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1 Introduction

Monetary policy—one of the most powerful tools used to influence the economy—
affects real activity by moving asset prices, including exchange rates. The link be-
tween monetary policy and exchange rate movements is particularly relevant when it
comes to the effects of US monetary policy on the value of the dollar, given its global
dominance in trade invoicing, asset issuance, and official reserve holdings.' Therefore,
understanding this link is of first-order importance.

A common perception among both financial market participants and policymakers
is that lowering a country’s interest rates, through either conventional or unconven-
tional monetary policy, depreciates the domestic currency. Former Federal Reserve
Chairman Ben Bernanke confirms that this belief was held by many policymakers,
including himself, during the global financial crisis. Accommodative US unconven-
tional monetary policy over this period triggered accusations that the Federal Reserve
was engaging in “currency wars” by depreciating the dollar (see Bernanke 2017).

However, there is insufficient evidence of whether this widely held perception was
true during the Great Recession. This paper examines this issue by systematically
studying how conventional and unconventional monetary policy affects the nominal
exchange rate. Moreover, we further disentangle the channels through which monetary
policy shocks are transmitted to exchange rates and propose a theory to explain the
surprising empirical facts that we document.

The first contribution of this paper is empirical. Our main result is that expansion-
ary US monetary policy shocks during the Great Recession—dated from 2008:Q4 to
2012:Q2—in fact, caused the dollar to appreciate, on average, against a basket of cur-
rencies, contrary to the conventional wisdom. This result is in contrast to the response
of exchange rates to US monetary policy that we document occurred before and after
the Great Recession, which is in a direction consistent with the conventional wisdom.
We further find important heterogeneity in the dollar’s response to US monetary policy
shocks. More precisely, a surprise US rate cut induced a larger appreciation of the dol-
lar against currencies that tend to depreciate by more when US real output growth is
low (i.e. “non-hedge” currencies from the perspective of the US investor). In contrast,
it induced a depreciation of the dollar against currencies that tend to appreciate when

US real output growth is low (i.e. “hedge” currencies).

'See Goldberg and Tille (2008), Shin (2012), Ivashina, Scharfstein, and Stein (2015), Casas et al.
(2017), Gopinath (2016), and Gopinath and Stein (2018).



To disentangle the channels leading to this surprising set of results, we use a novel
decomposition of the exchange rate response to US monetary policy. More specif-
ically, based on an accounting identity, we decompose the dollar’s response to US
monetary policy surprises into components related to expected excess returns (cur-
rency risk premia), expected nominal returns, and expected inflation. What is novel is
that we measure these components using a VAR approach that disciplines estimates of
agents’ expectations with survey forecasts (for details, see Stavrakeva and Tang 2019).

We show that US monetary policy easings caused the dollar to appreciate through
two channels. The first channel is that surprise US interest rate cuts lowered the ex-
pected future excess returns, or the currency risk premium, investors required to hold
US government bonds and to be short the bonds of other countries, whose currencies
are not a hedge against low US GDP growth. This led to a stronger dollar against
non-hedge currencies, while the opposite was true for hedge currencies. This hetero-
geneity can account for the cross-currency heterogeneity in the response of exchange
rates to US monetary policy over the Great Recession that we observe. The second
channel that contributed to the dollar appreciation during the Great Recession is that
expansionary US monetary policy also lowered the expected future path of US infla-
tion relative to other countries. This second channel was present for both hedge and
non-hedge currencies.

This paper’s second main contribution is a model that shows how the signaling or
information channel of monetary policy can reconcile all of the empirical facts that we
document.? We present a stylized model in which the central bank is perceived to have
better information about the future economic environment. Therefore, forward guid-
ance that is intended to be accommodative can reveal expected adverse future shocks
to US growth. The theory is similar in spirit to Tang (2015), Melosi (2017), Andrade
et al. (Forthcoming), but our model additionally introduces currency risk premia using
a consumption habits framework akin to Campbell and Cochrane (1999).

Our theory shows that if the direct expansionary effect of forward guidance that
promises lower future rates is overshadowed by the signaling effect of this forward
guidance, then real GDP growth expectations will decline. This fall in expected growth

heightens risk aversion. The higher risk aversion leads to lower expected excess return

2Qur use of “signaling” is what Campbell et al. (2012) call “Delphic forward guidance” or what Naka-
mura and Steinsson (2018) call the “information effect.” This terminology differs from the use of
“signaling” in the quantitative easing (QE) literature to refer to QE actions conveying a commitment
to maintain low future policy rates.



from being long US government debt and short foreign debt and generates a flight-
to-safety-driven appreciation of the dollar against non-hedge currencies. At the same
time, lower US growth expectations also cause the dollar to rise in value by lowering
expected future US inflation relative to foreign inflation, provided that agents primar-
ily interpret the economic signal from forward guidance to be about demand shocks.
Therefore, the model features both mechanisms that are empirically shown to be the
main drivers of the dollar’s response to US monetary policy shocks during the Great
Recession. Moreover, the theory also predicts the same cross-currency heterogene-
ity in the dollar’s response and in the strength of the flight-to-safety effect as well as
the lack of cross-currency heterogeneity in the inflation expectations channel that we
empirically document occurred over the Great Recession.

For this theory to be consistent with our results, the signaling effect had to dominate
the direct expansionary effect of promising lower rates during the Great Recession.
Indeed, we confirm empirically that over this crisis period, accommodative US mone-
tary policy led to significantly negative downward revisions in future survey-based US
growth expectations. The model also implies that monetary policy easings over the
crisis led to higher risk aversion, which we find is also strongly supported in the data.

To understand why the signaling effect overshadowed the direct effect of monetary
policy during the Great Recession, we examine two sufficient conditions that are im-
plied by the model. First, the existence of the signaling channel requires a type of
monetary policy that has the potential to convey information about the central bank’s
forecast for future economic conditions. From 2008:Q4 to 2012:Q2, the Federal Re-
serve used “calendar-based” forward guidance promising low rates until some later
date. Importantly, the announcements were generally accompanied with an explana-
tion that the FOMC expected that weak economic conditions for the foreseeable future
would warrant such an extended period of low rates.® This type of forward guidance
is ripe for interpretation as a sign of a deteriorating economy, thereby weakening ex-
pectations for growth.*

Second, the model shows that the signaling effect dominates when uncertainty

3Del Negro, Giannoni, and Patterson (2015) link the Fed’s “Bad GDP language” during the post-crisis
period to the information effect.

“In additional results available upon request, we attempt to disentangle the effect of forward guidance
versus QE on the exchange rate using a higher-frequency approach and find that the dollar appreciation
in response to the Federal Reserve cutting interest rates over the Global Recession can be attributed to
calendar-based forward guidance and not to QE.



about economic fundamentals is sufficiently high relative to monetary policy uncer-
tainty. As shown in our model and in Tang (2015) and Melosi (2017), among oth-
ers, the more uncertain economic agents are about these fundamentals relative to their
uncertainty about exogenous monetary policy shocks, the more weight agents will
place on central bank policy announcements as indicators of economic fundamentals.
Macroeconomic uncertainty—measured both by the estimates of Jurado, Ludvigson,
and Ng (2015) and the dispersion of real GDP growth forecasts from the Blue Chip
Economic Indicators survey—was particularly high during the Great Recession. In
contrast, monetary policy uncertainty—measured as the monetary policy subcompo-
nent of the Baker, Bloom, and Davis (2016) policy uncertainty index—was lower dur-
ing this time relative to other periods. Combined with the calendar-based style of
forward guidance, it becomes clear why monetary policy had a particularly strong sig-
naling effect over the 2008:Q4 to 2012:Q2 period, resulting in a dollar appreciation,
on average, in response to negative shocks to US rates.

Finally, the dollar appreciation during the Great Recession in response to mone-
tary policy easings, which signaled a worsened economic outlook, is consistent with
the literature on the “exorbitant duty” pioneered by Gourinchas, Rey, and Truempler
(2012) and Gourinchas, Rey, and Govillot (2018). This literature documents that the
dollar appreciates in bad times and the net asset valuations of foreign countries that in-
vest in safe dollar-denominated bonds and borrow in risky foreign-denominated assets
increase, resulting in a wealth transfer from the U.S. to the rest of the world. We in-
deed find that, in addition to a dollar appreciation, US policy easings during the Great
Recession also led to a sizable deterioration in the U.S.’s net foreign asset position.
As a result, not only did the Federal Reserve not engage in “competitive devaluation”
through calendar-based forward guidance during the Great Recession, but it also con-
tributed to a transfer of wealth from the U.S. to the rest of the world.

The paper proceeds as follows. The next subsection reviews the related literature.
Section 2 details our empirical strategy. Section 3 presents our results for the effect of
US monetary policy on the value of the dollar and its components, GDP growth ex-
pectations, risk aversion, and net wealth transfers from the United States to the rest of
the world. Section 4 presents the model describing the signaling channel of monetary
policy and argues empirically that the theoretical conditions for the signaling channel

to dominate the direct channel of monetary were likely met. Section 5 concludes.



1.1 Related Literature

The paper is related to a number of different literatures.

Methodologically, we identify monetary policy shocks using high-frequency changes
in market-based interest rate expectations in the spirit of Kuttner (2001), Bernanke
and Kuttner (2005), and Giirkaynak, Sack, and Swanson (2005).°> Another empiri-
cal monetary policy literature our paper contributes to is the literature that studies the
signaling effect of monetary policy [see Campbell et al. (2012), Tang (2015), Naka-
mura and Steinsson (2018), Lunsford (2018), Miranda-Agrippino and Ricco (2018),
and Jarocinski and Karadi (Forthcoming)]. Consistent with these papers, we find that
accommodative monetary policy with a strong signaling component is associated with
downward revisions in GDP growth expectations.

Our paper is also related to the literature that examines the link between monetary
policy and exchange rates. This literature has studied the effect of conventional mone-
tary policy on exchange rates and finds a relationship consistent with the conventional
wisdom (see, for example, Clarida and Gali 1994, Eichenbaum and Evans 1995, Kim
and Roubini 2000 and Faust and Rogers 2003). Since the onset of the zero lower
bound (ZLB), one other contemporaneous paper has systematically examined the link
between unconventional monetary policy and exchange rates at a policy-relevant fre-
quency.® Using a monthly VAR combined with high-frequency data to identify mone-
tary policy shocks, Rogers, Scotti, and Wright (2018) study the response of the dollar
to unconventional monetary policy easings over the ZLB. They find results consistent
with the conventional wisdom, but these results come with an important caveat which
is that they use an identification strategy with a sign-restriction that effectively purges
monetary policy shocks of their signaling effect.

Our paper also contributes to the international finance literature which studies the
exorbitant duty of the dollar to provide insurance to the rest of the world in bad times in
exchange for allowing the U.S. to borrow at low rates during normal times [see Gour-
inchas, Rey, and Truempler (2012), Gourinchas, Rey, and Govillot (2018), Gourinchas
and Rey (2007a;b; 2014), and Gourinchas, Rey, and Sauzet (Forthcoming)]. We are

the first paper to document that monetary policy easings with a strong signaling com-

SMore recent papers using similar identification methods are Gertler and Karadi (2015), Gilchrist, Za-
krajSek, and Yue (2016), Swanson (2017) and Nakamura and Steinsson (2018).

®Kiley (2013), Glick and Leduc (2015), and Swanson (2017) examine intra-day or daily exchange rate
responses. Inoue and Rossi (2019) present impulse responses up to 15 days after a policy surprise.



ponent can deliver the negative economic news that trigger the US dollar’s exorbitant
duty behavior.” Our model’s approach is also related to that of Gourinchas, Rey, and
Govillot (2018) in that both models emphasize that receiving a signal of lower ex-
pected future GDP growth can lead to higher risk aversion and, thus, trigger a global
flight to safety.’

Other related literature is work on asset pricing that studies the “flight-to-safety”
or “flight-to-quality” mechanisms. The most relevant empirical paper to our study is
Baele et al. (2018) who identify days on which asset prices behaved in ways consistent
with a flight to safety. Baele et al. (2018) show that these days also coincide with an
increase in risk premia and portfolio rebalancing in which savings flow out of equity

funds and into money market funds or government bond funds.’

2 Identifying Effects of Monetary Policy Shocks

To estimate the effect of US monetary policy, our empirical approach is as follows. We
obtain monetary policy surprises using changes in interest rate expectations measured
in tight time-windows around US monetary policy announcements. We then regress
the outcome variables of interest on policy indicators instrumented using these surprise
measures. These two-stage least squares (2SLS) estimates can be interpreted as a local
projections instrumental variables estimate of the contemporaneous response of the
outcome variable to US monetary policy shocks that raise the relevant policy indicator
by one unit (see Section 2.3 of Stock and Watson 2018).

We first describe the data that we use, including measures of US monetary pol-
icy surprises, and then provide more details on the empirical specifications. We also
present a decomposition of exchange rates changes that we will use to disentangle the

transmission channels of US monetary policy surprises to exchange rates.

"Moreover, we add to the exorbitant duty narrative by documenting that the dollar appreciates not only
through a flight-to-safety effect due to higher risk aversion, but also through inflation expectations
being relatively lower in the U.S. along with lower growth expectations. We argue that the inflation
channel of the dollar’s appreciation will only be present for shocks coming from the U.S. Another novel
contribution to this literature is the evidence on cross-currency heterogeneity in the exorbitant duty
properties of the dollar, which can be explained by the heterogeneous hedging properties of currencies.

8Gourinchas, Rey, and Govillot (2018) model a shock that leads to a higher probability of a future rare
disaster, while we model a monetary policy shock which is interpreted as a strong signal regarding
future economic growth. Maggiori (2017), Farhi and Maggiori (2018) and He, Krishnamurthy, and
Milbradt (2019) provide different microfoundations for the flight to safety and the exorbitant duty.

They also find that the Japanese yen and the Swiss franc appreciate on the flight-to-safety dates. See
also Beber, Brandt, and Kavajecz (2009) and Baele, Bekaert, and Inghelbrecht (2010), among others,
for other empirical papers in this literature.



2.1 Data Description

We perform our analysis at a quarterly frequency over the 1991:Q1-2015:Q3 period,
paying special attention to the Great Recession period—2008:Q4-2012:Q2—and to
how responses to US monetary shocks differ during that time relative to the preceding
and subsequent periods.'® We focus primarily on explaining the effects of monetary
policy during the Great Recession for a number of reasons. First, it is inherently impor-
tant to understand the effects of monetary policy during times when it is most needed,
such as during severe recessions. Second, and most importantly, we will document
that monetary policy has effects over this period that are dramatically different relative
to both predictions of standard theories and to other subperiods.!!

We rely on the methodology developed in the high frequency monetary policy iden-
tification literature to identify monetary policy shocks (see Kuttner 2001, Bernanke and
Kuttner 2005, Giirkaynak, Sack, and Swanson 2005 and the ensuing literature). More
precisely, the monetary policy surprises that we use as regressors in the first stage of
the 2SLS estimation are changes in interest rate futures implied yields over a one-hour
window ranging from 15 minutes prior to 45 minutes after FOMC statements and QE
announcements that were made outside of these regular statements. '

Given that our sample of interest includes the ZLB period in the United States,
we use prices of futures on underlying securities along the entire yield curve in order
to capture unconventional policies that were used during this period to impact yields
at various maturities. In particular, we use federal funds rate futures expiring three
months hence (FF4), eurodollar futures expiring three quarters hence (ED4), and two-
and ten-year Treasury note futures expiring in the current quarter.'® Since the payoffs

of these futures contracts depend on the underlying short-term interest rates or Trea-

90ur Great Recession sample begins with the contraction in real economic activity that immediately
followed the Lehman Brothers collapse and also includes the European debt crisis. The end date
coincides both with the end of calendar-based forward guidance in the U.S. and Mario Draghi’s mid-
2012 speech stating that the European Central Bank would do “whatever it takes” to save the euro,
which greatly calmed global financial markets.

"'The fact that this period was special is confirmed by formal structural break tests detailed in the
Section C of the Online Appendix.

12The list of QE announcements can be found in Online Appendix B.3 and was assembled from existing
papers including Rogers, Scotti, and Wright (2014), Wu (2014), and Swanson (2017). All of the
results are robust to excluding QE announcements. This is important to note as we will argue later
that the effects we find can be attributed to calendar-based forward guidance.

3We thank Refet Giirkaynak for providing data on federal funds and eurodollar futures. The results are
robust to using different sets of surprises, including ones that exclude measures based on near-term
federal funds rate futures.



sury yields that prevail upon settlement of the contracts, changes in these prices can be
used to measure changes in interest rate expectations. Measuring these changes over
very short time windows occurring around US monetary policy announcements gives
changes in expectations that only reflect information about current and future policy
actions conveyed by these announcements.'*

Our main outcome variables are the currency exchange rates of nine major coun-
tries against the United States: Australia, Canada, euro area, Japan, Norway, New
Zealand, Sweden, Switzerland, and the United Kingdom. We also examine US net
foreign asset positions measured by the US net international investment position or net
valuation losses computed using net foreign asset positions and the current account
balance. Lastly, we study the responses of US GDP growth forecasts from the Blue
Chip Economic Indicators survey, the risk aversion estimates from Bekaert, Engstrom,
and Xu (2017), and measures constructed using the VIX.

The policy indicators that we instrument are forward interest rates calculated using
zero-coupon government bond yields. We consider forward rates at various horizons
since unconventional US monetary policies have had different impacts on long- versus
medium-term rates over the ZLB period. Policies such as forward guidance or QE
have been found to have effects that peak in particular regions of the yield curve.'?
Therefore, rather than choosing interest rates at one particular maturity to act as a
policy indicator, as is done in Gertler and Karadi (2015), Rogers, Scotti, and Wright
(2018), and other related papers, we examine responses using forward rates at various
horizons as policy indicators to more flexibly and agnostically capture the different
dimensions of unconventional monetary policy. The exact empirical specifications are

presented in the next subsection.

14These futures prices also contain risk premia, but Piazzesi and Swanson (2008) show that taking high-
frequency differences in these prices effectively cleans out risk premia, which predominantly vary at
lower frequencies. In other words, while we show later on that monetary policy shocks cause changes
in risk premia within the same quarter, the changes occurring within a 30-minute window around these
policy announcements are negligible.

15Swanson (2017) finds that the effect of forward guidance typically peaks for yields with maturities
of between one and five years, while QE has its greatest impact on longer maturities, particularly 10
years. Greenwood, Hanson, and Vayanos (2016) find that the effects of QE announcements are the
largest for one-year forward rates for five and seven years ahead.



2.2 Empirical Specification

For the responses of exchange rate changes and its components, we use relative one-

year forward rates at various horizons as policy indicators. That is, we estimate:
s As n
Aspy = ap + B AL+ erroriga, (D

where s, is the log exchange rate of currency 7 per US dollar. Thus, an increase in
s; corresponds to a currency ¢ depreciation against the dollar. A f:ﬁrl represents the
relative one-year forward rate n quarters ahead. Throughout the paper, tildes above
variables denote relative quantities defined in terms of country ¢ minus the respective
US variable. We estimate this regression for forward rate horizons ranging from n = 8
to n = 36 quarters ahead. We focus on the medium and long ends of the yield curve
because US short policy rates were constrained by the ZLB over our main period of
interest, the Great Recession, and the policies in place during that time targeted lower
yields for maturities of two or more years.

We use relative forward rates as policy indicators to estimate the exchange rate
response because the exchange rate is a relative price between two currencies and,
therefore, the responses of other central banks to US monetary policy shocks can play
an important part in how these shocks are transmitted to exchange rates. We utilize
cross-sectional variation in how foreign forward rates respond to US policy shocks by
allowing the first-stage regression coefficients to differ by currency.

In this specification, 35*t+1 is the contemporaneous response of the exchange rate
change to a US monetary policy shock that raises the n-quarter-ahead relative forward
rate by 1 percentage point (see Stock and Watson 2018 for details). A positive 355+
then indicates that a policy easing led the dollar to appreciate.

For variables other than exchange rates, we follow the empirical monetary policy
literature and use US interest rates as the policy indicators though we continue to con-
sider one-year forward rates at different horizons, where n > 8. Thus, our specification
for each variable of interest x is:

US
Tpy1 = o + th“Afﬁrl + erroryyq, 2)

where a negative estimate of 52+! indicates that US monetary policy easing led to an

increase in the variable x during the Great Recession.



2.3 Exchange Rate Decomposition

To shed light on the channels through which monetary policy affects the exchange rate,
we will further disentangle 55*t+1 into different economic channels by decomposing
exchange rate changes. First, we define the log expected excess return from investing
in one-quarter, risk-free dollar-denominated bonds and taking a short position in one-

period, risk-free bonds denominated in currency i:
O = Z?S — Zi + EtASt+1. (3)

For convenience, we will use the two terms, “expected excess currency return” and
“currency risk premia,” interchangeably though o; may also capture numerous addi-
tional frictions, including the inability of traders to borrow at the risk-free government
bond rate, counterparty risk, and binding net worth or value-at-risk constraints. Section
4 provides a particular model of o, as a currency risk premium.

Using equation (3), the actual change in the exchange rate can be written as:
Asi1 =14 + 0oy + Asppy — B Asyy. “4)

By iterating equation (3) forward we obtain:

sp = —E4 Z [tk + Orpi] + By kh_?olo Sttk- )
k=0

First-differencing equation (5) and combining the resulting expression with equation
(3) then gives us an expression for the expectational error, As; 1 — F;As; 1, that we

combine with equation (4) to obtain:

o0 oo
A3t+1 =1 — E (Et+15t+k:+1 - Et5t+k+1) + o0y — E (Et+1(7t+k:+1 - Et0t+k+1)

k=0 k=0

NG -~ S/ -~ J/

e oi
+ By im s — By lim s (6)
k—o0 k—o0
~ TV
Stf1,00

Equation (6) expresses the realized exchange rate changes in terms of the time ¢ relative
short rate, the time ¢ expected excess return, and the forward-looking variables that

reflect changes in expectations in: (i) the path of relative short-term nominal rates,

10



gptEf{ , (11) the path of excess returns, oﬁrl, and (iii) long-run nominal exchange rates,

sﬁﬂ ~- Stavrakeva and Tang (2019) show that if the real exchange rate is stationary,

sﬁrEl -, reflects changes in expectations over long-run relative price levels, which equals
the path of future relative inflation. Therefore, we will refer to s, +1 ~ as the inflation
component of the exchange rate change decomposition.

We can then use equation (6) to further decompose 5%+, An ordinary least
squares (OLS) estimate of coefficient ﬂﬁst“ in equation (1) can be rewritten as a ratio
of the sample estimates of a covariance and a variance that can be further decomposed

in the following way:
Cov (Asm, A fgzﬂ)
Var (A fng)
COU < 90t+17 AftJrl) Cov (Ut - ‘7517 Afﬁrl)

BASt+1 ,OLS
n

C/O\U (3t+1 003 Aft+1>

Var(adn) | V(M) | Var (M)
In the case of a 2SLS estimate, the same expression holds, with the change in
relative forward rates being replaced with the fitted value of the relative forward rate
change from the first-stage regression.
Given that each of the scaled covariances is a univariate regression coefficient ob-
tained from regressing the exchange rate change components in equation (6) on A ft’}H,

we can write Bn in terms of the following regression coefficients:
BﬁStJrl _ ﬁ’t ‘Pt+1 + ﬁ"t Ut+1 + ﬁ5t+l ,00 (7)

where the superscripts of B denote the dependent variables.

Decomposing the response of exchange rate changes to policy shocks using equa-
tion (7) reveals the channels driving the differences in exchange rate responses to US
monetary policy during the Great Recession compared to other periods.

For this decomposition, we use estimates of the terms in equation (6) from Stavrakeva
and Tang (2019). As noted above, these terms feature expectations of short-term in-
terest rates, exchange rates, and inflation. Since expectations for all future horizons
are needed, the estimation in Stavrakeva and Tang (2019) relies upon a flexible vector
autoregressive model (a VAR). The key to that estimation is that the VAR coefficients

are chosen as those that produce the best match between VAR-implied and survey

11



forecasts of exchange rates, interest rates, and inflation obtained from Blue Chip and
Consensus Economics. Thus, the VAR is a structured way to interpolate and extrapo-
late survey forecasts to horizons not reported in the surveys. This method has primarily
been used to fit bond yields (see Kim and Wright 2005, Kim and Orphanides 2012 Pi-
azzesi, Salomao, and Schneider 2015, and Crump, Eusepi, and Moench 2016), but to

our knowledge, this technique has not been applied to the study of exchange rates.'¢

3 Effects of US Monetary Policy During the Great Recession

3.1 Effects on the Dollar

First, we estimate an overall response of the exchange rate to US monetary policy by
estimating equation (1) as a panel regression with currency pair fixed effects using
2SLS. Figure 1 plots the slope coefficients and 90 percent confidence intervals from
this regression estimated over the Great Recession and the preceding and subsequent
periods. We use Driscoll-Kraay standard errors which are robust to heteroskedasticity,
cross-sectional correlation, and up to four lags of autocorrelation in the errors.!” The
estimates are also reported in the first row of Table 1.

We also estimate equation (1) using OLS to obtain the unconditional relationship
(see Figure A-1 and the first row of Table A-1 in the Online Appendix). The results are
qualitatively very similar to the 2SLS regressions. The fact that the OLS estimates cap-
ture the same patterns implies that US monetary policy shocks are potentially an im-
portant driver of the overall comovement between exchange rate changes and changes
in relative forward rates.

During the Great Recession, for forward rates 12 or more quarters ahead, a US
monetary policy shock that decreases US medium- and long-term forward rates rel-
ative to foreign forward rates causes a statistically significant dollar appreciation. In
contrast, the same US monetary policy shock has the opposite effect in the pre- and
post-Global-Recession samples. The first-stage regression F-statistics for the Great
Recession period are all greater than 39, far exceeding the rule-of-thumb threshold of

10 commonly used to detect the presence of weak instruments.

16Existing papers that use a similar decomposition (for example, Froot and Ramadorai 2005, Engel and
West 2005, 2006, 2010, Engel, Mark, and West 2008, Mark 2009, and Engel 2014, 2016) calculate
expectations based on estimating data-generating processes that only use realized data. For more
details on the VAR that we use, a discussion of the benefits of using survey data, and how well the
VAR-implied expectations match survey forecasts, see Stavrakeva and Tang (2019).

17 All results are robust to double clustering by currency pair and quarter.
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Next, we examine the cross-currency heterogeneity in the response of the dollar to
US policy surprises during the Great Recession. Heterogeneous responses are likely,
given that the set of currencies that we consider includes the Swiss franc, the Japanese
yen and the euro, which are currencies that have been known to have some hedging
properties themselves, i.e., to appreciate during bad times.

Figure 2 plots the regression coefficients estimated for each currency pair for n =
32 against a measure of the hedging properties of each currency with respect to US
real GDP growth.!® The measure we use is motivated by the model that we present
in Section 4. This hedging property is measured using the covariance between the
respective exchange rate change and US real GDP growth.!” A currency with a more
negative covariance is one that tends to depreciate more unconditionally against the
dollar when US real GDP growth falls and is not a hedge against low US growth. This
figure shows a clear ordering, where the currencies that are a worse hedge also lost the
most value against the dollar conditional on US monetary policy easings during the
Great Recession.

Unsurprisingly, we find that the Swiss franc, the Japanese yen and the euro are
hedge currencies for US growth, meaning that they appreciate unconditionally against
the dollar when the US real economy is doing badly (the covariance is positive, but
close to zero for the euro). We observe that the dollar depreciated against the Swiss
franc and Japanese yen in response to US monetary policy easing, while it appreciated
only slightly against the euro.

Given that Figure 2 makes it clear that pooling all nine currencies will not be appro-
priate, in the remainder of the paper, we present estimates based on panel regressions
among two country groups, created given the hedging properties of the currency with
respect to real US GDP growth, captured by the covariance shown in Figure 2. We re-
fer to these two groups as hedge and non-hedge currencies. The non-hedge currencies
include AUD, CAD, NOK, NZD, SEK, and the GBP, while the hedge currencies are
the EUR, JPY, and CHF.

Figures 3 and 4 plot the 2SLS regression coefficients from equation (1) for the
non-hedge and hedge currency groups. The 2SLS estimates of Bﬁst“, along with
their standard errors, are presented in the first rows of Tables 2 and 3 for the two
groups of countries. For the non-hedge group, all of the coefficients for forward rate

8These results also hold for different n > 12.
19We estimate these covariances using data starting in 1990, but the results are robust to using only the
period over the Global Recession.
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horizons n > 12 are positive and statistically significantly different from zero during
this subperiod. For the hedge group, the estimates are negative but are not significantly
different from zero for most horizons, which is not surprising given the smaller sample
and the fact that the euro appreciated rather than depreciated in response to US policy

easings during this period.
3.1.1 Effects on the Components of Exchange Rate Changes

This subsection presents the results from the decomposition of Bﬁsf“ in equation (7)
using the terms in the exchange rate change decomposition given by equation (6). The
2SLS estimates of the regression coefficients in equation (7) are plotted in Figures
5 and 6. These estimates and those for BHASW are also presented, along with their
standard errors, in Tables 2 and 3. OLS estimates are presented in Figures A-2 and
A-3 and Tables A-2 and A-3 in the Online Appendix.?’

First consider the non-hedge group. The most striking result is that the large posi-
tive estimates of Bﬁsf“ at medium and long forward rate horizons in Figure 3 can be
entirely explained by two components of the exchange rate change.

The first is the currency risk premia term which gives the response coefficients
B?‘“ﬂl.ﬂ These positive coefficients indicate that a US monetary policy easing that
caused US forward rates to fall relative to foreign forward rates led to lower future
expected excess returns from investing in dollar-denominated government debt and
shorting debt denominated in currency <.

We also see large positive coefficients on the long-run exchange rate expectations
term, BTSL’%"X’. This latter result implies that during the Great Recession, a US monetary
policy easing that caused US forward rates to fall relative to foreign forward rates led
to a lower expected inflation path in the United States relative to other countries. This
is opposite to what would be expected if US policy easings have an expansionary effect
on aggregate demand in the U.S.

Looking at the hedge currencies, Figure 6 shows a response of relative inflation

expectations to US monetary policy shocks that is similar to that of the non-hedge

20Note that even though the dependent variables are estimated, this does not impact the standard error
calculation since the regressors are not estimated.

2'We confirm that the behavior of this coefficient is driven primarily by atﬂ_l, which captures changes
in expectations over the future path of one-period excess returns from being long the three-month US
bond and short the three-month bond of country i. The fact that the lagged expected excess return
between periods ¢ and ¢ + 1, o, does not play an important role is not too surprising given that o; is
not a function of period ¢ + 1 variables.
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currencies, indicating a lack of cross-currency heterogeneity in the strength of this
inflation expectations channel. Though the currency risk premia responses are opposite
in sign to those in the non-hedge sample, they tend not to be significantly different from
zero (potentially due to this sample being smaller).

The contribution of Bﬁf e to the overall coefficient, Bﬁsi“ , 1s small compared to
the other two components discussed above and pushes the dollar to depreciate for both
the hedge and non-hedge panels. The negative sign is not surprising given that a main
driver of relative forward rates is the expected path of future relative nominal rates,
which enters negatively into this nominal rate component of exchange rates.

The OLS results are qualitatively similar, which once again implies that the un-
conditional relationship between the exchange rate change components and relative
forward rates remains consistent with the responses to US monetary policy shocks
over this period.

Decomposing the pair-specific results documented in Figure 2, we again find a
sorting among the nine currencies where, for currencies that are a worse hedge, the
expected excess return from being long the dollar and short the other currency fell by

more in response to a US monetary policy easing (see Figure 7).

3.2 Why Did the Conventional Wisdom Not Hold Over the Great Recession?:
The Signaling Effect of Monetary Policy and Risk Aversion

In this subsection, we attempt to further empirically disentangle what could have
driven the surprising results that we find thus far. The hypothesis that we propose and
test is that US monetary policy easings over the Great Recession led to lower (rather
than higher) future US GDP growth expectations due to a strong signaling channel
of monetary policy over this period. If agents expect future lower US GDP growth,
and if the economy is driven primarily by demand shocks, they would also lower their
expectations of future US inflation, which is consistent with the empirical results doc-
umented in the previous subsection. Moreover, based on the habit formation literature
in asset pricing, we would expect that as a result of the lowered future GDP growth
expectations, investors became more risk averse. This would trigger a flight to safety
towards US safe assets and away from assets denominated in currencies that are not
a hedge against low US GDP growth, thus explaining our finding that the currency
risk premium component of exchange rates is the most important driver of the dollar
appreciation against non-hedge currencies.

First, we test whether the signaling channel of US monetary policy was indeed suf-
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ficiently strong over the Great Recession. We estimate equation (2) with the dependent
variable being revisions in four-quarter-ahead forecasts of real GDP growth obtained
from Blue Chip Economic Indicators. The forecast revision is the change between the
lagged four-quarter-ahead forecast and the current three-quarter-ahead forecast, thus
keeping the forecast quarter fixed. Table 4 presents the results. In response to US
monetary policy surprises that lowered a US forward rate by 1 percentage point, GDP
growth expectations were revised downwards by a statistically and economically sig-
nificant amount that is between 0.7 and 1 percentage points, depending on the forward
rate horizon. Therefore, we confirm that the signaling channel of US monetary policy
dominated the direct expansionary effects of lower rates during the Great Recession.

Second, we test how US monetary policy easings over the crisis affected risk aver-
sion. We consider the log percentage change of the aggregate relative risk aversion
measure estimated in Bekaert, Engstrom, and Xu (2017) as the dependent variable in
equation (2). The measure is highly correlated with the VIX and is estimated using
financial variables including equity returns, corporate bond spreads, and term spreads,
along with realized variances of a number of asset returns. The results, presented in
Table 5, confirm that US policy easings during the Great Recession significantly in-
creased investors’ risk aversion. A fall of a US forward rate by 1 percentage point in
response to US monetary policy led to an increase in risk aversion between 28 and 43
percent, depending on the forward rate horizon.

We conduct a second test of US monetary policy’s effect on risk aversion that is
more closely related to our exchange rate change decomposition and that also emerges
as a testable implication from the model that we will present in Section 4. As shown in
equation (6), exchange rates depend on the entire path of expected future excess one-
period returns. Thus, it is not just the current risk aversion that should matter for deter-
mining exchange rates, but the entire path of expected future risk aversion. Therefore,
we also estimate how US monetary policy surprises affected the changes in expec-
tations over the future path of the VIX, Y 77 (E[VIX, 4| Ti11] — E[VIX, 4| L))
The results, presented in Table 6, show that US policy easings that caused a 1 per-
centage point fall in a US forward rate significantly lowered the expected path of
the VIX—by between 1.6 and 2.7 standard deviations, depending on the forward rate

22Since the VAR that is used in Stavrakeva and Tang (2019) to decompose exchange rates includes the
VIX, estimates of the path of changes in expectations of the VIX can be obtained from the same VAR
in a way that is consistent with the exchange rate decomposition.
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horizon—during the Great Recession.
In conclusion, we find strong empirical support for the hypothesis that US monetary
policy easings over the Great Recessions lowered future US GDP growth expectations

and led to higher risk aversion.
3.3 Effects on Net Foreign Asset Positions And Valuation Effects

The data strongly supports the hypothesis that unconventional monetary policy did
not result in “competitive devaluation” effects. In this subsection, we test whether
there were actually wealth transfers from the U.S. to the rest of the world during the
Great Recession as a result of US monetary policy easings. If this was indeed the
case, it would imply that accommodative US monetary policy did not hurt, but rather
potentially helped, other countries weather the crisis.

Such a hypothesis finds its roots in the exorbitant duty literature. According to
that literature, the United States predominantly holds risky foreign-denominated as-
sets, such as foreign equities, and borrows in safe dollar-denominated liabilities, such
as US government debt. As a result, when the dollar appreciates, there is a mechanical
negative valuation effect on US net foreign assets. Moreover, since, according to the
exorbitant duty literature, the dollar appreciation is triggered by a flight-to-safety effect
in bad times, the value of equities also falls while the value of safe dollar-denominated
debt increases, which is the second component of the so-called valuation effect. Fi-
nally, an increase in foreign demand for safe US debt contributes to a negative flow
effect. Both the negative valuation effect and the negative flow effect lead to a de-
crease in the US net foreign asset position.??

We now assess the effect of accommodative US monetary policy during the Great
Recession on the US net foreign asset positions and valuation effects as constructed
following Gourinchas, Rey, and Truempler (2012). Tables 7 and 8 report the results,
where the dependent variable in equation (2) is either the change in nominal US net
foreign assets or the nominal valuation effect scaled by the average nominal US GDP
over our Great Recession sample. Indeed, we find that a US monetary policy surprise
that lowered medium- and long-horizon US forward rates by 1 percentage point led to
statistically and economically significant decreases of US net foreign asset positions,
with the largest decrease being 18 percent of US GDP for n = 36. The correspond-

21t is important to note that a rising dollar alone does not mechanically imply a negative valuation
effect or a fall in the net US foreign asset position since the dollar appreciation could coincide with an
increase in the market value of equities relative to government debt or with a positive flow effect.
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ing number for the net wealth transfer due to the valuation effect is 17 percent of US
GDP. These effects are large and very close to the total US net asset valuation losses
that Gourinchas, Rey, and Govillot (2018) document occurred during the global finan-
cial crisis (14 percent) and during the European debt crisis (16 percent). This finding
underscores the importance that US monetary policy can play in terms of triggering

sizable wealth transfers between the United States and the rest of the world.
3.4 Summary of Empirical Results

In summary, we find the novel and surprising result that the US dollar appreciated, on
average, against a set of advanced economy currencies in response to US monetary
policy easings during the Great Recession. Accommodative monetary policy over
the period led to a downward revision of future US GDP growth expectations and
an increase in risk aversion, which triggered flight-to-safety effects towards the dollar
and away from non-hedge currencies. As a result, non-hedge currencies depreciated
against the dollar while the opposite was true for hedge currencies, where the latter is a
smaller subset of the sample of currencies we consider and, hence, the overall average
effect. The second channel that contributed to a dollar appreciation during the Great
Recession, against all currencies considered, is the lowered expectations of future US
inflation relative to the inflation of the other countries in response to US monetary
policy easings. Finally, we find that US monetary policy easings also resulted in a
sizable wealth transfer from the United States to the rest of the world.

The next section presents a theory of the signaling channel of monetary policy that

reconciles these empirical facts.

4 Theoretical Interpretation: Signaling Effect of Monetary Policy

In this section, we present a stylized model that can reconcile the empirical results pre-
sented in the previous sections. We employ a model of monetary policy signaling that
is similar in spirit to Tang (2015), Melosi (2017) and Andrade et al. (Forthcoming).
Our model introduces a number of key deviations from the models in these papers.
We model nominal exchange rates and, in the spirit of Campbell and Cochrane (1999),
we allow for time-varying currency risk premia due to habit formation. The model
is purposefully pared down to clearly illustrate the conditions under which monetary
policy exerts a signaling effect that can qualitatively produce the empirical relation-
ships that we document occurred during the Great Recession. This model also helps

us understand why the signaling effect of monetary policy may have been especially
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strong during this 2008:Q4-2012:Q2 period.
4.1 Model

We consider a two-country model, in which the United States is the home country, and
study the limiting case where the US economy is approximately closed.>* We assume
that real US GDP growth—equal to the real growth in production of the US tradable

good—Auy;**, and US inflation, 7;**, follow exogenous processes given by:

T = aly”, (8)
Ayt = —v (i — ")+, )

where o, v > 0 and ¢}** is the US nominal policy rate. Real GDP growth is decreas-
ing in the real interest rate, i}"* — 7**, and increasing in the shock, ¢/ ~ N (O, 05).
Assuming that o« > 0 allows us to interpret €/ as a demand shock. The policy rate
follows:

it = A+ T e,

where ¢¥,¢™ > 0 and &/ ~ N (0, aip) is uncorrelated with the demand shock,
e{. We do not impose a ZLB on the interest rate to preserve the model’s simplicity.
However, Andrade et al. (Forthcoming) obtain qualitatively similar results in a setting
with a binding ZLB where the central bank’s policy tool is an announcement about a
future lift-off date from this bound.

The above three equations give the following solutions for Ay;**, 7}** and 7}*:

Yy mp Yy mp
& — V&g & — V&, us

Ayt = — Lt v =
Yt n+vek T @ n+vk ' “

kel +ney”
n+ VK

where Kk = ¢Y + ¢"a > 0 and we assume that » = 1 — va > 0, ensuring that a
positive interest rate shock increases the equilibrium nominal rate. That is, we assume
that the positive monetary policy shock does not cause large enough drops in inflation
and real GDP growth to result in a lower equilibrium nominal interest rate due to the
endogenous policy reaction to these two variables.

Next, consider a representative agent in the United States who has time-varying risk

aversion arising from consumption habits (see Campbell and Cochrane 1999, among

24This is a reasonable approximation for the United States as it is the least open advanced economy in
the world with a gross-trade-to-GDP ratio of only 27 percent in 2017. The qualitative implications of
this model can be generalized beyond this special case at the cost of some tractability.
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other papers). More specifically, assume that the US representative agent’s per-period
(Cpe—Xpe) ™7
S
of the US tradable good and X;** is her habit reference level of consumption. We

utility function is given by u (C}**, X}*¥) = where C}** is her consumption
assume that the representative agent can invest in risk-free nominal bonds denominated
in dollars and in the foreign currency. In the limiting case where the US economy is

approximately closed, her Euler equations for bond holdings imply that:

us us

Uc( 41> t+1) _gus ( . S p )
E e T [ (1 + 4% — 1+14) || Zy| =0, 10)
’ ue (G4, Xi) ( ") St ( t) ' (

where Sy, is the level of the nominal exchange rate defined as units of a foreign
currency per dollar.”® The net nominal policy rate of country 7 is i¢ and Z; is the
representative agent’s period ¢ information set, which will be defined below.

. . Ue Cus ,Xus _ UuUSs
The real stochastic discount factor can be expressed as [ % = ﬁeV(APtH NG ,
c t ¢

o Cus ucc(cus7xus) o Cus . . .
where p; = In (—#W) =In (W) is the log of the scaled relative risk
aversion coefficient and ¢}, is log US consumption of the US tradable good. Since
we consider the limiting case of an approximately closed US economy, c¢;* ~ y;*°.

Moreover, we assume that p, has the following data-generating process:

Apiy1 = —ApilAyty (In
Withpt+1 - th_/\Ay;L—ls-D

where 0 < 6§ < 1 and A > 0. This assumption for p; implicitly imposes a functional
form assumption on X**, which is unobserved.?®. We consider a parametrization such
that p; > 0 for every ¢, which implies that a decrease in real GDP growth is associated
with higher risk aversion for the US representative agent. While most of the model’s
implications derived below also hold for other data-generating processes for p;, this
functional form substantially simplifies the analysis.

Given the assumptions made, Ay;", and p;, are normally distributed for any k& >
1, conditional on Z; so long as Z; comprises of past shocks and normally distributed
signals. We conjecture, and later confirm, that As,,; is also normally distributed. As

a result, equation (10) allows us to express the expected excess return from being long

2 See the Online Appendix for details on the derivations.
%61n the habit formation literature, it is common to specify a data-generating process for p; or % instead
of X{*® (see Campbell and Cochrane 1999 and the discussion in Brandt and Wang 2003)
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the dollar-denominated bond and short the foreign-currency-denominated bond as:

O = Z?S — 7/1 + E[A3t+1|:z't]
_ Var (Asi1|Zy)

2
_ Var (Asyq|Ty)

2

— Cov (Asp1, —yACGE + YApei1 — w5 | Th)

+(y+a+yAp) Cov (Asear, Ayt |Te) (12

where the last equality uses the fact that Ac}'?, ~ Ay, and equations (8) and (11).

We assume for now that Var (As,y1|Z;) and Cov (Asyy1, Ayy's,|Z;) are constant
and later give conditions under which this is true in equilibrium. Then, the only source
of time-variation in the expected excess return, oy, is time-varying risk aversion. From
equation (12), a higher p, lowers the expected excess return from holding the dollar
between ¢ and ¢ + 1 against non-hedge currencies for which Cov (Asy1, Ayt |Z;) <
0. The opposite is true for hedge currencies for which C'ov (Astﬂ, Ayl |Zt) > 0.

The stylized nature of the model allows us to avoid taking a stand on whether mar-
kets are complete or incomplete and on the determinants of currencies’ hedging prop-
erties. As a result, this model highlights the properties of the exchange rate and its
components that are key for matching our empirical findings.

We can iterate equation (12) forward to express the log change in the nominal ex-
change rate, As;,1, in terms of the same components that we used in the empirical

sections of the paper:

o0

Asppq =iy — i}° — Z (Blivin — i [ o] = Bl — 145541 |T4)
k=0
o
o0
+ 01— Y (Elovs1| o] — Elovgri|T)
k=0 _
ok,
[o.¢]
+ Z (Blriin1 — miseralZin] = Elmp o — 7l ) (13)
k=0
2 oo

In doing so, we once again use the assumption that purchasing power parity holds in

the long run. Therefore, as before, changes in expectations of the long-run nominal
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exchange rate level, Sﬁg,w equal the changes in expectations over the relative path of
future inflation.

From the assumptions made on US demand and monetary policy shocks, the US
variables and risk premium terms in equation (13) are all conditionally normally dis-
tributed with constant variances and constant covariances with Ay;"’,. Thus, addition-
ally assuming that the nominal interest rate and inflation in the foreign country 4, 4},
and 77, are conditionally normally distributed with constant second moments guar-
antees that the overall log change in the nominal exchange rate, As; 1, will also be

conditionally normally distributed with constant second moments.?’
4.2 The Effect of Forward Guidance

To simplify the analysis, we assume that at time ¢ + 1, the central bank knows the state
of the economy and the monetary policy surprise in period ¢ + h for A > 2. That is,
the central bank can perfectly observe ¢/}, and 7, , at time ¢ + 1.2

We consider a forward guidance announcement to be the central bank’s truthful
expectation of ¢;7,, based on the interest rate rule. Given that there is no persistence
in the variables affecting the policy rate, this forward guidance is equivalent to the
central bank announcing the actual policy rate & — 1 periods from now. Denote the
announcement in period ¢ + 1 as a;1. Given the assumptions made, a;,1 = 7;7,. We
assume that the agent’s time ¢ 4+ 1 information set contains current and past values of
announcements and shocks, i.e., Z; ;1 = {a'™! g%+ gmPi+11 Since shocks are i.i.d.,
just before the announcement, agents expect ¢/, to be zero, so the entire forward
guidance announcement is a surprise.

Assume that the change in the one-period relative forward rate (defined as the non-
US forward rate minus the US forward rate) prevailing between periods ¢ + h and
t 4+ h + 1 caused by the announcement a1 is equal to —¢}3,.** Then, our estimates

6(0’1705'_1)
Oati1

N F
Ot—0t41

~AAE
of and (3, in Section 3.1.1 correspond to the derivatives — and

?7See the Online Appendix for details.

28To obtain our results on the responses to monetary policy announcements, it is sufficient for the
agents who trade short-term bonds denominated in different currencies to believe that the Fed has
some additional information about ;%) and ¢/, . Nakamura and Steinsson (2018) provide a detailed
discussion regarding whether the private sector interprets FOMC announcements as a signal about
future expectations of economic activity.

2For this assumption to hold, the sum of the movements of the other country’s forward rate and the
relative term premia of both forward rates in response to the announcement should be zero. These
assumptions are made primarily for tractability in the model and can be relaxed.
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First, we derive the effect of the announcement on expected future real GDP growth

in the model.

which, as we will show, is the main driver of the changes in expectations of future
currency risk premia and of the relative inflation paths in the two countries.

The agent’s expectation of Ay, involves a signal extraction problem. Since the
future policy rate is a function of both future monetary policy shocks and demand
shocks, the forward guidance announcement does not completely reveal the realiza-
tions of each shock. However, the agent uses this announcement to extract informa-
tion about £/, , and ¢}, , which then informs her expectation about Ay . Using the
posterior expectations of the two shocks in ¢ + h, which are presented in the Online
Appendix, one can show that:

2

li‘;y —uvn
E[Ayin|Zii1] = Kagyy,  where K = — 45— (14)
/{202_ + 772
mp
0'2 . . .
When —~ = 0, the agent believes that the forward guidance announcement is

mp

driven only by a future exogenous monetary policy shock, i.e., a; 1 = ;) = TH—"Mgt h
In this case, the effect of the announcement on GDP growth expectations is given by
—% < 0, which only captures the direct effect of the future interest rate shock on ex-
pected real GDP growth, where a negative interest rate surprise improves GDP growth
expectations.

2
The signaling channel appears when :2—” > 0. Given our parameterization, K
mp

is increasing in —*. For a sufficiently hlgh (1 e., a sufficiently strong signaling
channel), K can become positive, meaning that an announcement of a lower future
policy rate can lower expectations of future real GDP growth.

More generally, if Ui—i < =1, then the direct channel dominates (K < 0), and if
the opposite is true, the signaling channel dominates (/& > 0). This result is intuitive,
as high prior uncertainty about the demand shock implies that the agent will place
more weight on a signal containing information about this demand shock, a;;1, when
updating her beliefs about future real GDP growth. In this paper, when we say that
the signaling channel is strong, we mean that the signaling channel is strong enough
to dominate the direct effect of interest rate movements on real GDP growth, implying
that announcing a lower future policy rate causes future real GDP growth expectations

to fall. To summarize, in our terminology, the fact that forward guidance has a strong
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signaling effect corresponds to the case in which K > 0. In Section 3.2 we confirmed
that K > 0 over the Great Recession.
Next, we derive the above-mentioned derivatives of our exchange rate compo-

nents with respect to the announcement and show that these are tightly linked to

OE[Ayiyn|Te41]

5 . We start with the derivative for o, — aﬁrl. First, note that since oy
at41

Nor—ofln) _ 0o,
8at+1 6at+1 '

contains information up to only ¢, — Then, one can show:

d (oy — ol olerd = 9
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K

where o , denotes the constant value of C'ov (Ast+1, Ay, |It). If the signaling chan-
nel is strong, meaning K > 0, as the evidence in Table 4 suggest was the case during
the Great Recession, a negative forward guidance shock lowers expectations of future
real GDP growth. This, in turn, increases expectations of future risk aversion and low-
ers the expected excess return from being long the dollar bond and short the bond of
country i if currency i is not a hedge, i.e. if Cov (As,y1, Ay}s,|Z;) < 0. The opposite
is true if currency i is a hedge, i.e. if Cov (Asy1, Aypsy]Zy) > 0. Thus, our empiri-

P
“Ot41

cal findings showing that during the Great Recession, th > () for our group of

non-hedge currencies and Azﬁgﬂl < 0 for our group of hedge currencies is consistent
with the signaling channel being dominant over this crisis period. Moreover, while
0,4 Can vary across currencies, the rest of the parameters in the expression above are
not currency-specific. The more negative o, is, the worse of a hedge currency i is,

a(o'tfa'f_‘_l)
Oaiy1
cross-currency heterogeneity in our estimated responses of each currency’s risk pre-

SO — will be more positive. This model implication is consistent with the
mium components to US monetary policy surprises shown in Subsection 3.1.

Finally, we derive the effect of the forward guidance announcement on the long-run
nominal exchange rate component, the second exchange rate change component that

contributed to the structural break. For simplicity, we assume that US monetary policy
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shocks do not affect inflation expectations in other countries. Then,

83t+1oo AR ,
Oaryr  Oa ; (E [Wt-&-kz‘l—t-i-l} — [7Tt+k|1't}) (15)
= 8a—t+1 (E |:7Tt+h|It+1} — [ﬂ't+h|ItD — B aat:ﬂ t+1}
K

Once again, understanding the effect that the forward guidance surprises have on
real GDP growth expectations is sufficient to understand the model’s second key deriva-
tive. Since we assumed that economic fluctuations are driven primarily by demand
shocks, lower real US GDP growth is associated with lower US inflation. Thus, con-
ditional on a strong signaling channel during the Great Recession, our model implies
that % > 0, which is consistent with the increase in expected future relative
inflation (defined as foreign minus the U.S.) in response to US policy easings that we
find in the data. Note also that the model implies no cross-currency heterogeneity in
the response of this inflation component, as we find empirically.

An important observation coming out of the theory is that, during times of crisis,
the inflation expectations channel will only push the dollar to appreciate if the initial
negative shock to growth expectations originates in the United States—i.e., if the shock
leads to lower US growth expectations and, thus, lower expected US inflation relative
to other countries. By extending the model, one can easily see that if the original shock
lowers growth expectations and, thus, inflation expectations, in the other economy by
more than in the United States, then the inflation expectations channel will instead
push the dollar to depreciate. In contrast, the currency risk premium channel of dollar
appreciation will be present, regardless of whether the initial shock stems from the
United States or another country, as long as the shock increases risk aversion and as
long as currency ¢ is not a hedge for US growth. In summary, while the dollar’s ex-
orbitant duty behavior can be triggered by a shock that lowers expected future growth
in either the U.S. or another country, the US shock will cause the dollar to appreciate
through both the inflation expectations and flight-to-safety channels while a non-US
shock will cause the dollar to appreciate only if the flight-to-safety effect dominates
the inflation expectations effect.

To summarize, we showed that US monetary policy sent a sufficiently strong signal
about economic conditions during the Great Recession. When joined with preferences
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featuring habit formation, this strong signaling effect can explain all the responses of
exchange rate changes and its components to US monetary policy shocks that we ob-
serve in the data. Moreover, the model’s predictions are also consistent with other
empirical facts that we document, such as accommodative forward guidance policy
during the Great Recession leading to downward revisions of US GDP growth fore-
casts and higher current and expected future risk aversion.

Our results raise the question of why the signaling channel was so much stronger
than the direct channel of monetary policy during the Great Recession. We use the
model to offer an answer to this question.

First, in the model, the signaling channel is strong when ;—i is sufficiently high.
Evidence that this ratio was particularly high during the Great Recession can be seen
in the average values of macroeconomic and monetary policy uncertainty measures
before the Great Recession, during it and after, all of which are presented in Table 9.
The two macroeconomic uncertainty measures we consider are the 12-month-ahead
macroeconomic uncertainty estimated by Jurado, Ludvigson, and Ng (2015) and the
dispersion in four-quarter-ahead US real GDP forecasts obtained from Blue Chip Eco-
nomic Indicators. Not surprisingly, both measures of macroeconomic uncertainty were
much higher during the Great Recession subsample versus the other two subsamples.
In contrast, the monetary policy subcomponent of the Baker, Bloom, and Davis (2016)
policy uncertainty index actually declines slightly during the Great Recession and de-
clines further still in the time period after 2012:Q2.%° These results are consistent with
;2—i being particularly high during the Great Recession relative to the periods prior to
and after the recession.

Second, during the Great Recession, as in the model, the Federal Reserve used
calendar-based forward guidance that promised low rates at least until some future
date—a policy that can easily be interpreted as a negative assessment of future US
growth prospects by the Fed.?! Policy actions and communication that leave room to
be interpreted as signals about the state of the economy is another necessary condition
for these policy actions to have a strong signaling effect.

30Note that this measure of monetary policy uncertainty could capture uncertainty about both the ex-
ogenous monetary policy shock as well as the endogenous responses of monetary policy to economic
conditions. However, the divergence of macroeconomic and monetary policy uncertainty during the
Global Recession subsample suggests that uncertainty about the monetary policy shock likely declined
in this period.

31In contrast, the “threshold-based” forward guidance used after 2012:Q2 left less room for interpreta-
tion as it mainly communicated the Fed’s policy reaction function.
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The empirical and theoretical evidence presented in this paper lead us to conclude
that periods featuring high fundamental uncertainty relative to monetary policy uncer-
tainty, during which US monetary policy is conducted in such a way that it can be
interpreted as signaling information about the economy, are the times when accom-
modative US monetary policy can impose exorbitant duty effects on the dollar and

induces wealth transfers from the United States to the rest of the world.

5 Conclusion

In this paper, we revisit an old but important question—what is the effect of monetary
policy on the nominal exchange rate? We study this effect, examining whether the
relationship changes with the nature of monetary policy and further disentangling the
transmission channels.

We find that, surprisingly, expansionary US monetary policy shocks during the
Great Recession—dated from 2008:Q4 to 2012:Q2—caused the dollar to appreciate
against a basket of advanced economy currencies, contrary to conventional wisdom.
This is dramatically different from the effect of policy shocks in the periods before and
after the crisis. We show that a flight-to-safety effect, due to higher risk aversion, is
one of the main drivers behind the dollar appreciation in response to US policy eas-
ings. We also document that an inflation expectations effect, whereby expansionary
US monetary policy lowered the expected future path of US inflation relative to other
countries, also increased the value of the dollar over the Great Recession.

These effects of accommodative US monetary policy during the Great Recession
are surprising in the context of standard macroeconomic models which predict that, all
else equal, a US policy easing should depreciate the dollar. We present a stylized model
which illustrates that all of the empirical results that we document can arise when
financial market participants interpret accommodative monetary policy as a signal of
worsening future macroeconomic conditions, as we show was the case over the crisis.

Our findings suggest that the type of models used to understand the behavior of the
dollar and its link to monetary policy need to be re-evaluated, as existing exchange
rate models do not consider the signaling effect of monetary policy. The accusations,
informed by these models, that the U.S. was conducting “currency wars” during the
Great Recession are shown to be unfounded. Instead, the negative economic news
revealed by the Fed’s forward guidance resulted in an appreciation of the dollar and a

transfer of wealth from the U.S. to the rest of the world.
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Figures and Tables

Figure 1: Panel Response of Exchange Rate Changes to US Monetary Policy
Surprises for All Currencies (2SLS)
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Source: Authors' calculations.

Note: 90 percent confidence intervals based on Driscoll-Kraay standard errors. 2SLS regression of
exchange rate change on relative forward rate changes instrumented using yield changes in a one-hour
window around FOMC announcements of FF4, ED4, and two- and 10-year Treasury note futures ex-
piring in the current quarter. This sample includes Australia, Canada, euro area, Japan, Norway, New
Zealand, Sweden, Switzerland, and the United Kingdom against the US dollar.
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Figure 2: Pair-Specific Response of Exchange Rate Changes to US Monetary Policy
Surprises versus Hedging Properties of the Dollar (2SLS)
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Source: Authors' calculations.

Note: Filled circles represent significance at 10 percent based on Drisoll-Kraay standard errors. 2SLS
regression of exchange rate change on relative forward rate changes instrumented using yield changes
in a one-hour window around FOMC announcements of FF4, ED4, and two- and 10-year Treasury
note futures expiring in the current quarter. The measure of the hedging properties of a currency is the
covariance between the respective exchange rate change and the US real GDP growth. This covariance
is calculated over a longer sample starting in 1991:Q1.
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Figure 3: Panel Response of Exchange Rate Changes to US Monetary Policy

Surprises for Non-Hedge Currencies (2SLS)
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Note: 90 percent confidence intervals based on Driscoll-Kraay standard errors. 2SLS regression of
exchange rate change on relative forward rate changes instrumented using yield changes in a one-hour
window around FOMC announcements of FF4, ED4, and two- and 10-year Treasury note futures ex-
piring in the current quarter. This sample includes the currencies of Australia, Canada, Norway, New

Zealand, Sweden, and the United Kingdom against the US dollar.

Figure 4: Panel Response of Exchange Rate Changes to US Monetary Policy

Surprises for Hedge Currencies (2SLS)
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Note: 90 percent confidence intervals based on Driscoll-Kraay standard errors. 2SLS regression of
exchange rate change on relative forward rate changes instrumented using yield changes in a one-hour
window around FOMC announcements of FF4, ED4, and two- and 10-year Treasury note futures expir-
ing in the current quarter. This sample includes the currencies of the euro area, Japan, and Switzerland

against the dollar.
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Figure 5: Panel Response of Exchange Rate Change Components to US Monetary
Policy Surprises for Non-Hedge Currencies (2SLS)
2008:Q4-2012:Q2
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Note: Darker bar areas represent estimates significant at the 10 percent level based on Driscoll-Kraay
standard errors. 2SLS regression of exchange rate change on relative forward rate changes instrumented
using yield changes in a one-hour window around FOMC announcements of FF4, ED4, and two- and
10-year Treasury note futures expiring in the current quarter. This sample includes the currencies of

Australia, Canada, Norway, New Zealand, Sweden, and the United Kingdom against the US dollar.

Figure 6: Panel Response of Exchange Rate Change Components to US Monetary
Policy Surprises for Hedge Currencies (2SLS)
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Note: Darker bar areas represent estimates significant at the 10 percent level based on Driscoll-Kraay
standard errors. 2SLS regression of exchange rate change on relative forward rate changes instrumented
using yield changes in a one-hour window around FOMC announcements of FF4, ED4, and two- and
10-year Treasury note futures expiring in the current quarter. This sample includes the currencies of the

euro area, Japan, and Switzerland against the US dollar.
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Figure 7: Pair-Specific Response of Exchange Rate Change Risk Premia Component

to US Monetary Policy Surprises versus Hedging Properties (2SLS)
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Note: Filled circles represent significance at 10 percent. 2SLS regression of exchange rate change on
relative forward rate changes instrumented using yield changes in a one-hour window around FOMC
announcements of FF4, ED4, and two- and 10-year Treasury note futures expiring in the current quarter.
The measure of the hedging properties of a currency is the covariance between the respective exchange
rate change and the US real GDP growth. This covariance is calculated over a longer sample starting in

1991:Q1.
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Table 1: Panel Responses of the Exchange Rate Change and its Components to US Monetary Policy
Surprises for All Currencies (2SLS)

Quarters Ahead 8 12 16 20 24 28 32 36
Asiq —0.11 3.42* 4.86™* 6.21%  7.21%* 848"  7.66™*  8.30"*
(1.49) (2.05) (1.92) (1.88) (1.89) (2.34) (1.79) (2.34)
it—<p£g —2.31%* =225 —2.08"* —1.90"* —1.83*** —1.60"* —1.60** —1.56**
(0.61) (0.42) (0.40) (0.50) (0.62) (0.73) (0.73) (0.76)
sﬁgm 3.79% 4107 3.99**  3.92**  3.98%*  3.99"* 435" 421"
(0.98) (0.93) (0.84) (0.88) (0.98) (1.05) (1.20) (1.22)
op — Ufm —1.59 1.58 2.95% 4.19**  5.07***  6.09"*  4.92**  5.66"**

(1.31)  (1.62)  (1.56) (1.46) (1.36) (1.52) (1.35)  (1.72)

Note: Each cell of this table gives the slope coefficient from a 2SLS regression of the variable at the left on
the change in the one-year relative forward rate n quarters hence (A ftnﬂ) instrumented using yield changes in
a one-hour window around FOMC announcements of FF4, ED4, and two- and 10-year Treasury note futures
expiring in the current quarter. Driscoll-Kraay standard errors are in parentheses. Constants are included in
the regression, but omitted from this table. This sample includes Australia, Canada, euro area, Japan, Norway,
New Zealand, Sweden, Switzerland, and the United Kingdom against the US dollar.

Table 2: Panel Responses of the Exchange Rate Change and its Components to US Monetary Policy
Surprises for Non-Hedge Currencies (2SLS)

Quarters Ahead 8 12 16 20 24 28 32 36
Asiiq 4.42 8.90"  9.65** 10.44** 11.10™* 11.84™* 12.36™* 12.57*
(4.79) (4.52) (3.54) (3.49) (3.74) (4.05) (4.32) (4.27)
o — ol —2.25  —2.19** —1.90** —1.65* —-159 —-138 —-1.33 —1.31
(1.08) (0.73) (0.74) (0.85) (0.98) (1.12) (1.21) (1.25)
sﬁgm 4.57 4.76™ 4117 3.84% 3740 3T 397 419"
(2.83) (1.76) (1.16) (1.04) (1.07) (1.16) (1.31) (1.48)
oy —ofyy 2.09 6.32**  7.43%*  8.25™*  8.95*  9.44** 972" .68

(2.02)  (256)  (215)  (2.07) (2.21)  (239) (253)  (2.40)

Note: Each cell of this table gives the slope coefficient from a 2SLS regression of the variable at the left on
the change in the one-year relative forward rate n quarters hence (A f;’;l) instrumented using yield changes in
a one-hour window around FOMC announcements of FF4, ED4, and two- and 10-year Treasury note futures
expiring in the current quarter. Driscoll-Kraay standard errors are in parentheses. Constants are included in
the regression, but omitted from this table. This sample includes the currencies of Australia, Canada, Norway,
New Zealand, Sweden, and the United Kingdom against the US dollar.
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Table 3: Panel Responses of the Exchange Rate Change and its Components to US Monetary Policy
Surprises for Hedge Currencies (2SLS)

Quarters Ahead 8 12 16 20 24 28 32 36
Asiq —3.21* —2.28 —-1.90 —-1.47 -1.13 —-0.07 -=2.10 0.46
(1.54) (2.11) (2.22) (2.47) (2.48) (2.56) (2.07) (1.97)
it—<pfﬁ —2.35"* —2.32%* —2.33"*F —2.34** —2.35"* —2.15%* 2,17 —2.03***
(0.44) (0.42) (0.42) (0.50) (0.59) (0.74) (0.74) (0.71)
sﬁgm 3.25%* 341 381" 4.06"*  4.48*F 455" 514" 425"
(0.28) (0.55) (0.67) (0.75) (0.81) (0.85) (0.88) (0.86)
op — UEH —4.11 =337 =339 —-3.19 —-3.26 —246 =507 —1.76

(1.61)  (2.38)  (2.65) (3.06) (3.30) (3.48)  (3.00)  (2.86)

Note: Each cell of this table gives the slope coefficient from a 2SLS regression of the variable at the left on
the change in the one-year relative forward rate n quarters hence (A ftnﬂ) instrumented using yield changes in
a one-hour window around FOMC announcements of FF4, ED4, and two- and 10-year Treasury note futures
expiring in the current quarter. Driscoll-Kraay standard errors are in parentheses. Constants are included in
the regression, but omitted from this table. This sample includes the currencies of the euro area, Japan, and
Switzerland against the US dollar.

Table 4: Response of US GDP Forecast Revisions to US Monetary Policy Surprises (2SLS)

Quarters Ahead 8 12 16 20 24 28 32 36
Afffljs 0.81%*  0.73* 0.71** 0.74** 0.80** 0.88*** 0.96** 1.03"**

(0.09) (0.12) (0.13) (0.15) (0.16) (0.18) (0.18) (0.17)
# of Observations 15 15 15 15 15 15 15 15

Note: Each column of this table gives the coefficients from regressing the revision in the Blue Chip Financial
Forecasts four-quarter-ahead GDP forecast on the change in the one-year US forward rate n quarters hence
(Af#1) instrumented using yield changes in a one-hour window around FOMC announcements of FF4, ED4,
and two- and 10-year Treasury note futures expiring in the current quarter. Newey-West standard errors are in
parentheses. Constants are included in the regression, but omitted from this table.

Table 5: Response of Changes in Risk Aversion to US Monetary Policy Surprises (2SLS)

Quarters Ahead 8 12 16 20 24 28 32 36
AfRYS —34.17"%—29.39* —27.80** —28.69** —31.19" —34.94** —30.34** —43.42**

(11.24) (12.75) (13.33) (14.09) (15.27) (16.65) (17.62) (17.26)
# of Observations 15 15 15 15 15 15 15 15

Note: Each column of this table gives the coefficients from regressing the estimated risk aversion series from
Bekaert, Engstrom, and Xu (2017) on the change in the one-year US forward rate n quarters hence (Af}", ;)
instrumented using yield changes in a one-hour window around FOMC announcements of FF4, ED4, and
two- and 10-year Treasury note futures expiring in the current quarter. Newey-West standard errors are in
parentheses. Constants are included in the regression, but omitted from this table.

39



Table 6: Response of Changes in Expectations over the VIX Path to US Monetary Policy Surprises
(2SLS)

Quarters Ahead 8 12 16 20 24 28 32 36
Aft"ﬁljs —2.13" —1.76"* —1.63"* —1.66" —1.80" —2.05" —2.35""* —2.67""*
(0.61) (0.68) (0.69) (0.72) (0.77) (0.82) (0.85) (0.81)
# of Observations 15 15 15 15 15 15 15 15
Note: Each  column of this table gives the coefficients from  regressing

Yoreq (ElVIX k| Zi1) — E[VIX¢4x|Zy]) (normalized to have a mean of 0 and a standard deviation
of 1) on the change in the one-year US forward rate n quarters hence (Af} ;) instrumented using yield
changes in a one-hour window around FOMC announcements of FF4, ED4, and two- and 10-year Treasury
note futures expiring in the current quarter. Newey-West standard errors are in parentheses. Constants are
included in the regression, but omitted from this table.

Table 7: Response of Changes in US Net Foreign Asset Position to US Monetary Policy Surprises
(2SLS)

Quarters Ahead 8 12 16 20 24 28 32 36
Afﬁ;[fs 10.11*  9.90** 10.28** 11.25"* 12.74** 14.61*** 16.57*** 18.14***

(3.82) (3.73) (3.70) (3.76) (3.97) (4.35) (4.84) (5.27)
# of Observations 15 15 15 15 15 15 15 15

Note: Each column of this table gives the coefficients from regressing the change in the US net international
investment position as a percent of the average US GDP over the Global Recession on the change in the
one-year US forward rate n quarters hence (A £}, ;) instrumented using yield changes in a one-hour window
around FOMC announcements of FF4, ED4, and two- and 10-year Treasury note futures expiring in the current
quarter. Newey-West standard errors are in parentheses. Constants are included in the regression, but omitted
from this table.

Table 8: Response of US External Valuation Gain to US Monetary Policy Surprises (2SLS)

Quarters Ahead 8 12 16 20 24 28 32 36
Afﬁ;[fs 9.41* 930"  9.71** 10.67** 12.11** 13.90*** 15.76** 17.24**

(3.76) (3.63) (3.59) (3.65) (3.84) (4.20) (4.68) (5.12)
# of Observations 15 15 15 15 15 15 15 15

Note: Each column of this table gives the coefficients from regressing the US external valuation gain on the
change in the one-year US forward rate n quarters hence (A f{% ;) instrumented using yield changes in a one-
hour window around FOMC announcements of FF4, ED4, and two- and 10-year Treasury note futures expiring
in the current quarter. This external valuation gain is computed as the change in the US net international
investment position minus the current account balance. This gain is scaled as a percent of the average US
GDP over the Global Recession. Newey-West standard errors are in parentheses. Constants are included in
the regression, but omitted from this table.
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Table 9: Subsample Means of Uncertainty Measures

1990:Q3-2008:Q3  2008:Q4-2012:Q2 2012:Q3-2015:Q3

JLN Mapro -0.04 0.80 -0.67
Uncertainty

GDP Forecast 0.04 0.88 -1.24
Dispersion

BBD Mpnetary Policy 0.12 -0.06 -0.59
Uncertainty

Note: The JLN macro uncertainty measure is 12-month ahead macroeconomic uncertainty es-
timated by Jurado, Ludvigson, and Ng (2015). GDP forecast dispersion is the 25th—75th per-
centile range of four-quarter-ahead US real GDP forecasts from Blue Chip Financial Forecasts.
BBD monetary policy uncertainty is the monetary policy subcomponent of the Baker, Bloom,
and Davis (2016) policy uncertainty index. All three measures are standardized over the full
1991:Q1-2015:Q3 sample to facilitate interpretation.
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Appendix

For Online Publication

A Additional Figures and Tables

Figure A-1: Panel Regression of Exchange Rate Changes on Relative Forward Rate Changes for All
Currencies (OLS)

- |
O { | [ 1 i d
. {{ ST S

Quarters Ahead
1991:Q1-2008:Q3 ® 2008:Q4-2012:Q2 e 2012:Q3-2015:Q3

Source: Authors' calculations.

Note: 90 percent confidence intervals based on Driscoll-Kraay standard errors. OLS regression of exchange rate change
on relative forward rate changes. This sample includes the currencies of Australia, Canada, euro area, Japan, Norway,
New Zealand, Sweden, Switzerland, and the United Kingdom against the US dollar.
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Figure A-2: Panel Regression of Exchange Rate Changes on Relative Forward Rate Changes for
Non-Hedge Currencies (OLS)
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Source: Authors' calculations.

Note: Darker bar areas represent estimates significant at the 10 percent level based on Driscoll-Kraay standard errors. OLS
regression of exchange rate change on relative forward rate changes. This sample includes the currencies of Australia,
Canada, Norway, New Zealand, Sweden, and the United Kingdom against the US dollar.

Figure A-3: Panel Regression of Exchange Rate Changes on Relative Forward Rate Changes for
Hedge Currencies (OLS)
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Source: Authors' calculations.

Note: Darker bar areas represent estimates significant at the 10 percent level based on Driscoll-Kraay standard errors.
OLS regression of exchange rate change on relative forward rate changes. This sample includes the currencies of euro
area, Japan, and Switzerland against the US dollar.
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Table A-1: Panel Regression of Exchange Rate Change and its Components on Relative Forward
Rate Changes for All Currencies (OLS)

Quarters Ahead 8 12 16 20 24 28 32 36
Aspi —1.72% 095 276" 3.93"  4BT™* 498 3697  4.13
(0.96)  (1.47) (1.37)  (1.09) (0.85) (0.87)  (0.56)  (0.77)
i — Bl —3.25% 3,08 —2.60" —2.31% —2.03"* —1.76"* —1.60*** —1.48*
(0.44)  (0.39) (0.42)  (0.48)  (0.50)  (0.48)  (0.39)  (0.37)
sAE 237 305 3227 3197 310 298" 2.86"*  2.78"*
(0.69)  (0.60) (0.53) (0.54) (0.58)  (0.56)  (0.62)  (0.59)
o —of, —0.85  0.98  2.24™  3.05"* 349 3767 243"  2.83

(0.95)  (1.07) (0.97) (0.68) (0.45) (0.39)  (0.40)  (0.34)

Note: Each cell of this table gives the slope coefficient from an OLS regression of the variable at the left on
the change in the one-year relative forward rate n quarters hence (A f't"H). Driscoll-Kraay standard errors are
in parentheses. Constants are included in the regression, but omitted from this table. This sample includes
Australia, Canada, the euro area, Japan, Norway, New Zealand, Sweden, Switzerland, and the United Kingdom
against the US dollar.

Table A-2: Panel Regression of Exchange Rate Change and its Components on Relative Forward
Rate Changes for Non-Hedge Currencies (OLS)

Quarters Ahead 8 12 16 20 24 28 32 36
Asyyq —1.01 2.97 5.19** 6.29"*  6.71"*  6.88"*  6.71"*  6.31™
(1.61) (2.83) (2.53) (2.10) (1.84) (1.72) (1.59) (1.41)
it—goﬁﬁ —3.52%* —3.53"* —2.99* 246" —2.11"* —1.83"* —1.69*** —1.55"**
(0.34) (0.38) (0.50) (0.54) (0.51) (0.46) (0.41) (0.36)
Sﬁb{,m 1.80** 2.92%*  3.12%*  3.05%*  2.90"* 2777 2.69"*  2.62"*
(0.82) (0.81) (0.58) (0.51) (0.51) (0.51) (0.53) (0.56)
oy — a;il 0.71 3.58% 5.06**  5.70**  5.92%*  5,93%* 5. 72%*  5.24*

(1.24)  (2.12) (1.87) (1.48) (1.27) (1.16)  (1.02)  (0.83)

Note: Each cell of this table gives the slope coefficient from an OLS regression of the variable at the left on
the change in the one-year relative forward rate n quarters hence (A fﬁrl). Driscoll-Kraay standard errors are
in parentheses. Constants are included in the regression, but omitted from this table. This sample includes
the currencies of Australia, Canada, Norway, New Zealand, Sweden, and the United Kingdom against the US
dollar.
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Table A-3: Panel Regression of Exchange Rate Change and its Components on Relative Forward

Rate Changes for Hedge Currencies (OLS)

Quarters Ahead 8 12 16 20 24 28 32 36
N 2,91 —2.04* —1.35 —0.82 —037 035 —139 —0.37
(0.99)  (0.95) (0.89)  (0.98) (1.27)  (1.22)  (1.47)  (1.26)
i — pEH —2.797 2. 41% 219" —2.02** —1.83"* —1.60" —1.44** —1.35"
(0.58)  (0.36)  (0.40)  (0.52)  (0.66) (0.73)  (0.53)  (0.55)
sAE 3.33°% 324" 337 34T 355 349 316" 3.12%*
(0.20)  (0.33)  (0.46)  (0.58)  (0.74)  (0.64)  (0.77)  (0.66)
oy — o, —3.45%* _287% —253° —227 —209 —155 —3.12* —2.13
(1.15)  (1.23)  (1.39)  (1.56) (1.88) (1.59)  (1.85)  (1.52)

Note: Each cell of this table gives the slope coefficient from an OLS regression of the variable at the left on
the change in the one-year relative forward rate n quarters hence (A f{, ;). Driscoll-Kraay standard errors are
in parentheses. Constants are included in the regression, but omitted from this table. This sample includes the

currencies of the euro area, Japan, and Switzerland against the US dollar.
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B Data Description

B.1 Macroeconomic and Financial Variables
e Exchange rates: End-of-quarter exchange rates are computed using daily data from Global
Financial Data.

e Short-term rates: End-of-quarter three-month bill rates are obtained from the following sources:
— Australia, Canada, New Zealand, Norway, Sweden, Switzerland, United Kingdom, and
United States: Central bank data obtained through Haver Analytics.

— Germany: Reuters data obtained through Haver Analytics. German three-month bill rates
are replaced with three-month EONIA OIS swap rates starting in 1999:Q1.

— Japan: Bloomberg.

e Zero-coupon yields: End-of-quarter zero-coupon yields are obtained from the following sources:
— Canada, Germany, Sweden, Switzerland, and United Kingdom: Central banks. German
zero-coupon bond yields are replaced with estimates of zero-coupon yields on AAA-rated

euro area sovereign debt provided by the European Central Bank (ECB).

— Norway: Data from Wright (2011) extended with data from the BIS.

— Australia, New Zealand: Data from Wright (2011) extended with data from central banks.
— Japan: Bloomberg.

— United States: Gilirkaynak, Sack, and Wright (2007).

e US real GDP growth forecasts: Consensus (mean) forecasts from Blue Chip Financial Fore-
casts.

Though this paper focuses mainly on period of the Great Recession, which we define as 2008:Q4—
2012:Q2, our full data sample (which is used to estimate the exchange rate decomposition and hedging
properties of the dollar) is as follows for each currency pair. Note that we exclude periods of fixed
exchange rates:

Data Sample Ranges

Australia 1989:Q4 — 2015:Q4
Canada 1992:Q2 - 2015:Q4
Germany 1991:Q2 - 2015:Q4
Japan 1992:Q3 - 2015:Q4
New Zealand 1990:Q1 - 2015:Q4
Norway 1989:Q4 — 2015:Q4
Sweden 1992:Q4 — 2015:Q4
Switzerland 1992:Q1 - 2011:Q2
United Kingdom | 1992:Q4 — 2015:Q4
United States 1989:Q4 - 2015:Q4
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B.2 US Policy Surprises

To capture policy surprises, we use changes in yields implied by futures prices over one-hour windows
starting 15 minutes before and ending 45 minutes after FOMC policy announcements. The set of
events that we consider are announcements made after scheduled FOMC meetings, announcements
after unscheduled FOMC meetings in which a policy target change was made (most relevant for the
pre-1994 period when statements were not released following FOMC meetings), and important QE
announcements identified by the literature (see Section B.3). In keeping with the rest of the literature,
we exclude the September 17, 2001 statement accompanying a conference call held in response to the
September 11 attacks.

The times of the FOMC announcements are obtained from the data appendix of Giirkaynak, Sack,
and Swanson (2005) and are updated using the press release and meeting calendars available at https:
/Iwww.federalreserve.gov/monetarypolicy.htm.*?

The futures that we consider are the 30-day federal funds futures contract expiring three months
hence (FF4), the eurodollar futures contract expiring three quarters hence (ED4), the two-year Trea-
sury futures contract expiring in the current quarter, and the 10-year Treasury futures contract expiring
in the current quarter. For FF4 and ED4, the implied yield is simply 100 minus the futures price. For
the Treasury futures, the implied yield is computed as the yield to maturity implied by the futures
price, which is based on the delivery of Treasury securities with the designated maturity and a 6 per-
cent per annum semiannual coupon. The calculation also takes into account that prior to January 1,
2000, futures prices were based on an 8 percent per annum semiannual coupon. This conversion of
prices to yields is important due to this change in the notional coupon rate of the securities underlying
Treasury futures contracts. The same change in the yield would correspond to a smaller change in
Treasury futures prices prior to January 1, 2000 than after this date, due simply to the higher notional
coupon rate embedded in the futures contract.

The data for FF4 and ED4, up to June 2012, were generously provided to us by Refet Giirkaynak.
We extended his data past June 2012 and with additional QE announcements using intra-day data from
Tick Data. Data on FF4 for the November 25, 2008 and December 1, 2008 QE announcements were
obtained from the Chicago Mercantile Exchange (CME), since Tick Data’s coverage of this security
does not begin until January 2010.

For Treasury futures, we use the front contract from Tick Data, as in Wright (2012).

All intra-day surprises are summed over quarters for the empirical exercises at a quarterly fre-
quency.

B.3 QE Announcement Dates

The following list of QE dates are collected from a number of papers including Rogers, Scotti, and
Wright (2014), Wu (2014), and Swanson (2017).

32For the J anuary 22, 2008 FOMC statement, the time of the announcement is not available from the Federal Reserve’s
website. Multiple news sources state that this announcement was made in the morning, prior to the opening of US stock
markets. Therefore, we use a time window of 7:00am to 9:30am EST to measure the surprise for this event.



Table A-4: QE Announcements

Date

Description

11/25/2008
12/1/2008
12/16/2008

1/28/2009
3/18/2009

8/12/2009

9/23/2009

11/4/2009

8/10/2010

8/27/2010
9/21/2010
10/15/2010
11/3/2010

8/26/2011

9/21/2011

6/20/2012

9/13/2012

Initial large-scale-asset-purchase (LSAP) announcement.

Bernanke states Treasuries may be purchased.

The FOMC indicated that “it stands ready to expand its purchases of
agency debt and mortgage-backed securities as conditions warrant. The
Committee is also evaluating the potential benefits of purchasing longer-
term Treasury securities.”

FOMC Statement.

FOMC announces it will purchase $750B of mortgage-backed securi-
ties, $300B of longer-term Treasuries, and $100B of agency debt (a.k.a.
“QE1”).

The FOMC eliminated the “up to” phrase in its intended purchase
amount of Treasury securities. It also stated that it would “slow the
pace of these transactions and anticipates that the full amount will be
purchased by the end of October.

The FOMC eliminated the “up to” phrase in its intended purchase
amount of the MBS, as well as its plan to “slow the pace of these pur-
chases in order to promote a smooth transition in markets and anticipates
that they will be executed by the end of the first quarter of 2010.”

The FOMC clarified that the intended purchase amount of agency debt is
$175 billion, instead of “up to $200 billion”, as previously announced.
The FOMC announced that it “will keep constant the Federal Reserve’s
holdings of securities at their current level by reinvesting principal
payments from agency debt and agency mortgage-backed securities in
longer-term Treasury securities. The Committee will continue to roll
over the Federal Reserve’s holdings of Treasury securities as they ma-
ture.”

Bernanke Speech at Jackson Hole.

FOMC Statement.

Bernanke Speech at the Boston Fed.

FOMC announces it will purchase an additional $600B of longer-term
Treasuries (a.k.a. “QE2").

Bernanke Speech at Jackson Hole.

FOMC announces it will sell $400B of short-term Treasuries and use
the proceeds to buy $400B of long-term Treasuries (a.k.a. “Operation
Twist”).

The FOMC announced its intention “to continue through the end of the
year its program to extend the average maturity of its holdings of securi-
ties.”

FOMC announces it will purchase $40B of mortgage-backed securities
per month for the indefinite future.
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12/12/2012 FOMC announces it will purchase $45B of longer-term Treasuries per
month for the indefinite future.

5/22/2013 Bernanke Congressional Testimony (“Taper Tantrum™).

6/19/2013 FOMC Statement.

12/18/2013 FOMC announces it will start to taper purchases of longer-term Trea-
suries and mortgage-backed securities to $40B and $35B per month, re-
spectively.

C Break Date Estimation

To estimate break dates, we follow the procedure of Bai and Perron (1998) using OLS estimation
of equation (1). Though our main interest is in the two-stage least squares estimate, Perron and
Yamamoto (2015) argue that estimating break dates using OLS is generally more precise.

The procedure involves searching over a grid of possible break dates, for a predefined number of
breaks, to find the set that minimizes the regression’s sum of squared residuals (SSR). We do this for
one, two, and three breaks. We search for breaks using a sample from 1991:Q1 to 2015:Q3 and set
a minimum subsample length of 10 quarters, which corresponds to about 10 percent of our sample.
Table A-5 presents the optimal break dates for each forward rate horizon considered, while the dashed
lines in Figure A-4 plot the resulting SSRs as a ratio of the SSRs achieved by not allowing for a break
in the estimated coefficients.

Table A-5: Break Dates that Minimize Sum of Squared Residuals

Quarters
Ahead

8 2012:Q4  2002:Q2,2005:Q1 1995:Q2, 2001:Q3, 2005:Q1
12 2012:Q4  2002:Q2,2005:Q1 2002:Q2, 2005:Q1, 2012:Q4
16 2013:Q1  2008:Q4,2012:Q2 2001:Q3, 2008:Q4, 2012:Q2
20 2013:Q1  2008:Q4,2012:Q2 2006:Q2, 2008:Q4, 2012:Q2
24 2013:Q1  2008:Q4,2012:Q2 2001:Q3, 2008:Q4, 2012:Q2
28 2013:Q1  2008:Q4,2012:Q2 2001:Q3, 2008:Q4, 2012:Q2
32 2013:Q1  2001:Q3,2012:Q4 2001:Q3, 2008:Q4, 2012:Q4
36 2012:Q4  2002:Q1,2012:Q4 1997:Q1, 2001:Q3, 2012:Q4

One Break Two Breaks Three Breaks

Note: Break dates given are the start dates of subsamples.

Note that for most horizons, including the longer ones which we are mainly interested in, the
largest incremental improvement in SSRs is achieved when we move from one to two breaks (as
opposed to moving from zero to one break or two to three breaks). The set of two break dates that
occurs most commonly, particularly for longer horizons, is 2008:Q4 and 2012:Q2. For the longest
horizons, 2012:Q4 also occurs as a break date. These results show that the relationship between
exchange rate changes and changes in relative forward rates over our chosen sample of 2008:Q4—
2012:Q2 is indeed different than the behavior in other time periods. The red solid line in Figure A-4
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Figure A-4: Sums of Squared Residuals Relative to No Break Case
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Source: Authors' calculations.

Note: Dashed lines are the SSRs relative to the case of no breaks for the optimal one, two, or three break dates for each

horizon (shown in Table A-5). Solid lines are the relative SSRs for each horizon at the break dates shown in the legend.

plots the relative SSRs obtained when we apply these two break dates to all horizons. Note that for
horizons equal to or above 12 quarters, the SSR achieved using these two break dates is very close to
the ones achieved using the optimal horizon-specific breaks shown in Table A-5. Figure A-4 also plots
the relative SSRs for the most commonly found single break and set of three breaks across horizons.

When we allow 2001:Q3 to serve as a third break date in our regressions, the coefficient estimates
from the first two subsamples are very similar, particularly for longer horizons.
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D Model: Additional Derivations
D.1 Deriving the Euler Equation

Consider a two-country world and assume that there are exogenous endowments of the home country
(the United States in our framework) and foreign tradable goods, Y;** and Y}, and that there are
no non-tradable goods. Small letters will denote logs of the variables. Consider a cashless economy,
where the dollar prices of the tradable good in the United States and the foreign-currency-denominated
prices of the foreign tradable good in the United States are P and P/, respectively. The nominal
exchange rate, given by S;, is the relative price of one unit of currency ¢ per one dollar.

The representative agent in the United States maximizes:

o0

max  E | Y B ((1—7)u(CE X)) + e (G X))
Cps Ot Bus B —o

1y

9

where C}** and C’tus’i represent her consumption of the US tradable good and the tradable good of
country 4, while X/** and X}’ *' are the respective habit reference levels of consumption. The degree
of home biasis 0 < 7 < 1. We consider the limiting case where 7 — 1 and the US economy becomes
approximately closed. The representative agent’s optimization problem is subject to the standard
budget constraint:

us ’1/ P,L Bu87i us UuUS us us us -US us Z uj’l
Ct’§i+ é,t + CP P + B < P, +(1+zt,1)Bt,1+(1+zt,1)§—tl [11e]

where Bj** and B}’ ' are the savings in the dollar and foreign-currency denominated bonds. The
Lagrangian can be expressed as:

00 (L= u(C8, X050 +ru (G X))+
. > Bust
max By (PR (i) B+ (i) ) |
=0

us,t us,t . Si‘H
C'U“S C El B’U.S B ’ t . 7 us,1
tome ot ot _wsi Py Bl s pus Bus
t+1 Sy Sies Pl b1

The first-order conditions are given by:
G rue (CF, X)) = Py,
Pi

Cfs’i (1= 7). (Cfs’i,st’i) = ,utgt,
¢

B : u=F [Mtﬂﬂ (1 + Z'?S)’It] )
:Z’—t:| )
and can be re-written as follows:

| .S
B« u=EFE [Nt+15 (1+i) o
e} ' 5y >
o(n oo

St
Kot
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In our limiting case where the US economy is approximately closed, i.e. 7 — 1, the stochastic
discount factor is given by:

M1 ue (Cpey, Xity) P
Lt ue (CF, Xp*) P,
ue (CFsy, X151)

= e T, (A-2)
ue (CF*, Xi*)

Combining equations A-1 and A-2 gives equation 10 in the main text.
The optimization problem of the foreign consumer is purposefully left unspecified and does not
have to be symmetric. We also assume that, in the long run, the weak form of purchasing power parity

holds: i.e. limy, ., otk —
(0) dS, € k—o00 Ptu.kaHk

good in units of currency ¢ in country . We also define foreign inflation to be import price inflation

~US,T

as follows: m), , = Ap,7y.

= c where ¢ > 0 is some constant and Ptqf,f is the price of the US tradable

D.2 Agent’s Signal Processing Problem

The US central bank’s signal can be decomposed as:

__sus Y mp
App1 = Uiy = Oy T Ay,
ke! ne, b
where a!,, = t+h  and at, = t+h
n+ vk n—+vK

Note that a;, , and a;}’;, are both mean zero and i.i.d. normal. Thus, the posterior means of the two
shocks are given by:

n+ vk
B [5$+h‘1—t+1} = TE [airh‘at*l?5yvt+17£mp,t+1}
7 ZVKJE [af, placya] since ), is ii.d.

e Vel
ko Var (a,,)am) + Var (ah |ai) o

k(n+vk)o,

= 5 9 5.5 @&t+1-
252 252
K0y + N 05,

Similarly,
m + m;
E el Tin] = . UWLE la) |asia]
n+ vk Var (a]f|ai)

= 7 Var ((l?+1|at+1) + Var (a;’fﬂatﬂ) Q41

n(n+vk)on,
l€20'§ + T}QJ,%LP

QAt41-

A-11



The posterior distribution of GDP growth is then given by:

E [sty+h|Zt+1} —vE [gzph|.’zjt+1j|

E [Ayﬁh |It+1} =

N+ VK
= KatH,
2
g,

Koa= — V1)

Oimp
where K = —
KJQ O-Qy + 7]2

D.3 Second moments of As;

Cov (Ast+1, Ay, |It) can be derived from the conditional covariance between US GDP growth and
each component of the exchange rate change. That is,

Cov (A5t+17 Ayfjﬂzt) =—Cov (@ﬂu t+1|It) —Cov (0t+17 Ayt+1|zt)+oov <3t+1 00) t+1|It>

Throughout the derivations below, we will use the fact that the information structure and the i.i.d.
nature of shocks simplify the belief updating process from time ¢ to ¢ 4+ 1 to only updates in beliefs
about ¢ + 1 variables (based on the observation of the shocks {gf;’ 1€ }) and ¢ + h variables (based
on the observation of the announcement a;,1 = ;). Beliefs about all other future observations are

)
z> |
Note that ¢{'}, is perfectly revealed by a;_n2 € 7y, i/}, is perfectly revealed by a; 1, and
Cov ( s Ayt+1|Zt) = 0 because shocks are i.i.d. Then,
Cov (i (E[i?jk+1‘zt+l] - E[i?-ik+1’1t]) Ayt I)
k=0

= Cov (i3, — Blif{1|T) + Eliy | Tin] — E[i35,| T, Ay, | Th)
0,

not updated.
For the nominal rate path term, we have:

o0

Cov (@ﬂu t+1|It) = Cov (Z (E[ii+k+1|zt+1] - E[ié+k+1|It]) Ay
k=0

—Cov <Z (E[i?imﬂfm] - E[iﬁkﬂﬁt]) Ayt
k=0

which implies that

NE

(E[ii+k+1|zt+1] - E[ii+k+1|zt]) A3/t+1

z).

Cov (1, Ay |T,) = Cov (

T
o
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For expectations of long-run exchange rate levels, we have:

Cov (St+1 ) Ayt+1|zt) = Cov (Z (E[W§+k+1|zt+l] - E[7T§+k+1|zt]) s Ayt It)
k=0
—Cov (Z (E[W?—ik-i-l‘zﬂrl] - E[Wg—ik—i-l’:[t]) Ayity I) ’
k=0

where

)

= Cov (w3, — Elm|L) + B[y | L] — Elmysn L, Aysy ‘ L)
= aCov (Ayt-i—l + E[Ayt+h‘zt+l ) Ayt—il‘ It)
= aVar (Ay, ’ T:)

Cov (Z (Blrts | Topt] — Elrisia|T) , Ayl
k=0

— WVar €l — Ve T
N+ VK !
or +vior,
N (n+ vk)?
Then, we have:
Cov (5t+1 00! Ayt+1’It) = Cov <Z (E[W§+k+1‘zt+l] - E[W§+k+1‘1—t]) Ayt I)
k=0
a + V202
(n+ vr)®
Lastly, for o/, ,, we have:
o = Y (E(onrn|Tin1) = E(0rk41|T))
k=0
= YA0sy Z (B [prarr|Zera] — B [prorsa|Ze]) -
k=0
Since py41 = 0p; — AAy;%,, this means that
Prike1 = Opryr — )\A?/ﬁkﬂ = prr—2 — OAAYL 1 — ONAYS ) — AAY
= 0"p — A Z N
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so that
k
E [prskr|Ten] = 0 pr — X Z 0B [AytyilTi]
=0
due to Ay}, being i.i.d.
The update in expectations of p; ;1 between time ¢ and ¢ + 1 is:

Eprri+1|Ter1] — E[prvn|Ti]

_ { AOF (Ags, — E [Ayrs, 7)) itk <h—1 A%
—X\OF (Ayps, — E [Ays | T]) — A VE [Ayts, | T | ifk > h—1,
which implies
O—tlj,-l = YATsy Z (B [prrni11Tev1] — B [prrwi1lT])
k=0
= A0y Zwk Ay — B [Ayfi L) — vdos, Z A I VE Ayt T ] -
k=0 k=h—1
Then,
Cov (Ut+l7 Ayt-ﬁ-l‘zf/) = YAos,Cov (Z (B [pryrs1Tis1] — E [prars1lTd]) , Ayi'yy I)
k=0
7)\2057 us us us
= -0 Qy Cov (Aytﬂ + F [Ayt+h|It+1} ,Ayt+1|It)
7)‘205, us
= -7 _eyVar (AytH‘It)
B 7)\205310 —l—V2(72
1—0 (n+wvk)

Putting together all three covariance terms gives us:

Us,y = COU (A$t+1, Ay?—il |It)
—Cov (905-17 t+1|It) Cov (0t+17 A?Jt+1|It) + Cov (St+1 o0 Ayt—i—l‘zt)

::Ow<XXEmezm—EwﬁﬂmwAﬁmz)
k=0

—Cov (Z (Bligsps11 1] = Bligpa|Z) ,Ayﬁlﬁt)

=0
(fy)\%&y > a + V20'2
—a ) L—2F
=0 %) ey
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Solving this for o, gives:

1 > , , ‘ ‘
_ - 7 -7 7 us
Osy = — 2 0241202, Cov E (E[Zt+k+1 - 7Tt+k+1’It+1] - E[Zt+k+1 - 7Tt+k+1|ItD , Ayt
10 (rvn)? h=0
«
(+vr)® A2’
0'5+I/20',?np 1-6

which is constant as we have assumed that {_,, 7, , } have constant second moments. This expres-
sion also makes clear under what conditions the currency is a non-hedge currency i (o,, < 0) or a
hedge currency (o,, > 0).

A similar approach can be used to show that Var (As;;1|Z;) is constant under the same set of
assumptions.

D.4 Model Prediction for Excess Return Component Response

We now relate the terms from our exchange rate decomposition to the GDP growth expectation.
First, note that, since Cov (As;y1, Ayps,|Z;) and Var (As,41|Z;) are constant in our model, the
expected excess returns term is as follows:

ol = Z (B (0tk411Te11) — B (0ri041]T1))
k=0

o0

= YAogy Z (E [ptarr1|Zea] = E [prewra|Z]) -
k=0

Next, we relate the effect of the announcement on the update in expectations regarding p; 51 to
the effect of the announcement on beliefs about GDP growth. From equation (A-3):

0 o 7 o 7 0 ifk<h-—1
D (E [prers1|Zev1] — E [pront|Te]) = _)\Gk_(h_l)aE[AgffﬂItﬂ] h>h-1 :
Then, we have:
oty = 0
—= = 7)oy — (E|p i1 — FElp 7,
D g ,y;aatH( [Prskr1|Zeq1] [Ptrks1|Zt])
= —\0,, i 0k+(h—1)8E [Ay;, T
’ b—h—1 a4
N0y OF [ Ayt | T
1-— 9 aat+1
7)\20”
= ——2K.
1—4

This derivative is always positively proportional to K for o, < 0 and negatively proportional to

A-15
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K foro,, > 0.
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