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By using daily foreign exchange (fx) market data for five major currency
pairs, this article shows that, especially since the beginning of the financial
crisis, pricing of fx forwards has not matched the pricing formula derived
from the covered interest rate parity (CIP). This corresponds to previous
empirical results. Therefore, the CIP leads to systematic over- or under-
pricing. Overall, four statistically significant explanatory factors for this
systematic over- or underpricing have been identified — the volatility in the
difference between the interest rate levels, the spot price, the fx forward
spread and the counterparty risk. In particular, the high significance of the
counterparty risk demonstrates that pricing models for fx forwards should

be reviewed.
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I. Introduction

Today’s pricing of foreign exchange (fx) forwards
remains largely based on the fundamentals set by the
financial theory of the law of one price (LOP) and
market efficiency (Fama, 1965; Samuelson, 1965;
and Fama, 1970). Under these principles, fx forward
pricing is defined by pricing two equal risk-free

*Corresponding author. E-mail: stefan.stoeckl@icn-groupe.fr

securities denominated in different currencies,
known as the covered interest rate parity (CIP).
This equality insures no arbitrage profits. After
Keynes (1925), a lot of studies have dealt with the
validity of the CIP. Up to the current financial crisis
and the European sovereign debt crisis, the overall
literature on the CIP provides fairly strong empirical
support in favour of the CIP and, thus, the CIP-based
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pricing' (see Sarno and Taylor (2001) for a literature
overview). Therefore, it is not surprising that the CIP
has been widely used by practitioners to price fx
forwards. This might change during times of crisis
as recent studies — Baba and Packer (2009), Coffey
et al. (2009), Genberg et al. (2009) and Mancini-
Griffoli and Ranaldo (2011) — have observed devia-
tions between fx forward market prices and their
theoretical (the CIP-based) values.

Literature provides several potential reasons for
this observed bias. Basically, there are three explana-
tions for the measured bias between the market
priced fx forward and the pricing derived from the
CIP. Frenkel and Levich (1975, 1977, 1981) attribute
the CIP deviation to the existence of transaction
costs. Deardorff (1979) and Callier (1981) extend
this explanation introducing the concept of neutral
band created by explicit transaction costs. Capital
controls and different tax regulations for foreign
and national investments are also covered by this
neutral band as shown by Dooley and Isard (1980)
and Blenman (1991). Under these premises, devia-
tion from the CIP would still be in line with the
notion of no-arbitrage and LOP. But Clinton (1988)
shows that this neutral band is actually very small.
Another possible explanation is that the arbitrage
opportunities offered by the deviation from the CIP
(above the transaction cost band) are not exploited.
Market microstructure theory by, for example,
Stoll (1978), O’Hara and Oldfield (1986), Kumar
and Seppi (1994) and Garleanu and Pedersen
(2011) give explanations under which circumstances
the LOP does not hold and arbitrage opportunities
exist. Roll et al. (2007) show that market illiquidity
and the corresponding implicit transaction costs are a
source for deviation from LOP and, thus, arbitrage
opportunities. However, for the fx forward market
numerous studies such as Rhee and Chang (1992),
Fletcher and Taylor (1996) and Juhl et al. (2006)
empirically show that solely a few arbitrage oppor-
tunities exist or at least vanish within short time
(Balke and Wohar (1998)). Based on high-frequency
data Akram et al. (2008) support, these earlier find-
ings as the arbitrage opportunities disappear within
minutes in their study. A final potential explanation is
that a risk premium is directly priced in fx forward
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transactions compensating market participants for
taking up the risk within the arbitrage strategy (see
Shleifer and Vishny, 1997). Previous studies by
Taylor (1987, 1989) based on high-frequency data
do not provide much support for this explanation as
only a few CIP violations appear during times of
financial markets turmoil. However, more recent stu-
dies such as Baba and Packer (2009), Coffey et al.
(2009), Genberg et al. (2009), Fong et al. (2010) and
Mancini-Griffoli and Ranaldo (2011) analyse the
current financial crisis and observe some permanent
CIP deviations. All of them find out high explanatory
power of different risk proxies such as the bid—ask
spread or the counterparty risk for the observed pri-
cing biases.

Although the importance of market illiquidity on
the existence of arbitrage opportunity (see Kumar
and Seppi, 1994 or Roll ez al., 2007) and asset pricing
(see Amihud and Mendelson, 1986) have been inves-
tigated in literature, these aspects have been ignored
for fx forward markets as they were considered as
highly liquid and fairly priced. Therefore, liquidity or
premium/discount® aspects in connection with pri-
cing issues have been ignored mostly, in contrast to
stock markets, where Archaya and Pedersen (2005)
introduce a capital asset pricing model which
includes liquidity. Jankowitsch e al. (2011) intro-
duce a new market microstructure framework for
over-the-counter (OTC) bond markets which
explains liquidity-induced price dispersions. As
counterparty risk does not play any role in trading
bonds, no modelling was required.

By using daily fx market data for five currency
pairs (EURUSD, EURCHF, EURGBP, EURJPY and
USDJPY), we show that market pricing of fx for-
wards for these markets have not matched the pricing
formula derived from the CIP since the beginning of
the financial crisis in 2008. Theoretically funded on
Shleifer and Vishny (1997)’s work on risk involving
arbitrage transactions, we use risk indicators to
explain deviations from the CIP pricing. In doing
so, we apply the market microstructure framework
by Jankowitsch et al. (2011). The market microstruc-
ture analysis gives insights into how and when mar-
ket structure, uncertainty and information processing
impacts an availability and risk of fx arbitrage

! Contrary to the empirical research on the validity of the CIP, the research on the uncovered interest rate parity (UIP)
looking at the bias between fx forward predicted fx spot price and realized future fx spot price comes to the conclusion that
UIP does not hold. (see Hodrick (1987), Froot and Thaler (1990) or Engel (1996) for a literature overview.)

% Premium stands for premium/discount in all further notions in this article.
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transactions and, thus, fx forward pricing. For devel-
oping the econometric model, we use four risk fac-
tors — the volatility of the interest rate difference, the
spot price, the fx forward spreads and the difference
between intraday and short-term interbank lending
rates — explaining the observed pricing premium. As
each risk factor represents uncertainty and increasing
information asymmetry in the market, our exogenous
variables support the information models developed
by Glosten and Milgrom (1985) and Kyle (1985).
Our findings also support the market microstructure
models based on the existence of the dealer’s inven-
tory problem, as developed by Garman (1976),
Stoll (1978), Amihud and Mendelson (1980), Ho
and Stoll (1981) and many others, since our risk
factors have an effect on the dealer’s inventory risk
exposure, capital constraints and hedging possibility.

Our empirical work contributes to the previous
literature on the CIP deviation and fx forward pricing
as it uses a market microstructure framework to
develop the endogenous variables for explaining the
pricing dispersion. The article is closely related to the
work of Baba et al. (2008), Baba and Packer (2009)
and Genberg et al. (2009). These studies also link the
CIP deviation to the counterparty risk premium and
market liquidity. One key difference is that we intro-
duce two further risk premium factors (the volatility
in the spot price and interest rates) based on the used
market microstructure. Furthermore, in contrast to
Baba and Packer (2009), we prefer the volatility
approach in our model as we want to emphasize the
risk component. In addition, we use instead the
applied EGARCH(1,1) model by Baba and
Packer (2009) a GARCH(1,1) model and in the
mean equation an autoregressive process with order
two as we face some autocorrelation effects in our
sample. Fong et al. (2010) also identify market
liquidity and counterparty risk as key variables for
the CIP deviation by using bid and ask fx quotes and
a set of different market liquidity proxies. Mancini-
Griffoli and Ranaldo (2011) have a slightly different
approach for modelling and analysing the CIP devia-
tion, since it considers current funding costs at the
moment of the arbitrage trade. Their empirical results
support the notion that funding constraints/difficul-
ties during the current crisis have limited the scope of
arbitrage trading, thereby leaving CIP deviations
unexploited.

This article is organized as follows. Section II
adjusts the market microstructure for OTC bond

markets to fx forward markets and develops four
hypotheses. Section III describes the applied metho-
dology of the empirical analysis and the empirical
results. Section IV discusses the results against the
background of the related literature and concludes
the article.

Il. Market Microstructure and
Hypotheses

Jankowitsch et al. (2011) develop a market micro-
structure for OTC markets. This market microstruc-
ture is only valid for the OTC bond market where
market makers do not face any counterparty risk.
Based on this market microstructure, we develop a
market microstructure for fx forward transactions. In
accordance with Jankowitsch et al. (2011), we use
P}, respectively (resp.) pfj for modelling the ask
resp. the bid price for asset i quoted by dealer j with
iandj € N*:

piy=mi+[*(h(si;)) resp.

1
P = mi—1*(h(s.) @

For each fx forward there is a market price m;
calculated as the mean of all dealer quotes m;;. As
m; expresses a market price, it already includes pub-
lic speculations. The holding cost function A(s;;)
represents the j-th dealer’s individual holding resp.
inventory and funding costs of the i-th asset position
si;. The function f“ resp. f* simply transforms all
relevant costs into the spreads.

In times of turmoil on the financial markets, increas-
ing credit spreads, credit rating downgrades and, thus,
higher costs for taking counterparty risks, so basically
the existence of counterparty risk in a OTC fx forward
transaction need to be taken into account. As fx for-
wards are used for hedging, they are an essential part
of investment strategies. The effectiveness of this
investment strategy might be destroyed by a default-
ing counterparty and therefore, cause further costs as
there is a probability that the profits from fx forwards
are lost due to the probability of a counterparty default.
That is why the counterparty’s cost of default must be
integrated in the pricing mechanism of the fx forward.
Therefore, we introduce a new credit risk cost para-
meter cr;;; € [0, 1] measuring the credit risk, which



dealer j takes in dealing asset i with the counterparty /.
The credit risk costs are finally reflected by
crij; * si;;. This pricing adjustment can be interpreted
as a risk premium dealer j faces when trading asset i
with counterparty /. The higher the default risk, the
higher the risk premium will be. While Jankowitsch

et al. (2011) modelled the holding cost function
H(s;) = %% resp. H'(s;) = h(s;) = %% with the
risk aversion parameter o > 0, we adjust this function

2
to H(SiJJ) = % + Crijl *Sij] Tesp. H/(SiJJ) =

h(siji) = 2*a;sl-j-’ + crij; with a > 0 and the parameter

S > 0 simply representing the slope of the functions.
Finally, we get for the ask resp. bid price

piis = mi+f*(h(siji criji))  resp.

(2)
P =mi—f"(h(siji, crijn))

Based on this new market microstructure, we ver-
ify the integrity of the common CIP fx forward
valuation formula (3). The forward price F é‘lf o,
with maturity at time M, ¢; and c; as the correspond-
ing currencies at time ¢, only depends on the spot
price Sc, ., and the difference between the interest
rate levels 7/, and r, of the currency pair ¢y, ¢, at

time ¢ with maturity at time M. For all our calcula-
tions, we apply the CIP forward pricing formula as
used, for example, by Fama (1984):

1+

M R
FC],Cz,t = SCIaCZat * 1 _|_ rj\;[ (3)

Cly

We compare fairpips’ representing the difference
between Y, and S, ., with the dealpips for the
relevant prices quoted in Bloomberg by brokers and
define it as a premium according to Baba and
Packer (2009) and Mancini-Griffoli and Ranaldo
(2011). With the help of this market microstructure,
which we adapt to fx forward transactions, and the
related literature, we develop four hypotheses.

Interest rates are an essential part of forward
prices. Verdelhan (2010) mentions that consumption
growth shocks could affect interest and spot price
markets and also generate excess returns.

3 Pips are a common notation in fx trading: 1 pip = 0.0001.
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Furthermore, Gutirrez and Vergote (2011) identify
large movements in interest rate markets during the
European Central Bank (ECB) Governing Council
days being the result of uncertainty about the policy
rate decisions and future EURIBOR developments.
For taking these risks, market makers set quotes
covering the volatility risk. Therefore, our first
hypothesis is formulated as follows:

Hla: The higher the volatility in the interest rate
markets, the higher the volatility in the fx forward
premiums.

The spot price as the underlying price is another
consulted determinant of the fx forward contract.
Corte et al. (2011) investigate the empirical relation
between the fx spot- and fx forward-implied volati-
lity and found out that the fx forward-implied vola-
tility is a systematically biased predictor, which
overestimates movements in future fx spot-implied
volatility. These findings are in accordance with a
trend in fx markets that there is not only fx spot and
forward currency speculation but also fx spot and
forward volatility speculation in dealing, the so-
called fx forward volatility agreements. Again this
uncertainty leads to the demand for premiums by
market makers and consequently to the following
hypothesis:

H1b: The higher the volatility in the fx spot price
market, the higher the volatility in the fx forward
premiums.

Basically, spreads in OTC markets are deter-
mined by the market demand curve, the competi-
tiveness of the market and the agency costs
according to Demetz (1968) and Benston and
Hagerman (1974). The market demand curve plays
an important role, particularly in uncertain times
when investors regard one currency as a safe
haven. The oversupply or the excess demand of a
currency can be seen on spreads. Amihud and
Mendelson (1986) develop an asset pricing frame-
work including spreads and state that the expected
return of an asset is an increasing and concave
function of the spread. Market-making problems
(reducing liquidity hence increasing spread volati-
lity) such as higher risk aversion, difficulty to hedge
positions, search cost and increased information
asymmetry are the reason for higher risk premiums
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via higher quoted spreads. Thus, spreads are an
indicator for nervous markets and the occurrence
of premiums in the respective market and for that
reason our next hypothesis is formulated as follows:

H2: The higher the volatility of the fx forward
spreads, the higher the volatility in the fx forward
premiums.

The fourth hypothesis is the result of our adjust-
ment of the market microstructure for fx forward
markets and our idea for capturing the counterparty
risk in fx forward transactions. Linzert and
Schmidt (2011)’s findings from an empirical analysis
indicate that a liquidity deficit increase induces the
Euro OverNight Index Average (EONIA) spread to
rise significantly. Furthermore, tight liquidity condi-
tions and market makers’ uncertainty about the coun-
terparty’s liquidity and credit rating situation put
further pressure on this indicator. This uncertainty
leads to a risk adjustment of the fx forward premiums
depending on the long and short positions by the
dealers and to our final hypothesis:

H3: The higher the volatility of interbank market
risk, the higher the volatility in the fx forward
premiums.

Ill. Model and Empirical Results

Regression model

In order to explain the determinants of changes in
premiums, we use an ARMAX model with GARCH
effects (see Baillie, 1980; Engle, 1982; Bollerslev,
1986; and Box ef al., 1987). Changes are equivalent
to shocks, which we measure with the annualized five
days volatility. In contrast to Baba and Packer (2009)
and Mancini-Griffoli and Ranaldo (2011), we prefer the
volatility approach in our model as we want to empha-
size the risk component in our model. Furthermore, in
contrast to the applied EGARCH(1,1) model by Baba
and Packer (2009), we use a GARCH(1,1) model and
add in the mean equation an autoregressive process
with order two as we face some autocorrelation effects
in our data set. The information -criteria by
Schwarz (1978) and Hannan and Quinn (1979) help
us to determine the AR model. Finally, we test our four
hypotheses with the following model:

o(premium,) = ®0(premium;_)
+ Oy0(premium, )
+ B,o(diffinterest;)

4
+ pro(spotprice;) @
+ pyo(fxspread,)
+ Byo(riskbank,) + &
and
o; =k + Go, | + A, %)

For the validation of our model, we operationa-
lize the variables used as follows. We apply the ICE
LIBOR interest rate quotes (diffinterest) with the
matching maturities and the spotprice of the under-
lying in order to price the forward contracts. The
parameter diffinterest represents the difference
between the interest rate level of the respective
bought and sold currency. The corresponding bid
and ask prices (fxspread) give us additional infor-
mation about the quotes. With respect to our coun-
terparty risk adjustment in the market
microstructure, the parameter riskbank is calculated
as the difference between the EUR LIBOR and
EONIA Swap Index.

Database and descriptive statistics

All our data consist of daily last price quotes pro-
vided by Bloomberg and cover the EURUSD,
EURCHF, EURGBP, EURJPY and USDJPY fx mar-
ket from 1 January 2001 to 31 August 2011. For all
spot prices, we use the closing prices, for the fx
forward prices we use 0.5(bid + ask) from the mar-
ket maker perspective. The analysis focuses on fx
forward transactions with a maturity of 3, 6, 9 and 12
months. For ensuring the same time stamps particu-
larly in the interest rates, we use the ICE LIBOR
(formerly known as BBA LIBOR) quotes (EUR,
USD, CHF, GBP, JPY) fixed at 11 am London time.
Therefore, the fx spot prices (spotprice) and the fx
forward price quotes all have the same time stamp
which ensures, that we can use the common CIP
valuation formula for pricing fx forwards and com-
paring them with the quotes from Bloomberg
(premium).



We also discover (also see Fig. Al in the
‘Appendix’ section) that the common CIP valua-
tion is no longer applicable and we identify dif-
ferences between fairpips and dealpips. A closer
look shows the deviations from the CIP valuation
after Lehman Brothers first raised capital in April
2008. After Lehman Brothers’ default in
September 2008, fx forward and fx spot markets
were highly volatile. Dealers always got a pre-
mium of about 40 pips® in the peak after Lehman
and an average of about 10 pips from 2008 to
August 2011 for buying USD against EUR. When
dealers chose contracts with longer maturities,
they demanded higher premiums. We find out
that in the period between 2001 and mid-2008
all forward contracts could be priced by using
the CIP and investors were not affected by any
premiums in fx forward markets. For that reason
we do not include the period from 1 January 2001
to 30 June 2008 in our regression analysis and the
following descriptive statistics. Table Al in the
‘Appendix’ gives an overview of the premiums in
the timeframes 1 January 2001-30 June 2008 and
1 July 2008-31 August 2011 for all currency
pairs and maturities. These facts are in line with
Baba and Packer (2009) and Mancini-Griffoli and
Ranaldo (2011), who linked the appearance of
pricing deviations with crises.

2865

Table 1 gives an overview of the descriptive
statistics for the EURUSD market data, which is
finally used in the model (for all maturities), while
descriptive statistics of all other markets can be
found in Tables A2—AS5 in the ‘Appendix’. For our
data set, we also reject the hypothesis (see, for
instance, Hansen and Hodrick, 1980 or
Engel, 1996) that fx forward rates are an estimator
for future fx spot prices and therefore that UIP
does not hold. We take the fx forward price at time
t and compare it with the spot price at # + 90, ¢ +
180,¢ 4 270 resp. ¢t + 360. The realized deviation

Setc2im—FY 5,
dey, = | =5 — et

< | is measured relatively to the
cl,c2,t+M

spot price. For demonstrating the failure of UIP
pricing, we apply an approximate Gauss test with
the null hypothesis Hy : %" = 0, the alternative

hypothesis H; : u%’+#0 at a significance level of
0.01%. The results (see Table 2) exemplarily verify
the rejection of all null hypotheses for the EURUSD
market for all maturities, whereby V represents the
value of the test statistic of the approximate Gauss
test. As the other markets’ results are basically
similar, we do not show them. For a better under-
standing, Fig. A2 in the ‘Appendix’ shows our
results of the deviations for the EURUSD market
as an example. (As the results for the other markets
are basically the same, we do not show them.)

Table 1. Descriptive statistics (EURUSD; all maturities)

Market Maturity Parameter u o Min Max Observations
EURUSD 3 months diffinterest —0.78 0.56 —2.21 -0.10 827
EURUSD 3 months spotrate 1.38 0.08 1.19 1.59 827
EURUSD 3 months FXspread 1.03 2.01 0.00 28.62 827
EURUSD 3 months riskbank 0.48 0.40 0.09 2.05 827
EURUSD 6 months diffinterest -0.76 0.55 -2.18 0.13 827
EURUSD 6 months spotrate 1.38 0.08 1.19 1.59 827
EURUSD 6 months FXspread 1.93 2.48 0.00 22.72 827
EURUSD 6 months riskbank 0.68 0.41 0.19 2.22 827
EURUSD 9 months diffinterest -0.72 0.61 -2.28 0.24 827
EURUSD 9 months spotrate 1.38 0.08 1.19 1.59 827
EURUSD 9 months FXspread 3.02 2.93 0.00 15.53 827
EURUSD 9 months riskbank 0.76 0.42 0.22 2.29 827
EURUSD 12 months diffinterest -0.66 0.67 -2.39 0.35 827
EURUSD 12 months spotrate 1.38 0.08 1.19 1.59 827
EURUSD 12 months FXspread 3.38 3.18 0.00 25.57 827
EURUSD 12 months riskbank 0.82 0.43 0.25 2.38 827

*Measured relatively with the spot price as a basis.
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Table 2. Descriptive statistics deviation UIP pricing and future spot price (EURUSD; all maturities)

Maturity e o |4 Rejection interval

3 months 5.2803 3.6767 41.3004 (—00; —3.8906) U (3.8906; c0)
6 months 8.1767 49114 47.8768 (—00; =3.8906) U (3.8906; c0)
9 months 8.7322 5.3749 46.7210 (—00; —3.8906) U (3.8906; c0)
12 months 8.8841 4.8669 52.4949 (—00; —3.8906) U (3.8906; c0)

Empirical results and robustness tests

First we analyse the total timeframe (July 2008—
August 2011) and then we conduct a robustness
check of our model. That means that we divide the
total timeframe into three nonoverlapping time-
frames (July 2008—June 2009, July 2009—June 2010
and July 2010—August 2011). We choose these three
timeframes as the first one includes the peak of the
financial crisis, the second one a more or less normal
time and the third one the European sovereign debt
crisis. Table 3 shows the results for the 3 months
forward contracts (for all currency pairs). The results
for the 6, 9 and 12 months contracts can be found in
Tables A6, A7 and A8, respectively, in the
‘Appendix’.

The total timeframe results for all currency pairs
confirm our four hypotheses (Hla—H3) with high
significance levels and high R?> (waves between
86% and 93%). The results’ significance levels in
particular serve to highlight the quality of the
model. Hla and H1 b include the basic parameters
of the CIP fx forward pricing. Their significance in
all currency pairs and overall maturities demonstrate
that in highly volatile times it is not really possible to
precisely assess fx forward contracts with the CIP. As
a result, volatile times lead to higher risk premiums
caused by extended quotes depending on the trader
side when they react with an increase in the spreads
on nervous fx spot and forward markets. The expla-
natory factor counterparty risk (H3) is highly signifi-
cant at a 2.5% significance level for nearly all
maturities and all currency pairs. This fact shows
the importance of integrating counterparty risk (H3)
into the market microstructure of fx forward markets
and confirms that counterparty risk could no longer
be neglected in fx forward markets.

A comparison of the results for the three different
timeframes (July 2008—June 2009, July 2009—June
2010, July 2010—August 2011) and the total time-
frame (July 2008—August 2011) shows that the results
are robust and provides some additional information.

While over the total timeframe, the regression results
for all parameters are almost always highly significant
at a 2.5% significance level, the estimation for a sub-
period is not always highly significant. That means,
that we could find periods, where the determinants for
premiums in fx forward markets change or interest
rate, spot market or interbank market factors are non-
volatile and stable. As a result, R? is ranging between
70% and 92%. However, we also must take the smal-
ler sample size of the sub-periods into account. This
means, that the effects could also be weaker as we
consider less observations. All in all, it could be said
that the results are often stable in the case of variations
in timeframes. A detailed view into every hypothesis
and the happenings during the respective period can
be very useful. After the collapse of Lehman Brothers
in September 2008, fast-dropping stock markets and a
bad economic situation, the ECB as well as the Federal
Reserve (FED) cut the interest rate levels extremely
and thereby caused high volatility on the interest rate
markets. This uncertainty also affected the pricing of
fx forwards with the basic parameter of our hypothesis
Hla. This effect particularly appears when we com-
pare our estimated parameters of diffinterest for a
short- and long-term contract. In the EURUSD mar-
ket, we estimate smaller parameters in the first sub-
period of the 3 months contract compared to the others
contracts. Therefore, a longer maturity includes higher
interest rate risks and market makers demand higher
premiums. However, during the third sub-period,
interest rate markets calmed down and we lose expla-
natory power in our model for this hypothesis.
Furthermore, for example, the Swiss Franc is often
considered as a safe haven during crisis where often a
flight to quality could be observed (see, for example,
Santis, 2012). That is why the estimated parameters
are better in the first sub-period (Lehman Brothers
collapse) and third sub-period (European sovereign
debt crisis) compared to the second sub-period. Due
to these facts, the spot price volatility increases espe-
cially in these periods and complicates fx forward
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pricing. Similar to H1b, we get the best results for H2
during the crisis, especially during the first sub-period.
In this time period, we recognize widening spreads as
a result of nervous markets. Since the collapse of
Lehman Brothers, the awareness of counterparty risk
is back in the financial sector. Looking at the devel-
opment of nearly all significant parameters of H3, we
can see a rising trend of the estimated parameter
riskbank for nearly all currencies and maturities within
our three sub-periods. All in all, these facts even con-
firm that counterparty risk is a factor gaining impor-
tance for explaining the deviations from the CIP
pricing.

IV. Discussion and Conclusion

After analysing the structure of an fx forward con-
tract and the growing counterparty risk in the finan-
cial sector, we adjust the OTC bond market
microstructure by Jankowitsch ez al. (2011) and inte-
grate a counterparty risk parameter. Based on this
market microstructure, we compare the fx forward
price derived from the CIP and the quoted prices in
Bloomberg and we identify time-varying premiums
and discounts. We explain these effects with the help
of a ARMAX model with GARCH effects, whereby
we find four statistically highly significant explana-
tory factors (volatility in the difference between the
interest rate levels, the spot price, the fx forward
spread and the counterparty risk). In particular, the
significance of the explanatory factor counterparty
risk with regard to the financial crisis and the
European sovereign debt crisis confirms that pricing
models for fx forwards must be reviewed and that
problems in the interbank market also affect the OTC
markets.

Furthermore, in contrast to the papers of Baba
et al. (2008), Baba and Packer (2009) and Genberg
et al. (2009), we have to emphasize as our contribu-
tion to the current literature that we introduce two
further risk premium factors (the volatility in the
spot price and interest rates) based on the used
market microstructure. Moreover, in contrast to
Baba and Packer (2009), we prefer the volatility
approach in our model as we want to emphasize
the risk component. In addition, we only use a
GARCH(1,1) model instead of the applied
EGARCH(1,1) model by Baba and Packer (2009),
but extend the mean equation by an autoregressive

process with order two as we face some autocorrela-
tion effects in our sample. All in all, the risk adap-
tion of fx forward prices could be a hint of rational
market behaviour by market participants and effi-
cient fx forward markets.

However, we know that we only integrate a proxy
for measuring the counterparty risk in our model and
do not, for instance, use precise credit default spreads
measuring idiosyncratic risks. During times of vary-
ing credit risks within the banking sector, it would
possibly be more accurate to use credit default
spreads of both parties within fx forward contracts.
Unfortunately, our data set does not provide any
information about these details. Sorensen and
Bollier (1994), for example, offer a suggestion for
pricing counterparty default risk in swap contracts.
All in all, our model gives an overview of fx forward
markets and is not applicable to individual pricing
issues. Among other things, it strongly supports the
argument that the counterparty risk has to be consid-
ered in the pricing mechanism.

To sum up, pricing of fx forwards require the
consideration of multiple levels of risk which
become relevant under market turmoil. Under these
circumstances, market microstructure aspects such as
hedging costs, inventory problems, information
asymmetries and market heterogeneities are relevant
to pricing and, therefore, our findings should ensure a
better understanding of fx forward markets.
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Appendix

Table Al. Absolute differences between fair- and dealpips for all currencies and maturities
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1 January 2001 — 30 June 2008 1 July 2008 — 31 August 2011
Currency Maturity u o Min Max u o Min Max
EURUSD 3 months 1.26 1.70 0.00 10.22 9.41 6.93 0.22 64.14
EURUSD 6 months 1.74 1.91 0.00 14.14 17.86 12.91 0.34 94.95
EURUSD 9 months 3.28 3.91 0.00 29.40 23.81 20.79 0.01 120.50
EURUSD 12 months 5.75 7.26 0.00 53.66 30.76 28.99 0.06 170.71
EURCHF 3 months 1.02 0.83 0.00 6.35 3.75 4.17 0.02 26.49
EURCHF 6 months 1.43 1.26 0.00 10.25 11.45 7.38 0.05 57.55
EURCHF 9 months 2.00 2.05 0.00 17.82 14.59 12.81 0.05 90.77
EURCHF 12 months 3.14 3.46 0.00 30.48 17.16 18.24 0.01 120.97
EURPFUND 3 months 2.04 1.00 0.00 10.75 4.77 3.16 0.05 24.15
EURPFUND 6 months 4.64 1.87 0.00 15.30 9.80 6.41 0.01 41.79
EURPFUND 9 months 8.05 3.00 0.05 23.44 11.99 9.44 0.03 61.33
EURPFUND 12 months 12.13 4.23 0.14 32.98 13.76 12.70 0.00 78.41
EURJPY 3 months 0.02 0.01 0.00 0.17 0.04 0.05 0.00 0.37
EURJPY 6 months 0.03 0.06 0.00 2.04 0.09 0.13 0.00 0.78
EURJPY 9 months 0.05 0.38 0.00 15.69 0.13 0.23 0.00 1.23
EURJPY 12 months 0.06 0.09 0.00 1.89 0.20 0.31 0.00 1.70
USDIJPY 3 months 0.02 0.03 0.00 1.28 0.06 0.05 0.00 0.59
USDJPY 6 months 0.03 0.06 0.00 2.47 0.11 0.07 0.00 0.68
USDIJPY 9 months 0.03 0.02 0.00 0.27 0.16 0.11 0.00 0.81
USDJPY 12 months 0.06 0.12 0.00 4.75 0.20 0.14 0.00 0.84
Notes: For comparing the pips, we used the relative measure %
For EURJPY, USDJPY, we used the decimal quotation instead of the pips.
Table A2. Descriptive statistics (EURCHEF: all maturities)
Market Maturity Parameter u o Min Max Observations
EURCHF 3 months diffinterest —1.03 0.64 —2.68 —0.33 827
EURCHF 3 months spotrate 1.42 0.13 1.03 1.63 827
EURCHF 3 months FXspread 2.86 3.67 0.44 25.28 827
EURCHF 3 months riskbank 0.48 0.40 0.09 2.05 827
EURCHF 6 months diffinterest -1.17 0.56 —2.54 —0.55 827
EURCHF 6 months spotrate 1.42 0.13 1.03 1.63 827
EURCHF 6 months FXspread 5.83 5.36 1.57 31.94 827
EURCHF 6 months riskbank 0.68 0.41 0.19 222 827
EURCHF 9 months diffinterest —-1.16 0.54 —2.43 —0.56 827
EURCHF 9 months spotrate 1.42 0.13 1.03 1.63 827
EURCHF 9 months FXspread 9.11 6.36 3.87 34.37 827
EURCHF 9 months riskbank 0.76 0.42 0.22 2.29 827
EURCHF 12 months diffinterest -1.13 0.54 -2.35 -0.52 827
EURCHF 12 months spotrate 1.42 0.13 1.03 1.63 827
EURCHF 12 months FXspread 10.67 6.95 4.90 42.80 827

EURCHF 12 months riskbank 0.82 0.43 0.25 2.38 827
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Table A3. Descriptive statistics (EURGBP: all maturities)

Market Maturity Parameter u o Min Max Observations
EURPFUND 3 months diffinterest -0.01 0.40 -0.73 1.17 827
EURPFUND 3 months spotrate 0.87 0.04 0.77 0.98 827
EURPFUND 3 months FXspread 1.11 1.49 0.18 10.30 827
EURPFUND 3 months riskbank 0.48 0.40 0.09 2.05 827
EURPFUND 6 months diffinterest —-0.02 0.39 —0.69 1.18 827
EURPFUND 6 months spotrate 0.87 0.04 0.77 0.98 827
EURPFUND 6 months FXspread 241 2.65 0.54 13.92 827
EURPFUND 6 months riskbank 0.68 0.41 0.19 2.22 827
EURPFUND 9 months diffinterest 0.04 0.38 —0.62 1.19 827
EURPFUND 9 months spotrate 0.87 0.04 0.77 0.98 827
EURPFUND 9 months FXspread 3.51 3.38 0.22 25.10 827
EURPFUND 9 months riskbank 0.76 0.42 0.22 2.29 827
EURPFUND 12 months diffinterest 0.08 0.37 —0.60 1.19 827
EURPFUND 12 months spotrate 0.87 0.04 0.77 0.98 827
EURPFUND 12 months FXspread 4.50 3.93 1.53 21.31 827
EURPFUND 12 months riskbank 0.82 0.43 0.25 2.38 827
Table A4. Descriptive statistics (EURJPY: all maturities)

Market Maturity Parameter U o Min Max Observations
EURJPY 3 months diffinterest -1.21 1.15 —4.30 -0.33 826
EURJPY 3 months spotrate 124.82 14.22 105.97 169.49 826
EURJPY 3 months FXspread 2.10 3.45 0.40 28.89 826
EURJPY 3 months riskbank 0.48 0.40 0.09 2.05 826
EURJPY 6 months diffinterest —-1.28 1.14 —4.31 —0.43 826
EURJPY 6 months spotrate 124.82 14.22 105.97 169.49 826
EURJPY 6 months FXspread 4.09 4.85 1.03 32.48 826
EURJPY 6 months riskbank 0.68 0.41 0.19 2.22 826
EURJPY 9 months diffinterest -1.29 1.14 —4.27 —0.42 826
EURJPY 9 months spotrate 124.82 14.22 105.97 169.49 826
EURJPY 9 months FXspread 6.25 5.70 2.36 37.00 826
EURJPY 9 months riskbank 0.76 0.42 0.22 2.29 826
EURJPY 12 months diffinterest -1.33 1.13 —4.30 —0.43 826
EURJPY 12 months spotrate 124.82 14.22 105.97 169.49 826
EURJPY 12 months FXspread 7.61 6.38 0.89 43.39 826
EURJPY 12 months riskbank 0.82 0.43 0.25 2.38 826

Note: For EURJPY we used the decimal quotation instead of the pips.



Table AS. Descriptive statistics (USDJPY: all maturities)
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Market Maturity Parameter I o Min Max Observations
USDIJPY 3 months diffinterest -0.42 0.72 —3.74 0.07 827
USDIJPY 3 months spotrate 90.41 7.89 76.55 110.54 827
USDJPY 3 months FXspread 1.00 1.74 0.15 15.00 827
USDJPY 3 months riskbank 0.52 0.38 0.14 2.07 827
USDJPY 6 months diffinterest -0.51 0.75 —3.22 0.08 827
USDJPY 6 months spotrate 90.41 7.89 76.55 110.54 827
USDJPY 6 months FXspread 1.67 2.12 0.28 15.01 827
USDJPY 6 months riskbank 0.71 0.39 0.24 2.23 827
USDIJPY 9 months diffinterest —-0.57 0.71 —3.04 0.00 827
USDIJPY 9 months spotrate 90.41 7.89 76.55 110.54 827
USDJPY 9 months FXspread 2.41 2.38 0.75 16.45 827
USDJPY 9 months riskbank 0.78 0.41 0.28 2.29 827
USDJPY 12 months diffinterest —-0.67 0.66 -2.91 —-0.11 827
USDJPY 12 months spotrate 90.41 7.89 76.55 110.54 827
USDJPY 12 months FXspread 3.21 2.67 0.99 17.39 827
USDJPY 12 months riskbank 0.84 0.42 0.33 2.39 827

Note: For USDJPY we used the decimal quotation instead of the pips.
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fx forward EURUSD 3 months
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Fig. Al. Comparison of fair- and dealpips (EURUSD: 3 months)
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(c) Returns fx forward EURUSD 9 months

Fig. A2. Returns fx forward (EURUSD: all maturities)
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(d) Returns fx forward EURUSD 12 months

Returns are calculated with a EUR long position and USD short position in the forward contract for the period July 2008 —
August 2011 (827 observations for each maturity). The returns’ histograms demonstrate that the expected return of the
forward contracts is not zero and fx forwards are not a reliable estimator of future fx spot prices. This result is in accordance
with existing studies, for example, Hansen and Hodrick (1980) or Engel (1996).



