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Abstract 

 
We present evidence that the growth of U.S.-dollar-denominated banking sector liabilities 

forecasts appreciations of the U.S. dollar, both in-sample and out-of-sample, against a large set of 

foreign currencies. We provide a theoretical foundation for a funding liquidity channel in a global 

banking model where exchange rates fluctuate as a function of banks’ balance sheet capacity. We 

estimate prices of risk using a cross-sectional asset pricing approach and show that the U.S. dollar 

funding liquidity forecasts exchange rates because of its association with time-varying risk 

premia. Our empirical evidence shows that this channel is separate from the more familiar “carry 

trade” channel. Although the financial crisis of 2007-09 induced a structural shift in our 

forecasting variables, when we control for this shift, the forecasting relationship is preserved.  
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1 Introduction

The pivotal role of the U.S. dollar in international capital markets has several dimensions.

In addition to being the premier reserve currency held by central banks around the world,

the U.S. dollar is also the currency that underpins cross-border banking. To the extent

that global banks use a centralized funding model in which U.S. dollar funds are deployed

globally through portfolio allocation decisions, U.S. dollar bank funding conditions will

have global repercussions through the portfolio decisions of global banks.

In this paper, we outline a channel linking the size of U.S. dollar-denominated bank

liabilities to global risk premia, and track the consequences empirically for exchange rate

movements. The status of the U.S. dollar as the dominant funding currency for cross-

border banking means that U.S. dollar bank funding conditions will affect U.S. dollar-

denominated risk premia globally, including assets that are traded in other currencies.

When U.S. dollar risk premia fall without a comparable fall in the foreign currency-

denominated risk premia for the same asset, the expected U.S. dollar-denominated return

will be lower than the foreign currency-denominated return. For these two features to

hold simultaneously, there must be an expected U.S. dollar appreciation in equilibrium. In

short, we would expect easier U.S. dollar funding conditions to be followed by subsequent

appreciations of the U.S. dollar.

In our empirical analysis, we uncover evidence consistent with such a channel. We

show that short-term U.S. dollar funding aggregates – primary dealer repos and financial

commercial paper outstanding – forecast appreciations of the U.S. dollar against a broad

cross-section of currencies, both for advanced countries as well as for some emerging

countries. The forecastability holds both in sample and out of sample. Consistent with a

risk-based mechanism, our forecasting results for currency excess returns are even stronger

than the results for exchange rate changes, particularly among the group of advanced

countries.

It is important to distinguish our funding liquidity channel from the more familiar

“carry trade” mechanism that rests on interest rate differences across currencies.1 We

find that expansions in short-term U.S. dollar bank funding forecast dollar appreciations
1Empirical studies of carry trades include Lustig, Roussanov and Verdelhan(2011), Brunnermeier,

Nagel and Pedersen (2008), Gagnon and Chaboud (2008) and Burnside, Eichenbaum, Kleshchelski and
Rebelo (2007), among others. Jylha and Suominen (2011) investigate the role of hedge fund capital in
carry trades. Hattori and Shin (2009) examine the role of the interoffice accounts of foreign banks in
Japan for the yen carry trade.
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against both high and low interest rate currencies, suggesting that the mechanism under-

lying our funding liquidity channel is distinct from the carry trade channel.2 In addition,

controlling for interest rate differentials and the absolute level of U.S. short-term interest

rates does not change the forecasting power of short-term funding aggregates.3

By focusing on risk premia, our findings are in the spirit of the asset pricing approach

to exchange rates of Fama (1984), Hodrick (1989) and Dumas and Solnik (1995), but our

approach is distinguished by the emphasis on funding aggregates.

Although the U.S. dollar is the dominant funding currency for cross-border banking

(on which more below), the logic underlying our mechanism should hold more generally

provided that short-term funding in a particular currency plays an important cross-border

role in a particular region or asset class. As a cross check, we conduct a supplementary

empirical exercise using short-term liability aggregates denominated in euros and yen. In

our panel studies, we find that just as expansions in dollar-funded balance sheets forecast

dollar appreciations, expansions in euro (yen) funded balance sheets forecast appreciations

in the euro (yen). However, the effects are weaker than for the U.S. dollar.

While our approach is notable in that it uses only U.S. variables to forecast the move-

ments of the dollar against other currencies, our data source also has its limitations. Chief

among them is that many foreign intermediaries that use U.S. dollar funding markets are

not captured in our data.4 If such foreign intermediaries operate with large dollar liabil-

ities, there may be fluctuations in dollar funding liquidity that are not fully represented

in our data. The severe financial crisis and the accompanying dollar appreciation in the

second half of 2008 following the Lehman Brothers collapse had such a flavor as foreign

intermediaries were widely reported as scrambling to roll over their dollar liabilities, re-

sulting in a sharp appreciation of the U.S. dollar. Modeling of the crisis period would

therefore benefit from a more comprehensive database of dollar funding.

The outline of our paper is as follows. We first set the stage with our empirical analysis

by investigating the role of U.S. short-term funding aggregates in explaining exchange rate

movements, in both in-sample and out-of-sample forecasting exercises, for a sample of 23
2 For our sample period, the Yen is well known as a funding currency in the carry trade, while the

Australian and New Zealand dollars are favored destination currencies in the carry trade. Nevertheless,
expansions in short-term U.S. dollar funding forecasts dollar appreciations against all three currencies.

3 In fact, our short-term funding aggregates drive out the forecasting ability of the U.S. dollar average
forward discout (see Lustig, Roussanov and Verdelhan, 2014) and U.S. net external assets (see Gourinchas
and Rey, 2007).

4Our data on repos and financial commercial paper includes only U.S. financial intermediaries plus
foreign intermediaries with U.S. subsidiaries.
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currencies. We then discuss how our results relate to the empirical literature on the

carry trade, and how the funding liquidity channel explored in our paper differs from

the standard carry trade logic. Having established the forecasting power of the funding

aggregates, we provide an asset pricing perspective for the results by sketching a model of

U.S. dollar credit supply in the context of cross-border banking. The model yields pricing

predictions that we then test in a dynamic asset pricing setting.

2 Empirical Analysis

2.1 Structure of Cross-Border Banking

In addition to being the world’s most important reserve currency and an invoicing currency

for international trade, the U.S. dollar is the funding currency of choice for global banks.

A recent BIS (2010) study notes that as of September 2009, the United States hosted

the branches of 161 foreign banks who collectively raised over $1 trillion dollars’ worth of

wholesale bank funding, of which $645 billion was channeled for use by their headquarters.

Money market funds in the United States are an important source of wholesale bank

funding for global banks. Baba, McCauley and Ramaswamy (2009) note that by mid-

2008, over 40% of the assets of U.S. prime money market funds were short-term obligations

of foreign banks, with the lion’s share owed by European banks.

Even in net terms, foreign banks channel large amounts of dollar funding to head

office. That is, the funding channeled to head office is larger than the funding received

by the branch from head office. The BIS (2010) study finds that foreign bank branches

had a net positive interoffice position in September 2009 amounting to $468 billion vis-à

-vis their headquarters. As as also noted by the BIS report, many banks use a central-

ized funding model in which available funds are deployed globally through a centralized

portfolio allocation decision.5

2.2 Data

The empirical analysis that follows uses weekly, monthly, and quarterly data on the nomi-

mal exchange rates of 23 countries against the U.S. dollar and two U.S. dollar indices.

Our initial investigation covers the period 1/1993-12/2014. The countries include nine

advanced countries (Australia, Canada, Germany, Japan, New Zealand, Norway, Sweden,
5Cetorelli and Goldberg (2011, 2012) provide extensive evidence that internal capital markets serve

to reallocate funding within global banking organizations.
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Switzerland, UK) and fourteen emerging countries (Chile, Colombia, Czech, Republic,

Hungary, India, Indonesia, Korea, Philippines, Poland, Singapore, South Africa, Taiwan,

Thailand, Turkey). We have excluded countries with fixed or highly controlled exchange

rate regimes over most of the sample period. The bilateral exchange rate data are provided

by Datastream. The U.S dollar indices are from the Federal Reserve Board Statistical

Releases.
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Figure 1: Primary dealer overnight repos and financial commercial paper outstanding,
1/1993-12/2014.

Our main forecasting variables are constructed from the outstanding stocks of U.S.

dollar financial commercial paper (hencefort, commercial paper) and overnight repurchase

agreements of the Federal Reserve’s primary dealers (henceforth, repos).6 These data are

published weekly by the Federal Reserve Board and the Federal Reserve Bank of New

York, respectively. A plot of the repos and commercial paper outstanding is provided

in Figure 1, which shows that even though both variables have exhibited strong growth

up to the financial crisis they have hardly moved in lockstep. During the financial crisis,

both repo and commercial paper contracted sharply. While commercial paper stabilized

after the financial crisis, repo continues to contract. These patterns suggest that the repo

market has undergone a structural break since 2008.

For the purpose of forecasting either exchange rates or returns, we will generate de-

trended repo and commercial paper series. Figure 2 plots the detrended series of the

logs of these variables. The detrending (with respect to a linear time trend) is performed

out of sample in order to avoid look-ahead bias. The monthly correlation between the
6The primary dealers are a group of designated banks and securities broker-dealers who have a trading

relationship with the Federal Reserve Bank of New York.
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detrended series of log repos and log commercial paper is −.73 between 1993 and 2007,

and −.33 between 2010 and 2015, but strongly positive during the financial crisis (2008

and 2009 with .82 correlation). This observation suggests that the two funding aggregates

are substitutes in normal times, but co-moved during the crisis. When funding liquidity

dried up, both the commercial paper and the repo market collapsed.
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Figure 2: Out-of-sample detrended series of primary dealer overnight repos and financial
commercial paper outstanding, 1/1993-12/2014.

In cross-sectional pricing exercises and robustness checks, we also employ country-

level data on short-term interest rates and aggregate equity returns. The interest rates

are 30-day money market rates (or equivalent), which are often most accessible to foreign

investors.7 The equity data correspond to the returns on the country’s main stock-market

index. These variables are obtained from Datastream, Haver, and Bloomberg.

2.3 Forecasting Exchange Rates

Despite numerous studies and a wide variety of approaches, forecasting nominal exchange

rates at short horizons has remained an elusive goal. Meese and Rogoff’s (1983) milestone

paper finds that a random walk model of exchange rates fares no worse in forecasting

exercises than macroeconomic models, and often does much better.

Evans and Lyons (2002, 2005) show that private order flow information helps forecast

exchange rates, but forecasting exchange rates using public information alone has seen

less success. Froot and Ramadorai (2005) show that institutional investor order flow

helps explain transitory discount rate news of exchange rates, but not longer term cash
7For Turkey, we use the overnight rate.
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flow news. Rogoff and Stavrakeva (2008) argue that even the most recent attempts that

employ panel forecasting techniques and new structural models are inconclusive once

their performance is evaluated over different time windows or with alternative metrics:

Engel, Mark and West (2007) implement a monetary model in a panel framework to find

limited forecastability at quarterly horizons for 5 out of 18 countries but their model’s

performance deteriorates after the 1980s. Molodtsova and Papell (2009) introduce a

Taylor rule as a structural fundamental and exhibit evidence that their single equation

framework outperforms driftless random walk for 10 out of 12 countries at monthly forecast

horizons. However, their results are not robust to alternative test statistics, which Rogoff

and Stavrakeva attribute to a severe forecast bias. Finally, Gourinchas and Rey (2007)

develop a new external balance model, which takes into account capital gains and losses

on the net foreign asset position. Their model forecasts changes in trade-weighted and

FDI-weighted U.S. dollar exchange rate one quarter ahead and performs best over the

second half of the 1990s and early 2000s.

Engel and West (2005) have provided a rationalization for the relative success of the

random walk model by showing how an asset pricing approach to exchange rates leads to

the predictions of the random walk model under plausible assumptions on the underlying

stochastic processes and discount rates. In particular, when the discount factor is close

to one and the fundamentals can be written as a sum of a random walk and a stationary

process, the asset pricing formula puts weight on realizations of the fundamentals far

in the distant future – the expectations of which are dominated by the random walk

component of the sum. For plausible parameter values, they show that the random walk

model is a good approximation of the outcomes implied by the theory.

In this paper, we part company with earlier approaches by focusing on U.S. dollar

funding liquidity. We show that short-term liability aggregates of U.S. financial inter-

mediaries have robust forecasting power for the bilateral movements of the U.S. dollar

against a large number of currencies, both in sample and out of sample.

2.4 In-Sample Forecasting Regressions

Our in-sample analysis entails a set of regressions of (i) exchange rate percentage changes

and (ii) currency excess returns on lagged forecasting variables.8 The exchange rates

are defined as the units of foreign currency that can be purchased with one U.S. dollar.
8 Using log differences of the exchange rates does not alter the results qualitatively.
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Hence, an increase in a country’s exchange rate corresponds to an appreciation of the

dollar against that currency. The currency excess returns correspond to a long position

in the foreign risk-free bond funded by risk-free borrowing in U.S. dollars. We define

currency excess returns from the perspective of a U.S. dollar investor as follows

Ri,t+1 =
εit+1

εit︸︷︷︸
Exchange Rate

Appreciation

−
1 + rUSf,t
1 + rif,t︸ ︷︷ ︸

Interest Rate

Carry

(1)

where ε is the amount of foreign currency per dollar, and rUSf,t and rif,t are the one month

money market rates for the US and the set of foreign countries in our sample.

We will focus on two forecasting variables, the detrended series of U.S. dollar repos

and financial commercial paper outstanding. We also include control variables, such as

the U.S. short-term interest rate and the interest rate differential between a particular

currency and the U.S. dollar. The time period under consideration is 1993-2014.

2.4.1 Regressions for Individual Exchange Rates and Currency Excess Re-
turns

As a preliminary exercise, we consider simple ordinary-least squares regressions of monthly

percentage changes in exchange rates (Table 1) and monthly currency excess returns

(Table 2) on one-month lags of our two funding aggregates.

To account for possible structural breaks in our balance sheet aggregates during the

financial crisis, we include regressors that interact them with a post-2007 dummy. The

forecasting results for both exchange rate changes and excess returns are qualitatively sim-

ilar: commercial paper is significant for all of the advanced economies for both exchange

rates and currency returns, and there is no evidence of a structural break for commercial

paper. For emerging markets, commercial paper is significant for eight out of 13 countries,

while for currency returns it is significant for six countries. The sign of the forecasting

relationship for commercial paper is the same for all countries: higher funding liquidity

forecasts a dollar appreciation, and a compression of dollar denominated currency returns.

Overnight repo forecasts four currencies and excess returns significantly, three of which

are developed. For repo, there is strong evidence of a structural break since the financial

crisis: while the sign of the forecasting coefficient is the same for repo and commercial

paper prior to the financial crisis, the sign of repo flips for repo interacted with the post
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2007 dummy. We attribute this change in the sign of the forecasting power of repo to the

structural change in the funding of the primary dealer sector since the crisis.

The fact that the direction of the commercial paper forecasting is unchanged since the

crisis, while the sign of repo changes is perhaps surprising. Interoffice claims exhibit a

similar structural break as repo, and hence the correlation between repo and interoffice

claims stays positive, while the correlation of interoffice claims and commercial paper

switches sign in the post-2007 sample.

Since our sample of cross rates includes both high and low interest rate countries, the

empirical findings of Tables Table 1 and Table 2 suggest that the forecasting power of the

short-term funding variables derive from a source different from the more familiar carry

trade incentives. For some countries, the economic power of the forecasts is substantial:

for example, the lagged funding aggregates forecast 7.2% of the variation in the New

Zealand dollar monthly exchange rate changes and 7.3% of the variation in monthly

excess returns.

One may be concerned that the persistence of our forecasting variables translates into

finite-sample bias that inflates the predictive regression coefficients (Stambaugh, 1999).

To investigate this possibility, we compute the correction proposed by Lewellen (2004),

which adjusts the estimated regression coefficient using the “worst-case bias” that assumes

a true autocorrelation of one in the forecasting variable. For the U.S. dollar trade-weighted

index against major currencies (Table 1), the bias in the coefficient of overnight repos is

−0.0054 while the upward bias in the coefficient of financial commercial paper is 0.0006

prior to 2007. Post 2007, the respective biases are .0099 and .0148. These estimated

“worst-case” biases are small compared to the magnitudes of the estimated regression

coefficients.

2.4.2 Panel Regressions

Since our short-term funding aggregates forecast U.S. dollar appreciations against all

currencies, we may conduct our investigation in the context of a panel regression. Given

the nature of our panel, it is possible that the prediction errors are correlated both among

different dollar cross rates in the same time period and different time periods within

the same cross rate. Hence, we calculate standard errors which allow for two dimensions

(currency and time) of within-cluster correlation (see Cameron, Gelbach and Miller, 2006;

Thompson, 2011; and Petersen, 2008).
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The results from our monthly panel regressions are presented in Table 3 and 4 (for the

sample of advanced countries) and Table 5 and 6 (for the whole sample of countries). As

before, the results in tables 3 and 5 are for percentage changes in exchange rates against

the U.S. dollar and those in tables 4 and 6 are for currency excess returns funded in

U.S. dollars. The panel specifications echo the same message as our country-by-country

regressions: High U.S. dollar liquidity today tends to be followed by lower dollar-based

currency returns and appreciating dollar going forward. For advanced countries, column

(i) of Table 3 demonstrate that both funding aggregates are highly statistically significant

forecasters of monthly exchange rate changes. We again find a structural break in the

sign of the forecasting relationship for repo, but not for commercial paper.

We present the expected exchange rate appreciation in Figure 3. The forecastable

component is computed as the predicted value from column (i) of Table 3. The figure

shows that there is strong time series variation in expected exchange rate movements over

time.

-1

-.5

0

.5

1

1.5

E
xp

ec
te

d 
D

ol
la

r 
A

pp
re

ci
at

io
n

1990 1995 2000 2005 2010 2015

Figure 3: The figure shows the forecastable component of exchange rate changes from the
panel regression reported in Table 3, column (i).

Columns (ii)-(iii) of Tables 3 and 4 show that the shows that the forecasting power

of the funding aggregates for both exchange rates and currency returns is unaffected by

including past exchange rate changes.

Columns (iv)-(viii) of Tables 3 and 4 show that the statistical significance of the

regression coefficients of repo and commercial paper is preserved as one includes lags

of common controls, including the interest rate differential (or “carry,” defined as the
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difference between the foreign short-term interest rate and the U.S. short-term interest

rate), the VIX implied volatility index, and the stock market return differential (difference

between the annual return on the foreign stock market and the annual return on the U.S.

stock market). We also control for the interaction of the VIX with the carry and the

interaction of the TED spread (difference between Libor and U.S. Treasury bill rate) with

the carry, following the finding of Brunnermeier, Nagel and Pedersen (2008) that these

variables forecast exchange rate movements related to unwinding of carry trades.

The magnitudes of the regression coefficients of repo and commercial paper are also

preserved across all specifications. In our exchange rate forecasts of Table 3, a one stan-

dard deviation (0.26) increase in detrended repo forecasts a roughly 0.7 percentage point

increase in the rate of U.S. dollar appreciation; similarly, a one standard deviation (0.25)

increase in detrended commercial paper forecasts a 1.0 percentage point increase in the

rate of dollar appreciation over the following month. Table 4’s results for currency excess

returns are even stronger. It is also notable that the addition of controls has only lim-

ited impact on the explanatory power of the regressions: the adjusted R-squared statistic

increases from 3.1% to 5.3% as one accounts for the full set of controls.

We emphasize that the power of our regressors, U.S. dollar repos and commercial

paper, stems from their ability to predict equilibrium returns and it increases at longer

forecast horizons. This result is illustrated for our exchange rate forecasts in Figure 4,

which plots the time-series of adjusted R-squared for month-ahead to year-ahead forecast

horizons. We see that the time-series explanatory power of the regression increases from

4.4% to 9.1% for quarter-ahead forecasts and to 14.7% for six-months- ahead forecasts.

The highest explanatory power is obtained at the nine-month horizon where our two

funding aggregates are able to forecast nearly 18% of the time-series variation in future

exchange rate changes.

Tables 5 and 6 display the panel regression results for the whole sample of both ad-

vanced and emerging countries. We see that lagged commercial paper continues to be a

robust forecaster of excess currency returns and exchange rate changes across all specifica-

tions (i)-(viii) while the statistical significance of lagged repo varies across specifications.

This finding is consistent with the single-country regressions of Tables 1 and 2, which

suggest that the predictive ability of repos is strongest for the advanced countries. Ac-

cordingly, the combined explanatory power of our funding aggregates is lower for the whole

sample of countries, where trends and interest rate differentials tend to play a greater role
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Figure 4: Forecasting exchange rate changes several months ahead. Time-series explanatory
power in the panel of 9 advanced countries, 1/1993-12/2014.

(see columns (ii)-(iii)).

2.5 Events of 2008-09

It is important to qualify our results in the light of the significant deterioration in financial

market liquidity in the global financial crisis of 2008-09, and the structural changes in the

nature of financial intermediation that have taken place since the crisis.

The conjunction of sharp U.S. dollar appreciation and contracting U.S. credit aggre-

gates, which followed the bankruptcy of Lehman Brothers in the second half of 2008,

could be attributed in part to contemporaneous shifts in risk appetite due to a series

of shocks from the unfolding crisis. But we find it more plausible to appeal to the fact

that non-U.S. financial intermediaries (especially in emerging Europe, Latin America and

Asia) were funding their operations with short-term U.S. dollar obligations. The second

half of 2008 was associated with sharp depreciations of such emerging market currencies

as their financial intermediaries scrambled to roll over their dollar funding. In addition,

it is possible that the policy actions (such as the FX swap agreements among central

banks) in response to the malfunctioning of foreign exchange markets lead to significantly

different determination of risk premia in the crisis compared to normal times.

We examine the statistical significance of our U.S.-based forecasting variables over

time in Figure 5. We implement the panel regression specification of Table 3, column

(i), recursively for 1/1993-11/2014 and plot the t-statistics of lagged repo and lagged

financial commercial paper from these regressions. The figure confirms that both repo

11



and commercial paper were statistically significant forecasters of the U.S. dollar exchange

rate growth prior to the financial crisis. Following the Lehman bankruptcy, however, the

statistical significance of lagged repos deteriorates substantially, and continues to do so

through the end of the sample. The statistical significance of lagged commercial paper,

on the other hand, revives in 2009.
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Figure 5: Statistical significance of lagged U.S. funding aggregates as predictors of the
U.S. dollar exchange rate. The t-statistics are obtained from recursive panel regressions of
exchange rate percentage changes on lagged repo and lagged commercial paper with standard
errors clustered by currency and month (see column (i) of Table 3). The critical value 1.96
corresponds to significance at 5% level.

In order to investigate the impact of contemporaneous shifts in U.S. funding aggregates

on the U.S. dollar exchange rate, we compute innovations to our forecasting variables as

the residuals from regressions of detrended log repo and detrended log commercial paper

on their own lags. We then use these fitted residuals together with lagged repo and lagged

commercial paper in our familiar panel regression, implemented recursively for 1/1993-

11/2014. The results are displayed in Figure 6, which shows the statistical significance of

repo and financial commercial paper innovations over time. While the contemporaneous

shocks in our funding aggregates have been statistically insignificant over most of the

sample period, the shocks to financial commercial paper temporarily become a more

significant predictor of contemporaneous exchange rate changes following the Lehman

bankruptcy. That is, the sharp contractions in U.S. funding aggregates over the recent

financial crisis were indeed associated with contemporaneous U.S. dollar appreciations.

Nonetheless, the lesson of the post-Lehman liquidity crisis is that the movements of a

major funding currency such as the U.S. dollar during an acute crisis stage may not be
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Figure 6: Statistical significance of innovations in U.S. funding aggregates as predictors
of contemporanous changes in the U.S. dollar exchange rate. The t-statistics are obtained
from recursive panel regressions of exchange rate percentage changes on lagged repo, lagged
commercial paper, and their fitted innovations, with standard errors clustered by currency
and month. The critical value -1.96 corresponds to significance at 5% level.

easily captured by U.S. financial variables alone. Thus, we urge caution in interpreting

our results when drawing lessons for the recent crisis. Furthermore, the structure of the

U.S. repo market appears to have changed fundamentally since the crisis, so that increases

in repo funding are no longer significant predictors of exchange rate appreciations.

2.5.1 Funding Liquidity Channel and Carry Trade Channel

In addition to uncovering a new funding liquidity channel of exchange rate determination,

our panel regressions distinguish it from the more familiar carry trade channel. For

the sample of advanced countries (Table 3), the effect of the interest rate differential

on the U.S. dollar cross rates is insignificant.9 The unpredictable nature of the carry

trade channel outside of advanced countries is exemplified in our panel regression for the

whole sample of 23 countries (Table 5), where the sign of the interest differential term is

surprisingly positive and significant. Although this finding is at variance with the usual

carry trade mechanism, our U.S. dollar funding liquidity variables remain significant in

this sample, reflecting the importance of dollar-funded risky positions across the world.
9In a recent paper, Lustig, Roussanov and Verdelhan (2014) show that the average forward discount

of the U.S. dollar has predictive ability for the average excess returns earned by U.S. investors investing a
basket of foreign currencies. Our forecasting regressions control for the individual interest rate differentials
(forward discounts). Included in same regression with our short-term funding aggregates, the average
forward discount is statistically insignificant.
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2.6 Out-of-Sample Forecasting Regressions

As is well known, the high in-sample forecasting power of a regressor does not guarantee

robust out-of-sample performance, which is more sensitive to mis-specification problems.

To show the extent to which the above in-sample results survive this tougher test, we

turn to investigate the forecastability of exchange rate changes out of sample.

The out-of-sample performance of the monthly forecasting regressions is displayed in

Table 7. In order to exploit both time and cross-sectional variation in the data, the

coefficient estimates are generated using the panel specification of Table 5. The recursive

regression uses the first 4 years (1/1993-12/1996) of the sample as a training period and

begins the out-of-sample estimation of betas in 1/1997. We show the our of sample results

for the 1/1997-12/2007 period in the first column, and for the 1/1997-12/2014 sample in

the second column.

We compare the predictive power of our funding liquidity model against the ran-

dom walk benchmark, as is standard in the literature on out-of-sample forecasting. This

benchmark is nested in the “unrestricted” specifications, which allows one to evaluate

its performance using the Clark-West (2006) adjusted difference in mean squared errors:

MSEr− (MSEu−adj.). The Clark-West test accounts for the small-sample forecast bias

(adj.), which works in favor of the simpler restricted models and is present in the Diebold-

Mariano/West tests that employ the unadjusted statistic MSEr −MSEu.10 As Rogoff

and Stavrakeva (2008) show, a significant Clark-West adjusted statistic implies that there

exists an optimal combination between the unrestricted model and the restricted model,

which will produce a combined forecast that outperforms the restricted model in terms of

mean squared forecast error; i.e. the forecast will have a Diebold-Mariano/West statistic

that is significantly greater than zero. The results in Table 7 indicate that the funding

liquidity model outperforms both benchmarks for 6 out of 9 advanced countries and 6 out

of 14 emerging countries for the pre crisis sample, and 8 out of 9 advanced countries and

10 out of 14 countries for the full sample. These out of sample results are very strong,

and, to our knowledge, not found for any other variable in previous foreign exchange

forecasting literature.
10See Diebold and Mariano (1995) and West (1996).
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3 Asset Pricing Perspective

Having established our benchmark empirical findings, we now turn our attention to how

these results can be given firmer theoretical foundations. It is illuminating to begin by

taking the cue from our empirical results, which showed that the forecasting power of

our funding liquidity variables is separate from the usual “carry trade” explanation for

exchange rates, which emphasizes the relative attractiveness of currencies of high interest

rate countries. In particular, we showed that expansions in U.S. dollar funding aggregates

forecast appreciations of the dollar against both high and low-yielding currencies. Thus,

the rationale for our findings is very different from the carry trade literature.

Funding liquidity conditions provide a possible explanation for why the U.S. dollar may

strengthen even when the U.S. interest rate decreases. It is when funding conditions are

favorable that financial institutions are able to build up the size of their balance sheets

through greater short-term debt (see Adrian and Shin, 2008b). Thus, more favorable

funding conditions seem to increase the appetite of financial intermediaries to take risk. To

the extent that foreign currencies are regarded as risky assets by dollar-funded investors,

high dollar funding liquidity should be associated with low equilibrium expected returns

on these assets. That is, high dollar funding liquidity should forecast appreciations of

the dollar. In order to investigate the funding liquidity hypothesis more systematically,

we now proceed to work out a theoretical global banking framework that will give rise to

testable predictions for global currency risk premia.

3.1 U.S. Dollar-denominated Risk Premium

We sketch a model of credit supply and U.S. dollar-denominated risk premium that will

motivate our empirical asset pricing analysis. A stylistic structure of cross-border banking

is given in Figure 7. Consider global banks that borrow in the U.S. dollar wholesale funding

market, and supply credit in U.S. dollars to borrowers across the world. Banks are

risk neutral and maximize profit subject only to a Value-at-Risk (VaR) constraint that

limits the probability of bank failure. Specifically, the VaR constraint stipulates that

the probability of bank failure must remain below some (small) threshold level α > 0,

consistent with the regulatory requirements laid down by the Basel Committee (BCBS

(2005)).

The notation to be used is given in Figure 8. The bank lends out C dollars of credit

at date 0 at rate r, so that the bank is owed (1 + r)C dollars in date 1. The lending is
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Figure 7: Structure of cross-border banking

C

E

f+1r+1
L

Bank

Figure 8: Notation for bank balance sheet. C is the amount lent out at date 0, financed
with equity E and U.S. dollar funding L.

financed from the combination of equity E and debt funding L, where L is raised in the

U.S. dollar wholesale funding market. The cost of debt financing is f so that the bank

owes (1 + f)L at date 1 (its notional liabilities).

The bank lends to a continuum of borrowers around the world, with total lending being

C dollars. Each borrower repays with probability 1 − ε and defaults with probability

ε. The correlation in defaults across loans follows the Vasicek (2002) model, which has

served as the backbone of Basel capital requirements (BCBS (2005)). Borrower j repays

the loan when Zj > 0, where Zj is the random variable

Zj = −Φ−1 (ε) +
√
ρY +

√
1− ρXj (2)

and Φ (.) is the c.d.f. of the standard normal distribution, Y and {Xj} are independent

standard normal random variables, and ρ is a constant between zero and one. Y has the

interpretation of the global factor that drives project outcomes across the world, while
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Xj is the idiosyncratic factor for borrower j. Importantly, the parameter ρ is the weight

on the global factor. Note that the probability of default is

Pr (Zj < 0) = Pr
(√

ρY +
√

1− ρXj < Φ−1 (ε)
)

= Φ
(
Φ−1 (ε)

)
= ε (3)

Conditional on Y , defaults are independent. The bank can remove idiosyncratic risk

by keeping C fixed but diversifying across borrowers. In the limit, the realized value of

assets is a function of Y only by the law of large numbers. The realized value of the

bank’s assets at date 1 is given by the random variable w (Y ) defined by

w (Y ) ≡ (1 + r)C · Pr (Zj ≥ 0|Y )

= (1 + r)C · Pr
(√

ρY +
√

1− ρXj ≥ Φ−1 (ε) |Y
)

= (1 + r)C · Φ
(
Y
√
ρ−Φ−1(ε)√

1−ρ

)
(4)

The c.d.f. of w (Y ) is given by

F (z) = Pr (w ≤ z)

= Pr
(
Y ≤ w−1 (z)

)
= Φ

(
w−1 (z)

)
= Φ

(
1
√
ρ

(
Φ−1 (ε) +

√
1− ρΦ−1

(
z

(1 + r)C

)))
(5)

The density over the realized assets of the bank is the derivative of (5) with respect to z.

Figure 9 plots the densities over asset realizations, and shows how the density shifts

to changes in the default probability ε (left hand panel) or to changes in ρ (right hand

panel). Higher values of ε imply a first degree stochastic dominance shift left for the asset

realization density, while shifts in ρ imply a mean-preserving shift in the density around

the mean realization 1− ε.
The bank takes its equity E as given and adjusts the size of its loan book C and funding

L so as as to keep its probability of default to α > 0.11 Since the bank is risk-neutral

and maximizes profit, the VaR constraint binds whenever expected profit to lending is

positive. The constraint is that the bank limits lending so as to keep the probability of

its own failure to α. Assume that α < ε. Since the bank fails when the asset realization
11See Adrian and Shin (2010, 2014) for empirical evidence that banks take equity as given and adjust

leverage by adjusting the size of their balance sheet.
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Figure 9: The two charts plot the densities over realized assets when C (1 + r) = 1. The
left hand charts plots the density over asset realizations of the bank when ρ = 0.1 and ε is
varied from 0.1 to 0.3. The right hand chart plots the asset realization density when ε = 0.2
and ρ varies from 0.01 to 0.3.

falls below its notional liabilities (1 + f)L, the bank’s credit supply C satisfies

Pr (w < (1 + f)L) = Φ

(
Φ−1(ε)+

√
1−ρΦ−1( (1+f)L

(1+r)C )
√
ρ

)
= α (6)

Re-arranging (6), we can derive an expression for the ratio of notional liabilities to notional

assets for the bank.

Notional liabilities
Notional assets

=
(1 + f)L

(1 + r)C
= Φ

(√
ρΦ−1 (α)− Φ−1 (ε)

√
1− ρ

)
(7)

From here on, we will use the shorthand ϕ to denote this ratio of notional liabilities

to notational assets. That is,

ϕ (α, ε, ρ) ≡ Φ
(√

ρΦ−1(α)−Φ−1(ε)√
1−ρ

)
(8)

Note that ϕ is a normalized leverage ratio, lying between zero and one. We can solve for

C and bank funding L from (7) and the balance sheet identity C = E + L.

C =
E

1− 1+r
1+f
· ϕ

and L =
E

1+f
1+r
· 1
ϕ
− 1

(9)

Note that both C and L are proportional to bank equity E, so that an aggregation

property holds for C and L. Therefore, the leverage of the bank and the banking sector
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are interchangeable, and is given by

Leverage =
C

E
=

1

1− 1+r
1+f
· ϕ

(10)

Our condition that α < ε ensures that the expression inside Φ (.) in (8) flips sign from

negative to positive as ρ increases from zero to one. Figure 10 plots the notional debt

to assets ratio ϕ as a function of the common risk factor ρ when α = 0.1%. The dark

line is when ε = 1%, while the light line is when ε = 0.5%. Since the bank’s leverage is

monotonic in ϕ, leverage declines in ρ and ε.

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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Figure 10: Plot of notional debt to assets ratio ϕ (α, ε, ρ). This chart plots ϕ as a
function of ρ with α = 0.001. Dark line is when ε = 0.01. Light line is when ε = 0.005.

Credit market clearing determines the equilibrium loan rate r, and hence the risk

premium. Since the default probability of loans is ε, the U.S. dollar-denominated risk

premium is given by

π ≡ (1− ε) (1 + r)− 1 (11)

Now consider a decline in global risk, represented by a fall in ρ. Then, leverage increases

through an increase in ϕ, which feeds into an increase in the U.S. dollar bank funding

aggregate L. When the credit demand curve is downward sloping, an increase in bank

funding aggregates is associated with a fall in the U.S. dollar-denominated lending rate

r. For fixed ε, the U.S. dollar-denominated risk premium is increasing in the lending

rate r, so that the comparative statics of the risk premium depends on the bank funding

aggregate L. We thus have our key prediction.

Proposition 1. With a decline in ρ, U.S. dollar-denominated risk premium π declines

and U.S. dollar-denominated bank funding aggregate L increases.
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Figure 11: Compression of U.S. dollar risk premium as a result of increased bank leverage

Figure 11 plots the determination of U.S. dollar notional return r as a function of bank

credit supply. The credit demand is depicted as being vertical, but any downward-sloping

demand will entail the same comparative statics. Note that credit supply C is zero if

r < ε/ (1− ε), and goes to infinity as r approaches the asymptote ((1 + f) /ϕ) − 1 from

below.

The consequences for exchange rates depend on what happens to the local currency-

denominated risk premium for the same asset. The fundamentals of the borrower’s

credit risk is unchanged in that ε has been fixed in the comparative statics experiment

in Proposition 1. Denote by 1 + r̂ the local currency-denominated notional return on

lending, and let 1 + ae be the expected U.S. dollar appreciation relative to the local

currency. Then, the equalization of U.S. dollar-denominated returns and local currency-

denominated returns implies:

1 + r =
1 + r̂

1 + ae
(12)

If 1 + r̂ is unaffected by a change in ρ, then from Proposition 1, a decline in ρ is

associated with a fall in r and an increase in ae. Both coincide with an increase in L.

In other words, an increase in L is associated with an expected appreciation of the U.S.

dollar. Even if 1 + r̂ is affected by the shift in ρ, provided that r̂ does not fall as much

as r, there will be an expected U.S. dollar appreciation.

Empirical Hypothesis. Confining attention to shifts in global factor ρ, an increase in

U.S. dollar-denominated bank funding aggregate L is accompanied by an expected

20



appreciation of the U.S. dollar.

Note that our empirical hypothesis is an additional effect to the usual carry trade

channel. Distinguishing the U.S. dollar risk premium from the local currency risk premium

is in the same spirit as the recent work of Lustig, Roussanov and Verdelhan (2011, 2014),

who posit a two-factor pricing kernel in explaining exchange rates.

3.2 Dynamic Asset Pricing Framework

In order to test the empirical hypothesis of the global banking model, we follow Adrian,

Crump, Moench (2015) and estimate a dynamic asset pricing model. We employ a set of

cross sectional pricing factors Xt, and forecasting factors Ft. Forecasting factors play the

role of determining the time variation in the pricing of risk, which in turn pin down con-

ditional expected returns. The cross sectional pricing factors determine the unconditional

pricing across assets. We use the following set of asset pricing factors:

Ct =

FXPC1t
FXPC2t
CARRYt

 , Ft =

[
FXFFt
CARRYt

]

where FXPC1 and FXPC2 denote the first two principal components from the cross

section of currency excess returns, CARRY denotes the high minus low carry return

factor of Lustig, Roussanov and Verdelhan (2011), and FXFF denotes the exchange rate

forecasting factor that we estimated from the panel regressions in Table 1 and displayed

in Figure 3. We stack the two sets of factors into a vector of state variables Xt = [C ′t, F
′
t ]
′.

Assuming a linear pricing kernel and prices of risk that are affine in the forecasting

factors Ft, the beta representation of the Dynamic Asset Pricing Model is given by

Ri,t+1 = β′i (λ0 + Λ1Ft) + β′iut+1 + ei,t+1, (13)

Xt+1 = µ+ ΦXt + vt+1, t = 1, . . . , T . (14)

where βi = Cov (Ri,t+1, ut+1) [V ar (ut+1)]−1. In the vector autoregression of Xt, the set

of shocks vt associated with the cross sectional pricing factors Ct is denoted by ut. The

interpretation of the variables is as follows:

β′i (λ0 + Λ1Ft) = FX Risk Premium (15)

β′iut+1 = Priced FX Risk (16)

ei,t+1 = Idiosyncratic Risk (17)
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The realized excess return, Ri,t+1, can thus be decomposed into the expected excess return,

β′i (λ0 + Λ1Ft), a component that is conditionally correlated with the innovations to the

risk factors, β′iut+1, and a return pricing error, ei,t+1, that is conditionally orthogonal to

the risk factor innovations. The expected excess return depends on the asset’s exposures

to the pricing factors of the model, βi, as well as the associated prices of risk λt = λ0+Λ1Ft

which are affine functions of the forecasting factors.

To estimate the parameters of the dynamic asset pricing model, we use the regression-

based estimator of Adrian, Crump, Moench (2015), who show that it is consistent and

asymptotically normal. They further derive asymptotic standard errors that are robust

to heteroskedasticity in the return pricing errors.12

Estimates for the prices of risk are given in Table 8. The first column of the table

reports the constant price of risk λ0 for the three cross sectional pricing factors. The second

and third columns respectively show the time variation of the prices of risk associated with

the carry factor and our FX forecasting factor. The last column provides the joint test

of time variation in the pricing of risk of each of the three factors, either due to the time

variation associated with the FX forecasting factor, or the carry factor. Table 9 reports

the estimated betas of each currency on the cross sectional pricing factors.

The first thing to note in Table 8 is that both the FX forecasting factor and the carry

factor are highly significant predictors of the first principal component of foreign exchange

returns. And since the first principal component loads positive on each currency, the neg-

ative prediction coefficient associated with the FX forecasting factor implies that higher

U.S. dollar funding liquidity forecasts a compression of expected currency returns. This

result is consistent with our earlier panel estimation results. Furthermore, the significance

of the forecasting relationship is robust to the inclusion of the carry factor, illustrating

again the fact that the U.S. dollar funding liquidity channel is different from the carry

trade channel. The second principal component also exhibits significant time variation in

the pricing of risk, but only as a function of the carry return factor. We also find that

the price of risk of the carry return factor varies significantly as a function of the carry

return, but not of the funding liquidity factor. This is again illustrating the fact that the

funding liquidity channel is distinct from the carry trade channel. The time variation in
12Importantly, this estimator nests the popular Fama-MacBeth two-pass regression estimator when

both Λ1 = 0 and Φ = 0. That is, the Dynamic Asset Pricing Model estimator can be thought of as a
generalized Fama-MacBeth estimator that explicitly allows for state variables and prices of risk to be
time-varying.
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the prices of risk is significant for all three pricing factors, as indicated by the Wald test

reported in the last column.

The cross sectional pricing performance of the model can be gauged in Figure 12.

The model has a fairly high cross sectional explanatory power with an R2 of 50%. In

comparison to the carry trade pricing literature (e.g. Lustig, Roussanov and Verdelhan

(2011, 2014)), a key difference is that we are applying our pricing model to individual

currency carry returns, not to carry sorted portfolios. Cross sectional R2s for portfolios

are generally higher than when individual currency excess returns are used.
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Figure 12: The plot shows the average excess returns across the 23 currency returns against
the excess returns predicted by the dynamic asset pricing model.

The results from the dynamic asset pricing model show that the U.S. dollar funding

liquidity as measured by the FX forecasting factor matters for the pricing of U.S. dollar

cross rates due to its association with the marketwide U.S. dollar risk premium. The cross-

sectional evidence supports our view that the forecastability of exchange rates uncovered

in Tables 1-4 is in fact a reflection of systematic changes in risk premia. Higher dollar

funding liquidity compresses the equilibrium returns on all risky dollar-funded positions,

including those denominated in foreign currencies. This puts appreciation pressure on the

dollar going forward.
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4 Conclusion

The random walk model has been an important benchmark in explanations of exchange

rate movements. Since Meese and Rogoff’s (1983) milestone paper, finding a convincing

alternative to the random walk benchmark has been an elusive goal. In this paper, we

have presented two related contributions that shed light on how exchange rate movements

can be understood in the context of broader financial conditions, which drive changes in

the U.S. dollar risk premium.

First, building on the random walk model of exchange rates, we have demonstrated

strong evidence that the short-term funding aggregates of financial intermediaries have a

role in explaining future exchange rate movements—measured both in terms of exchange

rate changes as well as in excess currency returns. Specifically, expansions in U.S. dollar

components of financial intermediary short-term liabilities forecast appreciations of the

U.S. dollar, both in sample and out of sample. The results hold for a broad range of dollar

cross rates. We have shown how this result goes beyond the usual “carry trade” story, in

favor of a parallel funding liquidity channel as expressed in short-term funding aggregates.

Our hypothesis that funding liquidity conditions are important in the foreign exchange

market is further bolstered by evidence from euro- and yen-based funding markets.

Second, motivated by our new empirical evidence on forecastability, we have con-

structed a simple global banking model where the risk appetite of financial investors

varies over time with observable balance sheet components. Estimation of dynamic asset

pricing relationships based on the global banking model suggests that the forecastabil-

ity of exchange rates by our short-term funding aggregates is linked to time-variation in

systematic risk premia.

Taken together, our two contributions are first steps toward a more general framework

for thinking about exchange rate movements in the context of investors’ funding liquidity.

Our findings open up the possibility of understanding exchange rate movements and

external adjustments in terms of financial cycles and the leverage adjustments of financial

intermediaries that accompany them.
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Table 7: Forecasting Monthly Changes in Exchange Rates

This table investigates the out-of-sample forecastability of monthly percentage changes in the U.S. dollar
bilateral exchange rate relative to 23 foreign currencies. We compare the performance of our funding
liquidity model against a benchmark random walk model. The forecasting variables are the one-month
lags of detrended log repo and detrended log financial commercial paper outstanding, the interaction of
the lagged funding variables with a post-2007 dummy variable, the post-2007 dummy, and currency fixed
effects. The table reports the Diebold-Mariano/West difference in mean-squared errors and the Clark-
West adjusted difference in mean-squared errors. The p-values associated with the Clark-West statistic
aredisplayed; *** p < 0.01, ** p < 0.05, * p < 0.1. We consider two out-of-sample periods: 1997:1 -
2007:12, and 1997:1 - 2014:12.

1997:1 - 2007:12 1997:1 - 2014:12

∆MSE ∆MSE −Adj. p-value ∆MSE ∆MSE −Adj. p-value

aud 0.425 0.845 *** 0.005 -1.072 2.290 ** 0.049
cad 0.013 0.466 ** 0.038 -2.048 1.304 ** 0.037
dem 0.080 0.532 ** 0.043 -1.476 1.839 * 0.072
jpy -0.232 0.226 0.261 -2.351 1.007 0.164
nzd 0.513 0.974 *** 0.002 0.057 3.430 ** 0.033
nok -0.013 0.446 0.112 -1.445 1.897 ** 0.010
sek 0.157 0.592 ** 0.032 -0.060 3.266 *** 0.003
chf -0.108 0.362 0.140 -1.474 1.890 * 0.085
gbp -0.048 0.403 * 0.069 -1.982 1.338 ** 0.029
clp 0.139 0.480 ** 0.019 -2.278 1.027 0.146
cop 0.484 1.444 *** 0.002 -0.233 3.536 *** 0.005
czk 0.044 0.569 0.128 -0.423 2.946 ** 0.038
huf -0.088 1.355 *** 0.004 0.103 4.092 * 0.073
inr 0.054 0.535 *** 0.007 -2.699 0.669 * 0.094
idr 1.118 5.110 0.204 -0.833 5.193 0.101
krw 0.029 0.678 0.292 0.047 3.532 * 0.058
php 0.035 0.587 0.171 -2.914 0.525 0.165
pln -0.513 0.687 0.109 0.352 4.155 ** 0.030
sgd -0.274 0.127 0.298 -2.282 1.035 * 0.078
zar 0.637 1.442 ** 0.017 -1.548 2.160 * 0.090
twd -0.177 0.261 0.202 -2.296 1.040 ** 0.024
thb -0.507 0.102 0.465 -2.660 0.796 0.160
try 2.046 22.406 *** 0.000 -1.091 17.081 *** 0.000
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Table 8: Price of Risk Estimates

The table reports the estimated price of risk matrices λ0 and Λ1 from the dynamic asset pricing model
Ri,t+1 = β′i (λ0 + Λ1Ft) + β′iut+1 + ei,t+1, where ut are the shocks to FXPC1t, FXPC2t, CARRYt, and
Ft are the forecasting factors FXFFt, CARRYt. The first and second principal components of currency
excess returns are denoted FXPC1t and FXPC2t. The Lustig, Roussanov and Verdelhan (2011, 2014)
carry factor is denoted CARRYt, and the return forecasting factor from Table 1 is FXFFt. The test
assets are the 23 countries with sample data from 1993 to 2014. Robust standard errors reported in
parenthesis are calculated as in Adrian, Crump, Moench (2013). *** denotes significance at the 1% level,
** at the 5% level, and * at the 10% level. WΛ1 denotes the joint significance test for each row of the Λ1
matrix.

λ0 CARRY FXFF WΛ1

FX PC1 0.019*** 0.062** -0.035*** 17.362***
(0.007) (0.030) (0.010) (0.000)

FX PC2 -0.006 0.055*** 0.010 8.576**
(0.005) (0.021) (0.007) (0.014)

CARRY 0.048** 0.234*** -0.043 10.371***
(0.020) (0.086) (0.028) (0.006)
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Table 9: Factor Risk Exposure Estimates

The table reports the estimated βis from the dynamic asset pricing model Ri,t+1 = β′i (λ0 + Λ1Ft) +
β′iut+1 + ei,t+1, where ut are the shocks to FXPC1t, FXPC2t, CARRYt, and Ft are the forecasting
factors FXFFt, CARRYt. The first and second principal components of currency excess returns are
denoted FXPC1t and FXPC2t. The Lustig, Roussanov and Verdelhan (2011, 2014) carry factor is
denoted CARRYt, and the return forecasting factor from Table 1 is FXFFt. The test assets are the
23 countries with sample data from 1993 to 2014. Robust standard errors reported in parenthesis are
calculated as in Adrian, Crump, Moench (2013). *** denotes significance at the 1% level, ** at the 5%
level, and * at the 10% level.

βFX PC1 s.e.(βFX PC1) βFX PC2 s.e.(βFX PC2) βCARRY s.e.(βCARRY)

aud 0.116*** (0.015) -0.063*** (0.009) 1.820*** (0.028)
cad 0.260*** (0.016) -0.111*** (0.017) -3.624*** (0.013)
dem 0.161*** (0.014) 0.105*** (0.017) -9.020*** (0.022)
jpy 0.250*** (0.020) -0.082*** (0.017) 0.652*** (0.017)
nzd 0.247*** (0.011) -0.126*** (0.014) -1.121*** (0.038)
nok 0.255*** (0.015) -0.132*** (0.018) -1.170*** (0.009)
sek 0.271*** (0.024) -0.075*** (0.010) -6.336*** (0.021)
chf 0.136*** (0.032) -0.109*** (0.027) 0.255*** (0.019)
gbp 0.130*** (0.016) -0.064 (0.059) 1.714*** (0.021)
clp 0.121*** (0.020) -0.048*** (0.018) 3.289*** (0.019)
cop 0.288*** (0.021) -0.147*** (0.024) -1.943*** (0.025)
czk 0.294*** (0.021) -0.186*** (0.018) 1.271*** (0.016)
huf 0.092*** (0.036) -0.050 (0.087) 2.099*** (0.030)
inr 0.349*** (0.025) 0.868*** (0.019) -0.011 (0.027)
idr 0.206*** (0.017) -0.019 (0.046) 0.372*** (0.028)
krw 0.088* (0.048) 0.097 (0.633) 2.049*** (0.511)
php 0.269 (1.050) -0.193 (0.729) 1.978*** (0.724)
pln 0.134 (0.732) 0.029 (0.738) -0.490 (0.825)
sgd 0.209 (0.944) -0.084 (0.962) 6.436*** (0.788)
zar 0.100 (0.796) 0.034 (0.589) -0.365 (0.715)
twd 0.159 (1.645) 0.194 (0.671) 0.340 (0.864)
thb 0.183 (0.374) -0.120 (1.123) 5.842*** (0.497)
try 0.223 (0.913) 0.098 (1.567) -9.534*** (0.985)
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