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The Dollar Variance Risk Premium:

A Tale of Two Investors

This paper examines the pricing of the dollar variance risk premium (DVP) in the currency mar-

ket. We argue that domestic currency appreciation risk is the main driver of investors’ risk premium

on foreign currency investments. By decomposing the DVP into upside and downside components,

we find that the two components predict currency returns with opposite signs. The downside DVP

(risk premium for US investors) predicts foreign currency appreciation. Conversely, the upside

DVP (risk premium for foreign investors) predicts dollar appreciation. Our results strongly suggest

these signed variance risk premiums contain valuable predictive information about currency returns.



1 Introduction

The financial market of the United States plays a crucial role in the global market. According

to the World Bank, as of 2023, the US accounts for approximately 26% of the world’s

total GDP, yet its share of global equity market capitalization exceeds 40%. The Securities

Industry and Financial Markets Association estimates that the relative fraction of the U.S.

bond market is comparable to that of the equity market. This ratio would be even higher

after including dollar-denominated debt issued by non-U.S. entities (e.g., Shin, 2012; Bruno

and Shin, 2017; Maggiori, Neiman, and Schreger, 2020).

Recent research suggests that the US maintains a dollar carry position, with a long

position in foreign assets and a short position in dollar assets, which earns a premium for

bearing global uncertainty risk.1 Moreover, studies indicate that the US is highly exposed

to global risk, and fluctuations in the dollar can drive global business cycles. For example,

Maggiori (2017) presents an equilibrium model that demonstrates how the currency of a

developed country becomes a global reserve currency through financial intermediaries. In

his model, the intermediary of the developed market provides liquidity during crises, resulting

in high exposure to the global business cycle. A related study by Bruno and Shin (2017)

indicates that US dollar appreciation leads to tighter credit conditions, triggering a global

credit cycle.

In this standard view, a higher variance in dollar returns should predict appreciation in

foreign currencies. A significant fraction of the variation in the dollar factor is driven by

the global business cycle, and therefore, a higher dollar variance is closely tied to increased

global uncertainty. Specifically, since the dollar value tends to appreciate in periods of high

global uncertainty, US investors who are highly exposed to global risk will demand a risk

1See, for example, Gourinchas and Rey (2007); Caballero, Farhi, and Gourinchas (2008); Lustig, Rous-
sanov, and Verdelhan (2014); Jiang, Krishnamurthy, and Lustig (2021, 2024).
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premium for investing in the riskier foreign currencies. Meanwhile, foreign investors may be

willing to pay a convenience yield for holding safer, dollar-denominated assets that hedge

against global risk.

However, foreign (non-US) market participants may also be concerned about dollar fluctu-

ations, as they add uncertainty to their investment. For example, foreign investors investing

in the US market may be concerned that their portfolio value may decrease with a local

currency appreciation. Moreover, since the marginal utility of foreign market participants

is likely to be dissimilar to the global factor relative to that of US market participants, the

benefit of investing in a safe-haven currency may be slightly less critical. Hence, the risk

premium required for the dollar investment may be higher when global uncertainty is high.

This paper demonstrates that US and foreign investors require distinct risk premiums

for international investments, each tied to a specific component of the currency variance risk

premium. By decomposing bilateral exchange rate returns into US dollar appreciation and

foreign currency appreciation, we find that the variance risk premiums associated with each

of the components have opposing effects on future currency returns. Specifically, the variance

risk premium linked to dollar appreciation predicts higher foreign currency returns, aligning

with the risk premium required by US investors. Conversely, the risk premium associated

with foreign currency appreciation predicts higher future US dollar returns, which indicates

that it is tied to the premium demanded by foreign investors.

These findings indicate that both US and foreign investors are likely to be primarily

concerned about local currency appreciation risk. There are several reasons domestic cur-

rency appreciation might be detrimental to economic participants. First, domestic investors

with foreign investments benefit from local currency depreciation, as it increases the value

of their foreign portfolios when converted back into domestic currency (see, for example,

Jansen, Shin, and von Peter (2024)). A weaker currency also stimulates economic growth by
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making exports more competitive (Rodrik, 2008) and can reduce the real debt burden for

countries with substantial local-currency debt, such as the US. Finally, currency apprecia-

tion can be a consequence of monetary policy tightening, which attracts foreign capital and

strengthens the currency (e.g., Dornbusch (1976), Miranda-Agrippino and Rey (2020)).

We present a structural model with two countries, the US and a foreign country, where

the stochastic discount factors (SDFs) are driven by US and foreign variance factors, as in

Lustig, Roussanov, and Verdelhan (2014). In this model, currency returns are determined

by differences in the SDFs, with positive foreign variance shocks leading to foreign currency

appreciation, and positive US variance shocks driving dollar appreciation.

Our specification relies on two unique assumptions: First, we assume that each country’s

discount factor is more sensitive to its own local risks, meaning domestic uncertainty has a

larger impact on local investors’ marginal utility than foreign shocks. Additionally, variance

shocks are likely to have asymmetric effects, with positive shocks being more economically

meaningful and damaging than negative ones. These two assumptions imply that foreign

currency appreciation/dollar appreciation is likely to be driven by news from the foreign

country, and dollar appreciation is driven by shocks in the US.

The US dollar is commonly considered a safe asset. When US uncertainty is high, for-

eign investments become risky. During this time, US investors should require a higher risk

premium for investing in non-US currencies. Therefore, according to the standard view, a

high variance risk premium on dollar returns should predict foreign currency appreciation.

Our model, however, suggests that the predictability of the dollar’s variance risk premium

on future foreign currency returns depends on the relative size of currency appreciation and

depreciation pressure. An increase in US uncertainty should raise the value of the dollar,

adding risk for the US investor. Likewise, a foreign uncertainty is associated with a US

depreciation risk and the risk premium required for the foreign investor.
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To operationalize this idea, we decompose the currency variance risk premium into upside

(linked to foreign currency appreciation) and downside (linked to US dollar appreciation)

components, following the idea of Segal, Shaliastovich, and Yaron (2015), among others. This

decomposition aims to separate the risks stemming from the two sources and to identify

the respective risk premiums required by US and foreign investors. Intuitively, when the

cost of hedging dollar (foreign currency) appreciation risk increases, the downside (upside)

variance risk premium will increase. Foreign currency (the dollar) is likely to appreciate if

this happens.

The empirical analysis confirms the hypothesis that the upside and downside components

of the currency variance risk premia are priced with opposite signs. First, using the total

dollar variance risk premium (DVP), defined as the cross-sectional average of the currency

variance risk premium of individual currency pairs, and the US equity variance risk premium

as in Londono and Zhou (2017), we confirm their finding that a higher dollar variance risk

premium leads to a US dollar appreciation. As noted, this result is counterintuitive looking

from the standard view, given that the US dollar is typically regarded as a safe currency.

However, when decomposing the DVP into upside and downside components, with each

representing the risk premium on semi-variance associated with foreign currency and dollar

appreciation, we find that the two components are priced with opposite signs. The downside

DVP, associated with dollar appreciation risk, results in higher foreign currency returns,

while the upside component, corresponding to foreign currency appreciation risk, yields

higher US dollar returns. As a result, the skewness risk premium (SRP), defined as the

difference between upside and downside DVP, strongly negatively predicts dollar returns.

Our results indicate that the SRP most accurately captures the risk premium for a dollar

carry trade. In our model, the downside risk premium reflects the risk premium associated

with global or US-specific risk. Consistent with this, we observe that the downside risk
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premium increases during periods of significant global turmoil, such as the Global Financial

Crisis of 2008, and in US-specific events, such as the US credit rating downgrade in 2012.

The upside risk premium of European currency pairs with the US dollar tends to rise during

major European economic episodes, such as during the Greek debt crisis and after the vote

of the Brexit referendum.

Although quoted options prices are based on bilateral exchange rates and currency pairs

are traded assets, conceptually, the two risk premia should predict the dollar index returns.

Consistent with this expectation, the US dollar index computed from the trade-weighted bas-

ket of foreign currencies tends to appreciate (depreciate) following periods of higher downside

(upside) dollar variance risk premium. The same patterns are obtained for a panel of cur-

rency index returns: downside (upside) dollar premia predict appreciation (depreciation) of

trade-weighted currency indexes in panel regressions with rich fixed effects and controls.

Motivated by the generalized framework, we further categorize currencies into safe and

ordinary currency groups based on their behavior relative to the dollar during increases

in the volatility index (VIX). Specifically, a currency is classified as ‘safe’ if it appreciates

and ‘ordinary’ or ‘unsafe’ if it depreciates relative to the dollar during such periods. We

then construct the upside and downside dollar variance risk premia separately for these

two groups. When focusing on ordinary currencies, the patterns observed in the upside

and downside premia are consistent with those seen when using the full set of currencies.

However, for safe currencies, we observe the opposite pattern.

Within the framework of this paper, the dollar downside variance risk premium summa-

rizes the risk premia on global/US crash risk, while the upside component captures premia

for non-US risk. The SRP’s pricing content is largely driven by the downside leg, because

non-US risk is diversified across currencies. Therefore, the cross-sectional pricing result of

Li, Sarno, and Zinna (2025), who argue the SRP factor is driven by systematic global risk,
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follows naturally from our framework. While their focus is on the cross-section of currency

returns, we focus on the ability to forecast currency excess returns in time series.

This study is related to the literature studying the dominance of the dollar carry trade

and its link to the global business cycle. Lustig, Roussanov, and Verdelhan (2014) provide a

model of two variance factors – country-specific and world variance to show that the US dollar

premium is driven by US business cycle risk. The framework used in this paper resembles

their two-factor model. Bruno and Shin (2017), Bruno and Shin (2023), and Gopinath and

Stein (2021) also emphasize the role of US business cycle risk as a determinant of dollar

carry trade returns. Maggiori, Neiman, and Schreger (2019) argue that the US dollar plays

a greater role as the only safe currency.2 This paper indicates that the dollar risk, which may

represent the US or global business cycle risk, is captured by the downside dollar variance

risk premium.

Our study extends Londono and Zhou (2017), who use the world currency variance risk

premium and the U.S. stock variance risk premium to predict the returns of 22 curren-

cies. They demonstrate that an increase in the currency variance risk premium predicts

foreign currency depreciation, while an increase in the stock variance risk premium predicts

appreciation. Their explanation suggests that the currency variance risk premium reflects

inflation uncertainty, while the US equity variance risk premium captures US-specific risk.

Our explanation offers an alternative perspective that complements their findings. We show

that factors beyond the inflation risk premium drive the observed results. Brunnermeier,

Nagel, and Pedersen (2008) connect risk-neutral skewness of exchange rates with the crash

risk of the carry trade strategy. Della-Corte, Ramadorai, and Sarno (2016) and Della-Corte,

Kozhan, and Neuberger (2021) report an inverse relationship between the currency variance

risk premium and the values of currencies in the cross-section.

2See also, Hassan (2013), Maggiori (2017), Lustig and Krishnamurthy (2019), and He, Krishnamurthy,
and Milbradt (2019) among others.
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Within the context of the equity market, Feunou, Jahan-Parvar, and Okou (2018) studies

the decomposition of the downside and upside variance risk premia. They document a

significant positive relationship between the downside stock equity variance risk premium

and future equity returns, while such a relationship does not exist for the upside component.

Similarly, Kilic and Shaliastovich (2019) find that an increase in the downside stock variance

risk premium predicts higher bond excess returns. In contrast, in the international context,

Held, Kapraun, Omachel, and Thimme (2020) and Londono and Xu (2023) suggest that

both the upward and downward equity variance risk premia positively predict global equity

returns. While the concept is generally applicable across all asset classes, these studies

primarily focus on the equity market.

The remainder of this paper is organized as follows: the next section introduces a frame-

work that studies the relationship between the asymmetric variance risk premium and the

currency risk premium. Section 3 describes the data, which is followed by the main empirical

analysis in Section 4. We study the drivers of the skewness risk premium in Section 5. This

paper concludes in Section 6.

2 The framework

2.1 Baseline setup

This section provides a simple framework for understanding the intuition behind the empir-

ical analysis. We start with a two-country model, consisting of the US and a foreign country

i. Any variables related to the foreign country will be marked with the superscript i, while

those for the US will not have a superscript.
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We assume that the US factor (zt) and the foreign factor (zit) both follow a mean-reverting

processes:

zit = ϕi + θizit−1 + σ

√
zit−1

2
(vit − 1)

zt = ϕ+ θzt−1 + σ

√
zt−1

2
(vt − 1),

where vit and vt are independent random errors that follow a Chi-square distribution with a

degree of freedom 1. The variables zt and zit represent the variances of these processes and

can be interpreted as the variance of some underlying factor, which will not be specified.3

In this specification, the distribution of shocks to SDF is positively skewed. When shocks

are positive, they are more likely to be large in magnitude compared to when shocks are

negative.

The SDF of the foreign country (mi
t+1) depends on the US and country i’s factors. That

is, we let

mi
t+1 = ai + bizit + cizt + δi

√
zit
2
(vit+1 − 1) + λi

√
zt
2
(vt+1 − 1),

where zt denotes the US and zit a non-US factor variance. vt+1 and vit+1 are shocks to these

variance factors, which have a variance of 2. Similarly, the SDF of the US (mt+1) is defined

as

mt+1 = a+ bzit + czt + δ

√
zit
2
(vit+1 − 1) + λ

√
zt
2
(vt+1 − 1),

where the variables are defined as above. Without loss of generality, the US is exposed

relatively more to US shocks (λ > λi), and relatively less to non-US shocks (δ < δi). This

assumption, that US investors’ marginal utility depends more on US risk, together with the

3The core intuition of this paper is insensitive to this assumption. One can also assume a Gamma
distribution as in Bekaert, Engstrom, and Ermolov (2015). The independence assumption can also be
relaxed by considering an orthogonalized foreign factor from the US factor zt.
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first assumption that SDF shocks are positively skewed, implies that investors are concerned

about currency appreciation risk.

The two-factor representation considered in the baseline case is closely related to Lustig,

Roussanov, and Verdelhan (2011, 2014) in that shocks are entirely determined by the variance

processes of underlying factors. As a baseline, we do not include a global factor. The US

factor may be closely related to the global factor, for example, if the US dollar becomes

the single dominant currency as a result of an equilibrium (Maggiori, 2017; Gopinath and

Stein, 2021). In this case, modeling a separate global factor may not be necessary. However,

Verdelhan (2018) indicates that both US and global factors are needed to explain variations

in the bilateral exchange rates. Later, we consider a generalized case with more than two

factors.

When the market is complete, currency returns can be represented by the difference

between the foreign SDF (mi
t+1) and the US SDF (mt+1). Denoting the log of foreign

currency value relative to the US as q,

∆qit+1 = mi
t+1 −mt+1, (1)

where a higher value of qi implies a currency appreciation for the foreign currency.

We define the risk premium of investing in foreign currency for the US investor as the

covariance between the log SDF (m) and currency returns.4 The risk premium depends on

the variance of US and non-US factors, which can be expressed by:

Covt
(
−mt+1,∆qit+1

)
= δ(δ − δi)zit + λ(λ− λi)zt. (2)

4We note that this approximates the excess returns for the US investor because the SDF is non-normal.
The exact formula can also be derived, as in Feunou, Jahan-Parvar, and Okou (2018), which yields the same
qualitative intuition through a more complicated computation.
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Since by assumption δ < δi and λ > λi, foreign currency is expected to appreciate when US

variance (zt) increases or when the foreign country’s variance (zit) decreases.

The object is to understand how the currency variance risk premium is related to the

risk premium of the currency investment. In dollar terms, we define the currency variance

risk premium (CVRP) of the exchange rate between country i and the US as

Covt
(
mt+1, (σ

i
q,t+1)

2
)
= (δi − δ)2δσzit + λ(λ− λi)2σzt, (3)

where (σi
q,t+1)

2 is the variance of currency i’s return against the USD, and the negative sign

on the SDF is omitted following the literature on the equity variance risk premium (e.g.,

Bollerslev, Tauchen, and Zhou (2009)). Comparing Equations (2) and (3), the currency

variance risk premium can either positively or negatively predict future currency returns

depending on the relative size of variations in US versus non-US factors. Specifically, the

equations imply that controlling for the US variance, CVRP should negatively predict foreign

currency returns, which is a result that is consistent with Bakshi and Panayotov (2013) and

Feunou, Jahan-Parvar, and Okou (2018), among others.

2.2 Decomposition of currency risk premium

According to the SDF representation in Equation (1), variance shocks in the foreign economy

and the U.S. generate opposite effects on currency movements. This is driven by the model’s

structure, where shocks to marginal utility are positively skewed. They have a substantial

upside from positive variance shocks but a limited downside. Consequently, when analyzing

large currency fluctuations, a positive foreign variance shock is associated with an appreci-

ation of the foreign currency, whereas a sharp rise in the U.S. factor variance is linked to a

significant U.S. dollar appreciation.
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Following this logic, we consider a decomposition of currency variance into upside and

downside components as in Segal, Shaliastovich, and Yaron (2015). Ignoring small changes in

currency values, the first component of Equation (3), (δ− δi)2zit, represents the variance risk

premium associated with a foreign currency appreciation. The second component, (λ−λi)2zt,

is the variance risk premium driven by US dollar appreciation.

Following the work of Feunou, Jahan-Parvar, and Okou (2018) and Bollerslev (2022) on

the equity variance risk premium, we decompose the currency variance risk premium into

upside and downside components. The total CVRP is the sum of the components associated

with a foreign currency appreciation or depreciation:

CV RP = CV RPU
t + CV RPD

t ,

where

CV RPU
t = Covt(mt+1, (δ − δi)2zit+1) = δ(δi − δ)2σzit

CV RPD
t = Covt(mt+1, (λ− λi)2zt+1) = λ(λ− λi)2σzt.

The upside CVRP (CV RPU) is associated with the non-U.S. factor variance and indicates

foreign currency appreciation risk. From a foreign investor’s perspective, it captures the

downside risk of investing in the U.S. market. The downside CVRP (CV RPD) is driven by

the U.S. factor variance and signals U.S. dollar appreciation risk. It reflects the downside

risk for a U.S. investor investing in the international market. Because the downside CVRP

captures the risk of dollar appreciation, a high downside CVRP predicts a foreign currency

appreciation. Therefore, the dollar carry trade strategy is expected to be more successful

when the downside CVRP is high.
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2.3 The role of a global factor

While recent studies, such as Bruno and Shin (2017) and Maggiori (2017), suggest that the

U.S. factor may be closely related to a global factor, the country most exposed to this global

element might not be the U.S. itself. As Lustig, Roussanov, and Verdelhan (2011) notes,

some countries may exhibit even higher exposure to the global factor than the U.S. These

countries tend to provide funding to the global economy when global uncertainty peaks,

effectively acting as a true safe haven. These safe-haven countries typically exhibit lower

interest rates, and their currencies (‘safe’ currencies) function as the funding currency in

carry trade strategies (Ranaldo and Söderlind, 2010).

We next consider a generalized model with more than two countries. This generalized

model is useful in understanding the source of the semi-variance risk premium of safe cur-

rencies. In this generalized setting, the SDF for country i can be represented by:

mi
t+1 = ai +

∑
j∈I

bijz
j
t + cizt +

∑
j∈I

δij

√
zjt
2
(vjt+1 − 1) + λi

√
zt
2
(vt+1 − 1),

where I represents the set of all countries/regions in the world excluding the US and zt

represents the US factor (which may be closely related to the global factor), and vjt+1, j ∈ I

and vt+1 follow a Chi-square distribution as described above.

For each currency j, the factors (zjt ) follow an independent mean-reverting process similar

to the baseline specification.

zjt = ϕj + θjzjt−1 + σ

√
zjt−1

2
(vjt − 1).
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Under these dynamics, the unexpected currency return can be written as:

∑
j∈I

(δij − δj)

√
zjt
2
(vjt+1 − 1) + (λi − λ)

√
zt
2
(vt+1 − 1), (4)

where δii > δji ,∀i ̸= j. This means that the exposure of currency i to its own factor is greater

than that of the US. We additionally assume that safe currencies have a greater exposure to

the global factor than the US (λi > λ). Therefore, the value of safe currencies will appreciate

relative to USD when shocks originate from the world.

In this generalized framework, the risk premium of investing in country i for the US

investor can be expressed by the sum of multiple variance factors:

Covt
(
−mt+1,∆qit+1

)
=

∑
j∈I

δ(δj − δij)σz
j
t + λ(λ− λi)σzt. (5)

A special case arises where δj = δij, the US and the foreign country i have the same exposure

to a third country (j ̸= i, US). In this scenario, the generalized framework is equivalent to

this special case.

The difference in the currency variance risk premium between safe and other currencies

can be understood by examining the decomposition of variance and the variance risk pre-
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mium. Specifically, the upside and downside variance risk premiums of a safe currency will

contain different types of information compared to those of most other ordinary currencies.

Case 1 : Safe currencies

CV RPU
t = δ(δi − δ)2σzit + λ(λ− λi)2σzt +

∑
j ̸=i

δij1δij>δj(δ
i
j − δj)

2σzjt

CV RPD
t =

∑
j ̸=i

δij1δij<δj(δ
i
j − δj)

2σzjt

Case 2 : Most other currencies

CV RPU
t = δi(δ

i
i − δi)

2σzit +
∑
j ̸=i

δij1δij>δj(δ
i
j − δj)

2σzjt

CV RPD
t = λ(λ− λi)2σzt +

∑
j ̸=i

δij1δij<δj(δ
i
j − δj)

2σzjt

The equation CV RP = CV RPU
t + CV RPD

t holds universally.

These structural decompositions highlight how a country’s exposure to global and country-

specific risks is reflected in the upside and downside components. Specifically, the global risk

factor is captured by the upside CVRP for safe currencies and the downside CVRP for most

other currencies. A high value for this global-factor component in either case suggests the

dollar is expected to depreciate. Conversely, the US dollar will appreciate following periods

of high upside CVRP for ordinary currencies or high downside CVRP for safe currencies.

3 Data and Estimation

3.1 Data

We focus on nine major currencies of developed markets against the US dollar: the Australian

dollar (AUD), the Canadian dollar (CAD), the Swiss franc (CHF), the Euro (EUR), the
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British pound (GBP), the Japanese Yen (JPY), the Norwegian Krone (NOK), the New

Zealand dollar (NZD), and the Swedish Krone (SEK). For AUD, CAD, CHF, EUR, GBP,

JPY, and NZD (seven currencies), the sample period is from January 2008 to December

2022, while for NOK and SEK (two currencies), the sample period covers October 2008 to

December 2022. Currency returns, obtained from Bloomberg, are measured as the relative

value of the currency to the US dollar. Consistent with the model, we adhere to the American

quotation method so that a positive return always indicates an appreciation of the non-U.S.

currency.

The option prices of currency pairs are obtained from Bloomberg. We use currency

options quoted in US dollars. High-frequency data of the currencies and the SPX are sourced

from histdata.com. The sample is mostly restricted by the existence of high-frequency data,

which are available only from October 2008.

The interest rate data for these countries are from Du and Schreger (2016), with missing

maturity rates interpolated whenever necessary. We compute the equity market variance

risk premium (EVRP) directly using the volatility index (VIX), which is available at the

Chicago Board Options Exchange.

In our empirical analysis, we use currency index returns as an alternative dependent

variable. We use the trade-weighted dollar index of advanced economies downloaded from

the Federal Reserve. Alternatively, the nominal effective exchange rate is obtained from the

Bank of International Settlements (BIS). We use the narrow index for the US dollar and for

other currency returns of interest relative to the USD.

We use the sovereign credit default swap (CDS) spread data obtained from Intercontinen-

tal Exchange. For each country, we use the mid-quote of the spread at the end of the month.

The values for the Euro are matched to the two largest countries in terms of economic size

in the Euro area, namely France and Germany.
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The global uncertainty data of Bekaert, Engstrom, and Xu (2022) is obtained from Nancy

Xu’s website. The global financial cycle data of Miranda-Agrippino and Rey (2020) is from

Silvia Miranda-Agrippino’s website. Since this factor is highly persistent, with the first-order

serial correlation exceeding 0.96, we use the first-order difference in the raw factor in our

analysis.

3.2 The dollar variance risk premium (DVP)

The risk premium on the quadratic variation of currency i returns between time t and t+1 can

be approximated by the difference between the risk-neutral expectation (Q) and the physical

expectation (P) of the quadratic variation, conditional on time t information. Carr and Wu

(2009) show that the variance risk premium, defined as the negative covariance between the

SDF and the variance, can be approximately expressed as the difference between the physical

and the risk-neutral expectations. We follow the convention (e.g., Bollerslev, Tauchen, and

Zhou (2009)) and define the risk premium as the risk-neutral minus the physical expectations.

We measure the currency variance risk premium of the currency pair between country i

and USD by

CV RP i,t = EQ
t [QVi,t+ ]− EP [QVi,t+ ], (6)

where QVi,t+ is the quadratic variation of currency return i aginst the USD during a one

month period from time t.

The risk-neutral expectation of the quadratic variation is estimated using option prices.

Due to the scarcity of strike prices for currency options, we interpolate the implied volatility

curves, using the Vanna-Volga interpolation method of Castagna and Mercurio (2007). This

method is advantageous in our setting because it only requires three option quotes to be
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available at a given maturity. After interpolation, we apply the Bakshi, Kapadia, and Madan

(2003) method to compute the risk-neutral expectation of variance.

For the physical expectation, we first take the sum of the squared 30-minute returns.

Then, we adopt the heterogeneous autoregressive realized variance (HAR-RV) model of Corsi

(2009). Corsi (2009) suggests that the daily, weekly, and monthly sums of squared high-

frequency returns perform well in capturing the long-memory feature of realized variance.

To forecast the variance of S&P 500 Index returns, Bekaert and Hoerova (2014) propose

including the square of VIX to improve out-of-sample predictability.

Based on these studies, we consider the model:

22∑
j=1

RVi,τ+j = β0 + βdRV i,τ + βw

4∑
j=0

RV i,τ−j + βm

22∑
j=0

RV i,τ−j + βqE
Q
τ [QVi,τ+ ] + ϵi,τ+22, (7)

where EQ
τ [QVi,τ+ ] is the one-month option-implied variance of currency i at time τ . This

model is estimated once using the entire sample, and the predicted values are used as a

measure of the physical expectation of variance.5

The difference between the two expectations for currency returns is the currency variance

risk premium (CVRP) for currency i. We note that this measure is defined for each currency

against the USD. Similarly, the US equity variance risk premium (EVRP) of the S&P 500

Index is defined as the difference between the expectations on index return variance. The

risk premium measures are annualized.

Following the approach of Feunou, Jahan-Parvar, and Okou (2018), and Bollerslev (2022),

the upside and downside semi-variance risk premium is estimated for each currency, which

we denote by CVRPU
i and CVRPD

i , for currency i. As in Barndorff-Nielsen, Kinnebrock, and

5We consider variants of the present model and confirm that the current model generates the best pre-
dictability for major currencies. The results of this paper are robust; for example, our results remain
qualitatively unchanged if we assume a random walk in RV and simply take the value of the previous month.
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Shephard (2010), the variance of currency returns is decomposed into upside and downside

components. The variance of the two components, or the semi-variance, is defined as:

RV U
i,t =

∑
∀s∈t

r2i,s1ri,s>0

RV D
i,t =

∑
∀s∈t

r2i,s1ri,s<0

where ri,s is the intraday return of currency i against the US dollar and 1· is an indicator

variable, which takes a value of 1 when the condition denoted by the subscript is true and 0

otherwise.6

Similar to the total CVRP for each currency, the risk-neutral expectation of upside and

downside semi-variance can be derived from the equations:

EQ
t

[
QV U

i,t+

]
= 2er(i,t)

∫ ∞

Fi,t

1

K2
C (i, t;K) dK (8)

EQ
t

[
QV D

i,t+

]
= 2er(i,t)

∫ Fi,t

0

1

K2
P (i, t;K) dK,

where C is the price of the call, P is the price of the put at time t with strike price K with

an expiration date one month from time t, and r is the one month risk-free rate.

Also, the HAR-RV model with the risk-neutral expectation is applied to semi-variances.

The full model considered is

22∑
j=1

RV k
i,τ+j = βk

0 +βk
dRV i,τ +βk

w

4∑
j=0

RV k
i,τ−j+βk

m

22∑
j=0

RV k
i,τ−j+βk

qE
Q
τ

[
QV k

i,τ+

]
+ϵki,τ+22, (9)

6Da Fonseca and Dawui (2021) note that it may be more appropriate to define the realized variance
from the realization of the entire interval. However, we choose to use the semi-variance, following Kilic and
Shaliastovich (2019) and Londono and Xu (2023), among others, for practical reasons. Either the upside or
the downside realized variance takes a value of zero in Da Fonseca and Dawui (2021).
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where the model is estimated separately for each currency and both k = U,D. The one-step-

ahead forecast formed each month is used to measure the physical expectation of upside and

downside variance.

We measure the dollar variance risk premium (DV P ) as the simple cross-country average

of the individual CVRP. The motivation for taking the average follows Londono and Zhou

(2017). They argue that the average captures global inflation uncertainty. In our model, the

DVP should measure a combination of the risk premium associated with US and non-US

global uncertainty.

We consider a decomposition of DVP. The upside DVP (DV PU) is the risk premium

on the semi-variance associated with foreign currency appreciation, and the downside DVP

(DV PD) is the risk premium on the semi-variance of US dollar appreciation. In our model,

the upside component captures the risk premium associated with uncertainty in the foreign

sector, and the downside component is related to that of the US sector.

Based on the dollar semi-variance risk premium, we also define the currency-level skew

risk premium (CSRP), as in Feunou, Jahan-Parvar, and Okou (2018), by the difference

between upside and downside currency VRP. The dollar skewness risk premium (SRP),

defined similarly, captures the price of risk associated with foreign currency appreciation or

dollar depreciation. Naturally, the following relationship holds:

DV Pt = DV PU
t +DV PD

t

SRPt = DV PU
t −DV PD

t

The upside and downside DVP is illustrated in Panel (a) of Figure 1. The red line

displays the downside DVP, and the blue line shows the upside DVP. This figure suggests

that these two series are highly correlated, with the downside component fluctuating more

19



than the upside component. This is a natural observation because the downside component

captures the risk premium on US/global risk, and the upside captures the average of the risk

premium on foreign risk.

Panel (b) displays the time-series plot of the SRP, which is the difference between the two

lines in Panel (a). This panel shows that a downward spike in the SRP tends to move down

with a major increase in global or US uncertainty. The upside spike seems to be related to

shocks that originate outside the US, mostly related to European shocks. Because we take

the average of the upside CVRP for all countries, the spike in the upside DVP is naturally

smaller. This figure provides prima facie evidence that confirms the upside DVP is likely to

reflect the risk premium on the foreign sector, and the downside is related to uncertainty

arising globally or in the US.

To better understand the two components of the CVRP, we compute the SRP using only

five European currency pairs against the US dollar – CHF/USD, EUR/USD, SEK/USD,

NOK/USD, and GBP/USD. Figure 2 (a) illustrates the time series of the European SRP.

This panel shows that the European SRP tend to spike upon events that mainly affected

the European economy, such as the vote of the Brexit referendum and the Greek debt crisis.

One reason this pattern is not observed in Figure 1(b) might be due to averaging when

computing the upside DVP, which should include country-specific information according to

the provided framework.

Figure 2 (b) displays the time series of the SRP computed from JPY/USD. The series

tends to spike in response to shocks affecting the US, global, or Japanese economy. Notably,

both Japanese-oriented and global shocks increase the SRP, a pattern that distinguishes it

from the case of the European SRP.

Panel A of Table 1 provides the mean and the standard deviations of the CVRP and

currency returns, which are annualized. For the variance risk premium, the total, upside,
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and downside CVRP are measured for each currency. The CVRP is predominantly negative,

with the notable exception of CHF. A more detailed decomposition of the CVRP reveals

that only the upside risk premium carries a negative value. This pattern suggests that only

the variance associated with a dollar appreciation has a negative price of risk. Conversely,

the variance risk of a foreign currency appreciating has a positive price, much like the “good

variance” discussed in the literature (e.g., in the works of Segal, Shaliastovich, and Yaron

(2015) Kilic and Shaliastovich (2019)).

Panel B of the table shows the summary statistics for the aggregate measures, the dollar

and stock variance premiums, DV P t and EV RP t, respectively, as well as their up and down

variance premiums, DV PU
t , DV PD

t , and the skewness risk premium (SRP).

In the presence of jumps, Patton and Sheppard (2015) demonstrate that the difference

in upside and downside semi-variance captures the effect of the difference in positive and

negative jumps. Although the possibility of positive and negative jumps is not considered in

the model, it is implicitly assumed that large fluctuations in currency returns will determine

the two DVP components. Therefore, the two components may capture information about

signed jumps.

The SRP we consider does not exactly measure the risk premium on the third moment.

Instead, it measures the difference in the risk premium required for downside and upside

movements in currency returns. Controlling for the total DVP, the SRP should measure the

asymmetry of the price of dollar appreciation and depreciation risk. Specifically, SRP is more

negative when investors require relatively higher compensation for US dollar appreciation

risk.

The SRP is closely related to the risk-neutral and physical skewness of dollar returns. In

fact, Brunnermeier, Nagel, and Pedersen (2008) argue that the risk-neutral skewness predicts

carry trade crashes. Therefore, it is useful to analyze if the main results we show are driven
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by the risk-neutral skewness. The analysis in the appendix shows that our results are robust

even after controlling for the risk-neutral and the physical skewness of dollar returns.

3.3 The currency variance risk premium of safe currencies

In the baseline model, foreign countries are assumed to have a relatively smaller exposure

to US variance shocks. Under this assumption, the risk premium required by US investors

to make international investments should increase when the downside DVP is higher. In

the extended model, when an additional global factor is introduced, we show that the risk

premium of the global factor may be reflected in the upside or the downside components of

the CVRP, depending on the country’s exposure to global risk.

Earlier figures suggested that the SRP tends to decrease with higher global risk. While

this pattern could be explained by the US’s high exposure to global risk, as Maggiori (2017)’s

model suggests, it is also possible that US variance is directly affected by global risk. Em-

pirically, these two explanations are difficult to distinguish. Within the framework of Lustig,

Roussanov, and Verdelhan (2011), some countries may have greater exposure to the global

risk than the US.

The model suggests that currencies of countries with low exposure to US variance risk

should depreciate with a positive US variance shock. Conversely, currencies of countries with

a relatively higher exposure (“safe” currencies) should appreciate. Therefore, an increase in

global risk leading to a dollar appreciation should be reflected in both the upside CVRP of

safe currencies and the downside CVRP for most other ordinary currencies.

We measure this by the correlation between the first-order difference in the VIX and

currency returns. Figure 3 displays the correlation estimated using weekly data from 2006–

2022. This figure shows that most currencies tend to depreciate against the US dollar when
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US variance increases. However, this correlation has the opposite sign for two currencies

– CHF and JPY. This result is consistent with Brunnermeier, Nagel, and Pedersen (2008),

who find that the funding currencies of carry trades tend to appreciate relative to investment

currencies during periods of higher VIX.

Therefore, empirically, we select CHF and JPY as safe currencies, while the remaining

seven are classified as ordinary or unsafe currencies. This classification aligns with research

from Ranaldo and Söderlind (2010). Using this classification, two subversions of the DVP

are considered, DV P Safe,t and DV PUnsafe,t, respectively. The DV PSafe is computed as the

average of the CVRP of Japan and Switzerland, while DV PUnsafe is the simple average of

the CVRP of the remaining seven countries/regions. The up and down semi-variance risk

premiums are also computed, which are denoted by superscripts U and D.

To see the validity of this classification of currencies, Table 2 provides the correlation

between CSRP across currencies. First, focusing on the Canadian dollar (CAD), the SRP

is positively correlated with most currencies except for CHF and JPY, which we classify

as safe currencies. The SRP of CHF is positively related to most other currencies, but the

correlation to each other is extremely low. The SRP of JPY is positively related to CHF

but negatively related to all other currencies, which validates our classification of safe and

unsafe currencies. These findings lend support to the classification of CHF and JPY as safe

currencies.

Figure 4 displays the time series plots of the SRP computed separately for safe and

unsafe currencies. The measure for safe currencies is illustrated in a blue line, whereas

that for unsafe currencies is shown in a red line. Notably, these two series tend to move in

opposite directions in market turmoils such as during the 2008–2009 Global Financial Crisis,

or during recent high inflation periods.
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4 Empirical Analysis

This section studies the relationship between dollar returns and the risk premia estimated

from option prices and high-frequency data. We first begin by revisiting the analysis of Lon-

dono and Zhou (2017). Then, we decompose the DVP into upside and downside components

and study how the SRP relates to future dollar returns.

4.1 Dollar variance risk premium

Londono and Zhou (2017) demonstrate that both the DVP and the EVRP of the US predict

currency returns with opposite signs. They show that DVP predicts dollar returns negatively,

while the EVRP predicts dollar returns positively. They argue that not only are these two

premia priced, but they also help explain the forward premium puzzle.

We also consider the pooled ordinary least squares (OLS) following Londono and Zhou

(2017) using our sample. The model we consider is:

∆qi,t+1 = b0 + bDDV P t + bEEV RP t + bI (yUS,t − yi,t) + FEi + ei,t+1, (10)

where qi,t represents the logarithm of the exchange rate in dollars per unit of currency i,

yUS,t−yi,t is the interest rate differential between the US and the foreign country, and FEi is

to capture a country-fixed effect. We include country-fixed effects in all of our analyses, but

the results are qualitatively similar without fixed effects. The coefficients of the explanatory

variables are specified to be homogeneous across currencies, akin to Londono and Zhou

(2017).
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We study the predictability of currency returns for one-month, three-month, six-month,

and twelve-month horizons. Currency returns for multi-periods are annualized, so that the

specifications are comparable with each other.

Panel A of Table 3 provides the estimation results of panel regression (10) alongside

the Newey-West adjusted t-statistics. Firstly, consistent with the uncovered interest parity

(UIP), the regression coefficients for interest rate differentials are close to 1. Londono and

Zhou (2017) report a positive coefficient on the interest rate differential, but they are statis-

tically different from 1. In our sample, we fail to reject the hypothesis that the interest rate

differential is different from 1. Our regressions suggest this finding is a characteristic of our

sample period, rather than a result of the specific control variable used.

Second, similar to Londono and Zhou (2017), DVP exhibits consistently negative coef-

ficients across all forecasting periods, while EV RP showed positive coefficients across all

forecast horizons. The coefficients are not necessarily always statistically significant, but the

signs are consistent with Londono and Zhou (2017). The predictability is strongest at the

three-month horizon.

Londono and Zhou interpret EVRP as the risk premium on stock market uncertainty,

and DVP as a proxy for the premium on global inflation uncertainty. They argue that the

DVP will represent a preference for safe US dollar investing. EVRP instead proxies for

US stock market uncertainty. When stock market uncertainty is high, US investors will

require a higher risk premium for foreign currency investment. While these explanations

are plausible, it is unclear why US investors would not require a higher risk premium for

international investments when the risk premium on their investment return volatility is

high.

Relating these empirical patterns to the provided baseline model, DVP proxies for for-

eign uncertainty, while EVRP represents the risk premium on US uncertainty. The model
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suggests that when US uncertainty is high, US investors require a higher risk premium, while

when uncertainty originates from a foreign sector, foreign investors will require a higher risk

premium. Because non-US investors have greater exposure to foreign uncertainty, foreign

investors will require a higher risk premium for US investments. US investors are exposed to

US uncertainty risk, which implies they will require a higher risk premium for international

investments when US uncertainty is high.

We next decompose the dollar variance risk premium into upside and downside compo-

nents and study the role of each as a determinant of the currency risk premium.

4.2 Downside and upside dollar variance risk premium

The upside and downside components of the DVP correspond to semi-variance associated

with dollar depreciation and appreciation risk, respectively. In the SDF representation,

an increase in US uncertainty drives up the downside variance (dollar appreciation), while

an increase in foreign uncertainty raises the upside variance (foreign currency appreciation).

Therefore, if investors are concerned about currency appreciation risk, these two components

directly represent the relevant variance risk premium for foreign and US investors.

For foreign investors in the US market, their downside risk corresponds to US dollar

depreciation. Conversely, for US investors, their downside risk corresponds to US dollar

appreciation. Consequently, a foreign investor would require a higher risk premium when

their local currency appreciation risk is high. Conversely, a US investor would expect higher

returns from foreign investment when dollar appreciation risk is high. Therefore, the down-

side DVP should represent the risk premium required by US investors, and the upside should

reflect that of foreign investors.
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This hypothesis is tested using a predictive regression after decomposing the DVP into

upside and downside components. The specific model considered is

∆qi,t+1 = b0 + bUDV PU
t + bDDV PD

t + bEEV RP t + bI (yUS,t − yi,t) + ei,t+1, (11)

where DVPU and DVPD are the upside and downside DVP, and other variables are defined

as above. Similar to prior analyses, we consider forecast horizons between one and twelve

months, where currency returns are always converted to annual terms.

Panel B of Table 3 summarizes the results of the pooled regressions. For all forecast

horizons, DVPU predicts a foreign currency depreciation, while DVPD predicts a foreign

currency appreciation. This finding is consistent with the model’s prediction: a high premium

for US dollar appreciation risk (downside) implies a dollar depreciation; conversely, a high

premium for US dollar depreciation risk (upside) implies a dollar appreciation This effect is

strong across both short- and long-term horizons.

The panel also shows that the upside DVP, the premium for potential US dollar depre-

ciation risk, has a higher coefficient than the downside DVP. The negative sign on the total

DVP in Panel A is a combination of the highly negative coefficient on the upside component

and a slightly positive sign of coefficient on the downside component. The weaker statistical

significance of the downside DVP coefficient is also a result of controlling for the EVRP,

which may proxy for a similar type of information.

In the next specification, the SRP is used instead of using the upside and downside DVP

separately. The specific model considered is

∆qi,t+1 = b0 + bSSRP t + bDDV P t + bEEV RP t + bI (yUS,t − yi,t) + ei,t+1, (12)
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Since SRP is defined as the difference between the upside and downside DVP, we expect a

negative sign on SRP. The results of this alternative specification are provided in Panel C.

Panel C indicates that the SRP has a negative coefficient, implying that foreign currency

appreciation risk leads to a higher future dollar value. The signs on SRP are all negative

and statistically significant, before and after controlling for the DVP and the US EVRP.

To summarize, our findings align with the model’s predictions. The downside DVP

predicts foreign currency appreciation, while the upside DVP predicts foreign currency de-

preciation. These results suggest a compensation channel for risk-taking, where the upside

DVP plays a more significant role in explaining the overall negative sign of the total DVP.

4.3 Dollar index predictability

We next extend our panel analysis of currency risk premiums using time-series regressions

on aggregate dollar indices. There are two purposes of this analysis. The first purpose

of the analysis is to examine if the empirical results align with the model’s predictions,

specifically that the upside DVP leads to a dollar appreciation and the downside DVP leads

to a foreign currency appreciation. Although the analysis above documents this relationship

using individual currency pairs, we expect this to hold if we use the dollar index instead.

The second purpose is to address a potential statistical weakness of the initial pooled

OLS regression. The repeated use of the same independent variables (DVP, SRP, EVRP)

for multiple currencies in the same month could lead to downward-biased standard errors. By

using a time-series regression with a single, aggregate dollar index, the analysis eliminates

this potential issue, providing a more reliable and statistically sound confirmation of the

initial findings.
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We first use the trade-weighted dollar index obtained from the BIS and supplement it

with the index published by the Federal Reserve Bank of St. Louis. We estimate a time

series regression with a single dependent variable, but the specification is similar to the panel

regression (12). Also, to be consistent with how foreign currencies are quoted in other tables,

we take the negative of the US dollar index returns.

Table 4 summarizes the result of the time-series regressions. Panel A shows the results

using the trade-weighted dollar index of BIS, whereas Panel B describes those using the

advanced economy dollar index of the Federal Reserve. Overall, the results of both panels

are consistent with the model predictions.

Focusing on Panel A, a higher SRP predicts future dollar appreciation at all horizons.

A relative increase in the variance risk premium associated with foreign currency apprecia-

tion leads to a dollar appreciation, whereas the risk premium related to dollar appreciation

leads to a foreign currency appreciation. The one-month predictive coefficient is statisti-

cally insignificant after controlling for the EVRP, but all other coefficients are statistically

significant. For longer-term forecasts, the coefficient is significant even after controlling for

EVRP.

4.4 Foreign currency index returns

The framework suggests that the downside DVP contains information about global or US

risk that could lead to a dollar appreciation. The upside DVP, on the other hand, is the

average of foreign shocks and is associated with foreign currency appreciation risk.

While most options are quoted against the USD, making it reasonable to describe the

variance risk premium relative to the dollar, the logic of this paper suggests that the upside

CVRP for each currency should lead to an appreciation of that specific currency.
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Therefore, we use the currency indices provided by the Bank for International Settlements

(BIS) to test if this relationship holds at the individual currency level. We expect that an

increase in an individual CSRP will lead to a depreciation of that non-US currency.

The specification we consider is a panel regression:

∆CXi,t+1 = b0 + bSCSRP i,t + bDCV RP i,t + bEEV RP t + bI (yUS,t − yi,t) + ei,t+1, (13)

where CXi,t is the index return of currency i, where a higher value of CXi indicates a

currency appreciation for currency i, CSRP is the currency level skewness risk premium,

and CVRP is the individual currency level variance risk premium.

Table 5 describes the results of the panel regression estimated using each currency in-

dex. The panel demonstrates a strong relationship across all forecast horizons. A higher

currency-level skewness risk premium (CSRP) is consistently associated with lower future

index returns, which confirms our initial expectation that a higher upside variance risk pre-

mium leads to a depreciation of the non-US currency. These results provide robust evidence

that our measures of signed variance and skewness risk premiums contain valuable predictive

information about the currency risk premiums.

4.5 Safe currencies

To delve deeper into this relationship, we categorize non-US currencies into safe and unsafe

groups. Our classification identifies the CHF and JPY as safe and the remaining currencies

as unsafe. Research shows that these safe-haven currencies tend to appreciate against the

US dollar when global risks are high, such as when US stock prices decline, and bond prices

and foreign exchange market volatility increase.
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According to our model, the downside CVRP of most currencies captures the risk pre-

mium of the global factor. However, for safe currencies, this information is captured in the

upside component. Consequently, when global risk rises, the skewness risk premium (SRP)

of safe currencies is expected to increase, while the SRP of ordinary currencies should decline.

This suggests that the SRP for these two sets of currencies should move in opposite directions

in response to an increase in global risk, a relationship further supported by Table 2.

We test whether the two measures predict future dollar returns with opposite signs. A

similar form of predictive regression as in (12) is conducted by substituting DV P and SRP

with those computed using safe and unsafe currencies. We first consider the results using

unsafe currencies. The regression considered is

∆qi,t+1 = b0 + bSSRPUnsafe,t + bDDV PD
Unsafe,t + bEEV RP t + bI (yUS,t − yi,t) + ei,t+1, (14)

where the skewness and variance premium of unsafe currencies are denoted by SRPUnsafe,t

and DV PUnsafe,t, respectively.

We expect that the semi-variance risk premium of a few safe currencies contains different

information from most other currencies. Therefore, a similar result to our earlier finding

is expected for the set of unsafe currencies. The results of this panel regression for unsafe

currencies are provided in Panel A of Table 6.

For all specifications and forecast horizons considered in Panel A, the results are similar

to those of the previous table. A higher skewness risk premium negatively predicts foreign

currency returns. That is, a higher skewness premium of unsafe currencies leads to a dollar

appreciation similar to what our earlier baseline tables suggest.

A more interesting case is when we construct the DVP and SRP using only safe currencies.

We use the subscript Safe to denote the DVP and SRP computed only from JPY and CHF.
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Therefore, we estimate an analogous regression as in Equation (14), but replace the DVP

computed using unsafe currencies with the DVP computed using safe currencies.

Panel B summarizes the results of this regression. For a one-month prediction, we do not

find any significant relationship between the lagged SRP and future dollar returns. However,

for longer terms, the coefficient on the SRP term becomes positive and statistically significant

for six months and above. The sign is opposite to what we observed in the baseline case, as

well as when we consider unsafe currencies.

To further understand the drivers of the opposite sign on SRP, we regress future dollar

returns and lagged upside and downside DVP constructed separately for safe and unsafe

currencies. Panel C summarizes the results using unsafe currencies, whereas Panel D sum-

marizes the results when we use safe currencies.

For unsafe currencies, we observe a similar pattern to the baseline table of Table 3. The

upside component has a negative coefficient, and the downside has a positive coefficient,

despite some being statistically insignificant. One potential reason for the insignificance

may be related to both the downside DVP and EVRP capturing information about US risk.

This can be inferred from the lower coefficient and t-statistics we observe after controlling

for the EVRP.

For safe currencies, the coefficient on the downside DVP is insignificant. This is consis-

tent with the model that suggests that the downside component of CVRP contains obscure

information. The upside component of CVRP of these currencies contains the risk premium

related to US/global in addition to local risk in these countries; therefore, the model suggests

an overall dollar appreciation following periods with high upside DVP for safe currencies.

In conclusion, the appreciation risk of the dollar against unsafe currencies is undesirable

for US investors investing internationally. Likewise, the risk of foreign currency appreciation
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requires compensation from foreign investors. This is the opposite for safe currencies, where

appreciation risk in these safe currencies requires risk compensation to US investors.

5 Drivers of the skewness risk premium

In this section, we further study the drivers of the skewness risk premium, both at the

aggregate level and currency level. From our model, we hypothesize that the skewness risk

premium increases when global risk is high. We also test whether greater country-level risk

leads to an increase in the skewness risk premium at the currency level.

5.1 Skewness risk premium and global risk aversion

We test the hypothesis that the aggregate SRP decreases with heightened global or US

risk. To do so, we employ three proxies for global uncertainty: the global uncertainty from

Bekaert, Engstrom, and Xu (2022), the sovereign credit default swap (CDS) of the United

States, and the global financial cycle factor (GFC) from Miranda-Agrippino and Rey (2020).

We test this relationship using a time-series regression where the SRP is regressed on the

three global uncertainty proxies in addition to several control variables. The main time-series

regression considered is:

SRPt = α0 + α1GUNCt + γSSRPt−1 + ϵt,

where GUNC is one of the three global uncertainty proxies. As an alternative specification,

we replace the lagged SRP with the lagged upside and downside DVP.

Panel A of Table 7 summarizes the results of this time-series regression. The first two

columns show the results for global risk aversion, followed by the results using the CDS of
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the US, and finally, the GFC. Overall, there is a clear indication that SRP is negatively

related to global or US risk. All coefficients are statistically significant. The coefficient on

GFC is positive because GFC is negative when global risk is highest.

The proposed framework implies that it is the upside DVP that contains non-US risk,

while the downside DVP captures global risk. In Panel B, we test this hypothesis more

directly by using the upside and downside DVP as the dependent variables in our regression.

As control variables, we use the contemporaneous counterparts of the DVP (e.g., upside

DVP for the downside regression and vice-versa) in addition to its own lagged variable.

The results of this time-series regression are summarized in Panel B. The first three

columns show that the downside DVP is positively explained by global uncertainty measures,

which is consistent with the framework. In contrast, the upside DVP is negatively influenced

by global uncertainty. While our framework does not necessarily imply a specific sign for this

relationship, this strong inverse connection supports the hypothesis that the upside DVP is

primarily influenced by non-US-specific risk.

The results presented in Panel B confirm the framework’s central prediction: the down-

side DVP serves as a measure of global risk, showing a positive correlation with global

uncertainty proxies. Simultaneously, the upside DVP appears to capture a different risk

dimension, exhibiting a negative relationship with these same global uncertainty measures.

This distinction is crucial, as it validates the separation of risk components as hypothesized

in our theoretical model.

5.2 The currency-level skewness risk premium and local risk

Building on the findings of the previous table on the upside DVP, we hypothesize that the

upside CVRP for individual currencies is positively influenced by non-US-specific risk. We
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test this by examining the relationship between the CSRP or upside/downside CVRP of

individual currencies and proxies for non-US risk. This analysis aims to demonstrate that

country-specific or regional risk outside the US can drive an increase in the CSRP for those

individual currencies.

We use the one-year sovereign CDS spreads for each country. We estimate a panel

regression of the currency-level SRP on these local risk measures with and without the

currency fixed effects. Specifically, we regress the excess SRP on the contemporaneous shock

to the CDS and the lagged CSRP. We include time-fixed effects to remove the common global

variation in the CSRP and the CDS spread. We also cluster the standard errors by time to

remove the cross-country correlation that may exist due to the common time variation.

The first panel of Table 8 provides the results of this analysis. In the first four columns,

we take the first-order difference in local CDS spreads (∆ CDS), and in the last four columns,

we include both the contemporaneous and lagged CDS spreads. Focusing first on the initial

four columns, the coefficients on the change in local CDS spreads are consistently positive

and statistically significant. This finding holds across various specifications, including those

with and without controls for lagged CVRP and fixed effects. Furthermore, the last four

columns suggest that the CSRP increases with a contemporaneous increase in the CDS

spread. This supports the notion that investors demand a higher premium for bearing the

tail risk associated with that specific country’s currency.

Panel B reinforces these findings by focusing on the upside and downside components of

the CVRP separately. The first four columns of the table confirm that an increase in the

local CDS spread is associated with an increase in the upside CVRP. Conversely, the next

four columns suggest that an increase in the CDS spread reduces the downside CVRP. The
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coefficients on the CDS spreads are identical for the last four columns because we control

for the contemporaneous CVRP, which is the sum of the upside and downside CVRP.7

In conclusion, local sovereign risk, as proxied by excess CDS spreads, is a significant and

positive driver of the CSRP. Crucially, it is entirely channeled through an increase in the

upside CVRP, while the downside CVRP simultaneously decreases. This clear distinction in

how local risk is priced in the upside versus the downside components validates our framework

and demonstrates that non-US, country-specific risks are priced primarily in the premium

for upside CVRP.

6 Conclusion

This study decomposes the dollar variance risk premiums into their respective upside and

downside components. Specifically, an increase in the upside dollar variance risk premium

signifies an increased premium for the dollar’s depreciation risk, while a rise in the downside

dollar variance risk premium indicates a similar premium for the depreciation of foreign

currencies. The empirical analysis demonstrates a significant negative (positive) relationship

between upside (downside) currency variance risk premiums and future changes in exchange

rates. Notably, they represent the risk premium of different types of investors and are priced

with opposite signs.

We further categorize foreign currencies against the US dollar as either safe or unsafe.

We aggregate the currency variance risk premium separately for safe and unsafe currencies,

including their upside and downside components. For unsafe currencies, results are similar

to the baseline: a higher downside DVP (pricing dollar-appreciation risk) precedes foreign-

7That the coefficients on the control variables are exactly symmetric is natural. If we let V=U+D, for
random variables U and D, the conditional relationship between a control variable Z and U given V is exactly
the negative of the relationship between Z and V-U given V.
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currency appreciation, while a higher upside DVP (pricing foreign-appreciation risk) precedes

dollar appreciation. For safe currencies, the direction flips: the upside component loads on

global/US risk and forecasts dollar strength, whereas the downside component carries little

incremental signal. Consequently, the SRP moves in opposite directions across the two

groups.

In the globalized financial market, both major and minor shocks from within and outside

a country can easily disrupt the financial markets of each country. Consequently, especially

in smaller economies, rapid inflows or outflows of foreign currency frequently occur, resulting

in significant fluctuations in exchange rates. The findings of this study suggest that we can

classify whether external shocks stem from increased upside volatility or downside volatility.

This classification could enhance the likelihood of predicting future changes in exchange

rates.
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(a) Time series of upside and downside DVP

(b) Time series of world SRP

Figure 1: Time-series of skewness risk premium

This figure displays the time series of the upside and downside dollar variance risk premium (DVP). Panel
(a) depicts the two series separately in a single graph. Panel (b) shows the figure of the skewness risk
premium (SRP) defined as the difference between the upside and downside DVP. Major economic events
that happened during this time are marked in Panel (b).
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(a) Time series of skewness risk premium (Europe)

(b) Time series of skewness risk premium (JPY)

Figure 2: Skewness risk premium by region

This figure displays the time series of the skewness risk premium (SRP). Panel (a) is when the SRP is
computed using only three European currency pairs against USD (CHF/USD, EUR/USD, SEK/USD,
NOK/USD, and GBP/USD). Panel (b) is when the SRP is computed using only JPY against the USD.
Major economic events that happened during this time are marked in both panels.
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Figure 3: Correlation between currency returns and changes in VIX

This figure displays the correlations between currency returns and the first-order difference in VIX
computed for each currency.

45



Figure 4: Skewness risk premium of safe and unsafe currencies

This figure displays the time series of the skewness risk premium (SRP) computed separately for safe
(JPY, CHF) and unsafe (EUR, GBP, AUD, NZD, CAD) currencies. The blue line shows the result for the
safe currencies. The red line is the SRP computed using unsafe currencies.
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Table 1: Summary statistics

This table describes the summary statistics for the sample considered in this paper. Panel A summarizes
the average and standard deviations of the annualized returns of the currency, the total, upside, and
downside currency variance risk premium computed for each currency multiplied by 10,000. Panel B
presents the means and standard deviations for the aggregate measures: DVP, DVPU , DVPD, SRP, and
EVRP, each multiplied by 10,000. DVP is the cross-currency average of the total currency variance risk
premium, and DVPU and DVPD are the cross-currency averages of the upside and downside components,
respectively. SRP is the difference between DVPU and DVPD. EVRP is the equity variance risk premium
computed using the S&P 500 Index.
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Table 2: Correlation matrix of the currency level skewness risk premium

This table describes the correlation matrix for the currency level skewness risk premium (CSRP) computed
for each currency pair. CSRP is defined as the difference between the upside and downside currency
variance risk premium. The correlation is computed from the entire sample considered in this paper.
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Table 3: Predicting currency returns using the dollar semi-variance and skewness risk pre-
mium

This table describes the results of the pooled regressions

∆qi,t+1 = b0 + bFDV P t + bEEV RP t + bI (yUS,t − yi,t) + FEi + ei,t+1,

∆qi,t+1 = b0 + bUDV PU
t + bDDV PD

t + bI (yUS,t − yi,t) + FEi + ei,t+1,

∆qi,t+1 = b0 + bSSRP t + bDDV P t + bI (yUS,t − yi,t) + FEi + ei,t+1,

where q represents the logarithm of the exchange rate in dollars per unit of currency i, yUS,t − yi,t is the
interest rate differential between the US and the foreign country, with the maturity matched to the forecast
horizon of the dependent variable, DVP is the dollar variance risk premium, DVPU and DVPD are upside
and downside semi-variance risk premium, SRP is the skewness risk premium defined as the difference
between the upside and downside semi-variance risk premium, EVRP is the US S&P 500 equity variance
risk premium, and FEi is the currency-fixed effect. Panels A, B, and C provide the results of each of the
panel regressions described above. The regression coefficients and the Newey-West adjusted standard errors
(with a lag of 20) are reported in the table.
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Table 4: Dollar index return predictability

This table summarizes the regression results using the US dollar index returns as the dependent variable.
The regression specification considered is:

−∆DXt+1 = b0 + bSSRP t + bDDV P t + bEEV RPt + bI (yUS,t − yi,t) + et+1,

where SRPt is the skewness risk premium and DV Pt is the dollar variance risk premium. Panel A describes
the results using the dollar index as provided by the Bank of International Settlements (BIS), and Panel B
shows the results using the dollar index against advanced economies provided by the Federal Reserve
(FED). The regression coefficients and the Newey-West adjusted standard errors are reported in the table.
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Table 5: Predicting currency index returns

This table summarizes the results of the pooled panel regression

∆CXi,t+1 = b0 + bSCSRP i,t + bV CV RP i,t + bEEV RP t + bI (yUS,t − yi,t) + ei,t+1,

where CXi is the log of trade-weighted currency index of currency i with a higher value indicating a
currency appreciation, CSRPi is the currency-level skewness risk premium against the USD, CV RPi is the
currency-level variance risk premium against the USD, and EVRP is the equity variance risk premium
estimated from the S&P 500 Index. For the currency index, a higher value implies an appreciation of the
currency. The t-statistics are adjusted for heteroscedasticity and autocorrelation using Newey-West
method.
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Table 6: The skewness risk premium of safe and unsafe currencies

Panel A of this table summarizes the results of the regressions

∆qi,t+1 = b0 + bSSRP t + bDDV P t + bEEV RP t + bI (yUS,t − yi,t) + ei,t+1,

∆qi,t+1 = b0 + bUDV PU
t + bDDV PD

t + bEEV RP t + bI (yUS,t − yi,t) + ei,t+1,

where q represents the logarithm of the exchange rate in dollars per unit of currency i, and DVPU and
DVPD are the upside and downside dollar variance risk premia, SRP and DVP are the dollar skewness and
variance risk premiums, respectively. The two regressions are estimated separately after averaging the
CVRP and CSRP for safe (CHF and JPY) and unsafe (the remaining) currencies. EVRP is the US S&P
500 equity variance risk premium, and yUS,t − yi,t is the interest rate differential between the US and the
foreign country. Panels A and B summarize the results of the first panel regression, and Panels C and D
show the output of the second panel regression. Panels A and C are the results for the unsafe/ordinary
currencies, whereas Panels B and D are those computed using safe currencies only. The regression
coefficients and the Newey-West adjusted standard errors are reported in parentheses.
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Table 7: Aggregate skewness risk premium and global risk

This table describes the results of the time-series regressions:

SRPt = α+ βgGlobal UNCt + β1SRPt−1 + βuDV PU
t−1 + βdDV PD

t−1 + ϵt

DV P
U/D
t = α+ βgGlobal UNCt + βUDV PU

t + βDDV PD
t + βuDV PU

t−1 + βdDV PD
t−1 + ϵt,

where Global UNCt is either the global uncertainty from Bekaert, Engstrom, and Xu (2022), and the
sovereign CDS spread of the United States, or the global financial cycle factor from Miranda-Agrippino and
Rey (2020). Panel A summarizes the results of the first regression, while Panel B provides the results for
the second regression specification. The standard errors are corrected for heteroscedasticity and serial
correlation.
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Table 8: Drivers of the currency level skewness risk premium

This table summarizes the results of the panel regressions

CSRPc,t = α1 + βc∆CDSc,t + β1CSRPt−1 + β2CV RPt−1 + ϵt

CV RP
U/D
c,t = α2 + βc∆CDSc,t + βvCV RPc,t + βuCV RPU

t−1 + βdCV RPD
t−1 + ϵt,

where CRSP is the currency-level skewness risk premium, ∆CDS is the first order difference in the
country-level CDS spread, CVRP is the currency-level currency variance risk premium, CV RPU/D is the
currency-level up and down semi-variance risk premium for currency c. In some specifications, the
first-order difference in CDS spread is replaced by the contemporaneous and lagged values of the CDS
spread. The standard errors are clustered by month.
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A Additional Results

A.1 Testing the asymmetric reaction of currency to variance shocks

The model suggests that the marginal utility of investors responds more to positive variance

shocks and less to negative shocks. Part of the reason stems from the nature of variance

shocks, which the literature shows are priced across multiple asset classes. It is natural

to assume that when the underlying process (consumption growth in consumption-based

models, returns in stochastic volatility models applied to equities, among others) follows a

normal distribution, the shocks to variance will follow a Chi-squared distribution with one

degree of freedom.

This section studies whether currency values empirically react more to positive variance

shocks. We use the first-order difference in the square of VIX to proxy US and world variance

risk. Since the VIX primarily reflects changes in global or US uncertainty, the model suggests

that foreign currency values should generally depreciate in response, except for certain safe

currencies.

Moreover, for most currencies, we expect large appreciations to occur when the VIX

increases, while significant depreciations are less likely to be tied to VIX movements. Safe

currencies may appreciate in response to positive VIX shocks, with depreciation being less

likely linked to VIX changes.

This hypothesis is tested from a regression:

∆qit+1 = αi + βi∆V IX2
t+1 + γi1∆V IX2

t+1>0∆V IX2
t+1 + ϵi,t+1,

where qi is the log currency value of country i, VIX is the volatility index of the S&P 500

Index, and 1∆V IX2
t+1>0 is an indicator variable that takes a value of 1 if VIX is increasing.

This regression is estimated currency-by-currency, using weekly returns and the index. In

this regression, we expect the same sign for the two slope coefficients. The slope of the

asymmetry term should be negative (γi < 0) for most currencies, and it should be positive

(γi > 0) for Japan, among others.
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The results of this regression are provided in Table A1. The regressions indicate that

most currencies tend to depreciate in response to increases in VIX, except Japanese Yen

and Swiss Franc. The simple coefficient for the Japanese Yen is positive and statistically

significant, whereas that of the Swiss Franc is insignificant. Notably, the asymmetry term

(γi) is negative for all currencies except the Japanese Yen. This finding supports the model’s

assumption that a large depreciation of foreign currencies is associated with an increase in

U.S. or global variance.

A.2 The relationship to risk reversal

In the paper, we show that two components of DVP carry a risk premium that is priced

in the opposite direction. The findings also suggest that skewness is priced in the currency

market.

The risk reversal (RR) strategy is a common trading strategy implemented by forex

traders. For example, RR25 is calculated as the difference between the 25-delta call and put

implied volatilities. Brunnermeier, Nagel, and Pedersen (2008) argue that the crash risk of

the carry trade is predictable by RR. They argue that the risk-neutral skewness is related

to the interest-rate differential predicting future carry trade returns.

Our measure of SRP is the difference between the risk-neutral and physical expectation of

a proxy for skewness. Brunnermeier, Nagel, and Pedersen (2008) also find a close relationship

between the physical skewness and RR. In this section, we investigate whether our result

can be explained by the risk-neutral skewness or its physical counterpart of dollar returns.

We estimate the pooled panel regression where currency returns are regressed on SRP, RR,

and the physical counterpart. The regression is given by:

∆qi,t+1 = b0 + bI (yUS,t − yi,t) + bDDV P t + bSSRP t + bQRR25t + bPSkewt + ei,t+1,

where q represents the logarithm of the exchange rate in dollars per unit of currency i,

yUS,t − yi,t is the interest rate differential between the US and the foreign country, DVP

is the dollar variance risk premium, SRP is the skewness risk premium, RR25 is the 25-
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delta risk reversal, Skew is the physical counterpart of the risk-neutral skewness of dollar

returns, defined as the cross-country average of the difference between upside and downside

semi-variance.

Table A2 summarizes the result of this regression. The regressions clearly indicate that

the SRP remains negative and statistically significant, while RR and physical skewness show

no predictive power for dollar returns.

A.3 Time-series regression for individual currencies

We further show the time-series regression for individual currency returns against the USD

regressed on the SRP and DVPU/D in Table A3.
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Table A1: Testing for asymmetric reaction to variance shocks

This table provides the results of the regression

∆qit+1 = αi + βi∆V IX2
t+1 + γi1∆V IX2

t+1>0∆V IX2
t+1 + ϵi,t+1,

where qi is the log currency value of country i, VIX is the volatility index of the S&P 500 Index, and
1∆V IX2

t+1>0 is an indicator variable that takes a value of 1 if the condition in the subscript is true. The

regression is estimated currency-by-currency, using weekly returns and the index. The regression
coefficients and the Newey-West adjusted standard errors are reported in the table.
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Table A2: Robustness tests

This table summarizes the results of the regressions:

∆qi,t+1 = b0 + bUDV PU
t + bDDV PD

t + bEEV RP t + bI (yUS,t − yi,t) + B · Controlsi,t + ei,t+1,

where q represents the logarithm of the exchange rate in dollars per unit of currency i, yUS,t − yi,t is the
interest rate differential between the US and the foreign country, EVRP is the US S&P 500 equity variance
risk premium, and DVPU and DVPD are the upside and downside dollar variance risk premia. For control
variables, we use the risk-reversal at 25 delta, the physical skewness (PSKEW), and the The regression
coefficients and the Newey-West adjusted standard errors are reported in the table.

59



Table A3: Regression of individual currency pairs

This table summarizes the results of the time-series regressions:

∆qi,t+1 = b0 + bUDV PU
t + bDDV PD

t + bI (yUS,t − yi,t) + ei,t+1

∆qi,t+1 = b0 + bSSRP t + bV DV P t + bI (yUS,t − yi,t) + ei,t+1,

where q represents the logarithm of the exchange rate in dollars per unit of currency i, yUS,t − yi,t is the
interest rate differential between the US and the foreign country, and DVPU and DVPD are the upside and
downside dollar variance risk premia, respectively, estimated separately for each currency returns against
the USD. In the second specification, the upside and downside DVP is replaced by the skewness risk
premium (SRP) and the total dollar variance risk premium (DVP). The regression coefficients and the
Newey-West adjusted standard errors are reported in the table.
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Table A3: Regression of individual currency pairs (continued)
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