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Abstract: Over the years corporate social responsibility (CSR) has become a
source of competitive advantage for firms including banks. CSR is one of the
important aspects of a private bank’s contribution to society apart from its
functionality. The extant literature shows a scantiness of research concerning
the assessment of the efficiency of banks in CSR expenditure towards
environmental sustainability. The current work fills the gap in the literature
by providing a multi-objective assessment framework to measure and
compare the leading private banks based on their efficiency in CSR vis-a-vis
environmental sustainability. This paper aims to study the ideal and actual
contribution of the Indian private banking sector toward environmental
sustainability and other sectors. This is done by using data from 10 private
sector banks over 7 financial years and comparing their efficiencies over time
using optimization techniques like Data Envelopment Analysis. To study the
change in CSR contribution over time, the Malmquist Index has been used. City
Union and HDFC have shown the highest contribution towards environmental
sustainability as a part of their CSR acts consistently over the years
irrespective of the income generated. The outcome of the present paper shall
enable the decision-makers to formulate of the appropriate policies.

Key words: CSR, Data Envelopment Analysis (DEA), Efficiency, Malmquist
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1. Introduction

CSRis the spending of a business towards social welfare and environmental issues
from the income generated. Being an emerging economy, India became the first nation
to formally mandate corporate social responsibility in April 2014. Indian Companies
Act contains section 135 which requires businesses with a certain level of sales and
profit to devote a minimum of 2% of their mean revenue over the previous three years
to CSR. The private banks of India also fall under this rule. On the humanitarian ground
CSR stands as a direct reflection of the Key Performance Indicators (KPIs) of these
private banks like profit, income or average net profit. CSR helps the business
organizations including banks to earn reputations from the society (Ruiz & Garcia,
2021) and has a positive impact on the efficiency (Belasri et al.,, 2020). CSR activities
are intended to extend benefits to the major stakeholders like employees, customers,
society or communities and environment. Subsequently, a mutually beneficial linkage
gets created among the firms such as banks and the major stakeholders. As a result,
the firms become able to enjoy the competitive advantage(Eyasu & Arefayne, 2020).
From the perspective of the banks, Ben Abdallah et al.(2020)observed a bidirectional
causal interrelationship between business stability and soundness and banks’ CSR
efforts toward sustainable development. Several studies have used the MCDM
technique combined with other methods like TOPSIS (Technique for order of
performance by similarity to ideal solution) and Logarithmic Percentage Change-
driven Objective Weighting (LOPCOW) for portfolio optimization and IPO ranking
(Biswas & Joshi, 2023; Gupta et al., 2023). While other studies have implemented the
three tools of Markowitz model, DEA and intuitionistic fuzzy set (IFS) for portfolio
selection and a new combined Markowitz and the cross DEA model have been
suggested.

Environmental sustainability has been a major issue in the 21st Century. We are
struggling to improve the conditions of our planet so that we may assure our own
survival (Dabic-Miletic & Simic, 2023). The companies are expected to contribute in
more than sufficient amounts towards this cause. The sectors that CSR can be
contributed towards are several like Education, Rural Development etc. Especially,
after COVID-19 struck we expect more contributions towards the Health Care sector.
Keeping in line with the social and environmental changes, businesses are expected to
play a proactive role to support the activities pertaining to sustainable development
(Aslaksen et al., 2021). Among the major stakeholders of the firms, environment is of
central importance. Firms respond to the environmental concerns at organizational
level (by interacting and collaborating with other firms) and at individual level (by
addressing the needs of the society and people toward achieving sustainable
development goals) (Pogutz, 2009). Environmental sustainability of the firms entails
the practices and decisions pertaining to management of processes and resources,
design of the products and services to protect the environment and maintain the
ecosystem for generations to come (Cowan et al., 2010; Donald S., 2009; Pane Haden
etal.,, 2009; Biswas et al,, 2023a). Research conducted by Badi & Abdulshahed (2021)
suggested a set of indicators to evaluate the sustainability of the iron and steel
industry in Libya using a rough AHP model. A new study aims to analyze the
performance evaluation relates to the supply chain of petrochemical companies using
the network DEA and Malmquist index; subsequently testing their efficiencies over
time (Bazargan et al., 2023). Quite reasonably decisions related to the environmental
concern has become an important cornerstone of the overall CSR strategies of the
corporate. The firms integrate environmental accountability and social responsibility
in their business model to effectively formulate and execute CSR activities for
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achieving sustainable development goals (Shahzad et al., 2020; Williamson et al.,
2006). Businesses need a structure they address the sustainability challenge in order
to recognize both possibilities and dangers, develop, implement, and improve their
sustainable development strategies to be more environmentally conscious
(Baumgartner, 2014). Orlitzky et al. (2011) examined three theoretical perspectives
on strategic corporate social responsibility. Strategic CSR is defined as voluntary CSR
initiatives that improve a company's reputation and competitiveness. CSR promotes
firms execute their operations in a way that makes them morally successful. We can
state that effective CSR procedures can develop a socially sustainable organization. It
is our responsibility to assess this aspect in India's private banking industry. An
orientation of the business activities toward environmental sustainability and CSR
practices helps the firms to win the competition, attract and retain motivated talents,
gain the trust of the investors and customers, meet the regulatory and statutory
requirements and build a strong connectivity with the community (De Roeck &
Delobbe, 2012; Debnath et al., 2018; Jamali & Karam, 2018; Lyon & Maxwell, 2007;
Nguyen et al., 2021; Pamucar & Biswas, 2023).

In this context, the present work aims to carry out a comparative study of CSR of
the Indian private banking segment focusing on their contributions towards
environmental sustainability. The study has been conducted on the top 10 private
banks having the largest market capital during the period FY 2014-15 to FY 2020-21
i.e., from the year India has mandated CSR. The researchers intend to find answers to
the following research questions.

RQ 1. How can an effective model be formulated to compare the CSR efficiencies of
the banks?

RQ 2. To what extent do the private banks differ in their CSR efficiencies vis-a-vis
environmental sustainability?

Since gauging the efficiency in CSR performance requires to consider a number of
variables, its becomes a problem of multi-criteria decision making (MCDM) that posits
the requirement to satisfy a number of criteria or constraints to figure out the best
possible alternatives and/or optimize the constraints to arrive at a best possible
solution (Sahoo & Goswami, 2023; Mzili et al., 2023; Chatterjee & Chakraborty, 2023).
In the current work the model has been formulated using a widely used and robust
operations research (OR) method such as DEA. DEA is a nonparametric method which
can be defined as a mathematical programming model that, when applied to
observable data, offers a mechanism to derive empirical estimations of relations like
the frontier of production efficiency, which form the basis of contemporary economics.
It is a method for measuring multiple inputs and outputs that compares the
effectiveness of various decision-making units (Charnes et al., 1978). It was improved
upon and another model to comprehend the Pure Technical Efficiency (PTE) and Scale
Efficiency (SE) with respect to the efficient frontier was developed (Banker et al,,
1984). The present work employs DEA to calculate the efficiencies of the private banks
based on their yearly revenue and CSR expenditure. Further the Malmquist
Productivity Index measure has been used to study the improvement or deterioration
in CSR expenditure. DEA allows the analysts to compare the other DMUs with the most
efficient ones in the group i.e., the benchmark; but lacks the ability to rank these
benchmarks. Super Efficiency is a technique that allows us to rank these fully efficient
DMUs (Andersen & Petersen, 1993). The Malmquist Productivity Index is a bilateral
measure based on the concept of production function(Fare et al., 1998). This allows to
compare the technologies of two economies (Caves et al., 1982).

The motivation of the current work stems from the findings of literature review
which shows that there is a scantiness of past studies conducted to compare the banks
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on the basis of their CSR vis-a-vis environmental sustainability .There have been past
study comparing the performance of private and public sector banks in India on a five-
year time horizon using a Multi-Criteria Decision Making (MCDM) technique where
Entropy is used for weight selection (Laha & Biswas, 2019). With respect to the
concerns for sustainability there is a study conducted by Hafsal et al. (2020) which
attempted to examine the effect of the non-performing assets (NPA) on overall
banking efficiency. The authors utilized a two-stage DEA model. However, Hafsal et al.
(2020) did not specifically consider environmental sustainability in connection with
sustainability to compare the banks. Ecer & Pamucar (2022) felt the indubitable
importance of contributions of the banks toward sustainable development for sectoral
as well as economic growth of the nation. The researchers had compared the banks
with a newly developed Logarithmic Percentage Change-driven Objective Weighting
(LOPCOW) and Dombi Bonferroni (DOBI) framework while considering various
attributes of triple bottom line. The researchers have noted electricity consumption as
one of the major drivers for attaining sustainability for banking sector. Concerning the
banking sector this kind of study is quite rare. However, Ecer & Pamucar (2022) did
not consider environmental sustainability in conjunction with CSR to assess the
efficiency of the banks. Our work therefore extends this study. Thus, it may be
surmised that apparently no study exists on comparing the CSR contribution of the
private Indian banks with respect to environmental conservation which is of
paramount importance in today’s time where environmental degradation and
sustainability are subjects of utter eminence. DEA has been widely used in comparing
bank performance(Antunes et al, 2022; Mahmoudabadi & Emrouznejad, 2019;
Moutinho et al,, 2021; Wang et al., 2019). But it is seen that the application of DEA in
evaluating CSR efficiency towards environmental sustainability is apparently limited.

The major contributions of the present work are as follows. First, the current work
provides a robust framework for measuring CSR efficiency vis-a-vis environmental
sustainability for private banks in the emerging economy like India. Second, a DEA
framework with Malmquist Productivity Index is utilized to make comparison of the
increase or decrease of CSR performance of given banks over time.

The rest of the ongoing paper is structured as follows. In section 2 some of the
recent applications of DEA in assessing banking performance and related areas have
been discussed. Section 3 explains the methodology while in section 4 key findings are
highlighted. Section 5 presents a brief discussion on the implications of the work.
Section 6 provides the concluding remarks and showcases some of the future scopes
for further research.

2. Related work

A plethora of work has used DEA for evaluating banking performance and
addressing related issues. In fact, the use of DEA in banking sector is age old. The study
by Sherman & Gold (1985) uses the DEA method to compare the efficiency of efficient
and inefficient bank branches. They came to an agreement that DEA is a useful
supplement to other techniques measuring banking efficiency after taking into
account the services rendered as outputs and the resources utilized to deliver these
services as inputs. From 1986 to 1991, in the beginning of the present phase of
liberalization, the organizational effectiveness of 70 Indian commercial banks was
evaluated using DEA. The fluctuation in the predicted efficiency ratings was then
explained using a parametric strategy known as stochastic frontier analysis. Private
sector banks and foreign banks operating in India were determined to be less effective
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than public sector banks. They discovered that the performance of foreign banks had
been improving over time, the performance of private Indian banks had just been
stagnant whereas, the performance of Indian public banks had been declining with
time (Bhattacharyya et al., 1997). DEA has been used before to study 27 Indian Public
Sector Banks for the year of 2004-05, a single financial year. The findings suggest an
88.5% overall technical efficiency with 7 banks identified to be the benchmarks (S.
Kumar & Gulati, 2008). Inefficient scale rather than purely technical factors is the main
reason why private banks have fared better than public sector banks in our country,
as previously mentioned (N. Kumar & Singh, 2015).

In this section a brief summary of some of the recently published work on
applications of DEA in banking sector is highlighted.

For example, Lee et al. (2017) conducted a study on Korean banks. The study
discovered that the performance gap between special banks and smaller lenders is
statistically significant. The authors of this research recommend using the MSBM
model rather than the Banker, Charles, and Cooper (BCC) model since the MSBM
model can cope with negative data. Work on measuring CSR using fuzzy network
process was performed by Debnath et al.(2018a) . Deverakonda & Munipalle (2019)
examined the contrast in performance of foreign banks and domestic counterparts in
India. The underlying intention of the researchers was to figure out the effect of entry
of the foreign banks on domestic banking sector. The study utilized DEA as tool. The
authors observed that the entry of foreign banks had intensified the competition but
domestic banks showed better performance over the study period 2005 to 2013.
Mahmoudabadi & Emrouznejad (2019) followed three aspects such as production,
intermediation and social welfare to carry out a multistage comparison of the
branches of a commercial bank in Iran. The authors applied a network slacks-based
measure (SBM) DEA method. The study of Wang et al. (2019) also used SBM based
DEA method to carry out a comparative analysis of bank performance on a global
platform. The study considered asset, liability and capitalization as inputs and revenue
as the output. Owusu Kwateng et al.(2019) diversified the strand of literature by using
bootstrap analysis-based DEA method along with machine learning models to discern
the effect of internet used banking on banking performance in Ghana. Nandy & Singh,
(2020) inspected farm efficiency using Machine Learning and DEA to predict the
impact of environmental factor on the farms’ output level.

Jomthanachai et al. (2021) used DEA with ML algorithms to examine the risk
management that included cross-efficiency DEA with ANN to forecast the risk level.
Moutinho et al. (2021) investigated the relationship of the bank performance with the
intellectual capital efficiency. The authors used DEA for performance-based ranking of
the banks. Using fractional regression approach the study demonstrated a positive
effect of performance on intellectual capital efficiency. Cvetkoska & Fotova Cikovi¢
(2021) applied an output-oriented BCC DEA model to compare a set of Macedonian
and Croatian banks on the basis of their expenses (as inputs) and revenues (as
outputs). Maradin et al. (2021) set the context of their study as Islamic banking. The
authors utilized Malmquist total factor productivity index with DEA to compare the
operational performance of the banks. The study of Lartey et al. (2021) put forth a
three staged network DEA model to assess efficiency of the banks given the risk
exposure and financial performance. (Li et al., 2021) considered deposits as flexible
measure to compare the Chinese banks over a period of 2014-2018 using a two-stage
DEA approach.

Antunes et al. (2022) conducted a longitudinal study on banking performance in
China. The study was designed in two stages wherein the efficiencies of the banks were
derived at the first stage using DEA approach and the second stage applied neural
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network-based model to delve into the interrelationship of bank specific measures
with efficiency. The study revealed a consistent improvement in the efficiency, varying
level of volatility across the various categories of banks such as foreign, state-owned
and rural commercial and a different impact on efficiency for the traditional and non-
traditional banks. Omrani et al. (2023) proposed a mixed-integer network DEA
framework to compare the relative efficiencies of banks on the dimensions like profit,
productivity, internet banking and overall performance. Bayiley (2022) took help of
DEA-based Malmquist productivity index and GMM dynamic models to assess total
factor productivity of Ethiopian banks and carried out a classification into three
categories such as regressive, stable, and progressive. The researcher considered
constant returns to scale for the variables related to income and expense. Corporate
governance and bank productivity were examined using a two-phase model that
combined DEA and random forest regression (Thaker et al., 2022). Current research
presented by Biswas et al. (2023) used multi-criteria decision making (MCDM)
framework to compare BRICS (developing nations) and G7 countries (developed
nations) on the basis of their energy efficiency vis-a-vis ES. Same methodology was
used by Puska et al. (2023) to establish the level of economic freedom in the Balkan
countries where again Entropy technique assigned the designated weights.

2.1. Research gap and novelty of the study

[t is apparent that no such study exists on comparing the CSR contribution of the
private Indian banks with respect to environmental conservation which is of
paramount importance in today’s time where environmental degradation and
sustainability are subjects of utter eminence. The novelty of this research lies in
adoption of the DEA approach to assess effectiveness in the Indian private banking
sector, considering CSR as a major parameter. Businesses are becoming more aware
of concerns related to society and the environment. A company executes a CSR plan in
order to lessen harm, engage in moral business customs, be accountable along an
international supply chain, engage in philanthropy, and create a self-directed method
for managing its staff. Hence, we have tried to incorporate the aspect of environmental
sustainability into this research by considering it as an independent output variable to
increase the social impact of the study. The goal of business sustainability is to
maximize the long-term benefits to the economy, society, and the environment; which
is imperative to business management. Sustainable development attempts to leave
systems with the capacity to endure. A sustainable company strategy has three
components: social, economic, and environmental. In the twenty-first century,
environmental sustainability is the most imperative among these. Businesses that
damage environmental systems deny future generation’s access to the same
environmental value, which makes them unsustainable.

3. Materials and methods

In this section a description of the research methodology is provided. This study
takes into account 10 Indian private sector banks as the DMUs for the Data
Envelopment Analysis. These 10 banks are selected based on their large market
capital. The input variable for this study is yearly income of banks and two output
variables are CSR expenditure in the sector of Environmental Sustainability and CSR
expenditure in all other sectors combined. The data has been collected for the time
period of the financial years commencing from 2014-15 to 2020-21. The CSR data has
been collected from the site (csr.gov.in), which is a public site hosted by the govt. of
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India. The income data has been taken from the publicly available data at
moneycontol.com. The variables have been scaled using mean normalization before
any methodologies were applied. The 10 banks used for the study are as given below
in Table 1:

Table 1. List of banks

S/L Name of the Bank S/L Name of the Bank
Al HDFC Bank A6 IDBI Bank

A2 ICICI Bank A7 Yes Bank

A3 Kotak Mahindra Bank A8 Federal Bank
A4 Axis Bank A9 City Union Bank
A5 Indusind Bank Al10 Karur Vyasa Bank

The primary investigative method of this study involves Envelopment Analysis.
Initially we have fitted both input and output-oriented CRS and VRS models to the
given data year wise. In many time periods we observe more than one bank give an
efficiency score of 1; in order to break this ambiguity and conclude which is the best
among them we have employed the super- efficiency technique. One important aspect
to note here is though we have obtained results for all the models possible, however,
our interpretations are based on Input oriented approach because the sole focus is
how much more the firms have contributed towards protection of environment
through CSR for a minimum level of earning. Also, as our data is comprised of 7 years
(2014 to 2021) we have used the Malmquist Productivity Index to provide a
comparative analysis over years with respect to its output generation. MPI helps us to
inspect which banks have increased its productivity in terms of CSR and sustainability
with time.

3.1. Data Envelopment Analysis (DEA): Concept of Efficiency

Efficiency tells how well a firm utilizes its input resources for production. Technical
effectiveness and resource allocation effectiveness can be separated out of this. DEA
helps us to measure these by building an Efficient Production Frontier using available
Decision-Making Units (DMUs) keeping the input(s) in x-axis and output(s) in y-axis.
All units operating on the frontier cannot increase production without adding more
inputs or decrease use of inputs without reducing production.

3.1.1. CCR Model (Constant Return to Scale)

The efficiency of each DMU is determined under this model as the greatest ratio of
the sum of all weighted outputs to the sum of all weighted inputs. When an increase in
input leads to an equi-proportional increase in output it is known as constant return
to scale. Under this model efficiency is defined as follows:

. Sum of weighted outputs
Efficiency = (D
Sum of weighted inputs

The weights in the ratio are calculated under the restriction that equivalent ratios
for all DMUs must be less than or equal to one when numerous inputs and outputs are
reduced to a single effective input and a single effective output without the pre-
assigned weights. As a result, the weights of the effective input-output ratio depend on
the efficiency score. We can resolve the linear programming model below to calculate
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the relative efficiency score of a particular DMUA if there are n DMUs, each with m
sources and s outcomes.
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zvi Xir
i=1

Subject to

S
DUV
j=1

= <Ir=12.n
zvixir
i=1

Where,
u; >20;j=12..5v,20;i=12..m

. . =th . -1s th P : B
X;, is the quantity of 1" input utilized by the ' decision making units (DMU); non-
negative

Y is the quantity of jth output produced by the r® DMU; non-negative
V, is the weight imposed on i" input

U, is the weight imposed on jth output

The above stated LP model, (1) is an input-oriented DEA model, meaning it seeks to
maximize the proportional reduction in inputs while maintaining the same level of
outputs. Similarly, there exists an output-oriented model that seeks to maximize the
proportional increase in outputs while using the same level of inputs. The following
LP model describes the output-oriented CRS DEA model:

m
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Where,

u; >0;j=12..5v,20;i=12..m

3.1.2. BCC Model (Variable Return to Scale)

This model was developed to comprehend the pure technical efficiency (PTE) as
well as the scale efficiency (SE) with respect to the efficient frontier. PTE is the
measure of how far a DMU is from operating at the efficient frontier. SE is the measure
of how much a can firm reduce its use of inputs if it operates at CRS. If a DMU is
functioning at diminishing, increasing, or constant returns to scale, the BCC model can
detect. The absence of a proportional increase (or drop) in output with an increase (or
decrease) in input is known as a variable return to scale. The input-focused BCC model
has the following form:

max Z/ujyir T Hy

-1
ST

S m 4
z/‘jyir_zvixir"':“oso @
-1 i1

Zm: v.X, =1
i=1

Where, £, 20; j=1,2..5;v, 20;i =1,2..m; 4, € R, 4, is free

The output-oriented BCC model is described by the linear programming model
given below:

S

max ) v,X, +V,
j=1

ST

ZS::ijir _Zm:ViXir +V, <0
-1 i1

Z/quir =1
j=1

Where, £, 20; j=1,2..5;v, 20;i=12..m; v, e R,v, is free

(5)

-1
m
We must note that in the BCC model, M= tuj V=t t= (Z vV, Xirj
i=1

From the above LP models (1), (2), (3) & (4) we can conclude all efficiency scores are
between 0 and 1. Where a score of 1 indicates 100% efficiency of a DMU and a score
below 1 indicating relative inefficiency (which increases the more it is closer to 0).
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Most of the DMUs with Efficiency 1 are chosen as the benchmark for comparison.
While DMUs that are both on the CRS and VRS frontier are operating at optimal scale
and have no scale or non-scale inefficiency.

3.2. Super Efficiency (Ranking the Benchmarks)

Since the scores of all efficient units are 1, we are unable to differentiate and
compare between highly efficient DMUs. This problem is solved by using the method
of super efficiency. This method allows a fully efficient DMU, A to achieve an efficiency
score more than 1 by removing the A-th constraint from the model. The input-oriented
CRS super efficiency model is given below:

S
max > U,y
j=1
Subject to

S
DXy =Dy, 20 r=12..nr=A
j=1

i=1
m

Z ViXi = 1
i=1

Where, U; >0; j=1,2...5;v; 20;i=1,2..m

3

(6)

Unfortunately, the VRS model of Super efficiency poses a problem of infeasibility
in certain cases. This is due to the creation of a new efficiency frontier excluding the
DMU A being evaluated. If the DMU A has extremely small (or large) input (or output)
then itis unable to project on the efficiency surface no matter its increase (or decrease)
in input (or output), hence the efficiency score becomes infeasible.

3.3. Malmquist Productivity Index (MPI) (Comparing the efficiencies across time)

Originally it was built for comparing 2 economies based on the ideas of Professor
Sten Malmquist. It is used to measure change in productivity over 2 different time
periods for DMUs (Fare et al., 1998). The contemporaneous MPI considers both
“Frontier Shift” effect i.e., Technological Change (TC) as well as “Catching Up” effect
i.e, Technical Efficiency Change (TEC) based on the benchmark(s) of the
contemporary time and assumes that all DMUs operate under the same and unaltered
technology in each time period. The TC captures the change in technology over time
(i.e., how much more or less is produced for the same input) compared to the best
practice technology. Technological change helps us to capture if the production
frontier is moving outwards with time. The TEC captures how far the observed
productivity is from maximum possible productivity or whether the firms are getting
closer to the production frontier over time.

The following formula gives us the MPI:
MPI =TEC xTC (7)
TEC =SEC x PTEC (8)
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This decomposition of Technical Efficiency change is possible only under VRS. SEC
denotes scale efficiency change and PTEC denotes the pure technical efficiency change.
SEC measures how closer a particular DMU gets towards the efficient frontier under
the assumption of CRS under the ideal condition. PTEC is comparison of efficiencies
under VRS assumption over two consecutive time periods given the same DMU. Any
empirical estimation of this decomposition of the Malmquist productivity change
index should be treated with caution, since it mixes VRS and CRS efficiencies in the
estimation of its components.

4. Results

In this section a summary of the key findings is presented. DEA has been applied to
all units for each financial year, under VRS with both input and output orientation.
Both orientations have been applied to check which units can reduce income yet
maintain CSR outputs as well as which units can increase their CSR outputs at the
current income levels. Hence, we obtain 7 DEA plots (Figurel-7) and two 10x7
efficiency matrices for input and output of the 10 DMUs over 7 years as given in Tables
2 and 3. The X-axis represents the input variable (Income) and the Y-axis represents
the output. The red dotted line on each graph indicates the CRS and the black plot
shows the VRS.
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Figure 1. DEA plot of financial year 2014-15
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Figure 5. DEA plot of financial year 2018-19
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Figure 7. DEA plot of financial year 2020-21
The following two tables (Table 2 and 3) give the input-oriented and output-

oriented efficiency scores of the ten selected banks over the seven financial years of
our study period.
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Table 2. Input-oriented Efficiency Scores

Period

DMU 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21

Al 0.6787 0.8853 1.0000 1.0000 1.0000 1.0000 1.0000
A2 1.0000 1.0000 0.5637 0.4328 0.2062 0.3410 0.3876
A3 0.4387 0.3327 0.1727 0.2615 0.2925 0.3735 0.2995
A4 1.0000 0.0842 0.0650 0.0693 1.0000 0.0647 0.1874
A5 1.0000 1.0000 1.0000 0.3103 0.4089 1.0000 0.2927
A6 0.1528 0.1503 0.1152 0.1310 0.1688 0.1917 0.1971
A7 0.8676 1.0000 0.6202 1.0000 0.8180 0.3117 0.2070
A8 0.8867 0.7785 0.7195 0.5910 0.6463 0.8018 0.3793
A9 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
A10 0.5192 0.5454 0.5711 0.5962 0.6316 0.6786 1.0000

Table 3. Output-oriented Efficiency Scores

Period

DMU 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21

Al 0.8598 0.9560 1.0000 1.0000 1.0000 1.0000 1.0000
A2 1.0000 1.0000 0.5466 0.4087 0.1663 0.3659 0.3566
A3 0.2792 0.2498 0.0198 0.1571 0.3165 0.3072 0.1795
A4 1.0000 0.0530 0.0042 0.0000 1.0000 0.1994 0.1353
A5 1.0000 1.0000 1.0000 0.2118 0.4546 1.0000 0.1842
A6 0.1654 0.1440 0.0260 0.0107 0.0031 0.0000 0.0001
A7 0.8554 1.0000 0.5745 1.0000 0.8664 0.3345 0.0001
A8 0.8303 0.6864 0.6081 0.4396 0.5007 0.7510 0.1120
A9 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
A10 0.0703 0.1532 0.0491 0.2225 0.0469 0.1405 1.0000

Since multiple efficient banks were found for all 7 years, Super Efficiency Ranking
technique was applied and another 2 super efficiency matrices were obtained as given
in Table 4 and 5 below.

Table 4. Input-oriented Super Efficiency Scores

Period

DMU 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21
Al 0.6787 0.8853 Inf Inf Inf Inf Inf

A2 Inf Inf 0.5637 0.4328 0.2062 0.3410 0.3876
A3 0.4387 0.3327 0.1727 0.2615 0.2925 0.3735 0.2995
A4 Inf 0.0842 0.0650 0.0693 Inf 0.0647 0.1874
A5 Inf Inf Inf 0.3103 0.4089 Inf 0.2927
A6 0.1528 0.1503 0.1152 0.1310 0.1688 0.1917 0.1971
A7 0.8676 1.4351 0.6202 Inf 0.8180 0.3117 0.2070

A8 0.8867 0.7785 0.7195 0.5910 0.6463 0.8018 0.3793
A9 2.2264 2.4909 2.5587 2.4634 4.5203 3.4957 1.3703
A10 0.5192 0.5454 0.5711 0.5962 0.6316 0.6786 1.5598
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Table 5. Output-oriented Super Efficiency Scores

Period
DM 2014- 2015- 2016- 2017- 2018- 2019- 2020-
U 15 16 17 18 19 20 21

Al 0.8598 0.9560 2.0800 3.2776 9.1725 4.8166 30.6681
A2 1.0331 1.1197 0.5466 0.4087 0.1663 0.3659 0.3566
A3 0.2792 0.2498 0.0198 0.1571 0.3165 0.3072 0.1795
A4 1.3942 0.0530 0.0042 0.0000 2.4783 0.1994 0.1353
A5 3.9040 4.2192 47528 0.2118 0.4546 2.7676 0.1842
A6 0.1654 0.1440 0.0260 0.0107 0.0031 0.0000 0.0001
A7 0.8554 1.4976 0.5745 5.8866 0.8664 0.3345 0.0001
A8 0.8303 0.6864 0.6081 0.4396 0.5007 0.7510 0.1120
A9 Inf Inf Inf Inf Inf Inf Inf

A10 0.0703 0.1532 0.0491 0.2225 0.0469 0.1405 3.1626

In the input-oriented study, we find City Union Bank to be the most efficient until
the financial year 2019-20 after which in 2020-21 Karur Vyasa Bank becomes the most
efficient with a score of 1.55. There are banks that show infeasibility (i.e., efficiency
equivalent to infinity) which should indicate very high CSR output proportional to
their income. Hence, taking the infeasible units into account we have HDFC being the
best performer whose efficiency although not 1 but has improved in the first 2 years
then remained constant at infinity. Hence, if the other banks are to perform efficiently
using proportionately less input but contributing more to CSR, they should follow the
operating procedures of City union or HDFC Bank. The output-oriented study shows
City Union Bank efficiency to be infeasible throughout, while HDFC Bank remains the
best feasible performer since 2018-19.

To compare the change in productivity across time we used the contemporaneous
MPI as shown in Table 6 below. All “Mean” calculated in the following tables refer to
geometric mean. The input and output oriented MPI have the same values. Also, the
TC values are the same for both (Table 7). This indicates no matter the orientation,
DEA is always based upon the appropriate utilization of input variables. No bank has
shown absolute constant growth in productivity over their previous year. HDFC and
Karur Vyasa has shown an overall productivity growth of 13% and 32 % from 2015-
16 till 2020-21. There has been a sudden spike in the growth of Axis bank in the year
2018-19, the year when Axis Bank was the benchmark. Similarly, there has been a
huge improvement for Kotak Mahindra Bank in the year 2017-18. In the year 2020-21
Yes Bank has shown considerable downfall in productivity over all the years and
banks.

All such changes can be attributed to SEC or PTEC (Table 8-11). For input and
output orientations the overall technical efficiency change (TEC) is the same but the
SEC and PTEC vary hugely, when the PTEC changes the SEC adjusts naturally and vice
versa to maintain the same scores for input and output-oriented TEC. Also, after
calculating the variance in the average PTEC and SEC, we find PTEC to be less variant
as compared to SEC.
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Table 6. Malmquist Productivity Index (MPI) for both input and output

orientations
Period
DMU 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 Mean
Al 0.0540 0.1067 0.0003 202719.8882  0.2310 1.5001 0.7083
A2 2.5199 0.9476 0.9434 0.8235 1.6548 0.0107 0.5660
A3 1.2582 0.8336 0.7611 1.0914 1.5657 0.1366  0.7558
A4 1.2930 1.5851 1.0689 1.0278 0.8347 1.1311 1.1339
A5 1.3267 0.7659 0.7962 0.4156 1.7538 1.1698  0.9400
A6 1.3998 0.1821 0.5543 0.2550 0.0015 4.6110 0.2495
A7 1.5240 0.9442 0.2201 1.6822 2.3595 0.1382 0.7470
A8 2.5947 0.2739 5.3702 0.1502 6.8312 1.4082 1.3292
A9 1.2371 0.0780 8.5300 1.5961 1.1334 0.5987 0.9810
A10 1.6825 0.5525 1.5627 0.4305 0.7342 0.0001 0.1897

Table 7. Technological Change (TC) for both input and output orientations.

Period
DMU 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 Mean
Al 1.3242 1.0418 1.0261 0.8383 1.5266 0.5303 0.9933
A2 1.7490 0.9476 0.9434 0.8235 1.6548 0.4466 0.9918
A3 1.3329 0.9802 1.0569 1.0113 0.8950 1.1189  1.0575
A4 1.3242 1.0417 1.0689 1.0278 0.8347 1.1311 1.0615
A5 1.3242 1.0418 1.0716 1.0280 0.8678 1.1025 1.0644
A6 1.4853 0.9542 1.0287 1.0142 1.1787 0.1854 0.8284
A7 1.6021 0.9598 0.9825 0.9700 1.0900 0.6589 1.0086
A8 1.4810 1.0212 1.0605 1.0022 1.0807 0.2297 0.8580
A9 1.3667 1.0382 1.0716 0.9872 0.9154 1.0747 1.0671
A10 1.3733 0.9675 0.9820 0.8720 1.1369 0.3394 0.8718

Table 8. PTEC for input oriented MPI

Al
A2
A3
A4
A5
A6
A7
A8
A9

0.0842
1.0000
0.8779
1.3044
1.0000
0.9836
1.0000
1.0505
0.7585

0.7722
1.0000
0.9243
1.1296
0.5637
0.7662
1.0000
1.0472
0.5191

Period
DMU 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21
1.0659 14.4230 0.0647 2.8959
1.0000 1.0000 1.0000 1.0000
0.8214 1.0935 1.2407 0.4731
1.0000 1.0000 1.0000 1.0000
0.7678 0.4763 1.6540 1.1368
1.1374 1.2882 1.1358 1.0281
0.3103 1.3180 2.4454 0.2927
1.0439 1.0595 1.0744 1.4736
1.5138 1.1188 1.2768 0.8020
1.6123 0.8180 0.3810 0.6641

A10

1.1526

0.6202
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Table 9. SEC for input oriented MPI

Period
DMU 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21
Al 0.4841 0.1327 0.0003 16767.1229 2.3385 0.9769
A2 1.4408 1.0000 1.0000 1.0000 1.0000 0.0240
A3 1.0752 0.9201 0.8768 0.9869 1.4100 0.2581
A4 0.7486 1.3471 1.0000 1.0000 1.0000 1.0000
A5 1.0019 1.3041 0.9676 0.8489 1.2218 0.9334
A6 0.9582 0.2491 0.4737 0.1951 0.0011 24.1886
A7 0.9512 0.9838 0.7220 1.3159 0.8852 0.7167
A8 1.6678 0.2562 4.8509 0.1415 5.8835 4.1598
A9 1.1934 0.1447 5.2582 1.4451 0.9697 0.6946
A10 1.0629 0.9206 0.9870 0.6035 1.6949 0.0005

Table 10. PTEC for output oriented MPI

Period

DMU 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21

Al 0.0530 0.0801 0.0007 349654.6871 0.1994 0.6786

A2 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
A3 0.8267 0.8859 0.7229 1.1389 1.5001 0.1492
A4 1.1119 1.0460 1.0000 1.0000 1.0000 1.0000
A5 1.0000 0.5466 0.7477 0.4069 2.1999 0.9747
A6 0.8706 0.1807 0.4123 0.2846 0.0027  10.3800
A7 1.0000 1.0000 0.2118 2.1467 2.1995 0.1842
A8 2.1779 0.3205 4.5320 0.2110 2.9938 7.1149
A9 0.8947 0.0794 7.9200 2.0154 0.9707 0.5841
A10  1.1690 0.5745 1.7406 0.8664 0.3861 0.0003

Table 11. SEC for output oriented MPI

Period
DMU 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21
Al 0.7693 1.2792 0.4510 0.6916 0.7589 4.1687
A2 1.4408 1.0000 1.0000 1.0000 1.0000 0.0240
A3 1.1418 0.9600 0.9962 0.9476 1.1662 0.8185
A4 0.8782 1.4548 1.0000 1.0000 1.0000 1.0000
A5 1.0019 1.3449 0.9936 0.9937 0.9186 1.0886
A6 1.0825 1.0561 1.3068 0.8834 0.4568 2.3959
A7 0.9512 0.9838 1.0578 0.8079 0.9841 1.1386
A8 0.8045 0.8371 1.1173 0.7102 2.1115 0.8615
A9 1.0118 0.9462 1.0050 0.8022 1.2755 0.9537
A10  1.0480 0.9939 0.9142 0.5698 1.6725 1.1115
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5. Research Implications

This work compares the expenditure towards CSR of top 10 banks which can be
thought of as the representation of the market of private banking in India. These banks
have been chosen based on their market capital (Private Banks which have the
topmost 10 market caps in India). We know that CSR is an essential marker for the
contribution of private companies towards social welfare. Private Banking is an
industry widely trusted upon by the mass and hence to study if such an industry is
doing enough to hold on to their social responsibility to set an ideal benchmark to the
other organizations in terms of CSR can be looked upon as a motive of this research.
Nowadays, investors and industrialists are much more aware of responsible
investment. This involves considering environmental, social issues when making
investment decisions and influencing companies or assets accordingly. Banking
industry sets a bar for other firms in terms of social responsibility and investment
stature hence it must exhibit positive impact through its turnover intentions to lead
by strong example. This study can be extended further to study numerous private
sector banks and other private sector industry in India. Our paper has been primarily
based upon the technique of DEA and super efficiency. Also, this comprises the unique
use of Malmquist Productivity Index to make comparison of the increase or decrease
of CSR performance of given banks over time.

This research has sensible implication for the decision makers of private sector
banks in India where they can comply with the changing regulations w.r.t. CSR and
follow the best practices of other banks as many organizations have a notion that
spending in CSR leads to wasting of funds rather than following the good practices
followed by them and doing better for years to come and at the end our study will give
a positive impression on the investor who chose socially responsible investing which
gives more weight to social change over return on investment.

6. Conclusion and Future Scope

Research on CSR has become more significant to understand their involvement in
giving back to the society but CSR spending by the banking sector is still not talked
about. Our study on these top ten private banks for the last seven financial years
indicate that seven out of the top ten banks have at least once (if not for the whole
period) have become the benchmark for CSR contributions. Considering the fact that
these ten banks are the largest by market capital, we can come to the conclusion that
other banks including those not considered in this research should follow the example
of banks like City Union or HDFC as they have performed well for the studied period
in all aspect. This also implies that City Union and HDFC have shown highest
contribution towards environment sustainability as a part of their CSR act consistently
over the years irrespective of the income generated. In this regard, we must also
mention IndusInd, ICICI and Axis banks as under the input-oriented model, these
banks also exhibit efficiency of 1 for considerable number of years thus setting
benchmarks. The comparison of improvement (or regress) in technology of these
banks shows pure technical efficiency to be more stagnant than scale efficiency. The
average of MPI values give us the idea that HDFC and Karur Vyasa have shown
progress over the years. While Federal, HDFC, ICICI, Kotak Mahindra, and IndusInd
have all shown Technological Change i.e., improvement in CSR output levels as
compared to the benchmark.

Though we have tried to present comprehensive research in this study however
there will remain some limitations of the models and methodology used. Firstly, CSR
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encompasses a wide range of social and environmental activities, and there is no
universally accepted set of metrics to measure this effect. Secondly, comparing CSR
performance across industries can be problematic due to their varying business
models, priorities, and geographical locations. Thirdly, DEA models often focus solely
on internal efficiencies and do not account for external factors that could influence CSR
performance, such as regulatory environment, social norms, or global events. To
overcome some of these limitations, researchers should exercise caution in the
interpretation of results with qualitative assessments or other complementary
methods to provide a more comprehensive view.

Further research on this subject can be done using more DMUs (both private and
public sector banks) and the non-radial and slack based models of DEA. We can use
the Global Malmquist Index which takes into account all DMUs from all periods to form
a global benchmark. A future work may be planned to apply the present framework
for comparing the CSR efficiencies of the firms belonging to other sectors like auto,
FMCG and so on while focusing on the environmental sustainability. Next, a causal
model may be developed to understand the effect of investment on environmental
sustainability (as a part of CSR) on stock performance, financial stability and revenue
generation by the firms. Nevertheless, the present work shall help the decision makers
to understand how the current private banks can improve their CSR outputs and how
banks are improving themselves to contribute towards social welfare.
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