (0,1) and then
discontinuously vanishes at ;4 = 1. Thus, assuming agoo > (0 is a technical modeling device that allows
us to explore the model’s qualitative behavior when ¢?,, 02, > 0 under the mathematically simpler
assumption that o2, = 0%, = 0. Specifically, when ¢2, and o2, are small and positive the model must

have the same qualitative behavior as when agoo > 0.
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Solution under further segmentation It is straightforward to solve for equilibrium under partial
segmentation. Specifically, let b, = [bY, bY", bf]/ denote the vector of specialist investor demands and
note that

b, = 7 [diag (V)]_l By [rx444] (70)

where [diag (V)] is a matrix with the diagonal elements of V.= Var; [rx;41] on its diagonal and zeros
elsewhere. Also let II = diag (7, 7,1 — 27). The market clearing condition once we further segment
the global rates market is

S = plIby 4+ (1—p)d, (71)
= uIIr [diag (V)] " By [rxp1] + (1 — p) 7V LE, [rx44] -

As a result, equilibrium expected returns are:

By [rxpa] = 7 [pll [diag (V)] ™ + (1— ) V1] s, (72)

Thus, adopting the notation from above, the market clearing condition under further segmentation
can be expressed as

[Bga + Bla + I'(]] + [B()A + BlAq) + Rl] Zy (73)
= 7' [pIl[diag (V] "+ (1—p) V] - so+7 ' [uIl[diag (V] +(1—p) V] - S12,,

where V = (B;AXA'B)).
Matching the matrices multiplying the state vector x;, we see that A must solve the following fixed
point problem:

-1
A= {Tl [MH [diag (B;ASA'B))] " + (1 — p) (BlAzA’B’l)‘l} S1 - R1:| @ [BoE + B1E®].

(74)
As above, partitioning A as A =[A; A, we find that
-5
1-2 1-2 11_5¢i 105
Ai=-R70BE+BE®" =] 0 &
1 1
1_¢i 1_¢’L
Lettlng Vz = (BlAz) Ez (BlAz),a we see that
V =V, + (B1A,) X, (B1A,) .
Thus, A, must solve the following fixed point problem
. m-1 77!
A= |71 janl (dlag |:Vz + (B1A,) 3, (B1A,) /] )_1 @ [BoE + B;E®] [3-5] (75)
+(1—p) [Vi + (B1A) X, (B1Ay) ]

We also see that a must satisfy

-1

(Bo+By)a=71"! [un diag (B,ASA'B)) " + (1 — 1) (BLASA'B) | so—ro.  (76)
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Recasting the equilibrium as a fixed point involving 2 We can think of equilibrium as a fixed
point problem involving the return impact matrix, €2, that maps changes in asset to supply to shifts
in asset returns—i.e. E; [rx;y1] = Qs;. This return impact matrix is given by

Q=r" [l [diag (V)] '+ (1 —p) V] .

Thus, © depends on the harmonic mean of II™! [diag (V)] and V. Since A, = Q © Z, where Z, =
[BoE + B,E®]® ™ we have

V=V, + BIQ0Z)Z,(BiQ(n) 2Z,) =V, +(Q0Z)X,(Qo Z)
where Z satisfies (B1Q2 @ Zs) = € o Z. Thus, the relevant fixed point problem is

-1

-1
Q=7 [un [diag (Vi + (R0 Z) S, (R0 Z))] " + (1 — 1) [V, + Zo (23,Q) 0 z’rl] .

We use €2 (1) to denote the stable solution to this fixed-point problem. We write 2 (1) to emphasize
that this solution depends on the degree of segmentation pu.

Understanding how €2 (1) varies as a function of p. We first want to understand how this
solution € (i) varies as a function of p. Clearly, Q (1) is positive definite. However, we are interested
in understanding when/whether €' (1) = 0€2 (1) /Ou is itself a positive definite matrix.

Letting
Q(p) =+ [0l [diag (V (1)) + (1= ) V ()]
and
V(1) = Vi + (2 (1) 0 Z) %, (Q (1) 0 Z)

denote the equilibrium return-impact and variance matrices when fraction u of investors are specialists.
Using the rules of matrix differentiation, we obtain:

Q(p) = {rQp) [V (" —T[diag (V (n)]"'] Q (1)} (77)
)

e [ PR (V1) i (V1) i (V 1)
+{”W[ AWV () V)V () }”W}

where

V' (1) = (@ (1) 0 Z) By (R (1) 0 Z)' + (2 (1) © Z) T, (X' () 0 Z)'. (78)

Below, we will show that V (u) ' —1II [diag (V ( ,u))]f1 is also positive definite, immediately implying
that the first matrix in curly braces in equation (77) positive definite. This means that €' (1) must
always be positive definite in the absence of supply risk. Furthermore, by continuity of the stable
equilibrium in the model’s underlying parameters, €' (1) must continue to be positive-definite when
supply risk is small (X, is small).

Furthermore, if V' (1) in equation (78) positive definite, then the second matrix in curly braces
in equation (77) is also positive definite. Since the sum of positive definite matrices is also positive
definite, this means that €2’ (u) is also positive definite. (If V' (u) is positive definite, then we have
oVar, [rmt " 1]/0p > 0 for any arbitrary bond portfolio p; # 0 with returns rz}}, = pjrx,;1—i.e., return
volatility is increasing in p).

In our numerical solutions, we find OV ar[ra}},]/0pu > 0 for any portfolio rz};, = pjrx, ., so long
as a2, and 02, have a similar order of magnitude. However, oV ar,[rz}}]/0p can be negatlve when
o2, and o?, ha,ve different orders of magnitude. For instance, suppose 0%, > 0 and 02, = 0. Then
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Varrz], |p = 0] > Varrz], ,|p = 1] since FX supply shocks raise the volatility of bond returns in
integrated markets (¢ = 0) but not in fully segmented markets (1 = 1). As a result, there exists some
p* € [0,1] such that OVar[ray |p = p*]/0p < 0.

Proof that Q' (u) is positive definite in the absence of supply risk. We now show that
[V-! —TI [diag (V)] '] and therefore ' (1) = {rQ (p) [V~! — II [diag (V)]_l] Q (1)} is positive def-
inite in the absence of supply risk (X = 0). This is actually true for any positive-definite covariance
matrix V and any diagonal, positive-definite matrix IT such that trace (IT) = 1.

Here will simply prove this for the special case that is relevant for us in the paper. We write
V = SI'S where S is a diagonal matrix with the standard deviation of excess returns on its diagonals
and I' is the correlation matrix for the excess returns. Since

V! —II[diag (V)] ' =S 4TIt -1I)S!

it suffices to show that I'"! — II is positive definite. We have

Loy, m 0 0
r'—-II=|1|v, 1 =y -0 = 0
Yo Vg L 0 0 1—27

where m € (0,1/2) and v, € (=1,1) and v, € (=1, 1).

We begin by noting that, since I' is positive definite, the eigenvalues of I' are positive. The
eigenvalues of I' are 1 + v, 1 — %fyy + % 8ve+v5,1— %fyy — %, /872 + ;. Thus, we have 2 —~, >
VE > — (2- fyy). The fact that 1 — 37, — 3./872 +72 > 0 also implies that 1 —~, — 272 > 0.
We will use this fact repeatedly below.

Next, the three eigenvalues of I'"! — IT are:

(14717, ) +(1-m)272)+y/[1+7 (1=, ) + (1-m)242]2 -8 (1, ~212) (1-7(1—7, ) 2 (1-27))

> 0.
1—y,—272

1. )\1:

N =

e As noted above, we have 1 —~, — 273 > 0.
e We also have 1+ 7 (1 —7,) + (1 —m) 292 > 0.

e Since I''! — IT is symmetric, the eigenvalues of I'"! — IT are real-valued. Thus, the term
under the radical is positive.

e Together, these three facts imply that \; > 0.

1 [1+7r(1—')/y)+(1—7r)273]—\/[1+7r(1—‘yy)+(1—7r)2’yg]2—87r(1—'yy—273)(1—71'(1—'yy)—'yz(l—QW))

0.
2 1—v,—272 >

2. )\2:

e In addition to the facts listed above, this follows from the fact that
87?(1—’yy—2'yg) (l—ﬂ(l—yy) —73(1—2#)) > 0.

Specifically, (1 — Yy, = 273) > 0 and, since v, € (—1,1), (1 - (1 — yy) — 73 (1-— 27T)) >
(1 —2m) (1 — 'yg) > 0. Finally, since for X > 0, Y > 0, and X? — Y > 0 together imply
X —vX2?2-Y >0, we conclude that Ay > 0.

3. Agzﬁ(l—ﬂ'—ﬂ"}/y)>0.

e This follows from the fact that 1 — 27 > 0 and v, € (—1,1) which together imply that
l—=m—my,>1-21>0.
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Interpreting €' (). To interpret €' (1) in equation (77), we note that increasing y—i.e., further
segmenting the global rates markets—has two direct equilibrium effects. First, as we increase u, 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 pum + (1 — ), which is
decreasing in p. This gives rise to the “inefficient risk-sharing” effect. Second, as we increase u, we
replace global bond investors whose demands take the correlations between the three carry trades into
account with specialist investors who, taken as a group, behave as if the three carry trade returns are
uncorrelated. This gives rise to the “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 alters the price impact of supply shocks, greater segmentation affects
equilibrium return volatility, further altering equilibrium price impact. This is an “endogenous risk
effect.”

Thus, we further decompose Q' (1) into three terms

/
sharing

(p) = Inefficient risk sharing effect

A
I )

Y (p) = {r2(p) [[diag (V (1))]"" — H[diag (V (1))] '] 2 (1)} (79)

Q;ipc (p) = Width of pipe effect

.

{7 () [V ()" = [diag (V ()] ] (1)}

Q... (1) = Endogenous risk effect

7 N

AL ding (V (1)) " [ding (V' (1)) (diag (V ()] °
+{T” “”{ S @)V () IV )V () ]““‘)}'

First, if the mass of investors who could buy each asset were independent of y—i.e., if we instead had
IT =1, we would have ;.. (1) = 0. Second, if assets returns were uncorrelated—i.e., if we instead
had V (u) = [diag (V (11))], we would have €2, (1) = 0. Finally, if there was no supply risk—i.e., if
V'’ (p) = 0, then would have Q. () = 0.

Letting w” = vec(Q"), we can this of our equilibrium as a fixed-point problem in w

w'=f (w*,u).
Thus, by the Implicit Function Theorem, we have

ow*

o

= I - Dof (W )] [Of (@) /Op]

where D f (w*,u) is the Jacobian matrix. Assuming we are at a stable equilibrium, we have [I — D f (w*,u)] ™" =
Z;io D f (w*,u)]’, so we have

Ow* o = Y2 Duf (w* p)] [OF (w* 1) /Op]
= [0f (w" ) /Op] + [T = Dof (w" )] Dof (w*,p0) [OF (w*,11) /Op]
where
OF (1) /Op = vee (T () [V (1)~ — T [diag (V ()] '] (1)) = vee (Quing (1) + Qe (1)) -
In the absence of supply risk (X, = 0), Do, f (w*,1) = 0 and dw* /O = vee (i, (1) + e (1))

pipe
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In the presence of supply risk, D, f (w*,11) # 0 and

Direct effects Endogenous risk effect: Amplifies direct effects
7\ 7\

~ ~ Y

aw*/8M - ;ec[ﬂgharing (N) + Q, (/‘L)] + [I - Dwf (w*7ﬂ)]_1 Dwf (w*nu’) Uec[ﬂgharing (,LL) + Q, (M)]

pipe pipe

Thus, there is a clear mathematical sense in which the endogenous risk effect amplifies the two direct
effects of a change in p.

How individual elements of Q2 () behave as a function of p.

Diagonal elements of € (x) and Q' (u). Recall that the diagonal elements of a positive-
definite matrix are positive. Then the facts that OE[rzy, |/0sy = Qe > 0 and O*Eyfray, | /0sion =
0Q4a/Ou > 0 for any a € {y,y*, q} when supply risk is small follow immediately from the facts that
both Q (1) and Q' (1) are positive-definite.

Off-diagonal elements of Q (1) and €' (). Again, we consider the limit with zero supply risk.
We show that for any a € {y,v*, ¢} and @’ # a, |Qua (1)| = |0E:[rzf,,]/0s¢ | is hump-shaped function
of u that satisfies |, (0)] > 0 and Qe (1) = 0.

The shape of |Q,. (1t)| reflects the juxtaposition of an “inefficient risk-sharing” effect which is
typically increasing in p and a “width-of-the-pipe” effect which is typically decreasing in p. In certain
special cases, we have shown that the “inefficient risk-sharing” effect is always increasing in p and a
“width-of-the-pipe” effect which is always decreasing in u. For instance, these results hold in a model
like ours if (i) there are an equal number of specialists in each asset and (ii) the returns on all assets
have the same correlation with each other. However, while these results typically hold for a randomly
chosen correlation matrix and a Il matrix, counterexamples are possible.

We assume that V is fixed—i.e., we ignore the endogenous risk effect—and adopt the notation that
V = ST'S where S is a diagonal matrix of standard deviations and I' = S™'VS™! is the correlation
matrix. Using this notation, we have
-1

Q(p) =78 [+ (1 - )T S,

and
Positive-definite

1 e e
Qp) = 7S+ 11— D=0 [pIT+ (1—p)I

Positive-definite

1 S —1
Qparing (1) = 7S+ (1 -0 [I-T] [plI+1—-p)IT] S

Indefinite

-1

S

! -1 —171-1 -1 ) _17-1
Qo) = 78 [pl+1—p)D [0 —1] [pIll+ (1—p)T7'] S
Limit when ¢ =0. When p = 0, we have
Q(0) =7'ST'S and ' (0) =7 'ST [I'"" —II| T'S.
Specifically, we have
) ) T2 (1 - 7%2) + T3 (1 - 7%3) 3 (’712 - 713723) T2 (713 - ’712’}’23)
Q0)=7"8 3 (712 - 713723) 1 (1 - 7%2) + 73 (1 - 733) T (723 — Y12713) S.
T2 (Y13 = V12723) 1 (Va3 = Y12713) m1 (1 —733) + 12 (1 —73;)
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Thus, the off-diagonals of €2 (0) have the same signs as the corresponding univariate correlations. And,
the diagonals of €2’ (0) are always positive and off-diagonals have same signs as the corresponding
partial correlations.

Limit when y =1. We have
Q(1) = 7SS and @ (1) = 7~} (SIT)[I" — M](IT™'S),

Using the properties of the inverse correlation matrix, we can show that the diagonals of €' (1) are
always positive and the off-diagonals have opposite signs as partial correlations. Specifically, we have
the following results:

e Diagonals of [['—TII] are positive: The i*" diagonal element of I' "1 is [[71];; = (1—R[2reg : on all Z-,#])_l >

1, where R[Qre ¢ i on all /i) is the R? from a regression of the ith variable on all other variables. Since
IT is a diagonal matrix with diagonal elements strictly less 1 and the diagonal elements of I'!

greater than or equal to 1, the diagonal elements of [I'"* — II] are positive.

o Off-diagonal elements of [I'~! — II| have signs opposite those of partial correlations: The off-
diagonals of II are zero, so the off-diagonals of [['~! — IT] are just the off-diagonals of I'"'.
The off-diagonals are I'™! are [I'™1];; = — [T, - bgﬂ where bgﬂ is the regression coefficient on
the standardized version on variable j from a multivariate regression of standardized variable
i on standardized versions all other variables. In other words, we have (X; — E [X}]) /o [X;] =

> it b;i] (X; — E[Xj]) /o [X;]+€;.These bg.ﬂ are related to the coefficients from the more familiar
multivariate regression X; = >, 5?] - Xj + g via ﬁ?] = (0 [Xi] /o [X;]) - . Thus, we have

-1, = —5?] (o [X;] /o [Xi]) [T~ uso [D71];; has the opposite sign as Bg-d.

For instance, for a 3 x 3 correlation matrix, we have

1 - 733 — (712 = 713723)  — (V13 — V12723)
1 v -1 — (Y12 = V13723) 1- 7%3 — (Vo3 — 7212713)
v 1 as _ L= (V13 = Y12723)  — (Y23 — Y12713) 1 =71
Yis Y 1 1 - 7%2 - 7%3 - ’733 + 2719713723 ’
13 723

where det (T') = 1 — 72, — v33 — Y33 + 2719713793 > 0. So we have

1 _ _

17 [ Y12 — V13723 (1] _ 713 — V12723

[F ]11 B 1— ’7%2+’Y%31:i’212713’723 ’ b2 N 1-— ’)/%3 ’ and b3 1-— ’)/%3 '
23

Global behavior of off-diagonal elements on ;1 Using these facts, we can then characterize
the global behavior of the off-diagonal elements of €2 (u)

o We always have Q;; (1) = 0.

o If sign (v;;) = sign(vf), then sign (Q; (1)) = sign (7y;) for all p € [0,1) and Q; (p) is a
hump-shaped function of .

— If v;; > 0, then Q;;(u) > 0 for all p € [0,1), 9; (u) /O > 0 for p near 0, and
0 (1) /Op < 0 for p near 1-—i.e., ;; (p) is inverse U-shaped.
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— If v;; < 0, then Q;; (u) < 0 for all p € [0,1), 9 (n) /Op < 0 for p near 0, and
0, (1) /Op > 0 for p near 1-—i.e., a §2;; (1) is U-shaped.

o If sign (7,;) # sign(yh), then sign (Q; (1)) = sign(v,;) for p near 0, sign (Qi; (1)) = sign(vL)
for p near 1, and €;; (1) is again a hump-shaped function of .

— If v;; > 0 and v}; < 0, Q4 (1) > 0 for p near 0, €;; (1) < 0 for p near 1, 9Q;; (u) /O < 0
for p near 0, and 0€2;; (1) /Op > 0 for p near 1—i.e., ;; (n) is U-shaped.

— Ify;; < 0and~}; > 0, then Q; (1) < 0for ynear 0, Q; (1) > 0 for pnear 1, 9y; (1) /Op > 0
for p near 0, and 0€;; (1) /Op < 0 for p near 1—i.e., €;; (p) is inverse U-shaped.

o If 47 =0, then sign (Q;; (1)) = sign (v,;) for all x € [0,1) and |Q;; ()| is a monotonically
decreasing function of p.

Checking that univariate correlations equal partial correlations in our model when
there is no supply risk. We now check that sign (%-j) = sz’gn('yf; ) in our model when there is no
supply risk. In the absence of supply risk, we have:

2 2
) ) ) 1
(1—5%) ‘712 <1—5¢¢> pO% 160, 1_¢Z. g? (1_p>
2 2
_ ) ) 4
V= <1_5¢.> po‘% (1_5¢i> 012 -3¢, ¢ (1 p)

4,
1 (fs¢> 14,7 o (1=p) —1= 5¢ = ¢ o7 (1-p) Ugw+ (ﬁ) 207 (1-p)

e Domestic bonds: The partial correlation of domestic bonds with foreign bonds and FX are
proportional to the regression coefficients:

- 2 2
i 5¢ = ¢ o7 (1=p) 0ge + (

15¢1¢ (1 P)
_ '114 (1-0 [<1(—p>]
B B R ORMUE NN

1-6¢;)
These have the same signs as the univariate covariances:
s 2
5¢ ) pPT;
_6
T-6¢; 1— ¢ (1 P)

e Foreign bonds: The partial correlation of foreign bonds with domestic bonds and FX are
proportional to the regression coefficients:

] ) § 2
(ﬁ> o o7, 17,71 (170) (—1 i) pot
2
0
¢ ¢> o; (1=p) 03‘” + <1—;¢L) 207 (1-p) T 16g, 1— ¢ of (1-p)
_ } ] (1-0)° [(1(;@)]
o] (L= )+ (1= [0t

g
q>®
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These have the same signs as the univariate covariances:

2

5 2
160, ) P
5 17 o
169,19, (1-p)

e Foreign exchange: The partial correlation of foreign exchange with domestic and foreign bonds

are proportional to the regression coefficients:
(L)zgz ( 6 )2 o2 51 20 (1-6¢,)
=3¢, ) 7 \1-04,) P9 139, 1—¢1>i‘7i( =) | _ -9,
2 - 1—80: .
T 1-0¢; 1-6; i (1_p) _g(lfizg

5\ 2 5\ o
(14@) PO (175@.) Ti

These have the same signs as the univariate covariances:

)
[ 1,5,1)1.1%@.0-12 (1_/)) ]

- 1_%@ 1_;(7520—12 (1_0)

-1

Intuition for why cross-market price impact is hump-shaped. In fully integrated markets,
price impact is determined by univariate correlations (univariate regression coefficients). In partially
segmented markets, both univariate correlations and partial correlations (multivariate regression coef-
ficients) matter. And, of course, the distinction between univariate correlations and partial correlations
only arises once there are N > 2 assets.

When p — 1, impact of a long-term domestic supply shock on long-term domestic returns is very
large. Because of the strong hedging opportunities afforded by the opportunities to hedge in multiple
asset classes, the small number of generalists trade quite aggressively, taking large short positions in
foreign bonds and FX. These large positions have a large impact on prices in these markets. As markets
become more integrated (u falls), the impact on long-term domestic returns falls and generalists take
smaller short positions, leading impact on foreign bonds and FX to decline.

As we increase u, fewer investors can absorb a given supply shock. This inefficient risk sharing
effect means that supply shocks have a larger impact on returns. At the same time, as we raise i the
width-of-the-pipe effect means that price impact is more localized in the specific asset class where the
supply shock lands. When g is near zero, the inefficient risk sharing effect dominates, so cross-market
impact increases in p. When p is near 1, the width-of-the-pipe effect dominates, so cross-market
impact declines with p.

What is the intuition for the fact that sign (Q; (1)) flips if sign (v,;) # sign(75)? In
integrated markets (u = 0), the signs of cross-market price impact are determined by the signs of
cross-market return correlations. In partially integrated markets (1 € (0,1)), partial-correlations—or
multivariate regression coefficients—also play a role. For instance, suppose that the returns on asset
1 is positively correlated with those on assets 2 and 3. However, suppose that if we run a multivariate
regression of 1 on 2 and 3, the coefficient on 2 is positive and that on 3 is negative.

Suppose that there are initially very few generalists—markets are close to completely segmented—
and that there is a shock to the supply of asset 1. In highly segmented markets, this is going to have a
large positive impact on the expected returns on 1 and smaller impacts on those of 2 and 3. Following
the shock to the supply of asset 1, generalists want to go long 1 and to hedge this additional risk they
want to short 2 and go long 3. To induce specialists to take the other side in markets 2 and 3, the
return on 2 must rise and those on 3 must fall.
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As we add more and more generalists who care about the comovement between the returns on
the three assets, the shock to the supply of 1 pushes up the returns on both 2 and 3. Thus, as the
number of generalists rises, the sign of the price impact on 3 flips signs. In the limit where everyone
is a generalist, the rise in returns guarantees that generalists simply absorb the shock to the supply of
1 without trading 2 or 3.

E.2 Adding unhedged bond investors
E.2.1 Details and solution

Unhedged domestic investors 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 rxf;’_:l + raf,, over short-term domestic bonds.
Specifically, if unhedged domestic investors have a demand b?l’;t for foreign long-term bonds, then their
holdings of the foreign yield curve trade and the FX trade are d,, = b}, and d, , = b}, ,. So we have

dy,, L 0] 1
dD,t = d%k,t =10 1 |:b£.$t:| == HDbD,t
.| o 1] Upe

Unhedged domestic investors choose their demands bp; over returns

Yy
T
Yy t+1
IXpi+1 = Y q = Ty | = HAprXeq
Ty T 011 q
i1

Solving

-

!/ /

max {bDJEt [rXpst1] — §bD7tVa7“t [rXp¢11] bD7t} )
Dt

Thus, we have

bp, = 7(HpVar, [rx, 1] Hp)  HpE, [rx44]
{(Vq —2C,+V,) - By [raf,] — (Co+ Cy) - By [rafl, + 7"1'?“}]
—(Cy + Cy) - By [raf ] + V- By [rafly + raf,]
Vy (Vq o 2Cq + Vy) - (Cq + Cy>2

= T

This implies that

dp, = 7THp (HpVar [rx,1] HD)_1 H, E; [rx;, 4]

(Vg —2C, +V,) - E; [7".7:3;’“} —(C+Cy) - By [Tx?il + Txgﬂ}
—(Cy,+Cy) - Ey [rxfﬂ} +V, - E [rx%’il + T‘xgﬂ}
—(C,+C,) - E, [rxfﬂ} +V, - E, [r:z:fil + m:;ﬂrl}

V'y (Vq - 2Oq + Vzu) - (Cq + Cy)2

Unhedged foreign investors Unhedged foreign investors are present in mass /2 and are the mirror
image of unhedged domestic investors. They can buy long-term foreign bonds, long-term domestics
bonds, but not short-term domestic bonds. Thus, if they buy long-term domestic bonds, they must
take on FX exposure, generating an excess return of rz}, ; — rzf,; over short-term foreign bonds.
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Specifically, if unhedged foreign investors have a demand bgﬁt for domestic long-term bonds, they

we will have d., = b}, , and df,, = —b%,. So we have
dp, L 0] e
th = dyFTt ] 0 1 |:b5>;t:| = HFbF,t
df, -1 of b

Think of unhedged foreign investors as picking demands bg; over returns

Y
re
y q 11
Ty, —rxtH] B [1 0 —1} o
. _

!/
I'Xpiyr1 = rx = H%rx 1
i+ { 7’:(:%’+1 01 0 t+1 FHat+

q

Thus, unhedged foreign investors solve

I{)laX {thEt I:rXFtJr]_] bletVCM“t [PXF7t+1] bF,t} .
F.t
Thus, we have

br, = 7(HpVar, [rxi] HF)_1 H. E; [rx;1]

[ V, - Ey [Txiﬂrl — T{fﬂ] —(C,+C)) - E; [Txf{j';l] }
- (Vg —2C, +V,) - E; [TxgtJJrl} —(Cy+Cy) - By [Tx?fﬂ - ”7;1“}
V;J (Vq - 2Cq + V;J) - (Cq + Cy)2

and

drp;, = 7Hp (HpVar, [rx.q] HF)_1 H.E, [rx; 1]
Vy By [raf —rafy, ] = (Cq + Cy) - By [raf}]
(V, —2C,+V,) - E, [rwﬁl} (C +C ) E, [rxffﬂ - TngrJ
(Cq+Cy) - Ey [7%?11} —Vy- By [rxty-f—l - m:?H]
Vy (Vq B 2Oq + Vy) - (Cq + Cy>2

Global bond investors Global bond investors, present in mass (1 — 1), can hold short- and long-
term bonds in both currencies and can engage in all three carry trades. Thus, global investors have
demands

dg, =7 (Var, [I'Xtﬂ])_l By [rx441]

Market clearing and solution Letting V = Var, [rx;;1], the market clearing condition

s = ng,ﬁng,ﬁ(l—n) de.

= gTHD (HIDVHD)il H,DEt [rxt+1] —+ gTHF (H/FVHF)il H/FEt [rxt—i—l] + (]. — 77) TV_lEt [rxt+1] s

so we have

Ey[rxp ] =771 (gHD (H,V(n)H,) ' H), + gHF (H,V(n)H,) "H), + (1— 1) [V(n)]‘l)_l s,
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Fixed point problem The fixed point for A is
—1
A= |:T_1 (g -Hp (H’DVHD)f1 H), + g -Hp (H’FVHFY1 H). + (1—17n) V_1> S — R1] 0[BoE + B,E®]

where @ denotes element-wise matrix division (i.e., Hadamard division) and
V =B;AYA'B].

We can think of equilibrium as a fixed point problem involving the return impact matrix, @, that
maps changes in asset to supply to shifts in asset returns—i.e. E; [rx;,1] = ©s;. This return impact
matrix is given by

—1
© =7 (GHp (HVHp) " H}, + JHy (HVHy) ' Hy +(1-9) [V])

Since Ay = © © Z; where Z; = [BoE + B, E®] [375], we have
V=V, +(BO0Z)Z,(BiIO0Z,) =V, +ZoOX,00Z,

where Z satisfies (B1® @ Z;) = © o Z. Even though © is symmetric, Z is not, so ® o Z is not
symmetric. Thus, the relevant fixed point problem in © is

TH), (H),[V; + Z o ©%,0 0 ZHp) 'H), \

©=7"| +IHp (HR[V,+Z00O%,00Z|Hy) 'H
+(1=n)[Vi+Zo©®X,00Z]"

As always, we focus on the unique stable solution to this fixed point problem.
Trading behavior Writing out ©, we have
-1
© =77 (JHy (H,VH,) ™ Hj, + JH, (HyVHy) ' Hy 4 (1-n) V)

Thus, we have

od -
14 S = H (H,V(Hp) ! H,O,
t
adF,ti / —1 ¢ys
I # —*=rHp(H;VHy) 'H;O,
t
od
I # —S=rvle,
ast

so the first part of the Proposition follows trivially.

Understanding how © () varies as a function of 7. We first want to understand how this
solution © (7)) varies as a function of 7. Clearly, ® (n) is positive definite. However, we are interested
in understanding when/whether @’ () = 90 (n) /0n is itself a positive definite matrix.

We have

O =r" (gHD (H,V()Hy) " Hy + gHF (HRV(n)Hy) " Hy + (1 - 1n) [V(n)]1>1 .
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This implies that

l\DI»—t

o (1) =:Temﬂ{hmm] H,, (H, V() H >1Hb—4&h«H;vwnHF>1H;}@<m

sHp (HpV(n
+70 (n) | +1Hp (HRV(

(
JHp)™ (HpV'()H,,) (H’DV(W)HD)_1 HYp

nHp) " (H Vi Hp) (Hy V(nHp)  Hp | ©(n).  (80)
(=) V()] V() [V ()]1

As above, we assume that FX rates are subject to some FX-specific fundamental risk, so V! exists
even in the absence of supply risk. In this case, we can show that {V~! —1H), (H’DV(n)HDY1 H), —
%HF (H-VH 7)) H'’.} is positive semi-definite, immediately implying that the first matrix in curly
braces in equation (80) positive semi-definite. This means that ®' (1) must always be positive definite
in the absence of supply risk. Furthermore, by continuity of the stable equilibrium in the model’s
underlying parameters, ®' (1) must continue to be positive-definite when supply risk is small (X; is
small).

Proof that @’ (n) is positive semi-definite in the absence of supply risk. To prove that

{V'-1iH, (H) V(nH,) 'H, - THp (H,VHp) "' H/,} is positive semi-definite it suffices to prove
that [1 HD (H/, V( YH,) 'H), + 1Hp (HpVHp) ' Hy] ™' — V is positive semi-definite.”> We have

1 B 1 B
5 Hp (H), VH)) "H, + 5 Hr (HVH) 'H,

1 (Vy Z(ch) J(FJ%)V(I : - 054; Cyl) —lé(éCq +OCy + Vz),)
- Gt —Cy) +3Ve  5(Co+Cy+V,
V,(V, +V=20) = G+ G | _ic, b e, 4wy 2G40 4v) o

Thus, we have

1 / —1 ¢y 1 / —1 ¢qr
[ Ca+20,Cy+20,Vy+Cp—Vi-VqVy  C7-2C4Cy—2CqVy—Cy+V,Cy+V7 ot V)
Vg—2Cy— 4cq+2vy Vq—2Cy— 4Cq+2vy (
— _ C7-2C. cy 2C0qVy—Cy+VeCy+V7  C24+2C Cy+2c Vy+C2-V2-V,V, 1%, v
V,—2Cy—4C, +2Vy Vg—2Cy—4C, +2vy —(Cy+Vy)
L (Cy + V;;) - (Cy + V;/) 2 (Cy + %)

The eigenvalues of this later matrix are:
1. Ay =3(V, + C,) > 0. The inequality follows from the fact that (V, + C,) > 0
2. A= [Vq(vy_cy)_203]/[20/;1_03;)"_%_40(1] >0

e Since V is positive definite, we have det (V) = (C, +V,) (V, (V, — C,) — 2C?) > 0. Then,
since (Cy + V) > 0, we have V, (V, — C,) — 2CZ > 0.

33 Suppose that A and B are positive definite matrices. If A < B, then B~! < A=L. (We use A < B to mean
that (B — A) is positive-definite.) Similarly, if A < B, then B™! < A=Y, (We use A < B to mean that (B — A)
is positive semi-definite.) To prove this claim, first note that A < B = CAC’ < CBC' for any conformable matrix
C. Second, note that I < B = B~! < I. To see this, note that B! = B~1/2IB~%/2 < B~1/2BB~!/2 = I. Third,
note that A<B=0<B—-A=0<A"2B-A)A"Y/2 = 1< A Y?BA~Y2 Thus, we have A/2B~1A!/2 =

-1
(A=2BA7Y2) <L Finally, we have B~! = A~V2(AV2BIAV2) A2 ATV2M) AT A= AT
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e Since V is positive definite, we have 2 (V,, — Cy)+V,—4C, = Var [(rali, — raf,)) +raf, ] >

0.

3. )\3 == 0
Thus, we conclude that {V~1—1Hp (H,V(n)H,) ' Hj, — iHp (HVHy) ' H}} is positive semi-

definite.
How individual elements of © (1) behave as a function of 7. We consider the special case

without supply risk. Here we have
s \? 2 5 \? o I
(1_5@) i <1__&¢1) PI; 166, 1-9,71 (1=p)
Vel (Z) 2 (Z) et |
0L _52(1—p) Jgoo + (ﬁ)QZJ?(l—p)

) 1 2
Coa im6,0 (17P) —Tog 1,

which is independent of 7. Assuming agoo > 0, V is positive definite and we have det (V) > 0. We

have
-1
O (n) =7 (FHp (Hp VHp) ' Hp, + JHy (HpVHy) ' Hy + (1) [V]™)

© (n) is positive definite and ©’ (1) is positive semi-definite.
Diagonal elements of © (1) Since ©’ (1) is positive semi-definite, it follows that @7, ;, (1) > 0,

8,[272} (77) > 07 @,[373} (77) > 0 for all n.

Computing © (1) — © (0) = fol O’ (n)dn. We have

v, C,
©@0)=r"C, V, -G,
Cq _Oq Vq
and
3V2+2V,V,—C2-2C,Cy—6C,V,—C2—-2C,V, (Cy+Cy—Vy)?
B e e = B R ()
=7 (Cq+Cy—Vy) 3V242V,V, —C2—2C,Cy—6C,V,—C2—-2C,V,
o) =r ~ S e T e —Co = (V,+ )
Cq‘i_(%‘i_cy) _Cq_a/y_‘"cy) ‘/:1"'2(‘/1/_"03/)
Thus, we have
Vy (Vy4+Vy—2C,)—(Cy+Cy)? (Cy+Cy—V,)?
, ‘ Qy(\/yq—cy)iqu—fcq . _2Vy4qu—3§0yy—4cq - Czy Cy +V, + - +
_ - (Cy+Cy—Vy) Vy (Vy+Vy—2C,)—(Cy+Cly) _ _
OW=OO =7 i e e — O Mmig i, (G X T
Cy+‘/;/ _(Cy‘f‘v;/) 2(‘/;;"’01/)
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which follows from the facts that

2 ) 2 2 4 (1-0)° 1-p?
V, (Vy+V, —2C,) — (C,+ C)° T (1—6%) ;000 ) (1=390)" 0

2(Vy —Cy) +Vy — 4G, ‘7300+2‘722(1_p)( ) ;)2

op, 14,
) (Mf
(Cq+Cy—V,) (=01 (1—00,)?

5 2
_ e, - - () <,
2Vy + Vg — 20, — 4G, ’ Jico—i-ZU? (1-p) (1:3&;6 - 11¢>>2 (1_5¢i) '

5 2
V,+Cy = (1_5¢.) o7 (1+p) > 0.

Computing ©’ (0). Compute derivative at 7 = 0 where © (1) = 77'V. We have

1 _ 1 _
@0 = 7'V {Vl—iHD (H,VH)) 1H’D—§HF (H,VHp) 1H%1 A4
1o ! 0
(O N AR < I ) O D
2 )
(Cq+ Cy)" + Vy (Vy + Vg = 2C) % _2% 12 + -

which follows from that facts that (C, +V}) (V, (V,, — C) — 2C2) = det (V) > 0 and V, + V, — 2C, =
Var [raf, —ral,] > 0.

Computing ©'(1). Compute the derivative at n = 1. We have

3V242V,V,—C2-2C,Cy—6C,V,—C2—-2C,V, (Cq+Cy—Vy)?
@) 1 yqy 2(€/y(gczqu;€gj yyy 3V2+2V, V_ngvyz—qccyc)i\g% Ltfcq C2-20,V, Cat (Vy i Cy)
1 pu— - + - Yy - - Yy -
()=r EF (=R EaTen —Si—ogivmie————— G —(Vy+Cy)
Cq_’_(%"'cy) _Cq_a/;/—i_cy) ‘/11+2(‘/11+Cy)

We have

(Oy + ‘/;J) (V;J (Vy + ‘/;1 - 2Cq) - (Oq + Oy)Z)
Ve (Vy = Cy) —2C7
(Cy+Vy) (Var [Txiﬂrl} Var [rwﬁl + rmfﬂ] — (C’ov [rxfﬂ, rayy, + Ta:fHDQ)
Vq (Vy B Cy) - 203

= 712 > 0.

Of course, we have ©f; (1) = O, 5 (1) = =03 5 (1) = —=Ojy 5 (1). We also have

2
Oy (1) = —477! (Cg +20,Cy +2C,V, + C) — Vi — Vévy) (C —2C,C, — 2C,V, — Cr+ V0, + V;)

[2,1] Vq — QCy — 4Cq + 2Vy (C’y + Vy) (Vq (Vy . Cy) — 2Cq2)
Thus, ©/, (1) has the opposite sign of

4(1_5>2 1—p? <0
“(1—¢)* (1 -6,

2
C2 = 2C,C, — 20,V — C2 + V,C, + V2 = o2, ( ) po? + B0

1-54,
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Thus, we have @7, ;) (1) < 0. In summary, we conclude that

®’ (n) for n € [0,1] Although the algebra gets extremely messy, we can show that

+ - 4
OMnx|— 4+ —
+ -+

for n € [0, 1]. For simplicity, we show this explicitly below the case where § — 1.

Computing lims;_,; ' () We now compute the result in the limit where 6 — 1. This limit—the
limit where the duration of long-term bonds becomes infinite—simplifies the algebra considerably, but
does not change the underlying economics. We have lims_,; ®' () = 0 [lims_, © ()] /On. We now
compute lims_; © (7).

2 U? 2—n—np> 400'12 1-n 20'12(1_.0) 1
(1—¢;)? 4=4n+n*(1-p?) (kqsﬁ-)2 4—4An+n*(1-p?) (1-¢,)% 2-—n—np
lim @ (1) = 7! dpo? 1-n 9__7 2-1—np* _203(-p) 1
smeu =T (1=¢;)* 4=4n+n>(1=p) 7 (1-¢;)* 4—4n+n>(1-p?) (1-¢;)% 2—n—np
22(1-p) 1 22%(1-p) 1 (402(1-p)+20200 (1-¢;) ) 1020 (14p) (1—0;)
(1-¢;)* 2=n—np (1-9;)* 2=n—np (1-¢,)*(2-n(1+p))

Differentiating the above result, we see that

. / - a .
%l_f{i@(ﬁ)—a—n%{%@(ﬂ)& :L J_F :L

E.3 Deviations from covered-interest-rate parity

To model deviations from covered-interest rate parity (CIP), we make two assumptions.

1. We assume that the only market participants who can engage in riskless CIP arbitrage trades—
i.e., borrowing at the synthetic domestic short rate to lend at the cash domestic short rate—are
a set of global banks who face non-risk-based balance sheet constraints.

2. We assume that risk-averse bond investors—who are either domiciled at home or abroad—must
use FX forwards if they want to make FX-hedged investments in non-local long-term bonds. This
is equivalent to saying that bond investors cannot directly borrow (i.e., obtain “cash” funding)
in their non-local currency.

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

34Thus, at time ¢, the risk tolerance of foreign bond investors is 7/Q; in foreign currency terms, which corresponds to
a risk tolerance of 7 in domestic currency terms.
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The vector of excess returns from ¢ to ¢ + 1 to be endogenized becomes rxi 1 = [rzf,;, ra}i,,
raf,, 2" and the vector of exogenous supplies becomes s; = [sY, s{*, s{, s{"7]’.
FX-hedged returns Consider a domestic investor taking a forward FX-hedged position at time ¢ in
a risky foreign assets with returns 1, ;. At time ¢, the investor converts 1 unit of domestic currency into
1/Q; units of foreign currency. Suppose the investor sells forward H; = I units of foreign currency at
the forward price F} (this expression is valid for any H;, but setting H; = I = exp (i}) is convenient).
Then, the FX-hedged return return in domestic currency on the risky asset is

Basis risk
p_F Ry 0w F . O B) (i 1)
Hit+1 Qt Qt t+1 Qt

Thus, the FX-hedged return includes a basis risk term that reflect the product of the excess return on
foreign currency and the local-currency excess return on the risky asset.

We now assume that F! = (Q.1,) /(I; X{™®) or fI = q, — (it — i) — 25 where X[ = exp(zP).
Thus, we have

R KA (R, —11)Qua L X
Hi+l = 0, =

- ) Wi = 10

Using a Taylor series expansion about the point where the realized basis risk term is zero, the log-
hedged return is

T;{,t+1 ~ iy + (T:H - Z:) - xzfip] +

(LXPQuia/Q — 1) (Ryy — I})
LR}, '

The second term in square braces can be well approximated as

(XPQur/ Qe — 1) (Ryy — 1)
LRy

~ q cipy *
~ (TxtJrl + ;") Ty

* _ * <%
where rz},; = In (Rt+1) —tf. Thus, we have
* ~ x __cip q cipy *
TTppqp1 R TTiq — Ty + (Txt+1 + ;") TZpyq-

We neglect this second basis risk term in our theoretical calculations in Section 4. Intuitively, this
amounts to assuming that investors are regularly rebalancing their FX hedges. Formally, consider

E(raf  + :vfip) crxy, | = (B [mcgﬂ} + xfip) - B, [rx;rl] + Cov, [T$g+1,Tl‘:+1] )

If we let dt denote the return horizon, then (B, [rzf,,] + (") - B, [ra},;] will be of order (dt)* and
Covy [m;f 11 T +1} will be of order dt. Thus, in the continuous-time limit in which FX-hedges are

continuously rebalanced (dt — 0), the (dt)* terms vanish and we will only be left with a constant
covariance term.

Domestic bond investors Domestic bond investors can obtain a riskless return of ¢; from ¢ to
t 4+ 1 by investing in short-term domestic bonds. They can buy long-term domestic bonds, earning
an excess return of rz, ,; they can take FX-hedged positions in long-term foreign bonds, generating
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. :
an excess return of vz ; — z;"; and they can make forward investments in foreign currency, earning

an excess return of rzy, , + 2;”. In effect, domestic investors only have access to excess returns

IXpt1 = [rTi, Tx?j—l - ﬁfipa roy + fgip]l-

Suppose domestic bond investors have a demand hyD,t for domestic long-term bonds, h%k’t for FX-
hedged investments in long-term foreign bonds, hf, , for forward investment in foreign currency. Thus,
their positions in the four underlying long-short trades (domestic bonds, foreign bonds, cash FX

investment, and CIP arbitrage) are

Bl L0 0]
Cldyyl 1010 LRt
dD,t - d%,t - 0 O 1 ZqDJ - HDhD,t
| o -1 1] L'

Domestic bond investors choose their demands hp; over excess returns

y
X
ray 100 0 o
_ y* cip| _ TTi| _ oy
rXpgi1 = (1T —ap | = (01 0 —1 rxq+ =Hrx; ;.
q cip t+1
T, + @y 001 1 P
t

Thus, they solve

-

! !

I}IllaX {hD’tEt [rXpsi1] — §hD7tVart [rXp 1] hD,t} )
Dt

The solution is

hp, =7 (Var, [txps1)) " B [rxpea] = 7 (HpVary [rxe) Hp) ™ H By [rx44]

implying that
dD,t = HDhD,t = THD (HIDV(ITt [I‘Xt_,_ﬂ I—:[D)i1 H,DEt [I‘Xt_H] .

Note that
- V C C 0l |1 0 0
1 0 0 0 ) Y,y* Y,q
C V —C, 0] 10 1 0
/ _ _ R y y.q
H,Var, [rx,1|Hp = 8 (1] (1] 11 c—C,, V., ollo o 1
- 0 0 0 0] |10 -1 1

Vy Cy,y* Cy,q
= | Cyux Vy -Cyq| =V.
| O.%q _Cy,q Vq

Thus, CIP basis doesn’t affect the risk of their investments; just the expected returns on their invest-

ments. This implies that
dDﬂg = THDV_IH/DEt [rxt+1] .

Foreign bond generalists Foreign bond investors are the mirror image of domestic investors. For-
eign investors have access to excess returns rxp 1 = [rat,, + 207, ral,,, ral,, + %], Suppose that
foreign bond investors have a demand hi’% for FX-hedged domestic long-term bonds, h%*t for foreign
long-term bonds, th,t for forward-investment in FX. So their positions in the four pure long-short
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trades are

., 1 00)
ds 010 2

dF,t = dqiz = 00 1 Z%vt = HFhF,t'
e (1o 1] Uree

These foreign bond investors choose their demands hp, over hedged returns rxp;1 = Hprx; ;. Thus,
they solve

rff?f( {h}’tEt [rXpi1] — %h};’tVart [rXpsi1] hp,t} )
As above, the solution is

hpy =7 (Var, [txpea]) " By [tXpis] = 7 (BpVar, x| He) ™ HG B [rx4]
Following the same logic as above for domestic bond investors, we then have

dF,t = THFV_IH/FEt [I'Xt+1] .

Unlike in our baseline model, we need not have dp; = dp;. This is because CIP deviations affect
the hedged returns that investors earn in non-local long-term bonds.

Balance-sheet constrained banks The only players who can engage in the riskless CIP arbitrage
are a set of balance-sheet constrained banks. These banks choose the value of their positions in the
CIP arbitrage trade, dy",, to solve

max {af" !, — (5/2) (d55)*} (81)

cip
dB,t

where k > 0 and (k/2) (chfﬁ)z captures non-risk-based balance sheet costs faced by banks. Thus, banks
take a position in the CIP arbitrage trade equal to

or

o

ool

~+~

|
coc oo
cocoo
cocoo

Market clearing In this extension, we assume that s{ is exogenous net supply of risky FX exposure
on a forward basis that bond investors must hold. And we assume that s;” is the exogenous supply of
the riskless CIP arbitrage trade that banks must undertake. We parameterize the exogenous supply
shocks in this way to clearly separate the supply of risky FX exposure and the supply of riskless
funding that bond investors and banks must intermediate. Thus, the exogenous supply of the four
underlying long-short trades are

100 0] s
- 01 0 0f |s"
sB~g, = ¢
L2001 0f | s
00 1 1| |s
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Below, we explain how the results change if s} is exogenous net supply of risky FX exposure on a cash
basis.

Here we assume that sffl = Pueinsi? + Egein s where Var, [esgipl] =02, >0, ¢ € [0,1), and Egeip
is orthogonal to the other shocks. The main text considers the special case where aim.p = 0, implying
that s =

The market clearing conditions are

_ 1 1
sPTs, = 5 (dpy +dry) +dpe = {5 (THpV™'H} + THp V™ 'HE) + K] Ey [rxea],

implying that X
1 e
By [rx;] = {5 (rtHpV'H}, + THRV'HE) + K] S s

Working through the math, we obtain

Y 1 1 Y
Ey [rxﬁl] Vi Cyye Cyg O 2, 2 0 -1 A
Et Txé_'_l _ 7_71 Oy,y* ‘/;J _Cyﬂ 0 K ‘/y + Cy,y* _5 5 0 ]_ Stq
B (raiy Cyg —Cyg ¢ O 2V, +2C, s +7 | 1 -1 0 =2 eh
2P 0 0 0 0 11 0 2|/ |
These are the expressions given in Proposition 5.
Given these prices, equilibrium quantities are given by
4Cy +AVy 36T g - 0 —s - y
4Cy y«+4Vy+2kT 2 2Cy yx+2Vy+KT 2Cy,yx+2Vy+KT S
K T 4Cy,y*+4Vy+HT 0 —/{+ Sy*
th = THDV_lHIDEt [rXt—i—l] = 2 20y, ys+2Vy 7 4Cy,yx+4Vy+2rT 20y y«+2Vy+k7 tq
’ 0 0 1 Sy
K T o l 4Cy7y*+4vy+I€T 1 K T S;:'Lp
2 2Cy yx+2Vy+KT 2 2Cy ys«+2Vy+KT1 20y, yx+2Vy+KT
4Cy yx+4Vy+KT K T 0 k T y
4Cy yx+4Vy+2KT 2 2Cy y«+2Vy+rKT 2Cy,yx+2Vy+KT St
_k T 4Cy,y* +4Vy+3HT 0 K T Sy*
dF,t = THFV_IH/FEt [I‘Xt_H] = 220y +2Vy+rRT 4Gy +4Vy+2R7 1 2Cy,y«+2Vy+KT stq
t
14Cy,y«+4Vy+s7 K T 1 K - $CP
22Cy et 2Vytrr 220y yut2Vytrr 2Cy g +2Vy +rT t
0 0 0 0 ¥
| . 0 0 0 0 s
et I'X. g
Bt e [rxea] 0 0 0 0 54
_ Cyyx+Vy Cyy=+Vy 0 2 Cyyx+Vy cip
20y, yxH2Vy+r1 20y yu+2Vy+KT 20y, yx+2Vy+KT St

Thus, when k£ > 0, we see that domestic (foreign) bond investors play an outsized role in absorbing
shocks to domestic (foreign bond supply). For instance, domestic investors absorb a fraction

14Cy,y* + 4V, + 3kT
240y s + 4V, + 2kT

of any domestic bond supply shock. This quantity equals 1/2 when x = 0, is increasing in &, and
converges to 3/4 as kK — oo. Furthermore, since an increase in foreign bond supply (s{*) reduces the
costs that foreign investors must pay to hedge their domestic bond holding, an increase in s!" increases
the domestic bond holdings of foreign investors and reduces those of domestic investors.

As in our baseline model, the variance-covariance matrix of excess returns is an equilibrium object.
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Specifically, a rational expectations equilibrium of the extended model is a fixed point of an operator
involving the “price-impact” coefficients which govern how the supplies s, = [s?, s{", s7, s;""]" impact
Yo Y5, qi, and a:fip . One can also recast the equilibrium as a fixed point problem involving the
equilibrium variance-convariance matrix. However, as in the baseline model in Section 3, if 0 < p < 1,
o2, > 0, 0%, > 0, we must have C,, > 0 in any stable equilibrium. Furthermore, we must have
Vy+ Cyye = Vy (14 Corr [raf, |, rz{,]) > 0 and, thus, [x(V, + Cy )]/ 2V, + 2C, 4u + 76] > 0 in
any equilibrium. Thus, since

>0 >0
_ * ~= ci
Blraln] = 1 [Coy- (st — s¥%) + Vo - sf] — a5,
, V,+C
cip Y Y,y* . Y LYk -9 ctp
T, KQ(V;;‘FCy,y*)"'TH [(St St ) S¢ L
20

it follows that the three supply shocks s¥, s¥*, and ;" push Ey[rz{,,] and 2;” in opposite directions.
As a result, these three supply shock shocks push ¢; and z;" in the same direction.
In the special case, where there are no FX supply shocks (sf = 0%, = 0), we have

Vy + Cyy
(Vy + Cyy) + 7

Bifratt) = B lrel] = |70 = Cuae) 4 15 =,

V,+ C,
E, |ra? = — | C K Y yux (87— sY
t[ t—i—l] [T g T 2V, + Cyyo) + 7 (st i)
; V,+C,
xczp — K Y Y.y* . SZJ* _ Sy ,
T e AR
and thus
Ky>0
T —1 Vy+C LY * o
T Cy’q ™ KQ(Viny,Z*yH‘T“

E, [MC?H] = —

(B [refin] = B [raiia]),

—1 _ ‘/y"!‘cy,y*
T (V, Cy,y*)+’f2(vy+oy,y*)+m

2(Vy+Cyyx)+75

TV, = Cye) + gt

cip

(B [ralin] = B [radia])-

2(Vy+Clyyx)+7k

N J/

Kcz‘p>0

Thus, we have £, [rxgﬂ} =—-K,- (Et [rmi’il} —F, [Tﬂffﬂ]) and 2% = Kep - (Et [r:vfil] — [7“33§+1D
where K, K., > 0.

Next, treating the variances and covariances as fixed objects—as would be appropriate in the case
where supply is non-stochastic—it is easy to see that [k (V, + Cy )] / [2 (Vy + Cyys) + TK] is increasing
in £. Thus, in this case, it then immediately follows that 0?Ey[rz} ,]/0s{0k = 0*Ey[raii,]/0s{ 0k >
0, O?Eyrzy,]/0s{0r = —0*Ey[ral,,]/0s{"0x > 0. In other words, an increase in bank balance-
sheet costs (k) raises the impact of bond supply shocks on risk premia and, hence, on market
prices. Conversely, a rise in x reduces the impact of local bond supply shocks on non-local bond
risk premia:0*Ey[ra)’,]/0s{0k = 0?Ey[ray,,]/0s{"0r < 0. Under regularity conditions, it is straight-
forward but tedious to show that this same argument carries through unchanged in the case where
supply is stochastic.

Finally, since the model’s stable equilibrium is continuous in the model’s underlying parameters,
it follows that if we take the limit where k — 0, then the extended model in Section 4 converges to
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the baseline model considered in Section 3. Specifically, as Kk — 0, CIP holds (azfip — 0). By contrast,

in the limit where bank balance sheets costs grow without bound (x — o0), one can show that prices
adjust to ensure that % (dpt+dps) = S[lg_ﬂst and dg; = 0. In other words, as bank balance sheet
costs grow large, prices will adjust to ensure that there is zero net demand for the CIP arbitrage trade
that banks must absorb in equilibrium.

Alternate assumption on FX supply If s is instead the exogenous net supply of risky FX
exposure on a spot basis, then the exogenous supplies of the four underlying long-short trades are

10 00 EH
B-7_. 0100 S?*
St =100 1 0] | s
00 0 1f |s”
In this case, we still have
L [ngﬂ] = 7! [Vy st + Cyys - s{" 4+ Cyq - si] — x?p/za
Eylraliy] = 77 Cyy- st + Vst = Cyy- s+ 5P /2,
E[ral, ] = 77 Cpq- (s! =)+ V- si] — P,
as above. However, we now have
; Vv, +C ;
ap Yy Y,y* X (N L —9. cap g )
Ly "?2 (V, + Cyye) + 780 (8§ —s¢7) (st st)]
20

Now shocks to s{ also push Fy[ra{ ] and z;" in opposite directions. The intuition is simple.
To clear the spot foreign exchange market at time ¢, investors must be willing to exchange domestic
currency for foreign currency at today’s spot rate with no agreement to reverse this exchange at a
later date. Since rzf,; = (11 — ff) — 25" this spot investment in foreign currency is equivalent to a
(i) forward investment in foreign currency plus (ii) a reverse FX swap—i.e., an exchange of domestic
for foreign currency at today’s spot rate (1/Q);) and simultaneous agreement to exchange foreign for
domestic currency tomorrow at today’s 1-period forward rate (FtQ). This reverse FX swap is equivalent
to a reverse CIP arbitrage trade that borrows on a cash basis and lends on a synthetic basis in domestic
currency.

To accommodate an inelastic demand s} to swap foreign for domestic currency in the spot FX
market, (i) risk-averse bond investors must make a forward investment in foreign currency in amount
s{ and (ii) balance-sheet constrained banks must enter into a reverse CIP arbitrage trade, thereby
earning —z{" in amount s!. Thus, an increase in s! will be associated with (i) an increase in the
expected return to buying foreign currency on a forward basis, E; [gi1 — ff], and (ii) a decline in
xy”. The rise in E[g41 — f{] is required to induce risk-averse bond investors increase their risky
forward investments in foreign currency. And, the decline in z;* is required to induce balance-sheet
constrained banks to supply reverse FX swaps. Combing these results, an increase in s{ must then lead
E, [raf,] = By g1 — f{] — 2" to rise. Thus, shocks to s{ also push Ej[rz{ ] and 2" in opposite
directions.
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Figure Al. Unhedged bond investors. This figure illustrates the model with unhedged bond investors
from Subsection 4.2 in the main text and Subsection C.1 of the Online Appendix. 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 parameters so each period represents one
month. We assume: g; = 0.25%,¢; = 0.985, p = 0.5, 05y = 1, ¢psy = 0.95, 050 = 1, ¢pa = 0.95, g4 =
0.5%, § = 119/120 (i.e., the long-term bond has a duration of 120 months or 10 years), and 7 = 1.80.
These parameter choices are illustrative. See Section C.1 of the Online Appendix for additional details.
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Table Al. Non-overlapping 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:

AHqc,l :Ac +BXAH(i:,l _it)+DXAH(y:,l _yt)+Ach,t'

Sampling the data every H months, we regress H-month changes in the foreign exchange rate on A-month changes in short-term interest rates and in long-term yields
in both the foreign currency and in U.S. dollars—i.e., the changes are not overlapping. All regressions include currency fixed effects. The sample runs from 2001ml to
2021m12 and includes six currency pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. For the non-overlapping regressions, we report
standard errors that cluster by time (CT). Column (2) reports the equal weighted average of the coefficient estimates and standard errors across these H non-
overlapping estimates. For reference, we report the coefficient estimates and Driscoll-Kraay (1998) standard errors from the corresponding overlapping regressions in

*kok

column (1). ", ™, and ™ indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively.

Panel A: H = 3-month changes (data are sampled every 3 months in non-overlapping regressions)

Overlapping Non-overlapping
EW AV Jan, Apr, Jul, Oct Feb, May, Aug, Nov Mar, June, Sep, Dec
(1) (2) ®3) (4) ()
As(ice — ip) 3.22 3.15 3.75 2.87 2.84
(1.47)" (1.37)" (1.41)™ (1.29)" (1.42)"
As(yer —ye) 3.13 3.26 1.33 4.27 4.18
(1.25)" (1.67)° (1.73) (1.80)" (1.47)™
VCE DK CcT CcT CT CT
N 1,512 504 504 504 504
R? (within) 0.14 0.15 0.12 0.17 0.15
Panel B: H = 12-month changes (data sampled every 12 months in non-overlapping regressions)
Overlapping Non-overlapping
EW AV Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(1) (2) ®3) (4) () (6) (7) (8) 9) (10) (11) (12) (13) (14)
A (B0 — i) 1.26 1.16 1.07 2.33 3.29 2.15 1.49 1.84 1.74 -0.02 -0.60 -1.14 0.51 1.28
(1.64) (1.78) (2.19) (2.01) (2.21) (2.02) (1.87) (2.04) (1.89) (1.32) (1.21) (0.97) (1.46) (2.20)
A, (Ve — Vi) 5.13 5.31 7.92 5.38 1.03 2.68 3.17 2.55 1.90 6.37 6.50 11.24 8.27 6.67
(1.87)" (2.91)" (2.83)" (3.38) (3.64) (3.52) (3.58) (3.26) (2.89) (2.51)7  (2.22)  (2.39)™  (1.70)7T (3.08)7
VCE DK CcT cT cT cT CT CcT CcT cT cT CT CcT CcT cT
N 1,512 126 126 126 126 126 126 126 126 126 126 126 126 126
R? (within) 0.14 0.16 0.19 0.22 0.17 0.15 0.11 0.11 0.09 0.15 0.13 0.27 0.17 0.18
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Table A2. Non-overlapping 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:

AHqc,t = Ac +BXAH(i:,t _iz)+DXAH(f:t _f;)+Ach,t'

Sampling the data every H months, we regress H-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—i.e., the changes are not overlapping. All regressions include currency fixed effects. The sample runs from
2001m1 to 2021m12 and includes six currency pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. For the non-overlapping regressions,
we report standard errors that cluster by time (CT). Column (2) reports the equal weighted average of the coefficient estimates and standard errors across these H
non-overlapping estimates. For reference, we report the coefficient estimates and Driscoll-Kraay (1998) standard errors from the corresponding overlapping regressions

*

in column (1). ", ™, and " indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively.

Panel A: H = 3-month changes (data are sampled every 3 months in non-overlapping regressions)

Overlapping Non-overlapping
EW AV Jan, Apr, Jul, Oct Feb, May, Aug, Nov Mar, June, Sep, Dec

(1) (2) ®3) (4) ()

As(ic, —ip) 4.15 4.11 4.16 4.10 4.08
(1.38)™ (1.30)™ (1.30)™ (1.34)™ (1.25)™

As(fle — 1) 1.72 1.76 0.08 2.74 2.46
(1.20) (1.26) (1.20) (1.58)" (1.00)”

VCE DK CcT CcT CT CT

N 1,512 504 504 504 504

R’ (within) 0.13 0.14 0.12 0.16 0.14

Panel B: H = 12-month changes (data are sampled every 12 months in non-overlapping regressions)

Overlapping Non-overlapping

EW AV Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

Ay (B0 — i) 2.70 2.67 3.40 3.87 3.60 2.82 2.40 2.59 2.34 1.80 1.28 2.15 2.72 3.04
(1.42)" (1.47)" (1.71)" (1.70)"  (1.65)" (1.58)" (1.49) (1.58) (1.46) (0.98)" (1.02) (1.15)° (1.41)" (1.93)

A (fée — fe) 2.50 2.61 4.11 3.32 0.10 1.69 0.57 0.13 -0.26 3.60 3.74 6.62 5.72 1.97
(1.13)" (2.22) (1.83)" (2.06) (2.62) (2.53) (2.19) (2.30) (2.42) (2.16) (1.89)"  (1.60)™  (2.58)" (2.47)

VCE DK CT cT cT cT CT CT CT cT cT CT CT CT cT
N 1,512 126 126 126 126 126 126 126 126 126 126 126 126 126
R? (within) 0.11 0.14 0.16 0.21 0.17 0.15 0.10 0.10 0.09 0.11 0.10 0.23 0.16 0.11
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Table A3. Non-overlapping forecasts of 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:

rx’ rx’ =AC+B><(iCJ—it)+D><(fC,t—ﬁ)+SC’Ht+H.

c,t—>t+H c,t—>t+H
Sampling the data every H months, 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—i.e., the returns are not overlapping. All regressions include currency fixed effects. The sample runs from 2001m1
to 2021m12 and includes six currency pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. For the non-overlapping regressions, we report
standard errors that cluster by time (CT). Column (2) reports the equal weighted average of the coefficient estimates and standard errors across these H non-
overlapping estimates. For reference, we report the coefficient estimates and Driscoll-Kraay (1998) standard errors from the corresponding overlapping regressions in
column (1). ", ™, and ™ indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively.

Panel A: H = 3-month returns (data are sampled every 3 months in non-overlapping regressions)

Overlapping Non-overlapping
EW AV Jan, Apr, Jul, Oct Feb, May, Aug, Nov Mar, June, Sep, Dec
(1) (2) ®3) (4) ()
ioe — i¢ -0.21 -0.21 -0.26 -0.18 -0.19
(0.13) (0.18) (0.17) (0.20) (0.16)
fée— 1 1.74 1.74 1.93 1.84 1.45
(0.22)™ (0.32)™ (0.33)™ (0.40)™ (0.24)™
VCE DK CcT CcT CT CT
N 1,494 498 498 498 498
R? (within) 0.10 0.11 0.12 0.12 0.09

Panel B: H = 12-month returns (data are sampled every 12 months in non-overlapping regressions)

Overlapping Non-overlapping

EW AV Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

ioe — i¢ -0.27 -0.28 -0.33 0.01 -0.17 -0.16 -0.21 -0.30 -0.14 -0.35 -0.45 -0.53 -0.29 -0.38
(0.39) (0.51) (0.45) (0.54) (0.58) (0.57) (0.56) (0.51) (0.54) (0.51) (0.48) (0.44) (0.49) (0.45)

fée— 1t 4.31 4.35 4.16 3.62 5.02 4.53 4.57 4.89 4.27 4.59 3.75 4.46 3.63 4.66

(0.33)™ (0.79)™ (0.7 (0.71)™  (0.83)™  (0.82)™ (0.88)"" (0.85)™"  (0.83)"" (0.88)"" (0.62)" (0.68)"" (0.72)"" (0.92)™

VCE DK CT cT cT cT CT CT CT cT cT CT CT CT cT
N 1,440 120 120 120 120 120 120 120 120 120 120 120 120 120
R? (within) 0.22 0.24 0.24 0.18 0.23 0.23 0.25 0.29 0.25 0.25 0.19 0.32 0.21 0.27
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Table A4. Non-overlapping forecasts of foreign exchange excess return using short-term interest rates and long-term forward rates. This table presents monthly panel
forecasting regressions of the form:

rx; =Ac+Bx(ic,t_it)+DX(f;,t_ﬂ)+gc,t4)l+H'

c,t—>t+H
Sampling the data every H months, we forecast H-month foreign exchange excess returns using short-term interest rates and distant forward rates in both the foreign
currency and in U.S. dollar—i.e., the returns are not overlapping. All regressions include currency fixed effects. The sample runs from 2001m1 to 2021m12 and includes
six currency pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. For the non-overlapping regressions, we report standard errors that
cluster by time (CT). Column (2) reports the equal weighted average of the coefficient estimates and standard errors across these H non-overlapping estimates. For
reference, we report the coefficient estimates and Driscoll-Kraay (1998) standard errors from the corresponding overlapping regressions in column (1). ", ™, and ™
indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively.

Panel A: H = 3-month returns (data are sampled every 3 months in non-overlapping regressions)

Overlapping Non-overlapping
EW AV Jan, Apr, Jul, Oct Feb, May, Aug, Nov Mar, June, Sep, Dec
(1) (2) ®3) (4) ()
ioe — i¢ 0.29 0.28 0.23 0.30 0.32
(0.37) (0.33) (0.30) (0.35) (0.33)
fée— 1 -0.83 -0.82 -0.57 -1.00 -0.91
(0.39)° (0.47)° (0.47) (0.43)" (0.49)"
VCE DK CcT CcT CT CT
N 1,494 498 498 498 498
R? (within) 0.01 0.02 0.01 0.02 0.02
Panel B: H = 12-month returns (data are sampled every 12 months in non-overlapping regressions)
Overlapping Non-overlapping
EW AV Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(1) (2) ®3) (4) () (6) (7) (8) 9) (10) (11) (12) (13) (14)
ioe — i¢ 0.96 0.96 0.99 0.37 0.16 0.81 0.80 0.62 0.75 1.42 1.57 1.54 1.34 1.15
(1.34) (1.37) (1.63) (1.92) (1.90) (1.52) (1.38) (1.28) (1.19) (0.95) (0.91) (1.01) (1.42) (1.28)
fée— 1t -3.59 -3.60 -5.28 -3.28 -2.07 -3.83 -2.74 -2.26 -2.77 -3.55 -3.17 -5.53 -4.31 -4.39
(1.03)™ (1.76)" (1.62)™ (1.92) (2.46) (1.90)° (1.88) (1.76) (1.63) (1.70)" (1.42)"  (1.30)™  (1.88)"  (1.67)"
VCE DK CcT cT cT cT CcT CcT CcT cT cT CcT CcT CcT cT
N 1,440 120 120 120 120 120 120 120 120 120 120 120 120 120
R? (within) 0.04 0.07 0.08 0.04 0.03 0.06 0.05 0.04 0.06 0.10 0.11 0.15 0.08 0.08
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Table A5. Country-by-country contemporaneous relationships between movements in foreign exchange, short-term interest rates, and long-term
interest rates. This table presents country-level monthly time-series regressions of the form:

A12qc,t = Ac + Bc X AIZ(i:,t - lt) + Dc X AIZ (y:,t - yt) + A]ch,w
and
AppGes = A+ B X Apic, + By XA+ Dy X Apye, + Dy <ALy +A e,

For each for currency ¢, we separately regress 12-month changes in the foreign exchange rate on 12-month changes in short-term interest rates
and in long-term yields in both the foreign currency and in U.S. dollars. The sample runs from 2001m1 to 2021m12 and includes six currency
pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. We report Newey-West (1987) errors allowing for serial
correlation up to a lag parameter that is chosen using a data-dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). *, ™, and
" indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using the fixed-b asymptotic

theory of Kiefer and Vogelsang (2005). For reference, we report the corresponding panel specifications in columns (1) and (2) which are a
weighted average of the country-level time-series estimates.

Country-level time-series regressions

Panel

AUD CAD CHF EUR GBP JPY
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
Dy (ite — i) 1.26 0.86 3.58 0.91 0.99 2.14 -0.22
(1.64) (1.62) (2.67) (1.58) (2.17) (2.21) (1.90)
Dy (Vie = Vo) 5.13 12.65 -3.45 3.54 3.71 4.46 5.90
(1.88)" (4.27)" (3.42) (2.59) (3.72) (4.60) (1.97)"
Ayyil, 3.10 5.30 5.96 -3.29 -1.00 3.96 -12.69
(1.40)° (1.65)™ (2.60)’ (2.71) (2.65) (1.47) (7.49)
Aryiy -0.21 1.16 273 0.19 0.85 0.55 0.58
(1.08) (1.08) (2.45) (1.25) (1.52) (1.03) (1.95)
Aayie 9.07 10.31 1.64 11.73 13.83 11.32 11.11
(1.63)" (3.86)" (5.60) (2.56)™ (2.65)" (4.75)" (4.50)
MYy 5.77 -11.18 -0.04 -5.31 -5.95 -7.61 6.23
(1.61)" (3.32)" (4.46) (2.00)" (2.79)° (3.91)" (2.04)"
NW (DK) lags 29 29 29 29 29 29 29 29 29 29 29 29 29 29
N 1,512 1512 252 252 252 252 252 252 252 252 252 252 252 252
R (within) 0.14 0.27 0.32 0.53 0.05 0.20 0.11 0.21 0.08 0.26 0.17 0.53 0.14 0.18
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Table A6. Country-by-country contemporaneous relationships between movements in foreign exchange, short-term interest rates, and long-term
forward rates. This table presents country-level monthly time-series regressions of the form:
A12qc,t = Ac + Bc X AIZ(i:,t - lt) + Dc X AIZ (f:t - f;) + Alzgc,tﬂ

and

Ayqe, = 4.+ B, % A12i:,t +B, XA+ Dy % A12f:t +D,, X Apfi+ A&,
For each for currency ¢, we separately regress 12-month changes in the foreign exchange rate on 12-month changes in short-term interest rates
and in distant forward rates in both the foreign currency and in U.S. dollars. The sample runs from 2001m1 to 2021m12 and includes six currency
pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. We report Newey-West (1987) standard errors allowing for
serial correlation up to a lag parameter that is chosen using a data-dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). ",
", and " indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using the fixed-b
asymptotic theory of Kiefer and Vogelsang (2005). For reference, we report the corresponding panel specifications in columns (1) and (2) which
are a weighted average of the country-level time-series estimates.

Country-level time-series regressions

Panel AUD CAD CHF EUR GBP JPY
(1) (2) 3) (4) () (6) (7) (8) (9) (10) (11) (12) (13) (14)
Ay (ise —ip) 2.70 4.37 2.44 1.99 2.07 3.37 1.19
(1.42)° (1.27)™ (2.59) (1.07) (1.47) (1.33)" (1.80)
Ao (fie— 1) 2.50 6.22 -5.83 1.75 2.36 2.43 3.14
(1.13) (3.08)" (1.64) (2.41) (3.10) (2.88) (1.64)"
Ayoiky 5.54 8.24 6.03 -0.44 3.02 6.91 -6.94
(1.12)™ (1.04)™ (2.84)" (2.39) (2.00) (0.63)™ (7.98)
Ayl -1.72 -2.01 -2.90 -1.16 -0.54 -1.49 -0.77
(0.87)" (0.85)" (2.48) (0.88) (0.96) (0.45)™" (1.66)
Ao fte 5.38 3.81 -4.70 9.16 9.81 6.70 5.02
(0.84)™ (2.80) (4.13) (2.43)™ (1.97)™ (3.78) (4.08)
Ao f; -2.79 -4.51 4.25 -3.48 -3.48 -4.00 -2.85
(0.83)™ (1.63)" (2.76) (1.86) (1.89) (2.97) (1.60)
NW (DK) lags 29 29 29 29 29 29 29 29 29 29 29 29 29 29
N 1,512 1,512 252 252 252 252 252 252 252 252 252 252 252 252
R? (within) 0.11 0.25 0.28 0.48 0.10 0.22 0.09 0.22 0.08 0.28 0.16 0.50 0.08 0.10

91



Table A7. Country-by-country results when forecasting foreign minus domestic bond excess return using short-term interest rates and long-term
forward rates. This table presents country-level monthly time-series forecasting regressions of the form:

y* » _ S . *
rxc,tat-%—lz - rxc,tat+12 - Ac + Bc X (lc,t lt) + Dc X (fc,t ﬁ) + 8c,t—>t+12 s
and
y* _ y _ K . *
rxc,t—)t+l2 rxc,t—>t+12 - AC + Bl,c X lC,t + BZ,C X lt + Dl,c X f;‘,t + DZ,L‘ X ﬁ + gc,t—>t+12'

For each for currency ¢, we separately forecast the difference between foreign and domestic 12-month bond returns using short-term interest
rates and distant forward rates in both the foreign currency and in U.S. dollars. The sample runs from 2001m1 to 2021m12 and includes six
currency pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. We report Newey-West (1987) standard errors
allowing for serial correlation up to a lag parameter that is chosen using a data-dependent approach based on Lazarus, Lewis, Stock, and Watson
(2018). *, ”, and ™" indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using the
fixed- b asymptotic theory of Kiefer and Vogelsang (2005). For reference, we report the corresponding panel specifications in columns (1) and (2)
which are a weighted average of the country-level time-series estimates.

Country-level time-series regressions

Panel AUD CAD CHF EUR GBP JPY
(1) (2) 3) (4) () (6) (7) (8) (9) (10) (11) (12) (13) (14)
(ise — i) -0.27 -0.62 0.65 0.84 -0.43 -0.04 -0.43
(0.39) (0.57) (0.56) (0.59) (0.77) (0.53) (0.62)
(fee— 1) 4.31 5.93 3.89 8.00 2.95 5.32 3.85
(0.33)™ (1.28)™ (1.29)" (0.87)" (1.78) (0.99)" (0.87)"
ior -0.51 0.21 1.64 -1.99 -0.71 1.11 -2.36
(0.42) (1.13) (0.88) (0.82)" (0.95) (0.53)" (2.18)
i -0.21 -0.45 -1.13 -0.51 -0.68 -1.29 0.42
(0.37) (0.82) (0.78) (0.52) (0.54) (0.62)" (0.70)
fer 3.94 3.84 3.33 10.79 5.46 4.29 5.40
(0.55)™" (2.04) (1.92) (1.35)™ (1.46)™ (1.12)™ (1.90)"
fi -4.12 -5.16 -3.87 -9.13 -6.55 -5.65 -4.31
(0.38)™ (1.38)™ (1.39)" (0.79)™ (1.41)™ (1.16)™ (0.72)™
NW (DK) lags 28 28 28 28 28 28 28 28 28 28 28 28 28 28
N 1,440 1,440 240 240 240 240 240 240 240 240 240 240 240 240
R? (within) 0.22 0.28 0.26 0.36 0.17 0.20 0.36 0.47 0.08 0.45 0.40 0.51 0.27 0.28
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Table A8. Country-by-country results when forecasting foreign exchange excess return using short-term interest rates and long-term forward
rates. This table presents country-level monthly time-series forecasting regressions of the form:

s . s
rxg,t—>t+l2 = Ac +Bc X (lc,t _lt) +Dc X (.fc,t _f;) + gc’t_>t+129

and
ok . *
c,t—t+12 = Ac + Bl,c X lc,t + B2,c X lt + Dl,c X Jrc,t + D2,c x .f; + gc,t%t+12'

For each for currency ¢, we separately forecast 12-month foreign exchange excess returns using short-term interest rates and distant forward
rates in both the foreign currency and in U.S. dollar. The sample runs from 2001m1 to 2021m12 and includes six currency pairs: AUD-USD,
CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. We report Newey-West (1987) standard errors allowing for serial correlation up
to a lag parameter that is chosen using a data-dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). *, ™, and ™" indicate
statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using the fixed-b asymptotic theory of
Kiefer and Vogelsang (2005). For reference, we report the corresponding panel specifications in columns (1) and (2) which are a weighted average

of the country-level time-series estimates.

rxd

Country-level time-series regressions

Panel AUD CAD CHF EUR GBP JPY
(1) (2) (3) (4) (5) (6) (7) (8) 9) (10) (11) (12) (13) (14)
(i2e — iy) 0.96 1.59 -0.83 1.02 0.52 0.26 0.62
(1.34) (1.49) (2.62) (1.07) (2.15) (1.80) (1.18)
Fre = 1) -3.59 -11.06 6.75 -5.50 2.26 -5.60 -4.56
(1.03)™ (4.06)™ (3.16)" (2.84)" (2.66) (3.04) (1.59)™
i 0.11 -3.20 -5.63 2.54 1.75 -1.18 14.95
(1.76) (3.41) (3.34) (1.71) (2.83) (2.53) (5.15)™
i -0.02 0.46 3.74 -0.75 0.25 0.14 -0.93
(1.22) (2.23) (2.59) (0.97) (2.01) (2.66) (1.19)
fie -1.86 -3.40 10.82 -5.05 -0.14 -6.20 -8.80
(0.84)" (5.33) (3.19)™ (3.15) (3.08) (3.02)" (2.69)
f: 3.51 9.74 -7.21 5.26 0.16 7.88 5.49
(1.09)™ (3.61)"™ (3.08)" (3.00) (3.75) (3.62)" (1.65)™
NW (DK) lags 28 28 28 28 28 28 28 28 28 28 28 28 28 28
N 1,440 1,440 240 240 240 240 240 240 240 240 240 240 240 240
1 (within) 0.04 0.09 0.14 0.24 0.06 0.25 0.07 0.15 0.03 0.11 0.10 0.13 0.15 0.23
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Table A9. Contemporaneous relationship between movements in foreign exchange, short-term interest
rates, and long-term interest rates for the EUR, GBP, and JPY. This table presents monthly panel
regressions of the form:
AHQc,t =A.+Bx AH(i:,t —i,)+Dx AH(y:,t —y)+ Ach,ta
and
Apqe, = A+ B XAy, + B, xAyi,+ Dy x Ay, + Dy x Ay, + Ay e,

We regress H-month changes in the foreign exchange rate on H-month changes in short-term interest
rates and in long-term yields in both the foreign currency and in U.S. dollars. All regressions include
currency fixed effects. The sample runs from 2001m1 to 2021m12 and includes three currency pairs:
EUR-USD, GBP-USD, and JPY-USD. We report Driscoll-Kraay (1998) standard errors allowing for
serial correlation up to a lag parameter that is chosen using a data-dependent approach based on
Lazarus, Lewis, Stock, and Watson (2018). *, ™, and ™" indicate statistical significance at the 0.10, 0.05,

and 0.01 levels, respectively. Statistical significance is computed using the fixed-b asymptotic theory
of Kiefer and Vogelsang (2005).

H = 3-month changes H = 12-month changes
(1) (2) (3) (4) (5) (6) (7) (8)

Ay (ise —ip) 4.00 2.90 2.14 0.69
(1.63)"  (1.91) (1.44) (1.74)
Ayer — Vi) 3.39 5.30
(1.36)" (2.10)"
Ayil, 6.64 5.33 5.45 2.18
(1.48)™  (1.69)™ (1.38)™  (1.94)
Ayiy -3.26 -1.86 -1.70 0.18
(1.15)"  (1.32) (1.02) (1.29)
Apyet 4.82 11.00
(1.41)™ (2.27)™
Ay vy -4.09 -6.06
(1.06)™ (1.95)™
DK lags 18 18 18 18 29 29 29 29
N 756 756 756 756 756 756 756 756
R* (within) 0.11 0.14 0.16 0.21 0.06 0.12 0.15 0.27
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Table A10. Contemporaneous relationship between movements in foreign exchange, short-term interest
rates, and long-term forward rates for the EUR, GBP, and JPY. This table presents monthly panel
regressions of the form:

AHqc,t = 4. +BXAH(i:,t _it)+DXAH(f‘c)tt _ft)"'Ach,za
and
Apqe, = A, +B XAyl +B,xAyi, + D x Ay, fo,+ Dy <Ay, f+ Ay e,

We regress H-month changes in the foreign exchange rate on H-month changes in short-term interest
rates and in distant forward rates in both the foreign currency and in U.S. dollars. All regressions
include currency fixed effects. The sample runs from 2001m1 to 2021m12 and includes three currency
pairs: EUR-USD, GBP-USD, and JPY-USD. We report Driscoll-Kraay (1998) standard errors allowing
for serial correlation up to a lag parameter that is chosen using a data-dependent approach based on
Lazarus, Lewis, Stock, and Watson (2018). *, ™, and ™" indicate statistical significance at the 0.10, 0.05,

and 0.01 levels, respectively. Statistical significance is computed using the fixed-b 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 —1t) 4.00 3.87 2.14 2.11
(1.63)"  (1.68)" (1.44) (1.44)
Ay(fee = fr) 2.15 2.98
(0.91)" (1.21)"
Ayice 6.64 6.49 5.45 5.13
(1.48)™  (1.51)™ (1.38)""  (1.31)™
Ayis -3.26 -3.07 -1.70 -1.22
(1.15)"  (1.21)" (1.02) (0.95)
Aufer 3.09 7.17
(1.06)™ (1.26)™
Ay fi -2.36 -3.29
(0.78)"™ (1.01)™
DK lags 18 18 18 18 29 29 29 29
N 756 756 756 756 756 756 756 756
R (within) 0.11 0.13 0.16 0.19 0.06 0.09 0.15 0.24
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Table A11. Forecasting foreign minus domestic bond excess return using short-term interest rates and
long-term forward rates for the EUR, GBP, and JPY. This table presents monthly panel forecasting
regressions of the form:

ok . *
rxg;»HH - rxg,t%HH = Ac + B X (lc,t - lt) + D X (f;*,t - ﬁ) + gc,t—>t+H s
and

:Ac+Bl><ic,t+Bz><i;+D1><fc,,+D2><ft +&

y
rx, c,t—>t+H *

*
ct—t+H ~ "Net—ot+H

rx;
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. The sample runs from 2001m1 to 2021m12 and includes three currency
pairs: EUR-USD, GBP-USD, and JPY-USD. We report Driscoll-Kraay (1998) standard errors allowing
for serial correlation up to a lag parameter that is chosen using a data-dependent approach based on
Lazarus, Lewis, Stock, and Watson (2018). *, , and ™" indicate statistical significance at the 0.10, 0.05,
and 0.01 levels, respectively. Statistical significance is computed using the fixed-b asymptotic theory

of Kiefer and Vogelsang (2005).

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

(1) (2) 3) (4) () (6) (7) (®)

iy — i -0.08 -0.28 0.05 -0.44
(0.14)  (0.13)° (0.51) (0.42)
fer— [t 1.42 3.89
(0.20) (0.36)™
i, -0.22 -0.28 -0.48 -0.64
(0.16)  (0.14)° (0.55) (0.43)
i -0.08 0.12 -0.67 -0.15
(0.18) (0.14) (0.61) (0.41)
fet 1.28 3.42
(0.19)™ (0.46)™
f: -1.41 -3.69
(0.26)™ (0.40)™
DK lags 17 17 17 17 28 28 28 28
N 747 747 747 747 720 720 720 720
R* (within) 0.00 0.10 0.02 0.11 0.00 0.23 0.10 0.30
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Table A12. Forecasting foreign exchange excess return using short-term interest rates and long-term
forward rates for the EUR, GBP, and JPY. This table presents monthly panel forecasting regressions
of the form:

rxg,t%HH =A.+Bx (i:,t —1,)+Dx (fc*t —f)+ EetstrH >
and

:AC+Bl><ic’t+Bzxit+D1><fc’t+D2><ft +&

q
rx c,t—>t+H "

c,t—>t+H
In words, we forecast H-month foreign exchange excess returns using short-term interest rates and
distant forward rates in both the foreign currency and in U.S. dollar. The sample runs from 2001m1
to 2021m12 and includes three currency pairs: EUR-USD, GBP-USD, and JPY-USD. We report
Driscoll-Kraay (1998) standard errors allowing for serial correlation up to a lag parameter that is
chosen using a data-dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). ", *, and
" indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance

is computed using the fixed-b 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 0.15 0.26 0.56 0.97
(0.35) (0.36) (1.30) (1.33)
fee— 1t -0.83 -3.20
(0.33)" (0.97)™
iot 0.26 0.01 1.12 0.77
(0.41) (0.54) (1.39) (1.62)
i -0.02 -0.07 0.08 -0.21
(0.32) (0.35) (1.11) (1.20)
fer -0.47 -2.27
(0.32) (0.92)"
ft 0.94 3.14
(0.37)" (1.04)"
DK lags 17 17 17 17 28 28 28 28
N 747 747 747 747 720 720 720 720
R? (within) 0.00 0.01 0.01 0.03 0.01 0.05 0.04 0.08

97



Table A13. Varying the base currency when examining the 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:

A1zqc,t =A.+Bx AIZ(ic,t —i,)+Dx A12(yc,t —y)+ Angc,ta
and
A12qC,z =A.+B XAIzic,t + B, XA, + D, XAlzyc,t +D, %Ay, +A125c,t~

We regress 12-month changes in the foreign exchange rate on 12-month changes in short-term interest rates and in long-term yields in both the
foreign currency and in the base (domestic) currency. All regressions include currency fixed effects. The sample runs from 2001m1 to 2021m12
and the currencies in our sample are the USD, AUD, CAD, CHF, EUR, GBP, JPY. Moving across the columns shows the effect of varying the
base (domestic) currency—a.k.a., the numeraire—in our regressions. We report Driscoll-Kraay (1998) standard errors allowing for serial

K kk

correlation up to a lag parameter that is chosen using a data-dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). ", ', and

" indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using the fixed-b asymptotic

theory of Kiefer and Vogelsang (2005).

Base currency: USD AUD CAD CHF EUR GBP JPY
(1) (2) 3) (4) (5) (6) (7) (8) 9) (10) (11) (12) (13) (14)
A, (ite —10p) 1.26 3.98 2.48 1.44 2.03 4.22 2.99
(1.64) (1.32)" (1.84) (1.83) (2.02) (1.94) (2.40)
AV — V) 5.13 4.65 2.98 3.97 4.98 5.44 5.88
(1.88)" (2.10)" (2.37) (1.39)" (2.19)" (2.20)" (1.14)™
Agpiz, 3.10 1.71 1.40 1.88 2.31 2.42 1.85
(1.40)° (1.30) (1.72) (1.24) (1.93) (1.54) (2.45)
Ayl -0.21 -5.33 -2.99 2.43 -0.69 -5.11 11.22
(1.08) (0.91)™ (2.05) (1.80) (2.06) (1.44)™ (7.59)
A yee 9.07 7.06 3.57 4.57 3.55 5.19 6.10
(1.63)™" (1.24)™ (1.89) (1.43)™ (2.27) (2.01)” (1.30)™
ALy, -5.77 -3.81 -3.99 -6.58 -8.12 -6.14 -6.27
(1.61)™" (2.21) (2.22) (1.60)™ (1.70)™ (2.40)” (2.54)"
DK lags 29 29 29 29 29 29 29 29 29 29 29 29 29 29
N 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512
R? (within) 0.14 0.27 0.31 0.38 0.12 0.15 0.09 0.19 0.14 0.20 0.27 0.34 0.22 0.26
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Table A14. Varying the base currency when examining the 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:

A1zqc,t = Ac + Bx A12(i:,t - it) +Dx A1z(f:t - ft) + A12‘9c,za
and
Aoy = A, + B XA, + By < Apiy + D<A [+ Dy XA fo +AE .

We regress 12-month changes in the foreign exchange rate on 12-month changes in short-term interest rates and in distant forward rates in both
the foreign currency and in the base (domestic) currency. All regressions include currency fixed effects. The sample runs from 2001m1 to 2021m12
and the currencies in our sample are the USD, AUD, CAD, CHF, EUR, GBP, JPY. Moving across the columns shows the effect of varying the
base (domestic) currency—a.k.a., the numeraire—in our regressions. We report Driscoll-Kraay (1998) standard errors allowing for serial
correlation up to a lag parameter that is chosen using a data-dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). *, ™, and

" indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using the fixed-b asymptotic

theory of Kiefer and Vogelsang (2005).

Base currency: USD AUD CAD CHF EUR GBP JPY
(1) (2) (3) (4) (5) (6) (7) (8) 9) (10) (11) (12) (13) (14)
Ay (it — i) 2.70 5.30 3.42 2.61 3.47 5.76 4.48
(1.42)° (1.15)™ (1.52)° (1.68) (1.60)" (1.58)"" (2.24)"
A (fie— 1) 2.50 2.93 0.01 1.51 3.79 1.66 4.11
(1.13)° (1.40)" (1.63) (1.07) (1.32)" (1.03) (1.05)™
Appily 5.54 3.78 2.58 3.19 3.29 3.96 3.56
(1.12)™ (1.29)" (1.53) (1.15)" (1.55)" (1.19)"™ (2.29)
Ayyi, -1.72 -6.45 -4.05 0.52 -3.13 6.83 7.36
(0.87) (0.62)™ (1.78)" (1.81) (1.74) (1.12)™ (8.39)
Apofi 5.38 3.76 0.53 2.02 1.93 1.56 4.11
(0.84)" (1.06)™ (1.38) (1.10) (1.40) (1.09) (1.07)™
Ay f, 22.79 -1.62 -0.65 -3.39 _5.56 -1.91 -3.13
(0.83)"" (1.87) (1.63) (0.93)™ (0.94)™ (1.43) (2.74)
DK lags 29 29 29 29 29 29 29 29 29 29 29 29 29 29
N 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512
I (within) 0.11 0.25 0.30 0.36 0.11 0.13 0.07 0.16 0.15 0.21 0.23 0.30 0.22 0.25

99



Table A15. Varying the base currency when 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:

Sk . *
rxg;atﬂz - rxg},tam—lz = Ac + B X (lc,t - lt) + D X (ﬂ,t - ﬁ) + gc,z_>t+129
and

y*
r. xc,t—)t+12

_rxg;,t—>t+12 = Ac +B1 xi:,t +Bz Xit +D1 Xffcft +D2 Xf; +‘9c,t—)t+12'

We forecast the difference between foreign and domestic 12-month bond returns using short-term interest rates and distant forward rates in
both the foreign currency and in the base (domestic) currency. All regressions include currency fixed effects. The sample runs from 2001m1 to
2021m12 and the currencies in our sample are the USD, AUD, CAD, CHF, EUR, GBP, JPY. Moving across the columns shows the effect of
varying the base (domestic) currency—a.k.a., the numeraire—in our regressions. We report Driscoll-Kraay (1998) standard errors allowing for
serial correlation up to a lag parameter that is chosen using a data-dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). ",
", and " indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using the fixed-b

asymptotic theory of Kiefer and Vogelsang (2005).

Base currency: USD AUD CAD CHF EUR GBP JPY
(1) (2) ®3) (4) (5) (6) (7) (®) 9) (10) (11) (12) (13) (14)
ioe— ¢ -0.27 -0.68 -0.23 -0.21 -0.76 -0.46 -1.10
(0.39) (0.42) (0.27) (0.29) (0.26)” (0.29) (0.35)™
fée—fe 4.31 3.87 2.47 3.21 2.34 3.50 3.32
(0.33)™ (0.62)™ (0.52)™" (0.59)™ (0.42)™ (0.45)™" (0.70)™
ice -0.51 -0.12 -0.25 -0.08 -0.17 -0.60 -0.86
(0.42) (0.35) (0.27) (0.26) (0.26) (0.28)° (0.48)
i -0.21 -0.07 -0.74 1.18 1.31 0.36 0.43
(0.37) (0.80) (0.38)* (0.41)" (0.41)™ (0.28) (2.04)
fée 3.94 3.88 2.14 3.26 3.97 3.84 3.58
(0.55)"" (0.69)™ (0.40)™ (0.61)™ (0.54)™ (0.51)™ (0.60)™
fi -4.12 -2.81 -2.13 -4.40 -3.85 -3.52 -4.31
(0.38)™" (0.81)™ (0.56)"" (0.59)™ (0.35)™ (0.51)™ (1.33)™
DK lags 28 28 28 28 28 28 28 28 28 28 28 28 28 28
N 1,440 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512
R (within) 0.22 0.28 0.17 0.22 0.12 0.22 0.17 0.23 0.14 0.30 0.27 0.28 0.21 0.22
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Table A16. Varying the base currency when 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:

rxcq,tat+12 = Ac + Bx (i:,t - lt) + D x (fcft - ﬁ) + 8051_)”_12 s

and
oK . *
Ac—i—lezc’t+Bz><lt+D1><fc’t+D2><ft +&

q
rx c,t—>t+12°

c,t—t+12
In words, we forecast 12-month foreign exchange excess returns using short-term interest rates and distant forward rates in both the foreign
currency and in the base (domestic) currency. All regressions include currency fixed effects. The sample runs from 2001m1 to 2021m12 and the
currencies in our sample are the USD, AUD, CAD, CHF, EUR, GBP, JPY. Moving across the columns shows the effect of varying the base
(domestic) currency—a.k.a., the numeraire—in our regressions. We report Driscoll-Kraay (1998) standard errors allowing for serial correlation
up to a lag parameter that is chosen using a data-dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). *, ©, and ™" indicate

statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using the fixed-b asymptotic theory of

Kiefer and Vogelsang (2005).

Base currency: USD AUD CHF GBP JPY
(1) (2) ®3) (4) (5) (6) (7) (®) 9) (10) (11) (12) (13) (14)
i, —1i; 0.96 1.06 0.23 1.48 1.06 -0.07 0.83
(1.34) (1.13) (0.96) (1.04) (1.26) (1.19) (1.32)
foe— 1 -3.59 -3.41 -0.17 -1.77 -0.41 -2.14 -1.37
(1.03)™ (1.20)" (1.08) (1.03) (1.17) (1.30) (1.26)
i 0.11 0.37 0.49 1.51 0.41 1.55 0.90
(1.76) (1.33) (1.02) (0.94) (1.30) (0.95) (0.99)
i -0.02 2.19 0.33 -4.01 -2.48 0.02 -21.02
(1.22) (2.12) (1.15) (0.83)™ (1.45) (1.10) (5.37)™"
foe -1.86 -4.12 -0.29 -2.15 -0.04 -3.68 -2.82
(0.84)" (1.43)" (0.97) (1.10)" (1.65) (1.22)" (1.18)
fi 3.51 -0.50 -0.27 3.30 1.50 3.27 8.08
(1.09)™ (1.76) (1.08) (1.08)" (1.46) (1.44)" (2.10)™
DK lags 28 28 28 28 28 28 28 28 28 28 28 28 28 28
N 1,440 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512 1,512
R (within) 0.04 0.09 0.03 0.13 0.00 0.01 0.04 0.09 0.01 0.07 0.02 0.05 0.01 0.15
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Table A17. Contemporaneous relationship between movements in foreign exchange, short-term interest
rates, and long-term interest rates from 1994 to 2021. This table presents monthly panel regressions
of the form:
AHQc,t =A.+Bx AH(i:,t —i,)+Dx AH(y:,t —y)+ Ach,ta

and

Apqe, = A+ B XAy, + B, xAyi,+ Dy x Ay, + Dy x Ay, + Ay e,
We regress H-month changes in the foreign exchange rate on H-month changes in short-term interest
rates and in long-term yields in both the foreign currency and in U.S. dollars. All regressions include
currency fixed effects. The sample runs from 1994m1 to 2021m12 and includes six currency pairs:
AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. We report Driscoll-Kraay
(1998) standard errors allowing for serial correlation up to a lag parameter that is chosen using a data-
dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). ", ™, and " indicate statistical
significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using
the fixed-b asymptotic theory of Kiefer and Vogelsang (2005).

H = 3-month changes H = 12-month changes
(1) (2) (3) (4) (5) (6) (7) (8)

Ay (ile — ir) 2.84 2.01 1.53 0.27
(1.20)"  (1.25) (1.37) (1.44)
Ayer — Vi) 2.21 4.06
(0.80)" (1.04)™
Ayis, 3.84 2.67 2.95 0.78
(1.62)"  (1.61) (1.91) (2.11)
Ay, -2.13 -1.31 -1.04 -0.15
(0.85)"  (0.84) (1.08) (1.07)
Apyet 3.13 5.93
(0.84)" (1.15)"
Ayy, -2.95 -3.27
(0.89)" (1.19)"
DK lags 20 20 20 20 33 33 33 33
N 2,016 2,016 2,016 2,016 2,016 2,016 2,016 2,016
R* (within) 0.06 0.08 0.08 0.10 0.03 0.06 0.06 0.12
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Table A18. Contemporaneous relationship between movements in foreign exchange, short-term interest
rates, and long-term forward rates from 1994 to 2021. This table presents monthly panel regressions
of the form:
AHqc,t = 4. +BXAH(i:,t _it)+DXAH(f‘c)tt _ft)"'Ach,za

and

Apqe, = A, +B XAyl +B,xAyi, + D x Ay, fo,+ Dy <Ay, f+ Ay e,
We regress H-month changes in the foreign exchange rate on H-month changes in short-term interest
rates and in distant forward rates in both the foreign currency and in U.S. dollars. All regressions
include currency fixed effects. The sample runs from 1994m1 to 2021m12 and includes six currency
pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. We report Driscoll-
Kraay (1998) standard errors allowing for serial correlation up to a lag parameter that is chosen using
a data-dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). *, ™, and ™" indicate
statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is
computed using the fixed-b asymptotic theory of Kiefer and Vogelsang (2005).

H = 3-month changes H = 12-month changes
(1) (2) (3) (4) (5) (6) (7) (8)

Ay (it —iy) 2.84 2.72 1.53 1.42
(1.20)"  (1.19)" (1.37) (1.38)
Ay(fée — fe) 1.07 1.80
(0.79) (0.65)"
Ayil, 3.84 3.59 2.95 2.41
(1.62)"  (1.65)" (1.91) (2.02)
Ayi, -2.13 -2.05 -1.04 -0.95
(0.85)"  (0.82)" (1.08) (0.98)
Aufée 1.64 3.21
(0.61)" (0.76)""
Ayf: -0.96 -0.96
(0.87) (0.74)
DK lags 20 20 20 20 33 33 33 33
N 2,016 2,016 2,016 2,016 2,016 2,016 2,016 2,016
R (within) 0.06 0.07 0.08 0.09 0.03 0.04 0.06 0.10
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Table A19. Forecasting foreign minus domestic bond excess return using short-term interest rates and
long-term forward rates from 1994 to 2021. This table presents monthly panel forecasting regressions
of the form:

ok . *
rxg;»HH - rxg,t%HH = Ac + B X (lc,t - lt) + D X (f;*,t - ﬁ) + gc,t—>t+H s
and

:Ac+Bl><ic,t+Bz><i;+D1><fc,,+D2><ft +&

y
rx, c,t—>t+H *

*
ct—t+H ~ "Net—ot+H

rx;
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. The sample runs from 1994m1 to 2021m12 and includes six currency
pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. We report Driscoll-
Kraay (1998) standard errors allowing for serial correlation up to a lag parameter that is chosen using
a data-dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). *, ™, and ™" indicate
statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is

computed using the fixed-b asymptotic theory of Kiefer and Vogelsang (2005).

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

(1) (2) 3) (4) () (6) (7) (®)

iy — i -0.10 -0.19 -0.31 -0.59
(0.11)  (0.09) (0.39)  (0.28)°
fer— [t 1.24 3.74
(0.26)™ (0.45)™
i, -0.12 -0.29 -0.30 -1.03
(0.11)  (0.13)" (0.37)  (0.35)"
i 0.09 0.18 0.32 0.53
(0.12) (0.11) (0.43) (0.35)
fet 1.36 4.12
(0.22)™ (0.48)™
fi -1.46 -4.06
(0.25)™ (0.49)™
DK lags 20 20 20 20 33 33 33 33
N 1,998 1,998 1,998 1,998 1,944 1,944 1,944 1,944
R* (within) 0.00 0.08 0.00 0.10 0.01 0.26 0.01 0.28
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Table A20. Forecasting foreign exchange excess return using short-term interest rates and long-term
forward rates from 1994 to 2021. This table presents monthly panel forecasting regressions of the form:

rxg,z—nJrH =A.+Bx (i:,t —1,)+Dx (fc*t —f+ Eetst+H>
and
=A +BXxi,, +B,xi,+ D x f., + D, X f,+&.,_on-
In words, we forecast H-month foreign exchange excess returns using short-term interest rates and
distant forward rates in both the foreign currency and in U.S. dollar. All regressions include currency
fixed effects. The sample runs from 1994ml to 2021m12 and includes six currency pairs: AUD-USD,
CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. We report Driscoll-Kraay (1998)
standard errors allowing for serial correlation up to a lag parameter that is chosen using a data-
dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). ", ™, and """ indicate statistical
significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using
the fixed-b asymptotic theory of Kiefer and Vogelsang (2005).

q
r. xc,t~>t+H

H = 3-month excess returns H = 12-month excess returns
(1) (2) (3) (4) (5) (6) (7) (8)
loe— it 0.49 0.52 1.98 2.12
(0.27) (0.27) (1.06)" (1.04)
fer — It -0.46 -1.95
(0.24) (0.83)"
[ 0.50 0.38 1.96 2.03
(0.30) (0.40) (1.03)" (1.15)
i -0.48 -0.56 -1.99 -2.15
(0.27)" (0.27)" (1.09) (1.08)"
fer -0.41 -1.98
(0.29) (0.86)"
ft 0.76 2.44
(0.36)" (1.27)
DK lags 20 20 20 20 33 33 33 33
N 1,998 1,998 1,998 1,998 1,944 1,944 1,944 1,944
R? (within) 0.02 0.02 0.02 0.03 0.08 0.10 0.08 0.10
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Table A21. Subsample contemporaneous co-movement results. As in Table 1, columns (1) to (6) present country-level monthly forecasting regressions of the form:

A]ch,l = Ac +B| XAIZic,z +Bz XAIZit +D| XAIZyc,t +D2 X Al2yt +A,€

12%c,t*
for different subsamples. As in Table 2, columns (7) to (12) present country-level monthly forecasting regressions of the form:
A12qc,t = AL‘ + Bl x A121.:,t + B2 x AIZit + D] x AIZJF:t + DZ x AIZf; + AIZSC,)"

for different subsamples. All regressions include currency fixed effects. The full sample runs from 2001m1 to 2021m12. We also show results for the 2001m1 to 2007m12
subsample and the 2008m1 to 2021m12 sample. The panel includes six currency pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. We
report Driscoll-Kraay (1998) standard errors allowing for serial correlation up to a lag parameter that is chosen using a data-dependent approach based on Lazarus,
Lewis, Stock, and Watson (2018). ", ™, and ™" indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using
the fixed-b asymptotic theory of Kiefer and Vogelsang (2005).

Sample: 20012021 2001-2007 20082021 2001-2021 2001-2007 20082021
(1) (2) (3) (4) (5) (6) (7) (8) ) (10) (11) (12)
Do (it — iy) 1.26 -1.93 4.26 2.70 -0.19 5.01
(1.64) (1.47) (1.10)" (1.42)° (1.66) (1.03)"™
A (Ve =) 5.13 6.95 2.42
(1.88)™ (1.78)™ (1.99)
Dypisy 3.10 -0.27 4.63 5.54 1.64 6.84
(1.40)° (1.26) (0.83) (1.12)" (1.50) (0.66)"
Ay -0.21 1.87 -2.25 1,72 0.06 -3.31
(1.08) (1.27) (0.75)" (0.87)" (1.42) (0.69)"
Dioyie 9.07 7.56 8.17
(1.63)™ (1.76)" (1.74)™
Ay Yy 5.77 717 -3.95
(1.61)" (1.75)" (1.63)"
Da(fee = f0) 2.50 3.06 1.01
(1.13)" (1.03)™ (1.31)
Ao fls 5.38 3.46 5.03
(0.84)" (2.30) (1.05)™
A -2.79 -3.25 -1.95
(0.83)" (1.17)" (1.08)
DK lags 29 29 17 17 2 24 29 29 17 17 24 2
N 1,512 1,512 504 504 1,008 1,008 1,512 1,512 504 504 1,008 1,008
R (within) 0.14 0.27 0.08 0.10 0.26 0.39 0.1 0.25 0.03 0.05 0.25 0.37
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Table A22. Subsample return forecasting results. As in Table 3, columns (1) to (6) present country-level monthly forecasting regressions of the form:

y* _ y _ ok . *
FXe 12 ~ VX 112 = A.+ B xi,,+ B, xi,+ D, Xfc,t +D,x f, + Ee 412+

for different subsamples. As in Table 4, columns (7) to (12) present country-level monthly forecasting regressions of the form:

q _ K . *
r‘xc,tﬁt+12 - Ac +Bl ch,t +BZ Xlt +D1 Xf;',t +D2 Xf; +gc,t—>t+h’

for different subsamples. All regressions include currency fixed effects. The full sample runs from 2001m1 to 2021m12. We also show results for the 2001m1 to 2007m12
subsample and the 2008m1 to 2021m12 sample. The panel includes six currency pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. We
report Driscoll-Kraay (1998) standard errors allowing for serial correlation up to a lag parameter that is chosen using a data-dependent approach based on Lazarus,

Lewis, Stock, and Watson (2018). ", ™, and ™ indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical significance is computed using
the fixed-b asymptotic theory of Kiefer and Vogelsang (2005).

Dependent variable: X1z ~ TXotora12 rxg,t—>t+12
Sample: 2001-2021 2001-2007 2008-2021 2001-2021 2001-2007 2008-2021
(1) (2) ®3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
(it — i) -0.27 0.75 -0.31 0.96 1.70 -0.04
(0.39) (0.55) (0.66) (1.34) (1.35) (1.38)
(o= £ 431 5.25 5.15 -3.59 -4.41 -2.90
(0.33)™ (L.17)™ (0.31)™ (1.03)™ (1.08)™ (1.70)
i -0.51 -0.72 0.27 0.11 0.32 -2.08
(0.42) (0.59) (0.48) (1.76) (2.29) (1.62)
i -0.21 -1.45 -0.59 -0.02 -0.80 -0.94
(0.37) (0.42)" (0.94) (1.22) (1.79) (1.96)
fée 3.94 3.96 4.07 -1.86 -2.87 -2.34
(0.55)" (0.84)™ (0.34)" (0.84)" (1.17)" (1.67)
fi -4.12 -6.87 -4.88 3.51 5.95 3.72
(0.38)" (1.27)™ (0.43)" (1.09)™ (1.96)" (1.82)"
DK lags 28 28 16 16 23 23 28 28 16 16 23 23
N 1,440 1,440 504 504 936 936 1,440 1,440 504 504 936 936
R (within) 0.22 0.28 0.22 0.40 0.28 0.31 0.04 0.09 0.10 0.12 0.02 0.07
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Table A23. The role of the short-rate correlation. Columns (1) and (2) present monthly panel
regressions of the form:

AIZqC,t = Ac +Bl 'Alz(i:,z —i,)+Bz ',50 XAlz(i:,z _it)
+ D, 'Alz(f:t —f)+D,-p. XA12(f:t _.ft)+A12‘9c,t’

where P, is the estimated in-sample correlation between monthly changes in 1-year bond yields in USD
and 1l-year yields in currency ¢. Columns (3) and (4) present regressions of the form:

= Ac +Bl '(i:,t _it)+B2 'ﬁc X(i:,t _it)
+ D1 (fc*t _f;)+D2 'lbc X(f:l _f;)+gc,t—>t+12'

All regressions include currency fixed effects. The sample runs from 2001m1 to 2021m12 and includes
six currency pairs: AUD-USD, CAD-USD, CHF-USD, EUR-USD, GBP-USD, and JPY-USD. We
report Driscoll-Kraay (1998) standard errors allowing for serial correlation up to a lag parameter that
is chosen using a data-dependent approach based on Lazarus, Lewis, Stock, and Watson (2018). ", ™,
and ™" indicate statistical significance at the 0.10, 0.05, and 0.01 levels, respectively. Statistical

significance is computed using the fixed-b asymptotic theory of Kiefer and Vogelsang (2005).

q
r. xc,tat-%—lz

Dependent variable: A12qct Txg,t_)tﬂz
(1) (2) (3) (4)
Ao (ice —ip) 2.70 2.13
(1.42)" (2.66)
Pe X Dy2(ice — 1t) 1.35
(4.58)
A (fee — fo) 2.50 8.77
(1.13)° (2.79)
Pe X Dio(fée — ft) -14.52
(6.42)"
(ice — ir) 0.96 1.67
(1.34) (1.75)
Pe X (igr — ir) -1.48
(4.98)
fee — fe) -3.59 -10.74
(1.03)™ (3.74)"
Pe X (fér — 1) 16.43
(8.12)"
DK lags 29 29 28 28
N 1,512 1,512 1,440 1,440
R* (within) 0.11 0.12 0.04 0.06
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Table A24: Comparison of our segmented-markets, quantity-driven model of foreign exchange (FX) with leading consumption-based models. This
table compares our model’s predictions with those of leading consumption-based models. We write “Yes/No” or “No/Yes” when the prediction depends
on the model calibration.

(1) 2 ®3) 4) (5) (6) (7 (8) 9) (10) (11)
FX rates Real Real Real term Shocks to FX trade loses E, [rngr 1] Fama Campbell- Real yield Lustig et
respond to  short short premia can  if,q — i4q (makes) money negatively  (‘84) FX Shiller (‘91)  curve al (’19):
supply and rates rates fall be associated when foreign related carry yield curve steep when  Long-term
demand fall in  in “bad positive: with foreign (domestic) yield-  to trade: carry trade:  short rates  FX carry
for assets recess  times” E.[rx},] currency curve trade does:  E,[rx)" —  Elrx/,;] Erx}),]lis  low: trade less
in different  ions for bond ~0 appreciation: Cov, [rngrl' rxg’_” increasing increasing (yt - it) profitable
currencies investors Covt[rxfﬂ, rxg’:l — Txg’+1]<0‘ in (i; —i,) in (y,—1i,) decreasing  than short-
ity1 — ig41]>0 in i term trade
Data Yes Yes N/A Yes Yes Yes Yes Yes Yes Yes Yes
Our model Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes
Textbook C-CAPM model: Power utility, No Yes Yes No No No No No No Yes No

homoskedastic growth shocks, positive

autocorrelation of growth!

Non-standard C-CAPM: Power utility,

homoskedastic growth shocks, negative No No No Yes Yes Yes No No No Yes No
autocorrelation of growth'

Long-run risks: News about long-run

growth, stochastic volatility, EZ-W utility, No Yes Yes No No No No Yes NO/ Yes YGS/ No No
CRRA (y) exceeds inverse-EIS (y1). i

Long-run risks: News about long-run

growth, stochastic volatility, EZ-W utility, No Yes No Yes Yes Yes Yes No NO/ Yes YGS/ No Yes
inverse-EIS (7!) exceeds CRRA (y).V

Time-varying probability of rare No Yes  Yes No No No No Yes No/Yes Yes/No No
consumption disasters"

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

Habit formation: Short rate falls when No No No Yes Yes Yes Yes No No/Yes Yes/No Yes

surplus-consumption ratio rises*!

I See Campbell (1986), Campbell (2003), Campbell (2018). These models cannot speak to return predictability by construction.
i See Campbell (1986), Campbell (2003), Campbell (2018). These models cannot speak to return predictability by construction.
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).

v 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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