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I. INTRODUCTION
Do interest rate differentials smoothly mirror exchange rate changes between two economies?
If so, how can monetary policy affect the exchange rate? These questions have puzzled
economists since Friedman (1953)'s explanation that exchange rate changes are a function of
inflation differentials as the exchange rate regime switches from fixed towards floating.
Dornbusch (1976a) and Dornbusch (1976b)'s rational expectations reformulation of the
Mundell-Fleming Model based on Mundell (1960) and Fleming (1962) provides an answer on
the choice of exchange rate regime in the context of a small open economy with sticky prices.
The core of Dornbusch (1976b)'s theory explains why the exchange rate overshoots, relying on
the ‘uncovered interest parity (UIP)’ condition relationship. The UIP conditions assert that if
home and foreign bonds are perfect substitutes and international capital is fully mobile; two
bonds can only pay different interest rates if agents expect a compensating movement in the
exchange rate (Rogoff 2002).
However, does the uncovered interest parity condition hold in practice in small open
economies? If UIP does not hold, what is the size and sign of the risk premium? This paper
aims to test the UIP conditions between two heavily trade-dependent economies in South Asia:
Nepal and India1. Nepal has been fixing the exchange rate with India since the 1950s. Even if
exchange rate level was revised time and again, the last revaluation of 1993 set back the
exchange rate at the same level as 1960 (Adhikari 2005; Maskay 2001), with a rare practice in
the world. Likewise, India is in the centre of the South Asian economy for a landlocked
economy like Nepal that shares an open porous border (Bhatta 2018). Most of South Asia's
economies initiated the exchange rate and capital account reforms altogether with the
liberalisation of the 1990s, but Nepal remains far behind. These unique characteristics motivate
to test the UIP condition between Nepal and India.
The UIP approach originated as early as 1907 when Fisher (1907); (Fisher 1930) showed the
divergent relationship between real and nominal interest rates because of inflation expectation.
The extended Fisher Effect with an exchange rate has been widely used in the literature to study
interest parity conditions, for example, by Keynes (1923), Mishkin (1992), and Cumby and
Obstfeld (1981). The widely popular forward premium puzzle of Hansen and Hodrick
1

India's share of total trade for Nepal has remained the highest since trade was into existence The share of India
in Nepal's total trade stood at 62.2 per cent in the fiscal year 2019/20 (Nepal Rastra Bank 2020).
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(1980) and Fama (1984) showed that the forward premium cannot predict the direction for the
ex-post spot exchange rate, with the slope coefficient being smaller than one and often negative.
This evidence has puzzled economists to understand the failure of the established theories.
While the initial studies supported the UIP conditions, they became widely criticised over time.
Cumby and Obstfeld (1980), Edwards (2015), Giorgianni (1997); Goh et al. (2006); Li et al.
(2012) and Tanner (1998) showed that UIP does not hold and thus, there exists a risk premium
to equilibrate the foreign exchange market. Examining the UIP condition's validity is important
because the interest parity condition has a strong linkage with monetary policy and exchange
rate interactions. Empirical works by Bouvatier (2007); Bui (2010); Chinn and Meredith
(2005); Edwards (2015), and McCallum (1994) further underlined the importance of UIP and
risk premium studies.
The UIP condition is also not symmetric across economies. Li et al. (2012) find that the UIP
condition holds in emerging market economies due to higher exchange rate volatility. Tanner
(1998) sharply contrasts this view and shows that real exchange rate dynamics explains the
UIP dynamics in advanced economies but not developing countries. Goh et al. (2006) find that
structural breaks or a shift in the policy regime substantially altered Malaysia's UIP deviations.
Kwizera (2018) and Dharmadasa (2010) showed that the UIP condition does not hold in
Rwanda and Sri Lanka, respectively. Bansal and Dahlquist (2000) show that the forward
premium puzzle exists only in developed economies and depends upon the price stability
situation. Bekaert et al. (2007) confirm that UIP conditions hold at long and medium horizons
in advanced economies but not in emerging economies.
The reasons for the asymmetry in the UIP condition and forward premium anomaly between
advanced and developing economies are also divergent. Hausmann et al. (2006); and Mehl and
Cappiello (2009) highlight that emerging economies have higher economic volatility and risks
and that is why the UIP condition diverges. Alper et al. (2009) also have similar thoughts.
They explain that Dornbusch’s (1976) model cannot happen at higher inflation and non-sticky
prices in emerging economies and higher uncertainty demands a currency risk premium. Thus,
we argue that country-specific characteristics are dominant in determining the UIP condition
and the size of the risk premium, in line with the findings of Bansal and Dahlquist (2000).
Past studies provide no evidence of a consensus view on the interest parity condition and risk
premium. Moreover, the evidence reviewed suggests conflicting and contrasting implications
between advanced and emerging market economies. As one size does not always fit all, the
-3-

implications of findings from existing studies cannot be generalised to the context of all other
economies. Although extensive research by Bouvatier (2007); Bui (2010); Chinn and Meredith
(2005); Cumby and Obstfeld (1980); Edwards (2015), Giorgianni (1997); Goh et al. (2006); Li
et al. (2012); McCallum (1994) and Tanner (1998) and others carried out on the UIP, risk
premium estimation is still remarkable for economies like Nepal. This is the first paper to test
the UIP condition and measure the risk premium's size using maximum likelihood estimates
(MLE) in general and State Space Models with a Kalman filter to address the literature gaps.
This study attempts to answer the following research questions: What is the risk premium of
the exchange rate peg for Nepal with India’s currency? To answer this central question, we ask
i) Does the uncovered interest parity condition hold for Nepal with India? ii) If UIP does not
hold, how much is the risk premium between these pegged currencies, and iii) What are the
key factors impacting the size of the risk premium? To answer these questions, the null
hypothesis for the analysis is i) the UIP condition does not hold in Nepal, ii) there does not
exist a sizable risk premium between these pegged currencies, and iii) If we reject the UIP
condition hypothesis, the interest rate differential is the factor determining the size of the risk
premium.
The findings of this study show a persistent negative time-varying risk premium from 1989 to
2019. This persistent risk premium infers that the UIP condition does not hold between the two
currencies. A negative risk premium implies that Nepal does not have ample compensation to
offset the risk of holding Nepalese currency/assets, indicating the difficulty in attracting foreign
deposits. The finding also suggests a perception of a future devaluation of the Nepali currency.
This study's conclusions are crucial in determining the impact of foreign interest rates,
especially from the pegged currency to the local economy. Besides, knowing the risk premium's
size and the sign has a couple of policy implications in Nepal's financial and foreign exchange
markets.
The rest of the paper is organised as follows: Section 2 reviews the literature. Section 3
describes the theoretical framework. Section 4 explains the data and econometric methods.
Section 5 discusses the findings, while ection 6 concludes the paper with policy implications.
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II. LITERATURE REVIEW
Based on Fleming (1962) and Mundell (1960), the popular Mundell-Fleming model and
Dornbusch (1976b) overshooting model claim that interest parity holds assuming there are no
ex-ante excess returns from holding deposits in one country relative to another. Sharing the
idea of Dornbusch's model, Frankel (1979) shows that exchange rate overshooting from the
equilibrium is proportional to the real interest rate differential level. These models predict that
a foreign currency's price decreases in a country with a relatively higher interest rate.
Nevertheless, empirical work following

Hansen and Hodrick (1980) and

Fama

(1984) consistently reveals a smaller slope coefficient, less than one or even negative – often
called the 'UIP puzzle' or 'forward premium anomaly'. The negative slope coefficient means
that a currency with a higher-than-average interest rate appreciates, rather than depreciates,
which goes against the UIP's prediction.
There have been various arguments proposed in the literature to resolve the UIP puzzle. Two
plausible explanations for the anomaly can be time‐varying risk premia and expectational
errors (Verdelhan 2010). Blaming central bank behaviour, McCallum (1994) and Anker (1999)
show that the UIP puzzle exists when monetary policy focuses on manipulating exchange rate
expectations to smooth the interest rate. Engel (1996); (Engel 2016) rejects the forward
premium puzzle hypothesis by Dornbusch (1976b) and Frankel (1979). He argues that the
exchange rate is more volatile than the interest rate. The delayed policy response to address the
monetary shocks and the forward exchange premium will not work. Thus, there is a negative
relationship between the future exchange rate and the forward discount.
Contrary to Engel (1996), Froot and Frankel (1989) claim that the risk premium does not vary
with the forward discount. Frankel and Poonawala (2010) also argue that the time-varying risk
premium is still not the explanation for the forward discount bias. The final contradiction is by
Bui (2010); (Chinn & Meredith 2005), and Li et al. (2012), who show that the permanent
component of the risk premium or longer-term interest rate can explain exchange rate
deviations.
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Identifying the UIP condition and measuring the size of the risk premium is critical for a small
open economy with a fixed exchange rate (Pasula 2016)2. If interest parity does not hold,
identifying the risk premium's size and the sign is critical in setting the fixed exchange rate
level and enhancing monetary policy effectiveness. Furthermore, most existing studies, such
as Dharmadasa (2010), Edwards (2015), Kwizera (2018) and Tanner (1998), apply ordinary
least square (OLS) based analyses, which would be biased if the UIP condition does not hold 3.
In such situations, MLE based analysis requires finding the optimal parameters that maximise
the log-likelihood (Myung 2003). Thus, we apply an MLE-based model: State Space model to
calibrate the unobserved variable – the risk premium in the Kalman filter.
Empirical research and official reports indicate that Nepal's real effective exchange rate
(REER) has become overvalued over time (International Monetary Fund 2010, 2015; Pandey
2012; Paudel & Burke 2015). However, these studies do not cover whether the real effective
exchange rate reflects interest rate differential between two currency pegged economies.
Studying the foreign interest rate's impact on the exchange rate provides further evidence of
REER overvaluation and the effect of interest rate differentials. However, Nepal's optimal
policy choice has been understood to fix the exchange rate with India (International Monetary
Fund 2010, 2012, 2017a; Yelten 2004). Further exploration of the interest parity condition
empirically verifies the interrelation between the monetary and exchange rate policy. In the
context that no previous studies exist in analysing this interest parity condition across these
countries, this study provides a novel foundation in the literature.

III.

THEORETICAL FRAMEWORK

The analytical model formulation begins with the conceptual framework of covered interest
parity (CIP) ((Keynes 1923). The CIP is summarised by Spraos (1953) as follows:
𝑓𝑡 − 𝑒𝑡 = 𝑖𝑡 − 𝑖𝑡∗

2

3

(1)

For details about the relevance and significance of the UIP model for developing countries, see (Faruqee
1992; Kuen & Song 1996).
The reasons for biasness when we apply an OLS based analysis if the UIP condition does not hold is
explained in the methodology section and empirically shown in the findings.

-6-

In equation (1), ft ‒ et is the forward exchange premium, i.e., the forward (ft) and spot exchange
rate (et) differential at time t, and it ‒ it*4 is the nominal interest rate differential between the
two countries at time t. Equation (1) shows that the forward exchange premium should equalise
the interest rate differentials between the economies. In the absence of a hedging/forward
market, the exchange rate may not cover the risk. However, there can be some expectations in
the exchange rate. In the form of the UIP, equation (1) can be re-written as:
𝑒𝑡𝐸 − 𝑒𝑡 = 𝑖𝑡 − 𝑖𝑡∗

(2)

The variable 𝑒𝑡𝐸 is the expected exchange rate in period t. With the exchange rate a period ahead
et+1 and the shock t+1, the estimating model of the UIP condition is:
𝑒𝑡+1 − 𝑒𝑡 = 𝛼 + 𝛽(𝑖𝑡 − 𝑖𝑡∗ ) + 𝜑𝑡+1

(3)

Where et+1 is the exchange rate one period ahead, and the expectation is Et (et+1). We now test
equation

(3)

and

check

the

coefficient

of

α

and

β.

We

argue

that

if

α = 0 and β = 1, then the UIP condition holds. However, the empirical literature confirms that
the UIP condition does not hold in advanced and emerging economies. We assume a similar
condition in Nepal. Thus, the ordinary least squares (OLS) based estimation of equation (3)
will be biased because 𝜑𝑡+1 cannot be the forecast error of the exchange rate and not orthogonal
to both it and i*t.
Generally, when a country has a currency peg, and the UIP does not hold, the adjustment takes
place via a risk premium. The monetary policy's problem is that it cannot anchor both the
interest rate and the exchange rate using a single policy tool. If the monetary policy cannot
anchor the exchange rate and fill the interest rate differential gap, the risk premium should
reflect that gap. The exchange rate path is influenced by both historical (backward-looking)
as well as forward-looking conditions. Thus, we have both a backward-looking strategy as
b1∆𝑒t and a forward-looking strategy: (1 ‒ b1) (it ‒ it* ‒ premt). Following the approach of Bulir
(2014), we combine the backward-looking and forward-looking strategy into one equation such
that a new UIP equation is:
𝑒𝑡+1 − 𝑒𝑡 = 𝑏1 (𝑒𝑡 − 𝑒𝑡−1 ) + (1 − 𝑏1 )(𝑖𝑡 − 𝑖𝑡∗ − 𝑝𝑟𝑒𝑚𝑡 ) + 𝜀𝑡

4

it* being the foreign interest rate.
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(4)

Here, ∆𝑒𝑡𝑇 is 𝑒𝑡 − 𝑒𝑡−1 , is the desired change by the central bank in the exchange rate path. The
domestic and foreign inflation targets influence the desired exchange rate path of the central
bank. Likewise, the real exchange rate also affects the exchange rate path. Thus, ∆𝑒𝑡𝑇 can be a
function of the inflation target differential and the cyclical behaviour of the real exchange rate.
We express this function as follows:
∆𝑒𝑡𝑇 = 𝜋̅𝑡 − 𝜋̅𝑡∗ + ∆𝑧̅𝑡

(5)

In equation (5), ∆𝑒𝑡𝑇 is the exchange rate path of the central bank, 𝜋̅𝑡 is the inflation target of
the domestic economy, 𝜋̅𝑡∗ is the inflation target of the foreign economy and ∆𝑧̅𝑡 is the deviation
in the long-run real exchange rate. In the desired path of the exchange rate of equation (4), the
central bank adjusts the b1, as the degree of forward-looking behaviour. A larger size of b1
shows the central bank's backward-looking behaviour, indicating the central bank giving more
preference to domestic economic conditions than the UIP conditions to determine the exchange
rate.

IV.

DATA AND METHODS

4.1 Data
The study uses published time series data from 1989 to 2019 for both Nepal and India. Nepal
started implementing modern monetary policy with the introduction of open market operations
in 1989 (Nepal & Paija 2020). Most financial sector reforms gained momentum from the mid1980s and economic liberalisation from the early 1990s in Nepal. Thus, the sample covers both
the pre-and post-liberalisation periods. The data primarily comes from Nepal's central bank Nepal Rastra Bank (NRB) and India's Reserve Bank (RBI). The study also uses some data from
the International Financial Statistics database of the International Monetary Fund (IMF) and
the World Development Indicator database of the World Bank. We use the published nominal
effective exchange rate (NEER) and real effective exchange rate (REER) for Nepal based on
Darvas (2012). Darvas (2012)'s data is a comprehensive NEER and REER series covering 178
World's economies and all the trade partners.
In the study, NEER (nx) represents Nepal's nominal exchange rate variable. The nominal
exchange rate of NPR and INR is fixed, and the nominal exchange rate of NPR and USD is the
-8-

cross rate of INR and USD. Thus, an alternative representation of the nominal exchange rate is
NEER5 for the complete analysis 6. Likewise, REER represents Nepal's real exchange rate, rx,
in the model. We refer to the 'exchange rate' for the NEER and 'real exchange rate' for the
REER to simplify the analysis. We include the national consumer price index (cpi) of Nepal
and India's national consumer price index (cpi_star) for the price data. Even if we use the
effective exchange rates to observe the impact of the interest rate differential on exchange rates,
countries with a higher trade concentration will have the largest weighting in the currency
basket's comparative exchange rate index.
The interest rate variable is the 91-day weighted average government treasury bill
(T-bill) rate for both economies. Nepal's interest rate, 'ni', is the nominal interest rate of Nepal
and India's, ni_star, is the foreign interest rate. The T-bill rate represents the short-term interest
rate because it is auction-based, more frequent and truly reflects money market conditions.
Furthermore, Nepal's monetary policy strategy is still not based on the interest rate but rather
upon Taylor-rule-based monetary targeting (Nepal Rastra Bank 2018a). Thus, the marketbased T-bill rate can better represent a short-term interest rate variable. We apply two different
frequencies of data for the study: monthly and annual. Monthly data helps capture the highfrequency movements, while annual data checks the consistency of results with high and lowfrequency data.

4.2 Econometric Models
We apply the State Space (SS) modelling framework for data analysis. The OLS estimation
method becomes spurious when the UIP condition does not hold because errors in the forecast
cannot be of exchange rate shock. The shock is not orthogonal to domestic and foreign interest
rates7. Furthermore, OLS based models do not provide valid coefficients in the presence of
unobserved data, such as risk premium and gap variables. The challenge to empirically verify
Fama (1984)'s theory is also the risk premium because it is never observed. Therefore, the SS
model provides an adaptive strategy to calibrate the MLE parameters, whereas the Kalman
filter is a powerful tool for policy simulation and observing the relationship (Harvey 1987;

5

6

7

NEER is the trade-weighted geometric average of the bilateral nominal exchange rates of the home currency
in terms of foreign currencies. REER is CPI based price-adjused effective exchange rate.
Tee (2013) also uses NEER as a nominal exchange for Singapore's study, and highlights that NEER can
equally represent as nominal exchange rate if exchange rate is fixed.
The importance of shocks in forecasting the echange rate is explained by Forbes et al. (2018) and Smets
(1997).
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Kalman 1960). Besides, This model addresses unstable time-varying coefficients (Basdevant
2003; Nepal & Foster 2016). Moreover, the unit root test results show the cointegration chances
among the study variables, as they have integration orders (Table 1). If cointegration exists and
the data has noise and outliers, the Kalman filter is preferred over the OLS-based estimation
techniques (Bomhoff 1992; Nepal & Foster 2016).
Based on Harvey (1990) and Durbin and Koopman (2012), a measurement equation is specified
as follows:
𝑌𝑡 = 𝐾𝑡 𝛽𝑡 + 𝐻𝐴𝑡 + 𝜀𝑡

(6)

Where Yt is a measured variable, Kt is an observed parameter of n  p matrix, t is an
unobserved state variable, with p  1 matrix, At is an exogenous regressor and t is a white
noise error term with 𝜀𝑡 ≈ 𝑁(0, 𝜎𝜀 ). The transition or state equation identifies the dynamics
of the unobserved variables as:
𝛽𝑡 = 𝜇𝑡 + 𝐺𝐵𝑡−1 + 𝜗𝑡

(7)

Where t is a steady state growth rate or drift, GBt-1 is an autoregressive process for the state
variable, and t is an error term with 𝜗𝑡 ≈ 𝑁(0, 𝜎𝜗 ). The data and the parameter values used in
the model are provided in Annex - B.
Table 1: Augmented Dicky Fuller (ADF) Unit Root Test
Variable

Level

First Difference

Second Difference

cpi_star

0.162

-2.469

-7.966*

cpi

0.231

-3.656*

-

ni_star

-2.687

-9.508*

-

ni

-3.987*

-

-

nx

-4.031*

-

-

rx

-2.780

-10.231*

-

Note: Values shown are the ADF test statistics using Akaike Information Criterion (AIC). The test equation
includes both Trend and Intercept. All the data are without seasonal adjustment.
*: Null hypothesis 'the variable has a unit root' is rejected at the 5 per cent level. The ADF test for a
unit root shows that ni and nx are I(0); cpi, ni_star and rx are I(1); and cpi_star is I(2).
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Finally, a Kalman Filter is a recursive approach based on the MLE developed by Kalman
(1960). We have a state vector t. Using the available information, the conditional distribution
of t at time s, the matrix of mean and variance is:

𝑡|𝑠 ≡ 𝐸𝑠 (𝑡 )

(8)
′

𝑃𝑡|𝑠 ≡ 𝐸𝑠 [(𝑡 − 𝑡|𝑆 ) (𝑡 − 𝑡|𝑠 ) ]

(9)

The filter's application occurs in the recursive algorithm form, wherein the conditional
probability density of state variables gets updated based on observed variables. Using the mean
square error estimator of the one-step-ahead conditional mean and variance, we calibrate a one
step ahead estimate of Yt and t8.

V.

FINDINGS AND DISCUSSIONS

5.1 The UIP condition: OLS and Graphs
We start the discussion by estimating the UIP with a simple OLS model as presented in
equation (3) above; the estimates of α and  are shown in Table 2:
Table 2: OLS Estimates of UIP Equation
Variable

NEER

REER

α

-0.129 (0.088)

0.159 (0.098)



0.01 (0.017)

0.014 (0.019)

Note: For the estimation of equation (3), the dependent variable ∆𝑒𝑡 is calculated as et+1 ‒ et.
Values in the parenthesis are standard errors.

The OLS estimates' purpose is to obtain the coefficients of α and  from equation (3). However,
both variables in NEER and REER statistically insignificant. As we argue that OLS estimates
are biased when UIP does not hold, we ignore the variables' significance. When the value of α
is not 0 and  not 1, the UIP condition does not hold. In our estimation shown in Table (1), the
value of α is negative (-0.12) and  is almost zero, estimated with NEER. Likewise, the value

8

The model is calibrated using IRIS at MATLAB version R2020b.
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of α is positive but not close to zero, and  is the same as with NEER when estimated with
REER. These estimates violate the conditions needed to hold the UIP. This finding broadly
supports other studies' work and provides further support to argue that the UIP condition does
not fit the Nepalese and Indian currencies.
The UIP condition's validity can be observed using the interest rate differential and exchange
rate changes. Annex - C Figures 8 and 9 plot the exchange rate changes and the interest rate
differential. The two graphs show that although the volatility of the interest rate differential
and exchange rate changes looks similar, there is no clear directional relationship.

5.2 Risk Premium
A reduced form of the measurement equations is calibrated based on the Kalman filtration
method stated in section 4.2. CPI, NEER, REER, domestic interest rate (NI) and foreign
nominal interest rate (NI_STAR) are the observed variables for the model calibration. The risk
premium is an unobserved transition variable. The Kalman filter ensures that the results are
dependent on the model structure and the calibration.
Figure 1: The Risk Premium Calibration: Kalman filter results
Left is monthly, and right is annual

Source: MATLAB output of the model.
Note: The graphs are Kalman filter output from State Space Models generated by Matlab. The left figure is based on
monthly, while the right is based on an annual frequency.

The simulated risk premium depicts an accurate picture of our assumption that UIP does not
hold in Nepal. The model shows that the average risk premium over the monthly sample period
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is -11.8 per cent and stood at -4.6 per cent in December 2019 (Figure 1). The highest negative
risk premium was observed in March 1999 at -21.8 per cent, while a positive risk premium (1.1
per cent) was recorded only once in January 2010. The risk premium has seen wide fluctuations
during the observed period, with more than one peak and numerous troughs, which validates
that risk premium is time-varying.
The risk premium calibration addresses our hypothesis that uncovered interest parity does not
hold for Nepal. Furthermore, the existence of the negative risk premium between pegged
currencies visually and empirically rejects the null hypothesis that no sizable risk premium
exists between pegged currencies. Both the monthly and annual frequency data have similar
results, validating the results' consistency and robustness.
The interest rate differential between Nepal and India clearly explains Nepal's risk premium
trend (Figure 2). The highest premium in March 1999 and the positive risk premium in January
2010 resulted from the short-term interest rate differential between Nepal and India. The
negative interest rate differential has a negative risk premium and vice versa9. The finding is
also consistent with other prior studies such as Alvarez et al. (2009).
Figure 2: Risk premium and Interest Rate Differential: Kalman Filter
10
5
0
-5
-10
-15
-20
-25
1989

1993

1997

2001

2005

R isk_ P r emium

2009

2013

2017

I nt er est _ R at e_ D iffer ent ial

Source: Authors, based on the MATLAB data output from the model.

9

After adjusting for seasonality, Nepal's weighted average treasury bill rate was 0.60 per cent while India's was
8.75 per cent in March 1999. In January 2010, Nepal's weighted average treasury bill rate was 8.80 per cent
while India's was 3.8 per cent.

-13-

Carlson and Osler (1999) show that currency risk premiums primarily depend upon two factors:
interest differentials and the current deviation of the exchange rate from its long-run
equilibrium. Both these arguments are already justified by the evidence: from Figures 5 and 6.
The presence of the risk premium and the divergence of the return rates between domestic and
foreign assets itself violate uncovered interest parity (Kočenda & Poghosyan 2006), confirming
our results.
The sign and the size of the risk premium determine the incentives for a risk-averse investor10.
A positive risk premium indicates that investing in foreign currency or assets is relatively
riskier for a risk-averse investor, thus seeking a premium to hold such risky investments. In
contrast, a negative risk premium indicates that investing in domestic currency or assets is
relatively risky (Hakkio & Sibert 1995). The expected return is the actual return plus the risk
premium from the risk-neutral investors' perspective. It indicates that the risk premium is
positive if the domestic interest rate is higher than what the UIP can predict.
The calibrated risk premium value and the sign show that the Nepalese currency has no positive
premium. Instead, it has a negative return on holding domestic currency or domestic currency
denominated financial assets compared to foreign currency or foreign currency denominated
assets. Thus, a negative risk premium indicates that holding or investing in Nepalese currency
or financial assets does not provide the premium of holding a risky asset. This implies that
holding foreign currency or assets has a positive risk premium to the domestic investors if
residents can convert their domestic assets into foreign. Since a risk premium is the presumed
risk of holding a currency for a risk-averse investor, an adverse risk of having Nepalese
currency or Nepalese assets will demotivate foreigners to hold the Nepalese currency or assets
unless compensated by a higher interest rate. A zero-risk premium is possible only when
individuals are risk-neutral. Still, since money is a risky asset to hold, investors need a higher
return to hold that currency (Greenwood 1983). This means that a less risky asset or a negative
risk premium asset is not attractive to hold. Our argument is consistent with Engel (1996,
2016)'s evidence that a higher interest rate country is relatively riskier. Nepal has a negative
interest rate differential (that means lower interest rate) with India most of the times, as shown
in Figure 2.
10

The exchange rate risk premium is the excess return of a domestic investor who uses local currency to invest
into a foreign assest at a risk‐free rate, and then converts the earnings back to the local currency. The riskiness
of the asset depends upon whether we view investing into domestic or foreign currency and whether we see
this from the domestic or foeign investor's point of view.
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The persistence of a negative risk premium has many implications in Nepal's policy analysis,
especially in the financial market. A systematic positive risk premium is required to attract
foreign deposits in local currency (Golinelli & Rovelli 2005; Kočenda & Poghosyan 2006).
Nepal's capital account remains closed except for the approved foreign direct investments.
However, Nepal is gradually liberalising its capital account (Nepal Rastra Bank 2018b, p. 20).
The economy should be able to attract foreign currency denominated deposits in the future. To
realise this, a careful policy revisit and proactive planning are necessary. Besides, the foreign
interest rate's exogenous changes cause the risk premium to deviate in a small open economy,
adopting a fixed exchange rate system (Pasula 2016). Thus, a change in the Indian short-term
interest rate may force the Nepalese interest rate to change.
When the risk premium is negative, it indicates the expectation of a devaluation of the currency
in period t+1. Suppose those market participants believe in a possible devaluation of the
domestic currency. In this case, both domestic and foreign investors treat the domestic currency
or financial asset as less worthy of holding because depreciation will increase (decrease) the
return of the foreign (domestic) assets in domestic (foreign) currency terms. When the currency
is devalued, imported inflation will increase further in Nepal, reducing the domestic assets'
real return. Thus, to hold the domestic financial asset, the risk premium should be positive
enough to incorporate the risky asset's possible compensation.
Interest rate liberalisation in Nepal and India began at a similar time, in the early 1990s (Arun
& Turner 2002; Ozaki 2014; Roland 2006; Shirai 2002; Shrestha & Chowdhury 2006; Singh
2005; Varma 2002). Interest rate liberalisation directly correlates with the risk premium since
the risk premium size is closely associated with the interest rate differential. The negative risk
premium size was decreasing until 1992, but then sharply plunged in 1993. The sharp increase
in the negative risk premium is explained by the Nepalese currency devaluation in February
1993. Despite some improvements in 1997, the risk premium again reached a trough in 2000.
The size of the spike was noticeably larger after 2006, while the average volatility remained
similar. This result indicates that Nepal's interest rate deregulation was unable to increase the
local currency risk premium.

5.3 Robustness Tests
To test the results presented in this paper, we first check the UIP definition and the risk
premium. Figure 3 shows that the risk premium neatly explains the interest rate differential.
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Figure 3: Risk premium and Interest Rate Differential: OLS Estimates
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Figure 4
Risk Premium: OLS estimates vs Calibration in State Space Model

Source: MATLAB output from the model.

The figure shows a perfect data matching between these two, providing strong evidence to
support the UIP theory. To validate this, we also plotted the OLS based risk premium and the
interest rate differential. As we argued in section 3, the OLS based risk premium estimation
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does not move in tandem with the interest rate differential, showing an apparent inefficiency
of the OLS model (Figure 4). We obtain a consistent result when we use both the monthly and
annual frequency.
Second, the shock analysis gives a proper reaction to the variables (Annex A: Figure 5a to 5h).
The Kalman filter's observed values achieve an apparent convergence to the trend as per the
assumption of the State Space models. The gap estimates are also credible and consistent
(Annex A: Figure 6). The replication of the same model with annual data also shows similar
and consistent results (Annex A: Figure 7).
Finally, comparing the estimated risk premium using the OLS based models and the StateSpace models show substantially different results (Figure 4). While the OLS based estimates
show positive and smooth risk premium values over time, the State Space-based calibrated risk
premium is negative with highly volatile, in both monthly and annual frequency. This indicates
that OLS based estimations are strongly biased, as per our hypothesis. Our findings challenge
empirical analysis based on OLS models, including that of Bui (2010); Flood and Rose (2001);
(Kočenda & Poghosyan 2006); McCallum (1994); and Tanner (1998). Thus, when UIP does
not hold, our claim that OLS based estimation models cannot rightly provide the size and sign
of the risk premium has been evidenced.

VI.

CONCLUSION AND POLICY IMPLICATIONS

We have studied how short term interest rates and exchange rates interact between two pegged
currencies: that for Nepal and India, to test for the uncovered interest parity (UIP) condition
and measure the risk premium. We argue that Ordinary Least Squares (OLS)-based models are
biased if the UIP does not hold. Using the MATLAB platform's IRIS toolbox, we apply
maximum likelihood estimation (MLE) based on State Space models in the Kalman filter to
calibrate the unobserved variable: the risk premium, on the monthly and annual data for the
interest rate, effective exchange rates and price variables, ranging from 1989 to 2019.
The study results provided strong evidence of the existence of a risk premium, confirming that
the UIP condition does not hold in Nepal. Over the study period, the risk premium fluctuated
between -21.8 per cent and 1.1 per cent, with an average of -11.8 per cent for monthly data.
This result was similar when calibrated using annual frequency data. The model outcome is
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consistent to validate the UIP theory in the presence of a risk premium. The calibrated risk
premium is consistent with that of Engel (1996, 2016); a higher interest rate country is
relatively riskier. We observed a strong positive correlation (0.68) between the interest rate
differential and the risk premium. The OLS based and State Space-based risk premiums are
entirely divergent. Furthermore, the interest rate differential was not explaining the OLS based
risk premium estimates. These results show that OLS-based risk premium estimation is biased
when the UIP condition does not hold.
The interest rate differential between Nepal and India clearly explains the evolution of Nepal's
risk premium. The negative interest rate differential between Nepal and India involves a
negative risk premium and vice versa. This risk premium implies that holding domestic
currency or assets provides no premium but has negative returns for risk-neutral domestic
investors. Thus, they prefer to invest in foreign currency or assets if investing in foreign
currency is available. Given that Nepal has an open border with India and the study shows
illicit and informal financial activities in place11, those who can access Indian currency or assets
seem to get excess returns. Furthermore, the negative risk premium discourages holding the
domestic currency since money is a risky asset, and people do not want to keep it unless they
expect a higher return.
The persistence in the negative risk premium has a couple of policy implications. First, a
systematic positive risk premium is required to attract local currency-denominated deposits
from foreigners, but a negative risk premium motivates domestic investors to hold foreign
currency or foreign assets with a higher return, encouraging capital flight. Second, our model
simulation shows that an interest rate differential is a primary factor determining Nepal's risk
premium. Thus, the Indian interest rate changes deviate from the risk premium, too, as the
domestic interest rate may not change with the Indian interest rate. Third, a negative risk
premium indicates a future currency devaluation, signalling to investors that holding domestic
assets is less attractive. Fourth, a risk premium suggests the degree of risk aversion for
investors: an individual will be willing to pay a higher risk premium when the degree of risk
aversion is greater. This behaviour provides the usefulness of sterilised foreign exchange
intervention because when the risk aversion is relatively higher, the foreign exchange
intervention may not be effective enough (Engel 1992). Finally, persistent negative risk
11

Taneja et al. (2004, p. 45) estimated that informal trade from Nepal to India is about 38 per cent of total formal
trade while it is more than the formal trade from India to Nepal. Likewise, Nepal's illicit financial flow is about
32 per cent of total trade (Global Financial Integrity 2019, p. 31).
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premium shows that Nepal's interest rate deregulation and financial liberalisation programs are
insufficient to eliminate the negative return expectations of holding Nepalese financial assets
compared to foreign.
The study can be extended to observe the feasibility of alternative exchange rate policy choices.
Developing the policy simulation model with a different exchange rate change scenario:
devaluation, revaluation, flexible exchange rate system, and comparing the results is an
excellent scientific exercise to observe the impact of various exchange rate policy choices and
identify whether the flexible exchange rate policy would be feasible for Nepal.
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Annex A: Model Outputs in Figures
Figure 5: Shock Analysis
Figure 5a

Figure 5b
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Figure 5c

Figure 5d
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Figure 5e

Figure 6: Kalman Filter Output: Monthly Data
Figure 8a
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Figure 9: Kalman Filter Output: Annual Data
Figure 9a
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Annex B
1. Data and Their Sources
Variable
REER

NEER

Definition

Data Source

Real effective exchange rate
(CPI-based) considering the

Darvas, Zsolt (2012a) 'Real effective exchange rates for 178

38 trading partners, both

countries: A new database', Working Paper 2012/06, Bruegel,

annual and monthly

15 March 2012. Updated series

Nominal effective exchange

http://www.bruegel.org/publications/publication-

rate, considering the 38

detail/publication/716-real-effective-exchange-rates-for-178-

trading partners, both annual

countries-a-new-database/

and monthly
CPI: Nepal

Prices, Consumer Price Index,

and India

All items, Index; both annual

International Financial Statistics, International Monetary Fund.

and monthly
Interest Rate:

Weighted average 91 day's T-

Nepal Rastra Bank, Quarterly and Monthly Reports

Nepal

bill rate

Interest Rate:

Weighted average monthly T-

Reserve Bank of India

India

bill rate, 91 day

HBS_Table_No._215___Auctions_of_91Day_Government_of_India_Treasury_Bills
The daily cut-off rate of every transaction in each Month is
averaged by the author to calculate the average monthly T-bill
rate.

2. Parameters
Parameter

Value

Variable
Weight between Nepal's and India's inflation. Nepal's inflation is

a1

0.45

assumed to be explained about 55% by India, based on the empirical
evidence.

c1

0.6

h0

0.5

h1

0.5

h2

0.5

captures the exchange rate persistency; higher value means
backward looking strategy with higher persistency.
persistent shock to risk premium, the value of h0 is the parameter
for the past values of shock premium
persistence in convergence of trend variables to their steady-state
levels, for both real interest rate and real exchange rate.
persistence in the nominal interest rate, foreign interest rates and
foreign inflation
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Speed of inflation target adjustment to the medium-term target

t1

0.5

target_ss

7.0

Domestic inflation target

ss_ri_eq

0.2

Trend level of domestic real interest rate

ss_dot_rx_eq

2.0

Trend changes in the real effective exchange rate

ss_dot_cpi_star

5.0

Equilibrium/trend inflation of India

ss_ri_star_eq

2.0

Equilibrium/trend foreign real interest rate

(higher values mean slower adjustment
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Annex - C
Figure 8: Change in NEER and Interest Rate Differential
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Figure 9: Change in REER and Interest Rate Differential
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