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Abstract

This paper studies foreign exchange risk premium using the uncovered
interest rate parity framework in a model economy. The analysis is
performed using weekly data on foreign and domestic currency
deposits in the Armenian banking system. Results of the study indicate
that contrary to the established view there is a positive correspondence
between exchange rate depreciation and interest rate differentials.
Further, it is shown that a systematic positive risk premium required by
economic agents for foreign exchange transactions increases over the
investment horizon. One-factor two-currency affine term structure
framework applied in the paper is not sufficient to explain the driving
forces behind the positive exchange rate risk premium. GARCH
approach shows that central bank interventions and deposit volumes
are two factors explaining time-varying exchange rate risk premium.
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Abstrakt

V tomto ¢lanku se zabyvame rizikovou prémii ménového kurzu v
modelové ekonomice za pouziti nepokryté urokové parity. Pii analyze
pouzivame tydenni data o depozitech v zahrani¢ni a domaci méné v
Arménském bankovnim sektoru. Na rozdil od zazitych empirickych
schémat naSe vysledky ukazuji na existenci pozitivniho vtahu mezi
znehodnocovanim ménového kurzu a urokovym diferencidlem. Dale
ukazujeme, ze systematicky kladnd rizikova prémie ménového kurzu
pozadovana investory pii1 cizoménovych transakcich se zvétSuje v
zavislosti na délce investiéniho horizontu. Sily urcujici kladnou
rizikovou prémii ménového kurzu nelze v naSem piipadé vysvétlit za
pomoci "affine term structure" modelu s jednim faktorem a dvéma
ménami. Naopak vysledky z aplikace modelu typu GARCH ukazuji, Ze
intervence Ustfedni banky a objemy deposit jsou dva faktory jenz v
¢ase se meénici rizikovou prémii ménového kurzu vysvétluji.



1 Introduction

Foreign exchange risks constitute one of the most important sources of uncertainty
in transition countries and emerging markets in general since many of them are
small open economies, very vulnerable to exchange rate fluctuations.! Many of
these countries do not have established foreign exchange derivatives markets, which
are needed for economic agents to hedge against the exchange rate risk. Empir-
ical evidence shows that many of these countries are heavily dollarized either in
dollar or euro terms.? In the absence of foreign exchange derivatives markets the
dollarization serves as a main tool for hedging against exchange rate risks. In the
presence of dollarization a significant portion of agents’ financial wealth is allocated
in terms of foreign currency denominated assets, resulting in an active market with
foreign exchange denominated financial instruments. We speculate that relative
prices (interest rates) of domestic and foreign currency denominated instruments
on the local financial markets must contain important information on how the
agents price exchange rate risks. In this paper we address the issue of the foreign
exchange risk premium and its determinants by employing affine term structure
framework and GARCH methodology.

For our analysis we use Armenia as a model economy, since it is an attractive
choice from both theoretical and practical points of view. First, Armenia is one
of the few transition countries that has never operated under fixed exchange rate
regime after gaining independence. This fact implies that exchange rate risk was
always present in Armenia. Next, the country has one of the most liberalized
capital accounts among transition economies (ranked 27" in the Index of Economic

Freedom, 2006 issue®) and there is no ceilings and other administrative restrictions

1See Orlowski (2004).
2See Sahay and Vegh (1995) and Feige (2003).
3More detailed information is available at
http://www .heritage.org/research /features/index/countries.cfm



imposed on deposit rates, which could introduce noisy pattern in the behavior of
interest rates series. In addition, the available information on Armenian interest
rates (see the discussion below) allows for the problem of imperfect substitutability
to be overcome. Also, using the dataset makes it possible to control for the country-
specific risks in modeling the foreign exchange risk premium.

Similarly as in other emerging markets and despite of the recent advancements
in real and financial sectors of the economy and developed legislative background,
there is no established market for foreign exchange derivatives in Armenia. Apart
from forward contracts occasionally traded by single banks for unreasonably high
costs, there are no forward transactions taking place elsewhere (including Armenian
stock exchange). This observation goes along with high and persistent level of dol-
larization in Armenia, which results in quite an active market of foreign currency
denominated financial instruments (the share of foreign currency denominated de-
posits is about 70% of total deposits in the banking system).

Finally, the high frequency data on foreign and domestic currency denominated
deposits available for Armenia provides a unique opportunity to compare yields
on financial instruments which are similar in all relevant characteristics except
the currency of denomination. This is an important precondition in modeling the
currency risks often neglected in related literature. To our best knowledge, this is
a first attempt to address the issue of exchange rate risks using the local financial
markets data on financial instruments denominated in two different currencies.

The rest of the paper is organized as follows. The second section provides
a review of relevant studies and summarizes the main approaches to modeling
exchange rate risks employed in the literature. The third section contains a detailed
analysis of exchange rate risk premium using data from the Armenian deposit

market. The last section summarizes the results of the study.



2 Literature Review

2.1 “Forward premium” puzzle

Economists have long been concerned with the issue of modeling foreign exchange
risks. This issue is closely related to the uncovered interest parity (UIP) condition.
The UIP is a fundamental building block of most theoretical models in interna-
tional economics literature, which states that when domestic interest rate is higher
than the foreign interest rate the domestic currency is expected to depreciate by
an amount approximately equal to the interest rate differential. Intuitively, the
UIP predicts that the expected foreign exchange gain from holding one currency
rather than another - the expected exchange rate change - must be offset by the
opportunity cost of holding funds in this currency rather than another - the interest

rate differential (Sarno and Taylor, 2002). This condition can be expressed as:

Siyp — St =Ti— Ty (1)

where s, denotes the logarithm* of the spot exchange rate at time t expressed in
the terms of units of domestic currency. 7, and 7; are logarithms of the gross
nominal interest rates available on similar domestic and foreign assets respectively
(with k periods to maturity), superscript e denotes the market expectation based
on information at time ¢.5

In practice, the validity of interest parity conditions has been tested by using

the following two approaches. The first approach relies on computing the actual

4The relationship is normally expressed in logarithms in order to circumvent the so-called
“Siegel Paradox” (Siegel, 1972) that, because of a mathematical relationship known as Jensen’s
inequality, one can’t simultaneously have an unbiased expectation of, say, the pound-dollar ex-
change rate (pounds per dollar) and of the dollar-pound exchange rate (dollars per pound), be-
cause 1/E[S] # E[1/S]. This problem does not arise if agents are assumed to form expectations
of the logarithm of exchange rates, since E[—s] = —E][s].

5A certainty equivalent of the UIP often discussed in the literature is the covered interest
parity condition (CIP), in which forward exchange rate appears in equation (1) instead of the
exchange rate expectations.



deviations from the interest parity to see if they differ significantly from zero. The
second method for testing the validity of UTP has been the use of regression analysis.

The following regression equation has been used as a workhorse for testing the UIP:

Stk — St = o+ ﬁ(rt - Ft) + Uy (2)

If UIP holds, equation (2) should result in estimates of « and [ differing insignif-
icantly from zero and unity respectively. In practice, the focus of researchers has
mostly been on estimates of the slope parameter 3. Using a variety of currencies
and time periods, a large number of researches have implemented (2) and obtained
results unfavorable to the efficient market hypothesis under risk neutrality. Froot
and Thaler (1990) report that the average value of coefficient 3 over 75 published
estimates is —0.88. Only few of the obtained estimates are greater than 0 and none
of the estimates is greater than 1. This result seems particularly robust given the
variety of estimation techniques used by the researchers and the mix of overlapping
and non-overlapping data sets. This fact has been labeled the “forward premium”
puzzle, which suggests that the forward premium mispredicts the direction of the
subsequent change in the spot rate.®

A large amount of research effort has been expended in trying to rationalize the
“forward premium” puzzle.” The first and by far the most popular explanation is
an argument that investors are risk averse. If foreign exchange market participants
are risk averse, the uncovered interest parity condition (1) maybe distorted by
a risk premium, because agents demand a higher rate of return than the interest
differential in return for the risk of holding foreign currency. If risk premium is time

varying and correlated with interest differential, equation (2) would result in biased

6Using covered interest rate parity, r; — 7y = f; — s¢, in (2) where f; is the log of the forward
exchange rate. Negativity of the estimated slope coefficient implies that the more the foreign
currency is at premium in the forward market; the less the home currency is predicted to depreciate
over k periods to maturity.

TA detailed survey of literature can be found in Taylor (1995) and Lewis (1995).



estimates of . An alternative explanation of the failure of the simple efficient
market hypothesis is rejection of rational expectations hypothesis. Examples are:
the “peso problem”® (Krasker, 1980), the rational bubble phenomenon (Flood and
Garber, 1980) and learning about regime shifts or inefficient information processing
(Lewis, 1995). Yet another explanation of bias was developed by McCallum (1994)
and is related to monetary policy conduct.

Initially, the UIP concept was challenged by the empirical literature, but re-
cently Baillie and Bollerslev (2000) showed that failure to find evidence for the
presence of the interest rate parity condition can be due to wrong statistical mod-
eling. More advanced econometric methodologies display evidence in favor of the
interest rate parity: based on the cross-equation restrictions on a Markov switch-
ing process, Kirikos (2002) finds that the parity relationship cannot be rejected for
three European currencies vis-a-vis the US dollar.

Empirical evidence, supports the UIP among the European transition countries.
Golinelli and Rovelli (2005) adopted the UIP hypothesis for estimating exchange
rates in order to account for the process of disinflation in the Czech Republic, Hun-
gary and Poland. They show that the current exchange rate depends on the current
interest rate differential and on the expected future exchange rate, augmented by
a risk premium. In addition, Chinn (2006) documents reasonable support for UIP
in the Czech Republic and Hungary, as well as in other emerging markets. Fur-
ther empirical support is given by Orlowski (2004) who proposes a model linking
exchange rate volatility to differentials over the euro zone in both inflation (target
variable) and interest rate (instrument variable). In a VAR framework he shows
that an increase in domestic interest rates relative to German rates contributes to

currency appreciation with a one-month, and repeatedly, a three month-lag in the

8The “peso problem” refers to the situation where agents attach a small probability to a large
change in the economic fundamentals, which does not occur in the sample. This will tend to
produce a skew in the distribution of forecast errors even if agents’ expectations are rational and
thus may generate small-sample bias in the UIP regressions (Sarno and Taylor, 2002).



Czech Republic and a two-month lag in Hungary, while the results for Poland are
inconclusive. Thus, changes in the value of the Polish currency relative to the euro
show a considerably weaker response to interest rate differentials than the relative
changes in the currencies of the Czech Republic and Hungary.

During the last decade, some authors revisited this issue using the data from
emerging market economies. The paper by Bansal and Dahlquist (2000) analyzes
data from 16 developed and 12 developing economies and introduces completely
new evidence on the relationship between expected currency depreciation and in-
terest rate differential. Contrary to the established view dominant in the literature,
Bansal and Dahlquist (2000) found that the theoretical prediction of positive rela-
tionship between future exchange rate changes and current interest rate differentials
works better in emerging market economies. Using pooled time series and cross-
section data, Bansal and Dahlquist (2000) document that there is a close relation
between country specific variables (namely, per capita GNP, inflation rate and its
variability, country ratings) and the “forward premium” puzzle.

Flood and Rose (1996) examine impact of the exchange rate regime adopted by
the country on the excess exchange returns. Based on empirical analysis of pooled
data for 17 developed economies, the authors reconfirm the established view of
negative correlation between interest differential and exchange rate depreciation.
In order to evaluate the dependence of this evidence on exchange rate regime dif-
ferences, the authors compare the pooled regression results with the ones obtained
from a similar regression run on data of only fixed exchange rate countries. The
obtained results suggest that the uncovered interest parity relationship works much
better for fixed exchange rate countries. Instead of being negative, the slope coef-
ficient for fixed exchange regime economies is now +0.6, though still significantly
below its hypothesized value of unity.

In their more recent study, Flood and Rose (2002) revisited the uncovered



interest parity relationship by analyzing daily data from 10 developing and 13
developed countries during the various crisis episodes in the 1990’s. Contrary to
Bansal and Dahlquist (2000), the authors document that income differences across
countries do not seem to have a significant impact on the uncovered interest parity
relationship. The authors fail to find a significant impact of the type of exchange
rate regime on the slope coefficient from the regression of exchange rate changes on
interest differential yields. Flood and Rose (2002) document that the theoretical
predictions on uncovered interest parity relationship work better for economies
during the crisis period, which constitutes the main message of the paper.

The impact of the capital market liberalization on uncovered interest parity
relationship in emerging economies has been studied in Francis, Hasan and Hunter
(2002). The study focuses on the time-varying risk premium explanation of devia-
tions from the uncovered interest parity. In the authors’ view, the financial markets
liberalization package, including elimination of exchange rate controls, stabilization
of exchange rates, removal of restrictions on capital flows, removal of interest rate
restrictions and inflation stabilization, is expected to change foreign investor’s per-
ception of the need for a risk premium and, therefore, affect deviations from the
uncovered interest parity condition. Estimation results indicate that the deviations
from the uncovered interest parity condition are indeed affected by the liberalization
of capital markets, but the direction of the impact is regional in nature and varies
across countries. More specifically, the authors document that in Latin American
countries the capital market liberalization caused an increase in a systematic com-
ponent of deviations from the uncovered interest parity. On the contrary, Asian
countries have experienced decline in excess currency returns following the financial

liberalization.



2.2 Stochastic Discount Factor Models

Most recent studies employ the stochastic discount factor (SDF) and affine term
structure models for studying foreign exchange risk premium in international finan-
cial markets (see Cuthbertson and Nitzsche, 2005 for a comprehensive review). The
first approach is based on the multivariate GARCH-in-mean estimation technique,
and the second approach makes use of the two-country version of the affine term
structure models.

The first approach, which is also known as the “observable factors” approach, in-
volves computational difficulties related to estimation of conditional moments. The
studies which employed this approach usually imposed ad hoc restrictions on the
conditional covariances matrix. For example, among recent studies, Balfoussia and
Wickens (2003) use multivariate GARCH-in-mean model on US data. The authors
select changes in consumption and inflation rate as factors explaining the excess
return for bonds.” The overall conclusion is that the relationship between excess
returns and conditional covariances is not statistically well determined enough to
explain the time-varying risk premia in the US. Another recent study by Smith and
Wickens (2002) employs a simpler form of multivariate GARCH-in-mean process
with constant correlations to analyze the foreign exchange risk premium using US-
UK data. The authors report that the estimation results predict that additional
factors have little support and the “forward premium” puzzle remains.

An alternative method to study time-varying foreign exchange risk premia is
based on the affine models of term structure (ATS). The key assumption of these
models is that the stochastic discount factor (and therefore also the risk free interest
rate) is a linear function of the state variables. The single factor ATS models imply

that the shape of the yield curve and the risk premium depend only on the time to

°In order to avoid computational difficulties, they imposed restrictions on the conditional
covariance matrix, assuming that conditional covariance depends only on its own past values and
its own past, surprises.

10



maturity and the shape of the yield curve is fixed over time (Vasicek, 1977). The
single factor Cox, Ingersoll and Ross (1985, henceforth CIR) model fixes the shape
of the yield curve but allows the risk premium to move over time due to changes
in the short rate. The greater flexibility in the shape of the yield curve requires
multifactor affine models (Cuthbertson and Nitzsche, 2005).

For the foreign exchange risk modeling purposes, the researchers usually use
the two-country ATS framework. The idea is that the relationship between the
expected exchange rate depreciation and interest rate risks can be characterized
by stochastic discount factors for two financial instruments denominated in two
different currencies.

To illustrate the two-country ATS approach, let’s start from the usual equilib-

rium asset pricing condition:

Ey My Ri] =1 (3)

where M, is the domestic currency stochastic discount factor and R;,; is the
gross return on the financial instrument. Backus, Foresi and Telmer (2001) show
that stochastic discount factor, that is used to price payoffs in the foreign currency
instruments (]\ZH), can be formed by scaling M;,, by the gross growth in nominal

exchange rate 2L,

Hence, the equilibrium asset pricing condition for financial

instruments denominated in foreign currency can be expressed as:

S¢

Et[]/\ZtJrlétJrl] = Et[MtJrl +1Et+1] =1 (4)
t

S

The relationship between SDF’s of the different currencies and exchange rate

growth can be stated as:
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It is a common approach in the two-country ATS economic models to imply a
particular relation in ]\A/[/Hl and M, 1, then use relationship (5) to derive restrictions
on the expected depreciation and the forward premium. For example, Nielsen and
Sad-Requejo (1993) and Backus, Foresi and Telmer (2001) use the CIR model
to restrict ]\ZH and M;,, and derive implications for the forward premium and
expected depreciation of the exchange rate.

Many well-known term structure models, such as Vasicek (1977), CIR, Longstaff
and Schwartz (1992), and Duffie and Kan (1996) share the same property: the dis-
count factors M and M in these models are characterized solely by risks contained
in the domestic interest rates, that is why it is very important to properly model
volatility of the interest rates in order to derive appropriate conclusions about the
behavior of the SDF and the foreign exchange risk premium.

Backus, Foresi and Telmer (2001) use the CIR structure to derive restrictions
on the foreign exchange risk premium and exchange rate changes. They show that
under the assumption of joint log-normal distribution of the variables, the foreign
exchange risk premium (p;) is the following linear function of the market prices of

risk:

= Al

. ()

Pt =

where \; = % is the market price of risk in domestic interest rate returns, which

is denoted as a ratio of conditional returns ¢(r;) and conditional volatility o (7).

c(Te)
o(7t)

itively, the market price of risk determines the slope of the mean standard deviation

Analogously, A = defines the market price of risk in foreign returns. Intu-

—~

frontier in domestic and foreign returns.
The last equation implies that the relationship between the interest rate differ-

ential, the expected depreciation rate (d;), and the risk premium is:

12



) = d+ DA @)

where 7, is the logarithm of the gross return on domestic currency deposits and

r is its foreign currency deposits counterpart. Economic intuition behind equa-

tions (6) and (7) is that the expected depreciation and the forward risk premium

are determined by interest rate risks across financial instruments denominated in
different currencies.

Bansal (1997) imposes some structure on conditional moments of foreign and

domestic returns in order to evaluate the explanatory power of the single-factor

term structure models in the context of the “forward premium” anomaly. Bansal

specifies the following conditional moments:

¢ =+ ory (8)

op = K1 (9)

where p, 0, k and 7 are parameters and x > 0. The author argues that this
specification nests a variety of single-factor models.'® For instance, the specification
where § = 0 and 7 = 0 corresponds to Vasicek’s (1977) specification and implies
that market risk is constant: A = £. The CIR specification corresponds to 1 = 0
and v = 0.5, which implies that \;, = %\/r_t In addition, ¥ = 1 corresponds to the
specification by Brennan and Schwartz (1979), and > 1 is considered in Chan et

al. (1992).

10Using data on USA, Germany and Japan financial variables, Bansal performs GMM esti-
mations of the two-country ATS model based on the following assumptions: excess returns are
conditionally normal, conditional moments can be represented as in (8) and (9) and a single fac-
tor is adequate to characterize excess returns and risks. The empirical results suggest that the
single-factor parametric term-structure models can not account for the negative slope coefficient
in the forward premium equation and the “forward premium” puzzle remains.

13



3 Modeling Foreign Exchange Risk Premium in Ar-
menia

This section studies the foreign exchange risks using the data on deposit rates
from the Armenian banking system. The analysis is performed using returns from
financial instruments similar in all relevant characteristics except for the currency
of denomination. To the best of our knowledge, this is the first attempt to use this
type of data for modeling foreign exchange risk.

Another reason making Armenia a good case for studying foreign exchange
risks is that Armenia has never fixed its currency throughout the period under
consideration (1997-2005). This means that the risks associated with uncertainty
about the future level of the exchange rate were always present in Armenia (see
Figure 7). In addition, this observation makes the results of the analysis robust to
inconsistencies in the UIP performance resulting from exchange rate regime shifts
highlighted in Flood and Rose (1996).

Finally, there were no ceilings and other administrative restrictions imposed on
the deposit rates in Armenia, which implies that the returns on the financial assets
were determined purely by market forces. On top of that, the deposit market in
Armenia is relatively competitive (as opposed to the loans market): there is a large
number of banks present in the economy and households can transfer their funds
from one financial institution to another incurring negligible transaction costs. To
conclude, by the above virtues Armenia serves as an excellent laboratory where
naturally occurring events and settings are almost of the quality of a natural ex-

periment.
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3.1 Background Analysis

The dataset employed in this study covers the whole Armenian banking system
for the period 1997-2005. It includes weekly interest rates on foreign and domestic
currency denominated household deposits for 30, 60, 90, 180 and 360 days maturi-
ties. Figures (3) and (4) in the Appendix display the dynamics of AMD and USD
denominated household deposit interest rates for the period under consideration.
The appendix also contains a table with summary statistics of the data.

In order to identify the role of the cross-country risks and transaction costs on
the UIP relationship we calculate the deviations from the UIP relationship in the
form of the excess return (F'R;). Hence, we have ER;, = ry — 7, — As;, where r; and
r; are domestic and foreign interest rates and As; is exchange rate change. Using
local deposit interest rates series we conduct t-test to see whether the deviations are
significantly different from zero. The results of the test are then contrasted to the
deviations obtained using comparable financial instruments in the USA, namely,
the secondary market yields on the US deposit certificates.!’ Additionally, the same
calculations are performed by using weekly observations for the Armenian and the
US T-Bill rates.'? Table 3 summarizes the results of the performed tests.

The reported results allow us to make several conclusions. First, the UIP condi-
tion does not hold on average for both local and cross-country financial instruments:
deviations from the UIP are significantly different from zero for deposit rates in
both cases and T-Bill rates. Next, deviations from the UIP are on average larger in
the cross-country case compared to the local financial markets. This discrepancy

can be interpreted as a consequence of country risk and large transaction costs

"'We have checked to what extent the dynamics of foreign currency denominated deposits
within Armenian banking system covaries with the US deposit certificate rate. The correlation
coefficients are 0.71 (0.0000), 0.76 (0.0000) and 0.79 (0.0000) for 30, 90 and 180 days maturities
instruments respectively (probabilities for Pearson’s x? test are in parentheses), which implies
that the comovement between those rates is very high.

2Estimations are performed using six months US T-Bill secondary market rates and weighted
average of Armenian T-Bill rates for different maturities.

15



necessary to make financial operations across countries. To check the significance
of those factors, we conducted a mean equality test. The results of the test sug-
gest that transaction costs and country risk factors play a significant role in the
UIP relationship, as the null hypothesis of equality of average deviations from the
UIP relationship is rejected with a very high significance level for all the maturities
financial instruments.

The results summarized in Table (3) suggest that the unconditional UIP rela-
tionship breaks, which is to say that on average the discrepancy between interest
differentials and exchange rate changes is significant. The conditional UIP relation-
ship, as opposed to the unconditional one, implies that interest differentials and
exchange rate changes move one to one instantaneously, at each period in time.
Statistically, this would mean that the correlation coefficient between those series
should be positive. The estimated correlation coefficients for Armenian deposit
rates were found to be positive and range from 0.1 for 60 maturity deposits to
0.5 for 360 maturity deposits. This finding is in contrast to anomalous empirical
findings of the negative relationship (“forward premium” puzzle) documented in the
literature.

One of the challenges in using standard t-statistic in the previous step is the
normality assumption underlying the test. Jargue-Bera statistics estimated for the
30, 60, 90, 180 and 360 maturities excess returns (59.09, 45.83, 7.45, 37.15 and
7.92 respectively) reject the normality of the distribution under the 5% significance
level. For this reason, in Figure (5) we present nonparametric distributions of the
deviations from the UIP (using Gaussian kernel function).

Deviations from the UIP are characterized by fat tails for all the maturities
instruments. This is not surprising for the high frequency financial variables. The
distributions are mainly skewed to the left, which indicates the dominance of large

positive deviations from the UIP. The peaks of the distributions are positioned

16



strictly to the right from the zero deviation, which implies that deviations from
the UIP are strictly positive on average for deposits of all the maturities. The
dominance of the positive deviations from the UIP can be more vividly observed in
Figure (2), which displays the dynamics of the deviations in weekly frequency, and
Table (2), which summarizes the frequencies of positive and negative deviations
from the UIP.

To describe the dynamics of the risk premium in greater detail, we present its
behavior over different years (see Figure 1). The examination of the Figure leads
to the following conclusions. First, positive deviations from the UIP attributed to
risk premium are still dominating across the years. Next, the size of the devia-
tion tends to widen with the length of the deposit maturity. This result suggests
that additional uncertainty introduced over longer horizon induces larger and more
fluctuating risk premium.

Figure (6) illustrates the distribution of deviations from the UIP for deposits of
different maturities and across different years. Examination of Figure (6) suggests
that the median of the deviations from the UIP is strictly positive in all cases. On
top of that, in most cases, the lower percentile of the distribution is located on the
positive scale, which means that the vast majority of the deviations (more than
75%) is strictly positive for all the maturities deposits and across different years.

To sum up, the background analysis of deviations from the UIP in the Armenian
deposit market suggests that positive risk premium is required by the agents in
order to invest in local currency denominated deposits.!®* The dominance of the
positive deviations from the UIP across different maturities deposits and across
different time spans indicates that households systematically require risk premium
for allocating their savings into AMD denominated deposits. The risk premium is

time varying and its significance is not diminishing over time.

13This finding is broadly in line with those of Golinelli and Rovelli (2005) for three European
emerging market economies (Czech Republic, Hungary and Poland).
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3.2 Affine Term Structure Models

As it has already been mentioned in the previous section, a two currency ATS model
provides an intuitive framework for addressing the issue of the foreign exchange
risk premium. The single factor ATS models assume that the exchange rate risk
premium is determined solely by interest rate risks across the financial instruments
denominated in different currencies. This is the reason why volatility of interest
rates changes is an important factor characterizing the expected exchange rate
depreciation in the ATS models.

Chan et al. (1992) provide a general framework for modeling the interest rate
processes. The authors describe interest rate volatility using the following general

specification for the stochastic behavior of interest rates:

dr = (a+ pr)dt + or’dZ (10)

This specification nests eight well-know interest rates processes, which are ex-
tensively discussed in the paper (see Table 4).

The models are ranked according to parameter v, which controls for the elastic-
ity of interest rate conditional volatility with respect to the changes in the current
interest rate. The other two important parameters of the general specification are
«a and (3, which capture the long run mean and the speed of the mean reversion,
respectively. The last parameter o allows for the modeling of the conditional stan-
dard deviation of the process.™

We perform GMM estimations for the eight different specifications of the interest
rate processes using Armenian deposit interest rates and T-Bills rate (see Table 5).
The estimation of a continuous time model (10) is performed with the use of the
discrete time specification in the form of r,,y —r; = a+fr;+e;,1, with two moment

2

conditions: Ele;y1] = 0 and E[e2,,] = 0%}, and instruments [1, ], where r; is

The conditional variance of the interest rate in the general specification is o227,
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the interest rate, 1 stands for a constant, and €;,; is an error term. The outcomes
of the GMM estimations suggest that the square root process developed in the
Cox, Ingersoll and Ross (1985) paper is the most successful specification for the
Armenian interest rates. This specification can not be rejected using the x? test of
overidentifying restrictions in seven out of eleven cases.

We then proceed with estimating the unrestricted version of the model speci-
fication (10) and the square-root CIR specification (with the restriction v = 0.5),
which is the most suitable specification for the Armenian interest rates as it was
shown in Table (5).

The analysis of the estimation results leads to the following conclusions. First,
the square root restriction imposed in the CIR model seems to find support in
the unrestricted estimations: the estimated coeflicients of v (which controls for
the elasticity of interest rate variability with respect to the interest rate level)
are very close to 0.5 in seven out of eleven cases. Second, obtained estimates of
parameter ( are insignificant for the risk-free interest rate (T-Bills), while they
are significant for all types of deposit rates. This result indicates that the risk-
free interest rate series follow a random walk (without drift, since coefficient « is
not significant either), while deposit interest rates are mean reverting. Moreover,
absolute values of estimated coefficient 3 suggest that deposits in the Armenian
national currency (dram) have higher speed of mean reversion than dollar deposits
for short maturities, and lower speed for longer maturities. Third, in the CIR
model, the estimated volatility parameter o is lower for the risk-free rate compared
to most of the deposit rates. In addition, the volatility parameter tends to be
lower for the deposits, which have larger shares in the deposit market (this result
is particularly relevant to the USD denominated deposits). This finding is not
surprising, as it is in line with the standard prediction from financial markets

literature that the yields of the most traded financial instruments have the lowest
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volatility.

Having obtained estimates of conditional mean and conditional volatility of
interest rate changes, we proceed with a description of the dynamics of the market
price of risk. For this reason we apply parameters obtained in the CIR model
described in Table 6 to the equation of the market price of risk for deposits in
two currencies: \ = %gﬁ” Then we estimate exchange rate risk premium as
0.5[)?% - M| and test for its significance. Due to statistical insignificance of the
deviations between market prices of risk we are unable to fully explain the positive
risk premium in the Armenian deposit market based on the one-factor affine term

structure framework (not reported, available upon request). For that reason we

turn to the GARCH approach in the next section.

3.3 GARCH-in-Mean Models

Based on the previous section and analysis of data we established that excess re-
turns E R, are not zero over the period of our sample. This finding has implications
with respect to the risk aversion of the public. If we assume that the public is risk
neutral, then non-zero excess returns are consistent with the notion of market in-
efficiency; this is true provided that the domestic and foreign currency deposits
are substitutable, which is the case in Armenia. If we assume that the public is
risk averse, then non-zero excess returns do not need to imply market inefficiency
as such finding is in line with the requirement of risk premium under the rational
expectations. The previous data analysis indicates presence of risk premium. On
the other hand we are not able to confirm or refute rational expectations of the
public. For this reason we proceed with testing the joint hypothesis for market
efficiency and presence of the risk premium.

For testing the above joint hypothesis we employ the GARCH-in-Mean model of
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Bollerslev (1986).1° We augment the standard specification by including the lagged
excess returns in the mean equation to test the rational expectations hypothesis.!®
Second, we include exchange rate risk factors (central bank interventions and total

volume of deposits) in the conditional variance equation to test the impact of these

factors on the volatility and risk premium. Our baseline specification takes the

following GARCH(1,1)-M-GED form:

ER, = ap+ o/ hio1 + BiER 1 + BoER o+ BsERy 3 + bRy 4 + Bs ERy 5 + &4

ht - ’YO + 715?_1 + /Yth_l + 51[NE ‘I‘ 52VOLt

et| Py ~ GED(0, hy, v)

(11)
where F'R; is the excess return (defined as ER, = r, — 1, — As;) and hy_ is the
conditional variance defined as the past squared shocks and past own volatility
amended with the effect of the factors that are hypothesized to influence exchange
rate risks. One of the factors we use is central bank interventions in the foreign
exchange market that are normalized as the deviations from the average net sales
of the foreign currency by the Armenian central bank (INT;). The second factor
is defined as the ratio of deposits in the foreign currency to the ones in the local
currency at the going exchange rate (VOL;).

Sum of the jointly statistically significant coefficients associated with the lagged
excess returns in the mean equation serves to test for the presence of the rational

expectations. Rejecting the null hypothesis Hy: 1 = 6o = 3 = 4 = 5 = 0

5The M-extension includes a form of conditional variance in the mean equation; this enables
analysis of the process with the path dependent rather than zero conditional mean.

16Gimilarly as in Tai (1999) we include uniformly 5 lags of excess returns. The expectations
about developments of interest and exchange rates are made at the time when deposit is made.
This timing naturally differs from the date of maturity. For this reason the five lags are different
across maturities.
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implies rejection of the rational expectations hypothesis. RP,=aq+ 041\/E is the
risk premium defined in a similar way as suggested by Domowitz and Hakkio (1985);
it can be decomposed into the constant risk premium (o) and time varying risk
premium (o \/E) components. If both components are insignificantly different
from zero, this implies nonexistence of the risk premium. If aq is different from
zero, there exists a constant risk premium. If oy is different from zero, there exists
a time varying risk premium.

Further, in the above specification ARCH term (v,6? ;) reflects the impact
of “news” or “surprises” from previous periods that affect excess return volatility:
significant, positive and less than one ~; depicts the extent of shocks that do not
destabilize volatility. When ~; is greater than one then shocks materializing in the
past are destabilizing.!” GARCH term (y2h;_1) measures the impact of the forecast
variance from previous periods on the current conditional variance, or volatility.
Significant coefficient 75 (close to one) thus means a high degree of persistence in
excess return volatility. The sum of both coefficients (v; and 73) indicates the speed
of convergence of the forecast of the conditional volatility to a steady state: the
closer to one its value is, the slower the convergence.

Based on the information criteria (AIC and SIC) and significance of coeffi-
cients, we select a specific version of the baseline model (11) that best corresponds
to data on excess returns, and report the results. Standardized residuals from such
a specification are free from ARCH effects as documented by results of the La-
grange multiplier test on squared standardized residuals. Estimation of the model
is performed by using the Berndt, Hall, Hall and Hausman (BHHH, 1974) quasi-
maximum likelihood method. In order to avoid the risk of overestimating volatility
we do not impose the i.i.d. normal distribution condition. Rather, we allow for the

generalized error distribution (GED) of Nelson (1991). The reason for this is that

17This condition is sufficient but not necessary. For a destabilizing effect we only need v; + 72
> 1, which is less strict.
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in financial data volatility is very likely to follow a leptokurtic data distribution (as
reflected by the actual GED parameter v considerably lower than 2, which is the
value in the case of normal distribution).'®

The results are reported in Table 7. Following the above testing strategy we
reject the rational expectations hypothesis for all five maturities of the excess re-
turns. Isolated coefficients on the lagged excess returns in the mean equation are
statistically insignificant, but based on the robust Wald statistics they are jointly
different from zero.'® We conclude that the Armenian deposit market is not effi-
cient in a rational sense. Significant coefficients oy and «; provide the evidence
for the existence of the constant and time-varying risk premium, respectively. We
find evidence of time-varying risk premium in excess returns with the exception
of 60-days maturity where the coefficient is statistically insignificant. Incidentally,
this is the only maturity for which both exchange rate risk factors are found to be
insignificant. Further, there is evidence of constant risk premium for all maturities
except that of 180-days. The values of the time-varying component do not follow a
simple pattern. This means that investors do not require risk premia that would be
strictly consistent with increasing or decreasing investment horizons. The shape of
the coefficient «; across different maturities fits the actual observations presented
in Figure (1), where risk premium decreases in the initial part of the term structure
(from 30 to 60 days maturity) and then goes up for the longer maturities (90, 180
and 360 days).

The results for the conditional equation indicate significant and strong ARCH

effects for all five maturities. In all cases the impact of news (captured by the ARCH

18 Empirical results presented in Table 7 show that this is a valid assumption. Leptokurtosis of
the excess return volatility implies that it tends to concentrate around the mean during tranquil
market periods, while the shocks to volatility are very large during turbulent times.

YWhen we found that the coefficients in the lagged excess returns are jointly insignificant we
re-estimated the whole model without lagged excess returns. This approach avoids the problem
of model misspecification present in the former case. The values of coefficients in both mean and
variance equations changed only marginally. For the sake of complete information we report the
results from the less parsimonious model as in Tai (1999).
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term 71e7_,) from previous periods affects excess return volatility but this effect is
least pronounced for the 30-days maturity. However, these shocks do not destabilize
volatility since they are well below unity. The impact of the variance from previous
periods on the current excess return volatility (captured by the GARCH term
v2hi—1) is most pronounced for the 30-days maturity (0.92) and tends to be smaller
but diverse for other maturities (0.40-0.84). The sum of both coeflicients (7, and ~2)
indicates that the speed of convergence of the forecast of the conditional volatility
to a steady state is low but varies across maturities. The closer to one its value is,
the slower the convergence; thus, the fastest convergence can be identified for the
longest maturity of 360-days.

The impact of the exchange rate factors is limited due to frequent statistical in-
significance of the coefficients and varies considerably across maturities. The effect
of the central bank interventions is evident for the 30 and 90-days maturities. The
effect of the total volume of deposits is evident for the 180 and 360-days maturity.
This outcome is quite intuitive, though. For shorter maturities the central bank in-
terventions are factored in since these are contemporaneous steps. On other hand,
they tend to average out over the longer time period (longer maturity). The total
volume of deposits is a fundamental measure that in the longer horizon reflects the
flows of deposits from one currency to the other. Significant coefficient associated

with the volumes of deposits for longer maturities fits such a pattern.

4 Conclusion

We analyze the risk premium in foreign exchange transactions using the two-
currency stochastic discount factor model framework. We use data from the Ar-
menian deposit market since in this model economy concurrent and highly active
markets for foreign as well as domestic currency denominated deposits exist. The

available weekly yields on different maturities in two currencies provide information
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necessary to analyze the effect of exchange rate risk on differences in yields. We
observe a systematic positive excess return in the UIP relationship due to the risk
premium demanded by the investors for holding the domestic currency deposits in
the presence of a floating exchange rate. Such excess return displays a significant
maturity effect, which implies rising risk premium required as the investment hori-
zon increases. The risk associated with domestic currency denominated deposit
yields is priced relatively higher than the risk associated with the foreign currency
denominated deposit yields. The difference in market prices of risk between domes-
tic and foreign currency denominated deposits is possibly a driving force behind
the foreign exchange risk premium. However, in the case of Armenia a single-factor
ATS model is not sufficient to fully explain positive risk premium.

The pattern of time-varying risk premium is modeled using GARCH-in-Mean
specification. The estimation outcome shows that the deposit market in Armenia is
not efficient in rational expectations terms. In addition, central bank interventions
are a significant factor in explaining exchange rate risk for shorter maturities. The
ratios of deposit volumes impact the exchange rate risk for longer maturities.

Obtained empirical estimates of conditional and unconditional interest rate
volatilities can be used by monetary authorities in Armenia for exploring the role of
interest rates in the transmission of the monetary policy to exchange rate changes.
In addition, the GARCH-in-Mean model estimation results can be used for ad-
dressing the role of the policy driven variables (interventions in the foreign ex-
change market) and exogenous variables (volumes of deposits) on exchange rate

expectations formed by households.
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Table 1: Descriptive Statistics

‘ Mean ‘ Median ‘ Max ‘ Min ‘ St. Dev.
Deposits in Armenian Drams
30 days | 14.4 11.5 39.6 | 1.8 9.6
60 days | 14.3 12.0 39.3 | 2.3 8.9
90 days | 17.2 14.6 41.7 | 1.9 11.3
180 days | 18.2 15.3 42.3 | 4.2 10.9
360 days | 18.4 15.2 41.7 | 4.1 9.6
Deposits in US Dollars
30 days 9.8 74 295 | 0.8 7.2
60 days | 10.2 7.6 295 | 1.0 7.6
90 days | 12.5 10.1 37.7 1 1.0 7.6
180 days | 12.9 11.0 33.1 | 2.1 7.9
360 days | 13.1 11.0 346 | 4.1 6.3
US Deposit Certificates
30 days 3.6 3.5 6.7 | 1.0 1.9
90 days 3.6 3.6 6.8 | 1.0 2.0
180 days | 3.7 3.7 7.0 | 0.9 2.0
T-Bills

Armenia | 23.5 17.5 775 | 3.2 18.0

USA 3.3 3.4 6.2 0.9 1.7

Source: Central Bank of Armenia internal database (Armenian data) and Federal Reserve Bank of

St. Louis web site http://research.stlouisfed.org/fred2/ (US data)

Table 2: Frequencies of deviations from the UIP
30 days deposits Frequency | Percent

Positive deviations 366 88.2
Negative deviations 49 11.8
60 days deposits Frequency | Percent
Positive deviations 353 85.1
Negative deviations 62 14.9
90 days deposits Frequency | Percent
Positive deviations 367 88.4
Negative deviations 48 11.6
180 days deposits | Frequency | Percent
Positive deviations 397 95.7
Negative deviations 18 4.3
360 days deposits | Frequency | Percent
Positive deviations 358 86.3
Negative deviations o7 13.7
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Table 3: Deviations from the UIP and the mean equality test results

30 60 90 180 360 T-Bills
days days days days days rates
Cross-country comparison (Armenian and US deposit rates)
Average | 0.0994 N/A 0.1288 | 0.1493 N/A 0.1753
[St.Dev.] | [0.0685] [0.0764] | [0.0705] [0.1138]
t-stat 29.6066 | N/A | 34.3989 | 43.2078 | N/A 31.4304
Prob. 0.0000 N/A 0.0000 | 0.0000 N/A 0.0000
Within-country comparison (AMD and USD denominated deposit rates in Armenia)
Average | 0.0406 | 0.0380 | 0.0435 | 0.0571 | 0.0608 N/A
[St.Dev.] | [0.0401] | [0.0355] | [0.0395] | [0.0418] | [0.0639]
t-stat 20.6301 | 21.8093 | 22.4626 | 27.8902 | 19.3880 N/A
Prob. 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 N/A
Mean equality test
t — stat 15.12 N/A 20.25 22.97 N/A N/A
Prob. 0.0000 N/A 0.0000 | 0.0000 N/A N/A
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Table 4: Nested Interest Rate Processes

] Model \a\ﬂ\oj\ﬂy‘

Merton 0 0

Vasicek 0

Cox-Ingersoll-Ross, Square Root (CIR-SR) 0.5

Dothan 0|0 1

Geometric Brownian Motion (GBM) 0 1

Brennan-Schwartz (B-S) 1

Cox-Ingersoll-Ross, Variable Return (CIR-VR) | 0 | 0 1.5
Constant Elasticity of Variance (CEV) 0

Table 5: GMM estimation results — test of overidentifying restrictions
Model [ AMD30 | AMD60 | AMD90 [ AMD180 [ AMD360 | USD30 [ USD60 | USD90 [ USD180 | USD360 | T-Bills |

Merton
Vasicek
CIR-SR
Dothan

GBM

B-S
CIR-VR

CEV
Note: R indicates that the model specification can be rejected at 10% significance level.
A indicates that the model specification can’t be rejected at 10% significance level.

| | m| W] | | = D

bRl sl st s s sl e
| | o | | | | o
| x| 7| T| T| | T| T
| x| 7| T| T| | T| T
| x| 7| T| T| | T T
o\ T| | | | H| H| =

| | | | | | H| =
| x| 7| T| T| | T T
T| Z| | | Z| | T F
x| F| 2| F| F| | T| T
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Table 6: GMM Estimates of Interest Rate Models

Unrestricted CIR SR % Volume
« I5] o’ \ v « \ 15} \ o’ \ ¥ test shares

T-Bills 0024 | -.0144 | .0031 | .5394 | .0022 | -.0130 | .0027 | .5 | 0.088
(.204) | (.153) | (.017) | (.000) | (.208) | (.144) | (.000) (.766)

AMD 30 | .0105 | -.0749 | .0044 | .3340 | .0104 | -.0854 | .0076 | .5 | 4.920 10%
(.000) | (.000) | (.000) | (.000) | (.000) | (.000) | (.000) (.026)

AMD 60 | .0076 | -.0561 | .0037 | .3981 | .0080 | -.0617 | .0053 | .5 | 0.634 15%
(.000) | (.000) | (.052) | (.002) | (.000) | (.000) | (.000) (.426)

AMD 90 | .0036 | -.0245 | .0009 | .1387 | .0051 | -.0388 | .0029 | .5 | 20.606 10%
(.051) | (.014) | (.002) | (.055) | (.005) | (.000) | (.000) (.000)

AMD 180 | .0016 | -.0118 | .0012 | .4959 | .0016 | -.0119 | .0013 | .5 | 0.001 29%
(\181) | (.114) | (.029) | (.000) | (.057) | (.083) | (.000) (.971)

AMD 360 | .0109 | -.0636 | .0109 | .7524 | .0096 | -.0528 | .0047 | .5 | 1.472 36%
(.000) | (.000) | (.183) | (.001) | (.000) | (.000) | (.000) (.225)

USD 30 | .0075 | -.0733 | .0045 | .3732 | .0077 | -.0845 | .0078 | .5 | 1.937 9%
(.000) | (.000) | (.022) | (.000) | (.000) | (.000) | (.000) (.164)

USD 60 | .0045 | -.0450 | .0037 | .4281 | .0047 | -.0494 | .0047 | .5 | 1.125 22%
(.001) | (.003) | (.000) | (.000) | (.001) | (.001) | (.000) (.289)

USD 90 | .0048 | -.0399 | .0036 | .5070 | .0047 | -.0396 | .0035 | .5 | 0.004 10%
(.007) | (.009) | (.031) | (.000) | (.006) | (.006) | (.000) (.948)

USD 180 | .0047 | -.0387 | .0102 | .8376 | .0032 | -.0230 | .0024 | .5 | 6.736 32%
(.002) | (.010) | (.070) | (.000) | (.012) | (.070) | (.000) (.009)

USD 360 | .0154 | -.1156 | .0336 | .9271 | .0154 | -.1115 | .0065 | .5 | 8.399 27%
(.000) | (.000) | (.060) | (.000) | (.000) | (.000) | (.000) (.004)

Note: p-values are in parentheses.
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Table 7: GARCH-in-Mean Estimates

ER; = a0+ a1v/hi—1+B1ERi_1+ B2ER;_2+ B3ER; 3+ BaERy_ 4+ B5ERy_5 + &1
he =0 +v1€7_1 + v2hi—1 + 81INT; + 62V OLy

5t‘q>t—1 ~ G’ED(O7 ht7 l/)

30 days 60 days 90 days 180 days 360 days
Coef. | Prob. Coef. | Prob. Coef. | Prob. Coef. | Prob. Coef. [ Prob.
ag -0.0210° 0.0180 | 0.0415% 0.0000 0.0157% 0.0105 0.0006 0.8975 0.0264% 0.0000
aq 1.3813¢ 0.0000 -0.2934 0.1022 0.4032° 0.0358 0.6480% 0.0019 0.8395% 0.0000
51 0.0707 0.1322 | 0.1582% 0.0004 0.0794 0.1117 0.2743% 0.0002 -0.1571% 0.0037
B2 0.0173 0.7266 0.0165 0.7455 0.0221 0.7021 0.1546° 0.0415 -0.0478 0.4629
B3 -0.0019 0.9703 -0.0120 0.8013 -0.0037 0.9488 0.0497 0.4706 -0.0992¢ 0.0829
B4 0.0141 0.7754 0.0727 0.1224 -0.0804 0.2232 0.1064 0.1547 -0.0850 0.1601
05 0.1149° 0.0179 -0.0234 0.6426 0.1599¢ 0.0096 0.0369 0.5671 -0.0726° 0.0267
Wald Test/Prob. 2.25%/0.0486 5.19%/0.0001 3.43%/0.0047 32.4%/0.0000 8.94%/0.0000
Yo 0.0000 0.2674 0.0001 0.1289 0.0001¢ 0.0871 0.0000¢ 0.0861 -0.0002% 0.0005
1 0.0425 0.0039 0.3409% 0.0001 0.3320¢ 0.0000 0.0894¢ 0.0907 0.0907¢ 0.0002
Y2 0.9205 0.0000 | 0.4934% 0.0000 0.5229% 0.0000 0.8465% 0.0000 0.8747% 0.0000
o1 2.49E-06° 0.0269 | 4.32E-06 | 0.1870 | 4.98E-06° | 0.0262 4.81E-07 0.5555 | -3.31E-06° | 0.0909
o2 1.12E-06 | 0.3865 | 5.48E-06 | 0.1625 | 2.48E-06 | 0.2756 | 5.59E-06° | 0.0331 | 1.96E-05% | 0.0004
GED parameter 1.4 1.8 2.0 2.3 3.1
Number of obs. 455 447 439 434 358
Adjusted R2/DW 0.109/1.40 0.046/1.01 0.020/0.70 0.503/0.84 0.020/0.35
Log likelihood 874.2 900.1 857.3 958.5 623.3
AIC/SIC -3.78/-3.67 -3.97/-3.85 -3.85/-3.72 -4.36/-4.24 -3.41/-3.27
Sum (y1+72) 0.96 0.95 0.85 0.94 0.96

ARCH LM/Prob.

0.749/0.6781

0.611/0.8043

0.959/0.4785

0.931/0.5045

0.878/0.5538

Note: a, b and ¢ stand for statistical significance at 1, 5, and 10%, respectively.
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Deviations from the UIP
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Figure 1: Maturity effect (implicit term premium)

Deviations from the UIP (30 days)

0.2

0.1

0

-0.1

e ‘i“‘ﬁhi;:'! I

il

0.2

0

—— devUIP30 |4

-0.1

04/0

1/98 20/03/00 03/06/02 16/08/04
Deviations from the UIP (90 days)

04/0

0.2

0.1

0.2

0.1

Deviations from the UIP (60 days)

0.1¢

devUIP60 |

1/98 20/03/00 03/06/02 16/08/04
Deviations from the UIP (180 days)

W
,W If
ra \‘!‘P‘} J«I

* |y "Iﬁalvw

¢

i
HI'I"‘ ]

e o wob
i My i

-—- devUIFP180 |4

ki

0
-0.1 —— devUIP90 |1 -0.1
04/01/98 20/03/00 03/06/02 16/08/04 04/0

Deviations from the UIP (360 days)

0.2

0.1

1/98  20/03/00 03/06/02 16/08/04
Deviations from the UIP

—— devUIP360 |

04/01/98 20/03/00 03/06/02 16/08/04

04/01/98 20/03/00 03/06/02 16/08/04

Figure 2: Deviations from the UIP
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AMD denominated household deposit interest rates (weekly, 1997-2005)
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Figure 3: AMD denominated household deposit interest rates (weekly, 1997-2005)

USD denominated household deposit interest rates (weekly, 1997-2005)
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Figure 4: USD denominated household deposit interest rates (weekly, 1997-2005)
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Figure 5: Deviations from the UIP (nonparametric distributions)
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Figure 6: Deviations from the UIP in percentiles

Note: The solid line inside the boxes indicates the median of the deviations from the UIP, while the upper and

lower parts of the boxes border the 75" and 25t percentiles of the distributions, respectively.
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Figure 7: AMD-USD nominal exchange rate (weekly, 1997-2005)
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Figure 8: Inflation rate (twelve months percentage changes, 1997-2005)
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Figure 9: AMD-USD real effective exchange rate index (monthly, 1997-2005)
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