
HUIT Journal of Science 26 (3E) (2026) 2701-2709 
 

2701 

THE IMPACT OF GREEN CREDIT  

ON THE FINANCIAL EFFICIENCY OF  

JOINT STOCK COMMERCIAL BANKS 

Bui Thi Phuong Linh1*, Do Nam Hung2 
1Ho Chi Minh City University of Industry and Trade 

2University of Finance & Marketing (UFM) 
*Email: linhbtp@huit.edu.vn 

Received: 9 April 2026; Revised: 10 May 2026; Accepted: 16 May 2026  

ABSTRACT 

Green credit plays a pivotal role in guiding and optimizing capital flows toward 

environmentally sustainable production and business sectors. This study evaluates efficiency 

levels and the impact of green credit on joint stock commercial banks from 2020 to 2024. 

Employing the DEA-Malmquist Total Factor Productivity (TFP) index and its decomposition 

components, the analysis measures technical efficiency and technological progress across 10 

selected institutions. The results show that not all banks providing green credit have high total 

factor productivity (TFP). The results indicate that joint stock commercial banks utilize input 

resources relatively efficiently, as reflected by a high average technical efficiency index. The 

Malmquist productivity index is employed to examine changes in the productivity of joint 

stock commercial banks over time. The research findings indicate that changes in the 

Malmquist productivity index are primarily driven by technological change (techch). 

Keywords: Performance, technical efficiency, Data Envelopment Analysis, Malmquist index.  

1. INTRODUCTION 

As a bridge between financial stability and climate risk, green credit directs financial 

resources toward ecologically responsible and climate-resilient initiatives [1]. [2] posit that 

green credit constitutes a long-term strategy, enabling banks to reorient their credit portfolios 

toward sustainability while facilitating access to preferential financing for environmentally 

responsible enterprises. In Vietnam, the State Bank of Vietnam has promoted green credit 

development through Directive No. 03/CT-NHNN (2015), which seeks to encourage 

investments in environmentally sustainable projects. Additionally, the 2020 Environmental 

Protection Law establishes explicit regulations on green credit, mandating that financed 

projects contribute to natural ecosystem preservation and efficient utilization of natural 

resources. Thus, green credit not only advances environmental protection but also fosters green 

economic growth and Vietnam's sustainable development objectives. For commercial banks, 

it mitigates credit risks, lowers non-performing loan ratios, and strengthens financial capacity 

alongside market reputation. 

The intense competition within the banking underscores the necessity of evaluating the 

operational efficiency of banks. Such assessments are critical not only for corporate managers 

but also for investors who seek high returns. Among various available methodologies for 

measuring firm efficiency, Data Envelopment Analysis (DEA) has gained widespread 

recognition as a powerful and flexible non-parametric methodology for performance 

evaluation. As highlighted by [3], DEA enables the relative assessment of the efficiency of 
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individual decision-making units (DMUs) by comparing them within a defined peer group 

operating under similar conditions. This approach is particularly effective in application 

domains where multiple inputs are utilized to produce multiple outputs, allowing for a 

comprehensive evaluation of each unit's operational performance in relation to the best-

performing entities within the same environment. 

The food companies with strong ESG strategies often attract investment and are highly 

valued in the market, which promotes growth and stability of stocks and brand value, creating 

a competitive advantage in the financial market. Therefore, it can be said that ESG plays an 

important role as an indicator, helping stakeholders understand how food companies manage 

risks and take advantage of opportunities in all three aspects of environment, society and 

governance. Therefore, this study examines the business efficiency of 10 banks listed on the 

Ho Chi Minh City Stock Exchange, with the objective of identifying the most efficient banks 

and assessing whether those banks have published Environmental, Social, and Governance 

(ESG) reports. In this study, the DEA-Malmquist Total Factor Productivity (TFP) index has 

been employed as the analytical framework to assess changes in productivity over time. This 

method is particularly well-suited for panel data analysis, as it facilitates the tracking of 

performance dynamics across multiple time periods. As recommended by [4], the DEA-

Malmquist index not only quantifies the overall shift in productivity but also allows for a 

detailed decomposition of this change into two key components: technical change, which 

reflects shifts in the production frontier due to innovation or technological progress; and 

technical efficiency change, which captures variations in a decision-making unit’s ability to 

utilize existing resources effectively relative to the frontier. 

2. LITERATURE REVIEW 

Efficiency frontier analysis comprises parametric and non-parametric approaches. 

Parametric methods estimate production or cost functions as optimal benchmarks through 

regression, requiring substantial sample sizes. In contrast, Data Envelopment Analysis 

(DEA)—a non-parametric technique—derives a sample-wide efficient frontier from financial 

institutions' data, offering flexible evaluations of multi-input, multi-output performance, 

particularly for complex production relationships [5-6]. 

Data Envelopment Analysis (DEA) represents a mathematical programming approach for 

evaluating relative efficiency across institutions using multiple inputs and outputs, computing 

weighted output-input ratios for decision-making units (DMUs) via linear programming. Its 

conceptual roots trace to Farrell's production frontier model, which distinguished technical 

efficiency (maximizing output from fixed inputs) from allocative efficiency under constant 

returns to scale (CRS). Charnes et al. formalized DEA by extending this to multi-input/output 

CRS frameworks, while Banker et al. introduced variable returns to scale (VRS) models, 

decomposing efficiency into pure technical and scale components. This study employs DEA for 

its non-parametric rigor, bypassing parametric production function assumptions. 

In other words, DEA dispenses with a priori assumptions regarding input-output 

functional forms or preassigned weights, enhancing its adaptability for assessing decision-

making units (DMUs) in complex, heterogeneous settings [7–8]. Unlike traditional financial 

ratios that capture partial performance dimensions, DEA delivers a holistic, multi-factor 

evaluation of efficiency [6–7]. This robustness positions it ideally for dissecting productivity 

in intricate organizational landscapes. 

When examining time-series analyses, most scholars tend to conceptualize efficiency in 

terms of total factor productivity (TFP) and employ the distance function framework [8] to 

measure changes in productivity (or efficiency) over time. [9] applied productivity indices 

derived from Shephard’s distance function to develop a theoretical framework for measuring 
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productivity and its changes, which subsequently evolved into the Malmquist productivity 

index approach. The Malmquist index enables the comparison of efficiency across different 

time periods. 

[10] identified assets, cost of sales, and selling, general, and administrative expenses 

(SG&A) as key input variables for their DEA analysis. SG&A encompasses items such as 

salaries, employee benefits, and advertising expenditures. Both cost of sales and SG&A 

represent core components of operating expenses and are thus considered critical targets for 

optimization. In this context, assets and total operating costs - comprising cost of sales and 

SG&A - were employed as input variables, consistent with prior DEA studies in the field [11-

13]. Similar input selections, including assets and operating costs, have also been adopted in 

DEA applications across other sectors [14-15]. For output variables, [5] selected sales and 

operating income. Sales, as a direct and intuitive indicator of business performance, have been 

widely used in DEA research to represent output [14]. Operating income - calculated as sales 

minus cost of sales and SG&A captures the firm's ability to efficiently manage inputs such as 

fuel and labor. Accordingly, it serves as a robust proxy for measuring operational efficiency and 

has been similarly applied in previous DEA studies. Therefore, in this study, the author 

approaches from the perspective of revenue and cost, so the author chooses three input variables 

as Total net fixed assets (X1), Deposits from customers (X2), Employee costs (X3) and two 

output variables as as net interest income (Y1); Income from investments in other entities (Y2). 

3. METHODOLOGY  

This study utilizes DEA methodology to assess operational efficiency among 10 banks 

from 2020–2024 (Table 1). These are the ten commercial banks with the highest outstanding 

green credit balances in the first quarter of 2025, alongside net interest income patterns for 

joint stock commercial banks (Table 2), with emphasis on technical efficiency and Malmquist 

productivity indices. Resource utilization analysis employs a non-parametric framework, 

operationalized through DEAP 2.1 software. 

Table 1. The list of joint stock commercial banks used for analysis and evaluation from 2020 - 2024 

Code Name company Code Name company 

BIDV 

 

Joint Stock Commercial Bank for Investment 

and Development of Vietnam 

BAB 

 

Bac A Commercial Joint Stock 

Bank 

CTG 

 

Vietnam Joint Stock Commercial Bank For 

Industry And Trade 

HDB 

 

Ho Chi Minh City Development 

Joint Stock Commercial Bank 

VCB 

 

Joint Stock Commercial Bank for Foreign 

Trade of Vietnam 

NAB 

 

Nam A Commercial Joint Stock 

Bank 

MBB 
Military Commercial Joint Stock Bank 

TCB 

Vietnam Technological and 

Commercial Joint Stock Bank 

AGR 

Vietnam Bank for Agriculture and Rural 

Development ACB 

Asia Commercial Joint Stock 

Bank 

Source: Vietstock (2025) 
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Table 2. The Net interest income of joint stock commercial banks from 2020 – 2024 

                                                                           Unit: VND (billion)    

  2020 2021 2022 2023 2024 

BIDV 35,797 46,823 55,960 56,136 58,003 

CTG 35,580 41,788 47,792 52,957 62,403 

VCB 36,285 42,273 53,246 53,621 55,406 

MBB 20,278 26,200 36,023 38,684 41,152 

AGR 43,661 47,041 60,190 55,965 66,554 

BAB 2,031 2,117 2,513 2,389 3,321 

HDB 11,898 13,891 18,012 22,184 30,857 

NAB 2,604 4,283 5,119 6,647 7,938 

TCB 18,751 26,699 30,290 27,691 35,508 

ACB 14,582 18,945 23,534 24,960 27,795 

                                                                             Source: Vietstock (2025) 

 

Figure 1. The Net interest income of joint stock commercial banks from 2020 – 2024 

Source: Vietstock (2025) 

3.1. Data Envelopment Analysis – DEA 

In this study, the Data Envelopment Analysis (DEA) method is employed as a linear 

programming technique to assess how each firm performs relative to its peers within the sample. 

The technique constructs an efficient frontier, formed by the best-performing firms, against 

which the less efficient firms are benchmarked. Efficiency scores range from 0 to 1, with a score 

of 1 indicating a firm that is fully efficient. A basic DEA model is formulated as a problem of 

efficiency maximization, utilizing output weights (u) and input weights (v) for i inputs (x) and j 

outputs (y). By normalizing the sum of input weights to 1, the optimal efficiency score of a given 

company can be expressed through the following algebraic formulation: 

Maxuv (uyj) với vxi = 1 

Uyi – vxi < 0 ; u, v > 0 
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3.2. Malmquist productivity index (MPI) 

The Malmquist Productivity Index (MPI) measures efficiency changes between decision-

making units or within the same unit across periods by comparing output-input ratios. This 

study applies MPI analysis to quantify shifts in technical efficiency and technological progress 

throughout the observation period, leveraging distance functions derived from Data 

Envelopment Analysis (DEA). 

Data Envelopment Analysis (DEA) incorporates the Malmquist index, originally 

developed by [16], quantifies productivity shifts by comparing total factor productivity 

between consecutive periods (t and t+1) using input-output configurations. This geometric 

measure decomposes changes into efficiency gains and technological progress for banking 

institutions. Its computation relies on distance functions derived from Data Envelopment 

Analysis frontiers. 

𝑀0(𝑋𝑡+1, 𝑌𝑡+1, 𝑋𝑡 , 𝑌𝑡)  =  (
𝑑0

𝑡 (𝑋𝑡+1, 𝑌𝑡+1)

𝑑0
𝑡 (𝑋𝑡 , 𝑌𝑡)

∗
𝑑0

𝑡+1(𝑋𝑡+1, 𝑌𝑡+1)

𝑑0
𝑡+1(𝑋𝑡, 𝑌𝑡)

)

1/2

(1) 

Technical efficiency changes under constant returns to scale (CRS) can be decomposed 

into scale efficiency and pure technical efficiency under variable returns to scale (VRS), 

providing insight into whether productivity shifts stem from optimal scale operations or 

enhanced management practices. This breakdown employs distance functions benchmarked 

against VRS technology frontiers, accommodating heterogeneity in scale effects across 

decision-making units (DMUs). Scale efficiency is subsequently derived from the ratio of CRS 

to VRS efficiency measures. 

4. RESULTS 

This analysis adopts an output-oriented Malmquist DEA framework (i.e., focused on output 

maximization) incorporating data from two output variables as net interest income (Y1); Income 

from investments in other entities (Y2) and three input variables as Total net fixed assets (X1), 

Deposits from customers (X2), Employee costs (X3) for 10 banks was tracked across a five-year 

span (2020-2024). The input and output were described in VND millions. 

The DEA-Malmquist Total Factor Productivity (TFP) index is a dynamic efficiency 

metric used to assess productivity changes between two periods, typically from period t to 

period t+1. A Malmquist index of 1 denotes stable productivity levels across periods, while 

values exceeding 1 signal productivity enhancements — either due to enhanced technical 

efficiency — while a value less than 1 reflects a decline in performance, indicating either 

reduced efficiency or technological regress. This interpretation also applies to each component 

of the index, where values above, below, or equal to 1 denote improvement, deterioration, or 

stability, respectively [17]. 

As 2020 serves as the base year, the Total Factor Productivity (TFP) index and its 

components are presented starting from 2021 onward. The average TFP change index for the 

period 2020 – 2024 is 1.017, indicating a 1.7% increase in TFP over the five years.  

The primary cause of this increase is a 2.5% increase in technological change (techch), 

although there was a 0.8% reduction in Technical efficiency change (effch), 0.8% reduction 

in Scale efficiency change (sech) and maintain Pure technical efficiency change (pech). 

Therefore, The average TFP index increase primarily due to improvements in technological 

change (techch). 

Looking at the productivity change over the years shows that, over the entire study period, 

the productivity change index increased by 1.8% in 2021; 16.6% in 2022 and 3.1% in 2024 

compared to the reference year 2020 (Table 3). Besides, productivity declined in all other 
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years, with the most significant drops occurring in 2023 (−12.5%). The notable increase in 

2022 and 2024 were primarily driven by technological change (techch). However, the decline 

in TFP in 2023 was primarily driven by a substantial decrease in technological change (techch) 

of 18.7%, indicating a setback in technological progress, despite improvements in both 

Technical efficiency change (effch), Pure technical efficiency change (pech) and Scale 

efficiency change (sech). 

Table 3. Malmquist index summary of annual means 

Year 

  Technical 

efficiency 

change (effch) 

Technological 

change (techch) 

Pure technical 

efficiency 

change (pech) 

  Scale efficiency 

change (sech)  

   Total factor 

productivity (TFP) 

change (tfpch) 

2021 0.972 1.047 1.013 0.959 1.018 

2022 0.976 1.196 0.993 0.983 1.166 

2023 1.076 0.813 1.003 1.073 0.875 

2024 0.950 1.085 0.992 0.957 1.031 

Mean 0.992 1.025 1.000 0.992 1.017 

Source: Analysis results from DEAP 2.1 software 

The Total Factor Productivity Change (tfpch) during the study period is over than 1 (TFP 

=  1.017), mainly reason due to the change in technological progress (techch) reaching only 

1.025. This can be explained by the fact that technological progress has been fully realized 

during this period and many banks have accelerated digital transformation. Thus, the factor of 

technological change is of great importance in contributing to the improvement of total factor 

productivity (TFP). 

Table 4 presents the aggregated Malmquist index results, summarizing the average 

performance of 10 selected banks over the 2020–2024 period. The table includes key 

components of productivity change: efficiency change, technical change, pure technical 

efficiency change, scale efficiency change, and total factor productivity (TFP) change. Among 

the banks analyzed, once demonstrated an improvement in mean annual technical efficiency 

(effch > 1), four maintained the same level of efficiency (effch = 1), and five experienced a 

decline (effch < 1). These findings suggest that only a minority of banks succeeded in 

enhancing their managerial efficiency—specifically their ability to convert inputs into outputs 

(Y1, Y2)—while the majority either stagnated or regressed in this regard. 

An analysis of mean annual technological change revealed that six banks exhibited 

technological advancement (techch > 1), while four experienced a decline (techch < 1). This 

suggests that most of banks actively modernized their operations, likely through the adoption 

of cutting-edge technologies to enhance service delivery. For scale efficiency change, once 

bank increased (sech >1), four banks remained unchanged (sech =1) and five banks decreased 

(sech < 1) their mean annual scale efficiency change. 

Table 4. The Malmquist index summary of the firm means 

Firm  

  Technical 

efficiency 

change (effch) 

Technological 

change (techch) 

Pure technical 

efficiency 

change (pech) 

  Scale 

efficiency 

change (sech)  

   Total factor 

productivity (TFP) 

change (tfpch) 

BIDV 1.150 1.004 1.029 1.118 1.155 

CTG 1.000 0.972 1.000 1.000 0.972 

VCB 0.989 1.012 1.000 0.989 1.001 
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Firm  

  Technical 

efficiency 

change (effch) 

Technological 

change (techch) 

Pure technical 

efficiency 

change (pech) 

  Scale 

efficiency 

change (sech)  

   Total factor 

productivity (TFP) 

change (tfpch) 

MBB 1.000 0.995 1.000 1.000 0.995 

AGR 0.944 1.102 1.000 0.944 1.039 

BAB 0.918 0.998 1.000 0.918 0.916 

HDB 1.000 1.129 1.000 1.000 1.129 

NAB 0.965 0.983 1.000 0.965 0.948 

TCB 1.000 1.036 1.000 1.000 1.036 

ACB 0.972 1.032 0.973 0.999 1.003 

Mean 0.992 1.025 1.000 0.992 1.017 

Source: Analysis results from DEAP 2.1 software 

Of the 10 banks analyzed, six (BIDV, VCB, AGR, HDB, TCB, ACB) recorded TFP 

increases, with the highest gains observed in BIDV (15.5%), HDB (12.9%), AGR (3.9%), 

TCB (3.6%), ACB (3%), and VCB (1%), respectively. Although their TFP exceeded 1, ACB 

(3%) and VCB (1%) rank among those with the smallest improvements. TFP declined for the 

remaining four banks, with the sharpest drops in BAB (8.4%) and NAB (5.2%). Notably, 

despite BIDV, CTG, and VCB holding the largest green credit portfolios, only BIDV and VCB 

showed TFP growth, while CTG experienced a decline. 

5. CONCLUSION 

This study employed the DEA-Malmquist Productivity Index (DEA-MPI) to assess the 

performance of 10 banks listed on the Ho Chi Minh Stock Exchange over the five-year period 

from 2020 to 2024. The objective was to evaluate whether these companies maintain superior 

efficiency levels based on DEA metrics. A summary of the firms’ average Malmquist index 

result\s is presented in Tables 2 and 3. 

The first, the analysis shows that six banks achieved a Total Factor Productivity (TFP) 

score greater than 1, reflecting an improvement in their overall performance. In contrast, four 

banks recorded TFP scores below 1, indicating a decline in productivity.  

The second, among all banks, AGM demonstrated the highest productivity growth with 

a TFP score of 1.192, while BAB exhibited the greatest decline, with the lowest TFP score of 

0.916. 

Third, this study identifies four banks with elevated net interest income: AGR, VCB, 

CTG, BIDV and AGR, VCB and BIDV scored TFP above 1 is ranked in descending order in 

Table 3. Most of banks with deteriorated performance (tfpch < 1) had a technological change 

score of less than 1 (techch < 1) except CTG; MBB; BAB; NAB. 

This finding suggests that the size of a green credit portfolio does not automatically lead 

to higher overall efficiency; instead, it also depends on the quality of capital allocation, project 

appraisal capabilities, and each bank’s risk-control capacity. In the Vietnamese context, this 

implies that green credit development should not merely focus on expanding outstanding loans 

but should also be accompanied by improvements in capital-use efficiency to enhance overall 

productivity. Thus, optimizing green credit strategies requires additional factors beyond mere 

portfolio size for enhanced banking efficiency. 

Firstly, Banks should prioritize enhancing staff expertise in risk management and 

environmental impact assessment to ensure rigorous evaluation of green projects. 

Concurrently, establishing dedicated departments within commercial banks would strengthen 
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oversight of green credit implementation, guaranteeing adherence to environmental standards. 

Second, Commercial banks should introduce preferential credit packages featuring 

competitive interest rates to stimulate engagement in environmental protection initiatives. 

Third, Commercial banks should leverage cutting-edge technologies to boost 

transparency and efficiency in green credit management. Tools such as artificial intelligence 

(AI), Big Data, and the Internet of Things (IoT) can streamline data processing, oversee green 

projects, and evaluate environmental outcomes. This approach enhances appraisal accuracy 

and strengthens risk mitigation 

Governments should establish precise criteria and classifications for green project 

evaluation across specific economic sectors, equipping credit institutions with standardized 

frameworks for project assessment and selection. Additionally, deploying environmental 

impact assessment tools - such as monitoring systems, GIS mapping, predictive modeling, and 

environmental audits - would bolster the efficacy and promotion of green credit initiatives.  

The State Bank of Vietnam (SBV) should strengthen the legal framework and incentive 

mechanisms related to green credit. The SBV, in coordination with other state agencies, should 

develop and promulgate lists of green projects in specific sectors as well as criteria for 

determining green eligibility, thereby providing a basis for commercial banks to appraise and 

assess projects. At the same time, the introduction of incentive mechanisms such as 

preferential interest rates, guarantees, and capital support would help motivate commercial 

banks to implement green credit more effectively. 

REFERENCES 

[1]  Q. Fan and W. Gao, “Climate risk and financial stability: The mediating effect of green 

credit,” Finance Research Letters, vol. 65, p. 105558, Jul. 2024, doi: 

https://doi.org/10.1016/j.frl.2024.105558 

[2]  Y. Wang, X. Lei, D. Zhao, R. Long, and M. Wu, “The dual impacts of green credit on 

economy and environment: Evidence from China,” Sustainability, vol. 13, no. 8, p. 

4574, 2021, doi: https://doi.org/10.3390/su13084574 

[3]  B. Chen, M. Y. Han, K. Peng, S. L. Zhou, L. Shao, X. F. Wu, W. D. Wei, S. Y. Liu, Z. 

Li, J. S. Li, and G. Q. Chen, “Global land-water nexus: Agricultural land and freshwater 

use embodied in worldwide supply chains,” Science of the Total Environment, vol. 613, 

pp. 931–943, 2018, doi: https://doi.org/10.1016/j.scitotenv.2017.09.138 

[4]  T. J. Coelli, A Guide to DEAP Version 2.1: A Data Envelopment Analysis (Computer) 

Program, Working Paper No. 96/08, Centre for Efficiency and Productivity Analysis, 

University of New England, Armidale, Australia. Available: 

https://www.owlnet.rice.edu/~econ380/DEAP.PDF 

[5]  D. Kim, J. Na, and H.-K. Ha, “Exploring the impact of green logistics practices and 

relevant government policy on the financial efficiency of logistics companies,” Heliyon, 

vol. 10, no. 10, p. e30916, 2024, doi: https://doi.org/10.1016/j.heliyon.2024.e30916 

[6]  R. Fare, S. Grosskopf, M. Norris, and Z. Zhang, “Productivity growth, technical 

progress, and efficiency change in industrialized countries,” The American Economic 

Review, vol. 84, no. 1, pp. 66–83, 1994, https://www.jstor.org/stable/2117971 

[7]  J. S. Liu, L. Y. Y. Lu, W. M. Lu, and B. J. Y. Lin, “A survey of DEA applications,” 

Omega, vol. 41, no. 5, pp. 893–902, 2013, doi: https://doi:10.1016/j.omega.2012.11.004 

[8]  M. J. Farrell, “The measurement of productive efficiency,” Journal of the Royal 

Statistical Society, vol. 120, no. 3, pp. 253–281, 1957, doi: 

https://doi.org/10.2307/2343100 

https://doi.org/10.3390/su13084574
https://doi.org/10.1016/j.scitotenv.2017.09.138
https://www.owlnet.rice.edu/~econ380/DEAP.PDF
https://doi.org/10.1016/j.heliyon.2024.e30916
https://www.jstor.org/stable/2117971
http://dx.doi.org/10.1016/j.omega.2012.11.004
https://doi.org/10.2307/2343100


The impact of green credit on the financial efficiency of joint stock commercial banks  
 

2709 

[9]  H. Min and S.-J. Joo, “Benchmarking third-party logistics providers using data 

envelopment analysis: an update,” Benchmarking: An International Journal, vol. 16, no. 

5, pp. 572–587, 2009, doi: https://doi.org/10.1108/14635770910987814 

[10]  Donthu, E. K. Hershberger, and T. Osmonbekov, “Benchmarking marketing 

productivity using data envelopment analysis,” Journal of Business Research, vol. 58, 

no. 11, pp. 1474–1482, 2005, doi: https://doi.org/10.1016/j.jbusres.2004.05.007 

[11]  Y. C. Ng, “The productive efficiency of the health care sector of China,” The Review of 

Regional Studies, vol. 38, no. 3, pp. 381–393, 2008, doi: 

https://doi.org/10.52324/001c.8272 

[12]  S. Percin and T. Y. Ayan, “Measuring efficiency of commercial banks in a developing 

economy: the case of Turkey,” Investment Management and Financial Innovations, vol. 

3, no. 2, pp. 217–231, 2006, https://www.researchgate.net/publication/315619473 

[13]  R. Ramanathan, “Operations assessment of hospitals in the Sultanate of Oman,” 

International Journal of Operations & Production Management, vol. 25, no. 1, pp. 39–

54, 2005, doi: https://doi.org/10.1108/01443570510572231 

[14]  A. N. Rezitis, “Productivity growth in the Greek banking industry: a non-parametric 

approach,” Journal of Applied Economics, vol. 9, no. 1, pp. 119–138, 2006, doi: 

https://doi.org/10.1080/15140326.2006.12040641 

[15]  R. W. Shephard, Theory of Cost and Production Functions. Princeton, NJ, USA: 

Princeton University Press, 1970, doi: https://doi.org/10.2307/2230285 

[16]  W. K. Wong, K. L. Soh, C. L. Chong, and N. Karia, “Logistics firms performance: 

efficiency and effectiveness perspectives,” International Journal of Productivity and 

Performance Management, vol. 64, no. 5, pp. 686–701, 2015, doi: 

https://doi.org/10.1108/IJPPM-12-2013-0205 

[17]  D. W. Caves, L. R. Christensen, and W. E. Diewert, “The economic theory of index 

numbers and the measurement of input, output, and productivity,” Econometrica, vol. 

50, no. 6, pp. 1393–1414, 1982, doi: https://doi.org/10.2307/1913388 

https://doi.org/10.1108/14635770910987814
https://doi.org/10.1016/j.jbusres.2004.05.007
https://doi.org/10.52324/001c.8272
https://www.researchgate.net/publication/315619473
https://doi.org/10.1108/01443570510572231
https://doi.org/10.2307/2230285
https://doi.org/10.1108/IJPPM-12-2013-0205
https://doi.org/10.2307/1913388


    M 0  (   X  t + 1 ,     Y  t + 1 ,     X  t ,     Y  t )   =      (     d 0  t  (   X  t + 1 ,     Y  t + 1 )    d 0  t  (   X  t ,     Y  t ) ∗     d 0  t + 1  (   X  t + 1 ,     Y  t + 1 )    d 0  t + 1  (   X  t ,     Y  t ) )  1 / 2 ( 1 )

