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Abstract
This research conducts a comprehensive comparative analysis of five leading Indian Public Sector Banks, SBI, PNB, BOB, IOB, and UB, from 2019 to 2024 using the CAMELS framework. Statistical tools such as ANOVA and Bonferroni post-hoc tests examine year-wise variations and parameter-wise significance. The results indicate that Bank of Baroda outperformed its peers with the lowest average CAMELS rank of 2.00, reflecting a strong capital position and efficient management. Union Bank followed with a rank of 2.50, driven by the highest Liquidity Ratio of 64.14% and a superior Gap Ratio of 97.76% under sensitivity. SBI stood third with an average of 2.67, while PNB ranked the lowest average of 4.17, highlighting asset quality and earnings concerns. Despite visible performance variations, ANOVA results show no statistically significant differences (p > 0.05) across years and parameters, indicating relative stability in public sector bank performance. The study concludes that while select banks have demonstrated financial robustness, others require targeted risk sensitivity, asset quality, and earnings improvements. The CAMELS-based evaluation provides critical insights for policymakers, regulators, and stakeholders seeking to strengthen the resilience and governance of India's public banking system.
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Introduction
Indian banking comprises various financial institutions, likewise commercial banks, regional rural banks, cooperative banks, and credit unions, and these institutions provide essential financial assistance to individuals, businesses, and the government1. Banks function as intermediaries by accepting deposits, extending credit, facilitating transactions, and offering a wide range of financial services2 and play an important role in mobilising savings, supporting industrial and economic development, all under the regulation of the RBI3.
Several analytical tools are used to assess a banking company's performance and financial stability, the CAMELS model being one of the most well-known frameworks4 It was introduced in 1970 by U.S. banking supervisors. This model evaluates banks across six key parameters, including CA, AQ, ME, EQ, L, and SMR5. Indian commercial banks are assessed using this model, where each component is rated on a scale of 1 to 56. Score of 1 reflects strong performance, a score of 2 indicates satisfactory performance with minor weaknesses, a score of 3 implies performance that raises supervisory concerns, a score of 4 denotes serious financial deficiencies, and a score of 5 signals critically unsound conditions and poor risk management practices7. 
Each component of the CAMELS model serves a specific purpose. CAR is a critical evaluator of the Basel framework, measuring a bank's capacity to avoid unforeseen losses arising from credit, market, or operational risks 8. Stronger financial resilience is indicated by a higher CAR, which connects a bank's capital to its risk-weighted assets9. Indian banks are required to maintain a minimum CAR of 11% in accordance with Basel III standards in order to guarantee stability and depositor protection9.
AQ  assesses the soundness of banks' loan portfolios10. It is typically measured through indicators like the GNPA, which represents the share of loans in default11,12. A dropped ratio signifies a higher AQ and impacts credit risk management, while a higher ratio reflects a deteriorating loan portfolio and potential financial instability13.
ME evaluates how well a bank's leadership and governance frameworks contribute to operational and financial performance10. Efficient management ensures strong internal controls, compliance, strategic decision-making, and optimal use of resources14. This component is often influenced by the competence of the BoD and senior executives. The CD Ratio is used to examine the extent to which a bank utilizes its deposits for lending, and a higher CD ratio suggests more aggressive lending practices, potentially boosting income, but also increasing risk15. Conversely, a lower CD ratio may point to conservative lending or constraints in credit expansion9,16. 
EQ reflects a bank's capacity to produce consistent earnings and maintain long-term growth, and ROA is an important metric used to evaluate profitability higher ROA indicates efficient asset usage for income generation, while a lower ROA suggests weaker operational performance17,18.
Liquidity is the ability of a bank to meet its immediate obligations and unexpected withdrawals. It is influenced by the composition and stability of deposits19. One common measure is the TDTD Ratio, which highlights the proportion of longer-term, stable funds in total deposits20,21. A higher ratio indicates greater liquidity stability, while a lower ratio may indicate a dependence on demand deposits, which are more volatile22.
SMR reflects a banking company’s exposure to changes in the  rate of interest, rate of exchange, and prices of equity, and one useful measure in this context is the Gap Ratio, which assesses interest rate risk exposure21. A ratio above 100% implies that the bank has an opportunity to profit from rising interest rates, while a ratio below 100% indicates potential vulnerability23.
Overall, the CAMELS parameters provide a thorough evaluation of a bank's monetary condition and operational performance. When applied consistently, this model helps regulators, investors, and stakeholders identify strengths, spot early signs of financial trouble, and develop corrective measures to maintain the integrity of the banking system.19,24.
Review of literature
Several studies have taken place in the CAMELS model to evaluate Indian and international banks, reflecting the growing research interest in assessing financial stability and institutional performance. One of the earliest applications was by Saji Thanzhungal et al. (2015), who examined Bank of Baroda over seven years from 2007 to 2013. Their findings showed that while the bank’s financial health was generally sound, its asset quality and capital adequacy were moderate, posing potential long-term risks. This study emphasized the importance of maintaining a balanced portfolio and strong capital buffers to ensure resilience under fluctuating economic conditions. Similarly, Rajeshwari S. (2021) compared the performance of private banks and public banks from 2007 - 2017. The that HDFC and Axis consistently outperformed their public counterparts in most CAMELS components, while public banks like BOI and Indian Bank lagged, particularly in profitability and asset quality, highlighting the urgent need for better management practices and stronger risk mitigation strategies. C. Dudhe (2018) evaluated the efficacy of Indian banks between 2013 and 2017. Using one-way ANOVA across 18 accounting ratios, the study identified significant performance gaps among banks, underlining the effectiveness of CAMELS in measuring financial health. This work set a precedent for the use of advanced statistical techniques in banking performance evaluation. Building on this, Sahadevu (2020) applied the model to Andhra Pradesh Grameena Vikas Bank for the period 2009–2019. By combining primary data from 380 customers and 352 employees with regression analysis and t-tests, the study assessed the bank’s alignment with rural development goals, highlighting the benefit of maintaining CAR and asset quality in the rural banking sector. Meeraj Banu and Sudavepa (2021) analyzed ICICI, HDFC, SBI, and Syndicate Bank over ten years (2010–2019) and found that private banking companies generally performed better than public banks in CA and AQ, but did not perform as well in liquidity and sensitivity. Their study attributed the superior profitability of private banks to stronger management practices, while public banks demonstrated relative strength in liquidity and regulatory compliance. Jain and Arora (2023) narrowed the comparison to HDFC Bank and SBI for the period 2019–2020, finding HDFC superior across most CAMELS components, with SBI excelling only in liquidity. Further, K. Suresh (2023) conducted a broader comparison of six public and six private banks between 2017 and 2021, reaffirming that the private banking companies consistently outperformed public sector banking companies  in profitability and efficiency, although public banks showed gradual improvement in capital adequacy and asset quality over time. Granular case studies have also provided important insights. Rajesh Kumar (2022) PNB from 2011 to 2022, with particular focus on CAR, NPAs, and profitability. The results showed that PNB improved its CASA ratio and reduced both GNPA and NNPA, reflecting recovery from earlier challenges and underlining the significance of effective risk management in improving asset quality for public sector banks. Larger sample studies employing advanced statistical methods have deepened understanding further. Kantaraju and Shobha (2024) analyzed four banks from 2012 to 2021 using averages, one-sample t-tests, and correlation analysis. Their study revealed that although the sector as a whole improved, operational inefficiency persisted in institutions such as Canara Bank and Bank of Baroda. In parallel, Vyas (2024) examined 22 financial ratios across 10 private sector banks from 2013 to 2023, applying ANOVA and regression analysis. The findings showed significant variations in performance linked to bank size, regional presence, and strategic orientation, cautioning against simplistic comparisons based solely on average ratios. 
Looking ahead, Lokeshwari DV (2024) emphasizes the adaptability of the CAMELS framework to evolving financial landscapes, including technological disruption, regulatory changes, and macroeconomic fluctuations. The study emphasizes the possibility of AI techniques to enhance the model’s precision in evaluating stability and performance. Adding a global perspective, Mehmet Sinan Çelik (2025) examines the effects of macro-economic factors on CAMELS indicators of participation banks in Turkey over 2019–2023 using panel regression. The findings indicated that budget deficits negatively affect all CAMELS components, while money supply (M2) strengthens financial performance, and GDP growth puts pressure on certain financial indicators. Inflation was largely insignificant but positively influenced management effectiveness in some cases. Finally, Sumesh John P V (2025) applied the CAMELS model to assess ESAF Small Finance Bank, representing small finance institutions that play a vital role in financial inclusion for underserved communities. Through financial statement analysis and CAMELS ratios, the research provided an evaluation of the bank’s financial soundness, management efficiency, liquidity position, and risk management practices, thereby underlining the relevance of CAMELS in analyzing the stability and effectiveness of such specialized institutions.
These studies revealed that the CAMELS framework's versatility in assessing banking performance across various institutions, including large banks and small finance entities, while incorporating macroeconomic and technological factors.




 Objectives 
· To examine and compare the Capital Adequacy of selected Indian PBS Banking Companies using the CAR.
· To evaluate the AQ by analysing trends in Gross NPA ratios from 2019 to 2024.
· To examine Management Efficiency through the analysis of the CD Ratio as a key operational indicator.
· To analyse EQ by comparing ROA across the selected banking company.
· To evaluate Liquidity positions by examining the TD to TD  Ratio as an indicator of liquidity risk.
· To evaluate the Sensitivity to Market Risk by analysing GAP ratios (RSA–RSL) over the five years.
· To evaluate the selected PSBs based on their composite CAMELS scores and identify both the best and worst performers.
· To determine the statistical significance of inter-year and inter-bank differences using ANOVA and Bonferroni post-hoc tests.
List 1-Hypothesis testing results
	CAMELS 
Component
	Parameter Used
	H₀
	H₁

	CA
	CAR
	There is no significant difference in the CAR among the selected PSBs. 
	There is a significant difference in the CAR among the selected PSB.

	AQ 
	GNPA 
	There is no significant difference in the Gross NPA of the selected PBS. 
	There is a significant difference in the Gross NPA of the selected PBS 

	  ME
	CD Ratio
	There is no significant difference in the CDR of the selected PSB.
	There is a significant difference in the CDR of the selected PSB.

	EQ 
	ROA
	There is no significant difference in the EQ of the selected PSB.
	There is a significant difference in the EQ of the selected PSB.

	L 
	TDTD
	There is no significant difference in the TDTD of selected PSB
	There is a significant difference in the TDTD of selected PSB

	SMR
	GAP (Rate Sensitive Assets – Liabilities)
	There is no significant difference in the GAP ratio of the selected PSB
	There is a significant difference in the GAP ratio of the selected PSB


Methodology 
In order to examine and compare the financial performance of a subset of Indian PSBs over five years, from 2019–2020 to 2023–2024, this study uses a quantitative and analytical research layout. The market capitalization of these banks was used to determine their selection. The secondary data used in this study were gathered from RBI publications, official websites, and the yearly reports of the chosen banks. The top-performing banks in each dimension were determined by calculating the average values and rankings of each parameter. determined descriptive statistics, such as variance and mean, to evaluate each parameter's variability and distribution. To ascertain whether performance variations between years were statistically significant, a one-way ANOVA was employed. The post-hoc analysis, utilizing the Bonferroni correction, facilitated the identification of specific years with significant increases or decreases. Data preparation and statistical testing were conducted using Microsoft Excel. The banks selected for this study include SBI, PNB, BOB, IOB, and UB.
Alpha level for Bonferroni correction
To determine if the specific years differed significantly, a Bonferroni-corrected post-hoc test was conducted, with the corrected significance level set at 0.005 (α / 10 comparisons).
List 2- Alpha level for Bonferroni correction

	Test
	
	
	
	
	Alpha

	ANOVA
	
	
	
	
	0.05

	Post-hoc test 
	
	0.005



Analysis and Interpretation
1. Capital Adequacy Ratio	
Table 1:  Basel III ratio (CAR)
	Sl no
	Bank Name 
	2019-2020
	2020-2021
	2021-2022
	2022-2023
	2023-2024
	Average 
	Rank 

	1
	SBI
	13.06
	13.74
	13.83
	14.68
	14.28
	13.918
	5

	2
	PNB
	14.50
	14.64
	14.57
	15.54
	16.00
	15.05
	2

	3
	BOB
	13.3
	15
	15.68
	16.24
	16.31
	15.306
	1

	4
	IOB
	10.72
	15.32
	13.83
	16.10
	17.28
	14.65
	3

	5
	UB
	12.81
	12.56
	14.52
	16.04
	16.97
	14.58
	4


  Source: Annual reports 
Table 1 outlines the CAR, BOB leads with the greatest average CAR of 15.306%, which is an improvement over 13.3% in 2019-20 to 16.31% in 2023-24. PNB ranks second, with its CAR rising from 14.50% to 16.00% over the same period, averaging 15.05%. IOB shows significant progress, increasing its CAR from 10.72% to 17.28% and averaging 14.65%, placing it third. With an average CAR of 14.58%, up from 12.81% to 16.97%, UB comes in at number four. Though it has improved, SBI's average CAR of 13.918% still places it fifth among public sector banks, despite being the biggest. 
Table 2: ANOVA - Capital Adequacy
	Groups
	Count
	Sum
	Average
	Variance
	
	

	2019-2020
	5
	64.39
	12.878
	1.87592
	
	

	2020-2021
	5
	71.26
	14.252
	1.24392
	
	

	2021-2022
	5
	72.43
	14.486
	0.57363
	
	

	2022-2023
	5
	78.6
	15.72
	0.4078
	
	

	2023-2024
	5
	80.84
	16.168
	1.37317
	
	




Table 3: ANOVA
	SoV
	SS
	df
	MS
	F
	P-value
	F crit

	BG
	33.80802
	4
	8.452006
	7.719517
	0.000623
	2.866081

	WG
	21.89776
	20
	1.094888

	Total
	55.70578
	24



Table 4: Post-hoc test for Capital Adequacy
	Groups
	P- value( t-test)
	Significance

	2019-2020 v 2020-2021
	0.120149428
	NO

	2019-2020 v 2021-2022
	0.050679741
	NO

	2019-2020 v 2022-2023
	0.002975266
	YES

	2019-2020 v 2023-2024
	0.003527721
	YES

	2020-2021 v 2021-2022
	0.708056295
	NO

	2020-2021 v 2022-2023
	0.033955763
	NO

	2020-2021 v 2023-2024
	0.029331961
	NO

	2021-2022 v 2022-2023
	0.023730071
	NO

	2021-2022 v 2023-2024
	0.027260495
	NO

	2022-2023 v 2023-2024
	0.47436374
	NO



Since the P-value is 0.000623, which is less than 0.05, H₀ is rejected.
Interpretation of the Bonferroni Post-Hoc Test of CAR
The CAR for the 2022–2023 and 2023–2024 periods was significantly higher than that for 2019–2020, with P-values of 0.00297 and 0.00353. This indicates notable improvements in CAR during these years. No significant differences were found in other year-to-year comparisons, including 2020–2021 vs. 2021–2022 and 2022–2023 vs. 2023–2024. Overall, the CAR of selected PSBs improved significantly from 2019 to 2024, specifically between 2019–2020 and the last two years. This improvement reflects compliance with Basel III norms, suggesting a stronger capital base and better resilience to financial shocks.


2. Asset Quality 
GNPA Ratio( GNPA/ Gross Advances)
Table 5 : Gross NPA Ratio
	Sl no
	Bank Name 
	2019-2020
	2020-2021
	2021-2022
	2022-2023
	2023-2024
	Average 
	Rank 

	1
	SBI
	6.15
	4.98
	3.97
	2.78
	2.24
	4.024
	1

	2
	PNB
	14.21
	14.12
	11.78
	8.74
	5.73
	10.916
	5

	3
	BOB
	9.40
	8.87
	6.61
	3.79
	2.92
	6.318
	2

	4
	IOB
	18.78
	11.69
	9.82
	7.44
	3.10
	10.166
	3

	5
	UB
	14.00
	14.00
	11.00
	7.53
	4.76
	10.258
	4


 Source: Annual Reports
Table 5  presents GNPA Ratio. SBI  ranks first with an average NPA Ratio of 4.024%. It improved its NPA from 6.15% in 2019-20 to 2.24% in 2023-24, showing strong loan recovery and careful lending. BOB is second with an average NPA ratio of 6.318%, reducing its NPAs from 9.40% in 2019-20 to 2.92% in 2023-24, indicating effective risk management.  IOB ranks third, decreasing its Gross NPA from 18.78% in 2019-20 to 3.10% in 2023-24, with an average of 10.166%. Its average NPA is still high compared to peers. UB is fourth with an average NPA of 10.258%. It reduced its Gross NPA from 14.00% in 2019-20 to 4.76% in 2023-24, showing improvement but needing more effort. PNB has the weakest asset quality, ranking fifth with an average NPA ratio of 10.916%. It improved from 14.21% in 2019-20 to 5.73% in 2023-24, but still faces an asset quality challenge.
Table 6: ANOVA for GNPA
	Groups
	Count
	Sum
	Average
	Variance

	2019-2020
	5
	62.54
	12.508
	23.63617

	2020-2021
	5
	53.66
	10.732
	14.90717

	2021-2022
	5
	43.18
	8.636
	10.68783

	2022-2023
	5
	30.28
	6.056
	6.78973

	2023-2024
	5
	18.75
	3.75
	2.083


 
Table 7: ANOVA
	SoV
	SS
	df
	MS
	F
	P-value
	F crit

	BG
	247.31
	4
	61.84
	5.3208
	0.0043
	2.86608

	WG
	232.45
	20
	11.68

	Total
	479.76
	24





Table 8: Post Hoc Test for Gross NPA ratio
	Groups
	P- value( t-test)
	Significance

	2019-2020 v 2020-2021
	0.540270953
	NO

	2019-2020 v 2021-2022
	0.177709695
	NO

	2019-2020 v 2022-2023
	0.030864609
	NO

	2019-2020 v 2023-2024
	0.004798392
	YES

	2020-2021 v 2021-2022
	0.381335741
	NO

	2020-2021 v 2022-2023
	0.05501942
	NO

	2020-2021 v 2023-2024
	0.005329915
	NO

	2021-2022 v 2022-2023
	0.204936601
	NO

	2021-2022 v 2023-2024
	0.015648135
	NO

	2022-2023 v 2023-2024
	0.121683255
	NO



Interpretation of ANOVA Results of for Gross NPA ratio
The H0 is disproved because the P-value of 0.00438 is less than 0.05. This demonstrates that the Gross NPA Ratios over the five years differ statistically significantly.
Interpretation of the Bonferroni Test for Asset Quality
The comparison between 2019–2020 and 2023–2024 showed significant differences (P < 0.005), with a P value of 0.0048, indicating a notable decline in NPA levels. Conversely, the 2020–2021 vs. 2023–2024 comparison (P = 0.0053) was close to significance but not statistically significant. Overall, gross NPA ratios of the selected PSBs improved notably between 2019 and 2024, especially between 2019–2020 and 2023–2024, reflecting better asset quality and recovery efforts. However, improvements were gradual, underscoring the need for ongoing NPA reduction strategies.
3. Management Efficiency
[bookmark: _Hlk207291974]CD Ratio (TA/TD) 
Table 9 : CD Ratio 
	Sl no
	Bank Name 
	2019-2020
	2020-2021
	2021-2022
	2022-2023
	2023-2024
	Average 
	Rank 

	1
	SBI
	71.7
	66.5
	67.5
	72.3
	76.7
	70.94
	2

	2
	PNB
	67.03
	60.94
	63.52
	64.85
	68.22
	64.912
	4

	3
	BOB
	78.6
	75.9
	75.4
	75.7
	82.2
	77.56
	1

	4
	IOB
	54.42
	53.15
	50.02
	68.24
	74.61
	60.088
	5

	5
	UB
	69.91
	63.97
	64.03
	77.34
	80.38
	71.126
	3


Source: Annual reports 
Table 9  presents the CD Ratio. BOB ranked 1st with an average score of 77.56, reflecting strong management efficiency, improving from 78.6 in 2019-20 to 82.2 in 2023-24. SBI secured 2nd place with an average score of 70.94, rising from 71.7 in 2019-20 to 76.7 in 2023-24. UB ranked 3rd with a score of 71.126, significantly increasing from 69.91 in 2019-20 to 80.38 in 2023-24. PNB placed 4th with an average score of 64.912, showing slight improvement from 67.03 to 68.22 over the same period. IOB ranked 5th with the lowest average score of 60.088, despite a notable increase from 54.42 to 74.61 in the same timeframe. 
Table 10- ANOVA- CD Ratio
	Groups
	Count
	Sum
	Average

	2019-2020
	5
	341.66
	68.332

	2020-2021
	5
	320.46
	64.092

	2021-2022
	5
	320.47
	64.094

	2022-2023
	5
	358.43
	71.686

	2023-2024
	5
	382.11
	76.422



Table 11: ANOVA
	SoV
	SS
	df
	MS
	F
	P-value
	F crit

	BG
	554.3811
	4
	138.5953
	2.402011
	0.083963
	2.866081

	W G
	1153.994
	20
	57.69968

	Total
	1708.375
	24



Table 12 : Post Hoc Test for CD Ratio
	Groups
	P- value( t-test)
	Significance

	2019-2020 v 2020-2021
	0.457267261
	N0

	2019-2020 v 2021-2022
	0.479268981
	N0

	2019-2020 v 2022-2023
	0.48590059
	N0

	2019-2020 v 2023-2024
	0.120721611
	N0

	2020-2021 v 2021-2022
	0.999720547
	N0

	2020-2021 v 2022-2023
	0.120466428
	N0

	2020-2021 v 2023-2024
	0.024076016
	N0

	2021-2022 v 2022-2023
	0.146133629
	N0

	2021-2022 v 2023-2024
	0.032742478
	N0

	2022-2023 v 2023-2024
	0.197197026
	N0




Interpretation of ANOVA Results
Since the p-value exceeds 0.05, the H0 cannot be rejected. The CD Ratios for 2019–2020 and 2023–2024 do not differ statistically significantly, based on this.
Interpretation of Bonferroni Post-Hoc Test
None of the comparisons showed significant differences at the corrected alpha level of 0.005; all P-values were above this threshold, including P = 0.1207 for 2019–2020 vs. 2023–2024 and P = 0.024 for 2020–2021 vs. 2023–2024. Although banks like BOB, SBI, and UB have improved their Credit-Deposit Ratios between 2019–2020 and 2023–2024, the overall statistical analysis indicates no significant change over time. This suggests stable, incremental progress in management efficiency rather than major shifts in the sector.
4. Earning Quality
[bookmark: _Hlk207287965]RoA ( PAT/ ATA X 100)
Table 13: ROA
	Sl no
	Bank Name 
	2019-2020
	2020-2021
	2021-2022
	2022-2023
	2023-2024
	Average 
	Rank 

	1
	SBI
	38
	48
	67
	96
	104
	70.6
	1

	2
	PNB
	04 
	16
	26
	17
	52
	23
	5

	3
	BOB
	09
	12
	61
	13
	117
	42.4
	4

	4
	IOB
	-2.95
	27
	66
	76
	81
	49.41
	3

	5
	UB
	55
	26
	44
	65
	98
	57.6
	2


Source: Annual reports 
Table 13  outlines ROA. SBI ranks first with an average ROA of 70.6, improving from 38 in 2019-20 to 104 in 2023-24, reflecting strong operational efficiency. UB follows in second place with an average ROA of 57.6, rising from 55 to 98 during the same period, showcasing effective asset utilization. IOB ranks third with an average ROA of 49.41, recovering from negative earnings of -2.95 in 2019-20 to reach 81 in 2023-24, indicating improved financial management. BOB is fourth with an average ROA of 42.4, experiencing fluctuations over the years, peaking at 117 in 2023-24 after a drop to 13 in 2022-23.  PNB ranks last with the lowest average ROA of 23, despite improving from 4 in 2019-20 to 52 in 2023-24, which highlights ongoing profitability challenges.
Table 14: ANOVA for RoA 
	Groups
	Count
	Sum
	Average
	Variance

	2019-2020
	5
	103.05
	20.61
	612.7105

	2020-2021
	5
	129
	25.8
	195.2

	2021-2022
	5
	264
	52.8
	309.7

	2022-2023
	5
	267
	53.4
	1354.3

	2023-2024
	5
	452
	90.4
	628.3


Table 15: ANOVA
	SoV
	SS
	df
	MS
	F
	P-value
	F crit

	BG
	15456
	4
	3864
	6.231835
	0.002001
	2.866081

	WG
	12400.84
	20
	620.0421

	Total
	27856.84
	24



Table 16: Post Hoc Test for Return on Assets 
	Groups
	P- value( t-test)
	Significance

	2019-2020 v 2020-2021
	0.69376912
	NO

	2019-2020 v 2021-2022
	0.045248147
	NO

	2019-2020 v 2022-2023
	0.136891982
	NO

	2019-2020 v 2023-2024
	0.002197404
	YES

	2020-2021 v 2021-2022
	0.027630447
	NO

	2020-2021 v 2022-2023
	0.155557862
	NO

	2020-2021 v 2023-2024
	0.001009528
	YES

	2021-2022 v 2022-2023
	0.974568347
	NO

	2021-2022 v 2023-2024
	0.02524613
	NO

	2022-2023 v 2023-2024
	0.100222563
	NO



ANOVA Results Interpretation
To determine whether the variations in ROA over time are statistically significant, a one-way The null hypothesis is rejected because P < 0.05, suggesting that the variation in ROA over the years is statistically significant.
Post Hoc (Bonferroni) Test Interpretation
With an adjusted alpha level of 0.005, 2019–2020 versus 2023–2024 → P = 0.0021 and 2020–2021 versus 2023–2024 → P = 0.0010, only these pairwise comparisons are statistically significant. All other comparisons show P-values greater than 0.005, indicating they are not statistically significant. Earnings have significantly increased in 2023–2024 compared to earlier years, especially 2019–2021, reflecting better profitability and operational efficiency, particularly among top performers like SBI and UB. The ROA analysis shows a notable rise in earnings, with SBI, UB, and IOB leading. ANOVA and post-hoc tests confirm a significant increase in ROA, suggesting that public sector banks have improved profitability through better asset quality, cost management, and digital transformation.
5. Liquidity 
[bookmark: _Hlk206928395]TDTD Ratio  (TD / TD x 100)
Table 17  : TDTD Ratio
	Sl no
	Bank Name 
	2019-2020
	2020-2021
	2021-2022
	2022-2023
	2023-2024
	Average 
	Rank 

	1
	SBI
	53.00
	54.60
	55.48
	56.5
	59.0
	55.716
	4

	2
	PNB
	57.02
	57
	55.45
	58
	59.66
	57.426
	5

	3
	BOB
	64.71
	59.84
	58.54
	60.52
	60.11
	60.744
	2

	4
	IOB
	59.74
	57.48
	56.56
	56.25
	56.10
	57.226
	3

	5
	UB
	64.41
	63.67
	63.46
	64.74
	64.42
	64.14
	1


Source: Annual reports 
Table 17  shows the TATD Ratio. UB leads with the highest average ratio of 64.14%, demonstrating strong reliance on term deposits and stable management, ranging from 63.46% to 64.74%. BOB follows in second place with a ratio of 60.744%, indicating moderate stability with figures consistently above 58%. IOB ranks third with an average ratio of 57.226%, showing a decline in term deposit reliance from 59.74% in 2019-20 to 56.10% in 2023-24. SBI is fourth, with a lower reliance reflected in an average ratio of 55.716%, despite an increase from 53.00% to 59.00% over the same period. Lastly, PNB ranks fifth, exhibiting the lowest liquidity stability with an average ratio of 57.426% and fluctuations between 55.45% and 59.66%. 
Table 18: ANOVA
	SoV
	SS
	df
	MS
	F
	P-value
	F crit

	BG
	14.06586
	4
	3.516464
	0.253924
	0.903841
	2.866081

	WG
	276.97
	20
	13.8485

	Total
	291.0359
	24



Table 19: ANOVA for TDTD ratio 
	Groups
	Count
	Sum
	Average
	Variance

	2019-2020
	5
	298.88
	59.776
	24.83233

	2020-2021
	5
	292.59
	58.518
	11.75582

	2021-2022
	5
	289.49
	57.898
	11.24442

	2022-2023
	5
	296.01
	59.202
	12.46662

	2023-2024
	5
	299.29
	59.858
	8.94332


	
	
	


Table 20: ANOVA
	SoV
	SS
	df
	MS
	F
	P-value
	F crit

	BG
	14.06586
	4
	3.516464
	0.253924
	0.903841
	2.866081

	WG
	276.97
	20
	13.8485

	Total
	291.0359
	24



Table 21: Post-Hoc Test 
	Groups
	P- value( t-test)
	Significance

	2019-2020 v 2020-2021
	0.654294853
	NO

	2019-2020 v 2021-2022
	0.50427761
	NO

	2019-2020 v 2022-2023
	0.838797075
	NO

	2019-2020 v 2023-2024
	0.975603978
	NO

	2020-2021 v 2021-2022
	0.779873527
	NO

	2020-2021 v 2022-2023
	0.763921948
	NO

	2020-2021 v 2023-2024
	0.528655288
	NO

	2021-2022 v 2022-2023
	0.565866847
	NO

	2021-2022 v 2023-2024
	0.357914617
	NO

	2022-2023 v 2023-2024
	0.759346608
	NO



ANOVA Results Interpretation
The H0 cannot be rejected because P > 0.05. This suggests that, no statistically significant variation in the term deposit ratios between the years.
The Post Hoc (Bonferroni) Test indicates that all pairwise comparisons show P-values > 0.005, confirming no significant differences between any two years. The TD ratios remained stable over the five years, with the TD to TD Ratio reflecting consistent liquidity profiles. UB and BOB displayed the highest stability, while PNB and SBI had slightly less. ANOVA and the post hoc test further confirm the absence of significant year-wise variation, indicating consistent deposit mobilization strategies across the banks.
6.  Sensitivity to Market Risk
Gap ratio(risk-sensitive assets/risk-sensitive liability)
Table 22: Gap ratio
	Sl no
	Bank Name 
	2019-2020
	2020-2021
	2021-2022
	2022-2023
	2023-2024
	Average 
	Rank 

	1
	SBI
	103.39
	93.06
	95.76
	97.33
	98.19
	97.54
	3

	2
	PNB
	94.45
	95.26
	94.76
	93.80
	97
	95.05
	4

	3
	BOB
	94.93
	94.71
	96.91
	100.26
	101.09
	97.58
	2

	4
	IOB
	87.90
	96.79
	93.73
	96.7
	98.94
	94.81
	5

	5
	UB
	96.94
	98.58
	98.27
	97.55
	97.47
	97.76
	1


Source: Annual reports
Table 22  outlines the Gap Ratio. UB is the best performer, ranked 1st with a high average ratio of 97.76, reflecting strong asset management and consistent performance. BOB ranks 2nd with an average ratio of 97.58, showing stable risk management that improved to 101.09 in 2023-24. SBI ranks 3rd with an average ratio of 97.54, indicating moderate stability but consistency issues, as the ratio fluctuated between 103.39 in 2019-20 and 93.06 in 2020-21. PNB ranks 4th at 95.05, suggesting a need for better asset allocation, while IOB ranks last with an average ratio of 94.81, highlighting the highest risk exposure due to dependence on liabilities. In summary, UB shows effective risk management, while BOB and SBI maintain stable allocations. PNB and IOB require improvements in their balance sheet management to mitigate interest rate risk.

Table 23: ANOVA- for the Gap Ratio
	Groups
	Count
	Sum
	Average
	Variance

	2019-2020
	5
	477.61
	95.522
	30.87767

	2020-2021
	5
	478.4
	95.68
	4.40595

	2021-2022
	5
	479.43
	95.886
	3.16603

	2022-2023
	5
	485.64
	97.128
	5.32177

	2023-2024
	5
	492.69
	98.538
	2.57537


Table 24: ANOVA 
	SoV
	SS
	df
	MS
	F
	P-value
	F crit

	BG
	32.70402
	4
	8.176006
	0.882047
	0.492355
	2.866081

	WG
	185.3872
	20
	9.269358

	Total
	218.0912
	24

	
Table 25: Post Hoc Test  

	Groups
	P- value( t-test)
	Significance

	2019-2020 v 2020-2021
	0.95403041
	NO

	2019-2020 v 2021-2022
	0.892504587
	NO

	2019-2020 v 2022-2023
	0.567097928
	NO

	2019-2020 v 2023-2024
	0.277197176
	NO

	2020-2021 v 2021-2022
	0.871211847
	NO

	2020-2021 v 2022-2023
	0.329569943
	NO

	2020-2021 v 2023-2024
	0.041936354
	NO

	2021-2022 v 2022-2023
	0.368371496
	NO

	2021-2022 v 2023-2024
	0.038418604
	NO

	2022-2023 v 2023-2024
	0.29443127
	NO



ANOVA Results Interpretation
The H0 cannot be rejected because P > 0.05. This indicates that there is no statistically significant variation in the gap ratios over time.
Post Hoc (Bonferroni) Test Interpretation
All pairwise P-values exceed 0.005, indicating no significant variation in interest rate sensitivity across the years. The banks' market risk sensitivity remained stable, with all five effectively managing interest rate risk. Union Bank and Bank of Baroda excel in risk management, while PNB and IOB need to improve the alignment of their risk-sensitive assets and liabilities. ANOVA and post hoc results confirm that, despite differences among banks, sensitivity to market risk has not significantly varied over time.


7. Comprehensive performance 
Average ∑(CA, AQ, ME, EQ L, S)
                                6​
8. Table 26 : Comprehensive performance 
	Sl. no.
	Bank
	CA
	AQ
	ME
	EQ
	L
	S
	Average
	Rank

	1
	SBI
	5
	1
	2
	1
	4
	3
	2.67
	3

	2
	PNB
	2
	5
	4
	5
	5
	4
	4.17
	5

	3
	BOB
	1
	2
	1
	4
	2
	2
	2
	1

	4
	IOB
	3
	3
	5
	3
	3
	5
	3.67
	4

	5
	UB
	4
	4
	3
	2
	1
	1
	2.5
	2


Source: Author’s calculation

Graph 1: Comprehensive performance of the CAMELS model 

Table 26  presents the comprehensive performance of five banks—SBI, PNB, BOB, IOB, and UB—evaluated across six key financial parameters, including CA, AQ, ME, EC, L, and S. The banking companies are ranked based on their performance in these categories, and an average score is calculated to determine their final ranking. BOB ranks the highest, with an average score of 2.00, indicating the best overall performance among the banks. UB follows in second place with a score of 2.50, while SBI is ranked third with a score of 2.67. IOB  ranks fourth with a score of 3.67, and  PNB ranks last with the weakest performance, averaging a score of 4.17. This ranking reveals that BOB consistently performed well across most categories. At the same time, PNB showed relative weaknesses in several areas, providing a comparative snapshot of the bank’s strengths and areas for improvement.


Table 27-Rank of Banks based on CAMELS 
	Bank
	Average Score
	Rank
	   Remarks

	BOB
	2.00
	1st
	Strongest performance across most categories (Ranks 1 in Capital, 2 in Asset Quality, 1 in Management).

	UB
	2.50
	2nd
	Strong in Liquidity and Sensitivity, moderate in other parameters.

	SBI
	2.67
	3rd
	Good in Asset Quality and Earnings, but weaker Liquidity.

	IOB
	3.67
	4th
	Poor in Management and Sensitivity; average elsewhere.

	PNB
	4.17
	5th
	Lowest rank in four out of six components, indicating significant weaknesses.



Table28- : ANOVA for Comprehensive performance 
	Groups
	Count
	Sum
	Average
	Variance

	CA
	5
	15
	3
	2.5

	AQ
	5
	15
	3
	2.5

	ME
	5
	15
	3
	2.5

	EQ
	5
	15
	3
	2.5

	L
	5
	15
	3
	2.5

	SMR
	5
	15
	3
	2.5



Table 29: ANOVA 
	SoV
	SS
	df
	MS
	F
	P-value
	F crit

	BG
	0
	5
	0
	0
	1
	2.620654

	WG
	60
	24
	2.5

	Total
	60
	29



Table 30: Post Hoc Test for Comprehensive performance of the CAMELS model
	Groups
	P- value
	Significance

	CA v AQ
	1
	NO

	CA v  ME
	1
	NO

	CA v  EQ
	1
	NO

	CA v  L
	1
	NO

	CA v SMR
	1
	NO

	AQ v ME
	1
	NO

	AQ v EQ
	1
	NO

	AQ v L
	1
	NO

	AQ v SMR
	1
	NO

	ME v EQ
	1
	NO

	ME v L
	1
	NO

	ME v S
	1
	NO

	EQ v L
	1
	NO

	EQ v SMR
	1
	NO

	L v SMR
	1
	NO



Comprehensive Ranking Summary
ANOVA Results Interpretation
To test whether the mean ranks across CAMELS parameters (CA, AQ, ME, EQ, L, S) are significantly different. The outcome is not statistically relevant because P > 0.05. This implies that across all banks, no single CAMELS parameter predominates or differs noticeably from the others.
Post Hoc Test (Bonferroni Correction)
All pairwise comparisons have P-values = 1, indicating no significant differences between the CAMELS parameters, which contribute evenly to the rankings. BOB is the top performer, excelling in stability, management, and capital adequacy. UB follows closely with strong liquidity and sensitivity. SBI ranks third due to lower liquidity and sensitivity scores. IOB and PNB show underperformance, especially in management efficiency and risk sensitivity. ANOVA and post hoc tests confirm performance variations among banks, but no single CAMELS component is statistically dominant in overall scores.
Findings 
· CA:  BOB maintained a strong capital adequacy, while SBI ranked lower due to its extensive lending portfolio. PNB displayed the weakest metrics due to past merger stresses and capital needs.
· AQ: SBI excelled in asset quality management, while IOB and PNB faced higher NPAs, reflecting credit risk management inefficiencies, particularly post-COVID.
· ME: BOB showed the highest efficiency due to effective resource use and technological integration. PNB and IOB struggled with high operating expenses, while UB improved after mergers.
· EQ: SBI led in earnings through diverse income sources. BOB and UB also improved profitability, whereas PNB lagged with lower margins and high provisioning needs.
· L: UB had the best term deposit ratio for stability, with BOB and IOB maintaining healthy liquidity. SBI and PNB's reliance on demand deposits raised liquidity concerns.
· SMR: UB was very good at managing interest rate risk, followed by BOB. IOB showed vulnerability due to low ratios.
The Inter-Bank Ranking Summary showed BOB excelled in capital adequacy and management, while UB performed well in liquidity. SBI ranked third with solid earnings but weaker liquidity. IOB and PNB struggled with earnings and capital. ANOVA tests revealed stable performance across the sector over the past five years. Current trends highlight a focus on capital adequacy and interest rate risk post-pandemic, alongside consolidation efforts. However, challenges with non-performing assets persist, especially for PNB and IOB. Strong banks like BOB and UB are positioned for growth, while PNB needs reforms for improved credit quality and profitability. Policy measures should support underperforming institutions while enhancing sector competitiveness.
Suggestions
· CA: PNB and IOB should boost their capital by improving profit retention, raising Tier I and II capital, and optimizing asset allocation. They may also consider divesting non-core assets or seeking capital infusion.
· AQ: PNB and UB need to enhance credit appraisal, tighten risk monitoring, and adopt AI-based credit scoring. Improving NPA resolution through platforms like NCLT is also crucial.
· ME: IOB and PNB should implement performance incentives for management, invest in digital transformation, and benchmark processes against top competitors like BOB.
· EQ: PNB should diversify revenue through non-interest income from services like insurance and mutual funds, while reducing operating costs through digitization.
· L: SBI and PNB might launch long-term deposit schemes to attract stable funding and optimize their asset-liability profiles.
· [bookmark: _Hlk207365118]SMR:  IOB and PNB should enhance interest rate risk management and invest in floating-rate instruments, utilizing ALM dashboards for decisions.
· Strategic Suggestions for All Banks: They must adopt AI, ML, and RPA to improve operations, increase governance, and personalize financial products. Fostering ESG frameworks in lending is also essential.
Conclusion
The CAMELS-based comparative study of five major Indian public banks—SBI, PNB, BOB, IOB, and UB—analyzes their risk management and financial stability from 2019 to 2024. BOB ranked the highest with an average CAMELS score of 2.00, thanks to strong capital adequacy and management. UB followed with an average score of 2.50, excelling in liquidity metrics. SBI ranked third, demonstrating solid asset quality but lagging in capital adequacy and liquidity. IOB placed fourth due to management inefficiencies and increased market risk exposure. PNB was the weakest performer, with an average rank of 4.17, highlighting urgent needs in earnings and liquidity. Despite performance differences, ANOVA tests showed no statistically significant variations across the CAMELS parameters. Overall, the investigation emphasizes the effectiveness of the CAMELS framework via evaluating bank stability as well as highlights the need for ongoing reforms in underperforming banks like PNB.

ABBREVIATIONS
1. CAR- Capital Adequacy Ratio
1. AQ- Asset Quality
1. GNPA- Gross Non-Performing Assets 
1. ME- Management Efficiency
1. CD- Credit-Deposit 
1. TATD- Total Advances to Total Deposits 
1. EQ- Earning Quality
1. ROA- Return on Assets  
1. TDTD- Term Deposits to Total Deposits 
1. L- Liquidity
1. SMR- Sensitivity to Market Risk 
1. PSB- Public Sector Bank	
1. SBI- State Bank of India 
1. PNB- Punjab National Bank 
1. BOB- Bank of Baroda
1. IOB- Indian Overseas Bank
1. UBI- Union Bank of India
1. BG- Between Groups
1. WG-Within Group
1. SoV- Source of Variation
1. CDR- Credit Deposit Ratio
1. ROA- Return on Assets 
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