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Abstract

This study employs a panel dataset on the cost efficiency of Nigerian commercial banks to test the hypothesis whether
internal regulation from the monetary authority affects the performance of commercial banks. The empirical work is
carried out through the use of stochastic frontier analysis on 14 commercial banks over 10 years. The study finds that
regulation has a negative and significant influence on the total cost while bank output, input prices and bank size have a
positive and significant effect. This implies that the large the bank size, the higher total cost incurred.
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1. Introduction

Prior to the global financial crisis of 2008-2009, many banks realised huge profit through high leverage and/ or
dependence on relatively cheap wholesale funding, as well as in some circumstances, elevated risk taking in form of
estate lending or securitization. Variations in banks’ behaviour and the dynamic regulatory framework made some most
profitable business strategies less viable. In addition, the weak macroeconomic and financial market conditions led to
worsening financial performance since the crisis. Therefore, in order to achieve a sustainable bank profitability and
stability, banks have to adapt their appropriate business mix in line with the new operating environment. The new
business climate emanated from several measures that have been put in place by the Nigeria’s monetary authority to
ensure a stable financial sector.

The main factors that influence the business model adjustment in the recent years are the regulatory reforms, market
pressures, and changing risk-return preferences. The implementation of regulatory reforms as a result of the crisis has
significantly influenced business models by including more high-quality capital, liquid assets, bailable debt and more
stable funding sources in their bank balance sheets. However, the regulation poses an additional cost to trading activities,
resulting in a fall in the number of activities the banks operate. Some regulations force banks to change their operating
structures to new requirements, and trigger some business models to focus more on traditional banking activities.
Second, owing to the market pressures, some banks involve low-margin activities to boost returns. Third, the changes in
the business model capture their own initiatives in line with their altered risk-return preferences.

After the crisis, the banks focus more on retail banking (increase in retail funding and a reduction in non-retail assets)
rather than investment banking and wholesale lending activities as experienced in the pre-crisis trend. In addition,
several large banks reduced some wholesale lending activities like international leasing, trade finance and shipping, as
well as commercial real estate.

The recent global shocks such as higher macroeconomic risks, declining commodity prices, uncertainty about
rebalancing in China, and reduced confidence in policy traction, have significantly affect advanced economies,
emerging economies and developing economies. For instance, many banks in developed countries are forced to push
their bank valuation lower, as a result of a fall in equity prices and an increase in the credit spreads. In developing
economies like Nigeria, the substantial decline in capital expenditures coupled with high private debt burdens poses a
huge risk to sovereign balance sheets, markets and banks. This further retards growth, deters capital inflows and
weakens exchange rate.

Owing to this, several policy measures that are put in place to boost aggregate demand and strengthen the financial
system, remain ineffective as the risks emanated from slowing growth, remaining balance sheet vulnerabilities, tighter
and more volatile financial conditions, have become more significant. The less accommodative monetary and financial
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conditions complemented with the spiked risk premiums and tighter financial conditions elevate the market and
liquidity risks. The ability of policymakers to address the issue of market disruption and provide a stronger platform for
growth and financial stability, has been questioned by financial markets.

However, there are still significance differences across banks in terms of cost efficiency as reflected by a wide range of
cost-to-income ratios across Nigerian economy in 2015 (from 43% to 70%). Some banks respond to the increasing
regulatory costs and other cost of complexity by engaging in business activities/ geographical regions in which they
have sufficient economies of scale and better profit margins.

In the light of this, it is more important to understand the effect of regulatory measures on the performance of
commercial banks as the country is struggling to move out of its economic recession. Therefore, this study intends to
provide answers to the following research questions: how do regulatory measures affect the cost efficiency of
commercial banks in Nigeria? What needs to be done to ensure financial stability that will stimulate the country’s
economic growth?

1.1 Stylised Evidence of Nigerian Banking Sector

Nigeria's economy grew at 3.05 percent for the first three-quarters of 2015 compared to 6.33 percent in 2014. Its low
economic performance was as a result of continuous falling in the global crude oil price as well as reducing investors’
confidence arose from the delay in creating a conducive business environment by the present administration, and the
unstable condition of the exchange rate. In addition, the country experienced the worst with the negative growth rate for
the first three-quarters of 2016.

Prior to the drastic fall in oil price that commenced in the mid-year of 2014, the Nigerian economy was driven by
non-oil sector. However, the oil sector witnessed a declining growth rate towards the last quarter of 2014. This triggers
government efforts towards reducing the over-dependence on the oil sector and diversifying the domestic economy.

The 2015 election posed a great uncertainty responsible for the unstable financial sector in replicating to a continuous
rise in yields among all fixed income securities. Furthermore, the country witnessed a slow growth rate as a result of
falling government revenue and foreign exchange scarcity. This led to the adoption of floating exchange rate in 2016 in
order to halt the continuous depletion of foreign reserves. The cash reserve ratio (CRR) was also put at 31 percent for
both public and private deposits; banks were prevented from accepting foreign cash deposits from their customers, and
41 items were officially removed from accessing foreign exchange at the official market rate. The monetary policy rate
still remains 14 percent as at of January 2017.

Despite all these government measures, the country’s external reserves reduced substantially from about US$35 billion
in 2014 to US$ 28 billion in April 2016. This points to a reason against the continuous devaluation of the naira by
economists. The Central Bank of Nigeria (CBN) put the official exchange rate at US$1/305 in November 2016, even
with the widely acceptable fact that floating exchange market might be the solution to the shortage of foreign exchange
in the economy, a US$1 is currently exchanged for about N500 in the parallel market.

1.1.1 Contributions of financial Sector to Nigerian Economy

Nigeria being the largest economy in Africa was recovering from commodity price shock of 2008-2009 as well as the
banking crisis. Of recent, the country needs to address the issue of massive infrastructure deficits, and the high level of
abject poverty and inequality. A sound banking system encourages more savings that can be channeled into productive
investments, particularly in quality infrastructure. Thus, the contribution of the financial sector to the Nigerian economy
was 3.51 percent in the third quarter of 2016 against 2.76 percent in the same quarter of 2015(Fig. 1).
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Figure 1. Contribution of Financial Sector to Nigeria’s Gross Domestic Products (%)

Source: National Bureau of Statistics, Nigeria 2016
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Commercial banks are very important key players in the financial sector. For instance, the banks witnessed a peak
growth rate of about 60 percent in their total assets at the end of 2005, indicating the positive outcome of the Nigeria's
bank capitalization. However, the growth rate declined to the lowest in 2009 as a result of the 2007-2009 global
financial crisis. Afterwards, an upward trend was recorded in their asset growth rate (Fig. 2).
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The sorry condition of Nigeria’s oil sector has substantially created a high pressure on the banking system in the country.
Banks confronted with the issues such as uncertainty before 2015 election; the implementation of the Treasury Single
Account(TSA) which mops cheap government deposits from banks; higher level of non-performing loans arising from a
drastic fall in oil prices; and the CBN’s restrictive policies on foreign exchange, which hinders their lucrative foreign
currency business.

Furthermore, the Nigerian banks are heavily dependent on oil and gas sector in the sense that about 23.8 percent of their
loans is provided to the oil and gas sector in the first half of 2015 from 10 percent in 2014. The three largest banks in
terms of asset raised their oil and gas portfolios by 101 percent, 47 percent, and 37 percent respectively in 2014 (Oxford
Analytica). The recent sliding oil prices have negatively influenced banks’ performance in the country. Therefore, this
might significantly increase non-performing loans in most banks, which invariably could lead to low revenue and
profits for them. Another issue is how honest banks are in disseminating their financial information on the Nigerian
Stock Exchange.

Commercial banks in the country are running in an increasing unfavourable business environment as a result of an
extreme fall in their profitability, asset quality, liquidity, and capital ratios. Their low performance is driven by their
high exposure to their domestic market and the economic slowdown. The slowdown is attributed to lower oil prices,
reduced government spending, and restriction on foreign exchange availability.

Since the execution of TSA in August 2015, public deposits which constitute about 8 percent of total deposit withdrew
their money from commercial banks. This poses an added pressure to bank liquidity. Loan growth rate was contracted in
mid-year of 2015 and non-performing loans were below 10 percent in 2015.

Some structural reforms have been implemented by developing economies like Nigeria in order to ensure that the
banking sector is financially and efficiently healthy. The banking system in Nigeria was recorded better performance in
the 1990s since there was adequate capital base in each bank to perform the financial operations. The sector experienced
a high level of fragmentation complemented with a low level of financial intermediation at the end of 2014. This drives
the banking sector reform by the Central Bank of Nigeria to raise the capital base of the banks from 2 billion naira to 25
billion naira, and invariably reduce the number of commercial banks from 89 to 25 through the process of mergers and
acquisition in 2006(Hessen, 2007 as cited Gil-Alana et al.,2015). However, some of the 25 commercial banks were
characterised with fund mismanagement and over-valuation of assets after CBN reform in 2006. This further reduced
the number of banks to 22 (CBN, 2014 as cited in Gil-Alana et al., 2015).

A robust, stable and firmly anchored financial system is the key engine of a long-term sustainable economic growth.
This is based on the fact that the banking industry provides required funds for carrying out production activities in the
other sectors of the economy, as well as money needed by final consumers. Addressing this important and urgent issue
motivates this study.

Effective and efficient operations of the financial sector are very critical in any economy because the financial sector
especially commercial banks serve as a fuel for running economic activities. Therefore, more attention has been
focusing on how well banks are running. This calls for numerous studies on what drives bank profitability within a
country, a region, and at the global level. Similarly, many studies have been carried out for the Nigerian banks because
of the country’s specific features and its past experience. Nigerian banking industry experienced different reforms in
order to ensure that the country has a strong banking industry that enhances the economic activities. This motivation led
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to the 2005 bank capitalization that reduced the number of commercial banks from 89 to 22 through merger and
acquisition. However, scanty or little research have conducted on regulatory effects of bank performance in Nigeria.
The aim of the study is to investigate the impact of regulation on bank performance. In order to achieve this, it
specifically examines how regulatory measures influence cost efficiency of commercial banks and their implications on
financial stability in Nigeria. The outcomes of this paper provide sufficient understanding to guide policymakers or
government on how to improve the operations of commercial banks.

The rest of this study is sectionalized as follows; section II reviews the existing studies. The analytical framework, as
well as methodology, are discussed in section III, while empirical results and discussion are presented in section IV.
Section V concludes.

2. Literature Reviews

Based on the literature, the existing studies on determinants of bank profitability can be broadly grouped into two. The
first stream of research examined factors that drive the level of profitability in a bank using cross-country data while the
second stream examined the drivers through employing the country-specific data.

The first stream of research work includes Flamini et al.(2009), Titko et al.(2016), Petria et al.(2015) , Djalilov and
Piesse(2016), Bourke (1989), Short (1979), Pasiouras and Kosmidou (2007), Hsiech and Lee (2010), Molyneux and
Thornton(1992), Ben and Omran (2011), Albertazzi and Gambacorta (2009). For instance, Djalilov and Piesse (2016)
examined the factors that influence the level of bank profitability in transition economies particularly in Central and
Eastern Europe between 2000 and 2013 for 275 banks using the generalised method of moments (GMM) technique.
They found that credit risk positively and significantly determined bank profitability in the early transition but exhibited
a negative impact in the late transition countries. The adverse relationship was found between governance and bank
profitability, and between monetary freedom and bank profitability only in late transition economies. In addition,
better-capitalized banks were more profitable in early transition countries.

However, Titko et al. (2016) conducted both multiple regression and correlation analyses to determine the drivers of
bank profitability in Latvia and Lithuania from 2008 to 2014. Their findings indicated the absence of a significant link
between net interest margin (measures profitability for Latvia), net commission and fees income as a percentage total
assets (measure profitability for Lithuania), and independent variables.

Petria et al. (2015) employed panel data to analyse the determinants of bank profitability in the European Union
between 2004 and 2011 with the aid of fixed effect and random effect models. Their result showed that bank
profitability (returns on average assets and returns on average equity) received significant influence from credit and
liquidity risk, management efficiency, the diversification of business, the market concentration/competition, and
economic growth. However, bank size did not exhibit any significant influence on ROAE but had a small and weak
significant impact in the case of ROAA. Furthermore, Ben and Omran (2011) examined the influence of bank
regulation and financial reforms on banks’ performance in MENA region by applying the dynamic system generalised
method of moments (GMM) technique for the sample period 1988-2005. They found that the bank-specific variables
particularly bank capitalization and credit risk exhibit a positive and significant impact on net interest margin, cost
efficiency and profitability of banks, but no significant influence from macroeconomic and financial development
variables. In addition, they identified that regulatory and institutional variables have an influence on bank performance.

In the same vein, Hsieh and Lee (2010) empirically addressed the puzzle between banking competition and profitability
for 61 countries from 1992 to 2006 using the dynamic generalised method of moments (GMM) technique. They
concluded that higher degree of activity restriction with the change in market structure boosts banks' profit; while
restriction of commercial banks to involve in non-banking related activities, as well as an entry barrier for foreign banks,
would weaken the positive link between banking competition and profit. In addition, the positive link might be
weakening in economies with a sound financial system or high income per capita; and greater competition would
mitigate the influence of banking competition on profit.

However, Albertazzi and Gambacorta (2009) investigated the link between business cycle fluctuations and banking
sector profitability in selected 10 countries from Euro area and the Anglo-Saxon region between 1981 and 2003 using
the generalised method of moments (GMM) estimator. Their findings indicated that gross domestic products (GDP)
influenced both net interest income and loan loss provisions; and fluctuations of the long-term interest rate exhibited a
slight impact on the net interest income in Italy, Spain and Portugal but a substantial impact recorded from the money
market interest rate.

Similarly, Flamini et al. (2009) empirically examined the determinants of bank profitability in Sub-Saharan Africa
between 1998 and 2006 using the panel data. With the aid of Arellano-Bond two-step Generalized Method of
Moment(GMM), they found that variables such as bank size, activity diversification, and private ownership have a
positive influence on the level of bank profitability(ROA) in the region. Also, their results revealed that returns on
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assets granger cause capital, implying that high returns are not instantly retained in the form of equity increases. On the
other hand, Pasiouras and Kosmidou (2007) analysed the determinants of profitability in 584 commercial banks for
selected fifteen European countries between 1995 and 2001 using a balanced panel dataset of 4,088 observations. They
applied fixed effect estimation technique, and their findings indicated that all independent variables significantly
influenced the level of profitability of both domestic and foreign banks. However, only the variable of concentration did
not exhibit a significant influence in the case of domestic banks’ profit.

Studies with a country-specific focus include Aburime (2008), Alkhazaleh and Almsafir (2014), Tariq and Usman
(2014), Ani et al.(2012), Naceur and Goaied (2008), Mamatzakis and Remoundos (2003), Sufian and Habibullah (2012),
Sufian and Habibullah (2010), Trujillo-Ponce (2013), Dietrich and Wanzenried (2010). Of recent, Boad (2015)
investigated factors that determine the bank profitability in Ghana with the aid of random effect and pooled models
from 1997 to 2014. He concluded that internal and external variables significantly determine bank profitability, unlike
other studies, found evidence of significant influence from only non-interest income. In addition, no significant impact
is recorded from variables such as the number of employees, inflation and real interest rate in Ghana.

Similarly, Alkhazale and Almsafr (2014) conducted an empirical analysis of determinants of bank profitability in Jordan
between 1999 and 2013 using the fixed effect regression model. Their result showed that capital structure, bank size,
and liquidity exhibit a significant influence on bank profitability. Tariq and Usman (2014) also analysed the
determinants of profitability level among Pakistan banks for the sample period 2004-2010 by utilising both fixed and
random effect models. However, Antonio (2013) investigated what determines the profitability of banks in Spain using
data from 1999 to 2009 with the estimation technique of Generalised Method of Moments (GMM). He revealed that
variables such as the percentage of loans in total assets, customer deposits, efficiency and low doubtful assets ratio
positively affect bank profitability, but no effect of economies or diseconomies of scale, when profitability is captured
by return on assets (ROA).

Sufian and Habibullah (2012) employed an unbalanced panel data of 153 banks to examine the effect of globalisation
on bank performance in China with the aid of panel regression method. Their result revealed that bank profitability is
positively and significantly determined by trade flows, cultural proximity, and political globalisation. On the other hand,
Andreas and Gabrielle (2011) utilised unbalanced panel dataset of 372 commercial banks to examine the drivers of bank
profitability in Switzerland before and during the global financial crisis with the application of the dynamic system
GMM estimator. Their results revealed that capital ratio and credit quality exhibit no influence on bank profitability
before the financial crisis but a negative and significant impact during the crisis. In addition, taxation significantly and
negatively determines the level of bank profitability but market concentration (measured by Herfindahl Index) has a
significant and positive influence before the crisis. Whereas, ownership and market structure do not have any impact on
the level of profitability in the banking sector.

Sufian and Habibullah (2010) provided an empirical answer on whether economic freedom influences banks’
performance in Malaysia using panel data between 1997 and 2007 with the OLS estimation technique. They found that
economic freedom and business freedom have a favourable effect on banks’ performance while an adverse effect comes
from monetary freedom. They concluded further that corruption has a corrosive impact on Malaysian banks’
profitability. However, Aburine (2008) analysed factors that influence the profitability level in Nigerian commercial
banks using panel regression technique for the period 2000-2004. He revealed that bank profitability is significantly
influenced by variables such as capital size, the size of the credit portfolio, extent of ownership concentration, while no
significant impact was recorded from the size of deposit liabilities, labour productivity, and the state of IT ownership,
control-ownership disparity, and structural affiliation. Similarly, Ani et al. (2012) utilised pooled ordinary least square
(OLS) to investigate the drivers of bank profitability in Nigeria between 2001 and 2010. They found that bank size,
capital and asset composition mainly affect the level of profitability (ROA, ROE, NIM) in Nigeria.

Based on the above literature reviews, it is obvious that little research has been carried out for Nigeria where
commercial banks are so relevant for driving economic growth and development. In addition, the existing works found
mixed and inconclusive results while none of the reviewed studies pays attention to the effect of 2005 bank
capitalization in Nigeria. The need to fill this relevant gap motivates this study.

2.1 Methodological Review on Regulation and Bank Efficiency

Most empirical studies (Chortareas et al., 2012; Ben Naceur and Kandil, 2009; Ben Naceur and Omran, 2011;
Pasirouras, 2008; Barth et al., 2001; Demirguc-Kunt et al., 2004) either employ accounting ratios or frontier approach to
examine the effect of regulation on bank efficiency and performance.

Of recent, (2015) investigated the effect of banks’ business model characteristics on bank stability using a dynamic
panel model for 143 euro area banking groups over the sample period 1995-2014. In their model, bank risk is dependent
variables while explanatory variables are bank-specific characteristics, macroeconomic and financial conditions, and
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structural market features. The bank risk is captured by Z-score which is defined as the sum of the return on assets and
the equity-to-assets ratio over the standard deviation of returns on assets (computed using a five-year moving window).
A number of bank-specific business model characteristics entail the retail ratio, an efficiency measure (cost-to-income
ratio), a measure of income diversification (non-interest income over total revenue) a leverage ratio (equity-to-assets
ratio) and size (the logarithm of total assets).

In addition, their results found that persistence of bank riskiness over time, and for the full sample period, larger banks
and more retail-oriented banks are linked with lower default risk. Likewise, banks with more diversified income sources
and more cost-efficient banks are generally less risky, and better-capitalized banks have lower default risk. Data are
obtained from Bank scope, Bloomberg and SNL financial. The sub-sample periods are a pre-crisis period (2000-2007)
and a crisis/ post-crisis period (2008-14).

Poghosyan and Kumbhakar (2010) applied a translog model to examine the cost efficiency of 681 banks in emerging
economies for the sample period 1993-2004. Their findings based on a stochastic frontier techniques indicate that the
average efficiency of 0.69. Similarly, Du and Girma(2011) estimated the cost efficiency model of 14 banks in China
using the SFA between 1995 and 2001. They found that cost inefficiency ranges between 1.30 and 1.56. Other studies
such as Williams (2012), Kumbhakar and Wang (2007); Manlagmit(2011); and Kasman and Yildirim(2006) also utilised
the stochastic frontier analysis to estimating technical efficiency, cost efficiency and profit efficiency of banks in
different countries. Williams (2012) estimated a profit efficiency of 0.50 in his work.

However, some research applied data envelopment analysis to estimate efficiency in terms of cost, technical, and profit
(see Yildirim, 2002; Denizer et al., 2007, Ozkan-Gunay, 2012). Denizer et al.(2007) found that liberalisation did not
improve the efficiency level of Turkish banks. Fukuyama and Matousek (2011) reported the positive effect of the
restructuring program on bank efficiency for the sample period 2001-2004 with the application of two-stage network.

3. Analytical Framework and Methodology
3.1 Analytical Framework

This study applies a stochastic frontier analysis (SFA) to examine the influence of internal regulation on bank
performance in Nigeria. The stochastic frontier method is initiated in the mid-1970s with the aim of estimating
production functions, with a room for inefficiency among firms (see Aigner, Lovell and Schmidt, 1977; and Meeusen
and Van dem Broeck, 1977). Numerous studies have employed to investigate banking efficiency. For instance, Berger
and Mester(2001) for US banking; Mendes and Rebelo(1999) for Portugal; Griffell-Tatje and Lovell(1996) as well as
Kumbhakar et al.(2000) for Spanish banking; Berg et al.(1993) for Nordic banking; and Kumbhakar and Sarkar(2003)
for banking in India. Despite many efficiency types of research that focus on one country, little or scanty works have
been conducted in developing nations like Nigeria.

Among the basic assumptions of the SFA approach is that firms in any economy do not always operate efficiently. Also,
banks with similar features might not produce the same output, because of difference in their cost and profits. The
differences arise from technical and/or allocative inefficiencies. For example, failure to attain the maximum possible
output given the available inputs indicates technical inefficiency. On the other hand, allocative inefficiency denotes the
inability in achieving the optimal allocation of inputs given input and output prices. This implies that the bank has not
utilised the inputs in order to minimise costs. Both types of inefficiency pose a huge burden on the cost. The entire cost
efficiency captures the decline in costs that can be achieved if a bank is both allocatively and technically efficient. In
addition, it measures how close a bank cost is to what a best practice banks cost incurred in producing the same output
bundle under the same conditions (Berger and Mester, 1997). The cost functions are difficult to observe directly.
Therefore, inefficiency is determined against an efficient cost frontier. The SFA is employed in this study due to its
ability to control for measurement error and other random effects. Unlike other SFA approaches, the Battese and
Coelli(1995) SFA model estimates both the cost-frontier and the coefficients of the efficiency variables concomitantly.
In addition, the BC model accommodates the unbalanced panel data in its estimation.

In order to observe the regulatory effects of the efficiency of the commercial banks, this study measures the cost
efficiency of Nigerian commercial banks for the sample period 2001-2015. The nature and the scope of the data are
influenced by data availability. Sheppard (1970) indicated how cost function can be derived from a product function and
input prices. The cost function approach represents the dual of the production function approach. The cost function
method is applied due to the easier estimation in multiple outputs unlike the production function approach with the
assumption of a single output in the context of the SFA. In addition, the assumption of cost minimization is made in the
cost function unlike output maximisation assumed in the production function approach. The cost function approach is
more fitted in a competitive environment.

Based on this, the study adopts a cost function technique to estimate the effect of CBN regulation on the cost efficiency
of commercial banks, with the use of a recent dataset. To the best of the author’s knowledge, no study has been done on
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examining the regulatory effect on bank efficiency in Nigeria using a stochastic frontier analysis with the recent data.

In line with Aigner et al.(1997) and Meeusen and van den Broeck(1977), this study’s stochastic cost frontier function
can be specified as follows:

Cit = CVie, Wie, 915 B) + exp(uy) + exp(Vyr) 3.1
Where C;; denotes the total cost of bank i incurs at time t, y;; is its output, w;; represents a vector of input prices, q
is control variables and § is a vector of all parameters to be estimated. u; denotes inefficiency term which is
independent identical distributed with a truncated normal distribution, while V;; captures measurement error and
random effects, and is distributed as a standard normal variable. Both u;; and V;; are time and bank specific. Variables
such as output and input price enter into the cost function while capital adequacy (CADE) and discount rate (DISC) are
inculcated into the inefficiency equation.

This study implicitly assumes that banks have equal access to the same banking technology. In addition, a bank is
regarded as inefficient if its costs outweigh those of an efficient bank rendering services under the same existing
environment.

Different techniques have been applied in the literature to model the non-negative inefficiency component u;¢. This
study utilises the true fixed effects model of Greene (2005), which considers time-invariant bank specific heterogeneity
and time varying inefficiency separately by building bank specific dummy variables into the cost function. Based on
this, it differentiates unobserved heterogeneity from inefficiency. However, in order to prevent an over specified cost
function, the heterogeneity is integrated into the inefficiency distribution as suggested by Greene (2004). Therefore,
time-varying inefficiency effect u;; is expressed as:

Ujp = |N(liit, 613)| 3.2
i, = & +1'zy 33
Where z;; represents the vector of explanatory variables such as CADE and DISC that may affect bank inefficiency, n
is the vector of parameters to be estimated and &; is the bank specific intercept while o2 denotes the variance of
inefficiency. The study assumes that u; is a truncated-normal distribution with heterogeneous mean across banks.

Therefore, cost efficiency for an individual bank is the ratio of the cost of the best practice firm having zero inefficiency
and the cost of that bank. This can be written for the ith-bank at the t-th observation as:

CE;; = exp(—u;) 34
This makes the cost efficiency range between zero and one.
This study utilises a Cobb-Douglas cost function as observed in the literature for the cost frontier function as:
Ci i
() = Bo + Bulnyict Boln () + i 6 In qic + e + vy 3.5

Where In C;; denotes the natural logarithm of the total cost of the ith bank in period t, Iny;, is the natural logarithm of
the output, Inwy,;, represents the natural logarithm of its kth input prices, ln g;; captures a vector of control variables
such as bank size.

The normalisation of costs and input prices by one of the input price (w,;;) is done to impose linear homogeneity
restriction. Then, the one-step maximum likelihood estimation approach is applied to estimate the parameters of the cost
function and the inefficiency model. This method concomitantly estimates the stochastic cost function and the
inefficiency correlates. In addition, it captures the possible correlation between the variables, influencing the cost
function and the correlates of the inefficiency.

3.2 Methodology

This segment describes variables, sources of data and methodology.

3.2.1 Variables and Sources of Data

This study compiles its dataset from the Annual Financial Reports of 14 commercial banks in Nigeria from 2005 to
2014. The availability of data limits the study to choose 14 out of 20 Nigerian commercial banks, as well as the covered
sample period.
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Table A.1. Variables Description

Symbol  Variables Proxy Data Source
Dependent Variables
Cost Total Cost Interest expenses+ Non-interest expenses ~Annual Financial Reports

Explanatory variable

SIZE Bank Size the logarithm of total assets Bloomberg/Company’s financials

CADE Capital Adequacy Equity/Total assets Bloomberg/Company’s financials

PRICES Price of Physical capital and labour  Non-interest expenses/total expenses Bloomberg/Company’s financials
Price of loanable funds Total interest expenses/total deposit

Y Total loans Bank Output Bloomberg/Company’s financials

Regulatory factors (external)

DISC Discount rate Discount rate (annual %) World Development Indicator(WDI)

Note: All input and output prices are specified in Nigerian currency.
Source: Author’s compilation

In line with the existing literature, this study identifies the potential efficiency correlates as capital adequacy, bank size
and regulatory rate. Capital adequacy is included to capture regularity conditions. A prior expectation is that there is a
negative link between inefficiency and capital ratio because a higher capital ratio indicates that banks are less risky and
they can borrow at lower interest rates and have lower costs(Fries and Taci, 2005; Kumbhakar and Wang, 2007;
Manlagnit, 2011).

In addition, the bank size is included in order to examine the impact of scale bias on inefficiency as observed in Hao et
al. (2001), Demir et al. (2005) and Banker et al. (2011). Discount rate as a proxy for bank regulation is incorporated to
investigate the influence of regulations on the cost efficiency of Nigerian commercial banks.

Hypothesis Testing

H,: Increase in regulation or unstable regulation leads to higher cost inefficiency in commercial banks.

Hy: H, is false.

4. Empirical Results and Discussions

The efficiency analysis mainly depends the choice of variables. Therefore, selecting the most important independent
variables is significantly required in the efficiency analysis, since the exclusion of relevant variables could lead to
wrong conclusions, while the inclusion of unnecessary variables might make the analysis chaotic, and interpretation
difficult.

Based on this, the study specifies a set of potential efficiency correlates in the model, in line with the data availability. It
investigates the degree of persistency in cost inefficiencies of commercial banks with the aim of providing an answer to
whether an inefficient bank becomes efficient or remains inefficient over time.

As presented in Table 2, the mean of total cost records the highest while capital adequacy (CADE) accounts for the
lowest expected value. Similarly, the lowest standard deviation is attributed to capital adequacy variable. This implies
that there is a low level of uncertainty in the movement of the capital adequacy among the commercial banks (Table 2).

Table 2. Descriptive Statistics

Statistics CADE DISC LN(COST) LN(PRICES) LN(Y) SIZE
Mean 0.1423 10.3500 14.4342 3.0853 12.0530 5.6515
Median 0.1402 11.0000 14.6131 3.3708 12.4282 5.7933
Maximum 0.4052 13.0000 17.8927 6.2973 14.6138 6.6378
Minimum -0.3100 6.0000 9.5380 -1.1545 7.0176 3.3423
Std. Dev. 0.0802 2.4408 1.6202 1.2448 1.5853 0.6517
Skewness -1.2765 -0.7049 -0.9088 -1.8086 -1.1115 -1.2696
Kurtosis 10.8799 2.1784 3.7105 7.0740 4.0038 4.5802
Jarque-Bera 400.2233 15.5328 22.2145 173.1380 34.7026 52.1787
Probability 0.0000 0.0004 0.0000 0.0000 0.0000 0.0000
Sum 19.9255 1449.0000 2020.7940 431.9466 1687.4150 791.2129
Observations 140 140 140 140 140 140

Source: Compiled by the Author

Table 3 summarises the results of stochastic cost frontier without any consideration for time effect. The results reported
in the table suggest that bank output, input prices and bank size have a significantly positive influence on the total cost
of operating commercial banks in Nigeria. However, capital adequacy and discount rate negatively affect the cost
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inefficiency incurred by Nigerian banks. It is only the variable of capital adequacy that is statistically significant at 10
percent. This is in line what is theoretically expected that the higher the capital adequacy growth, the lower the total cost
inefficiency of the commercial banks in Nigeria.

On the other hand, central bank regulation through discount rate (DISC) has an insignificant negative effect on the
measured banks’ cost inefficiency. This supports the view that limiting bank activities reduces their income generating
channels which lead to a reduction in their level of performance(or increase the total cost) as found in Barth et al.
(2001). In addition, the study finds that the larger size of the bank increases the cost. This indicates that cost of running
the large size outweighs the benefit derived from being large. Both inefficiency and random error terms have a positive
and significant coefficient on the cost of running commercial banks in the country.

In order to capture the cost efficiency of Nigerian banks over time, the study investigates how the time influences the
costs incurred. The results of Table 4 are obtained by adding time effect to the model of table 3. The time term has a
positive and significant coefficient while other independent variables have similar influence with what reported in Table
3, except that discount rate is statistically significant. In addition, no significant impact comes from capital adequacy.
Both inefficiency and random error terms have a positive and significant coefficient on the performance level of
commercial banks in Nigeria. The coefficient impact of inefficiency on total cost incurred by Nigerian commercial
banks reduces to about 0.523 under the time effect model. This implies that over time, the banks minimise their
inefficiency or improve their cost efficiency.

Table 3. Estimation Result of Stochastic Cost Frontier with no time effect

Variable Estimate Std. Error z value Pr(>|z|)
Dependent variable: Cost Frontier

(Intercept) 5.3740 0.6719 7.9983 1.2612e-15
Explanatory variables

LN{INPUT PRICES) 0.4229 0.0705 5.997982 1.9978e-09
LN (Y) 0.3375 0.0823 4.103067 4.0771e-05
SIZE 0.8664 0.2189 3.957953 7.5595e-05
CADE -1.4277 0.7486 -1.907236 5.6490e-02
DISC -0.0303 0.0202 -1.501338 1.3327e-01
Error components

sigmaSq 0.9790 0.3352 2.9209 3.4906e-03
Gamma 0.6593 0.1269 5.1960 2.0365e-07

Source: Compiled by the Author
Table 4. Estimation Result of the Stochastic Cost Frontier with time effect

Variable Estimate Std. Error z value Pr(>|z|)

Dependent variable: Cost Frontier

(Intercept) 7.4820 1.1139 6.7171 1.8534e-11
Explanatory variables

LN(INPUT PRICES) 0.5544 0.0941 5.8905 3.8493e-09
LN (Y) 0.2498 0.0906 2.7559 5.8522¢-03
SIZE 0.6085 0.2421 2.5129 1.1974e-02
CADE -0.7068 0.8220 -0.8598 3.8990e-01
DISC -0.0419 0.0199 -2.1056 3.5238e-02
Time effect

TIME 0.1107 0.0500 2.2126 2.6927e-02
Error components

sigmaSq 0.5227 0.1836 2.8464 4.4221e-03
Gamma 0.4055 0.1982 2.0460 4.0761e-02

Source: Compiled by the Author
5. Conclusion

Nigeria's commercial banks witnessed a growth rate of 17.62 percent in terms of total bank loans and advances to the
private sector at the end of first half of 2016, against a fall of 1.44 percent in the same period of 2015. The largest
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proportion of this credit went to the oil and gas sector. The recent poor performance of the oil and gas sector partly due
to a decline in oil price and output has posed a tremendous challenge to the Nigerian economy and its financial stability.
This led to different banking regulations by the monetary authority.

Therefore, this study aims to examine the influence of CBN regulation on the cost efficiency of commercial banks in
Nigeria. The study utilises a panel dataset that covers 14 commercial banks to perform its analysis. It extends the
frontier of research by investigating bank regulation in Nigeria that were not explored before in the literature using the
stochastic cost frontier technique. In addition, it is the first research on the subject dedicated to Nigeria. It provides the
first detailed analysis that examines how commercial banks' costs are affected by the CBN regulation.

The study finds that central bank regulation through discount rate is associated with reduced banks’ cost inefficiency. It
also finds that the banks’ output (loans), the input prices and the bank size, have positive and significant effects on the
total cost incurred by Nigeria’s commercial banks. For instance, the higher level of input prices increases the total cost
of the banks. The outcomes of the study exhibit strong policy implications as they underscore the need to address
inefficiency and disturbance term arising from external factors such as exchange rate volatility and capital flights as
they significantly contribute to the total cost of operating commercial banks in Nigeria.

However, there are enough rooms for further future research. One area of research is to examine the regulations and
banks’ cost efficiency by classifying the commercial banks into large and small size group. Another to be explored is to
address the issue of unavailability of sufficient data in order to estimate the cost function and analyse it using efficiency
tools. Quantifying the different categories of bank regulation and examining their effects on bank efficiency is another
field of future research.
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