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FINANCIAL ECONOMICS | RESEARCH ARTICLE

An examination of the banking efficiency of the 
BRICS countries: A perspective derived from the 
oil price volatility
Ammar Jreisat1*, Mustafa Raza Rabbani1, Sara Omran2, Somar Al-Mohamad2 and 
Walid Bakry3

Abstract:  This study examines the influence of Oil Price Volatility on Banks effi
ciency within the BRICS countries (Brazil, Russia, India, China, and South Africa) 
noting the importance of the banking sector efficiency as a tool to ensure financial 
stability in the region. Being able to measure efficiency levels in banks determines 
how successful a bank is in managing its operations and achieving its goals. 
A sample data of 112 banks was selected using the Bank Scope database over the 
time interval 2003 to 2018 to inspect banking sector relative efficiency following 
a non-parametric methodology known as Data Envelopment Analysis (DEA). The 
paper applies a two-stage model to process the empirical results consisting in using 
the Data Envelopment Analysis (DEA) to identify the scores of banks efficiency at 
a first stage (Stage 1) and determining how volatility in Oil price has impact on 
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these scores of efficiencies on a second stage (Stage 2). Findings of the study 
indicate that the Chinese banking system shows the highest efficiency (90%), 
followed by the South Africa (87%), followed by the Brazilian and Indian banking 
system with efficiency level of (77%), the Russian bank industry revealed the lowest 
efficient banking system with level of efficiency (50%).

Subjects: Asian Studies; General;; Energy; Economics and Development; Mathematical 
Economics; Development Economics; Banking; Credit & Credit Institutions; Risk Management 

Keywords: Oil price volatility; bank efficiency; macroeconomics factors; specific-banks 
factors; BRICS countries

1. Introduction
The banking industry is the main guarantor of financial system stability in any country and 
specifically in developing countries as it is the main channel of funds redistribution and the 
backbone of the economy (Jreisat et al., 2021; Karim et al., 2021; Sun et al., 2020). Hence, ensuring 
efficiency within these banks is crucial to avoid shocks to the financial industry and maintain 
economic growth (Aghimien et al., 2016). In fact, banks are the circuit used to execute monetary 
policy, allocate credit, transfer wealth, and act even as providers of payment services. Bank 
management is in charge of monitoring efficiency levels by measuring performance, this can be 
defined as the evaluation of various financial indicators comparing the results with the target set 
by management, previous performance, and peer group (Rabbani et al., 2022). Being able to 
measure efficiency levels in banks determines how successful a bank is in managing its operations 
and achieving its goals. In the extant literature, several models were suggested and applied to 
measure efficiency, some of them adopted the parametric approach, the non-parametric 
approaches, or even used mixed approaches.

Oil price volatility is believed to have an impact on bank efficiency in a given country and as 
a consequence on economic growth. In fact, increasing volatility in oil price is negatively related to 
economic growth since such increases generate higher inflation rates which is undesired to any 
economy (Awerbuch & Raphael, 2006). Moreover, crude oil volatility has a negative impact on 
exchange rate, noting that inflation, exchange rate, and many other factors are major risks to be 
mitigated by banks on a continuous basis to ensure bank efficiency (Ojebiyi & Wilson). In view of 
the above, policy makers keep a very close eye on Oil price volatility and its impact on performance 
within banks involved in countries that export oil (Poghosyan & Hesse, 2009). This topic has been 
researched by many scholars and practitioners for the importance of the impact Oil Price changes 
have on efficiency; however, despite the numerous papers investigating the factors affecting 
efficiency in banks, many gaps are still prevailing and are presented in the literature review.

This study focuses mainly on the gap revolving around Oil price volatility and banking efficiency, 
there are few studies highlighting the similar issues such as the impact of oil crisis on the banking 
performance. Hawaldar et al. (2017) highlighted the impact of the oil crisis on the banking 
performance in the Kingdom of Bahrain. Whereas Abdelaziz, et al., (2020), examined the oil and 
gas price shocks on the bank performance. Robert and Andre (2020) examined the performance of 
Canadian banks and oil price movements. These studies mainly focus country & bank-specific 
variables. Our study is using cross-country panel data as a tool to illustrate the link between 
banking efficiency and oil price using a sample data of 112 banks, over the time interval 2003 to 
2018 to inspect banking sector relative efficiency following a non-parametric methodology known 
as Data Envelopment Analysis (DEA). The paper applies a two-stage model to process the empirical 
results consisting in using the Data Envelopment Analysis (DEA) to identify the scores of banks 
efficiency at a first stage (Stage 1) and determining how volatility in Oil price has impact on these 
scores of efficiencies on a second stage (Stage 2).
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While many studies inspected the impact of oil prices as an independent variable on many 
financial offerings and primary economic determinants; only two studies (outside the scope of 
Islamic banking) provided empirical evidence on the relationship between OPV-BE. Poghosyan and 
Hesse (2009) precisely inspected Oil Price effect on bank profitability using efficiency measure
ments to assess profitability levels within the bank studied sample. The second paper published by 
Kaffash et al. (2020) applied the DEA method to determine the effect of OPV on BE from 2001 to 
2011 using unbalanced panel data from banks in Middle East oil exporting countries (MEOE) where 
macroeconomic aspects were heavily impacted by OPV.

This paper comes as an extension to previous few research adopting the same data selection 
technique in terms of variables to be taken into consideration over the time interval 2003–2018 for 
BRICS countries setting the OPV (Oil Price Volatility) as the independent variable BE (Bank 
Efficiency) as the dependent variable in order to provide empirical evidence on the effect of Oil 
price volatility on banking efficiency.

There are few studies highlighting the market reactions to oil prices changing dramatically with 
the level of prices and potential structural changes in oil prices using different methodologies 
(Baumeister & Kilian, 2016; Chen et al., 2015; Narayan & Narayan, 2014). Present study differs from 
the above studies in several ways and offers significant contribution to the existing strand of 
literature. The main contribution of the study is adding a brick to the existing scarce literature of 
the relationship between OPV on BE by deploying the DEA method in BRICS countries noting that 
existing studies did not investigate the topic within this region or provided numerical evidence on 
the level of impact of oil price volatility on Banks efficiency. In fact, a study done by Wanke et al. 
(2018) measured banks’ efficiencies in BRICS countries without linking it to oil price volatility or 
taken it as the independent factor.

The aim behind focusing on BRICS countries in this paper can be summarized as follows: (1) 
Banks plays a very important intermediation role in reallocating capital provided by Oil fund 
transfers. (2) OPV may substantially affect the availability of funds of multiple industries in BRICS 
countries and their performance. (3) Economies in BRICS countries depend heavily on oil price 
yields. 4) Up to the authors knowledge, no study had measured the consequence of OPV on BE on 
BRICS countries and this study is the first study to shed the light on this issue.

In addition, BRICS Countries worth to be investigated and examined which is that the BRICS 
countries have a population of more than 3 billion, which is greater than the combined population 
of the United States and Canada. This is a population that accounts for 42% of the world’s population. 
An untapped market of this size could be the most valuable hedge against globalization in the long 
run. They are all members of the G20, and their collective nominal GDP of USD 16 trillion represents 1/ 
5 of the world’s gross domestic product. Overall, BRICS, however, is outperformed by the G7, and each 
of the BRICS nations has significantly different economic indicators and other indices. see figure 1.

Following are the remaining sections of this study. Section 2 provides a review of the literature. 
Our methods are described in Section 3, which includes DEA methods in two stages and regression 
analysis. In Section 4, we discuss the empirical results and their implications for policymaking, and 
in Section 5, we summarize the main findings.

2. Review of literature
The literature review is presented in two sections: (1) Bank efficiency denoted (BE) and its impact 
on performance within banks. (2) Oil Price Volatility denoted (OPV) and its importance as economic 
indicator moving other markets and its correlation with financial stability and economic growth.

2.1. Bank efficiency and performance
Many researchers have explored the importance of bank efficiency basing their studies on the 
most two commonly used approaches in banks efficiency measurement that are the DEA—a non- 
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parametric approach and stochastic frontier analysis (SFA)—a parametric approach (Banker et al.,  
1984; Charnes et al., 1978; Kamarudin et al., 2016). As for the area of focus of our study which is 
the BRICS region, main existing researches adopted the non-parametric technique with no defined 
data distribution due to the possibility of having many output factors and due to the fact that the 
Decision making unit in a bank denoted (DMU) depends on the ability of converting inputs into 
outputs (Alam et al., 2021; Banker et al., 2010; Drake et al., 2006; Havrylchyk, 2006; Hussain et al.,  
2020; Isik & Hassan, 2003a, 2003b; Jreisat, 2020; Jreisat & Paul, 2010; Kao & Liu, 2014; Paradi 
et al., 2011; Wanke et al., 2018).

Other studies have adopted cross-country investigations or even mixed methodology techniques 
using both parametric and non-parametric methods through different stages of their research 
(Beccalli, 2007; Bonin et al., 2005a, 2005b; Casu & Girardone, 2009; Casu & Molyneux, 2003; 
Chortareas et al., 2011, 2012, 2013; Kamarudin et al., 2013; Pastor, 2002; Weill, 2004).

Lampe and Hilgers (2015) for example conducted a document co-citation analysis and discov
ered that Stochastic Frontier Analysis (SFA) and DEA were mostly applied to explore the banking 
domain. Meanwhile, Emrouznejad and Yang (2018) claimed that DEA was the second most applied 
method for 2015–2016 in the banking segment. Kaffash and Marra (2016) reviewed the DEA 
techniques within financial services boundary. Essentially, this non-parametric method of DEA 
generates piece-wise surface of decision-making units (DMU) with the best performance, while 
distance from surface is measured to determine efficiency of other units (Charnes et al., 1978). The 
SFA (parametric method; Aigner et al., 1977; Meeusen & Den Broeck, 1977), with a starting point in 
stochastic production frontier models, presumes deviations from frontier, such as random glitches 
and inefficiency (Akhigbe & McNulty, 2003).

Kaffash et al. (2020) analyzed 50 studies published from 1999 to November 2016 in order to assess 
the effect of environmental variables on BE based on SFA and DEA models. Main outcomes of their 
studies can be summarized as follows: (1) Several environment factors were validated as having 
impact on bank efficiency such as financial regulation & liberalization, competition level within the 
banking industry, acquisitions, ownership, and risk), the impact on BE was assessed using deployment 
of Malmquist Productivity Change Index, SFA, SDF, as well as DEA and improved DEA models. (2) 
Despite including many possible external factors impacting Bank performance, Oil Price volatility was 
not included in the list of studied variables as having impact on financial industries precisely banking 
or even economic growth. (3) A broad range of methods had been used to assess the effect of 

Figure 1. Geographical location 
of BRICS countries (Measey 
et al., 2019).
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environmental variables on BE. Earlier work deployed the observe-and-compare technique by group
ing the sample banks. In summary, the criteria of selected factors impacting bank efficiency were 
derived from various previous studies that focused on some of these factors.

2.2. Oil price volatility
Oil price volatility (OPV) refers to the degree of increase or decrease in the price of crude oil over 
a given time interval caused by demand and supply factors, deviation from anticipated limits, or 
even a result of some political disturbances in the countries providing the biggest share of oil 
exports (Poghosyan & Hesse, 2009). OPV’s most substantial effect has a macroeconomic dimen
sion (stock market & monetary system). Hamilton (1996) and Lee et al. (1995) used asymmetric 
non-linear transformations of OPV, in which Hamilton (2003) asserted that the linear link of 
economic progress with oil price is unexpected. Gisser and Goodwin (1986) reported how US 
economy is directly impacted by an important factor that is crude oil price, while Mork et al. 
(1994) found significantly negative link between oil price hike and gross domestic product (GDP) 
among seven Organization for Economic Co-operation and Development (OECD) countries (the 
US, Canada, the UK, France, West Germany, Japan, and Norway), except for Norway—an oil- 
reliant country. In assessing this link across six Asian countries, Cunado and De Gracia (2005) 
found a significant effect of oil price on price indices and economic activity. Berument et al. 
(2010) noted a positive and statistically significant link between OPV and economic progress in 
Middle East North Africa (MENA) countries—net oil exporters. Studies like Alqahtani et al. (2020), 
concluded that the oil prices positively affect the bank indices up to the $95 per barrel mark. 
Ehouman (2020), concluded that the if American banks are exposed to the oil market, they can 
influence the oil as well as financial markets. Profits are positively impacted by the positive oil 
price movement and if oil interrelates with the income other than the interest income then the 
relationship becomes stronger (Killins & Mollick, ; Lee & Lee, 2019; Ma et al., 2021). Saif-Alyousfi 
et al. (2020), concluded that the oil and gas prices have direct impact on the banks performance 
especially in the GCC countries.

Many studies provided empirical evidence on the effect of OPV on inflation levels and how this 
inflation can harm economic output or GDP (Hamilton, 1983, 1988, 1996; Hooker, 1996, 1999; 
Huntington, 1998; Kahn & Hampton, 1990; Mork, 1989; Mork et al., 1994; Tatom, 1988) with some 
factors, such as monetary policies, business cycle, as well as interest & exchange rates. Based on 
co-integrated vector auto-regressive (VAR) framework for Group of Seven (G7) countries, Cologni 
and Manera (2008) found OPV increased inflation. Using two proxies, Cunado and De Gracia (2005) 
tested the effect of OPV on inflation, in which higher impact was noted when oil price was 
measured with oil price index than national real price currency, attributable to exchange rate.

Uri (1996) reported a stable link between agricultural employment and OPV for 1947–1997. 
Similar outcome was noted by Guo and Kliesen (2005) for OPV impact on US macroeconomic 
aspects (fixed investment, employment, & consumption) for 1984–2004. Papapetrou (2001) 
assessed the dynamic correlations among employment, real oil prices and stock return, as well 
as industrial production in Greece. As a result, the effect of oil price was significant upon employ
ment and economic activities.

Chen and Chen (2007) revealed a co-integrating correlation between real exchange rate and real 
oil price after assessing monthly panel data retrieved for 1972–2005 from G7 countries. By 
employing the cash flow dividend valuation model, Jones and Kaul (1996) assessed international 
stock market reaction towards OPV in the US, Canada, Japan, and the UK. Despite the inconclusive 
outcomes for the UK and Japan, the reaction of US and Canadian stock market was affected by 
OPV on cash flow. A positive link was noted between OPV and bank profitability when Poghosyan 
and Hesse (2009) used ROA financial ratio to examine dynamic panel data as profitability is 
persistent in nature—the dependent variable.
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3. Data and methodology
This study is based on a data set of a sample of 112 banks and 1,792 observations within BRICS 
Countries (Brazil, Russia, India, China, and south Africa) for the time interval 2003–2018. The study 
adopts the non-parametric data model as it presents many benefits precisely the Data 
Envelopment Analysis (DEA), which can handle unfixed number of output meaning that the 
selected sample should not follow a specific distribution or be transformed, which is not the 
case when using parametric methods, and can provide valuable information for the projection of 
the inefficient decision-making units (DMUs) on the efficient frontier (Charnes et al., 1985; Banker 
et al., 1984)

A two-stage methodology is applied to process the empirical results consisting in using the Data 
Envelopment Analysis (DEA) in order to identify the scores of banks efficiency at a first stage 
(Stage 1) and determining how volatility in Oil price has impact on these scores of efficiencies on 
a second stage (Stage 2). The scores of BE (from Stage 1) are regressed over variables that 
represent environmental and Oil price volatility variables.

As for Oil price data, the paper used “World Bank” database to obtain oil price and country-level 
aggregate data.

3.1. Stage 1: Estimating efficiency using DEA
We adopt DEA methodology in this research to compute DEA efficiency scores. The estimated 
efficiency score can be broken down into three categories: (1) Technical efficiency (TE), (2) pure 
technical efficiency (PTE) and (3) scale efficiency (SE). It was Farrell (1957) work that established 
the DEA method of evaluating efficiency, followed by Charnes et al. (1978) and Banker et al. (1984).

3.2. Stage 2: Oil price volatility and efficiency of banks
Within the DEA scope, the impact of environmental factors on banking efficiency is indeed 
a particularly interesting topic of study (Jreisat & Bawazir, 2021; Zhao et al., 2017).

DEA was used in Stage 1 to estimate technical efficiency. Stage 2 of the analysis consisted of 
regressing efficiency scores against a vector of explanatory variables (x), which may have 
impacted efficiency. The linear conditional mean model for Efficiency (Ef) is also assumed by the 
OLS estimator, in addition to omitting the bounded nature of the dependent variable: 

E Ef=xð Þ ¼ xβ (1) 

The impact of the explanatory variable cannot be assumed to be constant since the Ef is strictly 
bounded above and below. TE values predicted by linear specification cannot be guaranteed to 
range between 0 and 1 without severe constraints on x or arbitrary changes to fitted values 
outside the unit interval. Therefore, in order to address this issue, empirical economists have 
prescribed logistic correlation since it determines 0 <E Ef

x

� �
<1. 

E Ef=xð Þ ¼
exβ

1þ exβ (2) 

Equation above does not estimate directly but converts to log-odds model. Estimation was done 
via OLS. 

ln
Ef

1 � Ef
jx

� �

¼ xβ 

The two drawbacks of the above model are: (i) Recovering E(Ef/x) from (4) is not straightforward 
(Papke & Wooldridge, 1996) and (ii) Equation above is inapt for TE boundary values of 0 and 1. As 
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the DEA-based frontier estimator groups at least a firm to be completely efficient (Ef = 1), Equation 
(4) was omitted.

As part of this study, we examined the influence of other factors on technical efficiency levels so 
that policy makers and bankers can improve their management of regulatory policies. Therefore, 
the technique prescribed by Papke and Wooldridge (1996) was applied.

The estimation method introduced by Papke and Wooldridge (1996) eliminates the necessity of 
adjusting the dependent variables at extreme values of 0 or 1, in cases where the independent 
variables can be estimated in a straightforward manner. As a result, the predicted value of the 
dependent variable should range from 0 to 1. In order to implement this, we used the Bernoulli 
log-likelihood function: 

lit βð Þ ¼ Efit log G xitβð Þ½ � þ 1 � Efitð Þ log 1 � G xitβð Þ½ �

where 0 < G (.) <1 is logit function, y_i denotes efficiency, and vector X signifies independent 
variable. Estimates for parameter B were gained by maximising the log-likelihood for the sample 
(banks) throughout 2003–2018. The maximisation problem is expressed as follows: 

max
β

∑
9

t¼1
∑
64

t¼1
l βð Þ

The estimated variance-covariance matrix is as follows: V̂ ¼ Â� 1B̂Â� 1 where A and B are given by

Â ¼ ðN� TÞ� 1 ∑
N

i¼1
∑
T

t¼1
ĝ2

itx
0

itxit½Ĝitð1 � ĜitÞ�
� 1 and   

B̂ ¼ ðN� TÞ� 1 ∑
N

i¼1
∑
T

t¼1
û2

itĝ
2

itx
0

itxit½Ĝitð1 � ĜitÞ�
� 2,

respectively, where;

Ĝit ¼ Gðxitβ̂Þ, ĝit ¼ gðxitβ̂Þ, gðxβÞ ¼ @GðxβÞ=@xβ and ¼ Efit � Ĝit

3.3. The dependent variable “Bank efficiency”
Among the approaches that have been proposed for assessing input-output links, there are two 
major categories:

First, the “production approach” that defines banks as providers or producers of liquidity within 
loanable funds markets and that was used by many authors (Sathye (2001), Neal (2004), and Paul 
and Kourouche (2008)). Alternative conceptualizations are used in this approach to describe inputs 
(capital costs, labour, and deposits) and outputs (financial investment & loans; Fried et al., 1993; 
Kirkwood & Nahm, 2006). A further way of conceptualizing inputs and outputs is as expenditures 
and revenues, respectively (Miller & Noulas, 1996).

Second, the” bank intermediation approach” derived from the intermediation role the banks 
occupy in any economy which is the medium point between lenders and borrowers or in other 
words providers of funds and demanders of these funds. As for precising which set of data will 
serve as the input factors and which are to serve as the output factor in this approach, it is noted 
that liabilities of a bank extracted from its balance sheet (which means deposit accounts belonging 
to providers of funds) are all set to be the input factors, and assets of a bank (which means loans 
granted to demanders of funds) are set to be the output factors.
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The present study adopts the “intermediation approach” where the first input is denoted (X1) 
and non-interest expenses or the second input is denoted (X2) from one side. On a parallel side, 
net interest income or first output is denoted (y1), and non-interest income or second output is 
denoted (y2).

In order to convert nominal values into constant 2010 USD, data was deflated using the 
consumer price index. A correlation analysis of input–output relationships was conducted (and is 
presented in Table 2 of the results section) to justify their inclusion in the model. It is vital to satisfy 
isotonicity demands in terms of both outputs and inputs (e.g., more inputs lead to higher outputs), 
according to Charnes et al. (1985).

3.4. The independent variable “Oil price volatility variable”
As for the independent variable “Oil Price”, it is defined in accordance with Korhonen and Ledyaeva 
(2010) as the ratio between crude oil price averages over the period of 3 months and quarterly. 
According to US GDP deflator (2010) for Brent, Dubai, and West Texas Intermediate in US dollars 
per barrel. Prices for crude oil were derived from the World Bank database. Real prices reflect 
common shocks that all countries experience. Data on the annual oil price was used as the 
dependent variable. In line with Kaffash (2014), OPV was used to represent oil price fluctuations 
in BRICS countries. In this study, the OPV was determined using monthly oil price standard 
deviations (Ferderer, 1996). 

OILPVOLt ¼
∑n

i¼1 olipi � oilpt

� �2

n � 1

2

6
4

3

7
5

1=2 

where oilpt denotes monthly oil price average in year t, while n refers to months in year t.

3.5. Environmental variables
In this study, exogenous or environmental variables were also taken into consideration as sug
gested by previous research, some of them are banks specific, and others are country specific (as 
displayed in detail in Table 4 from the following section). It is widely recognized that many 
different factors determine the economic and banking conditions in a country, including inflation, 
capitalization, economic growth, liquidity, bank size, and credit risk (Casu & Girardone, 2009; 
Chortareas et al., 2012; Lozano-Vivas & Pasiouras, 2010; Tanna & Pasiouras, 2009).

(GDP) gross domestic production can be used as a macroeconomic variable to indicate the 
economic situation in a particular region. Inflation is also considered to be a significant external 
factor that affects bank efficiency (Staikouras and Wood, 2003; Perry 1992). Our model includes 
the consumer price index growth rate (lnINFL) as a control variable to account for macroeconomic 
risk. Depending on how inflation rates are anticipated, bank performance may be positively 
affected if banks can revise interest rates, accordingly, which leads to a higher and faster increase 
in revenue compared to cost increases.

Furthermore, the four bank-specific variables considered in this study are:

1 – Liquidity Assets ratio (LIQ), noting that high liquidity ratio ensures lower liquidity risk or 
possibility of fire asset sales (Hasan & Marton, 2003).

2 – Capitalisation (EQT), which is the ratio of equity to capital (high ratio = low bank risk; Kishan & 
Opiela, 2000; Van den Heuvel, 2002).
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3 – Loan reserve ratio (% of total gross loan), and Bank size (SIZE) and is formulated as a ratio of 
loan loss reserves to total loan portfolios (greater values track higher risk portfolios; Kashyap & 
Stein, 1995).

4. Results and discussion
In this section, the detailed results of the study are presented starting with the sample information 
in Table 1 below:

Table 2 indicates that the isotonicity requirement has been met as inputs and outputs exhibited 
significantly positive correlation coefficients. Table 2 detects low levels of multicollinearity between 
the factors included which means no variable should be omitted and low redundancy as indicated 
by the high input-output correlations and the low correlations within inputs (outputs).

Table 3 summarizes input and output variances over the study period. Net interest expense had 
a minimum outcome of USD 0.1 million compared to a maximum outcome of USD 47,840 million, 
noting that the average amounted USD 22,455 million and finally a USD 5,773 million attributed to 
standard deviation. Due to the long data period across all BRICS countries as well as value- 
sensitive DEA, there were high standard deviations and variation among the variables, proving 
heterogeneity.

Presenting the results of Table 4, the total assets for the study period were reported as 3.05– 
14.91 based on SIZE, whereas the average inflation rate was 7.16%. EQT is expressed in equity 
capital and total assets ratio of the bank. The mean value of the capital asset ratio is 10.22%. EQT 
was 0.58 million US dollars, whereas NLP was 69.75 million US dollars, whereas the highest and 
lowest values were 0.01 million US dollars. In both cases, these values represented the variance in 
the loan loss reserve ratio as a percentage of total gross loans during the study period. OPV 

Table 2. Correlation coefficients between inputs and outputs
Outputs Inputs

Interest 
income

Non-interest 
income

Net interest 
expense

Non-interest 
expense

Interest income 1.000

Non-interest 
income

0.93 1.000

Net interest 
expense

0.97 0.91 1.000

Non-interest 
expense

0.95 0.95 0.93 1.000

Source: Author calculations 

Table 1. Number of selected banks per BRICS country
Country Total number of banks
Brazil 21

Russia 33

India 41

China 9

South Africa 8

Total 112

Source: Bank-scope 
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averaged 8.86% during the study period. A correlation matrix for all the variables is shown in 
Table 5. All these variables exhibit significant correlations at the 1% level.

4.1. Stage 1: DEA of bank efficiency results
As shown in Table 6, Stage 1 results (DEA) are summarized. During the sample period, the 
efficiency scores exhibited an escalating pattern from 2003 to 2018, with some fluctuations. The 
mean efficiency score for banks in the study period of BRICS countries was 0.76; this translates to 
an increase in banking efficiency of 0.24 (24%) as full efficiency was not achieved due to several 
factors, including fluctuations brought about by the global financial crisis at that time. Thus, 
according to this result, banks are able to save up to 24% in input during business operations if 
they are able to maintain constant output. Building up on these results, it can be deducted that the 
BRICS countries’ banks performed relatively well over the period 2003–2018. It is, however, 

Table 3. Descriptive analysis of input and output variables (in million USD)

Variable Observation Mean
Standard 
deviation Minimum Maximum

Inputs

Net interest 
expense

1792 2455 5773 0.1 47,840

Non-interest 
expense

1792 1329 3308 0.1 25,244

Outputs

Interest income 1792 4626 11,709 0.2 117,879

Non-interest 
income

1792 840 2291 0.2 20,371

Source: Author’s own calculations 

Table 4. Descriptive statistics of variables used in cross-sectional regression
Variables Description Mean Std. dev Min Max
Bank-specific

LIQ Liquid assets 
ratio (% of total 
asset)

61.24 24.21 0.01 94.41

EQT Equity assets 
ratio (% of total 
asset)

10.22 6.70 0.58 72.39

NLP Loan loss 
reserves ratio 
(% of total gross 
loans)

5.33 6.76 0.01 69.75

SIZE Natural 
logarithm of 
total assets

8.94 2.28 3.05 14.91

Country Specific

INF Inflation, 
consumer prices 
(annual %)

7.16 3.38 −0.72 15.53

GDPG GDP growth 
(annual %)

5.06 3.80 −7.79 14.53

Oil price 
volatility

yearly standard 
deviation of 
monthly oil 
price

8.86 6.80 2.10 30

Source: Author’s own calculations 
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necessary boost efficiency within the banking system in order to improve its performance. This 
situation is probably due to the existence of numerous unsolved BRICS banks after the financial 
crisis of 2008–2012 (see, Figures 2 and 3 below).

There were some fluctuations in the Brazilian banks during the period covered by the study. This 
average of 0.81 was achieved in 2003, decreased to 0.76 in 2004 and returned to 0.81 in 2007, 
then decreased during the global financial crisis (GFC) to 0.77 and 0.76 in 2008 and 2009, 
respectively. Bank efficiency scores were the lowest in 2013 and 2014 (0.73% and 0.74%) and 
then improved to 0.76 in 2018. China’s banks averaged the highest in terms of banking efficiency, 
amongst the five BRICS countries from 2003 to 2018. Another deduction is that efficiency averages 
has followed an increasing trend through years, especially, in 2018 where Chinese banks were the 
more efficient with a positive marge of 0.93. These efficiency averages in Chinese banks decreased 
lightly during the GFC but increased to 0.93 by 2010.

India’s banks had on average an efficiency of 0.77 in 2003. In addition, the banks’ efficiency was 
relatively good during the study period of 0.77 and remained the same throughout the study. 
Accordingly, for the year 2004, banks had a score of 0.80 and were ranked third in efficiency behind 
only Chinese banks (0.91) and South African banks (0.83). Russia’s banking system had a rather low 
efficiency in 2003 at only 0.49, increasing in subsequent years, to 0.51 in 2009, but banking efficiency 
increased passing along the sample period for the Russian banks and increased to 0.56 by 2015. Since 
2003, the average efficiency of South African (SA) banks has increased, from 0.80 to 0.93 in 2003 and 
2008, respectively, then a decrease in 2009 and 2010 during the global financial crisis, the efficiency 
level had decreased to 0.88 and 0.87 between 2011 and 2018, when the efficiency of South Africa 
banks slightly fluctuated between 2011 and 2018 and reached 0.87 in 2018.

In addition, the study results revealed that each country has a different level of banking 
efficiency. Based on our analysis, the banking systems of each country in 2003 were ranked 
according to their efficiency as follows: The Chinese banking system was rated the most efficient 
with an average efficiency of 0.89%. For the same year 2003, Brazil was ranked second with an 
average efficiency of 0.81%, followed by South African banks with an average efficiency of 0.80%. 
The fourth ranked bank was the Indian bank with an efficiency score of 0.77% and the least 
efficient was the Russian bank with a score of 0.49%.

Throughout the sample period of the study, we observe that the global financial crisis period 
from 2008 to 2009 affected the banks, leading to a decrease in the banking system within all 
countries except for Russia. The efficiency of Brazilian banks was 0.77 and 0.76, respectively. There 
were Chinese banks which had efficiencies of 0.91 and 0.87 during the GFC whereas Russian banks 
had efficiencies of 0.49 and 0.54 and Indian banks efficiency level remained unchanged. Finally, 
the South African banking system decreased from 0.93 to 0.88 during the same period.

Table 5. Correlation coefficient matrix between DEA stage-2 variables
LIQ EQT NLP SIZE INF GDPG OPV

LIQ 1

EQT −0.4689 1

NLP −0.0141 0.1517 1

SIZE 0.1236 −0.5186 −0.1243 1

INF −0.094 0.1515 0.0293 −0.2359 1

GDPG 0.3359 −0.2741 −0.2067 0.204 −0.3418 1

OPV −0.0233 −0.0073 −0.0586 0.0584 0.2017 −0.1303 1

Source: Author’s own calculations 
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Table 7 presents the efficiency level for the sample period (TE PE and SE). According to our 
analysis of TE, PE, and SE (0.90, 0.92, 0.98), the Chinese banking system was the most efficient and 
effective when compared to the other BRICS countries. With levels of efficiency of 0.87, 0.91, and 
0.95, South African banks were ranked second. As for banks, Brazil and India ranked third in 
comparison with BRICS countries as their technical efficiency scores were 0.77 for both countries, 
their Pure Technical Efficiency scores were 0.84 and 0.81, and their Scale Efficiency scores were 
0.92 and 0.95. Overall, the efficiency level for BRICS countries decreased during the sample period, 
especially during the period following the GFC. Comparing the sample period of BRICS countries, 
Russian banks displayed the lowest efficiency level, while Chinese banks produced the best 
performance efficiency scores. Results of the analysis of the BRICS countries’ levels of efficiency 
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Figure 2. Yearly efficiency level 
in the BRICS banking industry.
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Figure 3. Technical efficiency 
(TE), Pure efficiency (PE) and 
scale efficiency (SE) of BRICS 
banks in the period of 2003– 
2018.

Table 7. Technical efficiency (TE), Pure efficiency (PE) and scale efficiency (SE) of BRICS banks 
in the period of 2003–2018
YEAR 2003–2018 2003–2018 2003–2018 2003–2018 2003–2018 2003–2018

Brazil CHINA RUSSIA INDIA SA BRICS

TE 0.77 0.91 0.50 0.77 0.87 0.76

PE 0.84 0.92 0.69 0.81 0.91 0.83

SE 0.92 0.98 0.73 0.95 0.95 0.91

Source: Author’s calculations. Note: Mean levels are geometric means. Eff denotes Efficiency, TE Technical Efficiency, 
PTE Pure Technical Efficiency and SE Scale Efficiency. 
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demonstrate a consistent improvement since 2003 (average 0.75 level of efficiency for BRICS 
countries), and 0.83 and 0.91, respectively, for PE and SC countries (see figures 4 and 5).

Our results are in line with other studies conducted on the efficiency of BRICS countries, what 
Wanke et al. (2018) found was that the level of efficiency fluctuated between 0.4 and 0.9 and 
appeared to have pretty much stagnated over these periods. Countries tend to demonstrate similar 
levels of efficiency. In contrast, Chinese banks have tendency to generate better efficiency scores, 
while Brazilian banks have tendency to result in dispersed scores. Furthermore, banks in China enjoy 
a long-standing monopoly on the market, which has resulted in an increase in their efficiency (see, Shi 
& Zou, 2016). The results are in line with our finding that Chinese banks had the highest level of 
efficiency among the BRICS country banks, and the level of efficiency as shown in Table 6 indicated 
the level was between 0.50% and 0.90% for the sample period. As compared with the other BRICS 
countries, China’s banking industry is still quite fragmented. There may be differences in bank 
efficiency within each country influenced by socioeconomic, demographic, and regulatory factors. 
A significant body of research has examined context-dependent effects on bank efficiency.

4.2. Stage 2 bank efficiency and oil price volatility results
In Stage 2 DEA, banking efficiency scores were regressed against alternative proxies for oil price 
volatility (OPV), as well as country- and bank-specific variables described in Section 5. Table 8 lists 
the statistical tests deployed in Stage 2 DEA, where the estimated banking efficiency scores were 
regressed against a vector of explanatory variables that may affect the banking efficiency scores. 
Our results finding which is in line with our priors and the academic literature. As a result, banking 
efficiency had a negative link with OPV.

Table 8. Results of the second stage regression (GLM) and (OLS) for the BRICS country banks
Variables Coefficient Coefficient Coefficient

Dependent variable 
TE

Dependent variable 
PE

Dependent variable 
SC

INF −0.070*** 
(0.015)

−0.057*** 
(0.015)

−0.080*** 
(0.017)

GDPG −0.072*** 
(0.017)

−0.069*** 
(0.015)

−0.065*** 
(0.021)

SIZE 0.065* 
(0.037)

0.120*** 
(0.039)

0.002 
(0.063)

EQT −0.149*** 
(0.029)

−0.074*** 
(0.023)

−0.253*** 
(0.042)

LIQ −0.008* 
(0.004)

−0.002 
(0.003)

−0.016*** 
(0.005)

NLP −0.090*** 
(0.019)

−0.053*** 
(0.020)

−0.104*** 
(0.028)

OPV −0.022* 
(0.017)

−0.019* 
(0.015)

−0.029 
(0.025)

GFC 0.683 
(0.471)

0.587 
(0.440)

0.805 
(0.615)

CONSTANT 4.048*** 
(0.808)

2.536*** 
(0.672)

7.595*** 
(1.153)

No of observation 1792 1792 1792

Log pseudo-likelihood −24.584 −21.248 −13.929

Source: Author’s calculations. ***, ** and * indicate 1%, 5% and 10% significance levels, respectively, Asymptotic 
standard errors in parentheses. OLS: Ordinary least squares, GLM: Generalized linear model. 
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The statistical significance at 1% level displayed in Table 8 explains the effect of inflation on 
banking efficiency in BRICS countries. The estimated coefficient for GDP is negative and statistically 
significant at 1% level; signifying the negative link between economic progress and banking 
efficiency, which agrees with outcomes reported in (Johnes et al., 2014; Poghosyan & Hesse, 2009).

As for credit risk indicator, LNP displayed a significantly negative effect on banking efficiency. In 
fact, banks with lower ratios of loan loss reserves to total loans appeared to display better 
efficiency. Loan loss reserves denote the anticipated losses by bank managers, while higher LNP 
reflects the higher fraction of assets placed by banks for potential loan repayment defaults.

Referring to Table 8, SIZE had a significantly positive impact on banking efficiency, signifying higher 
banking efficiency with larger bank assets. According to Kaffash et al. (2020) and Olson and Zoubi 
(2008), since bigger banks can alter their output scale and optimal mix, they become more efficient 
than smaller banks. The positive SIZE-BE correlation is in agreement with results reported in several 
prior studies (Hauner, 2005; Kosmidou & Zopounidis, 2008; Spathis et al., 2002; Sufian, 2009).

5. Conclusions and recommendations
The two-stage DEA was used in this paper to evaluate the impact of OPV on BE within the context 
of BRICS countries from 2003 to 2018, mainly to define the country- and bank-specific factors of BE 
with the use of balanced panel data. This study first assessed the efficiency of 112 banks over 16- 
year period, and later investigated the effect of oil price volatility PV on banking efficiency.

We applied the dynamic panel data approach in this study and we examined the influence of 
other factors on technical efficiency levels so that policy makers and bankers can improve their 
management of regulatory policies. Therefore, the technique prescribed by Papke and Wooldridge 
(1996) was applied. The estimation method introduced by Papke and Wooldridge (1996) eliminates 
the necessity of adjusting the dependent variables at extreme values of 0 or 1, in cases where the 
independent variables can be estimated in a straightforward manner. As a result, the predicted 
value of the dependent variable should range from 0 to 1. To implement this, we used the Bernoulli 
log-likelihood function. We included the effect of financial crisis in our analysis by subdividing the 
full period into two sub-periods: before crisis and after crisis periods. We also considered the effect 
of internal (bank-specific characteristics) as well as external bank factors (macroeconomic, reg
ulatory, and institutional variables).

In summary, the findings of the study suggest that the overall efficacy of the banks in the BRCIS 
has received 76% efficiency which is considered as good. It implies that with the consistency in the 
output the banks are expected to save up to 24% in operating cost. Therefore, the overall efficiency 
of the banks in BRICS countries can be considered as good during the period.

Oil price volatility affected BE in BRICS countries with inflation and economic progress serving as 
the primary indirect drivers. Considering credit risk indicator, LNP exemplified a significantly nega
tive effect on BE. Evidently, banking efficiency was better with lower ratio of loan loss reserves to 
total loans. Expected loss by banks were reflected by loan loss reserves, while higher LNP depicted 
larger fraction of bank assets put aside for loan repayment defaults. High loss of loans led to lower 
BE, particularly among banks in BRICS countries that heavily rely on loan generation. The findings 
of the study have several implications for the bakers, government, customers, and portfolio 
investors. It is expected to help the bankers in making key managerial decisions to increase the 
investors wealth. Governments in BRICS countries can use it as policy documents to measure the 
possible changes in banks efficiency due to change in oil prices. However, it is recommended for 
future research and empirical studies to provide detailed investigation of impact of oil price 
changes on baking efficiency throughout different sub-periods, in order to capture the dynamic 
alteration in reaction of banking sector performance to potential structural breaks and changes in 
oil price behavior.
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