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Abstract
This study examines the impact of such financial strategies as income diversification, financial leverage, and liquidity 
management on the technical efficiency of Nigerian banks between 2010 and 2024. A two-phase methodology was used.  
In the first phase, efficiency scores were estimated using Data Envelopment Analysis (DEA), applying both raw and bi-
as-corrected measures. In the second phase, Tobit and Simar – Wilson bootstrapped truncated regressions were used to 
assess the influence of the financial strategies on bank efficiency. This ensures the robustness of results. The findings con-
firm that liquidity management consistently emerged as the only significant determinant of efficiency across both models. 
While Tobit results suggested that financial leverage might enhance efficiency, this effect was not supported under the 
more reliable Simar – Wilson procedure, indicating that leverage is not statistically significant. Income diversification, 
measured through Trading Income Ratio (TIR) and Fee and Commission Income Ratio (FCIR), was negligible in both 
models. Overall, the evidence shows that efficiency in Nigerian banks is driven primarily by effective liquidity manage-
ment, rather than by capital structure or income diversification.
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Introduction
The importance of the banking sector in today’s financial 
systems cannot be overemphasised. It promotes econom-
ic growth and investment. It also plays a crucial role in 
loan advancement and saving money. In many develop-
ing nations, such as Nigeria, banks are vital for money 
circulation, price stability, and development project fund-
ing. No wonder both academics and policymakers have 
developed a keen interest in the technical performance 
and efficiency of banks. Moreover, due to heightened 
competition, technological advancements and regulatory 
changes, Nigerian banks are striving to perform efficient-
ly for sustainability [1].
The ability of a bank to generate the maximum output from 
its available inputs is measured by technical efficiency, and 
it has been a crucial tool for evaluating an organisation’s 
performance [2]. Efficient banks can reduce waste, max-
imise resource use, and offer more value to both their cus-
tomers and shareholders. However, achieving this degree 
of efficiency requires more than just traditional financial 
performance management or internal cost containment. 
It comprises managing the financial factors that influence 
operational capacity and resilience in a comprehensive and 
strategic manner [3].
Three crucial financial strategies: income diversification, li-
quidity optimisation, and financial leverage are recognised 
as one of the main factors influencing bank performance. 
In the literature, a lot has been done in examining each of 
these three independently, and depending on the context, 
the findings can be conflicting. Moreover, little is known 
about the extent of their overall impact on bank efficiency, 
particularly in the financial markets of sub-Saharan Africa.
When banks are increasingly utilising income diversifica-
tion strategies, they rely less on traditional interest-based 
income, which is unpredictable and sensitive to changes 
in monetary policy. For instance, in the Nigerian banking 
sector, where currency devaluation, inflation, and chang-
ing interest rates are common, banks can utilise non-in-
terest income sources, such as trading, fees, commissions, 
and other off-balance sheet income, to foster efficiency. 
Diversification enables risk sharing and the creation of 
more stable revenues, thereby improving the efficiency of 
resource use [4].
Liquidity optimisation is another significant pillar of pru-
dent financial strategy. It involves maintaining a balanced 
level of liquid assets relative to liabilities to avoid insolven-
cy, meet short-term obligations and capitalise on profitable 
investment opportunities. Efficient liquidity management 
not only prevents liquidity crises but also ensures depositor 
and investor confidence. Liquidity limitations will proba-
bly impair banks’ operational effectiveness in low-income 
nations like Nigeria, where credit risk is still a major con-
cern and financial markets may be shallow. Thus, optimis-
ing liquidity serves a strategic as well as a preventative pur-
pose [5].
Furthermore, the use of financial leverage, which entails 
taking out loans to finance operations or buy assets, has  

a more complicated effect on bank efficiency. Leverage 
can increase returns on equity and make capital expansion 
easier, which can lead to growth and higher productivi-
ty. However, excessive and unmanaged financial leverage 
increases financial risk and can reduce efficiency, particu-
larly during times of economic downturns and financial 
distress. In emerging economies like Nigeria, the effect of 
financial leverage on bank efficiency can be disastrous if 
not well managed [6].
Despite the fact that there is a wealth of theoretical and 
empirical knowledge regarding the effect of each of these 
financial strategies on efficiency, there is comparatively lit-
tle empirical research on how they jointly impact banks’ 
technical efficiency. In emerging economies, a deeper un-
derstanding of bank performance can only be attained by 
comprehending the interdependence and interactive influ-
ence of these financial factors. This is particularly true in 
Nigeria, where operations are made more challenging by 
structural economic instability, sporadic regulatory chang-
es and ongoing banking sector reforms [7].
This study, therefore, aims to investigate the combined 
effects of financial leverage, liquidity optimisation, and 
income diversification on the technical efficiency of Nige-
rian banks. It seeks to close a sizable gap in the literature. 
Through an empirical methodology that employs Data 
Envelopment Analysis (raw and Bootstrapped) to estimate 
efficiency scores and Tobit and Simar – Wilson truncated 
regression models to assess the overall impact of financial 
strategies. The study seeks to ascertain whether the inter-
play between these variables improves or degrades opera-
tional efficiency. This study offers a new conceptual frame-
work for comprehending the multifaceted factors that 
influence bank efficiency in developing economies, which 
is its theoretical and applied contribution. 

Literature review
The effects of financial leverage, income diversification, and 
liquidity management have received considerable scholarly 
attention in relation to bank efficiency and performance, 
especially in emerging markets. In the Nigerian context, 
where the operating environment is characterised by reg-
ulatory reforms, macroeconomic volatility, and evolving 
business models, understanding how these financial strat-
egies interact to influence technical efficiency is essential. 
The existing literature, however, shows mixed findings and 
limited integrated analysis, leaving an important gap that 
this study seeks to address.

Bank Efficiency and Income Diversification
A large body of research has investigated income diver-
sification, which is often measured through non-interest 
income streams such as fees, commissions, and trading 
income. Yet, the empirical evidence is mixed. Some stud-
ies suggest a U-shaped relationship, which indicates that 
diversification reduces efficiency at the outset but improves 
stability as banks gain the strength to coordinate different 
revenues effectively [8]. In contrast, studies from Vietnam 
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find that diversification improves performance when sup-
ported by strong managerial capabilities and governance 
frameworks [9]. Other research warns that the volatility 
of non-interest income, particularly trading income, can 
counterbalance potential gains [10].
In Nigeria, the empirical findings are equally mixed. While 
commissions and service fees are shown to enhance bank 
performance, heavy reliance on foreign exchange earnings 
has been linked to a reduction in efficiency [11]. These 
contrasting results suggest that not all forms of diversifi-
cation contribute equally to efficiency. It also means that 
institutional and market contexts strongly shape outcomes. 
This stresses the need to review diversification not in isola-
tion but together with other financial strategies.

Financial Leverage and Bank Efficiency
Financial leverage, usually measured through debt-to-eq-
uity, is another financial strategy that can be used to attain 
efficiency. International evidence shows both potential 
benefits and risks of financial leverage use. For instance, 
conservative capital positions may reduce insolvency risk 
but can also constrain risk management effectiveness, 
as seen in Islamic banks [12]. Similarly, studies across 
emerging markets show that too much leverage weak-
ens profitability, reinforcing the case for judicious capital 
structures [13].
Nigerian studies largely echo these patterns. Research indi-
cates that higher leverage is inversely related to profitability 
and negatively affects earnings per share [14; 15]. Exces-
sive dependence on debt financing has also been found to 
wear down overall performance [16]. These findings sug-
gest that while leverage can support growth, its efficiency 
effects are highly sensitive to context, regulatory oversight, 
and banks’ internal risk controls.

Liquidity Management and Bank Efficiency
Liquidity management remains a foundation of bank sta-
bility and efficiency, especially in economies exposed to 
macroeconomic shocks and regulatory tightening. Empiri-
cal studies continually link weak liquidity governance with 
reduced technical efficiency and increased risk [17; 18]. Ef-
fective reserve and cash flow management, by contrast, has 
been shown to enhance profitability in Nigeria [16].
Still, the evidence is not identical. Some studies report 
that while capital adequacy improves performance, the 
loan-to-deposit ratio, though positively correlated with 
efficiency, is not always statistically significant [19]. Oth-
ers find that most liquidity indicators, apart from foreign 
claims, tend to improve performance [20]. Overall, these 
findings show liquidity as an essential but complex deter-
minant of efficiency. It can interact differently with effi-
ciency depending on both macroeconomic pressures and 
internal management practices.

Literature Gaps and Positioning
Considering the empirical evidence on the three finan-
cial strategies, diversification, leverage, and liquidity, two 
patterns stand out. First, the evidence remains mixed and 

reflects the context, with findings often contradictory 
across countries and even within Nigeria. Second, earlier 
studies examine these strategies separately and offer lit-
tle insight into how they relate to shape efficiency. This 
study improves the literature by providing a joint analysis 
of income diversification, financial leverage, and liquidi-
ty management within a unified framework, using robust 
DEA and Simar – Wilson approaches [21]. Moreover, by 
situating the Nigerian experience within broader debates 
in African and emerging markets, this study highlights 
how institutional settings and regulatory reforms mediate 
the efficiency effects of financial strategies. In doing so, the 
study responds directly to the need for both conceptual in-
tegration and contextualised evidence.

Methodology

Research Design
Data Envelopment Analysis (DEA raw and bootstrapped 
DEA), Tobit Regression Model, and Simar – Wilson trun-
cated regression are the three statistical tools used in this 
study. A non-parametric linear programming-based tool 
called Data Envelopment Analysis (DEA) is used in stage 1 
to calculate the banks’ technical efficiency scores. In stage 2,  
the Tobit Regression Model is used to ascertain how in-
come diversification, financial leverage and liquidity opti-
misation affect technical efficiency. The robustness of the 
research findings is also ensured by using Simar-Wilson 
truncated regression with bootstrapped DEA scores.

Data Sources and Sample Selection
The secondary data used in this study were obtained from 
various reliable sources, such as the Central Bank of Ni-
geria’s (CBN) regulatory reports, the Nigerian Exchange 
Group’s (NGX) reports, and the ledgers and account books 
of the selected banks. Based on the availability of relevant 
data and information needed for analysis, 11 of the 14 de-
posit money banks listed on the Nigerian Exchange Group 
were selected for the study. The banks are: First Bank, Fi-
delity Bank, Guaranty Trust Bank, First City Monument 
Bank, Sterling Bank, United Bank for Africa, Union Bank, 
Access Bank, Zenith Bank, Wema Bank, and IBTC Stanbic 
Bank.

Stage One: DEA Measurement of Efficiency
The Data Envelopment Analysis (DEA) technique advo-
cated by Sealey and Lindleyis [22] is used in the study. 
Specifically, the intermediation approach, which views 
banks as intermediaries that transform deposits and other 
funding sources into loans and financial products rather 
than as producers of financial services, is adopted in this 
study. Therefore, three inputs are used, i.e., deposits, total 
equity and total assets. In addition, two output variables 
are used: loans and advances and total income. With these 
inputs and outputs, a relative indicator of each bank’s ca-
pacity to transform inputs into desired financial outputs, 
Technical Efficiency (TE) scores are determined using the 
DEA method.
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Stage Two: Tobit and Simar-Wilson 
truncated regression 
Here, the impact of income diversification, financial lev-
erage and liquidity management on technical efficiency is 
examined using Tobit and Simar-Wilson regression mod-
elling. The Technical Efficiency (TE) score calculated using 
DEA in the first phase is the endogenous variable in this 
instance. Since these scores fall between 0 and 1, the Tobit 
model and Simar-Wilson truncated regressions are appro-
priate for the analysis.
Four independent variables are included in the regres-
sion. The first and second, the Fee & Commission Income 

Ratio (FCIR) and the Trading Income Ratio (TIR), both 
act as proxies for income diversification and show how 
much a bank depends on non-traditional revenue streams. 
The third variable, the bank’s capacity to manage liquid-
ity and raise capital for lending operations, is measured 
by the Loan-to-Deposit Ratio (LDR). The fourth variable 
is a measure of financial leverage that indicates the per-
centage of funds raised from debt to equity, which is the 
Debt-to-Equity Ratio (DER). 

Definition of Variables
The variables used in the study are presented and described 
in Table 1. 

Table 1. Definition of variables

Variable Definition Formula

Technical Efficiency (TE)
(Dependent Variable) Ratio of the bank’s output to input As stipulated in section  

Stage 1: DEA of this study

Trading Income Ratio (TIR) A ratio of the bank’s Trading  
Income to the total income generated

TIR = Trading Income
              Total income

Fee & Commission  
Income Ratio (FCIR)

A ratio of fee and commission  
income of the bank to total income

FCIR = Fee&Commission Income
                         Total Income

Loan to Deposit Ratio (LDR) A ratio of loans granted by a bank  
to the deposits it received from customers

LDR =   Loan
             Deposit

Debt to Equity Ratio (DER) A ratio of a bank’s total liabilities  
to its Shareholders’ equity

DER =  Total Liability
                    Equity

Source: Author’s compilation.

Model Equations

Stage 1: DEA
The computational procedure for implementing the DEA 
approach to technical efficiency involves a linear program-
ming model. The objective is to minimise the inputs for 
a given level of output, employing VRS assumptions. The 
mathematical representation of this input-oriented DEA 
model is as follows:
min θ,  λ θ

s.t. – yi  + Y λ ≥ 0

θxi – X λ ≥ 0

λ ≥ 0,
where θ is a scalar and λ is a N×1 vector of constants. The 
value of θ will be the technical efficiency score for a par-
ticular bank. It will satisfy θ ≤ 1, with a value of 1 indicat-
ing a point on the frontier, and hence a technically efficient 
bank. The value of θ ≤ 1 identifies the amount of any ineffi-
ciency that may be present [22].

Stage 2: Regression
The model specification for the regression (Tobit and Si-
mar – Wilson) used in finding the impact of income diver-

sification, financial leverage and liquidity optimisation on 
technical efficiency is as follows:
TE = α + βTIR + β2FCIR + β3LDR + β4DER + εᵢ.
In the model, TE represents technical efficiency, while α 
denotes the intercept. The coefficients of the independ-
ent variables are represented by β1, β2, β3, and β4. The 
Debt-to-Equity Ratio (DER) measures financial leverage, 
indicating the bank’s proportion of debt financing rela-
tive to shareholders’ equity. Trading Income to Total In-
come Ratio (TIR) and Fee & Commission Income Ratio 
(FCIR) capture the bank’s income diversification, whereas 
the Loan to Deposit Ratio (LDR) reflects a bank’s liquid-
ity management practices. Finally, εᵢ represents the error 
term, accounting for unobserved factors that may influ-
ence the outcome.

Results and discussion

Descriptive Statistics
Table 2 presents the descriptive statistics of the variables 
used in the regressions. From the table, it could be ob-
served that banks operate at an average efficiency of rough-
ly 83.5%, with a median of 88%, according to the bias-cor-
rected efficiency scores (DEA_EFF_BE). However, the 
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distribution is noticeably left-skewed, indicating that while 
many banks perform close to the frontier, a small number 
lag far behind. The uncorrected DEA model tends to over-
estimate efficiency, as evidenced by the raw DEA efficien-
cy scores (DEA_RAW), which have a higher mean of 91% 
and a median of 100%. The necessity of bias correction is 
further supported by the fact that both efficiency measures 
have substantial skewness and kurtosis and are not nor-
mally distributed.
The debt-to-equity ratio (DER) shows significant evidence 
of outliers and excessive leverage among a small number 
of banks. Its mean is 8.89, with a maximum of 191.2. Al-
though its distribution is positively skewed with a few very 
profitable banks, the trading income ratio (TIR) is gener-
ally stable, averaging 29% with only slight fluctuations. Al-
though the average fee and commission income (FCIR) is 
8.82, some banks have very high costs, which are illustrated 
by fat tails and strong skewness. In contrast, the most bal-
anced indicator is the loan-to-deposit ratio (LDR), which 
averages 63.5% and has a roughly normal distribution with 
moderate dispersion, indicating that lending practices 
across banks are generally consistent.
All of these findings point to liquidity management (LDR) 
as a more stable and normally distributed indicator of 
banking performance.

Technical Efficiency of the Banks
The raw and bootstrapped bias-corrected DEA efficiency 
scores of Nigerian banks from 2010 to 2024 are presented 
in Tables 3 and 4. The significance of DEA bootstrapping 

in producing more reliable inferences is highlighted by a 
comparison of the two sets of results, which reveals signif-
icant differences between apparent efficiency and bias-ad-
justed performance.
Raw DEA scores from the sample’s early years (2010–2012) 
indicated that most banks were reasonably efficient; mean 
scores were above 0.86, and a number of institutions, in-
cluding Fidelity, FCMB, Stanbic, Sterling, UBA, Wema, 
and Zenith, seemed completely efficient. However, with 
mean efficiency scores falling to 0.82 in 2010, 0.78 in 2011, 
and 0.76 in 2012, the bias-corrected results paint a more 
cautious picture. Notably, Union Bank continuously per-
formed poorly during this time, with corrected scores as 
low as 0.35 to 0.45, which was indicative of weak inter-
mediation and the aftereffects of restructuring difficulties. 
These trends coincided with a period of major stabilisation 
and reform in Nigeria’s banking sector: the establishment 
of AMCON in 2010 helped absorb toxic assets and restore 
bank balance sheets, while 2011 emphasised post-crisis 
clean-up, stronger capitalisation, and governance amid 
mounting fiscal pressures. By 2012, the CBN advanced 
structural change with the launch of the Cashless Economy 
pilot to deepen electronic payments and reduce reliance on 
cash transactions. Taken together, these findings suggest 
that although regulatory interventions initially promoted 
stability, underlying inefficiencies persisted, particularly 
among weaker institutions.
There was a recovery phase in 2013–2015. With mean 
scores above 0.91, raw scores recovered during these years, 
indicating broad technical efficiency in the industry. Ad-

Table 2. Descriptive statistics of dependent and independent variables

 DEA_EFF_BE DEA_RAW DER TIR FCIR LDR

Mean 0.834970 0.911273 8.886121 0.291758 8.821394 0.634727

Median 0.880000 1.000000 7.280000 0.280000 7.830000 0.620000

Maximum 0.970000 1.000000 191.2100 0.750000 52.84000 1.150000

Minimum 0.350000 0.380000 2.540000 0.090000 2.420000 0.270000

Std. Dev. 0.122428 0.138146 14.64176 0.095617 5.775772 0.167243

Skewness –1.868092 –1.765184 11.82899 0.964319 4.162635 0.309258

Kurtosis 6.685110 5.842023 147.5440 5.434319 27.89578 2.948870

Jarque-Bera 189.3314 141.2166 14 7487.1 66.31317 4737.630 2.648086

Probability 0.000000 0.000000 0.000000 0.000000 0.000000 0.266057

Sum 137.7700 150.3600 1466.210 48.14000 1455.530 104.7300

Sum Sq. Dev. 2.458125 3.129833 35 158.53 1.499390 5470.965 4.587113

Observations 165 165 165 165 165 165

Note: DEA_EFF_BE = Bootstrapped DEA efficiency scores; DEA_RAW= Uncorrected DEA efficiency scores.  
Source: Extracts from EVIEWS Analysis.
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ditionally, bias-corrected scores increased, rising from 
0.84 to 0.88, reflecting real, albeit smaller, efficiency gains. 
While mid-tier banks like UBA and Union displayed slow 
but partial convergence, larger banks such as Zenith, GTB, 
and Access maintained continuously high corrected ef-
ficiency. This phase can be understood as a time of scale 
expansion and strengthened intermediation, supported by 
sector-wide reforms. During this period, Nigeria’s banking 
sector deepened digital transformation through the na-
tionwide rollout of the cashless policy and the introduction 
of the Bank Verification Number (BVN) system, which 
enhanced KYC processes and fraud prevention. However, 
these efficiency improvements occurred against the back-
drop of declining oil revenues, mounting FX pressures, and 
political uncertainties, which heightened liquidity risks, 
triggered monetary tightening, and intensified regulatory 
scrutiny of banks’ stability.
In 2016–2017, efficiency performance peaked. With sec-
toral averages of 0.96 and 0.94, raw scores reached their 
highest levels, and almost all banks achieved near-perfect 
technical efficiency. The bias-corrected results confirm this 
as the best performance period, with a mean efficiency of 
0.96 in 2016 and 0.94 in 2017. Even historically underper-
forming banks such as Fidelity, Wema, and Union closed 
efficiency gaps, reflecting stronger intermediation, better 
use of resources, and the consolidation of earlier reforms. 

These improvements unfolded in a challenging macroeco-
nomic environment. The sharp depreciation of the naira 
following the CBN’s shift toward a more market-driven ex-
change rate exposed banks to significant FX risks, prompt-
ing stricter provisioning. The subsequent recovery period 
was marked by continued volatility, reinforced capital and 
governance requirements, and heightened regulatory focus 
on AML/CFT compliance, fintech oversight, and the rapid 
expansion of electronic payments. Together, these dynam-
ics pushed banks to adapt operationally while strengthen-
ing efficiency levels across the sector.
The industry saw a slow decline from 2018 to 2020 before 
stabilising. Bias-corrected scores fell more sharply, drop-
ping to 0.80 in 2018 and 0.85 in 2019, while raw scores 
declined to 0.89 and 0.92, respectively. These updated find-
ings reveal vulnerabilities that the raw DEA concealed, 
particularly for GTB and Stanbic, which experienced sig-
nificant efficiency losses. Efficiency stabilised at 0.86 by 
2020, suggesting that banks had partially adapted to mar-
ket and regulatory pressures, likely linked to tightening 
credit requirements and persistent exchange rate volatility. 
This performance coincided with an evolving macroeco-
nomic and regulatory landscape: between 2018 and 2020, 
the sector underwent ongoing reforms in risk manage-
ment and corporate governance while rapidly expanding 
mobile and agent banking. Although non-performing loan 

Table 3. DEA efficiency scores (raw) of the banks 

  Access Fidelity First FCMB GTB Stanbic Sterling UBA Union Wema Zenith Mean 
Score

2010 0.92 1 0.93 1 0.73 1 1 1 0.38 1 1 0.91

2011 0.75 1 0.82 1 0.83 1 0.93 1 0.43 1 0.85 0.87

2012 0.63 0.78 0.89 1 0.86 1 1 1 0.49 1 0.8 0.86

2013 0.8 0.87 0.89 1 0.94 1 1 0.73 0.73 1 1 0.91

2014 1 1 0.85 1 0.93 0.95 1 0.87 0.73 1 1 0.94

2015 1 1 0.91 1 1 0.83 1 0.83 0.77 1 1 0.94

2016 1 1 1 1 0.9 0.77 1 0.93 1 1 1 0.96

2017 1 0.99 1 1 0.85 0.72 1 0.83 1 1 1 0.94

2018 1 0.89 1 1 0.75 0.67 1 0.74 0.72 1 1 0.89

2019 1 0.82 1 0.92 0.79 1 1 0.83 0.75 1 1 0.92

2020 1 0.87 1 1 0.74 0.76 1 0.81 0.98 1 1 0.92

2021 1 0.9 1 1 0.67 0.9 1 0.87 1 1 1 0.94

2022 1 0.86 1 1 0.56 0.99 1 0.68 1 1 1 0.92

2023 1 0.97 0.76 1 0.57 1 1 0.56 0.94 1 1 0.89

2024 0.86 0.69 1 1 0.39 1 1 0.51 1 1 1 0.86

Source: Extracts from DEA in R.
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metrics improved, macroeconomic fragilities persisted.  
The COVID-19 shock in 2020 further disrupted the system, 
compelling the CBN to deploy wide-ranging interventions 
that reshaped banks’ credit flows, asset quality practices, 
and liquidity support to households and businesses.
The years 2021–2022 demonstrate resiliency in the face of 
COVID-19 aftershocks and other macroeconomic pres-
sures. While bias-corrected averages remained compar-
atively strong at 0.88 and 0.84, raw scores held steady at 
0.94 and 0.92. Notably, Union Bank significantly improved 
during this time, reducing its long-standing efficiency gap 
with peers and achieving corrected scores of 0.91 and 0.93. 
In contrast, GTB’s corrected efficiency dropped sharp-
ly to 0.53 in 2022, signalling a weakening of intermedia-
tion capacity. These dynamics unfolded within a shifting 
macro-financial environment. In 2021, the launch of the 
eNaira positioned banks within a new digital currency and 
payment framework, intersecting with pandemic recov-
ery and evolving global financial conditions. By 2022, the 
CBN’s currency redesign disrupted cash circulation, creat-
ing liquidity pressures, operational challenges, and shifts in 
deposit mobilisation. Together, these developments shaped 
banks’ efficiency outcomes, reinforcing resilience for some 
institutions while exposing fragilities in others.
The 2023–2024 results show a renewed sectoral decline. 
Bias-corrected scores reveal deeper inefficiencies, with 
averages falling to 0.79 in 2023 and 0.73 in 2024, while 

raw scores dropped to 0.89 and 0.86, respectively. This 
downturn was widespread, but the weakest performanc-
es came from GTB, which fell to 0.35 in 2024, and UBA, 
which dropped to 0.45, both signalling severe stress in 
intermediation efficiency. These outcomes suggest that 
the industry is grappling with deteriorating asset quality, 
rising funding costs, and unstable macroeconomic condi-
tions. The decline coincided with major policy and mar-
ket shifts: in 2023, the unification of exchange rates and 
sharp naira devaluation reshaped banks’ FX positions, 
while leadership changes at the CBN redirected regula-
tory priorities. By 2024, banks faced heightened inflation, 
escalating credit risks, and balance sheet repricing, even 
as ongoing reforms sought to strengthen monetary policy 
credibility and enhance payment oversight. Collectively, 
these dynamics intensified efficiency challenges across 
the sector.
When combined, the analysis shows that while bias-cor-
rected results offer a more cautious and accurate assess-
ment, raw DEA scores consistently overstate efficiency. 
According to the data, Nigerian banks’ efficiency peaked 
between 2016 and 2017, then declined sharply in the fol-
lowing years before remaining relatively resilient through 
2021 and 2022. Crucially, the findings highlight how long-
term sustainability is still threatened by enduring structur-
al issues, even though reforms and intermediation gains 
momentarily increased efficiency.

Table 4. DEA Efficiency Scores (Bootstrapped Bias Corrected) of the Banks

  Access Fidelity First FCMB GTB Stanbic Sterling UBA Union Wema Zenith Mean 
Score

2010 0.87 0.92 0.88 0.88 0.68 0.92 0.93 0.89 0.35 0.86 0.88 0.82

2011 0.69 0.85 0.75 0.85 0.77 0.9 0.84 0.88 0.39 0.85 0.78 0.78

2012 0.57 0.73 0.82 0.85 0.79 0.87 0.85 0.84 0.45 0.85 0.73 0.76

2013 0.75 0.82 0.86 0.9 0.88 0.91 0.9 0.69 0.69 0.9 0.89 0.84

2014 0.93 0.95 0.82 0.93 0.9 0.91 0.95 0.83 0.7 0.92 0.94 0.89

2015 0.96 0.92 0.87 0.92 0.93 0.79 0.93 0.8 0.73 0.93 0.92 0.88

2016 0.97 0.95 0.97 0.95 0.87 0.74 0.96 0.9 0.94 0.94 0.94 0.92

2017 0.95 0.94 0.93 0.92 0.81 0.68 0.92 0.79 0.93 0.92 0.92 0.88

2018 0.88 0.84 0.87 0.88 0.7 0.63 0.88 0.69 0.68 0.88 0.88 0.80

2019 0.9 0.78 0.91 0.86 0.75 0.91 0.94 0.78 0.71 0.91 0.91 0.85

2020 0.91 0.83 0.91 0.95 0.71 0.73 0.93 0.78 0.92 0.91 0.92 0.86

2021 0.92 0.86 0.92 0.93 0.64 0.88 0.93 0.83 0.91 0.92 0.93 0.88

2022 0.88 0.8 0.89 0.88 0.53 0.94 0.93 0.63 0.93 0.87 0.91 0.84

2023 0.86 0.9 0.7 0.87 0.53 0.88 0.85 0.52 0.86 0.86 0.87 0.79

2024 0.74 0.61 0.85 0.85 0.35 0.89 0.84 0.45 0.86 0.82 0.81 0.73

Source: Extracts from DEA with Bootstrap in R.
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Table 5. Correlation of variables

DEA_EFF_BE DEA_RAW TIR FCIR DER LDR

DEA_EFF_BE 1.000000 0.964429 –0.220407 –0.073070 0.036815 0.536945

DEA_RAW 0.964429 1.000000 –0.199266 –0.052643 0.096114 0.466135

TIR –0.220407 –0.199266 1.000000 0.025761 –0.108262 –0.264310

FCIR –0.073070 -0.052643 0.025761 1.000000 –0.018965 –0.101755

DER 0.036815 0.096114 –0.108262 –0.018965 1.000000 –0.169876

LDR 0.536945 0.466135 –0.264310 –0.101755 –0.169876 1.000000

Source: Extracts from EVIEWS Analysis.

Table 6. Estimation results of the Tobit Regression model

Variable Coefficient Std. Error z-Statistic Prob.  

C 0.080899 0.147326 0.549117 0.5829

TIR 0.208175 0.200970 1.035854 0.3003

FCIR –0.001999 0.002893 -0.691013 0.4896

DER 0.045185 0.008077 5.594292 0.0000

LDR 0.861117 0.123458 6.974965 0.0000

Error Distribution

SCALE:C(6) 0.192684 0.018225 10.57261 0.0000

Mean dependent var 0.911273 S.D. dependent var 0.138146

S.E. of regression 0.098109 Akaike info criterion 0.514917

Sum squared resid 1.530424 Schwarz criterion 0.627860

Log likelihood –36.48062 Hannan-Quinn criter. 0.560764

Avg. log likelihood –0.221095

Left censored obs 0 Right censored obs 95

Uncensored obs 70 Total obs 165

Source: Extracts from EVIEWS Analysis.

Stage 2. Impact of Income  
Diversification, Financial Leverage  
and Liquidity Optimisation  
on the Technical Efficiency of Banks
Multicollinearity and heteroscedasticity tests were per-
formed to validate the models’ assumptions. The Breusch –  
Pagan – Godfrey test, a key diagnostic for heteroscedastic-
ity, indicated that the models do not suffer from heterosce-
dasticity, as the null hypothesis of homoscedasticity could 
not be rejected. Additionally, the Pearson correlation ma-
trix revealed no evidence of autocorrelation or cross-sec-
tional dependence. Furthermore, the Wald test statistic 
rejected the null hypothesis that the regression parameters 
are jointly equal to zero, confirming the overall signifi-
cance of the models.

Correlation of Variables
In Table 5, the reliability of efficiency measurement is con-
firmed by the correlation results, which demonstrate a 
strong and positive relationship between the bias-corrected 
and raw DEA efficiency scores (r = 0.964). The loan-to-de-
posit ratio and efficiency have a moderately positive cor-
relation (DEA_EFF_BE: r = 0.537; DEA_RAW: r = 0.466), 
suggesting that the technically more efficient banks are 
typically those with greater intermediation capacity. Reli-
ance on trading income and fee and commission income, 
on the other hand, may not improve efficiency and may re-
flect revenue concentration risks, as both efficiency meas-
ures show a negative correlation with the trading income 
ratio (DEA_EFF_BE: r = –0.220; DEA_RAW: r = –0.199) 
and fee and commission income ratio (DEA_EFF_BE:  
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Table 7. Simar – Wilson truncated regression 

Variable Coefficient Std. Error z-stat p-value Significance

TIR 0.00086 0.01266 0.07 0.946 Not sig.

FCIR 0.00228 0.00469 0.49 0.627 Not sig.

DER 0.03935 0.60100 0.07 0.948 Not sig.

LDR 0.81702 0.26985 3.03 0.002 Significant at 1%

Source: Extracts from FEAR 4.0 in R Analysis (21).

Table 8. Tobit versus Simar – Wilson truncated regressions results 

Variable Tobit Coef.  
(z-stat, p-value)

Simar – Wilson Coef. 
(z-stat, p-value) Comparison

TIR  
(Trading Income Ratio)

0.208  
(z = 1.04, p = 0.300)

0.00086  
(z = 0.07, p = 0.946)

Positive but insignificant  
in both models.

FCIR (Fee & Commission 
Income Ratio)

–0.0020  
(z = –0.69, p = 0.490)

0.00228  
(z = 0.49, p = 0.627)

Opposite sign, but  
insignificant in both.

DER 
(Debt-to-Equity Ratio)

0.0452  
(z = 5.59, p < 0.001)

0.0394  
(z = 0.07, p = 0.948)

Significant in Tobit, but not 
significant in Simar–Wilson.

LDR 
(Loan-to-Deposit Ratio)

0.861  
(z = 6.97, p < 0.001)

0.817  
(z = 3.03, p = 0.002)

Strongly significant  
in both models.

Source: Extracts from EVIEWS and FEAR 4.0 in R Analysis.

r = –0.073; DEA_RAW: r = –0.053). It is implied that 
changes in trading, fee and commission income and lever-
age have little direct impact on technical efficiency because 
the trading income ratio, the fee and commission income 
ratio and the debt-to-equity ratio exhibit very weak corre-
lations with efficiency.
All of these results highlight the fact that efficient loan-de-
posit intermediation, not income diversification or capital 
structure modifications, is the main means through which 
Nigerian banks attain efficiency.

Tobit Regression 
The Tobit regression results (Table 6) shed light on the 
factors influencing bank efficiency in Nigeria. According 
to the model, the most significant predictors of efficiency 
are the debt-to-equity ratio (β = 0.045, p < 0.001) and the 
loan-to-deposit ratio (β = 0.861, p < 0.001). These results 
imply that banks attain greater efficiency levels when they 
strategically use leverage and convert deposits into loans 
more successfully. However, the coefficients for the trad-
ing income ratio and fee and commission income ratio are 

statistically insignificant, suggesting that income diversi-
fication has less of an impact on efficiency in the current 
sample.
Many banks are already at the efficiency frontier, as evi-
denced by the high percentage of right-censored observa-
tions (57.6%), with capital structure and intermediation 
capacity accounting for the majority of variances. Overall, 
the findings demonstrate how crucial liquidity and lever-
age strategies are in determining bank efficiency in Nige-
ria’s banking industry.

Simar – Wilson Bootstrapped 
truncated regression
The Loan-to-Deposit Ratio is the sole statistically signifi-
cant factor influencing bank efficiency in Nigeria, accord-
ing to the findings of the Simar – Wilson bootstrapped 

truncated regression (Table 7). Improvements in inter-
mediation capacity significantly increase efficiency, as ev-
idenced by the large and positive estimated coefficient of 
LDR (β = 0.817, SE = 0.270, z = 3.03, p < 0.01). In contrast, 
the debt-to-equity ratio, fee and commission income ratio, 
and trading income ratio all show positive but statistical-
ly insignificant coefficients, indicating that leverage and 
diversification have little bearing on efficiency during the 
sample period. Significant residual heterogeneity across 
banks is indicated by the estimated error variance (σ = 
0.719), suggesting that efficiency may also be influenced by 
unobserved institutional or market-level factors.
When combined, these results demonstrate how important 
efficient liquidity management is in determining the techni-
cal efficiency of Nigerian banks, whereas financial leverage 
and income diversification have relatively minor impacts.
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Tobit Versus Simar-Wilson Regressions
Important information about the robustness of the model 
is obtained by comparing the Tobit and Simar – Wilson 
regressions. Because efficiency scores are bounded and 
subject to censoring, this dual approach offers a robustness 
check. While the trading income ratio (TIR) and fee and 
commission income ratio (FCIR) were statistically insig-
nificant, the loan-to-deposit ratio (LDR) and debt-to-eq-
uity ratio (DER) had statistically significant and positive 
effects on efficiency, according to the Tobit regression re-
sults. LDR showed the biggest impact among these, indi-
cating that banks with more intermediation capacity, those 
that turn a larger percentage of deposits into loans, tend 
to be substantially more efficient. According to the Tobit 
specification, DER also seemed to increase efficiency, sug-
gesting that financial leverage could facilitate resource use 
and efficiency.
However, the significance of DER vanished after Simar – 
Wilson bootstrapping was used to account for the bias and 
serial correlation present in DEA efficiency scores. The 
only ratio that was still positive and statistically significant 
was LDR. This discrepancy raises the possibility that dis-
tributional assumptions and uncorrected bias caused Tobit 
estimates to overestimate the importance of leverage. The 
bootstrapped truncated regression, on the other hand, of-
fers a more cautious and reliable conclusion, demonstrat-
ing that intermediation capacity (loan to deposit ratio) is 
a strong and predominant factor influencing efficiency in 
Nigerian banks.
Another notable fact is that TIR and FCIR are consistently 
insignificant in both models. The results indicate that trad-
ing, fee-based, and commission income are still too un-
derdeveloped in the Nigerian context to have a significant 
impact on efficiency, despite the fact that theory frequently 
highlights income diversification as a stabilising factor for 
banks. 

Conclusion
This study examined the impact of income diversification, 
financial leverage, and liquidity management on the tech-
nical efficiency of Nigerian banks. Efficiency scores were 
first estimated using Data Envelopment Analysis (DEA) 
in both raw and bootstrapped forms. In the second stage, 
Tobit and Simar–Wilson regressions were employed to 
investigate the impact of financial leverage, income diver-
sification and liquidity management on the technical effi-
ciency of Nigerian banks. This two-step approach ensured 
the reliability of the findings and provided deeper insights 
into the determinants of banking efficiency over the study 
period.
This study shows that liquidity management, especially 
the Loan-to-Deposit Ratio (LDR), is the most consistent 
driver of banking efficiency in Nigeria. The roles of income 
diversification and leverage remain weak under robust 
bias-corrected methods. The DEA results, validated by 
Simar–Wilson regressions, revealed that although banks 
achieved periods of strong efficiency, peaking in 2016, sus-

tained performance depended largely on effective credit 
intermediation. Therefore, a key policy implication rooted 
in the findings of this study is that banks should strengthen 
liquidity practices by meeting LDR benchmarks alongside 
Basel III standards such as the Liquidity Coverage Ratio 
(LCR) and Net Stable Funding Ratio (NSFR). A balanced 
debt-to-equity ratio of about 2:1 to 3:1 is also recommend-
ed to avoid excessive leverage while supporting intermedi-
ation. The Central Bank of Nigeria can enhance efficiency 
through refined LDR policies and risk-based supervision. 
In addition, CBN can support long-term funding markets, 
while banks themselves should diversify funding sources 
beyond short-term deposits. Collectively, these measures 
would consolidate efficiency gains and improve the sector’s 
resilience to macro-financial shocks.
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