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Abstract

This paper investigated the consistency of technical, allocative and cost efficiency of deposit money
banks in Nigeria over the period 2010 to 2017 using non-parametric, data envelopment analysis
(DEA) techniques. Among others, the results suggested moderate consistency between cost and
fechnical efficiency and higher allocative efficiency scores rankings. Based on these findings, the
paper concluded that the efficiency levels of the sector were relatively strong, implying that as
financial deepening improved, the sector’'s ability 4o. finance real activity grew stronger; further
improving banking habits and the efficiency of intermediation. However, technical inefficiency was
the major source of inefficiency, which calls for managerial development.in order to scale up the
efficiency levels.
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l. Introduction

three decades, as changes in the operating environment have had substantial

implications for the way and manner banking services are carried out. Deregulation,
globalisation, financial innovation and fechnological progress have all impacted
gradually on.their operational efficiency (Dong et al, 2014). However, given the
importance of efficiency measures, as a tool for policy makers and market participants in
assessing banks’ ability to offer value-adding services, both regulators and practitioners
rely increasingly on economic theory. and empirical analysis o measure the efficiency of
banks and compare peersin consolidating market position (Fiorentino et. al., 2006).

Globolly, the banking sector has witnessed significant developments during the last

Therefore, the measurement of efficiency and productivity in the performance of
individual banks and the industry are fundamental to their operational sustainability and
economic growth. Banking system assets constitute a substantial proportion of total
output. Banks take deposits, create credits, and provide liquidity for a smooth functioning
payments system. An efficient banking system is essential for building sustainable
economic growth and vibrant economic system. Therefore, the essence of enhanced
economic efficiency is to reduce spreads between lending and deposit rates, which
allows financial and real resources to flow freely to their highest-return uses. This is likely to
stimulate both greater mobilisation of savings through the banking system and increase
loan demands for small businesses and industrial investment (Karimzadeh, 2012).

* Fagge Auwalu is a staff of the Research Department, Central Bank of Nigeria. The usual disclaimer
applies.
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According fo lkhide(2000; pp. 4) “Banks in most developing countries, operafte with
relatively wide spreads. Although, government policies and regulations, as well as, poor
state of infrastructure are considered major causes of such wide spreads. However, studies
on banking efficiency have pointed at operating inefficiencies as one other possible
source that needs to be investigated. Wide spreads affect infermediation and distort
prices thus impairing the role of the financial system in conftributing to rapid economic
growth”.

Nevertheless, the Nigerian banking sector has witnessed remarkable reforms in recent
decades, given the increasing wave of globdalisation, structural and technological
changes, and integration of financial markets. These reforms have been channeled
tfowards: achieving further liberalisation of banking business; ensuring competition and
safety of the system; and proactively positioning the industry to perform the role of
intermediation and playing a catalytic role in economic development (Kama, 2006).
Consequently, the Central Bank of Nigeria (CBN), in collaboration with the other
stakeholders, has adopted several policies to promote the fransformation of Nigerian
banking system info market-oriented industry. Policy and regulatory frameworks, including
the system of prudential regulation and supervision, were overhauled, including code of
conduct and laws on sound fransactions. Beyond these, banking consolidation was
implemented fto position the industry fo meet up with the global market and technological
progression.

The reforms, among others: ensured the protection of depositors’ funds, by ring-fencing
banking from other non-banking businesses, as redefined in the licensing model of banks
and minimum requirements to guide bank operations, going forward; regulated the
business of banks without hindering growth aspirations; and facilitated more effective
regulatfor intervention in public interest enfities. The redefined model allows for three
categories of banks, as follows: commercial (international, national or regional), merchant
(national) and specialised (non-interest-national or regional, primary mortgage, micro-
finance, development banks), with their respective capital requirements.

Studies on banks' efficiency have been conducted in several countries. In Nigeria, the
studies include Fagge et al., (2012); Ehimare, (2013); Oluitan et al., (2015); Jibrin et al.,
(2015); Nyong, (2017); Ajayi et al., (2017); and Oke et al., (2017) with varying results and
policy implications. For instance, Fagge et al., (2012) conducted a study on the extent to
which banks’ efficiency has changed over time in Nigeria. The results revealed mixed
developments in terms of technical, pure technical and scale efficiencies of banks during
the assessment period. Average pure technical efficiency at 39.8 per cent was higher than
the scale and technical efficiencies at 30.0 and 24.5 per cent, respectively. Whereas
average fechnical change and efficiency change index were at 1.2 and 2.3 points,
respectively.

Ehimare (2013) and Ajayi et al., (2017), conducted similar studies on banks’ efficiency,
using DEA technique. The results of these studies suggested that while some banks
remained efficient throughout the study periods 2006 — 2009, others were inefficient banks.
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Specifically, the natfional licensed banks recorded better mean efficiency scores in 2011,
2012 and 2013, whereas the international licensed banks achieved efficiency scores in
2014 and 2015. The inefficiency scores were attributed to scale inefficiency rather than
pure ftechnical inefficiency. The papers called for the regulatory authority to ensure
regulatory compliance. Oke et al., (2017), suggested that small banks fend to be more
cost-efficient than medium and big banks. Similarly, medium-sized banks tended to be
more cost-efficient than big banks, whereas big banks recorded the highest cost
efficiency scores in post-consolidation period, due to scale economies. However, cost
efficiency of the sector was the highest during consolidation period, followed by pre-
consolidation and least in three years after consolidation. Therefore, the study called for
improved corporate governance, best managerial practice to achieve efficiency.

Findings from Nyong (2017), revealed high record of inefficiency among the banks, due o
waste in utilisation of resources. Inefficiency ranges from 36 per cent in 2001 to 45 per cent
in 2002 and from 34 per cent in 2009 to 35 per cent in 2008. The banks’ inefficiency is due
more to pure technical efficiency rather than scale efficiency. The sources of inefficiency
were linked fo: low capital-fo-asset rafio; high operating expense-to-income ratio; low
returns on equity; market share; interest expense-to-deposit ratio; and low liquidity ratio.
The results had strong policy implications for banks and called for the
regulatory/supervisory authorities fo minimise distress and avert bank failure.

This research work was carried out fo fill the gaps on the basis of the issues raised in some
of the previous studies. Specifically, this study expanded the scope of the study by Fagge
et al., (2012) by examining technical, allocative and cost efficiency of Nigerian deposit
money banks. The choice for this scope covers the period of economic crisis and its effect
on the baking system as well as the policy measures taken to address the issues.

The objective of this.paper, therefore, is to assess the efficacy of Nigeria's banking system
by examining the developmentsin technical, allocative and cost (economic) efficiency of
deposit money banks. The paper is. divided into five sections. Following the introduction,
Section 2 presented a brief review of the related literature, while Section 3 examined the
empirical model and methodology. Sections 4 contained model specification and analysis
of data, while Section 5 provided the conclusion and policy recommendations.

Il. Related Literature

A number of studies have been conducted on banks' efficiency. This paper seeks to
enrich the existing literature on economic efficiency of the banking sector. Mamonov and
Vernikov (2015) conducted a study comparing efficiency of public, private and foreign
banks in Russia, using stochastic frontier analysis (SFA) of bank-level using quarterly data
spanning 2005 to 2013. The results suggested that foreign banks appeared to be the least
cost-efficient, while the core state banks were, on the average, nearly as efficient as
domestic private banks. The results further showed that foreign banks were capable of
being more cost-efficient than others, if they increase loans-to-assets ratfios above the
sample median level. Conversely, core state banks led in terms of cost efficiency, if their
loans-to-assets ratio fell below the sample median level.
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Jreisat and Al-Barghouthi (2015) examined cost efficiency for 17 Jordanian banks (2 large,
8 medium, 4 small and 3 foreign) for the period 1996-2007, using the parametric stochastic
frontier analysis (SFA) technique, based on the measures or indicators of cost efficiency
identified by Papke and Wooldridge (1996). The research findings showed that both the
domestic and foreign banks had shown slight improvements. In addition, the paper
investigated whether or not ownership structure, size, number of branches and automated
teller machine (ATM), bad loan and age of the bank significantly affected the cost
efficiency levels of Jordanian banks. The results showed that differences in ownership
structure significantly affected Jordanian banks performance in terms of cost efficiency.

Zhao and Kang (2015) examined the cost efficiencies of 18 Chinese commercial banks,
divided into state-owned and the joint-stock banks, using stochastic frontier analysis (SFA)
technique. The findings revealed that there was an upward trend in the overall mean of
cost efficiencies of the sample banks. The cost efficiencies of the state-owned banks had
improved greatly, while the cost efficiency gap between the state-owned banks and the
joint-stock banks decreased. Overall, the economic (cost) efficiency of the 18 Chinese
commercial banks increased.

Raina and Sharma (2013) examined the cost efficiency of Indian commercial banks, using
data envelopment analysis (DEA) over the period 2005:06 to 2010:11. They specifically
incorporated interest and non-interest income measures in their estimation. The result
showed that despite the existence of enabling environment, which served as a catalyst in
improving the level of cost or economic efficiency, there was noticeable record of
inefficiency among the banks, due to the regulatory challenge, rather than the
managerial difficulties.

Raphael (2013) used data envelopment analysis (DEA) fechnique fo assess the relative
efficiency of 58 selected commercial banks operating within the East African Community,
which include Tanzania, Kenya, Uganda, Rwanda and Burundi, from 2008 to 2011. The
estimation results were mixed indicating a sharp decline of technical efficiency from 0.81
in 2008 to 0.56 in 2009. It, however, showed an increasing frend afterwards, reaching 0.73
in 2011. The result further revealed that most commercial banks in the Zone were operating
at a decreasing return to scale, implying inefficient utilisation of input. The study
recommended that banks should make use of their underutilised resources and reduce
operating expenses In order to be relatively efficient in the production frontier.

Tabaok et al., (2011) studied the influence of banks’ concentration on cost and profit
efficiency, using a sample of 495 Latin American banks over the period 2001-2008. The
results indicated that: scale efficiency of the banks were close to their optimal size; banks
were more inefficient in profits than in costs; concentration impaired cost efficiency; larger
banks had higher performance, but this advantage decreased in concentrated markets;
private and foreign banks were the most efficient; and most banks were operating with
increasing returns of scale.
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Xianga et al., (2011) employed a mixed two-stage approach to estimate and explain
differences in the cross-country efficiency of 10 Australian, 5 UK and 8 Canadian banks
over the period 1988 to 2008, using stochastic distance, cost and profit frontiers. Their
results showed that Australion banks exhibited superior efficiency, compared with their
Canadian and UK counterparts. Key factors found to have affected efficiency positively
included the level of intangible assets and the loans-to-deposits and loans-to-assets ratios.
In contrast, key factors found to affect efficiency negatively included bank size and the
ratios of loan loss provisions-to-total loans and the debt-to-equity rafios.

Brack and Jimborean (2010) investigated the economic efficiency of French banks vis-a-
vis their European (Germany, Italy, Spain, and the United Kingdom) and the United States’
10 biggest counter-parts over the period 1994-2006 using DEA technique. The results
showed improvement in cost-efficiency of French and Spanish banks, while there was
deterioration in the other countries. Further tests of convergence suggested that inefficient
banks had reduced the gap during the period. They also applied censured Tobit model
and proved that capitalised, newly-established banks, with fighter ratfios of Tier 1 capital
and operating in a country with a lower GDP per capita recorded the highest cost-
efficiency scores.

Isik and Hassan (2002) employed both parametric and non-parametric data envelopment
analysis (DEA) techniques to examine technical, pure technical, scale, allocative, cost
and profit efficiency measures in the Turkish banking industry over the period 1988 - 1996.
The findings revealed that the heterogeneous characteristics of banks had significantly
impacted on their efficiency. Cost and profit efficiency had exacerbated over time. The
results also indicated that the dominant source of inefficiency was technical, rather than
allocative inefficiency, which was mainly attributed to diseconomies of scale. The study
recommended that government should implement financial reforms that would foster
competition in the sector and devise incentive schemes to improve managerial efficiency.

Oluitan et al., (2015) conducted a study on cost efficiency of some deposit money banks
(DMBs) in Nigeria. The work involved a sample of 15 banks using the stochastic frontier
model with data spanning 2002 to 2013. The findings showed that the efficiency of the
banks examined varied between 0.97 and 0.99 with an average value of 0.98. The study
established that these banks were highly efficient with cost in determining their non-interest
revenue at 99.9 per cent, which represented the highest level of cost efficiency attained.

M. Methodology

The literature distinguishes two main approaches in measuring banking efficiency;
parametric and non-parametric approach in which the specifications of a production
function is required in both methods. The parametric approach involves the specification
and econometric estimation of a statistical or parametric function, such as stochastic
frontier analysis (SFA), while the non-parametric technique offers a linear boundary by
enveloping the experimental data points, known as “Data Envelopment Analysis” (DEA)
(Karimzadeh, 2012).
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This study adopts the non-parametric technique of DEA because it allows the assessment
of the performance of banks as homogeneous decision making units (DMUs). The key
advantage of DEA is that it allows for a specification of multiple outputs and inputs unlike
the SFA. This study, thus, estimates technical, allocative and cost (economic) efficiency of
banks. The main objective of DEA is to establish which firms are operating on their efficient
frontier and which firms are not. If the firm’s input-output combination lies on the DEA
frontier, the firm is considered efficient; but the firm is considered inefficient if the firm’s
input-output combination lies inside the fronftier.

As cited by Tahir et al., (2009: PP 99) “the evaluation of bank efficiency creates several
problems, which arise as a result of the nature and function of financial intermediaries,
especially as banks are multi-product firms that do not produce or market physical
products. One of the major problems in the study of bank efficiency is the specification of
bank inputs and outputs. There has been long-standing disagreement among researchers
over what banks produce. The most debatable issue is the role of deposits and, more
specifically, whether they should be treated as inpufs and/or outputs. Some researchers,
such as Elyasiani and Mehdian (1990) and Lang and Welzel (1996) freat.them as inputs, but
researchers such as Berger and Humphrey (19921) and Ferrier and Lovell (1990), treat
deposits as outputs, while other researchers, such as Humphrey (1990) and Aly et. al.,
(1990) treat them simultaneously as inputs and outputs”(pp 99).

Thus, these studies as highlighted above indicate two ways of measuring bank outputs; the
production approach.and the intermediation approdch. Under the production approach,
banks create accounts and process deposits and loans;. and acquire operafing costs.
Under the intermediation approach, banks are treated as financial intermediaries that
combine deposits, labour and capital to produce loans and investments. The values of
loans and _investments are treated as output measures; labour, deposits and capital are
inputs; and operating costs and financial expenses comprise total cost.

.1 Data Envelopment Analysis

DEA has been identified as a linear programming technique that provides a means of
calculating apparent efficiency levels within a group of organisations. The efficiency of a
firm is calculated, relative to the group’s observed best practice. Thousands of DEA
studies have been reported in areas, including agriculture, education, financial institutions,
health care, transportation, public sector firms, sports, armed forces, market research,
among others. (Fagge et al., 2012).

As highlighted above, DEA is a deterministic fechnique for examining relative efficiency,
based on the data of selected inputs and outputs of a number of entities, called decision
making units (DMUs). From the set of available data, DEA identifies relatively efficient DMUs
(that are used as reference points), which define the efficiency frontier, and also
evaluates the inefficiencies of other DMUs, which lie below that frontier (Karimzadeh,
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2012). It also identifies for inefficient DMUs, the sources and level of inefficiency for each of
the inputs and outputs (Charnes et al., 1995; Repkova, 2015).

Similarly, DEA serves as an alternative analytic technique to regression analysis. Regression
analysis approach is characterised as a central tendency approach and it evaluates
DMUs relative to an average. In contrast, DEA is an extreme point method and compares
each DMU with the only best DMU. The main advantage of DEA is that, unlike regression
analysis, it does not require an assumption of a functional form to relate inputs and
outputs. Instead, it constructs the best production function solely on the basis of observed
data; hence, stafistical tests for significance of the parameters are not necessary
(Chansan, 2008; Karimzadeh, 2012).

According to Cook and Seiford (2009), the DEA approach has its origins in Farrell (1957)
who applied it to a production unit, employing d single input with which to produce a
single output. It was later generalised by Charnes et al. (1978), with the assumption of
constant returns to scale (CRS) to handle DMUs facing multiple inputs and multiple outputs.
In confrast to CCR model, the BCC's model (Banker et al., 1984) assumes a variable output
with respect to the scale. The model showed that the concept of efficiency measurement
can be divided into two components, technical efficiency (TE) and allocative efficiency
(AE). Furthermore, the technicallefficiency is decomposed to pure technical efficiency
and scale efficiency in order to measure the output to scale as well as efficiency itself.

Similarly, Farrell (1957) describes technical efficiency.as the firm'’s ability to obtain maximal
output from a given set of inputs, while allocative efficiency means the firm's ability fo use
inputs in opfimal proportions, given ifs respective prices and production technology. The
most conjoint concept is technical efficiency, which transforms physical inputs (services of
employees and machines). into outputs, relative to best practice. Technical efficiency
happens . when there is no possibility fo increase the output without increasing the input.
Thus, it<is really a prerequisite for.economic efficiency. Economic efficiency occurs when
the production cost of an oufput is as low as possible. In order to achieve economic
efficiency, technical efficiency must have been achieved. An organisation operating at
best practice is said to be 100 per cent technically-efficient. However, if the organisation
operates below best practice levels, then the organisation’s technical efficiency is
expressed as a percentage of best practice (Darrat et al., 2002). Managerial practices
and the scale or size of operations affect technical efficiency. Allocative efficiency occurs
when there is an opfimal distribution of goods and services, taking info account
consumer's preferences. Thus, it is at an output level where the price equals the marginal
cost (MC) of production.

Mathematically, relative efficiency of a DMU is defined as the ratio of weighted sum of
outputs to weighted sum of inputs. However, CRS efficiency scores will never be higher
than that of VRS efficiency scores. Similarly, in the CRS model, the input-oriented efficiency
scores are exactly equal to the inverse of the output-oriented efficiency scores
(Karimzadeh, 2012).
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According to Karimzadeh (2012), allocative efficiency is expressed as a percentage score,
with a score of 100 per cent, indicating that the organisation is using its inputs in the
proportions that minimises its costs, given relative input prices. Finally, cost efficiency (total
economic efficiency) refers to the combination of technical and allocative efficiency. An
organisation will only be cost-efficient, if it is both fechnically and allocatively efficient.
Thus, cost efficiency is calculated as the product of the technical and allocative efficiency
scores, expressed as a percentage. So an organisation can only achieve a 100 per cent
score in cost efficiency if it has achieved 100 per cent in both technical and allocative
efficiency.

According to Darrat et al., (2002) to compute cost efficiency for a particular bank(x), we
first find the minimum cost of producing outputs, given'input prices(y). Suppose that there
are (n) banks, utilising (m) different inputs, to.produce (s) different outputs, cost
minimisation is calculated by the following linear. programming problem:

m n
Mini Y W, subjectto > 1,0, 2 Op,
i=1 j=1

Zlﬂ’jlij < Lijos (1)
j=

> =1, 2j >0.
j=1

Where for bank j, N andwjare the intensity variable and input prices, respectively. Oy is the
rth output variable of the bank; [; is the ith input variable of the bank; Ojo is its observed
output vector; and i is its observed input vector. Cost efficiency for bank j is measured by
the ratio of minimum cost to actual cost incurred by the bank. In order to calculate
technical efficiency (TE) for bank j, we solve the following linear programming problem:

n
Min @, subject to ZZJO”- =20,
j=1

D Ak <Oy, (2)
j=1

4j>0.

As highlighted above, technical efficiency (TE) can be decomposed into pure technical
efficiency (PTE) and scale efficiency (SE). Scale efficiency occurs if the bank does not
operate at constant return to scale, while pure technical efficiency accounts for efficient
input utilisation.

Iv. Analysis of Data and Model Specification

This paper relied on the intermediation approach, given the financial intermediary role
banks play in the economy, to define bank inputs and outputs. Accordingly, four inputs
were used consisting of average total assefs; total deposits; capital employed; other
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operating expenses, while the four outputs included profit before tax; gross earnings; total
loans and advances; and value-added.

IV.1 Empirical Findings

In this section, we present the estimated results of the technical, allocative and cost
efficiency scores for the examined banks, using performance improvement measurement
PIM-DEA software. DEA provides an efficiency rating that generally ranges between 0 and
1, which will interchangeably be referred to as an efficiency percentage ranging between
zero and 100 per cent. The upper limit is set as 1 or 100 per cent to reflect the view that a
DMU cannot be more than 100 per cent efficient. However, where it's more than 100 per
cent, it's called super-efficient.

Figure 1 (Appendix 1: Tables 1 - 4) showed the respective .technical, allocative and cost
efficiency scores of the banking sector for the reference period 2010 — 2017. The average
technical efficiency results for 2010,2011,2012,2013,2014,2015,2016 and 2017 were 72.6,
73.3, 89.7, 89.4, 88.5, 75.8, 74.0 and 81.8.per cent, respectively. Similarly, the average
allocative and cost efficiency scores for these periods were 92.5, 92.4, 91.4, 89.5, 93.3, 77.5,
91.8 and 87.5 per cent; and 87.0, 83.8, 83.4, 80.4, 868, 61.0, 83.7 and 87.5 per cent,
respectively. While the mean technical, allocative and cost efficiency indices were 80.6,
89.5 and 81.7 per cent, respectively.

Figure 1: Average Efficiency Scores for Banks (2010-2017)

100.0
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40.0
20.0
0.0
2010 2011 2012 2013 2014 2015 2016 2017
B Technical Efficiency (TE) B Allocative Efficiency (AE) Cost Efficiency (CE)

The efficiency estimates indicated that the efficiency levels of the sector were relatively
stfrong and the banking habit and efficiency of intermediation improved. Thus, these
factors helped in building up the efficiency levels for the Nigerian banking system over the
years. At micro level, in 2010, the technical efficiency measurement showed that 10 out of
22 DMUs recorded relative efficiency rating of 100 per cent each. These 10 banks
comprised the best practice set or best efficiency frontier. In other words, their input-
output combinations lie on the efficiency frontier, while the remaining 12 banks had their
input-output conditions inside the fronfier showing the remaining levels of inefficiency. This
implied that there were more inefficient banks in operation with other less-efficient banks.
Despite being inefficient, efforts were made by bank 03, bank 09, bank 12, bank 05 and
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bank 19, having scored 97.2, 91.2, 88.1, 85.8 and 84.5, per cent, respectively, to operate on
their frontier (Table 1).

Similarly, in 2011 and 2012, 9 out of 22 DMUs recorded relative efficiency rating of 100 per
cent, lower than the preceding period by 10 percentage points. Also, these 9 banks
comprised best efficiency frontier, which implied that their input-output combinations lied
within the efficiency frontier. Comparable analysis holds for the 2013, 2015 and 20156,
respectively, as 8 out of 22 DMUs were found to have operated on the frontier points.
However, in 2014 and 2017, the sector recorded the highest performance with 11 out of 22
banks and 17 out of 22 banks, each attaining 100 per cent relative efficiency level,
respectively.

The overall ratings of the industry suggested that 36.4 per cent of the DMBs were efficient
in 2013, 2015 and 2016; 40.9 per cent in 2011 and 2012; 45.5 and 50.0 per cent in 2010 and
2014; and 77.3 per cent in 2017. Similarly, an‘average of 19.5 per cent was required for
overall technical efficiency. This result further suggests that an average Nigerian bank, if
producing ifs output at 72.6 per cent on the efficiency fronfier, instead of its current
(virtual) location, would need only 27.4 per cent of the input currently being used in 2010.
This interpretation of efficiency frontier scores could be extended to subsequent periods in
the sample analysis.

This result connotes that the magnitude of overall average technical inefficiency in the
banking sector would-also need an index to the tune of 26.7 per cent in 2011; 10.3 per
centf in 2012; 10.6 per cent in 2013; 11.5 per cent in 2014;.24.2 per cent in 2015; 26.0 per
centin 2016; and 19 per centin 2017, to scale up the efficiency levels.

This analysis-further revealed that, by adopting best practice technology, deposit money
banks could, on the average, reduce theirinputs of average total assets, fotal deposits,
capital employed and other operating expenses by at least the levels of overall technical
inefficiencies for the respective periods, under review and sfill produce the same levels of
outputs. However, the pofential reduction in inputs for adopting best practices varied,
from bank to bank.

IV.2 Comparing Technical, Allocative and Cost Efficiency Scores

According Batir et al., (2017) technical efficiency measures the proportional reduction in
input usage, while allocative efficiency measures the proportional reduction in costs if the
right mix of inputs are chosen by banks. In addition, cost efficiency is equal to the product
of allocative and technical efficiency as cited in (Cooper, Seiford, & Tone, 2007, pp. 258-
260; Isik & Hassan, 2002a, pp. 723,724):

They further maintained that cost efficiency as a measure of proportional reduction in
costs, which can be acquired if the bank is technically and allocative efficient while the
allocative efficiency is the measure of proportional reduction in costs when the bank
chooses the right mix of inputs and technical efficiency is the measure of proportional
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reduction in input usage that can be obtained if the bank operates efficiently (Isik &
Hassan, 2002a, p. 719).

Therefore, efficiency scores are used to benchmark banks against the most efficient banks
operating under the same environment. As earlier mentioned, the average technical,
allocative and cost efficiency scores of the banking sector for the period 2010 — 2017 were
80.6, 89.5 and 81.7 per cent, respectively. This result showed that an average bank
operated at a technical efficient level of 80.6 per cent of the best performing bank in the
sample. This implied that the best performing bank used fewer resources in producing the
same amount of output as compared to the average bank in the sample. It indicated that
the average bank could have used 19.4 per cent less resources, if it had used the method
adopted by the most efficient bank. In other words, had.the average bank operated at
the same efficient level as the most efficient bank in the sample, it could have saved 19.4
per cent of the resources in producing the same amount of output.

The average allocative efficient score for the banking sectorwas 89.5 per cent, indicating
that the average bank could have appliedthe same amount of input using 10.5 per cent
less resources, if they had produced following the most efficient bank in the sample. The
results implied that using the same amount of resources; the average bank could have
used a relatively low volume of resources, if it had adopted the standard of the best
performing bank in the sample. Similarly, the average cost efficiency of the banking sector
for the period 2010 - 2017 stood at 89.5 per cent, indicating that an average bank
operated at an efficient level of 89.5 per cent of the best performing bank in the sample.
This means that the best-performing bank used fewer resources in producing the same
amount of output, compared to the average bank in.the sample. It implied that the
average bank could have used 10.5 per cent less resources if it had used the method
adopted by the best practice bank. In other words, had the average bank operated at
the same efficient level as the.most efficient bank in the sample, it could have saved 10.5
per cent.of the resources in producing the same amount of output.

Given that technical, allocative and cost inefficiency scores were low at an average of
19.4, 10.5 and. 18.3 per cent, respectively, suggested that banks experienced low levels of
wastage in the intermediafion process. The banks had substantial room for significant
technical, allocative and cost savings, if they had operated at the level of best practice,
performing bank in the sample (Table 4). Theoretically, a bank is fully-efficient, if it
produces the output level and mix that maximises profits and minimises possible costs.
Therefore, this result revealed that most banks were economically-efficient, indicating
profit maximisation at a given costs. According to Batir et al., (2017) as cited in Isik &
Hassan (2002a), technical efficiency is related to managerial issues, while allocative
efficiency is explained by regulatory factors.

More so, as indicated in Table 4, choosing the proper input mix and given the prices as
well as employing all factor inputs, the analysis showed that the average fechnical
efficiency index in 2010, at 72.6 per cent, was lower than allocative efficiency at 92.5 per
cent. The result implied that the main source of technical inefficiency was the cost
inefficiency at 13.0 per cent, which called for regulatory and managerial advice to scale
up the efficiency levels. Similarly analysis holds for all the remaining periods, except in 2013,
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where the allocative efficiency was marginally higher than the technical efficiency by 0.01
percentage points.

V. Conclusion

In Nigeria, the banking sector has witnessed significant developments over the last three
decades, as changes in the environment had substantial implications for their business
activities. Deregulation, consolidation, globalisation, financial innovation and
technological progress, all have gradually impacted on efficiency and performance of
the industry, propelled by investment in corporate and good governance, better
supervision, risk management, new information technology (IT innovation) and
competition. The banks have also improved on theirfunctional aftitude, strategies and
policies. Applying a non-parametric DEA approdch, this study examined efficiency
measures (fechnical, allocative and cost efficiency) of Nigerian deposit money banks.
Industry-wise, the frends showed an average cost efficiency scores of 72.6, 73.3, 89.7, 89.4,
88.5, 75.8, 74.0, and 81.8 per cent, respectively, in 2010, 2011, 2012, 2013, 2014, 2015, 2016
and 2017, with a conforming average inefficiency of 27.4, 73.3, 10.3, 10.6, 11.5, 24.2, 26.0
and 18.2 per cent, respectively, which served as their sources to capture both cost
(managerial) and allocative (regulatory) efficiencies.

Rationally, this inefficiency, though tolerable; has to be reduced in order to provide better
services to the customers and supply adequate. financial resources to the needs of the
growing economy. The result also revealed that the Nigerian banking sector reforms of
2004 and 2009 had impacted on' the <banks' size, profitability, fechnological
advancement, service delivery and, above all, economic efficiency, as evidenced by the
improvement in the measure of efficiency of the sector, which averaged, 80.0 per cent in
the review period.
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APPENDIX 1

Appendix 1: Technical, Allocative, Cost and Industry Average Efficiency Scores

Table 1
Charnes, Cooper and Rhodes (CCR) Technical Efficiency (TE) Percent
DMUs 2010 2011 2012 2013 2014 2015 2016 2017
BankO1 100 100 100 100 100 100 100 100
Bank02 100 100 100 100 100 100 100 100
BankO03 97.2 98.64 91.8 79.73 95.78 100 100 100
Bank04 100 100 98.74 85.43 99.32 71.77 69.17 100
BankO5 85.78 100 94.96 87.26 86.16 78.81 97.69 100
BankO6 100 100 78.72 89.26 100 83.16 81.66 100
BankO7 79.01 81.36 91.22 86.42 92.79 58.9 98.18 100
Bank08 100 80.52 92.07 84.73 82.95 67.33 100 100
BankO09 91.22 100 91.57 88.95 92.46 81.3 (0] (o)
Bank10 100 100 99.85 100 100 100 100 100
Bank11 (0] [6) 74.31 67.75 56.39 70.28 55.86 100
Bank12 88.08 61.92 87.4 86.21 100 58.97 (0] (0]
Bank13 100 100 100 100 100 100 100 100
Bank14 (0] (6] 8.07 56.5 82.87 32.27 78.8 100
Bank15 100 96.08 100 96.1 100 73.69 100 100
Bank16 100 85.84 77.06 76.78 73.09 72.49 63.53 100
Bank17 100 100 100 98.15 100 100 90.93 100
Bank18 71.64 76.9 87.13 100 100 100 95.95 100
Bank19 84.55 91.49 100 100 100 100 95.7 100
Bank20 (0] (o) 100 84.37 85.82 37.83 0 (0]
Bank21 (0] 39.65 100 100 (6] 79.74 100 100
Bank22 (0] (o) 100 100 100 (0] (0] (o)
Average 72.6 73.3 89.7 89.4 88.5 75.8 74.0 81.8
Table 2
Allocative Efficiency Ratings
DMUs 2010 2011 2012 2013 2014 2015 2016 2017
BankO1 100 100 100 100 100 92.84 100 91.09
BankO2 90.83 93.53 92.44 87.56 100 100 100 77.5
BankO3 90.67 91.01 93.22 96.28 97.42 65.58 100 81.83
Bank04 100 100 88.46 87.71 92.98 72.96 93.04 93.06
BankO5 89 89.26 95.59 94.32 96.95 74.77 94.84 76.29
BankO6 92.75 100 83.44 84.86 95.68 60.88 88.94 72.48
BankO7 92.81 86.87 91.02 87.57 87.15 88.91 91.06 81.69
BankO8 100 89 94.77 88.89 92.42 71.42 89.72 86.64
Bank09 98.94 100 98.41 95.55 92.12 66.03|NaN NaN
Bank10 100 99.71 95.92 94.3 92.28 64.14 91.43 88.75
Bank1l1l |[NaN NaN 69.37 86.32 86.53 57.27 62.27 57.87
Bank12 91.6 81.04 89.93 81.66 83.02 92.13[NaN NaN
Bank13 78.3 100 95.21 100 93.46 60 96.74 100
Bankl1l4 |[NaN NaN 63.98 78.59 82.97 80.31 96.8 80.22
Bank15 100 95.27 96.97 89.7 100 95.57 100 142.02
Bank16 68.71 73.49 88.93 82.9 92.3 71.61 86.43 85.24
Bank17 100 100 100 87.49 93.22 52.87 93.1 79.01
Bank18 90.36 94.21 92.87 75.12 87.81 100 93.94 81.59
Bank19 88.79 94.65 96.42 100 100 100 92.79 99.87
Bank20 |[NaN NaN 82.77 89.67 92.57 95.41[{NaN NaN
Bank21 |[NaN 75.79 100 90.57[NaN 64.48 80.56 100
Bank22 |[NaN NaN 100 90.32 100|NaN NaN NaN
Average 92.5 92.4 91.4 89.5 93.3 77.5 91.8 87.5
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Table 3

Cost Efficiency Ratings
DMUs 2010 2011 2012 2013 2014 2015 2016 2017
Bank01 100 100 100 100 100 92.84 100 91.09
Bank02 90.83 93.53 92.44 87.56 100 100 100 77.5
Bank03 88.14 89.78 85.58 76.77 93.31 65.58 100 81.83
Bank04 100 100 87.34 74.93 92.35 52.37 64.36 93.06
Bank05 76.35 89.26 90.78 82.3 83.54 58.92 92.64 76.29
Bank06 92.75 100 65.68 75.75 95.68 50.63 72.63 72.48
Bank07 73.33 70.68 83.03 75.68 80.86 52.37 89.41 81.69
Bank08 100 71.67 87.25 75.32 76.66 48.09 89.72 86.64
Bank09 90.26 100 90.12 84.99 85.18 53.68[NaN NaN
Bank10 100 99.71 95.78 94.3 92.28 64.14 91.43 88.75
Bank11 [NaN NaN 51.55 58.48 48.8 40.25 34.78 57.87
Bank12 80.68 50.18 78.59 70.4 83.02 54.33[NaN NaN
Bank13 78.3 100 95.21 100 93.46 60 96.74 100
Bank14 [NaN NaN 5.16 44.41 68.76 25.91 76.27 80.22
Bank15 100 91.54 96.97 86.21 100 70.43 100| 142.02
Bank16 68.71 63.08 68.53 63.65 67.46 51.91 54.91 85.24
Bank17 100 100 100 85.87 93.22 52.87 84.66 79.01
Bank18 64.73 72.45 80.91 75.12 87.81 100 90.13 81.59
Bank19 75.07 86.59 96.42 100 100 100 88.8 99.87
Bank20 |[NaN NaN 82.77 75.65 79.44 36.1[{NaN NaN
Bank21 [NaN 30.05 100 90.57[NaN 51.41 80.56 100
Bank22 [NaN NaN 100 90.32 100|NaN NaN NaN

Average 87.0 83.8 83.4 80.4 86.8 61.0 83.7 87.5
Table 4
Industry Average Efficiencies
2010[ 2011} 2012|  2013]  2014| 2015 2016|  2017|Overall Mean

Technical Efficiency (TE) 726 733 897 894 885 758 740 818 80.6

Allocative Efficiency (AE) 95 - 9240 914 895 933 75  9L8 875 89.5

Cost Efficiency (CE) 870] 838 84 804 88 610, &7 815 8L7

Number of Efficient DMUs/Banks

Technical Efficiency (TE) 10 9 9 8 11 8 8 17 100

Allocative Efficiency (AE) 6 6 4 3 5 3 4 1 4.0

Cost Efficiency (CE) 6 5 4 3 5 3 4 1 39

Industry (%)

Technical Efficiency (TE) 4550 409 409 364 500 364 364 TI3 45.5

Allocative Efficiency (AE) 273 23 182 136 2271 136 182 45 182

Cost Efficiency (CE) 73 n1 182 136 227 136 182 45 17.6

Note: In 2017, bank15 recorded Efficiency and Super-efficiency scores in both AE and CE levels.

Source: Author's Computation




