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EVALUATION AND INVESTIGATION: THE DETERMINANTS OF CENTRAL
BANKING EFFICIENCY

QAISER FAROOQ DAR!, AHN YOUNG-HYO!"* AND GULBADIN FAROOQ DAR?

Abstract. The stochastic frontier analysis is a comprehensive and accepted approach for analysing
efficiency in case of the parametric functional relationship existing between production processes’ inputs
with its output. Usually, in the banking industry, the relationship between the user inputs and outputs
are non-deterministic. In the present study, an SFA approach is used to estimate the efficiency of top 17
Asian central banks in combining three inputs and one output. Structural equation modelling is applied
to examine the impact of the country’s international trade and economic growth on its central bank
efficiency. Based on the results, we have observed significant efficiency ranks between the year 2016—
2018. The technical efficiency value estimates by SFA method range from 0.236822 to 0.821864. Our
calculations also suggest a positive impact of international trade on central bank efficiency compared
to the economic growth of that country.
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1. INTRODUCTION

The central banks are government agencies that regulate their national currencies to maintain a country’s
healthy economic and financial environment. This central financial institution of the nation can be considered
the engine of the economy, like an engine it can control and regulate the economic and development functions.
Any malfunction in the engine creates a risk for the economic system of the nation. Therefore, the central bank
plays an essential role in the nation’s economic system by doing different financial functions. The central bank
functions are dynamic and dependent on the country’s economic and international trade strategy. Thus total
volume export, import, GDP, and AER of any country profoundly impact its central bank efficiency. This paper
focuses on assessing central bank efficiency by using SFA and examining the impact of international trade and
economic growth on central bank efficiency.

Over the past decades, efficiency analysis using frontier methods has become very widespread in the highly
completive and rapidly changing business world. The frontier analysis allows the multiple homogeneous types of
inputs and outputs in the efficiency estimation. It provides benchmark information against which competitors
can identify “best practices” and “worst practices” associated with high and low efficiency. The methodology
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of frontier analysis is highly dependent upon the functional relationship between the inputs and outputs. Data
envelopment analysis (DEA) is applicable when inputs and outputs of a decision-making unit (DMU) are given,
fixed, definite and having a deterministic relationship, which is not possible in general since frontier analysis
is based on the estimation of production frontier approach and requires an explicit a priori determination
of relationships between output and inputs, like other traditional procedures of efficiency using production
functions. Thus, the DEA methodology fails to capture the efficiency analysis in the non-deterministic functional
relationship between the inputs and outputs and random shocks in the production processes. In such type of
situations, SFA is a powerful technique to estimate the parameters of the production frontier and measure the
efficiency of DMU.

The efficiency of any production processes is calculated directly from its output which has functional form
with its inputs and has strongly depended on available structural relation of its inputs and output. Thus, any
direct/moderating or indirect /meditating effect on the structural association on its inputs and output can change
the production processes’ frontier and efficiency. The SEM is a multivariate statistical analysis technique used
to analyse the association between inputs & production and examine the factors directly or indirectly associated
with its structural relationship. This study’s contribution is to measure the efficiency of the central bank in the
case of top Asian countries by using SFA. SEM is also applied to examine associated factors that affect the
structural relationship of efficiency with its inputs and output. The estimation of directly and indirectly impact
international trade and economic growth of the country on the central bank efficiency is also an essential aspect
of this study.

The rest of this paper is organized as follows: Section 2 briefly pieces of literature review on the concept of
SFA technical efficiency (TE), the methods that are frequently used to measure effectiveness and evaluation of
direct & indirect impact of international trade and economic growth on the functions of a central bank. The
stepwise procedure of SFA and SEM methodology are discussed in Section 3. Section 4 describes the data used
and SFA analysis, results, and discussion; Section 5 provides some concluding remarks.

2. LITERATURE REVIEW

The main job of a central bank is to supervise a country’s financial and banking functions by overseeing all
the international moments of trade and conducting monetary policy to promote price stability and sustainable
growth of the country. Thus efficiency analysis in case of central banks is the most fascinating and same
time it is challenging aspect because of the different policy system. The central banking structure and policy
efficiency and macroeconomic performance are given in [8] and explore the empirical relationship between the
economic outcomes and monetary policy framework. Nevertheless, we have selected the identical type inputs and
commonly available outputs. There are many questions about the central bank efficiency; like what is central
bank efficiency and how can measure it discussed in [6]. Central bank efficiency is a reasonably abstract concept
that encapsulates several areas ranging from the roles that are appropriate for central banks to perform, to cost
efficiency in a narrower sense proposed by Heikensten [20]. DEA and stochastic frontier regression (SFR) applied
for the measurement of operational efficiency in a sample of 32 central banks see McKinley and Banaian [28] for
the year 2001. Estimation of cost, profit efficiency analysis and managerial behaviour of banks in nine central
and eastern European countries during 1995-2002, by using SFA was given by Rossi et al. [30]. The Thaddaden
[22] has discussed a radial DEA approach to measure the Euro-system central bank efficiency. The stochastic
frontier specification of the gravity model given in [29] is used on a panel data set of bilateral exports from 17
Western European countries to identify the efficiency of trade integration relative to maximum potential levels.

The concept of efficiency evaluation started with the work of Farrell [16] and was later introduced more
formally by Leibenstein [26] in what he called X-(in) efficiency theory. SFA is a parametric approach based on
the production function methodology for estimating the efficiency and productivity of a production process was
independently proposed by Aigner [2] and Meeusen and Broeck [27]. A stochastic frontier production function
model for panel data was submitted by Battese and Coelli [4], in which the sound effects are an exponential
function of time. The inefficiency effects are assumed to be independently distributed as truncations of normal
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distributions with constant variance, but with means which are a linear function of observable variables was
given by Battese and Coelli [5]. The computer program which has been written to provide maximum likelihood
estimates of the parameters of several stochastic productions and cost functions was given by Coelli [10]. Since
then, stochastic frontier models have become popular in the sub field of econometrics. An exciting overview of
SFA was presented by Kumbhakar and Lovell [25]. The frontier analysis also allows managers to identify the
gap between their actual performance and optimal performance [11].

SFA has been one of the frequently used approaches that permit the separation of inefficiency from stochastic
error, assuming similar technology is available to all producers and that observations are independent. However,
this second assumption is violated where data are spatial auto-correlated; thus Fusco and Vidoli [18] introduce
a spatial stochastic frontier model that allows the controlling of heterogeneity adding, in the model or the error
term, contextual variables correlated with inefficiency. The main advantages and disadvantages of various para-
metric and non-parametric frontier approach, along with the micro and macro application of these approaches
were discussed by Assaf and Josiassen [3] and Dar et al. [14]. Most of the benefits of the local MLE approach
can be obtained with fewer assumptions and involving much more comfortable, faster and numerically more
robust computations, by using non-parametric least-squares methods was shown in [31].

An SFA model named the distance function approach which can accommodate multiple inputs, and various
outputs are adopted to calculate efficiency scores [12]. Censored regression technique was applied to determine
the influencing factors on banking efficiency in case of China suggested by Xiping and Yuesheng [34]. The inves-
tigation of performance and efficiency of Turkish (TR) commercial banking sector by using the non-parametric
frontier methodology, DEA and Tobit analysis was given in [19,23]. The flexible cause-effect structure and
external variables may affect the efficiency score of the production processes was given by Feng et al. [17]. Glob-
alization is directly or indirectly associated with the performance of the central bank, and there is a positive
impact of export and import level of the country on its central bank efficiency investigated by Dar et al. [13,15].

In this study, we are using SEM to measure them directly and indirectly, the impact of total export, total
imports, gross domestic product (GDP) and average exchange rate (AER) on the central bank efficiency. SEM is
a comprehensive statistical approach to testing hypotheses about relations among observed and latent variables
given by Hoyle [21]. Exploratory factor analysis (EFA) is a frequently used multivariate analysis technique in
statistics to solve a significant by deriving the direct quartimin rotation is given in [24]. SEM has allowed social
scientists to perform path analytic modelling with latent variables, which may turn its statistical power in
decision making [9].

3. RESEARCH METHODOLOGY

In order to estimate the efficiency by stochastic frontier analysis (SFA) model proposed in [4] is used with the
MLE estimation technique. The SEM technique is used to test the direct and indirect impact of international
trade (export & import) and economic growth (GDP and AER) on central bank efficiency.

3.1. Stochastic frontier analysis (SFA)

SFA technique deals with the functional form of input & outputs; the functional form can be either of the
form production, cost, and profit functions. In this study, we are expressing a single dependent variable as a
function of one or more explanatory variables. The mathematical form of production functions can be written
as:

q= f(x1,22,73,...,7) (3.1)

where ¢ is the dependent variable, z;; (i = 1,2,3,...,n) are explanatory variables and f(.) is the function. In
SFA, we need econometric techniques that can use to estimate the unknown parametric values involved in the
function, in order to obtain the efficient frontier. Due to these requirements, SFA becomes more computationally
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demanding than DEA in the field of economics. This approach was used by Ainner and Chu [1] and who consider
a Cobb-Douglas production frontier.

Ing =X/B—u; Vi=1,2,3,...,n (3.2)

where ¢; represent the output of the ¢th firm, X; is K x 1 vector of inputs; 3 is a vector of unknown parameters
and u; is non-negative random variable associated with technical inefficiency. In [2,27], added symmetric random
error v; to account for statistical noise and independently proposed but identical stochastic frontier model:

Ing;=X/B+v;i—u; Yi=1,23,...,n (3.3)

where v; symmetric statistical noise and it arises due to inadvertent omission of relevant variables from the
vector X; as well as from measurement errors and approximation errors associated with the choice of functional
form. The model (3.3) is called an SFA-model because the output values are bounded from above by a random
(stochastic) variable exp(X/, 8 + v;). The random error v; can be positive or negative in SFA. The model
(3.3) is dependence upon the production function and if a production process can produce g; output assessing
X[(i=1,2,3,...,n) inputs. Then model (3.3) can be rewritten as:

q; = exp(Bo + Bi Inx;) x exp(v;) X exp(—u;). (3.4)

In the above model exp(By + (3; Inx;) is deterministic component, exp(u;) is statistical noise and exp(—u;)
represents the inefficiency in model (3.4). The interpretation of model (3.4) can be shown graphically by plotting
the input and output of two firms A and B. Where firm A has used the x 4 level of input to produce the g4 level of
the production. In contrast, firm B uses the x5 level of input to produce the ¢gg level of output. We assume that
there is no inefficiency effect (i.e., if uy = 0 & up = 0). Then the frontier outputs are g% = exp(Go+51 Inza+v4)
and ¢ = exp(fBo + f1Inxzp +vp) for firm A and B respectively.

Frontier output for firm A lies above the deterministic component of the production frontier only because the
statistical noise effect is positive (v4 > 0). In contrast, the frontier output for firm B lies below the deterministic
part of f(x, 5) = ¢f because the noise effect is negative (i.e., vg < 0 ). It is also be seen from the Figure 1, that
the observed output of firm A lies below the deterministic part of the frontier because the sum of the noise and
inefficiency effect is negative (i.e., v — u < 0).

It is also be seen from the Figure 3, that the observed output of firm A lies below the deterministic part of
the frontier because the sum of the noise and inefficiency effect is negative (i.e., v — u < 0).

However, it is the observed output tend to lie below the deterministic part of the frontier. However, if the
noise effect is positive and more significant than the inefficiency effect (i.e., ¢; > exp(z}, 8) < &; = (v; —u;) > 0)
then observed output tend to lie below the deterministic part of the frontier. In order to estimate the technical
efficiency of jth-DMU, we have to determine u; ~ some distribution. In generally it is required to assume a
distribution of v; (stochastic error) form as:

— Half-Normal distributed: u; LN+ (0 o).
— Exponential distribution: u, s exp(A).
— Truncated-Normal distributed: u; N Tty 04)-

— Gamma-distributed: u; LI (m o).

The first two distributions have just a single parameter, are empirically traceable and easy to estimate. The
last two distributions have two parameters that make them more flexible and also more challenging to determine.
The choice of distribution u; in influences quite strongly a level of technical efficiency (TE) and fewer rankings of
DMUs. Under the relatively weak assumption, it is usually possible and appropriate to estimate models using the
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FIGURE 1. Graphically interpretation of SFA.

method of least squares. Slightly stronger distributional assumption allows estimating the unknown parameters
using maximum likelihood' or Bayesian techniques? [12]. When decisions about function and distribution must
be made, it is recommended to estimate the number of alternative models and to select a preferred model using
a likelihood ratio test [10]. Commonly used method for estimation of the stochastic frontier is a maximum
likelihood (ML). ML estimations rest on the assumption that the distribution of the errors is known. Battese
and Coelli [4] proposed a stochastic frontier production function which is assumed to be distributed as truncated
normal random variables. Then technical efficiency jth-DMU is defined as:

TE,, — Q. _ &Xp (52552] + Vit — ui,t)
7 exXp (ﬂzxéj + Ui,t) exXp (ﬂifE;] + 'Uz',t)
= eXp<_Ui,t) V(Zaja t) € (1,2,3,...,71) (35)

where (u; ¢)are non-negative and measures as the ratio of actual output to the corresponding potential output
(stochastic frontier output) and lies between (0 and 1). The model can be solved by using the concept of linear
programming with the objective function of minimizing the sum of the u; = Ing; — x;8 subject to u; > 0.
Aigner and Chu suggested in [1] the use of quadratic programming and given a solution as a probabilistic
frontier approach. Probabilistic frontier will estimate the frontier by using all the observations in the sample.
Then deleting some arbitrary percentage of observation from the sample and make sample firms closest to the
frontier. Finally, re-estimate the frontier using the reduced sample and this approach was first used by Timmer
[32].

IMaximum likelihood estimators are popular because they have desirable large sample proprieties.

2Bayesiam estimation is becoming increasingly popular, not least because it allows obtaining exact finite-sample results concerning
nonlinear functions of the parameters.
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3.2. Structural equation modelling (SEM)

SEM is an extension of the general linear model that allows researchers to determine complex relationships
between one or more than one dependent and one or more than one independent variables. Independent variables
are usually considered either predictor or causal variables because they predict or cause the dependent variables
(response or outcome variables). In SEM, these are generally called exogenous variables (independent) and
endogenous (conditional). It combines causal modelling, analysis of covariance structures, confirmatory factor
analysis and path analysis (also sometimes called regression). The model also defines whether variables are
directly or indirectly measured: manifest variables are measured directly; latent variables are measured indirectly.
The two central components of SEM are the path model and the measurement model. The path model or path
analysis quantifies specific cause-and-effect relationships between observed variables [33]. At the same time, the
measurement model quantifies linkages between hypothetical constructs that might be known but unobservable
components of GSCM and observed variables that represent a specific hypothetical construct in the form of a
linear combination. The general mathematical formulation of SEM (for the ith unit of N observations)are given
in [7] is as below:

Yi = a; + By +Tx; + G (3.6)

where y; are latent endogenous(dependent) variables and x; is the latent exogenous (independent) variable. « is
an intercept term in the structural model and § is structural coefficients of the regression (latent endogenous)
to each other. I is structural coefficients between latent endogenous to exogenous variables and ( is structural
disturbances/noise (error). We assume that E(¢;) = 0,Cov(¢;, ;) = 0 and (1 — §) are invertible.

4. DATA COLLECTION AND STATISTICAL ANALYSIS

In this section, the stochastic frontier analysis technique is used to assess the central bank efficiency in case of
top Asian exporter countries for the three financial years 2016-2018. The data structure has been collected from
Bloomberg, central banks annual reports and other national and international economic magazines. According
to The Central Intelligence Agency, Population Statistics by Country and International Trade Centre, Trade
Map Accessed on August 16, 2019, the list of top Asian exporter countries are shown in Table 1. The data
analysis was compiled in Excel, Frontier 4.1, and EMOS software.

In this study, we have used three inputs operating expenses (OE), total investment (TI) and total deposits
(TD) where net income (NI) are considered as output for the efficiency evaluation. The unbalanced panel data,
which consist of 204 observations, include these three inputs and a single output of 17 central banks for the
three years. The average value of all inputs and output are shown in Figure 2. It is observed that the average
amount of inputs and output in the year 2017 is higher as compared to 2016 and 2018, as shown in the Figure 2.

The efficiency score is considering as dependent variable for the SEM analysis for estimating the impact of
total exports, total imports, GDP and AER on the central efficiency. The average exchange rate (AER) is the
mean value of the annual exchange rate against an average value of US$. Summary statistics of all inputs and
output variables are given in Table 2.

4.1. Results and discussion

In this section, we are using frontier model given in [4] for the panel data assumed truncated normal distribu-
tion of variables permitted systematically with time as expressed in the model (3.3). Where u; ; are non-negative
random variable which is considered to account for the technical inefficiency in production are normally dis-
tributed w; ¢ o N*(0 02)). In this model, we are using three inputs the maximum like estimators (MLE),
standard error (SE), and t-ratio of the corresponding parameter is shown in Table 3.

The estimated ( coefficients for the operating expenses, total investment and total deposits variables are
0.1352, 0.1250 and 0.1704, respectively. This indicates that all the inputs variable has positively contributed

in the overall production. The estimate for the variance parameter 7 is close to one, which suggests that the
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TABLE 1. List of top 17 Asian exporter countries.

Rank Name Country Name of Central Bank DMUs
1 China People’s Bank of China DMU1
2 Japan Bank of Japan DMU2
3 South Korea Bank of Korea DMU3
4 Hong Kong Hong Kong Monetary Authority DMU4
5 Singapore Monetary Authority of Singapore DMU5
6 Taiwan Central Bank of the Republic of China (Taiwan) DMU6
7 India Reserve Bank of India DMUT7
8 Vietnam State Bank of Vietnam DMUS
9 Thailand Bank of Thailand DMU9
10 Malaysia Central Bank of Malaysia DMU10
11 Indonesia Bank of Indonesia DMU11
12 Turkey Central Bank of the Republic of Turkey DMU12
13 Philippines Central Bank of the Philippines DMU13
14 Kazakhstan National Bank of Kazakhstan DMU14
15 Bangladesh Bangladesh Bank DMU15
16 Pakistan State Bank of Pakistan DMU16
17 Sri Lanka Central Bank of Sri Lanka DMU17
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FIGURE 2. Variable comparison of input and output variables.
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inefficiency effects are likely to be highly significant in the analysis of the value of the output of the production.
The value of log-likelihood function is 0.70133, and LR test value at one-side error is 0.1156.

The results of efficiency estimated by the model (3.3) reveal that the mean efficiency for the year 2016 is
0.7855, 0.82856 for the year 2017 and 0.85151 respectively for the year 2018 as shown in Table 4. The ranks
are given as per the efficiency score. There is significant difference in efficiency ranks of DMUs between the
year 2016-2017 (p-value = 0.000), 2017-2018 (p = 0.038) and (p = 0.025) respectively for the year 2016-2018.
The average percentage of overall efficiency is 82% for the year 2016-2018, only DMU2(bank of Japan) has
maintained the efficiency of approximately 94% at first rank. The results of our analysis reveal that DMU3
(Bank of Korea) has maintained the efficiency at 89% during the year 20162018 and having the efficiency rank
at 7th position. Whereas, DMU7 (Reserve Bank of India) is operating only 28% efficiency for the year 2016-17,

which increased to 47% in the year 2018.
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TABLE 2. Descriptive statistics of variables.

Median + Inter quartile range (in Billion US $)

Variables 2016 2017 2018 p-value
Operation expenses 5.11+62.78 5.86 £336.00 3.21+£32.15 0.373
Total investment 17.07+£320.00  26.78 £4600.00  2.83+£38.92 0.871
Total deposits 45.631580.00 48.55+1700.00  72.90 +8.52 0.372
Net income 2.57£23.59 2.24+£93.78 4.37+6.19 0.346
Exports 173.65£250.00 1846.30+265.00 249.81 +426.00 0.606
Imports 177.46 £193.00 341.45+994.70 196.81 £371.00 0.959
GDP 320.00 £960.00 341.45+994.70  360.32+1033.5 0.977

Average exchange rate (against US §)
AER 67.19+240.66  65.00 +245.00 68.42+271.48  0.382
TABLE 3. Estimated value of SFA parameter.

Parameter Coeflicient Standard-error t¢-ratio

Bo 1.4431 0.9405 1.5342

B 0.3513 0.1352 2.5984

B2 0.3043 0.125 2.4337

B3 0.2762 0.1704 1.1618

o’ 1.2651 0.3845 3.2931

~y 0.5617 0.1215 4.6256

n 1.686 0.7171 2.3512

n —0.0012 0.0771 —0.0158

TABLE 4. Stochastic Frontier efficiency score and Ranking.
Year

DMUs 2016 Rank 2017 Rank 2018 Rank  ‘'Verase  Rank
DMU1 0.937598 4 0.93769 5 0.93719 2 0.93749 2
DMU2  0.944081 1 0.95743 1 0.94573 1 0.94908 1
DMU3 0.892917 7 0.89036 7 0.89492 6 0.89273 7
DMU4  0.909766 6 0.93992 4 0.89083 8 0.9135 6
DMU5  0.780043 12 0.85115 10 0.85338 14 0.82819 11
DMUG6  0.942999 2 0.94219 2 0.89186 7 0.92568 4
DMU7  0.285883 17 0.23682 17 0.89067 9 047112 17
DMUS 0.593543 15 0.77511 15 0.34983 17 0.57283 16
DMU9  0.793225 11 0.81181 13 0.78814 16 0.79773 13
DMU10 0.439484 16 0.66926 16 0.88595 10 0.6649 15
DMU11 0.855427 10 0.83177 11 0.85826 13 0.84849 9
DMU12 0.873683 8 0.88244 8 0.90115 5 0.88576 8
DMU13 0.866477 9 0.87826 9 0.7885 15 0.84441 10
DMU14 0.603585 14 0.81272 12 0.87724 12 0.76452 14
DMU15 0.763432 13 0.79412 14 0.90461 4 0.82072 12
DMU16 0.939022 3 0.9402 3 0.88573 11 0.92165 5
DMU17 0.932752 5 0.93421 6 0.93174 3 0.9329 3
Mean 0.7855 0.82856 0.85156 0.82186
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An efficiency score closes to 1 implies that firms are operating close to the frontier of what is technically
possible. The efficiency is rage ranged from 23% to 95% with an average of 82%. The DMU1 (People’s Bank
of China), DMU2 (Bank of Japan), DMU3 (Bank of Korea), DMU4 (Hong Kong Monetary Authority), DMUG
(Central Bank of the Republic of China (Taiwan)), DMU16 (State Bank of Pakistan) and DMU17 (Central
Bank of Sri Lanka) are operating more than 90% of efficiency as shown in Table 4.

4.1.1. Impact of international trade and economic growth on central efficiency

In this session, we are evaluating the association of inputs and output with efficiency to estimate the direct
and indirect impact of international trade and economic growth on the performance of the central bank. In this
scenario, the SEM technique is applied in three different path models for the estimation of association and the
impact of variables like import, export, GDP and AER on the efficiency of the central bank.

Model 1. Is a straightforward path model to analyses the association of inputs and output variable with
central bank efficiency. The structure of Model 1 is shown in Figure 3, and it was observed from the results
that correlation between all inputs and output are positive but insignificant except operating expenses and total
deposits which is showing negligible negative correction. On the other side, the direct impact of total deposits is
20%, total investment is 19%, and the effect of net income is 16% ,which has positive and significant impact on
the central bank efficiency . In comparison, the impact of operating expenses on the performance of the central
bank is insignificant but positive. Thus, the effectiveness of the central bank may be increased by the optimal
use of total deposit, total investment and net income, which means theses variables are more important than
operating expenses.

The aimed objective of this study is to provide the central bank efficiency and estimate the direct and indirect
impact of international trade and economic growth on central bank efficiency. In order to evaluate the effects of
international trade on central ability, the present study concentrates on the total import & export volume of the
country. Where to determine the impact of economic growth on the central bank efficiency, we have focused on
the GDP and annual average exchange against US$. These variables seem to be much better suited to indicate
a country’s international trade performance than growth rates exports since its use, on the one hand, avoids
the bias of using a component of GDP and it is, on the other hand, a straight forward measure of a country’s
exposure to international trade.

Model 2. Is a bit complicated then Model 1 and to determine the indirect impact of international trade (volume
of imports & exports) and economic growth (GDP and AER) on the central efficiency of the country. Model 2 to
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Trade/Economic Inputs/Output

FIGURE 4. Indirect impact of trade/economy on central bank efficiency.

estimates the effect of total export, imports, AER and GDP on the inputs (operating expenses, total investment
and deposits) and output (net income) of the central bank. The structural path diagram of Model 2 is shown
in Figure 4, as given below.

The results of Model 2 revels that the direct and total effect of international trade and economic growth on
the central bank efficiency is positive as well as negative. The impacts of international trade on the center bank
efficiency are estimated by using the total export and import volume of the country and coefficient of indirect
and total effect (C.R. & TE) of total export and import on operating expenses is (C.R. = 0.139 & TE =
0.359), total investment (C.R. = —0.138 & TE = —0.018), total deposits (C.R. = —0.491, TE = —0.37) and
(C.R. = 0.721,TE = 0.841) on the net income(output). Whereas the coefficient of indirect and total effect of
total import are (C.R. = 0.096 & TE = 1.59), (C.R. = —0.164 & TE = 0.466), (C.R. = —0.336, TE = 0.294)
and (C.R. = 1.043, TE = 1.673) respectively are showing in the Figure 4.

The impact of economic growth on central bank of efficiency is estimated by use of GDP and AER of the coun-
try. The indirect and total effect of GDP on central efficiency are: (C.R. = —0.290 & TE = —0.170) on operating
expenses, TI(C.R. = 0.246 & TE = 0.466) on total investment, TD(C.R. = 0.981, TE = 1.101) total deposits
and (C.R. = —1.716, TE = —1.595) on the net income respectively. On the other side, coefficient of indirect and
total effect of by AER on the input and output of central bank efficiency are: (C.R. = —0.371 & TE = 0.101),
(C.R. = —-0.164 & TE = 0.466), (C.R. = —0.041, TE = 0.342) and (C.R. = —0.082, TE = 0.301) respectively.

Thus international trade characterized by export and import volume has a statistically significant and positive
effect on central bank efficiency mediated by the level of total net income. Therefore, to improve the performance
of the central bank, the country should increase the volume of export and import of the country, which results
to increase the net income of the central bank. Meanwhile, by increasing the total export volume, the country
results to grow in the total deposits which impact positive significant on the performance of the central bank as
compare import level of a country. On the other side, GPD has a significant adverse effect on the central bank
efficiency mediated by the net income. In contrast, the AER has a negative impact and insignificantly on the
inputs and output of the central bank

Model 3. The path and structure of Model 3 are shown in Figure 5. In this model, each of the four latent
variables export, import, GDP and average exchange rate represented by on measured variable efficiency. This
model aims to estimate the direct effect of latent variables on the measured variable.
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Trade/Economic

Efficiency

FIGURE 5. Direct impact of trade/economy of central bank efficiency.

TABLE 5. Correlation between the variables.

Variables TI TD NI Eff. Exports Imports AER GDP
OE 0.001 —0.027 0.031 0.051 —0.037 —0.051 —0.027 —0.074
TI —0.022 0.011 0.183 —0.058 —0.0564  —0.055 —0.027
TD —0.022 0.194 0.098 0.149 —0.037 0.23
NI 0.159 0.091 0.08 —0.035 —0.095
Eff. 0.181 0.198 —0.198 0.167
Exports 0.869**  —0.041 0.897**
Import —0.036  0.928"*
AER —0.067

Notes. **Correlation is significant at the 0.01 level (2-tailed).

The result of Model 3 reveals the coefficient of an indirect effect of total export, total import, GDP and AER
on the central bank efficiency are: 0.124, 0.324, —0.261 and —0.201, respectively. Thus total export and import
volume of the country has a significant positive effect of the central bank efficiency as compared to GDP and
AER, which impacts negatively. Hence, we have found that international trade impacts positively on central
bank productivity as compared to economic growth of country.

Additionally, the results Model 3 also shows that there is a significant positive correlation between exports,
imports with GDP and negative with the AER. It is also shown in Table 5; there is a positive correlation
between the efficiency of the central bank of the country with the exports, imports and GDP of that country.
Whereas, the negative correlation is found between the Central bank efficiency and average exchange rate.

This paper examines the financial efficiency of central banks in case of top 17 Asian exporter countries over
the period 2016-2018 by using stochastic frontier analysis. We disentangle efficiency by inputs and outputs
and identify the contribution of each input for central bank efficiency. The contribution of total deposits, total
investment and net income for the central efficiency are positive and significant. The overall efficiency has a
mean score of 82% and the only bank of Japan has maintained the capability of approximately 94% at first rank
over the period of time. Whereas, Bank of Korea has kept the ability at 89% and the Reserve Bank of India is
operating only 28% efficiency for over the period of time.
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The People’s Bank of China, Bank of Japan, Bank of Korea, Hong Kong Monetary Authority, Central Bank
of the Republic of China (Taiwan), State Bank of Pakistan and Central Bank of Sri Lanka are the higher class
of efficiency operating average efficiency 92% taken from the average efficiency over the period of time. The
second one is a moderate class of efficiency, with efficiency value ranged from 80% to 90%. This group including
Monetary Authority of Singapore, Bank of Thailand, Bank of Indonesia, Central Bank of the Republic of Turkey,
Central Bank of the Philippines and Bangladesh Bank which operating 83% average efficiency value. The low-
efficiency class includes Reserve Bank of India, State Bank of Vietnam, Central Bank of Malaysia and National
Bank of Kazakhstan operating the efficiency less 70% with 62% average efficiency.

4.1.2. Limitations of the study and future research

The study is to estimate the central bank efficiency and examine the direct, indirect impact of international
trade and economic growth on the central efficiency. There are several limitations to this study. One of them
is, in this study, We have included only the top 17 Asian export countries in our sample. However, future
research may conduct on the countries of Asian and world as well. The analysis of central bank efficiency was
the primary aim of the study. The selection of inputs and output was a challenging aspect of the study. We
have used financial variables: operating expenses, total investment and total deposits as the inputs, whereas the
net income as a single output. In future, we may use other financial and operational variables with different
techniques of efficiency and frontier analysis. The second aspect of the paper is interesting, where we have
examined the direct/indirect impact of international trade and economic growth on the central efficiency of
the country. The effect of international trade was estimated by use of total export and import of the country,
whereas GDP and AER estimate the impact of economic growth. The other variables may affect central bank
efficiency. Thus in future, we may research the selection of variables which may have a significant impact on the
central efficiency.

5. CONCLUSION

The evaluation of central efficiency and investigation of its determinants is very challenging task. It can be
solved with stochastic frontier analysis and structural equation modelling which has good discrimination power
over DEA in penal data with tobit regression analysis. Overall, it can be gathered from the results of this study
that the total deposits, total investment and net income have a critical role in the central bank efficiency as
compared to the operating expenses. On the other side, the export and import value of the country have a
significant impact on the net income. Therefore, in order to improve the performance of the central bank, the
country should increase the volume of export and import. Meanwhile, by increasing the total export volume,
the country results to grow in the total deposits which impact positive significant on the performance of the
central bank as compare import level of the country. Thus total export and import volume of the country has
a significant positive effect of the central bank efficiency as compared to GDP and AER. There is found a
positive correlation between the effectiveness of the central bank of the country with the export and import
of that country. Hence; we conclude that the international trade impacts positively on the central efficiency as
compared to the economic growth.
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