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ABSTRACT
Article History Should monetary policy independence be maintained when the exchange rate it
Eegfivggng*ﬁfgéof under closed capital account conditions in a small open econdmiytfis study, we
Acceptedi4 July 2022 simulate the impossible trinity condition during 1989 to 2048 the Nepalese econom
Published1 August 2022 that restricts capital flows and fixes the exchange rate with India. We modify
traditional Taylor rule basedn the monetary policy reaction function to charactegi
Keywords

S Nepal's economic conditions more closely. B@tedspace modedimulation shows that
Monetary policy independence

Impossibletrini ty the policy trilemma does not hold in Nepal, such that the model can predict interest

Statespace model when the weight for domestic conditions is assigned at a substantially lower |

Caiibration Therefore,the existing policy mi d to be revisited to maintai t

Policy simulation. _ , g policy mix may need to be revisited to maintain monetary po
o independence. Nepal might consider devaluitggcurrency to neutralte the adverse

JEL Classification effects of the negative risk premium and ameliorate the real exchange rate appre«

E47; E52; E58.

in the shortrun and explore alternative arrangements in the long.

Contribution/ Originality: A maximum likelihood estimatioased stat@space modes applied to calibrate the
customized monetary policy reaction function. As far as we are concerned, this is the first study to simulate a modified
monetary policy functiorio observe the impossible trinity condition, particularly in a small open developing economy
context. T he study's findings are significant to test the policy trilemma hypothesis in other similar economies

1. INTRODUCTION

Does a country maintain monetary policy independence when its exchange fixiediand its capital account is
closed? This question has gained increased attention across small open economies since the global financial crisis
(GFC) of 2008. Prominent schars such asdwards (201pand Rey (201% have proposed a contrasting view on
monetary policy independencand capital controls. These studies have challenged the trilemma approBtEnohg
(1962 andMundell (1963, widely known as MundefiFleming's impossible trinity While the trinity proposes an

1 The independence of monetary policy is the ability of the central bank to absorb internal and external shocks by usilicyiiagtauments. Inthis study, it is

assumd that monetary policy independence is maintained if the st@mtn interest rate is dtermined by domestic economic conditions.

2 The trilemma model ofleming (1962 and Mundell (1963 argues that an economy can achieve monepmlicy independence while maintaining a fixed exchange

rate regime even if capital mobility is restrictedn a triangle of independent monetary policy, fixed exchange rate and capital account openness, we can only choose

one corner with two policy chioes andit is impossible to have all three policy choices. The trilemma condition is further discusSettiion3 of this study.
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optimal policy mix amongxchange rate, external capital flows and monetary policy independence, in recent debates,
for exampleRey (2019, the focus is on the policy dilemma rather than the policy trilemma.

The validity of MundelBFleming's impossible trinity is still ambiguous despite extensive application and studies
undertalen across various economies. For instance, prior studieBlégney, Lee, andloyd (2013; Chakraborty
(2016; Goczek and Mycielska (20L%50h and McNown (201p Kawai and Liu (2015 Klein and Shambagh (2010);
Majumder and Nag (2021Obstfeld, Shambaugh, and Taylor (2006hanian and Stockman (199&nd You, Kim,
and Ren (2014have all supported the trilemma constraint. Wetheless Aizenman, Chinn, and Ito (20)3Fry,

Lilien, and Wadhwa (1988 Kim and Lee (2008 Marc (1978; Rey (201% and Takagawa (201Bhave shown
contrasting evidence on the validity of the policy trilemma. The turning point in the literature was undersaoied
study byRey (2013, who argued that there is a policy dilemma, not a trilemma. The implication of such a trilemma
and optimal policy mix is still a hotly coested topic in the literature with mixed empirical evidence in small open
economies, which merits further investigation.

Past studies in the Nepalese context have shown that the effectiveness of monetary policy igBoniteal 2011
Budha., 2013viaskay & Pandit, 2010 Nepal is a small open economy in South Asia thaimaesed capital account
restrictions to maintain monetary policy independence given its historical exchange rate peg with India. On the other
hand, studies have revealed that about half of inflation in Nepal can be explained by imported Indian inflation
(Institute for Sustainable Development, 199epal Rastra Bank, 200Reupane, 1992Shrestha & Bhatta, 20).7
Based on findings from existing studies, Nepal seems to be importing the price stability goal of monetary policy.
Success in attaining the price stability goal, therefore, supports using the excharggaga nominal anchbfor
Nepal (see, for exampl@arro & Gordon, 1983Fratianni & von Hagen, 19935iavazzi & Giovannini, 1989. While
a fixed exchange rate can create stability, the traffemight be a loss in the implementation of monetary policy
independencealthough thishas not yet been tested for Nep@in the other hand, restricting capital flows and fixing
the exchange ratstill may not be an optimal policy alternative for Nepal but, instead, be motivated by a ‘fear of
floating', a phenomenon explained Balvo and Reinhart (2002 Fear of floating is also relevant to the trilemma
condition if an economy strictly manages its floating exchange rates, giving up monetary autoieig &
Shambaugh, 2030

In this context, a key issue is whether Nepal maintains its monetary policy independence in the trilemma
framework If not, is there any evidence that Nepal has been adopting a mixed strategy with both felwakidg
and backwardooking approaches? We examine this question, which is essential for the following re&gshs
there is a limited number of studies ife literature on monetary policy independende small open developing
economiesand gcond, most of the available empirical literature appiesordinary least square(OLS) estimation
for monetary policy reaction functidimodels. An earlier studigy Bhatta,et al(2021), however, has shown that OLS
based estimates produce biased risk premium data when uncovered interest parity (UIP) does not hold in Nepal. To
the best of our knowledge, there are no studies to date on monetary policy independence considering the Nepalese
economy, thereby presenting a gap in the literature that our research aims to address.

Previous studies have mostly focused on identifying the relationsbipreenthe domestic interest ratandthe
foreign interest rate in order to observe monetary policy independence. For inst@hemjan and Stockman (1997

3 A nominal anchor is an approach to tie the general price level of an economy to another nominal ysuictbles the nomal exchange rate, inflation rate, or money
supply, so that price stability is not derailed. For a detailed discussion, refétistkin (2007).

4Calvo and Reinhart (2002 argue how countries choose a saptimal policy of managed float/soft peg to stabilize inflatitimough controlling exchange rate
fluctuations. This could be due to fear of output loss or poor policy credibility regarding float. The authors argue thatehwaviour will promote discretion rather
than policy rules, not allowing the market to adjusseélf through risk premium and money demand shocks.

5A monetary policy reaction function is a New Keynesian economics ake@@ aylor, 1993, which determines how the central bank should set its stierin policy

rate.
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Kim and Lee (2008 Paul (2012, You et al. (2013 Kawai and Liu (2015 Goh and McNown (2016 Chakraborty

(2018; Lim and Goh (201pand De Waal, Gupta, and Jooste (2Q18udied the effect of the foreign interest rate,

either the London interbank offered rate (LIBOR) or the central bank policy rate, on the domestic interest rate. Most

of these studies assume a reciprocal relationship between the home and foreign natiesestowever, a reciprocal

based analysis is not possible between Nepal and India due to differences in economic size, historical exchange rate
peg, policy divergence, arttie overly Indiadependent Nepalese economy. Thus, observing the mere effea of th
Indian interest rate on Nepal's interest rate will not fulfie objectiveof this study

On the other hand, a recent strand of literature has questioned whether a policy trilemma exists in today's
globalized world. Rey (201% argued that the trilemma hypothesis does not hold in the presence of free capital
mobility; the postGFC period has transformed the trilemma into a dilemma, providing substantial criticism of the
impossible trilemma theory. Howevethe argument put forwed by Rey (201%on the convergence of capitabils,
leverage, and asset prices in the world's major finaregakes is only representative of a few advanced economies
andhas no direct implication for economies sucliNapab. $Moreover, new evidence suggests that the trilemma does
not transform into a dilemma, and the presence of globally influencing investors and banks further aggravate the
impact of the trilemma at the initial phaggigonniére, 2018 Using the same dataset &ey (2013, Ligonniére
(2018 further showed that the trilemma is only valid during an economic boom but may morph into a dilemma during
a bust. FurthermoreRohit and Dash (200)Xritiqued the approach dRey (2015, demonstrating that the trilemma
hypothesis is still valid. A recent study of the Indian economyMgjumder and Nag (202lidentified financial
stability as the fourth component in addition to the trilemma, rejecting the dilemma hypothesi®gepf(2015.
Majumder and Nag (2021found thatthe trilemma constraint did hold in thgoostreform period in India, which
translated into a quadrilemma in recent ye&lthough the existence of a quadrilemma is beyond the scope of this
research, the possibility of a dilemma does not apply to Nepal due to restrictions over capital ftbthe axxchange
rate peg.

Aizenman et al. (20J)3leveloped a new polidyilemma index of world countries, including Nepal. The authors
constructed a trilemma constraint based thre monetary independence (Ml) index, an exchange rate stability (ERS)
index and a capital account openness (KO) index. However, the trilemma index for Nepal cannot be used as an
indicator of monetary policy independence becadigenman et al. (20)3used theChinn and Ito (200 KAOPEN
index of financial openness for Nepal. This index remained constant at 0.1657 from 1970 to 2019, although openness
has been gradually increasing over this period. The authors fdlowed the reciprocity of annual correlation
between domestic and foreign interest rates to construct the monetary independence index.

In the reciprocal case, comparing domestic and foreign interest rates may provide evidence of policy
independence. Tweconomies, Nepal and India, however, are not in a reciprocal position with each other. Likewise,
we argue that the traditional monet ar yntheetldy, thestandada ct i o
reaction functionis customizedo represent Nepal's key economic characteristies;gap variables and identities
needto be generated endogenously, whicing possible with an OLS estimatielpased analysis. We have made two
major changes tthe rule set byTaylor (1993: i) Nepal borrows a foreign inflation target in their domestic inflation
target to maintain the policy trilemma (due to the pegged exchange rate aimed at price stability) thediifovered
interest parity condition does not holdbased on our eadr study, se®hatta et al. (202)). The purpose dahis study
is to observe how Nepalds central bank, -tdenpntetesti@tast r a
close to the observed rate to compare the actual interest rate with a counterfactual reaction function. Therefore,
maximum likelihed estimatiorbased stat@space modeis appliedto calibrate the custoraed monetary policy

6 A gquadrilemmas an extension to the MundélFleming trilemma model with dourth componentfinancial stability, along with three other trilemma components.
SeeAizenman(2019 for details.

7 The uncovered interest parity model is embedded into the monetary policy reaction function, which is explained in théctldoaetework section of this paper.
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reaction function. As far as we are concerned, this is the first study to simulate a modified monetary policy function
to observe the impossible trinity conditioparticularly in a small open developing economy context. Thus, the study's
findings are significant to test the policy trilemma hypothesis in other similar economies.

The remainder of the paper is orgaed as followsSection 2 discusses the relevartetature on the policy
trilemma; Section 3 provides the theoretical framework used in this pagpection dexplainsthe data and empirical
methodology employedSection 5 presents and discusses the major empirical findargbSection 6 concludes the

parer.

2.LITERATURE REVIEW

The popular MundeldFleming model(Fleming, 1962 Mundell, 196Q has been widely implemented across
economies and broadly tested in the empirical literature. The model was first zeitiddyNiehans (197pand later
by Dornbusch (1976 Dornbusch (1976preformulated the modeih a dynamic framework incorporating capital
mobility, flexible exchange rates and forwalobking expectationsDornbusch (1976ghighlighted that the UIP
condition dominates in the short run, but the reattainment of purchasing power parity in the long runséver
MundelldFleming approach. These theoretical foundations and the empirical observatio@bstyeld et al. (2005
andKlein and Shambaugh (20)lprovide a firm conclusion that an economy can otilgase twoof the threecorners
of the policy trilemma triangldseeFigure 1). The assumption is that, by fixing the exchange rate and controlling the
capital flow, Nepal has maintained monetary policy independence, as passtmptions of the MundéFleming

model.
Free capital mobility

Fixed exchange
rate/Managed
exchange rate

Monetarsy policy
independen s

—
-

3 <

Figure 1. The impossible trinity of monetary policy.
Source:Mundell (1969 andFleming (1963 and also explained i@bstfeld et al. (2005andKlein and Shambaugh (2010

The first strand in the literaturefavorsthe policy trilemma hypothesigOhanian and Stockman (1993howed
more robust shordterm monetary policy independence when the exchange rate is fixed, supporting the trilemma
condition.Clarida, Gag and Gertler (1998showed that while the United States, Germany, and Japan, who floated
their currencies, followed their own interest rate shocks, other countries in the European Monetary System followed
the German interest rate tanalyze domestic or international factormfluencing the policy interest rateklein and
Shambaugh (203Cfound evidencein favor of the policy trilemma across eras and the modern era, arguing that
countries lose their monetary autonomy when the exchange rate is fixed in conjunction with an opened financial
market. Similarly,You et al. (2014 found evidencethat capital control helps to improve a country's monetary
independence if the exchange rate is fix&bczek and Mycielska (201%howed that Poland lost its policy
independence with a floating exchange rate and highigralized capital flows.Goczek and Partyka (20)%lso
showed that norEuro members also followed the interest ratetloé European Central Bank (ECB)sing the6t 0 o
smal | t o b eargumerd Wipile evidlence tstiows the existence of the impossible trinity, such empirical
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findings have no direct implications for developing economies like Nepal, which significantly differ in economic
characteristics and the extent of global financial integration.

Evidence from emerging market economies (EMES) also supports the impossible trilemma hypdlaesis.
and Liu (201%identified that China is losig its monetary policy independence due to reduced capital controls and a
rigid exchange rate regim&oh and McNown (201p5showed that the US and Malaysian interest rates cointegrated
during the fixed exchange rate regime period of 282005 but not during the managed float regime period of 1®91
1998, providing strong evidence ifavor of the impossible inity hypothesis. FurthermoreChakraborty (201%
demonstrated that monetary policy indepdence was compromised in the pgkibal financial crisis period in India
due to heightened capital controls. ore recent study byMajumder and Nag (202found that the trilemma
constraint did hold in the posteform period in India and that the trilemma has translated iatquadrilemma, which
was also discussed Byzenman (201p While these studies confirm the existence of a policy trilemti@approach
taken in this studyis different in terms of the reaction function and estimation methods. The aforementioned studies
do not include an economy with similar characteristics to those of the Nepalese ecamsingte-currency fixed
exchange rateand closed capital accountessons from these studies, therefore, cannot be applied to the context of
the Nepalese economy and hence require a cotsggecific examination.

The second strand in the literature argues against the impossible trinity model. For example, (1979
showed that monetary independence is impossible if residentswiich between domestic and foreigmuirrendes
Aizenman et al. (20)3leveloped a new policy trilemma index and doemted a middle grounthat couldbe adopted
among the three policy choices. In an era of higher capital mobility, developed countries are converging toward more
exchange rate stability and compromising monetary policy independgizenman et al., 20)3This finding may
be promisingfor Nepal since small economies' monetary policy conditions are highly affected by foreign financial
conditions.

Having a flexible exchange rate policy may not ensure noticeable policy independence. For eRayg)1%
provided new evidence that perturbed the impossible trinity hypothesis: monetarngygotiependence is constrained
by free capital mobility between countries, no matter the exchange rate p&y (2013 argument that the global
financial crisis of 2008 transformed the policy trilemma into a dilemma, providing substantial criticisms of the
impossible trilemma theory. The exchange raggime only has a minor role in monetary policy independence but
plays a significant role in capital flow management. However, the argumerRdyy (201% is only valid when
economic variables such as capital flows, leverage, and asset prices converge in line with the world's major financial
centes, eliminating the role and importance of exchange rate policy. The results from a recent stu@lilign and
Ozmen (202pwere also consistent witlRey (2015. They demonstrated that the US inteteate determines the
domestic interest rate of EMEs in the long run, even when the exchange rate is flexible. Spillover sensitivity from
the US interest rate substantially increased after the GHowever, the dilemma hypothesis is rejected for Nepal
becaise the capital account is closed and global financial integration is still at a nascent stageR&h{201y uses
the Chicago Board of Exchange (CBOE)'s stock volatility index (VIX) to run the vector autoregression (VAR) model,
but the VIX index is not relevant enough for a direct implication for Nepal, since Nepalese investors are not allowed
to invest in foregn assets. Likewise, the argument®éy (201% has been empiricallgriticized, for instance, by
Aizenman (201PandRohit and Dash (2019

Kim and Lee (2008found that flexible exchange rates with free capital mobility provide greater monetary
independence for East Asiagonomies. Similar results were obtained oy and Goh (201pfor the case of Malaysia,
andPaul (2012 for the case of India, where monetary policy independence was shown to be a matter of the exchange
rate regime adopted rather than financial glolzation.De Waal et al. (201)8showedthat monetary policy for South
Africa is not independent, as domestic interest rate decisions are affected by foreign shocks emamatthg S,

8 Most countries fix their exchange rate to the USD, while Nepal fixascurrency to the mdian rupee.
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Brazil, China, and India. These studies are still not representative enough for small economies with a fixed exchange
rate, such as Nepal hese studies primarily foceslon observing the relationship through interest rate-nwvements

in an OLSbased estimation frameworRlthough comparing the interest rate emovements providea preliminary

ideg a simulation based monetary policy reaction functionorporating additonal domestic economic conditions
would be more appropriate to answer the endogenous policy actions altogether as will be attentpisdtindy.

Central banks' exchange rate management practices also support the lesser possibility of monetary independen
to influence the foreign exchange markbtendoza (200¥observed a significant increase in the reserve holdings of
developing countrie after the Asian financial crisis, indicating a ‘lean against the wind' tendency to forex market
intervention in response to adverse exchange rate shakansson (1994using Swedish data, showed that a finite
band for a fixed exchange rate provides greater monetary independevere when free capital mobility is allowed.

A significant correlation between the degree of exchange rate volatility and the exchange rate bandwidth was
obtained byRose (199Busing data between 1967 and 1992 for 22 countries. This result demonstrated that an
exchange rate band achieves better monetary policy independesca ffixed exchange rate after considering capital
flows and interest rates. Nevertheless, using an intermediate exchange rate regime has been widegddritieicent
yearsbecause it is pme to crisisjs complex in implementation, artiere isa higher possibility of speculative attacks

on currency and loss of central bank credibil{yalvo & Mishkin, 2003Eichengreen, 1998-ischer, 2001Obstfeld

& Rogoff, 1995 This study does not pursue the exchange rate band and monetary policy independence arguments.

Other than studies supportingr not supporting the policy trilemma hypothesis, alternative empirical analyses
are also availablé&.ou et al. (2014 based on a panel dataset of 88 countries, found that capital controls help enhance
monetary policy independence and the exchange rate regime adopted impacts the effectiveness adrapisafor
the periodfrom 199552010. SimilarlyMontiel and Pedroni (2018showed that the impact of the domestic monetary
policy shocks on the interest rate diminishes in a country with higher financial integration with the rest of the world,
regardless of the choice of the exchange rate regkhein and Shambaugh (2015using the data of most of the
worldd economies, showed that strict capital controls and modeexichange rate flexibility could achieve monetary
autonomy. Rohit and Dash (201)9also supported this argument. Nonetheless, the above findings cannot be
generalzed to the Nepalese economy for two reasons. First, the paper assumes that the UIP condition holds, and if
not, the risk premium is not considered in the estimation. SecdraChinn and Ito (2006KAOPEN index is used
as a measure of the exteand degree of capital control, which has remained constant at 0.1657 from 1970 to 2019
for both Nepal and India. Such an assumption is unrealistic because it does not reflect the actual openness of both
economies arising from financial reforms and incezhepenness during this perioBy gplying the statéspace
model in the Kalman filtetHosny, Kishor, and Bahmaidskooee (20)5ound timevarying interest rate coefficients
when countries switch between different exchange rate regimes and/or capital controls. The authors suggested
applying a timevarying parameter radel to better capture the relationship between monetary policy independence,
exchange rate regimes, and capital mobility.

In a recent study on Indidumar, Mallick, and Sinha (202%howed that while an uncertainty shock is a demand
shock in the USit is a supply shock in EMEs thdtasan inflationary effectKumar et al. (202)largued that inflation
in India is primarily dominated by supplgide constraints. The effect of metary policy, which focuses on the demand
side to lower the interest rate, would be less effective in containing inflation. When inflation becomes a supply shock,
the standard monetary policy reaction function does not work due to the differences ihdbkssbetween domestic
and foreign economies.

The above studies and their criticisms imply that monetary policy independence in, sipely developing
economies is complex witimbiguous conclusions. The findings are also largely cowsjpgcific, indicating that no
one size fits all. Several other countspecific factors can affect monetary policy independence beyond those
considered in the already established models. The iramatpon of additional countryspecific variables may provide
more comprehensive and reliable resuliherefore, thisstudy fills a gap in identifying the monetary policy

205
© 2022 AESS Publications. All Rights Reserved.



Asian Development Policy Review, 2022, 10(3): 200-225

independence of smathpen developing economies based on a single couspcificapproach that simulates a
modified monetary policy reaction function as conducted in the following section.

3. THEORETICAL FRAMEWORK
3.1 Theoretical Base and the Modified Monetary Policy Reaction Function

The IS-LM model, the purchasing poweparity (PPP)? condition and the international Fisher effect provide the
theoretical foundatio# of this study. Specifically, the following three specifications prowiue building blocks for
the studyalong with Taylor (1993:

(o Yoy nofL s Y

i AE1 O AOPOAI p 1IN @)
Z< 274 Z e WrO% £ ®)
O #e f Aq (4)

In Equation 1, U is the domestic output gap at timerciis the real monetary conditions indekf is foreign
output gap andr is the demand shock. [Bquation 2 O is the longrun real exchange rater_prenis the credit
premium, andN is change in the real effective exchange rate (REER). Likewigggiration 3 pis consumerprice
inflation, and%  isthe expectednflation in the following period+1. In Equation 4 rmcis the real marginal costs
for businessn periodt, which isdeterminecdby the output gap{J) for domestic production and change in the REER
N for imported goodsWe use a reducefirm modelunder New Keynesian economics assumptions involving market
imperfections and sticky prices. Combining this phenomenon in a monetary policy séttayor, 199311 proposed
a monetary policy rule for central banks as follows:

EJF G rp p c9 9 (5)

In Equation 5i is the nominal interest rate set by the central bank, i.e., siertn interest ratey” is the real
interest rate target pis the current rate of inflation as measured by the GDP deflgtois the inflation rate target
(0- p) is the inflation gap between actual inflation and targeted inflatemd9 9 is the output gap between actual
GDP (Y) and potential or targeted GDP9). Equation 5is a monetary policy reaction function that shows how the
central bank should fix the shoterm monetary policy rate. This rule can be extended to include the exchange rate.
The exchange rate depends upon the demandafoit supply afdomestic currency, and the demand for domestic
currency is affected by the interest rate, real income, and inflation. The domestic money supply is determined by the
domestic price level, outpuand interest rate. A similar argument applies to the foreign money supply. Mbisetary
theory of exchange rate determination is further explainedbgnkel (197§ andwasempirically examined b§gilson
(1978. By mixing the new Keynesian model and the monetary model for the central banks, as propddedby
Karam, and Laxton (200§aBerg, Karam, and Ldon (20060 and discussed further bgulir (2014), the standard
Taylor rule is thus revised as follows:

E AE p £E An A A R (6)

Wherei:is the shortterm interest ratef: is a smoothing componert is the neutral nominal interest rate, which
is obtained as trend in real interest rate plus modalonsistent inflation expectations, i.&, @ A .Then A
is adeviationofthe expected inflation from the target) is the output gapandr is a monetary policy shocEquation
6 works only in a full market economy. However, Nepal has a fixed exchange rate and capital mobility is officially
restricted. Therefore, we must modifyquation 6to reflect the partialcontrol of the interest rate by the NRB and
restricted capital mobility.

9  The basic PPP theory states that in a free trade world, once two currencies have been exchanged, a basket of goodsestrmukhira/value.

10 Equatiors 1 and 2 represent an open economy versiortled 1IS-LM model, and Equations3 and 4 represent an aggregate supply curve in the a form of [Risil
curve.

11 According to Taylor's original version of theule, the nominal interest rate should respond to divergences of the actual inflation ratesdrgetedinflation rates

and ofthe actualGDP from potential GDP.
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The standard UIP condition states that changes in a currency exchange rate are determined by differences in
domestic and foreign interest rates. In an estimating model, the tidRdition can be expressed @ngel, 1996
Goodhart, McMahon, & Ngama, 1992

A A | TE E 3 (7)

In Equation 7 e is the natural log of the nominal exchange rate at peripH is the domestic interest rate in
percent at period, E is the foreign interest rate in percent at periice.. is the exchange rate at peria¢ll, and; .
is an exogenous interest rate shock in perie¢d. The exchange ratexpectation ighereforeE: (e.).

Due to theimpossibletrinity, central banks attempting to control the exchange rate volatility through either
foreign exchange interventions or fixed exchange rates cannot control both interest and exchange rates. The
evolution of the interest rate should depend upon the fankiooking behavior of foreign exchange market agents.
If the exchange rate is fixed, agents might behave with a baclkiaking strategy. Therefore, the standard UIP
modelis revisedto include both strategies. In the growth version Bfjuation 7 the standard version dhe UIP is
written as:

A A AR p A E E POAI r (8)

In Equation § eis the nominal exchange rate, while the new tegremappears as a risk premium component of
the UIP condition. If the UIP condition holdsptemis 0. Likewise & is a change in the exchange rdfe A
When b = 0, we get the standard UIP condition with a risk premium. We argue that the domestic interestitase,
determined partly by the domestic condition and partly by the UIP condition, following the lead of earlier studies
such asBerg et al. (2006eandBerg et al. (20060 The final speification of the model is represented Byguation9,
where we combinthe UIP condition derivedrom Equation 8with the monetary policy reaction function &guation
5. We also add backwatidoking behavior (set by domestic economic conditions) and fork@rkling behavior (set
by the UIP conditions) to consider both forwaildoking and lackwardlooking components. Henc&quation 5is
rewritten as:

. ~ P o A o e
E p A p—ANyA' p—AyA' E DPOAI ‘ ©)
A AE p A E A% A A R
In Equation 9 coefficientz expresses the central bank's ability to control the domestic interest rate. \ighisn

0, the domestic interest rate is determined only by the forwimaking UIP condition, showing that the central bank
completely loses control of the interest rate. lontrast, whenc = 1, the standard reaction function determines the
domestic interest rate. Thus, a lower value (closer to zera} ofeans that the central bank focuses on staibig
inflation through the exchange rate. When= 0, the determination othe domestic interest rate is surrendered, and

Equation 8is reduced to:

p A
p A p A

YA E DPOAI Rr (10)

A forward-looking agent who knows that the exchange rate peg is being continued in perigéissumes that
b. = 0 for economies like Nepal that are operating with a fixed exchange rate re@imetion 10now transforms
into the following:

E YA E DPOAIR (11)

Equation 11lis a simplification oEquation 9which shows that the domestic interest rate is now determibgd
the foreign interest rate, expectations of an exchange rate change and a risk premium. Assuming a fixed exchange
rate, we now get the final monetary policy reaction function, as discuss&efiyet al. (2006aBerg et al. (2006p
andBulir (2014):

E p A 3A E PAA A mE p E£E [EA N A R (12

In Equation 12 ¢ is the degreef control the central bank holds over the money market interest rate. A higher

value ofc indicates a higher degree of control. Assumis 1, this implies that the foreign interest rate
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determinesthe domestic interest rate by E B A A. In the fixed exchange rate versioHA Tt since rational
market agents know that the exchange rate will not change in the futwiech isa forwardlooking behavior. The
inflation target is consistent with a tmed in the real exchange rate, as represented in our model by the coeffitient
which is a part of theé The longrun average value of inflatiorédepends on foreign inflation, implying thaé
A&  3[é Thus, the policy choice for the NRB is either the exulpa rate (foreign exchange market) or the interest
rate (domestic money market).

Monetary policy independence depends on the value siich that a simulated interest rate gets closer to the
observednterest rate The response of the shetérm intereg rate is assessed by changing the value.agthe NRB
has a higher degree of control over theeghariterest rate, indicating greater monetary policy independence if the mode
calibrated interest rate is closer to the obseYvdf the value ofc is not closer to either one or zero (i.e., in between
1 and 0), shorterm interest rates are influenced partly by the UIP condition, indicating that the interest rate is
determined by forwardooking and backwardooking behavior. Howeer, if the modetalibrated interest rate is closer
to the obsenvatkrest ratwhen <Y 0, then the NRB loses control over théeshroiterest rate, indicating a loss of monetary
policy independence.

The monetary policy reaction function iBquation 12cannot be estimated using Olsased methods. First, we
want to observe the reaction of the shderm interest rate while we provide different values farin Equation 12
which is not feasible with an estimatidrmased analysis. As the variable risk premium is never observed, calibrating
the risk premium inEquation 8is the first step in our model estimation. Once the calibrated risk premiata
obtained, this output is used EBquation 12as an input. Furthermore, the gap variahlesch as output gap, interest
rate gap, inflation gap and exchange rate gage also not observed. We have a limited data spah wiseries of
policy reforms during the study period, with regime shifts and endogenous policy action demanding a method that
addresses these timarying structural breaks.

3.2. The StaBSpace Model

The standard OLS model needs to fulfil the Gadldsrkov assumptions to get the beghbiasedinear estimates.
However, there are several reasons why unbiased estimate assumptions are violated. Fhasetd ®stimation
methods become spurious when the UIP condition does notthbktause errors in th@ifecast cannot be from an
exchange rate shock but from unobserved variables. Thus, the exchange rate shock is not orthogonal to the domestic
and foreign interest rate® Likewise, policymakers face challenges when interest rates of a foreign economigto wh
a domestic economy fixes the exchange rate move in different dire¢iteis & Shambaugh, 20)39t is possible to
move in a different direction when exchange rate expectations differ and the risk premium existsthehile
expectations and the risk premium are unobservedc&iBLSbased models do not provide valid coefficients in the
presence of unobserved data, an{dased model simulation is necessary to calibrate the unobserveddat8&ilva
Bejarano Aragon & de Medeiros, 2QEhow that monetary policy reaction furioh parameters are timearying and
endogenous and need to be considemen by the Kalman filter. For this reason, we apply a sispace (SS)
modelling framework based on the Kalman filter analysis to simulate the model. The SS model provides am adapti
strategy to calibrate the MLE parameters, whereas the Kalman filter simulates the given condition and observes the
relationship (seéHarvey, 1987Kalman, 196}). Additionally, this model addresses unstable tiverying coefficients
(Basdevant, 20Q3Nepal & Foster, 2016 whichwerewitnessed in an earlier study t§hatta et al. (202for risk
premium data. Based atudies byHarvey (1990 and Durbin and Koopman (20)2the measurerant equation is
specified as follows:

12 Bhatta et al.(2021) showed that the UIP condition does not hold in Nepal, having a negative-tiarging risk premium. They also show a biased result while
applying the OLS model in estimating the risk premium.

13 The importance of shocks in forecasting the exchange rategmed byForbes, Hjortsoeand Nenova(2018 and Smeés (1997).
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9 +r5r (! R (13)
Where Y: is a measured variabl&; is an observed parameter with an®*np matrix, & is an unobserved state
variable with p3 1 matrix, A is anexogenous regressor withl parametersand e is a white noise error term with
R . 1k . The transition or state equation identifies the dynamics of the unobserved variables as:
rt ' A (14)
Where mis a steadystate growth rate or drift,GB.. is an autoregressive process for the state variable sl
an error term withaA . Tk
Embeddingthe UIP condition in a monetary policy rule when the official capital flow is regulated is justifiable
depending on the extent of capital restrictiomspdelling techniques, and the exchange rate pdlgsrg et al., 2006a
Berg et al., 2006 The necessary theoretical assumptions of covered interest p@lf)) conditions, such as free
capital mobility, have been ruled out in favor of uncovered interest parity conditiont®{§988). Furthermore, the
UIP condition's failure does not imply a lack of perfect capital mobilfguen & Song, 2007 The economic
liberalization occurring during the 1990s introduced a windowfaifeign direct investment in Nepal, and continuous
reforms have taken place since then, for instance, the Foreign Investments and Technology Transfer Act (FITTA)
1992 which was subsequently replaced by FITTA 2019 based on a new Foreign Investment Policy in 2015.
Furthermore, when the current account is fully convertible, illicit capital flows can occur through this wiridgi,
2014 Nitsch, 2012. The data confirms the current account convertibility and illicit capital flow relationship for about
32% of total illicit trade flowing to India in 2019Global Financial Integrity,2019.

4.DATA AND METHODOLOGY
4.1. Data

This study primarily uses published annual time series data @389 to 2019 for Nepal and India. Nepal started
implementing modern monetary policy by introducing open market operations in 1888al & Paija, 2020 Most
financial sector reforms gained momentum from the h880s and economic liberzdition developed from thearly
1990s in Nepal. Thus, the sample covers the early libefiin periods to the recent reforms. The interest rate data
comes from Nepal's central bgmkepal Rastra Bank (NRBand India's central bankhe Reserve Bank of India (RBI).
The study usesconsumer price index (CPI) data from the International Financshtistics database of the
International Monetary Fund (IMF) and gross domestic product (GDP) data from the World Development Indicator
database of the World Bank. Such data is compatibleesthe base year is the same. We tligenominal effective
exchange rate (NEER) anthe real effective exchange rate (REER) data fr@arvas (2012, whosedata has a
comprehensive NEER ar@lREER series covering 178 world economies and considers all the world economies that
Nepal conducts trade with.

NEER (nx) represents Nepal's nominakchange rate variable in this study. The nominal exchange rate of the
Nepalese Rupee (NPR) and Indian Rupee (INR) is fixed, and the nominal exchange rate of the NPR and USD is the
cross rate of the INR and USD. Thus, an alternative representation of timimal exchange rate is NEERfor our
analysist® Likewise, REER represents Nepal's real exchange ratén the model. Thause of the effective exchange
rates is valid in the study because a higher trade concentration of Nepal with India will resk# largest weighting
in the currency basket's comparative exchange rate indeg.réfer to the 'exchange rate' for the NEER and 'real
exchange rate' for the REER to simplify the analysis. We include Niegatl India's national consumer price inds
cp andcpi_starfor the price data

14NEER is the tradeweighted geometric average of the bilateral nominal exchange rates of the home currency in terms of foreign currencies.tREERtbased
price-adjusted effective exchange rate.
15Tee (2013 also useshe NEER as a nominal exchage for his study on Singapore and highlights ththe NEER can equally represent the nominal exchange rate if

the exchange rate is fixed.
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The interest rate variable is a 9day weighted average government treasury billpbTll) rate for both Nepal and
India. Nepal's interest raténi', is the nominal interest rate of Nepalndni_staris| n d foreignsinterest rate. The
T-bill rate represents a shorterm interest rate because it is auctibased (marketletermined) ands a more
frequent rate that can genuinely reflect money market conditions. Furthermore, Nepal's monetary policy strategy is
still guided by Taylo© mile-based monetaryergeting (Nepal Rastra Bank, 20)&nd hence lacks the interest (policy)
rate as an ograting target. The markebased Fhill rate can be a proxy variable for expected inflatidones, Kahl,
& Stevens, 1995 In addition, the Fbill auction rate ha the features of a cutff rate for lowdhigh bidding rate
adjustments. Economic output (y) is the real gross domestic product (GDP) growth rate. We apply annual data
frequencies for the study asitput isonly availableannuallybefore 2005.

4.2 Model Simulation Methods

We apply the statdspace modelling framework based on the Kalman filter to simulate the monetary policy rule.
Our objective is to simulate a model by fixing the specific policy actions and playing with the parameter values, which
is not possible with estimatichased techniques such as OEShe unit root test results showa mixed order of
integration among the study variables ranging from a zero (1(0)) to a maximum of two orders of integration (1(2))
(seeTable 1). The Kalman filter is preferred over the Olsased estimation techniques as this technique can handle
series integrated in any order when the data has different orders of integration and the possibility of cointegration
exists (Bomhoff, 1992Nepal & Foster, 2016 Therefore, we apply the Kalman filtration process as a reduced form
model based on a st@&pace representation to calibrate all the unobserved variables, gaps, and trends using the
observed variables and the model structure. A Gaussian distribution is assumed for the random vectors and the initial
state values. The measurement equations are as follows:

, " $01 " R j
(15)
, 281 " R ; (16)
, .81 " R j 17)
$/4#0)1 " R i (18)
,# @421 " R i (19)
.)3412y " R (20)
, " $D4r 21y "R i (21)
The transition equations and assumptions are below:
S A witha . Tk (22)
Where,i, is the transition variabl&
en /e An (23)
wherei representdhe measurement variables
Q , ' 0218 . B/ 400 # B)4 'h2)3 4 h2' $D4! .2

We define the transition variables, transition shocks, parameters, and ttheequations for each transition
variable while simulating the model. The initial data of tbgi, cpi_star, ni, ni_star, nxandgdphave been used to
generate numerous othemriables, the log of index variables, growth, equilibrium values, gaps, trends, and shocks.
The parameter values are imposed on the equations using economic logic, macroeconomic policy direction, and
observation of past trends. The steadtate values ahe inflation target, trend real interest rate, real exchange rate,
and GDP growth are the longun parameters. The variable definitions, data, measurement/transition variables and
equations, and the parameter values are showhppendixA.

16 The reason behind the usage of a siafgace model and Kalman filter is explained in section 3.2

17 The transition variables are listed iAppendix Aat the end of the paper.
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Table 1. AugmentedDickeydFuller (ADF) unit root test.

Variable t-Statistic
Level First Difference Second Difference

cpi - 0.077 - 3.032 - 5.861*

cpi_star -1.00 -2.385 - 4,949*

ni -3.778* - -

ni_star -2.329 - 3.809* -

nx - 5.125* - -

rx - 3.185 - 4.678* -

GDP 2.036 -4.372*

GDP_star 2.103 - 3.464 - 6.039*
Note: 1) Values shown are the ADF test statistics using the Akaike Information Criterion (AIC). The test equation includes both Tre

and Intercept. All the data are not seasonally adjusted.
2) * indicates that the oll hypothesis(that the variable has anit root) is rejected at the %level with a critical value3.574. The ADF
test for a unit root shows thati andnx are 1(0);cpi, ni_starx andGDP are I(1); anctpi, cpi_staand GDP_starare 1(2).

5. FINDINGS AND DISCUSSION
5.1. Monetary Polibydependence: Traditional Thought

Nepal has historically maintained a closeapital account policy and fixed its exchange rathich isin line with
the impossible trinity approach. Equilibrium in the exchange rate market is possible only if the interest rate is the
same in both countries and if investors are allowed to freely move money to either Nepal or India and they expect
that the exchange rate will continue to be fixdllein & Shambaugh, 20)0A rational investor will not hold a lower
returning asset (which is risiree by assumption) in either country. If the interest rate is not the same, market
participants will sell lowefreturning assets and buy higher returning ones in both countries, which wliiinately
not sustain the peg. We now graphically discuss the current scenario of arartinterest rate differential (as an
operating target for monetary policy) and inflation differential (as a goal for monetary policy) between Nepal and
India. The interest rate and inflation differential between Nepal and India show a relationship between monetary
policy independence and policy goals. On thelefihd side oFigure 2, the shortterm interest rate shows a broader
gap betveen Nepal and India. The interest rate trend between the two countries was similar until the early 2000s
and substantially diverged after that. However, the righdnd side ofigure 2 shows a relative convergence of
inflation beaween Nepal and India to a lower rate. The graphic plots indicate achievement of the price stability goal
of the monetary policywh i | e Nepal s central bank has ignored the
interest rate well below that of Indidigure 3further validates this data by plotting the interest rate differential and
real inteest rate. The lefthand side oFigure 3compares the real interest rate between the two economies, showing
a positive real interest rate in India most of the time, while it is negative in Nepal.

On the other hand, the real interest rate differences between Nepal and India are larger and prolonged. The
inflation differences between Nepal and India are negligible compared to a wider diffenezree longer period of
time for the real interest ratgFigure 3 right). This implies that although the interest rate is divergent between the
two economies, Nepal closely follows the inflation trend of India. The divergence in the interest rates between Nepal
and India suggests irependence between two monetary policies, while convergence in inflation rate indicates an
i mport of I ndiads price stability into Nepal through
policy independence in the policy trilemma as fhréce stability goal is achieved without any synchreetion to
interest rate.

5.2. Model Calibration
We start the simulation of the monetary policy reaction function (Eguation 10above) with an initial value
for c of 0.9. We thersubsequently, and arbitrarily, lower the value by ten percentage p&ifas each simulation.

18 |t was possible taise any value between 1 and 0 during the simulation. We chose to simulate by retiydiany percentage points so as not to be so low that no

changes are noticed or so high that a larger jump is noticed in the results.
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We observe the simulation results on inflation, GDP growth and the skiertn interest rate, keeping foreign
inflation and exchange rates exogenous. The modelfites domestic inflation, the interest rate and GDP growth
rates. The risk premium is endogenously determined within the model framework. The calibration process for
inflation and GDP remains the same while we change the parameter for the-t&nmortinterest rate. The outputs
whencis 0.9, 0.5 and 0.1 are respectively discussed below.
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Figure 2. Interest rate and inflatiorfor Nepal and India.

Real Interest Rate Interest Rate vs Inflation Differential

Nepal 0.041
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Figure 3. Interest rate and inflation differentigfr Nepal and India.

5.2.1Whemnzis 0.9

Domestic monetary policy is fully independent wher¥ 1. The forwardlooking UIP component will have a
negligible impact on the shotterm interest rate inEquation 1Q while the domestic economic condition will have a
substantial impact. Thus, we restrict the valueca be 0.9 and then simulate the model. The calibrated output from
the model is shown ifrigures 466

The MATLAB output shows a substaidl variation between the calibrated and observed interest rate data, while
inflation and economic growth closely follow each otl{seeFigure 4). The considerable variation indicates that
whenc Y 1, the model does not fit and is unable to predict the stenn interest rate which isan operating target
variable of monetary policy. The real interest rate dataFigure 5also shows a similar result. The risk premium
estimatesn Figure 6also report different results compared to the results obtainedBbgtta et al. (2021 showing
an average risk premium of about zero. We cannot reject the null hypothesis that monetary policy is not independent
based on this evidence.
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Figure 5. Simulationresult: c1 being 0.9 | Realariablestrends.

Percent of Nominal Effective Exchange Rate
0.05

0.04
0.03
0.02
0.01
0
-0.01
-0.02

-0.03

-0.04

1989 1999 2009 2019
Figure 6. Simulationresult: c1 being 0.9 | Riskremium.
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5.2.2Whemnz is 05

Domestic monetary policys determined partly by forwardooking (UIP) conditions and partly by backward
looking (domestic) conditiomand is a mixed monetary policy strategy whers between 0.9 and 0.1. We find that
the calibrated model and observed interest rate data fits better on each percentage point reduction on the value of the
G parameter, ceteris paribus. Figure 7, the calibrated nominal intest rate and the actual interest rate are still
closer than inFigure 4. The real interest rate gap is narrowed downRigure 8 compared tdrigure 5, along with
the risk premium result demonstrateith Figure 9. The simulated interest rate still does not follow the observed data

even if the model is closer the observed data ia = 0.5, motivating us to continue the model calibration to fita
best fitting relation.
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Figure 7. Simulationresult: c1 being 0.5 | NominaVariables
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Figure 8. Simulationresult: c1 being 0.5 | Realariablestrends.

5.2.3Whemnzis 0.1

Whenc Y 0, it indicates that domestic monetary policy is entirely dependent on foreign monetary policy, with
a negligible effect from domestic economic conditions. We continued to reduce the valfi®wrf 0.5 to the lowest
possible level while simulating theadel (0.1).
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Percent of Nominal Effective Exchange Rate
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Figure 9. Simulationresult: ¢1 being 0.5 | Riskremium

When the value ot is 0.1, we obtained the observed and simulated interest rates in a similar trend and nearing
each other. The calibrated value of inflation and economic growth remains the safguire 10 the calibrated
interest rate data dsely follows the observed interest rate. The real interest rate calibration by the Kalman filter is
indeed a perfect fifseeFigure 11). The risk premium calibratioin Figure 12also shows that the Kalman filter's risk
premium simulation is closer to the risk premium simulatedBhatta et al. (2021 This provides stronger evidence
that we should not reject the null hypothesis that Nepal's monetaoljcy is not independenthe results show that
price stability is imported in Nepal by fixing the exchange rate at the cost of foregone interest rate settings.

Figure 10. Simulationresult c1 being 0.1 | NominaVariables.
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