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ABSTRACT
This paper proposes a new solution to the purchasing power parity (PPP) puzzles, arguing that investors' higher-order risk at-
titudes, combined with higher-order uncertainty about nominal exchange rates, as reflected by skewness and kurtosis, drive a 
risk premium that leads to deviations from PPP. Analysing US dollar exchange rates against the currencies of three major net 
exporting countries to the US – Canada, Japan, and the European Union – we find that the skewness of the expected nominal 
exchange rate is the most significant and statistically robust moment-based factor influencing these deviations. Our estimates 
further suggest that only low to moderate exchange rate risks generate risk premia that contribute to these PPP deviations.
JEL Classification: D81, G15, F31, F41

1   |   Introduction

The existing literature on purchasing power parity (PPP) puzzles 
primarily attributes deviations from PPP to market imperfections. 
In this paper, we combine two significant areas of research – PPP 
puzzles and the impact of investors' higher-order risk attitudes 
on asset returns – and demonstrate, both theoretically and em-
pirically, that moment-based factors such as the skewness and 
kurtosis of nominal exchange rates, which capture higher-order 
uncertainty, drive deviations from PPP. Our empirical analysis 
enables us to propose that exchange rate risk, as measured by the 
skewness of expected nominal exchange rates, is a dominant fac-
tor in solving the first two PPP puzzles. To the best of our knowl-
edge, no other study has so far explained deviations from PPP on 
the basis of higher moments of the exchange rate distribution.

Arghyrou et al. (2011) – AGP hereafter – establish that there is a 
link between the variance of future floating exchange rates and 
deviations from the law of one price.1 The finance literature has 

long emphasised investors' higher-order risk attitude and corre-
sponding moment-based measures of risk such as asset-related 
skewness and kurtosis as important factors that determine asset 
returns. The literature suggests that assets with return distri-
butions that are characterised by positive skewness and low 
kurtosis are attractive to risk-averse investors because they peri-
odically pay large returns, and the downside risk is low.2 Several 
studies show that risk measures such as systematic and idio-
syncratic skewness and kurtosis induce risk premia that drive 
asset prices and returns. Studies by Jondeaua and Rockinger 
(2003) and Brunnermeier et al. (2008) document the association 
of higher moments of the nominal exchange rate with stock in-
dices and interest rate differentials, respectively. Engle  (2011) 
finds that the skewness of asset returns becomes increasingly 
negative as the horizon extends, raising the likelihood of large-
scale defaults and episodes of systemic risk.

Motivated by those findings and the large volume of foreign ex-
change (forex) trading, this paper extends the AGP framework 
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and shows that in the absence of complete hedging against ex-
change rate risk, the skewness and kurtosis of future nominal 
exchange rates-exchange rate skewness and kurtosis hereafter-
are factors that drive deviations from the direct generalisation 
of the law of one price, the PPP.3 In testing our theory, we ex-
clude the post-Brexit referendum period, which also includes the 
COVID-19 pandemic period that followed, as these were unique 
events that caused significant and atypical fluctuations in ex-
change rates. These fluctuations were mainly driven by short-
term investor behaviour and market sentiment rather than by 
long-term economic fundamentals.

Our underlying argument is that the asymmetry of the nomi-
nal exchange rate distribution, combined with consumers' and 
investors' aversion to exchange rate risk, induces premia that 
create wedges between domestic and foreign prices, leading to 
deviations from PPP. Exchange rate risk at date t arises from 
the fact that risk-averse buyers purchase goods and services 
at foreign prices with payments completed or cleared at date 
t + n with n > 0. Extending the AGP framework, we show that 
risk-averse buyers pay risk premia to domestic importers and/
or domestic producers of homogeneous goods which depend 
on the skewness and kurtosis of the floating nominal exchange 
rate. Due to the prohibitive cost of fully hedging against any 
exchange rate risk, market participants hedge only against ex-
treme risks that may potentially harm them the most. We argue 
that exchange rate risk premia incorporated in relative domes-
tic prices of net importer countries drive permanent deviations 
from the law of one price (LOOP), thus explaining the first PPP 
puzzle. Persistent shocks to the higher moments of the expected 
exchange rate distribution induce persistent deviations from the 
LOOP, explaining the second PPP puzzle. Finally, under a per-
fectly credible fixed exchange rate regime, the premium reduces 
to zero. This is consistent with the findings of previous studies 
supporting PPP under fixed exchange rate regimes.4

To test the empirical validity of our theory, we employ a model 
with time-varying coefficients using US dollar real exchange 
rates against the Canadian dollar, the Euro, and the Japanese 
yen – currencies of countries with which the US is a major trade 
partner and net importer. We thus treat the US as the domestic 
market. Our analysis covers the period from 1973 to 2016, using 
monthly data. Our benchmark series of real exchange rates uti-
lise CPI series, while PPI-based real exchange rates are also em-
ployed for robustness. Our findings indicate that exchange rate 
skewness is a significant and statistically robust moment-based 
risk determinant driving deviations from PPP. Our estimates 
further suggest that only low and moderate risks influence PPP, 
as measured by the asymmetry of the exchange rate distribution. 
Specifically, an increase in skewness, which corresponds to an 
increase in extreme exchange rate risk and a decrease in low and 
moderate risk, consistently raises the real exchange rate against 
all three currencies. Although it may seem that extreme ex-
change rate risk is not priced by risk-averse agents, we argue that 
this is because extreme risk is hedged in advance, while agents 
only price future unhedged risk. If extreme appreciations of the 
exchange rate are hedged, domestic agents only price low and 
moderate risks, which decrease as skewness increases, inducing 
positive deviations from PPP. Hence, in response to moderate 
and low risks, domestic agents tend to reduce the risk premium 
incorporated in domestic prices over foreign ones. According to 

our estimates, a unit increase in skewness leads to an average 
deviation from PPP of about 1%, mainly for transaction clearing 
horizons of 1 or 2 months ahead. Such deviation is substantial 
given that the standard deviation of skewness is significantly 
higher than unity in most cases. As previously suggested, the 
high cost of insuring against exchange rate risk may deter com-
plete hedging, leaving only lower-level risks unhedged. This 
aligns with findings in the literature indicating that the use of 
derivatives for hedging is only moderate. We therefore propose 
exchange rate skewness as a solution to the first two PPP puz-
zles. According to our estimates, the variance of future nominal 
exchange rate returns is consistently found to be statistically 
insignificant in explaining deviations from PPP. While most co-
efficients on expected kurtosis are statistically insignificant, in 
the few cases where they are significant, their signs support the 
argument that only changes in lower-level risks drive deviations 
from PPP. Our main results also hold when real exchange rates 
are calculated using the producer price index (PPI). To address 
concerns about potential bias in the confidence intervals, we es-
timate rolling samples of fixed length, which demonstrate the 
stability and robustness of these intervals. Finally, we show that 
the results remain unaffected after controlling for other macro-
economic variables, such as GDP growth, interest rates, money 
supply, and capital inflows.

The remainder of this paper is structured as follows: Section 2 
reviews the literature on the PPP puzzles. Section  3 presents 
our argument that higher moments of nominal exchange rates 
drive deviations from PPP. Section  4 describes our data and 
provides estimates of the higher moments in the distribution of 
future nominal exchange rates. Section  5 examines the time-
varying effects of these higher moments on real exchange rates. 
Section  6 assesses the robustness of the confidence intervals, 
while Section 7 discusses the hedging of extreme exchange rate 
risks and provides a broader analysis of the implications of our 
main findings. Finally, Section 8 offers concluding remarks.

2   |   Literature Review

The main theoretical explanations for the empirical failure of 
PPP, which is defined in the literature as the first PPP puzzle 
according to Sarno (2005), include shifts in the demand for do-
mestic goods relative to foreign ones, such as changes in con-
sumer preferences or fiscal shocks as discussed by Alesina 
and Perotti  (1995). Other explanations involve shifts in rela-
tive productivity, as originally suggested by Balassa (1964) and 
Samuelson (1964). Studies by Engel and Rogers (1996) and Betts 
and Deveraux (2000) argue that deviations from PPP arise due 
to market imperfections, such as trade barriers and price rigid-
ities, which limit the pass-through from exchange rate changes 
to prices. Additionally, studies by Parsley and Wei  (2007) em-
phasise the role of non-tradable goods in driving deviations from 
PPP in CPI-based measures.

As highlighted by Rogoff  (1996), while several studies argue 
that real exchange rates tend to converge to PPP in the long run, 
estimates suggest that the speed of convergence is extremely 
slow. The excessive persistence of deviations from PPP is de-
fined in the literature as the second PPP puzzle. Dumas (1992) 
and Sercu et  al.  (1995) show that deviations from the LOOP 
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are non-mean reverting as long as transaction costs are small 
enough relative to arbitrage trading costs but become quickly 
mean-reverting when arbitrage profits exceed the costs of 
arbitrage trading imposing the LOOP. Empirical studies, re-
viewed by Sarno (2005), provide substantial evidence for non-
linear PPP adjustment, justifying the aforementioned failure 
of standard linear time-series techniques to validate long-run 
PPP.5 A common characteristic of the explanations for the two 
PPP puzzles discussed above is that they refer to movements of 
the first moment of nominal or real exchange rates.

Although theoretical models provide insights into exchange 
rate dynamics, predicting exchange rate fluctuations remains 
challenging. This difficulty is exemplified by the Meese and 
Rogoff (1983a, 1983b) puzzle, which shows that a random walk 
model often performs better than economic models in forecast-
ing exchange rates. In her comprehensive review, Rossi (2013) 
examines the various factors influencing the predictive power 
of exchange rate models. She highlights that the effectiveness of 
these models can vary significantly depending on factors such 
as the choice of predictors, the time horizon, and the evaluation 
methods used. Rossi's analysis suggests that while certain pre-
dictors, such as Taylor-rule fundamentals and net foreign assets, 
may offer predictive value under specific circumstances, the 
overall challenge of achieving consistent accuracy across dif-
ferent contexts remains unresolved, with many models failing 
to consistently outperform the random walk benchmark. In the 
current study, we assume that the nominal exchange rate fol-
lows a random walk, as is commonly found in the literature.

Iseringhausen  (2020) emphasises the role of time-varying 
skewness in crash risk for major exchange rates, highlighting 
that skewness can help improve forecasts of risk measures. 
Recent research by Lilley et al. (2022) finds that specific proxies 
for global risk – such as credit spreads, S&P 500 returns, and 
implied volatility in option markets – exhibit comovement with 
nominal exchange rates, primarily since 2007. This finding un-
derscores the growing importance of global risk factors in ex-
plaining exchange rate dynamics. In this study, we extend the 
framework of Arghyrou et al. (2011) to generalise the concept 
of risk beyond these specific proxies in relation to real exchange 
rates. We argue that higher-order uncertainty about future 
nominal exchange rates, captured by higher moments of the 
exchange rate distribution – such as skewness and kurtosis – 
plays a crucial role in driving deviations from PPP. Specifically, 
changes in the distribution of nominal exchange rates cor-
respond to varying levels of risk as perceived by risk-averse 
agents. Our assumption is that complete hedging is costly and 
unachievable; thus, investors hedge only against extreme ex-
change rate risks that could cause the most significant damage, 
leaving low and moderate risks unhedged. The substantial use 
of various forex hedging instruments constitutes evidence that 
exchange rate risk is an important factor for traders. Bodnar 
et  al.  (1998) report that 83% of the largest firms and 45% of 
medium-sized firms hedge exchange rate risk using deriva-
tives. The empirical analysis of Allayannis and Weston (2001) 
shows that firms hedge about 22% of their exchange rate expo-
sure and that the use of foreign currency derivatives increases 
total firm value by 4.87% on average.6 Survey data from the 
Foreign Exchange Committee (FXC) covering the months 
of October and April for the years 2004 to 2021 suggests that 

55%–60% of forex transactions involve outright forwards, forex 
swaps, and currency options and only 40%–45% of the total vol-
ume are spot transactions.7 In theory, forex traders can fully 
insure against any exchange rate risk using derivatives such as 
options, forwards, and futures contracts. In practice, however, 
complete hedging of forex risk can be unachievable due to high 
insurance fees. Stulz (1996) and Cooper and Mello (1999) note 
that the cost of hedging may rise with the probability of default, 
limiting the ability to hedge. Similarly, Brown (2001) presents 
evidence that hedging costs increase as forex market volatility 
rises, which in turn limits the degree of hedging.8 Hence, it is 
reasonable to assert, not only that exchange rate risk is a factor 
of PPP but also that forex traders hedge only against the most 
painful outcomes; that is, extreme risk. Our empirical analysis 
is a direct test of the former and an indirect test of the latter.

3   |   Higher Moments of the Nominal Exchange 
Rate and PPP

Consider a net importer (home) country and a foreign country 
which consume homogeneous good x in a perfectly competitive 
market; x may represent a basket of goods rather than a single 
good. Without loss of generality, we normalise x to unity and 
assume zero transportation and transaction costs since the idea 
is to demonstrate that there are deviations from PPP even in the 
absence of such costs. There is a risk-averse representative agent 
that purchases x = 1, either from the domestic market or directly 
from the foreign market. In the first case, the agent's ex-post net 
real wealth per unit of the domestic currency is given by wt − 1, 
whereas in the second case it is given by wt − St+dP

f
t P

−1
t , where 

Pt and Pft  denote the domestic and foreign price indices, respec-
tively, and St+d denotes the nominal exchange rate at time t + d 
when the transaction is cleared.9 In the first case, there is no un-
certainty regarding wealth after the purchase whereas in second 
case, the agent's ex-post net wealth is subject to some degree of 
uncertainty since St+d is not known at the time of the purchase.10 
The representative agent has expectations about St+d, given in-
formation up to period t. Consistent with findings from previous 
literature, the growth rate of the nominal exchange rate between 
periods t and d is assumed to be random with a time-varying 
variance: 

where Et�t+d = 0 and Et�2t+d = �2
t+d

.11 Although the exact value 
of St+d is not known in period t, the agent has full information 
regarding the distribution of St+d. The underlying assumption is 
that the representative agent dislikes any level of transaction risk 
of high future appreciations of the foreign currency and thereby 
uses hedging instruments to reduce it. Hedging is incorporated in 
a simplified way, allowing the representative agent to hold insur-
ance instruments of total cost H

(
St
)
 that ensure compensation if 

certain high level appreciations of the foreign currency occur in 
period t + d, where the first and second derivatives of H are given 
by H ′

(
St
)
> 0 and H ′′

(
St
)
< 0, respectively.12 The representative 

agent buys insurance against high level exchange rate risk at the 
beginning of the period, no matter whether the purchase of x will 
be from the domestic or the foreign market. To keep the notation 
simple, wealth, w, is always net of the real insurance fee H ∕P.

St+d − St
St

≈ ln
(
St+d

)
− ln

(
St
)
= �t+d
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The utility function of the representative agent residing in the 
home country is defined over wealth w and it is given by u(w) 
which is continuously differentiable, increasing in w, and strictly 
concave. Following AGP, in equilibrium, prices must be such 
that the domestic agent is indifferent between buying x from the 
domestic market, via either a domestic importer or a domestic 
producer, and buying it directly from a foreign supplier that is,13

where the left-hand side of (1) corresponds to the utility of the 
domestic agent from buying a unit of x domestically and the 
right-hand side corresponds to the expected utility of the domes-
tic agent if he buys a unit of x directly from a foreign supplier and 
the transaction clears in period t + d. Following AGP, we approx-
imate (1) around wt = wt − StP

f
t P

−1
t :

where �t =
(
Pt − StP

f
t

)
∕Pt is the exchange rate induced risk-

premium, per unit of the domestic price that the risk-averse 
domestic agent is willing to pay to the domestic importer or 
producer due to the uncertainty about the floating nominal ex-

change rate. Assuming that �2t ≈ 0, o
(
�t
)
≈ 0 and o

(
Et�

n
t+d

�n
t+d

)
≈ 0 , 

equation (2) reduces to

where skewnesst+d = Et�
3
t+d

∕�3
t+d

, kurtosist+d = Et�
4
t+d

∕�4
t+d

,

with �2

(
wt

)
= u��

(
wt

)
∕u�

(
wt

)
, �3

(
wt

)
= u���

(
wt

)
∕u�

(
wt

)
 and 

�4

(
wt

)
= u����

(
wt

)
∕u�

(
wt

)
.14 AGP assume that agents are con-

cerned only about the overall exchange rate risk, as captured by 
�2
t+d

. In this paper, we argue that agents may also behave differ-
ently against high level exchange rate risk as captured by skew-
ness and kurtosis of the nominal exchange rate. Equation (3) can 
also be rearranged in terms of the logarithm of the real exchange 
rate, Qt = StP

f
t ∕Pt, as follows:

Approximations (3) and (4) suggest that the risk-premium 
as well as the real exchange rate are driven by the agent's 
second-order risk attitude, u′′, as well as her higher-order risk 
attitude, u′′′ and u′′′′. The underlying assumption is that the 
agent does not insure against exchange rate risk by omitting 

to insure against high level risk or extreme risk. Since the cost 
of insurance is high, part of the risk remains unhedged. To 
simplify the exposition of our analysis we separate exchange 
rate risk into two categories, extreme risk and moderate risk 
which incorporates both moderate risk and low-level risk. It is 
reasonable to assume that, given the high cost of insurance, 
the agent would only insure against the most severe outcomes, 
specifically, extreme exchange rate risk. These assumptions 
are consistent with findings in the literature, which suggest 
that firms hedge only a small percentage of their exchange 
rate exposure (Allayannis and Weston 2001), and that hedg-
ing is limited due to its high cost (e.g., Stulz  1996; Cooper 
and Mello 1999; Brown 2001). Under these assumptions, the 
higher-order properties of the agent's utility function depend 
on whether the agent is hedged against extreme exchange rate 
risk (H

(
St
)
> 0) or not (H

(
St
)
= 0), and can be summarised 

as follows:

As noted by Courbage and Rey  (2010), within an expected 
utility framework, a common assumption is “complete prop-
erness”, that is, the feature where successive derivatives of the 
utility function alternate in signs.15 The utility function of a 
prudent agent is characterised by u′′′

(
wt

)
> 0 if H

(
St
)
= 0 and 

u′′′
(
wt

)
< 0 if H

(
St
)
> 0, while the utility function of a tem-

perate agent is characterised by u′′′′
(
wt

)
< 0 if H

(
St
)
= 0 and 

u′′′′
(
wt

)
> 0 if H

(
St
)
> 0. As skewness increases, extreme ex-

change rate appreciations become more likely while moderate 
and small appreciations become less likely. In other words, as 
skewness increases, extreme risk increases while moderate risk 
reduces because mass from the ‘middle’ of the distribution flows 
into the left and extreme right. A prudent forex trader would be 
willing to pay a risk premium, incorporated in domestic prices, 
against the highest unhedged risk since the degree of ‘pain’ (util-
ity loss) involved by adding risk increases as wealth wt decreases 
(Eeckhoudt and Schlesinger 2013). The premium is paid to do-
mestic importers of foreign-produced x or to domestic producers 
of x that deliver a certain level of net wealth for the agent at the 
end of a d-period horizon.16 It follows that if extreme exchange 
rate risk is unhedged (H

(
St
)
= 0), a prudent agent (u′′′

(
wt

)
> 0) 

will react with 𝛼2t > 0, whereas if extreme exchange rate risk 
is hedged H

(
St
)
> 0, a prudent agent (u′′′

(
wt

)
< 0) will react 

with 𝛼2t < 0.17 On the one hand, under unhedged extreme ap-
preciations of the exchange rate, we would expect a decrease 
in the real exchange rate following an increase in skewness as 
the agent would be willing to pay a higher risk premium due 
to the higher likelihood of extreme appreciations of the foreign 
currency. On the other hand, if extreme appreciations of the ex-
change rate are a priori hedged, we would expect an increase 
in the real exchange rate following an increase in skewness as 
the agent would be willing to pay a lower risk premium since 
moderate risk is reduced. Hence, in the former case, the prudent 
agent would be pricing unhedged extreme risk, while in the lat-
ter case, the agent would be pricing moderate risk.

(1)u
(
wt − 1

)
= Etu

(
wt − St+dP

f
t P

−1
t

)

(2)

−u�(wt)�t +
u��

(
wt

)
2

�2t −
u���

(
wt

)
3!

�3t +
u����

(
wt

)
4!

�4t

+o
(
�t
)
≈
u��

(
wt

)
2

(
StP

f
t

Pt

)2

�2
t+d

−
u���

(
wt

)
3!

(
StP

f
t

Pt
�t+d

)3
Et�

3
t+d

�3
t+d

+
u����

(
wt

)
4!

(
StP

f
t

Pt
�t+d

)4
Et�

4
t+d

�4
t+d

+o

(
Et�

n
t+d

�n
t+d

)

(3)�t ≈ �1t�
2
t+d

+ �2tSkewnesst+d + �3tKurtosist+d

�1t =
−�2

(
wt

)
2

(
StP

f
t

Pt

)2

, �2t =
�3

(
wt

)
3!

(
StP

f
t

Pt
�t+d

)3

and

�3t =
−�4

(
wt

)
4!

(
StP

f
t

Pt
�t+d

)4

(4)qt ≡ lnQt ≈ − �1t�
2
t+d

− �2tSkewnesst+d − �3tKurtosis

u
�
wt

�
=

⎧
⎪⎨⎪⎩

u
�
wt

�
if H

�
St
�
=0

u
_

�
wt

�
if H

�
St
�
>0

such that u���

�
≥0 if H =0

<0 if H >0
and

u����

�
≤0 if H =0

>0 if H >0
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Kurtosis measures the thickness of the two tails of the exchange 
rate distribution. As in the case of skewness, the effect of kurtosis 
on the risk premium depends on whether extreme risk is a priori 
hedged or not. In the absence of hedging (H

(
St
)
= 0), if the rep-

resentative agent exhibits downside risk aversion (temperance), 
she will have a utility function characterised by u′′′′

(
wt

)
< 0 and 

a positive risk premium response (𝛼3t > 0) to an increase in kur-
tosis. The latter is induced by the fact that the agent dislikes the 
fatter right tale that translates to increased probability of extreme 
appreciations of the foreign currency.18 If, on the other hand, ex-
treme risk from excessively fat right tails (extreme appreciations 
of the foreign currency) is eliminated via hedging (H

(
St
)
> 0), 

the utility function of the temperate agent will be characterised by 
u′′′′

(
wt

)
> 0 and a negative risk premium response (𝛼3t < 0) to an 

increase in kurtosis. That is, as kurtosis increases, low and moder-
ate risk is reduced while depreciations of the foreign currency be-
come more likely, inducing a negative effect on the risk premium.

4   |   Data and the Distribution of Future Nominal 
Exchange Rate Returns

4.1   |   Data

The empirical analysis that follows employs a dataset of nom-
inal exchange rates which includes end-ofof-month closing bi-
lateral nominal exchange rates for Canadian dollars, Euro, and 
Japanese Yen per US dollars, from January 1973 to October 2016, 
except for the Euro which starts from January 1982.19

To mitigate the potential impact of short-term market disruptions, 
our research sample concludes in October 2016. This decision 
prevents the inclusion of tumultuous periods following extreme 
events, as found by various studies (e.g., Iglesias  2022), such as 
the Brexit referendum and the onset of the COVID-19 pandemic. 
These events significantly affected exchange rates that would have 
impacted the right tail of our sample and required special treat-
ment, unnecessarily complicating matters. The Brexit vote on June 
23, 2016, resulted in substantial fluctuations in the British pound 
against other leading currencies due to speculation. Although our 
sample does not directly encompass exchange rates involving the 
British pound, the global repercussions of this event are evident 
in the performance of other currencies such as the Japanese Yen 
and Euro (Dao et  al.  2019; Janjusevic and Chegeni  2020). The 
COVID-19 pandemic, which began in 2020, also caused substan-
tial disruptions to exchange rates through altered capital flows, 
unprecedented policy interventions, and changes in exchange 
rate determinants (Konstantakis et  al.  2021; Beckmann and 
Czudaj 2022). Jamal and Bhat (2022) argue that the pandemic al-
tered market expectations for future exchange rates in COVID-19 
hotspots by demonstrating a unidirectional causal relationship be-
tween COVID deaths and exchange rates.

To further evaluate the appropriateness of ending our sample in 
October 2016, we extended the sample period for all three real 
exchange rates to July 2024, dividing the data into two subsam-
ples: our benchmark sample, which ends in October 2016, and the 
latest subsample, from November 2016 to July 2024, referred to 
as Sample 2. Implementing the Chow test at the levels of the real 
exchange rates, the hypothesis of no structural break in October 

2016 is rejected at the 1% significance level for all three currency 
pairs. Additionally, we find that the variances of all three real 
exchange rate pairs differ significantly between the two subsam-
ples. Specifically, the 10-month rolling variances of the JPN/USA, 
EU/USA, and CA/USA real exchange rate pairs are, respectively, 
37%, 104% and 18% higher in the benchmark sample compared to 
Sample 2. Given these findings, and to avoid potential distortions 
in our analysis, we exclude the periods surrounding the Brexit 
referendum (June 2016) and the onset of the COVID-19 pan-
demic (2020). These events would have had a substantial impact 
on the right tail of our sample due to elevated volatility (Bollerslev 
et al. 2015), structural breaks (Perron 2006), and unprecedented 
policy responses (Altavilla et al. 2023) that can create non-linear 
effects on exchange rates and complicate the isolation of higher 
moments related to skewness and kurtosis of nominal exchange 
rates. These would require additional treatment, unnecessarily 
complicating our econometric approach by focussing on the right 
tail of the sample. Furthermore, our evidence using pre-Brexit 
referendum data suggests that only low and moderate risks drive 
deviations from PPP. For these reasons, in this study we avoid 
complexities in our econometric method and data handling by ex-
cluding the extreme event periods from 2016 onward, relying on 
relatively more stable market conditions.

We define the net importer country as the country which has trade 
deficits in goods. The data on trade balances are obtained from 
the United States Census Bureau. We do not consider trade-in 
services as it includes an element of financial investment income. 
Since the US has trade deficit in goods against all three countries 
in most months of the sample, we consider the US as the home 
country and the net importer. The US has a bilateral trade surplus 
with Canada only in 5 months of our sample (May 2015 and March 
2016 to June 2016) and with the EU only in 1 month of sample 
(February 1997) and none with Japan. Consumer price indexes for 
Canada, the Euro area, Japan and the US are included to calculate 
the CPI-based real exchange rate, Qt and Producer price indexes 
are included to calculate the PPI-based exchange rate as a robust-
ness test. The real exchange rate is defined as in Section 3 that 
is, Qt = StP

f
t ∕Pt. Due to data availability, the CPI-based real ex-

change rate for the euro area starts from 1983 M10 while PPI based 
real exchange rate for euro area starts from 1996 M01. The data 
source is the IMF's International Financial Statistics databank.

4.2   |   Estimating Higher Moments of Nominal 
Exchange Rate Distributions

For notational convenience, let �t(d) ≡ Et�
2
t+d

= �2
t+d

, with the 
corresponding skewness and kurtosis, defined in section 2, as 
Skt(d) and Kut(d), respectively. We estimate �t(d), Skt(d) and 
Kut(d), following the methodology of León et al. (2005), by con-
sidering the following system of equations:20

for d ≥ 1, where.

(5)�t(d) = ��0 + ��1�
2
t+d

+ ��2�t−1(d)

(6)Skt(d) = �s0 + �s1�
3
t+d

+ �s2Skt−1(d)

(7)Kut(d) = �k0 + �k1�
4
t+d

+ �k2Kut−1(d)
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with �t+d ∼ (0, 1) and It is a set that contains all information up 
to date t. Following León et al. (2005), we abstract from unneces-
sary constants so that the logarithm of the likelihood function of 
the conditional distribution of �t+d = �

1

2

t (d)�t+d is given by

where,

and
21

The estimates of (5–7) are provided in Table A1.22 Figures 1–3, 
display the estimated time series for the higher moments of the 
future exchange rate distribution for different transaction clear-
ing periods, as defined by d. Our theory is expected to hold for 
relatively short transaction clearing periods as it is rather un-
likely that sellers will agree to be paid several periods ahead 
with an unspecified exchange rate. Therefore, in the analysis 
that follows, we limit the transaction clearing period to a maxi-
mum of 3 months, presenting estimates for d = 1, 2 and 3.

Τhe volatilities of the variance, skewness and kurtosis in-
crease with d in most of the cases. That is, as the transaction 
clearing period is lengthened, the uncertainty about the fu-
ture nominal exchange rate increases, the distribution of the 
nominal exchange becomes more asymmetric, and the tails of 
the distribution become heavier. The only exceptions are the 
skewness and the kurtosis of the EU/USA bilateral exchange 
rate which are, on average, more volatile when the transaction 

�t+d(d) ∣ It ∼
(
0, �t(d)

)
, �t+d = �t+d ∕

√
Et�

2
t+d

≡ �t+d�
−

1

2

t (d)

Lt = −
1

2
ln�t(d) −

1

2
�2
t+d

+ ln�2
(
�t+d

)
− lnΓt(d)

�
(
�t+d

)
=

[
1 +

Skt(d)

3 !

(
�3
t+d

− 3�t+d
)
+
Kut(d) − 3

4 !

(
�4
t+d

− 6�2
t+d

+ 3
)]

Γt(d) = 1 +
Sk2t (d)

3 !
+

(
Kut(d)−3

)2
4 !

.

FIGURE 1    |    Estimated higher moments of bilateral exchange rate. [Colour figure can be viewed at wileyonlinelibrary.com]
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clearing period is short, that is, d = 1. This implies that ex-
treme values of the EU/USA exchange rate are, on average, 
less likely if the transaction clearing period is long, that is, 
d = 3, apart from the momentous event of the oil price collapse 
which occurred in the mid 2014.23 All moments capture the 
event while d = 3 exhibits a much larger swing than d = 2 and 
d = 1, not only for the variance but also for skewness and kur-
tosis, with skewness being negative in almost all periods from 
mid 2014 until the end of 2015. Negative skewness suggests 
that the markets expect that appreciations of the Euro, the 
Canadian dollar and the Yen against US dollar are more likely, 
while the probability of extreme appreciations of the US dollar 
are non-zero. The fact that d = 3 exhibits larger swings than 
d = 1 and d = 2 for most moments, suggests several things. In 
the event of a significant oil price decline, not only exchange 
rate uncertainty increases as the transaction clearing horizon 
extends but also markets expect that most of the probability 
mass will be even more concentrated to the right tail of the 
exchange rate distribution. Extreme depreciations and appre-
ciations of the foreign currencies (Euro, Canadian dollar and 
Yen) are even more likely, with a particular emphasis on ex-
treme depreciations. The large negative skewness and fatter 
tails of the distribution, observed as a consequence of the oil 
price collapse, can be attributed to the fact that the US econ-
omy is relatively more exposed to oil price fluctuations than 
the EU. The variances of all exchange rates exhibit a sharp 
upswing in September of 2008, and in the case of EU/USA 
d = 3 a month before, following the Lehman Brothers episode. 

The skewness reaches very negative values in September 2008 
for CA/USA and EU/USA and significantly positive values for 
JP/USA. This implies that following the episode, markets ex-
pected a high probability of US dollar depreciations relative 
to both the Canadian dollar and the Euro without ruling out 
the possibility of extreme depreciations of both the Euro and 
Canadian dollar. On the contrary, following the Lehman ep-
isode, the markets expected a high probability of US dollar 
appreciations relative to the Yen, without ruling out the possi-
bility extreme appreciations of the latter. As in the cases of the 
other two moments, kurtosis for all exchange rates and trans-
action clearing horizons, exhibit increases in September, fol-
lowing the Lehman episode, with more evident the increases 
in the exchange rates of CA/USA and JP/USA. The EU/USA 
exchange rate increased in September, but the increase was 
not as sharp as the upswings of the other two exchange rates 
because the former began increasing from July. Across the 
sample, exchange rates exhibit positive skewness about 59% of 
the time and excess kurtosis about 58% of the time.24

5   |   Time-Varying Effects of Higher Moments

Stationarity tests indicate that the bilateral real exchange rates 
for all three countries exhibit unit root behaviour, indicating 
non-stationarity in their levels. To obtain stationary series and 
ensure consistency with stationary regressors, we use the first 
difference of the real exchange rates as the dependent variable. 

FIGURE 2    |    Estimated time-varying coefficients: Canada – CPI.
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This transformation achieves stationarity and allows us to spec-
ify a regression model that includes four stationary variables, as 
outlined below:25

where ΔlnQt is the first difference of the logarithm of the real 
exchange rate and ut is a random error term.26 Since all vari-
ables in (8) are stationary, the time-varying coefficients are esti-
mated using the semi-parametric approach of Robinson (1989). 
Parameter �it is defined as �it = �i

(
zt
)
 for i = 0, 1, 2, 3, where zt 

is a smoothing variable such that zt = � = t ∕T and �i
(
zt
)
= f (�) 

for t = 1, 2, … T. The time-varying coefficients are obtained by 
combining ordinary least squares and a local polynomial ker-
nel estimator, known as the Nadaraya-Watson approach, as 
described in Casas and Fernandez-Casal  (2019).27 Following 
Cifarelli and Paladino (2015), we argue that any potential mea-
surement errors in our regressors are more than compensated 
by the greater accuracy of the estimates of the conditional higher 
moments provided by the GARCH-type model.28

Figures 2–4 display the estimated time-varying coefficients for 
different transaction clearing horizons, along with 95% con-
fidence intervals. The intercept coefficient is estimated to be 

about zero, thereby it is not reported to save on space. The time-
varying confidence intervals for the variance cover zero in all 
exchange rates and transaction clearing horizons. The only case 
where the confidence interval is marginally statistically insig-
nificant is for the JP/USA exchange rate at d = 1. In this case, the 
lower limit of the confidence interval is close to zero, while the 
upper limit remains in the positive region. The estimates on the 
variance effect essentially suggest that first-order uncertainty is 
not statistically significant in driving the real exchange rate and 
deviations from PPP, that is deviations of Qt from unity.

The coefficients on skewness, on the other hand, are positive 
and statistically significant, as they never cover zero for all 
three exchange rates and transaction clearing horizons. This 
result indicates that increases in skewness tend to increase the 
gap between the foreign price measured in US dollars and the 
domestic price. In other words, as skewness increases, homo-
geneous goods become more expensive abroad relative to the 
US in US dollars. According to our theory, this phenomenon is 
attributed to the reduction in unhedged moderate and low ex-
change rate risk, leading to a lower risk premium embedded in 
domestic prices. That is, when transactions are settled in the 
future, moderate appreciations of the US dollar become more 
likely, making it more probable that US agents purchasing 

(8)ΔlnQt = �0t + �1t�
2
t+d

+ �2tSkt+d + �3tKut+d + ut

FIGURE 3    |    Estimated time-varying coefficients: EU – CPI θt (d).
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goods directly from abroad pay relatively less for those goods. 
Consequently, prudent US agents tend to pay a lower risk pre-
mium to domestic importers and producers in response to the 
diminished low and moderate risks, based on the assumption 
that extreme appreciations of foreign currencies are hedged a 
priori. This framework suggests that the perceived exchange 
rate movements by US agents translate into cost savings and 
a competitive advantage in the domestic market, as the need 
to allocate additional resources for moderate risk coverage is 
reduced. Moreover, the estimates suggest that the positive ef-
fect of skewness on the real exchange rate is rising over time 
in the case of CA/USA and decreasing over time in the cases 
of EU/USA and JP/USA. The increasing economic integration 
between Canada and the USA, highlighted by agreements 
such as NAFTA, has led to synchronised economic activities 
and a reduction in moderate exchange rate risks for US agents 
over time. In contrast, moderate and low exchange rate risks 
for US agents have tended to increase over time with the Euro 
and Yen. This differential impact likely reflects the varying 
degrees of economic relationships between the Eurozone and 
Japan with the US, as well as differences in policy stability 
compared to Canada, which influence how exchange rate 
risks are perceived and managed by US agents.

The coefficient on skewness for the EU/USA exchange rate 
shows a sharp decrease in early 2002, which corresponds to 
the significant drop in inflation in the EU starting in April, 
relative to the increase in US inflation during the same month. 
The fact that EU products became relatively cheaper decreased 

the impact of the reduction in moderate exchange rate risk. As 
Table 1 suggests, a unit increase in skewness implies an average 
increase of the logarithm of the real exchange rate, or deviation 
from PPP, of about 1%, mainly for transaction clearing horizons 
of 1 or 2 months ahead. This is a non-negligible increase as the 
standard deviation of the measure of skewness in most cases is 
higher than unity. When the mean coefficient is significantly 
lower than unity, the standard deviation of skewness is signifi-
cantly higher than unity (e.g., CA/USA and JP/USA for d = 3 
and JP/USA for d = 2). The means of the 95% confidence inter-
vals indicate that the coefficients are estimated with precision, 
suggesting high reliability and accuracy. This implies that the 
model's main findings regarding the effect of skewness are ro-
bust and not likely due to random chance, thereby increasing 
confidence in the validity of the conclusions. The robustness of 
the results is analysed further in section 6.

Most of the confidence intervals of the coefficients on kurtosis 
cover zero, apart from a few cases where the coefficients are posi-
tive and marginally statistically significant, with lower limits that 
are positive but very close to zero. These cases include the follow-
ing: EU/USA after May 2002 for all transaction clearing horizons; 
JP/USA for d = 2 in 80% of the months between July 1, 1986, and 
May 1, 1997; and JP/USA for d = 3 in almost all the months be-
tween January 1, 1985, and March 1, 2007.29 These results are 
consistent with the argument that extreme exchange rate risk is 
hedged. Specifically, under the assumption that the risk from ex-
treme appreciations of the foreign currency is already priced in 
(making the right tail of the exchange rate distribution irrelevant), 

FIGURE 4    |    Estimated time-varying coefficients: Japan – CPI.
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the focus shifts to the left tail of the distribution. As kurtosis in-
creases and the left tail becomes longer and fatter, the likelihood 
of significant foreign currency depreciations rises. This increased 
likelihood leads to a lower risk premium that US agents are willing 
to pay, resulting in lower domestic prices relative to foreign ones 
and positive deviations from PPP.

Finally, the measure of the goodness of fit of the regressions 
suggests that in all cases the transaction clearing horizon of 
2 months fits the data the best. The main results from CPI-based 
real exchange rates are also confirmed when the real exchange 
rate is computed using the Producer Price Index (PPI). Although 
there are a few cases where the estimated coefficients on vari-
ance become positive without covering zero, the confidence 
intervals are extremely wide. Additionally, there are instances 
where the coefficients on kurtosis become negative for certain 
periods without covering zero. However, these results provide 
very weak evidence that kurtosis contributes positively to the 
risk premium, as the coefficients are not only very small but also 
cover zero in most periods. Table  2 displays the means of the 
coefficients on skewness, the means of the 95% confidence in-
tervals, and the standard deviations of the skewness estimates 
using PPI-based real exchange rates. Figures displaying esti-
mated coefficients from PPI-based real exchange rates are re-
ported in the Appendix A (Figures A1–A3).

6   |   Robustness of Results

As noted by Cifarelli and Paladino  (2015), any potential 
errors-in-variables distortion is more than compensated by 
the greater accuracy of estimates provided by GARCH-type 
procedures, while the use of such estimates as regressors is 
not uncommon in the literature. Our main results implied by 
the time-varying estimates are reinforced by the fact that they 
hold for both CPI-based and PPI-based real exchange rates. 

Evaluating potential generated regressor bias in models with 
time-varying coefficients is currently unknown territory. 
Such bias may affect the confidence intervals of the estimated 
coefficients in equation (8), as the issue lies in the fact that the 
uncertainty associated with estimating the regressors in equa-
tion (8) is not accounted for when estimating the coefficients 
in equation (8). To address this issue, we assess the stability 
of the confidence intervals for the estimated coefficients by 
estimating a rolling sample of fixed length and reporting the 
97.5th percentile of the upper bound and the 2.5th percentile 
of the lower bound over a specified period. By utilising these 
percentiles, we effectively exclude the most extreme 5% of val-
ues at both the upper and lower ends of the distribution. We 
focus specifically on the confidence intervals of CPI-based 
skewness coefficients which are the highlight of our main 
results.

Since the CPI-based results are indicative and to conserve 
space, we do not report the results from PPI-based exchange 
rates; however, these are available upon request. Figure  5 
demonstrates that the confidence intervals for all bilateral 
real exchange rates at all transaction clearing horizons do 
not cover zero and always lie within the positive region. This 
result provides strong support for the stability of the confi-
dence intervals and the validity of the finding that US agents 
respond to moderate and low exchange rate risks by increas-
ing (decreasing) the risk premium incorporated in domestic 
prices when such risks increase (decrease).

To assess the robustness of our benchmark model findings, 
we extend the regression by including additional U.S. macro-
economic variables as controls: real GDP, the 1-year Treasury 
yield, M2 money supply, U.S. foreign net long-term capital 
flows, referred to as net capital flows and U.S. Monetary 

TABLE 2    |    Means of coefficients on skewness and standard 
deviations of skewness – PPI.a

d = 1 d = 2 d = 3

Canada/USA

Skewness 0.8 0.6 0.2

(0.62, 0.93) (0.5, 0.8) (0.15, 0.3)

SD of skewness 0.83 1.34 3.35

European Union/USA

Skewness 0.6 1.06 0.8

(0.45, 0.71) (0.8, 1.32) (0.6, 1)

SD of skewness 2.16 1.28 1.84

Japan/USA

Skewness 1.2 0.5 0.24

(0.94, 1.45) (0.4, 0.6) (0.19, 0.31)

SD of skewness 1.28 4.16 7.08
aThe table reports the mean of the time-varying coefficients (�2t) in percentages 
and standard deviations of estimated skewness across the sample using PPI 
based real exchange rates. In parenthesis, are the means of the upper and the 
lower bounds of the 95% confidence intervals, displayed in Figures A1–A3 in the 
Appendix A.

TABLE 1    |    Means of coefficients on skewness and standard 
deviations of skewness – CPI.a

d = 1 d = 2 d = 3

Canada/USA

Skewness 1.1 0.8 0.3

(0.8, 1.4) (0.68, 1) (0.2, 0.4)

SD of skewness 0.83 1.34 3.35

European Union/USA

Skewness 0.65 1.3 0.9

(0.5, 0.8) (1.04, 1.54) (0.68, 1.2)

SD of skewness 2.16 1.28 1.84

Japan/USA

Skewness 1.3 0.5 0.3

(1, 1.5) (0.4, 0.6) (0.21, 0.29)

SD of skewness 1.28 4.16 7.08
aThe table reports the mean of the time-varying coefficients (�2t) in percentages 
and standard deviations of estimated skewness across the sample using CPI 
based real exchange rates. In parenthesis, are the means of the upper and the 
lower bounds of the 95% confidence intervals, displayed in Figures 2–4.
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Policy Uncertainty (MPU). Data for these variables were 
obtained from Datastream. For MPU, we used the index de-
veloped by Baker et al. (2016), which tracks the frequency of 
articles on monetary policy uncertainty published in 10 major 
U.S. newspapers. Real GDP, M2, and MPU are expressed in 
logarithms, and all variables, except for net capital flows and 
MPU, are first-differenced to ensure stationarity. To conserve 
space, and since the additional variables do not significantly 
affect our main conclusions, we present only Table A2 in the 
Appendix A. This table provides the mean estimates for skew-
ness and the control variables, along with the corresponding 
confidence intervals. After including these control variables, 
apart from changes in the magnitude of the estimates in some 
cases, skewness consistently remains positive, with no ev-
idence of substantial endogeneity effects undermining our 
main conclusions. The coefficients for variance and kurtosis 
remain statistically insignificant in most cases, consistent 
with the benchmark results, as their confidence intervals 
typically cover zero. Both real GDP and M2 are statistically 

insignificant, with average confidence intervals covering zero 
in all cases except real GDP for CAD/USD d = 2. The Treasury 
yield appears to be statistically significant in the cases of 
EUR/USD for d = 2 and d = 3. In these instances, an increase 
in the yield leads to a decrease in the real exchange rate. This 
result is intuitive, as higher bond yields make domestic assets 
more attractive, leading to increased demand for these assets, 
a depreciation of the foreign currency, and a subsequent de-
crease in the real exchange rate. Moreover, the U.S. monetary 
policy uncertainty variable appears to have mixed result – it is 
consistently insignificant in all cases for CAD/USD and EUR/
USD, however, statistically significant in the cases of JPY/
USD for all values of d. In these instances, an increase in the 
U.S. monetary policy uncertainty leads to an increase in the 
real exchange rate. This result is intuitive, as higher U.S. mon-
etary policy uncertainty make domestic assets less attractive, 
leading to decreased demand for these assets, an appreciation 
of the Japanese currency, and a subsequent increase in the 
real exchange rate. The mixed results depend on how closely 

FIGURE 5    |    Percentiles of confidence intervals of skewness coefficients from rolling samples*. *The focus period is set to January 1995 through 
December 2005 for CA/USA and JP/USA, and from January 2002 to December 2010 for EU/USA. The rolling samples for CA/USA and JP/USA are 
fixed to 252 observations, starting from January 1, 1985, and rolling over for one year until and including January 1, 1994. For EU/USA, the rolling 
sample is fixed to 168 observations, starting from January 1, 1997, and rolling over for 1 year until and including January 1, 2002. The percentiles 
reported in the figures are the 97.5th for the upper bound of the confidence interval and the 2.5th for the lower bound. The real exchange rates are 
computed using CPI.
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FIGURE A1    |    Estimated time-varying coefficients: Canada – PPI.

FIGURE A2    |    Estimated time-varying coefficients: EU – PPI.
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a foreign country's monetary policy aligns with that of the 
U.S. Compared to Canada and the European Union, Japanese 
monetary policy differs significantly from most developed 
countries. While many advanced economies adopt broadly 
similar monetary policy frameworks, Japan stands out due to 
its persistent economic challenges and reliance on unconven-
tional measures. This distinction makes Japanese assets more 
attractive during periods of high monetary policy uncertainty 
in the U.S. Despite the statistical significance of the Treasury 
yield and the U.S. monetary policy uncertainty in these spe-
cific cases, the main conclusion regarding the significance 
of skewness in driving deviations from PPP remains robust. 
Figures showing estimates for the time-varying parameters of 
all variables are available upon request.

7   |   Hedging Hypothesis and Discussion

Direct hedging in Forex trading, which involves holding both 
long and short positions on the same currency pair simulta-
neously, is considered illegal in the U.S. However, holding 
forex options which enable recouping the difference between 
the market price and the strike price when extreme appreci-
ations of the forex occur or using other derivatives when ex-
treme appreciations of foreign currencies are expected is a 
perfectly legitimate strategy.30 We argue that US agents, es-
pecially large corporations that purchase foreign goods and 
services denominated in foreign currencies, hold derivative 

portfolios to hedge the exchange rate risk but only on a lim-
ited basis, focusing on extreme appreciations of foreign cur-
rencies. Operational hedging is another option that agents 
can adopt when extreme appreciations of foreign currencies 
are expected.31 Although direct testing of this hypothesis is 
challenging, existing empirical evidence from corporate de-
rivatives supports it. Guay and Kothari  (2003) find that the 
use of corporate derivatives, not inclusive of exchange rate 
risk, appears to be moderate by taking into account firm size, 
operating and investing cash flows.32 Although increased use 
of derivatives among more geographically diverse firms is ob-
served, the magnitudes of the derivatives positions are found 
to be quite small. Furthermore, Brown  (2001) provides evi-
dence that a large US-based corporation would be more con-
cerned with downside exchange rate risk than upside risk. As 
Brown's case study suggests, the cost of initiating and main-
taining a derivatives programme is not trivial. Therefore, the 
assumption of hedging extreme downside risk only is justified 
by the fact that large-scale hedging would be too expensive 
and detrimental for either businesses and/or consumers.

Our findings underscore the significant role of exchange rate 
uncertainty, as evidenced by higher-order moments, particu-
larly skewness, in driving deviations from PPP. Specifically, 
they highlight the impact of low and moderate exchange rate 
risks in disrupting the balance between domestic and foreign 
prices. This has important implications for both policymakers 
and market participants. For policymakers, understanding that 

FIGURE A3    |    Estimated time-varying coefficients: Japan – PPI.
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the skewness of exchange rates can induce systematic deviations 
from PPP due to moderate risks suggests a need for more nu-
anced approaches in monitoring and stabilising currency mar-
kets, particularly in countries heavily engaged in international 
trade. Regulatory bodies might consider enhancing transpar-
ency and further reducing transaction costs in forex markets 
to mitigate the impacts of skewness-driven exchange rate risks. 
For market participants, such as multinational corporations and 
investors, our findings imply that hedging only against extreme 
risks does not diminish the significance of exchange rate risk, 
given the complexities of moderate unhedged risks. This un-
derscores the importance of developing more sophisticated risk 
management tools that account for the asymmetry in exchange 
rate distributions. By focusing on these higher moments such 
as exchange rate skewness, market participants can better an-
ticipate and manage potential deviations from PPP, thereby op-
timising their international investment and pricing strategies. 
Ultimately, our study provides a critical lesson: in a world of in-
complete markets and asymmetric risk distributions, traditional 
models of exchange rate behaviour must be augmented with 
measures of risk based on higher moments to more accurately 
forecast and manage deviations from economic fundamentals 
such as PPP.

8   |   Concluding Remarks

We extend the theoretical framework of Arghyrou et al. (2011), 
which posits that transactions clearing on future dates lead to 
deviations from the law of one price due to uncertainty about 
future nominal exchange rates. We expand their framework 
to a macroeconomic context incorporating PPP and demon-
strate that deviations from PPP are driven not only by first-
order uncertainty, as described by Arghyrou et al., but also by 
higher-order uncertainty, as measured by the skewness of the 
exchange rate distribution. We further argue that, due to high 
insurance costs, only extreme exchange rate risks can realis-
tically be fully hedged through options markets. Our frame-
work suggests that, even when extreme exchange rate risks 
are hedged, the presence of low and moderate risks can lead 
to significant risk premia being incorporated into domestic 
prices, thereby causing deviations from PPP. To test our the-
ory, we use a model with time-varying coefficients, analysing 
bilateral exchange rates between the US and three of its main 
net exporting partners: Canada, the EU, and Japan. Our esti-
mates indicate that higher-order uncertainty, as measured by 
skewness, is a significant factor driving deviations from PPP. 
Furthermore, our findings support the hypothesis that US 
agents hedge a priori against extreme exchange rate risk and 
are willing to pay risk premia only for unhedged low and mod-
erate risks. Thus, the skewness of future nominal exchange 
rates emerges as a crucial factor in explaining deviations from 
PPP and offers a potential solution to the PPP puzzles.
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Endnotes

	 1	AGP presents a theoretical framework where nominal exchange rate 
uncertainty, captured by the variance of future nominal exchange 
rate returns, leads risk-averse consumers without access to hedging 
instruments to pay domestic importers of a foreign good a positive 
premium over the price quoted by the foreign producer of the good, 
when both prices are expressed in domestic currency. AGP provides 
empirical evidence from a near-perfect market (on-line air tickets) 
supporting their theoretical model.

	 2	The empirical literature that highlights the higher-moment mar-
ket risk in asset pricing is mainly concerned with the co-skewness 
and co-kurtosis with market portfolios. This literature includes 
among others the work of Kraus and Litzenberger (1976), Friend 
and Westerfield (1980), Barone-Adesi (1985), Sears and Wei (1988), 
Fang and Lai (1997), Harvey and Siddique (1999), Dittmar (2002), 
Langlois  (2020) and Schneider et  al.  (2020). Studies that relate 
the idiosyncratic skewness of securities with portfolio decisions 
include, among others, Brunnermeier et  al.  (2007), Mitton and 
Vorkink (2007), Barberis and Huang (2008), Boyer et al. (2010) and 
Conrad et al. (2013).

	 3	Approximately $5 trillion ($220 billion) of foreign exchange transac-
tions take place per day (hour). Most of the trading involves the US 
dollar, the Euro and the Yen.

	 4	See, for example, Gaillot (1970) and Taylor and McMahon (1988).

	 5	A related, but different explanation for the two PPP puzzles has been 
offered by Imbs et al. (2005). They show that heterogeneous adjust-
ment dynamics to the LOOP across the individual components of 
a basket of goods, caused by varying impediments to arbitrage and 
nominal rigidities across different goods, result in a positive bias in a 
standard panel and time-series estimates of the persistence of shocks 
to the aggregate real exchange rate. They also show that persistent ad-
justment heterogeneity at the disaggregated level is fully compatible 
with the nonlinear dynamics observed in the movements of aggregate 
real exchange rates.

	 6	Guay and Kothari (2003) argue that the percentage of the hedged ex-
change rate exposure reported by Allayannis and Weston  (2001) is 
overstated because foreign sales used to scale the amount of foreign 
currency derivatives understates exchange rate exposure. However, 
they do not report any numbers for the fraction of sales in their long 
sample.

	 7	The survey covers all transactions from trades in United States, 
Canada and Mexico.

	 8	Similar findings are reported by Adam et  al.  (2017), while Nguyen 
et al. (2007) also highlight size along with leverage as determinants 
of the use of derivatives.

	 9	In other words, wt+d = wt − 1 in the first case and wt+d = wt − St+dP
f
t P

−1
t  

in the second case.

	10	A few examples related to individual consumers would include online 
purchases where the price is expressed only in foreign currency and 
the transaction clears at a later stage and appears on bank statements 
several days after; Payments in foreign currency by travellers, using 
credit cards issued in the traveller's country of origin; Payments made 
by checks, payable at foreign banks. Such checks usually take several 
weeks to clear (6 weeks or more).
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	11	In most of the cases in our sample (discussed in the following section) 
the random walk hypothesis, for various d's, cannot be rejected by the 
data. Even for the rest of the cases where the random walk is rejected, 
the processes are nearly random walks.

	12	It is reasonable to assume that domestic buyers (consumers or firms) 
focus only on hedging extreme exchange rate risk as low and moder-
ate risk might be too costly to insure against.

	13	Although we do not model the decision of domestic importers/pro-
ducers, we implicitly assume that if they attempt to reduce the price 
in order to dominate the market, then the foreign producers will re-
spond by decreasing the foreign price as well, and vice-versa.

	14	AGP did not consider terms that involve third and fourth powers, and 
thus did not examine the role of expected skewness and kurtosis.

	15	The term “complete properness” is used by Pratt and 
Zeckhauser (1987), while Caballé and Pomansky (1996) refer to it as 
‘mixed risk aversion’. This is the case with the commonly used con-
stant relative risk aversion (CRRA) utility function, which implies 
that both �2t and �3t are strictly positive.

	16	As skewness increases, large positive shocks in the value of the future 
exchange rate, St+d, become more likely. If the agent is not hedged 
against those shocks, they are translated into large negative shocks 
on the agent's remaining (post-purchase) wealth if the agent buys x 
directly from the foreign supplier. If, on the other hand, the agent is 
hedged against extreme positive shocks of the foreign exchange, the 
latter becomes irrelevant and so as skewness increases, only the in-
creased probability of negative moderate shocks in the value of the 
future exchange rate matter because the risk-averse agent cares only 
about the highest unhedged risk.

	17	Our reasoning regarding the case u′′′ < 0 differs from that of 
Eeckhoudt et  al.  (2005) who argue that it is possible that a risk-
averse agent exhibits an imprudent behaviour, by insuring risk at 
an unfair premium in the face of a non-insurable future risk, e.g., 
u(w) = �1w − �2w

3, with 𝜐1 > 0 and 𝜐2 > 0, implies that u′′ < 0 and 
u′′′ < 0. We argue that in economies with highly developed options 
markets which allow agents to hedge extreme exchange rate risk, the 
case where u′′′ < 0 characterises a prudent agent who pays risk pre-
mia against the highest a priori unhedged risk, which is moderate or 
low risk.

	18	The impact of kurtosis is distinctively different than that of skew-
ness. If the distribution of St+d is symmetric with excess kurto-
sis, the probability of extreme outcomes is higher than under the 
normal distribution: All else equal, increasing kurtosis implies 
an increase in the probability both of an extreme positive and an 
extreme negative deviation of the future exchange rate from its ex-
pected value, respectively implying an increased probability both 
of a large negative and a large positive wealth shock for the agent. 
In the absence of hedging, if the risk-averse agent is of temperate 
nature, downside wealth risk will carry higher weight in her deci-
sions than upside wealth risk. An extended illustration and discus-
sion on prudence and temperance can be found in Eeckhoudt and 
Schlesinger (2013).

	19	Prior to January 1999, the Euro/USA exchange rate refers to a syn-
thetic euro exchange rate which is calculated by weighting the bi-
lateral exchange rates of the (then) 11 euro-area countries using 
weights based on country trade shares. When we run our main re-
gression in the following section, we start the sample from January 
1997.

	20	León et al. (2005), extends Harvey and Siddique (1999), by assuming 
time-varying kurtosis. León et al. (2005) also assume that d = 1.

	21	Refer to León et al. (2005) for the details regarding the derivation of 
the p.d.f.

	22	The standard errors of the estimated coefficients correspond to the 
Bollerslev-Wooldridge robust standard errors and are calculated 

through Var
(
�̂

)
= J−1

(
�0
)
I
(
�0
)
J−1

(
�0
)
, where J

(
�0
)
 is the negative 

of the expected Hessian matrix and I
(
�0
)
 is the information matrix 

which can be calculated by the outer product of the score vector.

	23	The oil price collapse of mid 2014 was one of the three biggest de-
clines in oil prices since World War II.

	24	In particular, the skewness of the CA/USA exchange rate is positive 
57%, 55% and 57% of the time at d = 1, d = 2 and d = 3, respectively. 
The skewness of the EU/USA exchange rate is positive 59%, 52% and 
56% of the time at d = 1, d = 2 and d = 3, respectively, while the skew-
ness of the JP/USA exchange rate is positive 62%, 61% and 54% of the 
time at d = 1, d = 2 and d = 3, respectively. Our estimates also indi-
cate that the exchange rate series exhibit excess kurtosis 0.27%, 0.69% 
and 0.73% of the time for CA/USA, 0.91%, 0.37% and 0.39% of the time 
for EU/USA, and 0.45%, 0.46% and 0.92% for JP/USA, respectively at 
d = 1, d = 2 and d = 3.

	25	Unit roots cannot be rejected for either country at the 5% significance 
level. The unit root results are available upon request.

	26	The percentage of months where the US deficit becomes surplus is 
tiny. Even if intercept dummies are included, effectively taking those 
observations off the sample, the results remain the same.

	27	Assuming that �i
(
zt
)
 is twice differentiable, it can be linearly approxi-

mated around z, using the Taylor Rule as �i
(
zt
)
≈ �i(z) + ��

i
(z)

[
zt − z

]
 , 

where ��
i
(z) is the first derivative with respect to z. Then, esti-

mates for �i(z) and ��
i
(z) are obtained by solving the minimisa-

tion problem argmin
∑T

t=1

�
ΔlnQt −x

⊺

t �0−
�
zt −z

�
x
⊺

t �1
�2
Kb

�
zt − z

�
 , 

where x⊺t =
[
1, �2

t+d
, Skewnesst+d,Kurtosist+d

]
 and Kb

(
zt − z

)
 is the 

Epanechnikov kernel with bandwidth b. The latter is selected by 
leave-one-out cross-validation apart from a few cases where such 
procedure implies relatively large bandwidths, inconsistent with 
most of the other cases and oversmoothed (constant) estimates. 
These are the cases of CPI-based EU/US d = 3, the three PPI-based 
EU/US cases and the two PPI-based cases of JP/US d = 1 and d = 2 . 
For the first case, we choose the bandwidth to be equal to unity so 
that it is roughly equal to the other two CPI-based d = 3 cases and 
the other two CPI-based EU/US cases. For the PPI-based cases, we 
choose bandwidths which are equal to the corresponding values of 
the CPI-based cases. In this way, we avoid oversmoothed estimates. 
Further details on the estimation procedure can be found in Casas 
and Fernandez-Casal (2019).

	28	The use of GARCH measures of variance, derived from prelimi-
nary estimates, as regressors is not uncommon in the literature, e.g., 
French et al. (1987), Ramachandran (2004) and Ramachandran and 
Srinivasan (2007).

	29	In the case of EU/USA after May 2002, the mean coefficients on skew-
ness (in percentages) and corresponding mean of 95% confidence in-
tervals (also in percentages) are 0.16 (0.06, 0.26) for d = 1, 0.17 (0.05, 
0.3) for d = 2 and 0.17 (0.08, 0.33) for d = 3. The standard deviations of 
kurtosis are 2.37, 2.85 and 3.79 for the cases of d = 1, d = 2 and d = 3, 
respectively. While the estimated skewness coefficients do not cover 
zero and are positive, the confidence intervals for kurtosis are wider 
compared to those for skewness coefficients.

	30	The evidence suggests that option derivatives is a significant com-
ponent of derivatives portfolios. For instance, when the foreign 
currency significantly appreciates, foreign call options enable do-
mestic (US) agents to recoup the price difference and thus fully 
hedge extreme exchange rate risk, while moderate and low risks re-
main unhedged. Specifically, domestic agents can purchase foreign 
exchange at the exercise price which is lower than the market price 
and then sell it at the market price. Futures and forward contracts 
also enable domestic agents to eliminate extreme appreciations of 
the foreign exchange when the latter are expected. In principle, low 
and moderate exchange rate risks can also be hedged, however this 
would imply higher overall insurance fees than any premium paid 
to domestic importers or producers. For instance, domestic agents 
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can use put options and sell foreign exchange at the exercise price 
which is higher than the market price and then purchase at the 
market price.

	31	For instance, an agent may postpone or cancel a purchase when an 
extreme appreciation of foreign exchange is expected to occur (e.g., 
see Boyabatlı and Toktay 2004).

	32	Specifically, Guay and Kothari  (2003), present detailed evidence on 
the cash flow and market value sensitivities of financial derivatives 
portfolios to extreme simultaneous changes in interest rates, cur-
rency exchange rates, and commodity prices using an extended ran-
dom sample of large non-financial corporations.
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TABLE A2    |    Means of selected coefficients from extended regression – CPI.a

d = 1 d = 2 d = 3

Canada/USA

Skewness 0.582 0.343 0.302

(0.407, 0.756) (0.233, 0.453) (0.161, 0.443)

Real GDP −28.420 −29.49 −28.20

(−57.990, 1.152) (−55.58, –3.399) (−60.88, 4.478)

1-year Treasury yield −0.100 −0.099 −0.176

(−0.684, 0.483) (−0.689, 0.490) (−0.787, 0.435)

M2 −25.510 −15.20 −25.23

(−74.51, 23.49) (−64.74, 34.35) (−81.99, 31.53)

Net capital flow 0.000 0.000 0.000

(−0.000, 0.000) (−0.000, 0.000) (−0.000, 0.000)

Monetary policy uncertainty 0.156 (−0.498, 0.186) −0.232 (−0.562, 0.098) −0.230 (−0.539, 0.078)

European Union/USA

Skewness 0.917 0.776 0.258

(0.825, 1.008) (0.643, 0.908) (0.204, 0.312)

Real GDP −22.88 −17.16 −19.58

(−61.84, 16.08) (−61.62, 27.31) (−76.27, 37.11)

1-year Treasury yield −0.881 −1.193 −1.156

(−1.830, 0.069) (−2.028, −0.358) (−2.231, –0.081)

M2 −15.45 8.578 8.382

(−98.46, 67.56) (−70.74, 87.89) (−105.10, 201.80)

Net capital flow 0.000 −0.000 −0.000

(−0.000, 0.000) (−0.000, 0.000) (−0.000, 0.000)

Monetary policy uncertainty 0.007 (−0.415, 0.429) −0.100 (−0.734, 0.535) −0.003 (−0.616, 0.611)

Japan/USA

Skewness 3.309 2.220 3.590

(2.317, 4.301) (1.684 2.757) (2.235, 4.944)

Real GDP 14.88 24.81 36.75

(−52.22, 81.99) (−44.04, 93.65) (−21.83, 95.32)

1-year Treasury yield −0.825 −0.760 −0.793

(−2.261, 0.611) (−1.620, 0.099) (−1.729, 0.142)

M2 −21.970 −21.06 −16.60

(−119.10, 75.18) (−126.20, 84.12) (−123.10, 89.93)

Net capital flow 0.000 0.000 0.000

(−0.000, 0.000) (−0.000, 0.000) (−0.000, 0.000)

Monetary policy uncertainty 0.804 (0.018, 1.591) 1.072 (0.508, 1.636) 1.203 (0.548, 1.858)
aThe table reports the means of selected time-varying coefficients (in percentages) along with the means of the corresponding 95% confidence intervals (in parenthesis) 
from regression of ΔlnQt on a constant, �2

t+d
, Skt+d and Kut+d, extended with additional controls. These controls include the first differences of the logarithms of U.S. 

real GDP and U.S. M2, the first difference of the 1-year U.S. Treasury yield, the level of U.S. foreign net long-term capital flows, and the logarithms of U.S. monetary 
policy uncertainty. The dependent variable is the first difference of the logarithm of the CPI-based real exchange rate.
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