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This study empirically examines the interest rate pass-through of the moneymarket interest
rate to bank lending and bank deposit interest rates in Mongolia using both linear and
nonlinear autoregressive distributed lag (ARDL) models. The results from the empirical
analysis using data from December 2002 to September 2015 suggest that interest rate
pass-through is generally weaker, slower, and asymmetric in Mongolia. The new findings
provide evidence that: (i) interest rate pass-through has improved over time; (ii) the bank
deposit rate has a higher long-run interest rate pass-through and slower adjustment than
the bank lending rate; and (iii) there is a negative long-run asymmetric pass-through with
respect to the bank lending rate and a positive long-run asymmetric pass-through with
respect to the bank deposit rate.
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I. INTRODUCTION

IN the early years of this century, Mongolia was one of the world’s fastest growing
economies as a result of large foreign direct investment (FDI) in the mining
sector. FDI averaged 40% of GDP, annual growth exceeded 15% in the period

2011–12, and economic growth has averaged 9% over the past decade. However,
the economy has faced sharp declines in FDI and coal exports since 2013. During
the years of low FDI and coal exports, the Mongolian authorities have implemented
expansionary policies with large fiscal deficits and external borrowing. As a result,
public debt has risen sharply. For instance, public debt reached 76.5% of GDP in
2014 and, given ongoing deficits, it is expected to peak at 92.5% of GDP in 2017
(IMF 2015). Given the political and economic realities, the role played by fiscal
policy in economic stabilization efforts has been diminishing, while the importance
of monetary policy has grown. Monetary policy has been seen as a key instrument

* Corresponding author: Kaliappa Kalirajan, Crawford School of Public Policy, Australian National
University, 132 Lennox Crossing, ACT 2601, Australia. Tel: +61-2-6125-8258; Fax: +61-2-6125-
8448; Email: kaliappa.kalirajan@anu.edu.au

The Developing Economies 54, no. 4 (December 2016): 271–91

© 2016 Institute of Developing Economies doi: 10.1111/deve.12112

bs_bs_banner

http://economics.about.com/od/moneymonetarypolicy/


of counter-cyclical policy, which is mainly directed at smoothing the business cycle.
Smoothing the swings in economic activity is important for achieving price stability
and high employment over the course of the cycle. Moreover, the Bank of Mongolia
(BOM) has been considering moving toward an inflation targeting regime as the
guiding framework for monetary policy. Therefore, a sound understanding of the
monetary policy transmission mechanism is important for successfully implementing
counter-cyclical policy and adopting an inflation targeting regime.
The interest rate pass-through process is an important part of the monetary policy

transmission. The eventual impact that a change in policy rate (i.e., monetary policy
stance) has on the business cycle and inflation depends on how the change is
transmitted to other interest rates in the economy. In particular, the pass-through of
policy-controlled interest rates1 to retail interest rates determines the effectiveness
of monetary policy. However, retail interest rates set by banks directly influence their
profitability and soundness and hence financial stability (De Bondt 2005).
Consequently, the interest rate setting behavior of banks plays a vital role in the
transmission of monetary policy.
For the effective operation of monetary policy, the adjustment of a bank’s interest

rates to a change in policy-controlled interest rates should be symmetric, quick, and
large enough to influence aggregate demand (Apergis and Cooray 2015). However,
the literature suggests that the interest rate pass-through varies according to markets
and countries as both microeconomic and macroeconomic factors affect the
adjustment of retail banks’ interest rates. Several studies (e.g., Cottarelli and Kourelis
1994; De Bondt 2005) have found evidence of the stickiness of bank interest rates
and the sluggishness of bank responses to a change in policy-controlled interest rates.
As summarized by Apergis and Cooray (2015), there are a number of factors (e.g.,
price leadership, imperfect information, imperfect competition, agency costs,
customer-switching costs, and central bank intervention) that explain the rigidity of
bank interest rates. The asymmetric adjustment of bank interest rates has been found
in several countries: Australia (Lim 2001; Valadkhani and Anwar 2012; Apergis and
Cooray 2015); Canada (Panagopoulos, Reziti, and Spiliotis 2010); the Eurozone
(Cecchetti 1999; Favero, Giavazzi, and Flabbi, 1999); the United Kingdom
(Hofmann and Mizen 2004); Italy (Gambacorta and Innotti 2007); Singapore and
Malaysia (Scholnick 1996); and Hong Kong, South Korea, Indonesia, and
Thailand (Yu, Chun, and Kim 2013).
Although there is no particular study focusing on the interest rate pass-through in

Mongolia, some studies have estimated the relationship between bank interest rates

1 In general, central banks steer money market interest rates (so as to keep the market rates at or near the
policy rate) using their dominant influences on money market conditions. Thus, the strength of the
monetary policy transmission rest on the degree and speed of the retail interest rate adjustment to
changes in money market interest rates.
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and policy-controlled interest rates. Batnyam, Doojav, and Łyziak (2008) estimate
the bank lending rate equation as an equation of the Small Inflation Model of
Mongolia and find an incomplete and sluggish adjustment of the bank lending rate
in response to a change in the one-week central bank bill rate. Doojav (2011)
estimates equations for bank lending and bank deposit rates as equations of the
structural model of inflation in Mongolia and shows that there were significant
short- and long-run relationships between the bank-lending rate and the policy rate,
with no significant relationship between policy rate and bank deposit rate. Doojav
(2012) also examines the determinants of the bank lending and bank deposit rates
using bank-level (panel) data over the period 2003–Q1 and 2009–Q2 and finds that
the money market rate was an important factor in explaining both bank lending
and bank deposit rates. In particular, the study emphasizes that the moneymarket rate
has a strong and quick impact on the bank lending rate compared to the bank deposit
rate. In a recent study, Doojav and Dulamzaya (2014) investigate the cost channel of
monetary policy in Mongolia using a Bayesian dynamic stochastic general
equilibrium (DSGE) approach and show that the pass-through of the money market
rate to the bank lending rate is incomplete (i.e., the maximum pass-through was
30% of initial shock). Their study concludes that the incomplete and sluggish interest
rate pass-through weakened the cost channel, and the interest rate setting behaviour
of banks played an important role in the transmission of monetary policy.
Bayardavaa, Batmunkh, and Chuluun (2015) analyze monetary policy transmission
using vector autoregression (VAR) models and find that a change in the interbank
market (IBM) rate has significantly affected the bank lending rate with time lags of
1–2 quarters.
This study differs from the existing empirical literature on the interest rate pass-

through in Mongolia not only because of the difference in the sample periods but
also because of the difference in the methodology. In this study, both linear and
nonlinear autoregressive distributed lag (ARDL) models respectively proposed
by Pesaran, Shin, and Smith (2001) and Shin, Yu, and Greenwood-Nimmo
(2014) are employed. The ARDL approach has important advantages over other
methodological approaches in modeling cointegration dynamics as it provides
greater flexibility in relaxing the assumptions that the time series should be
integrated in the same order. The nonlinear ARDL model allows a joint
investigation of short- and long-run asymmetries in the interest rate pass-through
and detects hidden cointegration (Shin, Yu, and Greenwood-Nimmo 2014). In this
regard, this study adds to the growing literature by using data from a fast-growing
developing country, Mongolia, and applies the nonlinear ARDL model in the
context of the interest rate pass-through process (Greenwood-Nimmo et al.
2011; Yu, Chun, and Kim 2013; Apergis and Cooray 2015).
Thus, the objective of this study is to empirically examine the interest rate pass-

through of the money market interest rate to bank lending and bank deposit interest
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rates in Mongolia. As a first attempt to estimate the long-run interest rate pass-
through in Mongolia, this study aims to answer the following specific questions:
(1) How much and how quickly is a change in the money market rate reflected in
the bank lending and bank deposit rates? (2) How has the interest rate pass-through
evolved over time? and (3) Is the adjustment of bank interest rates in response to a
change in the money market rate asymmetric? By addressing these questions, this
study contributes to the literature on the asymmetric interest rate pass-through in
developing and natural resource–based economies such as Mongolia.
The rest of this study is structured as follows. Section II provides background on

the operation of monetary policy in Mongolia. Section III describes the modeling
of the interest rate pass-through and the data employed. Section IV provides
empirical results on the estimates of interest rate pass-through. Finally, Section V
concludes the study with some policy implications and directions for future research.

II. THE OPERATION OF MONETARY POLICY IN MONGOLIA

The banking sector plays an important role in the Mongolian economy as the sector
accounts for 95% of the financial system’s total assets. Banks therefore are the main
mechanisms for the transmission of monetary policy and they serve a vital role in the
creation of money supply in the economy. Like other developing and transition
economies, the Mongolian banking sector faces special challenges. The banking
sector is characterized by extremely short maturities on financial liabilities; thus the
business loan term is short (less than two years). Volatile capital flows and domestic
liability dollarization lead to exchange rate risk on banks or their customers because
of underdeveloped foreign exchange hedging. Banks have relatively low capital to
assets and are highly leveraged, making them more vulnerable to liquidity problems.
Given the history of banks’ failures, a change in public confidence for a bank quickly
triggers bank runs. Accordingly, the banking sector is more likely to be subjected to
domestic and external shocks.
The BOM implements independent monetary policy using the policy rate2 as its

main instrument to signal its monetary policy stance. The policy interest rate is set
with the aim of influencing prices and aggregate demand in the economy. As an
operating target, the policy interest rate is periodically adjusted by the Monetary
Policy Committee (MPC).3 The monetary policy operation focuses on maintaining
conditions in the money market so as to keep the market rate at or near an operating

2 In current practice, the policy rate is equal to the interest rate paid on the one-week central bank bill.
3 The MPC was established in October 2012. According to current practice, independent members of
the MPC are appointed by the governor of the BOM, but not by the parliament. The MPC discusses
monetary policy proposals prepared by the BOM staff through three steps and announces its decision
in official press conferences and through the public media.
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target (i.e., the policy rate). Changes in the policy rate affect the IBM rate and further
affect the entire structure of interest rates. By conducting open-market operations,
mainly central bank bills with maturities of less than one month, the BOM controls
the availability of settlement funds used to settle transactions among commercial
banks and hence the market interest rate charged on overnight funds.
Prior to July 2007, the BOM did not announce its desired level for the money

market rate, but it had announced operating targets for monetary aggregates. During
that period, monetary policy operated through a mixture of open-market operations
and direct controls on bank interest rates, reserve requirements, and various other
balance sheet restrictions. However, the BOM affected the money market rate by
operating in the market for settlement funds to achieve its operational targets, which
meant that there was considerable volatility in themarket rates. This operating system
had some problems, including difficulty for the market and the public to distinguish
between noise and a change in monetary policy. In addition, the link between the
policy instruments and the operating target (i.e., monetary aggregates) and between
the operating target and the ultimate target (i.e., the price stability) had been
weakened as a result of financial liberalization and deregulation.
As shown in Figure 1, the spread between the bank lending rate and the IBM rate

was around 20% at the beginning of the 2000s. The high bank lending rate was
caused by both high bank deposit rates and a large intermediation spread (defined
here as the difference between bank lending and bank deposit rates). The high and
persistent inflation during the 1990s and bank failures between 1996 and 1999,
driven by bad loan portfolios of state-owned banks, led to the high bank deposit rate.
However, the large intermediation spread was driven by several micro and macro
factors, including high nonperformance loan, high reserve requirement ratio (i.e.,
14%), high market risks (measured by the volatilities of exchange rate and IBM rate),
banks’ cost inefficiency (measured by share of operational cost to total costs), low
economic growth, and low performance of financial intermediation.
The bank lending rate decreased slightly between 2004 and 2008; however, the

spread between the bank lending rate and the IBM rate remained at a high level.
The decrease in the bank lending rate can be mainly explained by the surge in money
supply due to FDI in the mining sector. Owing to the monetization process in the
economy, inflation was relatively low in the period 2004–6. Monetary policy was
still loose in this period as there was political pressure to reduce the bank lending rate.
As a consequence, the spread between the bank lending rate and the IBM rate was
kept at a high level until the BOM started to tighten its monetary policy to control
high inflation during the period 2007–8 (i.e., average inflation was about 25% in
2008), mainly caused by high food and petroleum prices.
In July 2007, the BOM began announcing the policy rate (i.e., the desired level for

the moneymarket rate) as a new operational target of monetary policy. The impact on
the moneymarket, bank lending, and bank deposit rates of announcing the policy rate
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is shown in Figure 1. Until February 2008, there was a tight link between the policy
rate and the market rate. However, the money market rate surged in 2008 owing to
the liquidity shortage of commercial banks driven by the economic recession during
the global financial crisis (GFC). Since June 2009, the money market rate has been
less volatile, with the market rate being close to the policy rate. Furthermore,
moderate co-movements between the market rate and bank interest rates have been
observed since 2009.
In February 2013, the MPC at the BOM decided to introduce an interest rate

corridor system in order to strengthen the interest rate channel of monetary policy.
The interest rate corridor around the policy rate consists of two end-of-day standing
facilities (i.e., overnight repo and overnight deposit). The rate of overnight repo
facility and the rate of overnight deposit facility are respectively the “ceiling” (policy
rate plus two percentage points) and the “floor” (policy rate minus two percentage
points) of the corridor (see Figure 1).Within this system, the monetary policy is much
more transparent and easier to explain as it works directly through the short-term
interest rate. Establishing the interest rate corridor system has played a vital role in
maintaining the IBM rates within the desired levels.

Fig. 1. Interest Rates in Mongolia during 2002M12–2015M9

Source: Bank of Mongolia Monthly Statistical Bulletin.
Notes: 1. IBM = interbank market.

2. The (middle) bold black line is the policy rate. The thinner two lines around the policy rate
represent the corridor of the policy rate. The thinner line above is the overnight repo rate, which
is equal to “policy rate + 2%.” The thinner line below is the overnight deposit rate, which is
equal to “policy rate � 2%”. The overnight repo and overnight deposit are standing facilities
of the Bank of Mongolia used in the implementation of monetary policy.
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III. MODELING OF INTEREST RATE PASS-THROUGH AND DATA

A. Theoretical Background

Central banks steer short-term money market rates using their dominant
influences on money market conditions. The short-term money market rates may
directly affect the market rates with a longer maturity. De Bondt (2005) explains
the pass-through of the money market rates to bank interest rates using the cost-of-
funds approach, which is based on a standard marginal cost-pricing model developed
by Rousseas (1985). The approach suggests a positive relationship between money
market rates and bank retail rates, which can be formalized in the following markup
pricing model equation:

rBt ¼ αþ βrMt ; (1)

where rBt is the interest rates set by banks (withB ¼ L; rLt is the bank lending rate; and
with B ¼ D; rDt is the bank deposit rate), α is constant markup, β is the degree of
long-run interest rate pass-through, and rMt is the marginal cost approximated by a
policy-controlled or money market rate. If markets are perfect (i.e., full information
and perfect competition) and banks are risk neutral, the parameter β would be equal
to one, implying a complete interest rate pass-through or a unit interest-rate elasticity
of demand for deposits and loans (De Bondt 2005). The parameter β will also be less
than one if markets are imperfect (i.e., some degree of market power and asymmetric
information).

B. Empirical Model Specifications

The linear and nonlinear ARDL models respectively proposed by Pesaran, Shin,
and Smith (2001) and Shin, Yu, and Greenwood-Nimmo (2014) are used to examine
the interest rate pass-through of the money market rate to the bank lending and bank
deposit rates. These models have important advantages over the other existing
techniques in modeling cointegration dynamics as they provide greater flexibility
in relaxing the assumptions that the time series should be integrated of the same order
and perform better in testing for cointegration in small samples (Romilly, Song, and
Liu 2001). The nonlinear ARDL model also allows us to accurately distinguish
between the absence of cointegration, linear cointegration, and nonlinear
cointegration (Katrakillidis and Trachanas 2012).
Equation (1) represents the linear long-run equilibrium relationship. As shown

by Pesaran, Shin, and Smith (2001), the out-of-equilibrium adjustment is best
described by the error-correction process, which comes from the linear ARDL
(p,q) model:
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ΔrBt ¼ γ0 þ γ1t þ ρlrBt�1 þ θrMt�1 þ
Xp�1

j¼1

ϕl
jΔr

B
t�j þ

Xq�1

j¼0

φljΔr
M
t�j þ εt;

¼ γ1t þ ρlξ t�1 þ
Xp�1

j¼1

ϕl
jΔr

B
t�j þ

Xq�1

j¼0

φljΔr
M
t�j þ εt; (2)

where t is the time trend, ρl measures the speed of adjustment, θ is the (symmetric)
long-run multiplier, ϕl

j is the autoregressive parameter, φj is the short-run pass-

through coefficient, ξ t ¼ rBt � α� βrMt
� �

is the error correction term where
β= � (θ /ρl) and α= � (γ0 /ρl) are the long-run parameters in equation (1), and εt
is an i.i.d. process with zero-mean and constant variance σ2ε. The current and lagged
values of ΔrMt�j and lagged values of ΔrBt are used to analyze the short-run
dynamics. The symbols p and q are the respective lag orders for the dependent
variable. To jointly investigate the short- and long-run asymmetries in the interest
rate pass-through process, the nonlinear ARDL model is also used. In the
framework, the asymmetric long-run relationship is defined as:

rBt ¼ γþ βþrMþ
t þ β�rM�

t ; (3)

where rMt is decomposed as rMt ¼ rM0 þ rMþ
t þ rM�

t ;where rM0 is the initial value of
the series, rMt , and r

Mþ
t and rM�

t are the partial sum process of positive and negative
changes in rMt :

rMþ
t ¼

Xt

j¼1

ΔrMþ
j ¼

Xt

j¼1

max ΔrMj ; 0
� �

; (4)

rM�
t ¼

Xt

j¼1

ΔrM�
j ¼

Xt

j¼1

min ΔrMj ; 0
� �

: (5)

The β+ and β� in equation (3) are the associated asymmetric long-run pass-through
parameters, indicating that bank lending/bank deposit interest rates respond
asymmetrically during the rising and falling periods of the money market rate.
Suppose that |β+|< |β�| in equation (3), which suggests that the long-run effect of a
unit negative change in rMt will reduce bank interest rate rBt , by a greater amount than
a unit positive change would increase it. Thus, the model includes a regime-switching
cointegrating relationship in which the regime transitions are governed by the sign of
ΔrMt .
Following Shin, Yu, and Greenwood-Nimmo (2014), the error-correction form of

the nonlinear ARDL (p,q) model can be written as:
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ΔrBt ¼ μ0 þ μ1t þ ρnlrBt�1 þ θþrMþ
t�1 þ θ�rM�

t�1 þ
Xp�1

j¼1

ϕnl
j Δr

B
t�j

þ
Xq�1

j¼0

φþj Δr
Mþ
t�j þ φ�j Δr

M�
t�j

� �
þ εt;

¼ μ1t þ ρnlζ t�1 þ
Xp�1

j¼1

ϕnl
j Δr

B
t�j

þ
Xq�1

j¼0

φþj Δr
Mþ
t�j þ φ�j Δr

M�
t�j

� �
þ εt; (6)

where ρnl measures the speed of adjustment, θ+ and θ� are asymmetric long-run
multipliers, ϕnl

j is the autoregressive parameter, φþj and φ�j are the asymmetric

short-run pass-through coefficients, ζ t ¼ rBt � γ� βþrMþ
t � β�rM�

t

� �
is the error-

correction term where β+= � (θ+ /ρnl), β�= � (θ� /ρnl), and γ= � (μ0 /ρnl) are the
associated long-run parameters in equation (3), and εt is an i.i.d. process with zero-
mean and constant variance σ2ε . The symbols p and q are the respective lag orders
for the dependent variable.
The linear and nonlinear ARDL procedures (i.e., bounds-testing approaches) to the

long-run relationship involve two stages. The first stage is to establish a long-run
relationship among the interest rates in equations (1) and (3). In the second stage,
the long- and short-run coefficients of equations (2) and (6) are estimated to analyze
the dynamic characteristics of the model.
As emphasized by Pesaran, Shin, and Smith (2001) and Shin, Yu, and

Greenwood-Nimmo (2014), equations (2) and (6) can be estimated by standard
ordinary least squares (OLS). The null hypothesis of no long-term relationship can
be tested with the bounds-testing procedure. Banerjee, Dolado, and Mestre (1998)
propose the t-statistics for testing the null hypothesis: H0 :ρl=0 for the symmetric
model and H0 :ρnl=0 for the asymmetric model. Pesaran, Shin, and Smith (2001)
propose an F-test of the joint null hypotheses: H0 :ρl=θ=0 for the symmetric model
and H0 :ρnl=θ+=θ�=0 for the asymmetric model. The hypothesis can be examined
using the standard t- and F-statistics. These statistics are respectively denoted as tBDM
and FPSS in this study, where the letters “BDM” refer to “Banerjee, Dolado, and
Mestre” and “PSS” to “Pesaran, Shin, and Smith,” respectively.

However, the t- and F-tests have a nonstandard distribution and critical values are
reported by Pesaran, Shin, and Smith (2001).4 If there exists an asymmetric long-run
relationship, then long- and short-run asymmetries can be examined using a standard
Wald test.5 Furthermore, the nonlinear ARDL models can be used to derive
4 If the computed F-statistic falls outside the critical bounds, a conclusive decision can bemade regarding
cointegration. This conclusion remains valid irrespective of the order of integration of the regressors.

5 The null hypotheses are H0 : θ
+ = θ� for the long-run symmetry and H0 :

X
φþj ¼

X
φ�j for the

short-run symmetry.

INTEREST RATE PASS-THROUGH IN MONGOLIA 279

© 2016 Institute of Developing Economies



cumulative dynamic multiplier effects of a unit change in the market rate rMt (or rMþ
t�1

and rM�
t�1 ) on bank interest rates rBt . The symmetric and asymmetric cumulative

dynamic multiplier effects can be evaluated as follows:

mh ¼
Xh
j¼0

∂rBtþj

∂rMt
; mþ

h ¼
Xh
j¼0

∂rBtþj

∂rMþ
t

; m�
h ¼

Xh
j¼0

∂rBtþj

∂rM�
t

; h ¼ 0; 1; 2; : : :ð Þ: (7)

Notice that as h→∞, mh→β, mþ
h →βþ; and m�

h →β� , where β= � (θ /ρl),
β+= � (θ+ /ρnl), and β�= � (θ� /ρnl) are the long-run pass-through coefficients. In
other words, the ARDL models can analyze the path to a new long-run steady state
from an initial equilibrium after a shock to the money market rate rMt .

C. Data

The dataset includes the monthly time series of (weighted average) bank lending
rate, (weighted average) bank deposit rate, and IBM rate (i.e., the money market rate
or the policy-controlled interest rate). As the policy rate does not vary much, the
money market rate, which closely follows the policy rate, is used as a proxy for it.
The data on the bank lending rate (rL) and money market rate (rM) cover the period
from December 2002 to September 2015. However, the data on the bank deposit
rate (rD) are only available for the period from December 2008 to September
2015.6 All data series are obtained from the Bank of Mongolia Monthly Statistical
Bulletin.
In the empirical analysis, two subsamples are also considered in order to

examine how interest rate pass-through (from the money market rate to the bank
lending rate) changes over time. In particular, the full sample is divided into
subsamples of 2002M12–2008M11 and 2008M12–2015M9. The choice of the
period 2008M11 is based on the following considerations. First, although the
policy rate was formally announced in July 2007, the link between the policy rate
and the money market rate has been strengthened since December 2008 (see
Figure 1). The main reason behind the weak link during the period from
2007M7 to 2008M12 was the liquidity shortage of the banking sector during
the economic recession caused by the GFC. Second, the bank lending rate had
a general decreasing trend until the end of 2008, and since then, the general trend
has disappeared (see Figure 1).

6 Prior to December 2008, the BOM did not calculate the weighted-average deposit rate and published
interest rate ranges of 0–1 year-time deposits.
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IV. EMPIRICAL RESULTS

A. Results of Unit Root Test

If the order of integration of a variable is greater than one (e.g., I(2)
variable), then the critical bounds provided by Pesaran, Shin, and Smith
(2001) and Narayan (2005) are not valid.7 Thus, it is necessary to test for unit
roots to ensure that all variables satisfy the underlying assumptions of the
ARDL bounds-testing approach of cointegration before proceeding to the
estimation.
As shown by Perron (1989), conventional tests for unit roots such as Dickey and

Fuller (1979), AugmentedDickey-Fuller have low power in the presence of structural
breaks. To overcome this problem, Perron and Vogelsang (1992) and Perron (1997)
developed unit root tests, which include one endogenously determined structural
break. Results of the unit root test based on “innovational outlier model” developed
by Perron (1997) are presented in Table 1.
The test results indicate that interest rates in all samples are of mixed order

of integration (i.e., I(0) or I(1)). Thus, standard cointegration tests such as
Johansen (1991, 1995) cannot be employed as these tests require all variables
to be I(1). However, the ARDL bounds-testing approach can be employed to
analyze the cointegration among interest rates as the test result is the same
irrespective of whether the regressors are I(0) or I(1) (Pesaran, Shin, and
Smith 2001).

B. Bounds Testing for Cointegration and Estimates of Interest Rate Pass-Through

To examine symmetric and asymmetric interest rate pass-through, equations (2)
and (6) are estimated, respectively. The maximum lag length in ARDL models is
selected as p=q=12 for all subsample estimations. To obtain the optimal lag length,
156 and 2,028 models are estimated for selecting linear and nonlinear ARDLmodels,
respectively. Selection of an appropriate lag length for the ARDLmodels is based on
the Schwarz Bayesian Criterion (SBC).8 However, in some cases, the ARDL model
with the selected lag length did not pass diagnostic tests. In this case, the model

7 Their critical values are computed based on I(0) or I(1) variables. Narayan (2005) argues that
existing critical values based on a large sample size cannot be used for small sample sizes,
and therefore regenerated the set of critical values for the limited data ranging from 30 to 80
observations by employing Pesaran, Shin, and Smith’s (2001) GAUSS (a programming
language) code.

8 As stated by Pesaran and Shin (1999), the SBC is generally used in preference to other criteria because
it tends to define more parsimonious specifications.
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search is continued through conducting diagnostic tests on the models ranked by
SBC. In the searching process, the stability of the coefficients is also assessed through
the cumulative-sum and cumulative-sum-of-squares tests developed by Brown,
Durbin, and Evans (1975). Then, a model, which firstly passes diagnostic tests for
serial correlation and heteroscedasticity and stability tests of the coefficients at the
5% significance level, is selected. Table 2 presents the estimation results for the
selected linear ARDL models.
The first panel shows the estimated ADRL model for the bank lending

rate (based on the full sample, 2003M1–2015M9). In the model, two dummy
variables are included to account for structural changes (i.e., significant
changes in the trend) in the bank lending rate. These dummy variables are
defined by:

TABLE 1

Results of Unit Root Test for All Series

Series
Levels First Differences

Order of
IntegrationTb tα̂ Tb tα̂

Sample period; 2003M1–2015M9:
rLt 2008M6 –5.42** 2010M1 –18.21*** I(0)
rMt 2007M9 –3.35 2005M3 –13.71*** I(1)
rMþ
t 2008M8 –5.53** 2008M9 –12.87*** I(0)
rM�
t 2005M2 –2.92 2005M3 –13.72*** I(1)

Sample period; 2003M1–2008M11:
rLt 2007M1 –6.42*** 2008M1 –14.24*** I(0)
rMt 2005M2 –3.97 2006M7 –7.59*** I(1)
rMþ
t 2005M2 –4.13 2005M3 –8.98*** I(1)
rM�
t 2008M9 –4.70 2008M8 –8.63*** I(1)

Sample period; 2008M12–2015M9:
rLt 2012M1 –6.03*** 2010M4 –10.23*** I(0)
rDt 2010M10 –5.24** 2010M12 –11.54*** I(0)
rMt 2010M3 –3.37 2012M10 –13.44*** I(1)
rMþ
t 2010M3 –4.06 2010M4 –11.40*** I(1)
rM�
t 2012M12 –3.84 2011M6 –13.93*** I(1)

Notes: 1. The test is performed using the t-statistics for the null hypothesis H0: α=1 in the regression:

yt ¼ μ þ θDUt þ βt þ γDTt þ Δ Tbð Þt þ αyt�1 þ
Xk
i¼1

ciΔyt�i þ et;where DUt = 1

(t>Tb), (Tb)t=1(t=Tb+1), and DTt=1(t> Tb)t.
2. The numbers of optimal lags (k) are based on Schwarz Bayesian Criterion (SBC).
3. Break point selections, Tb, are based on minimization of the Dickey-Fuller t-statistics, tα̂.
4. Break points, Tb, t-statistics of α parameter, tα̂; and the order of integration in relevant
series are shown in the Table.

*** p < 0.01; ** p < 0.05; * p < 0.10.
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TABLE 2

Dynamic Linear (Symmetric) Estimation of the Interest Rate Pass-Through

Sample Period
2003M1–2015M9

Sample Period
2003M1–2008M11

Sample Period
2008M12–2015M9

rMt →rLt : ARDL(2, 3)
† rMt →rLt : ARDL(2, 1)

† rMt →rLt : ARDL(1, 0)
† rMt →rDt : ARDL(2, 0)

†

Var. Coef. ‡ Var. ‡ Coef.‡ Var. ‡ Coef.‡ Var. ‡ Coef.‡

LrM 0.30** LrM 0.11 LrM 0.47* LrM 0.64**
rLt�1 –0.32*** rLt�1 –0.34*** rLt�1 –0.20*** rDt�1 –0.06**
rMt�1 0.10*** rMt�1 0.04 rMt�1 0.11** rMt�1 0.03***
ΔrLt�1 –0.26*** ΔrLt�1 –0.26** Const. ‡ 2.53*** ΔrDt�1 –0.23**
ΔrMt –0.06 ΔrMt –0.02 Trend 0.003***
ΔrMt�1 –0.16** Trend –0.07*** Const. –0.11
ΔrMt�2 –0.11* Const. ‡ 14.02***
D0308t 8.08***
D0308Tt –0.07***
Const. ‡ 5.01***

R2 0.30 R2 0.28 R2 0.15 R2 0.22
Adjusted R2 0.26 Adjusted R2 0.23 Adjusted R2 0.13 Adjusted R2 0.18
χ2SC 3.43 [0.18] χ2SC 2.82 [0.24] χ2SC 4.74 [0.10] χ2SC 0.36 [0.83]
χ2HET 19.9 [0.01] χ2HET 4.89 [0.43] χ2HET 0.06 [0.97] χ2HET 3.56 [0.47]
tBDM –4.97 [<0.05] tBDM –2.99 [>0.05] tBDM –3.24 [<0.05] tBDM –2.41 [>0.05]
FPSS 13.9 [<0.05] FPSS 3.14 [>0.05] FPSS 7.1 [<0.05] FPSS 6.94 [<0.05]

Notes: 1. The terms rLt , r
D
t ; and r

M
t denote bank lending, bank deposit, and money market rates,

respectively.
2. The term LrM denotes the long-run pass-through coefficients defined by β̂ ¼ �θ̂=ρ̂l .
3. TheLagrangemultiplier test isused for serial correlation (with a chi-square (χ2) distribution
with the degree of freedom being 2) and heteroskedasticity.

4. The tBDM is the BDM’s t-statistic testing the null hypothesisH0 :ρ
l=0 while FPSS denotes the

PSS’s F-statistic testing the null hypothesis H0 :ρ
l=θ =0 (or ρl=θ = γ1 =0). The subscripts

SC and HET stand for serial correlation and heteroskedasticity, respectively.
5. The 5% critical values for k=1 (k is a number of optimal lags) tabulated by Pesaran, Shin,
and Smith (2001) are as follows: tcrit = � 3.22 and Fcrit = 5.73 for the rMt →rLt models
estimated using the sample 2003M1–2015M9 and 2008M12–2015M9; tcrit = � 3.69
and Fcrit = 5.15 for the rMt →rLt model estimated using the sample 2003M1–2008M11;
and tcrit = � 3.69 and Fcrit = 5.15 for the rMt →rDt model estimated using the sample
2008M12–2015M9.

6. Values in brackets indicate p-values for the null hypotheses.
† The numbers in parentheses are the respective lag orders for the dependent variable.
‡ Var. = Variables, Coef. = Coefficients, Const. = Constant.
*** p < 0.01; ** p < 0.05; * p < 0.10.
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D0308t ¼
1; over the period 003M1� 2008M11

0; elsewhere
;

(

D0308Tt ¼
trend; over the period 003M1� 2008M11

0; elsewhere
;

(

where trend is the variable, which will take values starting from 1 to 71 over
the period 2003M1–2008M11 (i.e., 1 for 2003M1, 71 for 2008M11). As stated
by Pesaran, Shin, and Smith (2001), it is assumed that the asymptotic theory
for the bounds testing is not affected by the inclusion of the dummy variables.
For the estimation based on the full sample, both BDM’s t-test and PSS’s F-test

results show that the null hypothesis of no linear long-run (level) relationship
between the bank lending rate and the money market rate is rejected at the 5%
significance level. The estimated long-run pass-through coefficient is 0.30 and it is
statistically significant at the 5% significance level. The speed of adjustment
coefficient, ρl, is estimated as�0.32, which is statistically significant. It implies that
any deviation from the long-run equilibrium is corrected at a rate of 32% per month.
To examine how the interest rate pass-through of the money market rate to the bank

lending rate is changed over time, the ARDL model for the bank lending rate is
reestimated using subsamples 2003M1–2008M11 and 2008M12–2015M9. Estimation
results are presented in Table 2. The BDM’s t-test and PSS’s F-test results based on
the sample 2003M1–2008M11 do not support the existence of a linear long-run (level)
relationship between the bank lending rate and the money market rate. In addition, the
estimated short- and long-run coefficients are insignificant. This result is in line with
the fact that the interest rate pass-through is relatively weak in the monetary targeting
framework as the BOM was targeting monetary aggregates during most of the period.
However, the same tests based on the sample 2008M12–2015M9 do support the

existence of the linear long-run relationship. The estimated long-run interest rate
pass-through coefficient during the period 2008M12–2015M9 is 0.47 which is
statistically significant and higher than the pass-through coefficient (0.30) obtained
from the full sample estimation. The speed of adjustment coefficient, ρl, is estimated
as �0.20, which is slightly low (compared to the full-sample result) and highly
significant. These findings suggest that the recent improvement in the BOM’s
operational framework of monetary policy such as introducing the policy rate in July
2007 has strengthened the interest rate pass-through in Mongolia.
The interest rate pass-through from the money market rate to the bank deposit rate is

estimated based on the sample 2008M12–2015M9. The estimation result is shown in
the last panel of Table 2. The PSS’s F-test result supports the existence of a linear long-
run (level) relationship between the bank deposit rate and the money market rate.9 The
9 However, the BDM’s t-test result does not reject the null hypothesis that there exists no linear long-run
(level) relationship between the bank deposit rate and the money market rate.
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long-run interest rate pass-through coefficient is estimated as 0.64, which is relatively
large and statistically significant. The estimated equilibrium correction coefficient, ρl,
is �0.06, which is very low (compared to the bank lending rate adjustment) and
significant at the 5% level.
To analyze the dynamics of the interest rate pass-through, symmetric dynamic

cumulative multiplies are calculated for bank lending and bank deposit rates using
the estimated ARDL models based on the sample 2008M12–2015M9. Results are
shown in Figure 2.
Figure 2 shows the effects of the 1 percentage point change in the money market

rate in the period 0 on the bank lending and bank deposit rates over the following
months. In the impact period, the bank lending rate changes by only 0.1 percentage
points, and the impact on the bank lending rate increases over time. After four months
from the impact, the bank lending rate would change by 0.3 percentage points, and
50% of the adjustment toward equilibrium is achieved within three months.
However, in the case of the bank deposit rate, the interest rate pass-through is very

sluggish. For instance, after five months from the impact, the bank deposit rate would
change by 0.1 percentage points, and adjustment to the new equilibrium is a relatively
prolonged process (about eight years). This finding may reflect the fact that the
commercial banks in Mongolia do not frequently change their bank deposit rates in
order to keep their market share and maintain profitability. Furthermore, deposit rates
among the banks are closer to each other, as a blanket guarantee for deposits held at
the banks (issued by the Government of Mongolia under the Deposit Guarantee Law)
was effective between November 2008 and November 2012, and a mandatory
insurance scheme for the protection of bank deposits (i.e., Deposit Insurance Law)
was effective from January 2013. These results suggest that if the money market rate
increases, the spread between the bank lending and bank deposit rates would rise in

Fig. 2. Symmetric Dynamic Multipliers from Money Market Rate to Retail Rates

Source: Author’s calculation.
Note: Themh is the cumulative dynamicmultiplier at the h period after a change in the moneymarket rate
as explained in equation (7) in the main text.
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the first two years, and after that, the spread would start to decrease. Compared to
other countries (e.g., the long-run interest rate pass-through to bank lending/bank
deposit rates are 0.85/0.87 in Australia (Lim 2001), 1.02/1.35 in Canada, 1.06/0.98

TABLE 3

Dynamic Nonlinear (Asymmetric) Estimation of the Interest Rate Pass-Through

Sample Period
2003M1–2015M9

Sample Period
2008M12–2015M9

rMt →rLt : ARDL(2, 3, 3)
† rMt →rLt : ARDL(1, 0, 0)

† rMt →rDt : ARDL(2, 0, 0)
†

Var. ‡ Coef.‡ Var. ‡ Coef.‡ Var. ‡ Coef.‡

LrM� 0.30** LrM� 0.40** LrM� 0.57*
LrMþ 0.25** LrMþ 0.31*** LrMþ 0.69*
rLt�1 –0.33* rLt�1 –0.24* rDt�1 –0.06*
rMþ
t�1 0.08** rMþ

t�1 0.09** rMþ
t�1 0.034*

rM�
t�1 0.10* rM�

t�1 0.11* rM�
t�1 0.027*

ΔrLt�1 –0.26* Const. ‡ 5.48* ΔrDt�1 –0.22**
ΔrM�

t –0.05
ΔrM�

t�1 –0.19
ΔrM�

t�2 –0.05
ΔrMþ

t –0.07
ΔrMþ

t�1 –0.12
ΔrMþ

t�2 –0.15
D0308t 6.68*
D0308Tt –0.06*
Const. ‡ 7.02*

R2 0.30 R2 0.17 R2 0.21
Adjusted R2 0.24 Adjusted R2 0.14 Adjusted R2 0.18
χ2SC 4.55 [0.11] χ2SC 3.35 [0.19] χ2SC 0.25 [0.88]
χ2HET 26.8 [0.01] χ2HET 8.24 [0.04] χ2HET 3.65 [0.46]
tBDM –4.70 [<0.05] tBDM –3.56 [<0.05] tBDM –4.49 [<0.05]
FPSS 6.51 [<0.05] FPSS 5.46 [<0.05] FPSS 6.70 [<0.05]
WLR 0.81 [0.37] WLR 2.9 [0.09] WLR 14.11 [0.00]

Notes: 1. TheLrM� andLrMþ denote the long-run pass-through coefficients defined by β+ = � θ+/ρnl

and β�= � θ�/ρnl, respectively.
2. TheWLR refers to the Wald test of long-run symmetry (i.e., LrM� ¼ LrMþ). The subscripts
SC and HET stand for serial correlation and heteroskedasticity, respectively.

3. The 5% critical values for k=2 (k is a number of optimal lags) tabulated by Pesaran, Shin,
and Smith (2001) are as follows: tcrit = � 3.53 and Fcrit = 4.85 for the rMt →rLt model;
tcrit = � 3.02 and Fcrit = 3.83 for the rMt →rDt model.

4. Values in brackets indicate p-values for the null hypotheses.
† Numbers in parentheses indicate the lag structure of the ARDLmodel; the first number is the number
of lags for dependent variable, and the second and the third numbers are the number of lags for rMþ

t
and rM�

t variables in the model.
‡ Var. = Variables, Coef. = Coefficients, Const. = Constant.
*** p < 0.01; ** p < 0.05; * p < 0.10.
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in the United States, and 0.98/0.81 in the United Kingdom (Panagopoulos, Reziti,
and Spiliotis 2010), the interest rate pass-through in the Mongolian economy is
weaker and slower, suggesting that there is room for enhancing interest rate pass-
through in Mongolia. To investigate asymmetric interest rate pass-through, the
nonlinear ARDL models for the bank lending and bank deposit rates are estimated
and the results are shown in Table 3.
Results of both BDM’s t-test and PSS’s F-test suggest the existence of an

asymmetric long-run (level) relationship between the bank lending/bank deposit rates
and the money market rate in all estimated models. In the case of the bank lending
rate, theWald tests cannot reject the null hypothesis of long-run symmetry for the full
sample and the test rejects the null hypothesis at the 10% level for the sample
2003M1–2015M9. The estimated long-run pass-through coefficients on LrM� and
LrMþ are 0.40 and 0.31 for the sample 2008M12–2015M9, respectively. The
estimated long-run coefficients are significant.
In the case of the deposit rate equation, the null hypothesis of long-run symmetry is

rejected at the 1% level. The estimated long-run pass-through coefficients onLrM� and
LrMþ are respectively 0.57 and 0.69 for the sample 2008M12–2015M9. These results
suggest that a change in the money market rate has asymmetric long-run effects on
both the bank lending and bank deposit rates. Figure 3 presents the asymmetric
dynamic multipliers in the sample 2008M12–2015M9.
There is evidence of asymmetric interest rate pass-through. The dynamic

multipliers indicate that the bank lending rate responds weakly to both an increase
and decrease in the money market rate. However, the difference in the responses
implies negative asymmetric pass-through with respect to the bank lending rate.
Relatively quick bank lending rate adjustment is found in the case of either a positive

Fig. 3. Asymmetric Dynamic Multipliers from Money Market Rate to Retail Rates

(a) Impact on Bank Lending Rate , )       (b) Impact on Bank Deposit Rate 
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Source: Author’s calculation.
Note: Themh is the cumulative dynamicmultiplier at the h period after a change in the moneymarket rate
as explained in equation (7) in the main text.
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or a negative shock to the money market rate. For instance, 50% of the adjustment
toward equilibrium is achieved within two months, and convergence to the longrun
equilibrium occurs within 1.5 years.
The bank deposit rate response to both positive and negative shock in the money

market rate is more gradual, taking 13–14 months to achieve about 50% of the
adjustment toward equilibrium. The adjustment to new equilibrium is a relatively
prolonged process. The bank deposit rate strongly responds to a positive shock
compared to the response to a negative shock. This implies positive asymmetric
pass-through with respect to the bank deposit rate.

V. CONCLUSIONS AND POLICY IMPLICATIONS

This study has examined the interest rate pass-through of the money market rate to
bank lending and bank deposit rates in Mongolia using both linear and nonlinear
ARDL models. The ARDL models can capture important aspects of the interest rate
pass-through adjustment, such as adjustment in the long run, the speed of adjustment
to the new equilibrium, and short-term responses.
The key empirical finding of this study is that the interest rate pass-through is

generally weaker, slower, and asymmetric in Mongolia. The interesting results are
as follows. First, the interest rate pass-through of the IBM rate to the bank lending
rate has improved over time as a result of the recent changes in the BOM’s
operational framework for the implementation of monetary policy.10 The weak
adjustment of the bank lending rate is in line with the existing literature in
Mongolia. Second, the bank deposit rate has higher long-run interest rate pass-
through and slower adjustment to the long-run equilibrium than the bank lending rate.
Finally, asymmetric cointegration and the Wald tests of the long-run symmetry
suggest that the long-run interest rate pass-through in the transmission of monetary
policy to bank interest rates is asymmetric. In particular, there is negative asymmetry
with respect to the bank lending rate and positive asymmetry with respect to the bank
deposit rate. The finding on asymmetric adjustment of the bank lending rate is found
only in the sample after 2008M12.
These empirical results suggest that the BOM should focus on further

strengthening the interest rate channel of the monetary transmission mechanism. In
particular, prior to adopting or transitioning to an inflation-targeting regime, certain
measures and reforms need to be implemented for promoting a more effective interest
rate pass-through. The measures and reforms may include strengthening the

10 Estimations based on different subsamples show that the pass-through with respect to the bank
lending rate appears to have changed since 2008M12 when the liquidity pressure in the domestic
IBM started to ease.
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operational framework of monetary policy, allowing greater exchange rate flexibility,
reducing financial dollarization, lowering bank concentration, deepening financial
markets, tackling fiscal dominance, and enhancing the regulatory and institutional
environment.
Though these results have yielded significant insights about the interest rate pass-

through in Mongolia, further studies should focus on the determinants of differences
in the interest rate pass-through across banks using individual bank-based panel data,
which could not be carried out in this study due to lack of appropriate data. These
studies will help to uncover the factors behind the time-varying interest rate pass-
through and cross-bank differences in the pass-through.
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