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ABSTRACT
In this paper, study has been made to evaluate the overall performance of banks based on financial soundness and financial efficiency of twenty public sector banks in India. Though, CAMEL rating of financial soundness of banks  is much popular among regulators due to its effectiveness in different countries including India, this method could not import the weights to performance dimensions/enablers to evaluate the financial soundness of Banks. In lieu of this, TOPSIS methodology is proposed to evaluate the financial soundness of banks. Data Envelopment Analysis (DEA) is a non parametric, deterministic, linear programming technique that measures the relative efficiency of a group of decision making units based on normalized values. A hybrid approach DEA-TOSIS is proposed to capitalize on the unique features from both the methods for improving multi-criteria decision analysis. Overall performance of financial sector depends on both financial soundness and efficiency. There is a limited research in evaluating the overall performance of banks using financial soundness and efficiency. A case study of twenty public sector banks in India is considered for overall performance evaluation and ranking.
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1 INTRODUCTION

The financial sector has a crucial role in the economic growth of a country. Efficiency and profitability of banking sector have been linked with development of economies. Overall performance of financial sector depends on both efficiency and profitability. There are some researches referring to measurement and evaluation of the overall performance of banking sector in terms of both profitability and efficiency. 

Gopal and Dev (2006), in their research paper, empirically analyzed the productivity and profitability of selected public and private sector banks in India. They evaluated the effect of globalization and liberalization on the productivity and profitability of Indian banks during the period 1996-97 to 2003-04.

Brinda and Dubey (2007) made an econometric analysis on the performance of public sector banks in India vis-à-vis other bank groups, i.e., private sector banks and foreign banks present in India.
Hung-Yi Wu et al. (2009)  proposed three MCDM analytical tools of SAW, TOPSIS, and VIKOR were respectively adopted to rank the banking performance and improve the gaps with three banks as an empirical example.
Jha and Sarangi (2011) analyzed the performance of seven public sector and private sector banks for the year 2009-10. They used three sets of ratios, operating performance ratios, financial ratios, and efficiency ratios.
Nuray Girginer and  Nurullah Uçkun (2012)  ranked the banks based on their performances by use of the GRA method observing 14 financial ratios with respect to profitability, liquidity, active quality and capital sufficiency.

Majid Karimzadeh (2012) examined the efficiency of Indian commercial banks during 2000 – 2010 by utilizing Data Envelopment Analysis (DEA).
Mariappan et al. (2013) examined the performance of the Nationalized Banks of India individually and to identify the best operating banks. In the study, data is collected from  the Nationalized Banks for the financial years 2007 to 2012 by considering four input variables and three output variables.
Deni Memić and Selma Škaljić-Memić  (2013) developed a  modified model of Data Envelopment Analysis (DEA)in order to combine several financial indicators simultaneously in a unique efficiency measure.
Parvesh Kumar Aspal and Sanjeev Dhawan (2014) adopted CAMELS rating model to assess the status and performance of Old Private Sector Banks in India. For analysis all 13 Old Private Sector Banks operating in India are taken as case study.
Kristína Kočišová (2014) applied Data Envelopment Analysis (DEA) to a sample of Slovak and Czech commercial banks during years 2009–2013 comparing the efficiencies by either minimizing cost or maximizing revenue and profit. The results showed that the level of average revenue efficiency was the highest and the average profit efficiency was the lowest one.
Chao Li and Caiqin Ye  (2014) evaluated the performance of 16 listed commercial banks in China. The authors assessed the operating performance for these commercial banks, using the improved TOPSIS method to calculate the comprehensive scores for each bank.
Öznur Sakinc.S (2014) measured the Performances of State-owned banks in Turkish Banking Sector with grey relational analysis method. In the analysis, four years of financial data is used related with banks between 2010-213 years.
Gilbert Sebe-Yeboah and  Charles Mensah (2014) developed  PELARI (Profitability, Efficiency, Liquidity, Asset Quality, Risk Measures and Investor analyses) model for analysis which are similar to the CAMELS’ rating. Financial ratio analysis is employed in the analysis.

Siti Nurain Muhmad and Hafiza Aishah Hashim (2015)  evaluated  bank performance, including both domestic and foreign banks in Malaysia, using the Capital adequacy, Asset quality, Management competency, Earning quality, and Liquidity (CAMEL) framework for the period 2008 to 2012.
Wanke et al. (2015) adopted two stage TOPSIS and neural networks approach to assess the relative efficiency of Angolan banks.

Alper Veli ÇAM et al. (2015) analyzed financial performances of textile firms publicly traded in The Borsa İstanbul via TOPSIS method by using financial rates in 2010-2013 terms.
Zervopoulos et al. (2016) developed a DEA–based performance measurement methodology that is consistent with performance assessment frameworks such as the Balanced Scorecard. 
Tarekegn Tamiru et al. (2016) compared the financial performance of commercial Banks by using their average ratio in terms of profitability; liquidity, efficiency, and solvency using excel analyzed information
Influence of various financial ratios on composite ranking based on financial soundness is investigated. Also, influence of input/output parameters on composite ranking based on efficiency is investigated.   From the analysis of variance (ANOVA) results, the significance of various factors and their influence on the composite ranks based on financial soundness and efficiency are identified and the optimum values of financial ratios and financial parameters are obtained for overall performance of banks
2 FINANCIAL SOUNDNESS OF BANKS

CAMEL model is basically a ratio based performance measurement system based on financial measures for measuring the financial soundness of banks. Padmanabhan working group (1995) named CAMELS ( Capital adequacy, Asset quality, Management capability, Earning quality, Liquidity and sensitivity ) and CACS ( Capital adequacy, Asset quality, Compliance, Systems and Control) for rating of Indian commercial banks and foreign banks operating in India .Financial Soundness of the banks is determined through TOPSIS. Technique for Order Preference by Similarity to Ideal Situation (TOPSIS) has been a popular technique in the context of multiple-attribute decision making (MADM). . The methodology is explained in the following steps.
Step 1: Determine Normalized decision matrix

The data on financial ratios of the banks is normalized using equation (2.1)
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Step 2: Develop the weighted normalized decision matrix.

 


 vij = wj* Rij 






          …. (2.2)
Where ‘wj’ is the weight of the jth financial ratio (performance enabler)
Step 3:  Determine the positive and the negative ideal solutions of the performance enabler.
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Step 4:  Calculate the separation measures for each bank.

The separation from the ideal solution is computed as below:
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(for i = 1,2………m )

Similarly, the separation from the negative ideal solution is estimated using the following equation:
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Step 5: Calculate the relative closeness to the ideal solution (Ci*)
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           where 0 < Ci*< 1  and it is called the closeness coefficient.

Step 6: Ranking of Banks

Ranking is done on the basis of descending order of the closeness coefficient values, i.e. the bank with the highest closeness coefficient is assigned the topmost rank and the one with the lowest closeness coefficient is given the lowermost rank.
3 FINANCIAL EFFICIENCIES OF BANKS
Generally, efficiency means the maximum output that can be produced from any given total inputs. This refers to the efficiency of a firm which allocates resources in such a way as to produce the maximum quantity of output. Recent approaches to measure bank efficiency include the parametric and non-parametric approaches. Data Envelopment Analysis (DEA) is a non – parametric approach used to estimate the relative efficiency of organizations
DEA measures relative performance of a set of producers or decision making units where the presence of multiple inputs and outputs makes comparisons difficult. TOPSIS simultaneously considers the distances to the ideal solution and negative ideal solution regarding each alternative and selects the most relative closeness to the ideal solution as the best alternative. A hybrid approach of integrating DEA into TOPSIS is designed to capitalize on the unique features from both methods for improving multi-criteria decision analysis. DEA-TOPSIS Integrated methodology for evaluation and ranking of banks is discussed in the following steps.
Step 1: Specification of Bank inputs and outputs  

The selection of input and output variables is essential for successful application of DEA. Different authors suggested different approaches for selecting input and output of banks like Operating approach, Intermediate approach, Assets approach and User cost approach. 

Step 2: Collection of data on inputs and outputs 

The selected inputs and outputs represent bank’s all expenses and fund that are generated to produce the revenues and major bank’s business. Data on inputs and outputs is compiled from the financial reports of the banks. 

Step 3: Determine degree of correlation between inputs and outputs 

The correlation between inputs and outputs is calculated for identifying whether increasing amounts of inputs lead to greater outputs. Only positive and statistically significant inter-correlations between inputs and outputs meet the requirements of DEA.

Step 4: Data Normalization

Because of the different scales upon which criteria are measured, it is necessary to standardize the factors. The following formula is used to normalize the data.
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Step 4: Determination of the best relative efficiency (
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           LP model proposed by LP model using the Charnes-Cooper’s method as discussed in equation 5.2
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Step 5: Determination of the worst relative efficiency (
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The following mathematical model (Adel Hatami Marbini et al., 2010)  is adopted to determine the worst relative efficiency of nadir bank
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Step 6: Determination of the best relative efficiency (
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The following mathematical model (Adel Hatami Marbini et al., 2010) is adopted to determine the best relative efficiency of ith   bank
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Step 7: Determination of the worst relative efficiency (
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The following mathematical model (Adel Hatami Marbini et al., 2010) is adopted to determine the worst relative efficiency of ith bank
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The above mathematical models are solved using LINGO 8.0 solver of LINDO systems.

Step 8: Calculation of the relative closeness of banks

 The RC index is calculated for each bank ‘i’ using the following equation.
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Step 9: Ranking of the banks
The banks are ranked according to the relative closeness index.

4 OVERALL PERFORMANCES OF BANKS
Financial soundness and financial efficiency of banking sector have been linked with development of economies. Financial soundness is the primary goal of all business ventures, which is important for viability in the long-run. Efficiency is one of the central terms used in assessing and measuring the performance of organizations. Efficiency is concerned with minimizing the cost and deals with the distribution of assets across best alternative uses. Overall performance of financial sector depends on both financial soundness and efficiency. There is limited research referring to measurement and evaluation of the overall performance of banking sector in terms of both soundness and efficiency. In lieu of this, a study is made to propose an approach to determine the overall performance of public sector banks in India. 

5. CASE STUDY

In the present paper, twenty public sector banks in India are considered as shown in table 1 for analyzing is the overall performance. Financial soundness of each bank is determined through TOPSIS. DEA –TOPSIS method is adopted to determine financial efficiency of the banks. Response surface methodology  
Table 1: List of Banks

[image: image25.wmf]S.No

Bank

S.No

Bank

1

Allahabad Bank

11

Indian Overseas bank

2

Andhra bank

12

Oriental bank of commerce

3

Bank of Baroda

13

Punjab national bank

4

Bank of India

14

State bank of Bikaner & Jaipur

5

Bank of Maharashtra

15

State bank of India

6

Canara Bank

16

State bank of Travencore

7

Central Bank of India

17

Syndicate Bank

8

Corporation Bank

18

UCO Bank

9

IDBI Bank

19

Union bank of India

10

Indian Bank

20

United bank of India


Data on Financial Ratios

The data on seventeen performance enablers under five performance dimensions for 20 banks from 2010-11 to 2014-15 is compiled from the financial reports. Average data on the performance enablers is shown in table 2.

Table 2: Data on Financial Ratios
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Allahabad Bank  11.52 62.92 80.53 2.62 1.67 28.13 12.87 5.53 72.58 0.73 1.62 1.90 90.77 4.41 22.66 5.09 50.89

Andhra Bank 12.28 66.40 90.23 1.95 1.30 24.79 13.52 6.40 78.55 0.84 2.27 1.96 91.75 4.79 22.34 5.67 91.28

Bank of Baroda  13.74 61.62 82.42 1.11 0.68 19.08 16.28 9.95 71.58 0.94 0.54 1.66 89.87 3.76 15.75 4.38 55.64

Bank of India  11.46 63.80 85.56 1.96 1.26 21.44 16.52 7.21 75.72 0.59 0.46 1.52 89.82 4.53 22.39 5.37 107.14

Bank of Maharashtra 12.65 64.02 80.82 1.78 1.16 27.47 12.09 3.35 76.05 0.48 2.76 1.54 92.03 4.69 22.20 5.57 54.69

Canara Bank  12.73 61.04 85.49 1.87 1.14 26.77 13.73 6.99 70.47 0.85 0.61 1.50 90.70 4.71 22.88 5.44 109.79

Central Bank of India 11.88 62.37 82.77 2.80 1.75 27.84 9.85 1.32 74.24 0.23 1.12 1.18 92.89 5.22 22.98 6.21 96.65

Corporation Bank 12.69 61.85 75.52 1.58 0.99 29.45 18.11 7.61 72.67 0.74 1.31 1.56 90.54 5.32 22.22 6.26 72.38

IDBI 

10.91 61.26 73.80 1.80 1.09 29.88 22.25 9.12 82.20 0.63 5.12 1.68 89.57 4.89 21.88 6.52 55.70

Indian Bank  13.51 63.88 78.39 1.83 1.18 26.35 15.03 8.27 76.20 0.91 2.92 1.82 91.18 4.73 17.09 5.67 92.79

Indian Overseas Bank  12.40 63.26 93.20 2.80 1.75 26.32 12.32 2.40 76.43 0.34 1.11 1.48 91.32 4.59 24.49 5.55 82.46

Oriental Bank of Commerce 12.62 62.58 75.12 2.31 1.45 29.36 15.91 6.11 71.43 0.64 1.26 1.87 91.59 4.74 22.06 5.41 84.99

Punjab National Bank   12.61 63.82 81.54 2.32 1.48 26.05 11.83 6.97 77.38 0.94 0.75 2.21 89.57 4.42 21.24 5.36 71.24

State Bank of Bikaner & Jaipur  12.20 67.77 93.37 2.06 1.41 21.87 9.11 5.60 81.14 0.92 4.39 1.96 90.34 7.34 20.41 8.79 150.04

State Bank of India 12.90 64.91 78.93 2.05 1.34 23.27 9.15 5.06 84.06 0.78 0.71 2.02 87.03 7.97 27.15 10.35 70.67

State Bank of Travancore  12.19 65.33 83.01 1.76 1.15 25.99 11.18 4.44 77.90 0.61 2.67 1.41 91.51 5.19 21.58 6.20 171.42

Syndicate Bank 12.16 68.10 88.09 1.23 0.84 22.18 12.35 5.95 79.58 0.78 1.49 1.59 92.81 4.85 19.54 5.66 77.57

UCO Bank  13.30 62.34 84.37 2.73 1.70 26.83 12.32 4.67 72.18 0.57 1.35 1.79 92.95 4.06 25.78 4.68 216.17

Union Bank of India 11.78 66.06 77.82 1.91 1.26 25.12 12.24 6.20 78.19 0.73 0.99 1.72 90.13 4.90 21.03 5.79 69.45

United Bank of India 12.06 57.64 76.16 3.84 2.13 32.12 10.27 7.71 65.65 0.19 2.52 1.78 89.45 4.94 24.47 5.63 60.99
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Data on Financial Parameters

In this study, four input financial parameters and three output financial parameters are considered to evaluate the financial efficiency of the banks. Deposits (D), Borrowings (B), Interest Expenses (IE) and Operating Expenses (OE) are considered as inputs. On the other hand, Investments (I), Loans and Advances (LA) and Total Income (TI) are considered as outputs.
Secondary sources of data collection have been used, viz. journals, IBA bulletin, statistics published by Reserve bank of India and annual reports published by the banks. Average data on financial parameters (Inputs and outputs) of  the banks during 2010-11 to 2014-15 is shown in table 3.

Table 3: Average  Data on Financial parameters
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Deposits
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Advances

Total 
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1

Allahabad Bank 

1708977397

105113874

164872921

30317209

552550858

1244286107

181488450

2

Andhra Bank

1237320898

110983897

126411233

21191396

366642698

973261127

137685225

3

Bank of Baroda 

4701295674

289074874

337319121

37453756

1028592273

3338620738

374772878

4

Bank of India 

4015644224

355975667

326962664

36507053

1002367841

3048112212

363469717

5

Bank of Maharashtra

953264699

84704002

94025169

7967391

307834264

731861614

101992559

6

Canara Bank 

3742890587

205945231

342580448

34533289

1158129237

2636473211

377113737

7

Central Bank of India

2194418081

184333993

214134090

16288969

735921211

1629933609

230423059

8

Corporation Bank

1623267958

133097348

150004258

20678812

557390711

1176376811

165114473

9

Dena Bank

1343016859

585670866

243573118

30805530

949964369

1880079363

272376564

10

IDBI Ltd.

1400176456

34891519

133174281

25013206

414546625

1038577167

146048332

11

Indian Overseas Bank 

1246118509

54065382

118218383

21174671

402654866

924962954

212968667

12

Oriental Bank of Commerce

1736830720

65972426

169172669

25537050

429766873

1242364225

185016068

13

Punjab National Bank  

4073645309

404359683

389789114

82723618

1285658823

3148820320

434786214

14

State Bank of Bikaner & 

Jaipur 

8430795645

1125283063

824647911

209432853

2515038720

7178975238

940249102

15

State Bank of India

561500081

52628394

69881554

15139230

181263107

551352394

79055447

16

State Bank of Travancore 

789330173

65391257

80069793

15105121

244358630

613998036

70715415

17

Syndicate Bank

1893242961

125004231

168152642

30928686

2214526836

1509206681

181350479

18

UCO Bank 

2607274722

239398662

248078248

48151737

778818617

2043458685

274845362

19

Union Bank of India

1773164786

99224200

130534506

22846391

554509600

1279657535

173021969

20

United Bank of India

975879827

42542795

88667619

15408385

360521200

635969880

99448230


Seventeen financial ratios under five CAMEL factors are considered to rank the 20 Indian public sector banks in financial soundness perspective through TOPSIS. Hybrid methods DEA-TOPSIS is used for ranking of these banks in financial efficiency perspective. Based on financial soundness and financial efficiency overall performance of banks is arrived. 
6 RESULTS AND DISCUSSIONS
6.1 Financial Soundness of Banks Through TOPSIS

Model calculations of the TOPSIS methodology are presented for the data of the case study on financial ratios shown in table 2 to arrive the closeness coefficient and ranking of banks
Normalized decision matrix

The data on financial ratios of the banks is normalized using equation (2.1)

Table 4: Normalized Decision Matrix 
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AQ2

AQ3

ME1

ME2

ME3
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EQ2

EQ3

EQ4

LQ1

LQ2

LQ3

LQ4

Allahabad Bank

0.217

0.221

0.220

0.169

0.167

0.245

0.205

0.200

0.212

0.241

0.161

0.243

0.222

0.159

0.219

0.149

0.134

Andhra bank

0.241

0.234

0.254

0.081

0.086

0.191

0.224

0.268

0.232

0.296

0.212

0.267

0.225

0.200

0.197

0.193

0.225

Bank of Baroda

0.244

0.228

0.225

0.075

0.076

0.171

0.237

0.328

0.224

0.289

0.063

0.235

0.221

0.168

0.156

0.161

0.193

Bank of India

0.204

0.216

0.218

0.195

0.191

0.210

0.247

0.185

0.213

0.178

0.039

0.185

0.222

0.188

0.234

0.181

0.290

Bank of Maharashtra

0.224

0.219

0.223

0.282

0.279

0.252

0.159

0.071

0.210

0.102

0.266

0.135

0.227

0.153

0.229

0.143

0.131

Canara Bank

0.258

0.224

0.230

0.236

0.239

0.214

0.231

0.291

0.215

0.309

0.067

0.218

0.222

0.199

0.200

0.186

0.202

Central Bank of India

0.195

0.221

0.237

0.139

0.139

0.223

0.161

0.118

0.216

0.152

0.114

0.149

0.230

0.204

0.215

0.195

0.205

Corporation Bank

0.237

0.216

0.175

0.098

0.095

0.260

0.303

0.326

0.223

0.263

0.143

0.214

0.219

0.172

0.185

0.173

0.130

IDBI 

0.229

0.221

0.214

0.227

0.228

0.231

0.452

0.356

0.260

0.159

0.597

0.198

0.223

0.235

0.201

0.269

0.185

IndianBank

0.227

0.221

0.204

0.113

0.112

0.245

0.179

0.265

0.213

0.332

0.222

0.326

0.221

0.172

0.204

0.161

0.240

Indian Overseas bank

0.244

0.223

0.265

0.254

0.256

0.233

0.194

0.124

0.230

0.154

0.125

0.193

0.226

0.170

0.252

0.171

0.190

Oriental bank of commerce

0.239

0.212

0.200

0.210

0.200

0.264

0.273

0.270

0.206

0.224

0.119

0.242

0.231

0.179

0.214

0.170

0.227

Punjab national bank

0.208

0.228

0.226

0.182

0.185

0.216

0.196

0.249

0.231

0.291

0.075

0.288

0.220

0.191

0.198

0.188

0.199

State bank of Bikaner & Jaipur

0.196

0.234

0.263

0.177

0.187

0.184

0.145

0.149

0.229

0.209

0.386

0.218

0.220

0.260

0.197

0.248

0.337

State bank of India

0.201

0.221

0.213

0.348

0.347

0.207

0.136

0.115

0.242

0.154

0.195

0.249

0.209

0.526

0.403

0.562

0.161

State bank of Travencore

0.210

0.231

0.216

0.210

0.219

0.217

0.171

0.239

0.237

0.243

0.264

0.200

0.224

0.202

0.191

0.201

0.360

Syndicate Bank

0.219

0.243

0.233

0.207

0.227

0.192

0.169

0.119

0.236

0.165

0.156

0.212

0.231

0.203

0.183

0.191

0.218

UCO Bank

0.230

0.216

0.226

0.393

0.384

0.225

0.206

0.125

0.204

0.143

0.135

0.199

0.230

0.193

0.274

0.178

0.304

Union bank of India

0.217

0.228

0.215

0.254

0.263

0.212

0.201

0.239

0.223

0.228

0.102

0.220

0.222

0.227

0.211

0.216

0.201

United bank of India

0.219

0.212

0.197

0.304

0.289

0.250

0.166

0.104

0.206

0.143

0.255

0.202

0.226

0.201

0.200

0.189

0.156


Weighted normalized decision matrix:

Quation Weighted normalized decision matrix is obtained from equation as discussed in (2.2).  The relative weights of the financial ratios is arrived through AHP method (AHP; Saaty, 2008 ). The following weight structure is assumed. The relative weights of the financial ratios are shown in table 5.
Table 5: Relative Weights of Financial Ratios

[image: image29.wmf]CAMELParameters

Weight

Financial Ratios

Weight

Global 

Weight

Capital adequacy ratio

0.5949

0.0684

Advances to assets

0.2766

0.0239

Government securities to total investments 

0.1285

0.0098

Net NPA to Net Advance

0.7013

0.0931

Net NPA to Total Assets 

0.2364

0.0646

Total Investments to Total Assets 

0.0623

0.0357

Business per employee 

0.7352

0.0944

Profit per employee

0.1994

0.0653

Credit deposit ratio 

0.0654

0.0379

Return on assets 

0.5439

0.0919

NIM to total assets

0.2657

0.0648

Operating profit to total assets

0.1413

0.0353

Interest income to total income

0.0491

0.0082

Liquid assets to total assets 

0.5919

0.0915

Government securities to total assets

0.2175

0.0656

Liquid assets to total deposits 

0.1417

0.0348

Liquid assets to demand deposits 

0.0489

0.0081

Earning Quality (EQ)

0.2002

Liability (LI)

0.2

Capital Adequacy (CA)

0.1955

Asset Quality (AQ)

0.2006

Management Soundness (MS)

0.2037


Positive and the negative ideal solutions

Positive and negative ideal solutions are obtained as discussed in equation (2.3). The positive and negative ideal solutions are shown in table 5.
Table 5: Positive and negative ideal solutions for the year 2011
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Net NPA to 
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Net NPA to 

total assets

Total Inv to 

Total Assets

Business per 

employee

Profit per 

employe

Credit 

Deposit ratio

Return on 

Assets

NIM to Total 

Assets

Operating 

Profit to 

total assets

Positive

0.018

0.006

0.003

0.007

0.005

0.006

0.043

0.023

0.010

0.031

0.039

0.011

Negative

0.013

0.005

0.002

0.037

0.025

0.009

0.013

0.005

0.008

0.009

0.003

0.005


Ranking of banks:
Distance from Positive and negative ideal solutions are obtained from equation as discussed in equation (2.4). Relative closeness coefficient of banks is determined from separation from the positive and negative ideal solutions as discussed in equation (2.5). Ranking of banks based on the relative closeness coefficient is shown in table 6.

Table 6: Ranking of Banks for the year 2011

[image: image31.emf]Banks Di+ Di- CC Rank

Allahabad Bank 0.0633 0.0272 0.3009 16

Andhra bank 0.0560 0.0306 0.3536 4

Bank of Baroda 0.0651 0.0337 0.3414 5

Bank of India 0.0658 0.0289 0.3054 15

Bank of Maharashtra 0.0723 0.0310 0.2999 17

Canara Bank 0.0658 0.0332 0.3354 7

Central Bank of India 0.0670 0.0268 0.2855 19

Corporatn Bank 0.0609 0.0336 0.3552 3

IDBI Bank 0.0513 0.0478 0.4823 1

INDIAN Bank 0.0608 0.0302 0.3321 9

Indian Overseas bank 0.0698 0.0282 0.2876 18

Oriental bank of commerce 0.0630 0.0295 0.3185 10

Punjab national bank 0.0649 0.0294 0.3115 12

State bank of Bikaner & Jaipur 0.0566 0.0286 0.3357 6

State bqank of Inda 0.0635 0.0486 0.4334 2

State bank of Travencore 0.0600 0.0265 0.3061 14

Syndicate Bank 0.0671 0.0261 0.2798 20

UCO Bank 0.0731 0.0368 0.3350 8

Union bank of India 0.0651 0.0297 0.3129 11

United bank of India 0.0690 0.0307 0.3075 13


Ranking is done on the basis of descending order of the closeness coefficient values, i.e. the bank with the highest closeness coefficient is assigned the topmost rank and the one with the lowest closeness coefficient is given the lowermost rank.
IDBI bank is obtained first rank on an average by having highest performance. State bank of India  is ranked as second. Syndicate bank positioned in last rank since the bank obtained poor closeness coefficient.

The rankings of financial soundness are further analyzed to predict the relationship between one dependent variable (Composite Rank) and several independent variables (financial ratios), and identifying which ratios have a stronger impact on the financial soundness of the bank. Regression models also enable the relationships to be explored. The Solver-Minitab-14 software is employed to provide regression analysis model results. Regression model summary is shown in table 7
Table 7: Regression Model summary
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Coef

SE Coef

T

P

Constant

49.263

7.594

6.49

0

Govt.Sec To Total Inv.

-0.1144

0.06075

-1.88

0.063

Net NPA to Net Advance

0.8658

0.3214

2.69

0.008

Business per employee

-0.6105

0.1235

-4.94

0

Profit per employe

-0.7104

0.1449

-4.9

0

Credit Deposit ratio

-0.19645

0.0782

-2.51

0.014

Operating Profit to total asset

-2.777

1.38

-2.01

0.047

Govt Sec. To Total assets

0.3125

0.1053

2.97

0.004

Liquid assets to total deposits

-0.8069

0.2024

-3.99

0

Liquid assets to demand deposit

-0.012733

0.00739

-1.72

0.088

S = 3.33128;   R-Sq = 70.0%   Adj R-Sq-67%


The p-value in the Analysis of Variance table (0.000) shows that the model estimated by the regression procedure is significant at an a-level of 0.05.The p-values for the estimated coefficients of net NPA to net advance, business per employee, profit for employee, credit deposit ratio operating profit to total assets government securities to total assets and liquid assets to total deposits   are both <0.05, indicating that they are significantly related to composite rank of the banks.  The R2 value indicates that the financial parameters explain 70% of the variance in composite rank. R2 value is close to the R2  and adjusted R2 values, the model does not appear to be overfit and has adequate predictive ability

6.2 Financial Efficiency of Banks through DEA-TOPSIS

Financial efficiency of twenty public sector banks are determined through DEA-TOPSIS method. Model calculations of the methodology are presented for the data of the case study on financial parameters shown in table 3 to rank the  banks. 
Specification of inputs and outputs  

Data on inputs and outputs is compiled from the financial reports of the banks. Data shown in table 5.3 is considered. 
Correlation between inputs and outputs 

Correlation between inputs and outputs is calculated for identifying whether increasing amounts of inputs lead to greater outputs using Minitab-14.  Table 8 provides the pearson correlation matrix.

Table 8 Pearson correlation matrix

	Outputs
	Inputs

	
	Deposits
	Borrowings
	Interest Expenses
	Operating Expenses

	Investments
	0.826

(p= 0.00)
	0.807

(p= 0.00)
	0.849

(p= 0.00)
	0.821

(p= 0.00)

	Loans and advances
	0.979

(p= 0.00)
	0.929

(p= 0.00)
	0.991

(p= 0.00)
	0.941

(p= 0.00)

	Total Income
	0.962

(p= 0.00)
	0.929

(p= 0.00)
	0.986

(p= 0.00)
	0.974

(p= 0.00)


From the correlation matrix it is observed that the correlations between inputs and outputs are high and positive. The p-values for the individual hypothesis tests of the correlations are being zero as shown in brackets. Since all the p-values are smaller than 0.01, there is sufficient evidence at α = 0.01 that there exists significant correlation between inputs and outputs. Hence the requirements for data envelopment analysis are met as positive and statistically significant inter-correlations between inputs and outputs are existed. 

Normalized Decision matrix: The data on financial parameters is normalized as discussed in equation (3.1) and shown in table 9. 

Table 9: Normalized Decision matrix
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1 ALB 0.1674 0.0882 0.1722 0.2092 0.1860 0.1595 0.1732

2 AB 0.1170 0.0974 0.1296 0.1525 0.1041 0.1217 0.1285

3 BoB 0.3877 0.2845 0.3421 0.2513 0.3065 0.3896 0.3454

4 BoI 0.3794 0.2809 0.3400 0.2363 0.3693 0.3631 0.3412

5 BoM 0.0849 0.0392 0.0870 0.0475 0.0967 0.0799 0.0852

6 CB 0.3732 0.1819 0.3605 0.2418 0.3600 0.3620 0.3604

7 CeB 0.2277 0.1644 0.2379 0.1132 0.2344 0.2210 0.2306

8 CoR 0.1482 0.2036 0.1428 0.1468 0.1869 0.1480 0.1463

9 IDBI 0.2291 0.6577 0.2908 0.2017 0.2936 0.2677 0.2893

10 IB 0.1343 0.0268 0.1463 0.1723 0.1496 0.1282 0.1475

11 IoB 0.1844 0.2469 0.1892 0.2301 0.2091 0.1905 0.1864

12 OrB 0.1765 0.0719 0.1890 0.1693 0.1810 0.1634 0.1825

13 PnB 0.3972 0.4029 0.4218 0.5693 0.4093 0.4125 0.4280

14 SBI 0.0266 0.0342 0.0285 0.0462 0.0285 0.0289 0.0305

15 SBB 0.0684 0.0413 0.0622 0.0797 0.0585 0.0599 0.0760

16 SBT 0.0738 0.0730 0.0817 0.0985 0.0771 0.0785 0.0813

17 SB 0.1721 0.1215 0.1790 0.2278 0.1508 0.1819 0.1730

18 UnB 0.2570 0.1698 0.2572 0.3533 0.2512 0.2573 0.2587

19 UCO 0.1844 0.0698 0.1777 0.1856 0.1846 0.1688 0.1720

20 UtB 0.0988 0.0368 0.0991 0.1162 0.1129 0.0912 0.0976


Best relative efficiency (
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) of Ideal bank
           LP model proposed by the Charnes-Cooper’s as discussed in equation (3.2) is solved using Lingo solver. The relative efficiency index of  Ideal  DMU (
[image: image35.wmf]*
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 ) is 14.64 is obtained 

Worst Relative efficiency of nadir DMU

The relative efficiency of nadir DMU is determined by solving the LP model discussed in equation (3.3) using LINGO 8.0 solver. The relative efficiency of nadir DMU (
[image: image36.wmf]*

N

j

) is 0.0648 obtained. 
Best efficiency and Worst Relative efficiency of each Bank

The best and worst relative efficiencies of banks are determined by solving the LP model discussed in equations (3.4) and (3.5) using LINGO 8.0 solver. Best and worst relative efficiencies of banks are shown in table 10

Table 9: Best and worst relative efficiencies of banks 

[image: image37.wmf]S.No

BANK

BEST

WORST

1

Allahabad Bank 

0.9886

0.8541

2

Andhra Bank

0.9716

0.8597

3

Bank of Baroda 

0.9933

0.7916

4

Bank of India 

0.9887

0.7986

5

Bank of Maharashtra

0.9928

0.8443

6

Canara Bank 

0.9966

0.8405

7

Central Bank of India

0.9628

0.8593

8

Corporation Bank

1.0000

0.8468

9

IDBI

0.9485

0.8763

10

Indian Bank

1.0000

0.8367

11

Indian Overseas Bank 

0.9833

0.8628

12

Oriental Bank of Commerce

0.9459

0.8202

13

Punjab National Bank  

0.9831

0.9093

14

State Bank of India

1.0000

0.9289

15

State Bank of Bikaner & 

Jaipur 

0.9062

0.8040

16

State Bank of Travancore 

1.0000

0.8997

17

Syndicate Bank

1.0000

0.8351

18

Union Bank Of India

0.9956

0.8662

19

UCO bank

0.9712

0.8124

20

United Bank of India

0.9950

0.8317


From table 10, it is observed that State Bank of India, State bank of Travancore, corporation bank, Syndicate bank and Indian bank are arrived as efficient banks based on best relative efficiency.   State Bank of India, followed by Punjab National bank, State bank of Travancore are arrived as efficient banks with worst relative efficiencies of 0.9289, 0.9093 and 0.8997 respectively.

Closeness coefficient: Closeness coefficient of the banks is determined from equation 3.6.  Ranking of banks is done basing on the closeness coefficients. Table 11 shows the closeness coefficients and ranking of the banks. 

Table 11: Closeness coefficients and ranking of banks  
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Coefficient

Rank

1

Allahabad Bank 

0.0547

9

2

Andhra Bank

0.0550

7

3

Bank of Baroda 

0.0506

20

4

Bank of India 

0.0510

19

5

Bank of Maharashtra

0.0540

11

6

Canara Bank 

0.0538

12

7

Central Bank of India

0.0549

8

8

Corporation Bank

0.0542

10

9

IDBI

0.0560

4

10

Indian Bank

0.0536

13

11

Indian Overseas Bank 

0.0552

6

12

Oriental Bank of Commerce

0.0523

16

13

Punjab National Bank  

0.0582

2

14

State Bank of India

0.0596

1

15

State Bank of Bikaner & 

Jaipur 

0.0511

18

16

State Bank of Travancore 

0.0577

3

17

Syndicate Bank

0.0535

14

18

Union Bank Of India

0.0555

5

19

UCO bank

0.0519

17

20

United Bank of India

0.0532

15


From the results shown in table 11,  it is observed that SBI is ranked as first with relative closeness value of 0.0596 followed by PBI with relative closeness value of 0.0582. SBI dominated all the banks in all the outputs (Investments, Loans and advance and Total Income). SBI shows minimum guaranteed efficiency of 0.9289. Punjab National Bank shows minimum guaranteed efficiency of 0.9093. Bank of Baroda is ranked least efficient with relative closeness value of 0.0506.  It is due to the fact that minimum guaranteed efficiency of BOB is only of 0.7916 though the best possible efficiency is 0.9933. 

The rankings are further analyzed to predict the relationship between one dependent variable (Composite Rank) and several independent variables (Inputs/Outputs), and identifying which factors have a stronger impact on the financial efficiency of the banks. Regression models also enable the relationships to be explored. The Solver-Minitab-14 software is employed to provide regression analysis model results. Regression model summary is shown in table 12.
Table 12: Regression Model summary

	Predictor
	Coef
	SE Coef
	T
	P

	Constant
	-203.08
	53.12
	-3.82
	0

	Deposits (D)
	90.66
	28.65
	3.16
	0.002

	Borrowings (B)
	51.24
	13.78
	3.72
	0

	Interest earned (INT)
	20.97
	32.63
	0.64
	0.522

	Operating expenses (OE)
	48.98
	12.62
	3.88
	0

	Investments (INV)
	9.982
	4.543
	2.2
	0.031

	Advances(ADV)
	134.46
	49.31
	2.73
	0.008

	Total Income (TI)
	57.26
	26.74
	2.14
	0.035

	R-Sq=32.1%; R-sq (adj)=26.9%


R-squared value or correlation coefficient is 0.321 and the adjusted R-squared, which is the adjusted coefficient of determination, is 0.269. Though R-squared value is low but the model have statistically significant predictors. Regardless of the R-squared, the significant coefficients still represent the mean change in the response for one unit of change in the predictor while holding other predictors in the model constant.  From the regression results, it can be seen that the predictor variables of Deposits, Borrowings, Operating expenses advances and Total income are significant because their p-values are <=0.05. 
Overall Performance of Banks
it is necessary to consider  both financial performance and efficiency to improve overall performance of the banks. Twenty banks are clustered using Minitab 14 software to know the overall performance based on average ranks obtained from financial soundness and efficiency evaluations. Table 13 shows average ranks of financial soundness, financial efficiency and associated cluster Also, Overall performance category of the banks is analyzed through matrix plot.   Matrix plot of average ranks of financial performance and financial efficiency of banks is shown in the figure 1.
.
Table 13: Clustering of Banks
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Cluster 1 contains Allahabad Bank, Punjab National Bank, Union Bank of India and UCO Bank. These banks are showing poor financial soundness and good efficiency.
Cluster 2 contains Andhra Bank, IDBI, State bank of Bikaner & Jaipur, and state bank of India. These banks can be considered good overall performance category as these banks show  good financial soundness and good financial efficiency.
Cluster 3 contains Indian bank and bank of Baroda. These banks can be considered into good financial soundness and poor financial efficiency category.
Cluster 4 contains Bank of Maharashtra, Bank of India, Canara Bank, Corporation Bank, Oriental Bank of commerce, State Bank of Travancore and Syndicate Bank. These banks are showing medium financial soundness and medium financial efficiency.

Cluster 5 contains Central bank of India, Indian Overseas bank and United bank of India. These banks can be considered into poor overall performance category as these banks are showing poor financial soundness and poor financial performance.

Matrix plot of financial performance and financial efficiency is shown in the figure 1
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Figure 1:  Clustering of Banks
Correlation between composite ranks obtained based on financial performance and efficiency is calculated for identifying relation between these ranks using Minitab-14.  
7 CONCLUSIONS

The study made in the paper proposed TOPSIS method to determine financial soundness of twenty Indian public sector banks. Financial efficiency of twenty Indian public sector banks is obtained through proposed DEA- TOPSIS method to investigate the overall performance of banks.. The financial ratios and financial parameters employed in the study had a great effect on the overall performance (financial soundness and efficiency) of the banks is identified. This study is of immense value to bank regulators, investors, academics and other relevant stakeholders. By introducing  overall performance  of a bank that is better linked to financial soundness and efficiency. The study provides future researchers with an alternative evaluation measure. This study provides a picture of where banks stand in relation to the financial soundness and efficiency. It further provides an insight by analyzing the financial soundness and efficiency through modeling and optimization. The result of this study will be useful to lay a roadmap to improve the performance of banks both in respect of financial soundness and efficiency. The study may be extended to analyze the financial soundness and financial efficiency of Indian banks to find the optimum financial ratios and financial parameters to improve the overall performance of banks 
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