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1. INTRODUCTION

Along with developments in information technology, globalisation, and
international economic relations, the importance of banks is increasing
and their areas of activity are expanding. Banks are among the most
dynamic institutions that can contribute to the growth of the national
economy. The roles of banks are not limited to simply collecting and
distributing funds; they also include creating payment instruments,
ensuring monetary stability, and setting the pace of economic growth.
Additionally, banks support the development of economic relations
between countries worldwide. Companies utilise banking services to
ensure payments and invoices are processed smoothly. The more
developed a country is, the greater the role and influence of banks on
that country (Ariesta et al., 2019).

As a fundamental component of the financial system, the banking sector
plays a critical role in supporting economic growth, ensuring financial
stability, and efficiently allocating resources. It is of great importance
for banks to have a financially strong, stable, and sustainable structure,
not only for the health of the banking sector but also for the balanced
functioning of the real sector and the overall economic structure.
Therefore, the regular monitoring and evaluation of banks' financial
performance has become an indispensable requirement for both
policymakers and market actors.

One of the most commonly used methods for evaluating the financial
performance of banks is ratio analysis. Ratio analysis allows for
understanding the fundamental financial characteristics of banks, such
as capital adequacy, asset quality, liquidity structure, profitability level,
and income-expense balance (Ozcan, 2021; Athanasoglou et al., 2008;
Kosmidou, 2008). In this respect, ratios provide important indicators
that reveal the strengths and weaknesses of banks, enable comparative
analyses, and make it possible to monitor trends over time.

In recent years, global economic fluctuations, and especially the Covid-
19 pandemic, have made the resilience and risk management capacity
of the banking sector even more important. The pandemic process has
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led to various effects, such as an increase in credit risks, fluctuations in
profitability indicators, and the prominence of liquidity management.
These developments necessitate the periodic examination of banks'
financial structures and a closer evaluation of changes in performance
indicators.

The aim of this study is to examine the financial performance of
selected banks operating in the Turkish banking sector (Tiirkiye Halk
Bankasi A.S., Tiirkiye Vakiflar Bankasi T.A.O., Tiirkiye Cumhuriyeti
Ziraat Bankas1 A.S., Tiirkiye Is Bankas1 A.S., Tiirkiye Garanti Bankas1
A.S., and Yap Kredi Bankas1 A.S.) for the period 20162021, using
basic financial ratios. Within the scope of this study, the capital
adequacy, asset quality, liquidity position, profitability structure, and
income-expense balance of banks are examined; the findings obtained
are interpreted within a descriptive framework. In this respect, the study
aims to present the general financial outlook of the banking sector to
the reader in a simple and understandable manner, rather than taking a
technical modelling approach.

The findings are expected to contribute to understanding the general
trends in the financial structure of the Turkish banking sector and to be
guiding for policymakers and practitioners. Additionally, the study
serves as a complementary resource within the book chapter by
providing a current and comparative assessment of the banking
literature through the example of Turkey.

For better understanding through visualisation, the time series graphs
of each variable for the banks included in the study are as follows.
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Figure 1: Tiirkiye Halk Bankas1 A.S.

Upon examining the figure, it is evident that there were significant
divergences among the financial ratios during the period under review.
After peaking in 2017, the Capital Adequacy Ratio (CAR) entered a
sharp downward trend, especially after 2018, and declined to low levels
in 2021. This situation indicates that banks' capital buffers have
weakened over time and their risk-taking capacity has narrowed.

While the CTA (Cash / Total Assets) ratio has shown a relatively stable
trend, it has exhibited a declining trend in the post-2020 period. The
linear trend line also indicates a long-term decrease in liquidity levels.
In contrast, the LTA (Loans / Total Assets) ratio increased significantly
in 2021, indicating that banks are shifting towards a loan-weighted asset
structure.

When examining profitability indicators, it is observed that the ROA
and ROE ratios are generally at low levels and have declined, especially
during the 2019-2020 period. This situation suggests that rising costs,
risks, and macroeconomic uncertainties are putting pressure on bank
profitability. NIM (Net Interest Margin), on the other hand, showed
quite limited fluctuation throughout the period, but exhibited a slight
recovery trend in 2021.
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The significant decrease in the NIITOP (Non-Interest Income / Total
Income) ratio indicates that the banks' capacity to generate non-interest
income has weakened over time. This finding supports the importance
of non-interest income on financial performance in the Driscoll-Kraay
estimation results. The relatively flat trend of the TA (Total Assets)
ratio indicates that growth has been limited.

Overall, the graph indicates a structure where capital strength and
liquidity in the banking sector have weakened, while credit activities
have relatively increased, but this increase has not been sufficiently
reflected in profitability.
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Figure 2: Tiirkiye Vakiflar Bankas1 T.A.O.

Upon examining the graph, it can be seen that the CTA (Cash / Total
Assets) ratio remained at a relatively high and stable level throughout
the period, but experienced a limited decline after 2020. This situation
indicates that banks generally maintain their liquidity positions, but
there has been a tendency towards weakening liquidity buffers in recent
years.

While the CAR (Capital Adequacy Ratio) remained stable during the
2016-2017 period, it showed a significant decrease in 2018 and
especially in 2019. Despite a strong recovery observed in 2020, a
decline was experienced again in 2021. This fluctuating structure
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reveals that banks' capital structure is sensitive to macroeconomic
conditions and the risk environment.

The LTA (Loans / Total Assets) ratio peaked in 2017 and then sharply
declined in the 2018-2019 period, before trending upward again in
2020 and 2021. This finding indicates that credit policies change
depending on cyclical conditions and that credit expansion has recently
accelerated again.

Profitability indicators such as ROA and ROE generally showed a
downward trend between 2016 and 2019, exhibited limited recovery in
2020, and declined again in 2021. This situation indicates that
profitability in the banking sector has been negatively affected,
particularly by the increasing financial and economic uncertainties
since 2018. The fact that the NIM (Net Interest Margin) ratio remained
low and flat throughout the entire period indicates that the margins
earned from interest income were limited.

The ratio of Non-Interest Income to Total Income (NIITOP) decreased
significantly between 2016 and 2019, showed a marked increase in
2020, but fell again in 2021. This situation shows that non-interest
income plays a compensatory role during crises, but cannot become a
sustainable source of income. The gradual increase in the TA (Total
Assets) ratio indicates that banks are continuing their growth trend.

Overall, the graph indicates that liquidity in the banking sector remains
relatively strong, but there is a volatile and fragile structure in terms of
capital adequacy and profitability, while credit activities have regained
momentum periodically.
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Figure 3: Tirkiye Cumhuriyeti Ziraat Bankas1 A.S.

The graph shows that the CTA (Cash / Total Assets) ratio remained at
a high and stable level during the 2016-2017 period, and then gradually
declined after 2018. This situation indicates that while banks
maintained a strong liquidity position throughout the period, they
partially reduced their liquidity buffers in subsequent years.

The NIITOP (Non-Interest Income / Total Income) ratio increased
between 2016 and 2018, but declined significantly in 2019 and 2020.
Although a limited recovery was seen in 2021, the rate did not reach
previous high levels. This finding indicates that non-interest income
exhibits a volatile structure, especially during periods of uncertainty,
and is fragile in terms of sustainability.

While the LTA (Loans / Total Assets) ratio was at high levels in the
2016-2017 period, it experienced a sharp decline in 2018, remained
stable in the 2019-2020 period, and began to trend upwards again in
2021. This trend indicates that banks' credit policies are sensitive to
economic conditions and that credit volume has expanded again
recently.

When examining the CAR (Capital Adequacy Ratio), it is noteworthy
that it followed a relatively stable trend between 2016 and 2019, while
showing a downward trend in 2020 and 2021. This suggests that
increasing risks and balance sheet expansion have put pressure on
capital adequacy.
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Profitability indicators such as ROA and ROE have generally shown a
decreasing trend since the end of 2017. Specifically, the fact that ROA
remained at low levels throughout the entire period indicates limitations
in the profitable use of assets. ROE, on the other hand, showed a
significant increase in 2021, indicating a partial recovery in equity
profitability. The low and flat NIM (Net Interest Margin) ratio
throughout the period indicates that banks were unable to achieve a high
margin on their interest income.

Finally, the relatively stable trend of the TA (Total Assets) variable
indicates that growth in the banking sector is occurring at a controlled
and limited level.
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Figure 4: Tiirkiye Is Bankas1 A.S.

Upon examining the graph, it is evident that the financial ratios of banks
showed significant fluctuations during the period from 2016 to 2021.
While the CAR (capital adequacy ratio) generally remained stable
throughout the period, it showed a limited downward trend after the end
of2019. This situation indicates that banks' capital structures are largely
protected, but capital buffers have weakened relatively in recent years.

While the CTA (loans/total assets) ratio remained at high levels during
the 2016-2019 period, it showed a significant decline in 2020 and 2021.
This development indicates that banks' appetite for lending has
decreased, especially in the post-pandemic period, and that they are
moving towards a more cautious asset structure.
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The LTA (liquid assets/total assets) ratio decreased after the end of
2017, but began to trend upwards again in 2020 and 2021. This situation
indicates that banks tend to prioritise liquidity during periods of
uncertainty.

Profitability indicators such as ROA and ROE have generally remained
at low levels and have weakened, particularly during the 2018-2019
period. The partial recovery observed in ROE in 2021 indicates a
limited improvement in banks' return on equity. NIM (net interest
margin), on the other hand, remained quite low and flat throughout the
period, indicating that interest income supported profitability to a
limited extent.

The NIM (net interest income/total operating income) ratio has
significantly decreased since the end of 2017 and reached its lowest
level in 2019. This result indicates that the share of net interest income
in banks' operating profit has decreased, and non-interest income has
gained relative importance.

Finally, the TA (total assets) ratio has shown a gradual increase over
time, indicating that banks continue to expand their balance sheet sizes.

Overall, the graph shows that banks shifted from a credit-heavy
structure to a more cautious and liquidity-focused one during the period
under review, while profitability indicators were negatively affected by
macroeconomic uncertainties.
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Figure 5: Tiirkiye Garanti Bankas1 A.S.
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The graph shows that significant changes occurred in banks' financial
structure, asset composition, and profitability indicators during the
period 2016-2021. When examining the capital adequacy ratio (CAR),
it is observed that it followed a relatively stable course throughout the
period, but a limited downward trend emerged after the end of 2019.
This situation suggests that banks meet legal capital requirements, but
capital buffers have weakened relatively in recent years.

The ratio of Loans to Total Assets (CTA) showed an increasing trend
between 2016 and 2019, but experienced a significant decrease in 2020
and 2021. This development indicates that banks have adopted a more
cautious approach to lending behaviour, especially with the onset of the
pandemic, and have pursued strategies aimed at reducing balance sheet
risks.

The ratio of Liquid Assets to Total Assets (LTA) showed a sharp
decline between 2016 and 2018, but began to rise again after the end of
2019. This situation indicates that banks initially reduced liquidity to
pursue more lending and investment activities, but then tried to
strengthen their liquidity positions in the subsequent period as
uncertainties increased.

When examining profitability indicators, it is observed that the ROA
and ROE ratios are generally on a downward trend. The decline in
profitability, increasing funding costs, credit risks, and macroeconomic
uncertainties, particularly after 2018, can be attributed to these factors.
Net Interest Margin (NIM) also showed a similar downward trend
throughout the period, indicating increased pressure on banks' interest
income.

The ratio of Net Non-Interest Income to Total Operating Income
(NIITOP) increased until 2018, but experienced a significant decline
after that date. This result indicates that banks' ability to generate non-
interest income has weakened, especially during the pandemic, and that
their income diversification opportunities have remained limited.

Finally, the gradual increase in the Total Assets (TA) ratio indicates that
the banking sector continues to grow, but this growth is not supported
to the same extent by profitability and asset quality. Overall, the graph
shows that in the pre- and post-pandemic periods, banks shifted towards
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more prudent, liquidity, and risk-focused balance sheet management,
which put pressure on profitability.
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Figure 6: Yap1 ve Kredi Bankas1 A.S.

Upon examining the graph, it is evident that the financial ratios of banks
showed significant fluctuations during the period from 2016 to 2021.
While the CAR (capital adequacy ratio) generally remained stable
throughout the period, it showed a limited downward trend after 2020.
This situation indicates that banks' capital structures were largely
protected, but capital buffers were relatively weakened due to the
COVID-19 pandemic crisis in 2020.

While the CTA (loans/total assets) ratio remained at high levels during
the 2016-2019 period, it showed a significant decline in 2020 and 2021.
This development indicates that banks' appetite for lending has
decreased, especially in the post-pandemic period, and that they are
moving towards a more cautious asset structure.

The LTA (liquid assets/total assets) ratio decreased after the end of
2017, but began to trend upwards again in 2020 and 202 1. This situation
indicates that banks tend to prioritise liquidity during periods of
uncertainty.
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Profitability indicators such as ROA and NIM have generally remained
at low levels and have weakened, particularly during the 2018-2019
period. ROE, on the other hand, experienced a significant decline in
2017, remaining quite low and flat throughout the period.

The NIITOP (net interest income/total operating profit) ratio showed a
significant upward trend until 2018, but after 2018, it decreased
noticeably and reached its lowest level in 2020. After 2020, it returned
to an upward trend. This result indicates that the share of net interest
income in banks' operating profit has decreased, and non-interest
income has gained relative importance.

Finally, TA (total assets) has followed a stable trend throughout all
periods, but in 2020, it has shown a noticeable downward trend. In this
case, it is believed to be caused by the effects of the pandemic crisis.

2. LITERATURE REVIEW

Determining financial performance in the banking sector is a significant
topic for both academic research and policymakers and industry
stakeholders in practice. In this context, there are numerous studies in
the literature that analyse the performance of banks through financial
indicators such as profitability, capital adequacy, liquidity, and asset
quality. From these studies, in Dogan's (2025) study, the financial
performance of 12 banks (Akbank, Albaraka Tiirk, ICBC Tiirkiye,
QNB Finansbank, Sekerbank, Garanti, Halk Bankasi, Is Bankasi,
Tirkiye Kalkinma ve Yatirim Bankasi, TSKB, Vakif Bankasi, Yap1
Kredi) listed on Borsa Istanbul was examined using the RAM and
LOPCOW multi-criteria decision-making methods, utilising data from
2018 to 2023. The study concluded that there was a significant
improvement in the performance of banks that increased their
profitability, and that the most effective criterion was return on equity.
Additionally, it concluded that banks engaged in development banking
activities were the most successful performers in the banking sector,
and accordingly, KLNMA, TSKB, QNB Finansbank, and Sekerbank
stood out as the top four most successful banks in terms of performance.
In their study, Devi and Basyir (2025) examined the differences in the
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financial performance of PT Bank CIMB Niaga Tbk before and after
the merger using financial ratio analysis, utilising data from before the
merger (2006-2007) and after the merger (2008, 2019, 2020). As a
result of their study using the Current Ratio, Debt to Equity Ratio, Net
Profit Margin, and Total Asset Turnover ratios, they concluded that
there was a positive change in the liquidity ratio measured by the
calculated Current Ratio and the profitability ratio measured by the Net
Profit Margin, while there were negative developments in the solvency
ratio measured by the Debt to Equity Ratio and the activity ratio
measured by the Total Asset Turnover.

In their study, Pakso and Kiiciikler (2024) analysed the financial
performance of 9 banks listed on the Borsa Istanbul (BIST) Banking
Index (XBANK) using financial ratios calculated from financial
statement data for the period 2021-2023, examining this analysis using
the DEA method. As a result of their studies, they concluded that in
2021, VAKBN had the highest financial performance score, and in
2022 and 2023, YKBNK companies did. In their study, Karadag et al.
(2024) examined the financial performance analyses of 41 commercial
banks from a total of six Turkic Republics, including Azerbaijan,
Kazakhstan, Kyrgyzstan, Turkmenistan, Uzbekistan, and Turkey, using
data from the 2016-2021 period with the COPRAS method, one of the
MCDM techniques. In the study, 8 financial ratios were used: capital
structure (capital ratio, calculated as the ratio of equity to total assets),
profitability (ratio of net profit to total assets and ratio of net profit to
equity), income-expense structure (ratio of interest income to interest
expense and cost-to-income ratio), and liquidity (ratio of liquid assets
to revenue and ratio of total cash to total assets). As a result of the study,
it was concluded that "CJSC CITIBANK KAZAKHSTAN" was among
the top two banks across all years, and "CITIBANK-TR" and "OJSCB
BANK OF BAKU" were among the top five banks in the other 5 years,
excluding 2016. In the study "The Jackal" (2022), the financial
performance of 17 deposit banks operating in Turkey in 2020 was
examined using SWARA and EDAS techniques from the MCDM
methods, utilising data from 2020. As a result of the study, it was
concluded that the most important criteria were Net Profit for the

- 19
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Period/Required Capital, Loans/Total Assets, and Non-Performing
Loans/Total Loans, while the least important criteria were Interest
Income/Total Assets, Total Income/Total Expenses, and Interest
Income/Interest Expenses. Additionally, according to the results of the
EDAS method, it was also determined that in 2020, the top three most
successful banks were Garanti Bank, Is Bank, and Akbank,
respectively, while the three least successful banks were Alternatif
Bank, Odea Bank, and Sekerbank. In his 2021 study, Ozcan examined
the impact of banks' financial structure on financial performance using
panel regression analysis, utilising data from 10 banks listed in the
BIST financial sector between 2009:3 and 2019:09, specifically
focussing on Return on Assets, Total Loans to Assets Ratio (TLAO),
Equity to Assets Ratio (EAO), and Deposits to Assets Ratio (DAO).
The study concluded that the variable TKAO had a negative effect on
active profitability, while OAO and active size had a positive effect on
active profitability, and MAO did not positively affect active
profitability. Additionally, the study also concluded that when the
results were examined as a whole, it was found that banks with strong
equity and deposit structures stood out more in terms of profitability
when explaining bank performance, and similarly, banks with high
asset size could also have high asset profitability.

In their study, Sakarya and Karakas (2021) examined the financial
performance of deposit banks operating in Turkey between 2010 and
2019 over a 10-year period using the CAMELS and Bankometer
methods. As a result of the study, it was concluded that banks' capital
adequacy was quite good during the specified period, they acted
sensitively in managing risks, their liquidity decreased but their debt
repayment capacity was sufficient, their non-performing loans
increased but remained below an acceptable level, and equity and asset
profitability in the sector had been declining in recent years.
Additionally, according to the Bankometer method, they concluded that
the financial condition of banks in Turkey falls into the "Super Sound
Bank" category. In their study, Beldi and Gaidi (2021 analysed the
financial performance of banks operating in Algeria (Al Salam Bank,
National Bank of Algeria, and Algeria Gulf Bank) using data from the
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period 2012-2019. As a result of their study using liquidity ratios,
profitability ratios, capital adequacy ratios, and investment ratios, it was
found that the NBA was weak in using its money for profitable
investments, the AGB effectively used its own funds to generate profits,
and banks had the capacity to cover potential losses on their assets and
their ability to meet loans from deposits.

In his 2019 study, Rawan examined the financial performance of five
commercial banks in Kuwait using five-year data (2013-2017) from the
banks, analysing the data with MANOVA, ANOVA, and panel
regression analyses. The study concluded that the ratios of Total
Deposits/Total Assets and Undistributed Profits/Total Assets have a
strong and significant impact on ROA. Additionally, it was stated that
the leverage ratio and the ratio of total loans to total assets had less
impact on banks' financial performance (ROA), while the tangible book
value per share did not affect ROA. In their study, Ayaydin et al. (2018)
analysed the performance of 29 deposit banks operating in the Turkish
banking sector between 2011 and 2013 using data from those years,
employing the AHP (Analytic Hierarchy Process) and TOPSIS
(Technique for Order Preference) methods. As a result of their studies,
they concluded that the banks with the most successful financial
performance were The Royal Bank of Scotland Plc. in 2011, Arap Tiirk
Bankasi A.S. in 2012, and JPMorgan Chase Bank N.A. in 2013. In their
study, Shah and Jan (2014) examined the financial performance of the
ten largest private banks in Pakistan using regression and correlation
analyses. The study concluded that there is a negative relationship
between bank size and operational efficiency (ROA), and a positive
relationship with the asset management ratio. Additionally, they found
that bank size, interest income, and asset management have a positive
relationship, while operational efficiency has a negative relationship
with interest income. In their study, Bekana and Abitie (2012)
examined the financial performance of the Construction and Business
Bank of Ethiopia (CBB) using eight years of data (2002/2003 to
2009/2010) through trend analysis. As a result of their studies, they
concluded that the bank's financial performance improved almost
continuously throughout the operational periods considered for the
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study. Additionally, based on the results of the trend analysis, it was
concluded that some important financial ratios used in the analysis of
the company's financial performance, excluding the loan-to-deposit
ratio, asset turnover ratio, and long-term debt-to-equity ratio, showed
an upward trend.

3. METHODOLOGY
3.1. Dataset

The aim of this study is to examine the financial performance of
selected banks operating in the Turkish banking sector (Tiirkiye Halk
Bankas1 A.S., Tiirkiye Vakiflar Bankas1 T.A.O., Tiirkiye Cumhuriyeti
Ziraat Bankas1 A.S., Tiirkiye Is Bankas1 A.S., Tiirkiye Garanti Bankas1
A.S., and Yap Kredi Bankas1 A.S.) for the period 2016-2021, using
basic financial ratios. In line with this objective, the data used in the
study and explanatory information related to this data are presented in
Table 1.

Table 1. Explanatory Information on Variables

. . Source of
Variable Type Calculation Code Obtained
. Net Income / Total Assets (Return on
Dependent Variable Assets — ROA) ROA TBB
. Net Income / Total Equity (Return on
Dependent Variable Equity — ROE) ROE TBB
Dependent Variable I;re;é:lterest Income / Total Operating NIM TBB
lnde.pendent qultles/Total Assets (Capital Adequacy CAR TBB
Variable Ratio)
Inde.p endent Total credits/Total Assets CTA TBB
Variable
Inde.p endent Liquid Assets/Total Assets LTA TBB
Variable
Inde.pendent Net Interest Income/ Total Operating NIITOP TBB
Variable Profits
Inde.pendent Share of Total Assets within the Group TA TBB
Variable (%)

The dependent and independent variables used in the study were created
based on the financial ratios of the banks. The data was obtained from
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the annual financial statements published by the Banks Association of
Turkey (TBB).

3.2. Research Method

Before moving on to basic econometric analyses, there are a number of
preliminary tests that need to be conducted. The first of these tests applied
an F-test across the four models to determine if the classical model was
valid. Based on the results of this test, it was found that the fixed effects
model was valid for all models in the first and second models, while the
classical approach, i.e., the Pooled OLS method, was appropriate for the
third model. To select the correct predictor between fixed effects and
random effects models for both models one and two, the Hausman test was
performed, and based on the results of this test, it was concluded that the
fixed effects predictor is the correct one. In the classical model and other
models, certain basic assumptions must be met, such as the absence of
heteroskedasticity, autocorrelation, and cross-unit dependence (Yerdelen
Tatoglu, 2018). In this regard, heteroskedasticity in the fixed effects model,
which is the correct predictor for model one and model two, was examined
using the Modified Wald test, and the presence of autocorrelation was
examined using the Wooldridge test. Heteroskedasticity for Model 3 was
examined using the White test, and autocorrelation was examined using
the Wooldridge test. Again, the presence of cross-unit correlation in the
series was also analysed using the Peseran (2004) CD test. Since
heteroskedasticity and inter-unit correlation were present in Models 1 and
2, and autocorrelation and inter-unit correlation were present in Model 3,
the Driscoll and Kraay Estimator, which considers these assumptions
together and can provide more reliable and accurate results, was preferred
to examine the relationship between the variables.

3.3. Models of the Research
Model 1:
ROAit =o+ BICARit + BZCTAit + BsLTAit + B4NIITOPl.t + BSTAit +gj, (D)

Model 2:
ROEit = +B]CARit +B2CTAit + B3LTAit + B4NIITOPl-t + BSTAit +&; (2)
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Model 3:
N]Mit = (X-i-B]CARit +B2CTAit +BSLTAit +[34NIITOPl.t +B5TAit +81~t 3)

4. FINDINGS

4.1. Descriptive Statistics Information

Table 2. Descriptive Statistics of The Variables

Variable Obs Mean Std. dev. Min Max Jigg:;e— Chi(2)
ROA 36 .0129959  .0051335 .0019872  .0218156 1.343 .5108
ROE 36 1258364  .0393388  .0355047 .1913471 .5595 756
NIM 36 0213444 .0077841 .0069343  .0395486  .9353 .6265
CAR 36 0988021 .0218084  .0482685 .1374546 1.299 .5222
CTA 36 6410253 .0407592 5514171  .6964074 2.976 2258
LTA 36 1750631 .0594759  .0836443  .288979 1.949 3773
NIITOP 36 5079459 1811697 .1201843  .8772145 .6308 7295
TA 36 1095398 .0223524 0811673  .1664333  6.746 .0343%*

Table 2 provides descriptive statistics for the variables included in the
study. When Table 2 is examined, Table 1 provides descriptive
statistical information regarding the variables included in the scope of
the study. When Table 1 is examined, the number of observations for
each variable is 36. When examining the average values, it is evident
that the profitability indicators (ROA, ROE, NIM), capital adequacy
(CAR), asset structure (CTA, LTA), income composition (NIITOP),
and asset growth (TA) are at economically reasonable and consistent
levels. The relatively low standard deviations for most variables
indicate that there were no extreme fluctuations in financial indicators
throughout the sample period and that the structure was generally
stable. The Jarque-Bera normality test results indicate that the normality
assumption for the variables ROA, ROE, NIM, CAR, CTA, LTA, and
NIITOP cannot be rejected at the 5% significance level. This finding
indicates that the distributions of the variables in question largely
conform to a normal distribution, making the use of parametric
econometric methods statistically appropriate. In contrast, the Jarque—
Bera test statistic for the TA variable was found to be significant at the
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5% significance level, indicating that this variable violates the
assumption of normal distribution. This situation can be explained by
cyclical fluctuations or structural breaks in asset growth during the
period under review. However, the fact that the deviation from the
normality assumption is limited to only one variable can be interpreted
as indicating that the overall distribution characteristics of the dataset

are strong.

4.2. Correlation Matrix

Table 3: Matrix of Correlations

Variable ROA ROE NIM CAR CTA LTA NITOP TA

ROA 1.0000

ROE 0.9247  1.0000

NIM 0.5824 0.4673  1.0000

CAR 0.7124  0.4366  0.5584  1.0000

CTA 00428  0.0270 0.4046  0.0724  1.0000

LTA 0.6373  0.6165 0.3488 0.2843 01126 1.0000

NIITOP 0.1208 0.1144 0.7930 0.0559 0.4237 0.0221 1.0000

TA 01595 01725 0.3348 0.0830 0.0364 0.2205 0.5737  1.0000

Table 3 shows the correlation coefficients between the variables used
in the study. The findings provide information on the direction and
strength of linear relationships between indicators of financial
performance, capital adequacy, and asset structure among the banks in
the sample. A strong positive correlation is observed between ROA and
ROE (0.9247). This is an expected result because both variables
measure profitability from different perspectives (asset-based vs.
equity-based). In other words, banks with higher profitability on an
asset basis also demonstrate high profitability on an equity basis. There
is a moderate positive relationship between ROA and NIM (0.5824),
and a lower positive relationship between ROE and NIM (0.4673). This
result indicates that net interest income positively impacts overall
profitability, but the effect is stronger on ROA. CAR shows a
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moderately positive correlation with ROA (0.7124) and NIM (0.5584).
This situation reveals that banks with a strong capital structure tend to
have higher profitability and net interest margins. The CTA variable has
very weak correlations with most variables; the highest correlation is
with NIM (0.4046), indicating that high-liquidity banks can slightly
increase their net interest margin. It shows a moderately positive
correlation with LTA, ROA (0.6373), and ROE (0.6165). This indicates
that banks with high credit intensity tend to achieve higher profitability.
The negative relationship between LTA and TA (-0.2205) suggests that
banks with larger total assets may have slightly lower credit intensity.
NIITOP shows a strong positive correlation with NIM (0.7930) and a
moderate positive correlation with TA (0.5737). This confirms that net
interest income is a significant component of profitability. TA shows a
weak negative correlation with profitability measures (ROA: -0.1595,
ROE: -0.1725) and is also negatively related to LTA (-0.2205). This
situation suggests that the profitability and credit intensity of larger
banks in the sample may be slightly lower. Overall, the correlation
matrix reveals that profitability indicators (ROA, ROE) are strongly
correlated with net interest income (NIM) and capital adequacy (CAR),
while asset structure indicators (CTA, LTA) show weaker but
economically significant relationships. The total assets (TA) variable
has a limited impact on profitability and asset distribution, indicating
that the size of banks does not necessarily lead to higher efficiency or
profitability.

4.3. Panel Unit Root Test

Table 4: Panel Data Unit Root Test Results

At level At 1st Level of
Variables Test method difference integration
t-Stat. t-Stat.

ADF 86.4372%*%* - 1(0)

ROA PP 5.1326 20.2148* I(1)
ADF 149.2582%** ; 1(0)

ROE PP 3.6450 21.2129%%* I(1)
NIM ADF 92.5320%** - 1(0)
PP 3.7067 152.5039*** I(1)

skokok
CAR ADF 3.5908 45.247 I(1)

PP 1.1225 73.8477%%* 1(1)
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CTA ADF 1.2917 23.952%* 1(1)
PP 0.7415 24.345%% 1(1)

LTA ADF 88.8424 % - 1(0)
PP 8.8530 25.3547%% (1)

ADF 138.8590%%* - 1(0)

NIITOP PP 6.0714 24.8559%* (1)
A ADF 1.6822 51.836%** I(1)
PP 6.0102 74.2056%** 1(1)

Note: (*¥*****) indicates significance at 1%, %5 and %10 levels
respectively

The panel unit root test results indicate that the stationarity properties
of the variables differ. According to the ADF test, the variables ROA,
ROE, and NIM were found to be stationary at level values, while
according to the PP test, these variables became stationary at their first
differences. The variables CAR, CTA, LTA, NIITOP, and TA, on the
other hand, exhibit first-order integrated I(1) properties based on the
results of both tests. These findings reveal that the variables used in the
study have mixed integration degrees, and this situation was taken into
account in the analyses.

4.4. Panel Regression Analysis Results

After the series' stationarity condition is met, there are a number of tests
available to determine whether the classical regression model (Pooled
OLS), the fixed effects regression model, or the random effects model
should be used in the established models. First, the Breusch-Pagan test,
developed by Breusch and Pagan (1980), was applied to test for the
presence of individual heterogeneity. After the Breusch-Pagan (1980)
test was applied, the F-test was used to determine which predictor
would be used for the models, and the results of these tests are presented
in Table 5.

Table 5: F Statistics Test Results

F Statistics Test

Model F Statistics Prob>F
Model 1 2.78 0.0397**
Model 2 3.15 0.0243**

Model 3 2.43 0.0633*
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When examining the F-statistic test results presented in Table 5, the
probability values in models one and two are less than the 0.05 critical
value stated in the literature. Therefore, the null hypothesis (HO) that unit
effects are equal to zero was rejected, and it was concluded that the
classical model was not suitable because unit effects were found to exist.
Since the probability values for Model 3 are greater than the critical value
of 0.05 stated in the literature, the null hypothesis HO, which states that the
unit effects are equal to zero, was not rejected. Therefore, it was concluded
that the classical model is suitable because it was understood that unit
effects do not exist. This time, the Hausman test was applied to choose
between fixed and random effects models for models one and two, and the
results are presented in Table 6.

Table 6: Hausman Test Results

Model Hausman Statistics Prob > chi2
Model 1 254.92 0.0000
Model 2 757.47 0.0000

When examining the Hausman test statistic results provided in the table,
the null hypothesis (HO) was rejected for both models because the
probability value (Prob > chi2 = 0.0000) was less than the critical value
of 0.05 stated in the literature. Consequently, it was determined that the
random effects estimator was inconsistent, while the fixed effects
estimator was valid.

For the fixed effects estimator to provide consistent and accurate
results, it must meet assumptions such as homoscedasticity,
autocorrelation, and cross-unit correlation. In this direction, the
presence of heteroskedasticity, or changing variance, in the model was
examined using the Modified Wald Test for Groupwise
Heteroskedasticity. In the model, whether there is autocorrelation, in
other words, a relationship between the error terms, was examined
using the Wooldridge test, and the results of the tests are presented in
Table 7.
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Table 7: Heteroskedasticity and Autocorrelation Test Results

Model 1 Model 2 Model 3
Tests i
Steilélst Pr%b > F Prob > F
Heteroskedastic Modified 12.390 0.0169 21.30 0.0058*
ity Wald ’ *ok 6 ok
Autocorrelation ;Z(’Old“d 393 06857 196  0.9231
.Heteroskedastlc White 17.1 06417
ity Test 7
. Wooldrid 8.36  0.0341
Autocorrelation oe 3 .

Tests performed for the fixed effects model show that the error terms
are heteroskedastic across units in both models (Model 1: F = 12.39, p
=0.0169; Model 2: F=21.31, p=0.0058). On the other hand, the results
of the Wooldridge test revealed that there was no within-unit
autocorrelation in the panel (Model 1: F =3.93, p=0.6857; Model 2: F
= 1.96, p = 0.9231). These results indicate that heteroskedasticity-
robust standard errors should be used for the reliability of standard error
estimates in FE models. In Model 3, it was concluded that there was no
heteroskedasticity, but there was autocorrelation (F = 8.368, p =
0.0341). This situation indicates that robust standard errors should be
used because there is autocorrelation in the classical model.

After applying heteroskedasticity and autocorrelation tests, the
presence of cross-unit correlation was tested using the Pesaran (2004)
CD test, and the results are presented in Table 8.

Table 8: Pesaran (2004) CD Test Results

Variable CD-test p-value corr abs(corr)
ROA 3.39 0.0071*** 0.357 0.441
ROE 2.68 0.007%#** 0.283 0.461
NIM 7.54 0.000%** 0.795 0.795
CAR 7.35 0.000%** 0.774 0.774
CTA 7.99 0.000%** 0.842 0.842
LTA 7.71 0.000%** 0.812 0.812
NIITOP 4.68 0.000%** 0.494 0.576
TA -1.89 0.058* -0.199 0.942

Note: (***,*) indicates significance at 1% and %10 levels respectively.

+ 29
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The results of Pesaran's CD test show significant cross-unit correlation
for most variables in the panel (ROA: CD = 3.39, p =0.001; NIM: CD
=7.54,p<0.001; CTA: CD=7.99, p <0.001). This situation indicates
that the variables between banks in the panel dataset are not
independent, and it would be appropriate to use methods that consider
cross-sectional dependence in the estimations. In the TA variable, the
correlation is lower and negative, with a weak relationship at a 10%
significance level.

Since heteroskedasticity and inter-unit correlation were present in
Models 1 and 2, and autocorrelation and inter-unit correlation were
present in Model 3, the Driscoll and Kraay estimator, which considers
these assumptions together and can provide more reliable and accurate
results, was used, and the results are presented in Table 8.

Table 8: Driscoll-Kraay Estimator Results

Model 1 Model 2 Model 3
Drisc/ Drisc/ Drisc/
Varia Kra. P>z Kra. P> Kra.
ble Coef. Stand | Coeff. Stand 7] Coeff. Stand P>z
.Err. .Err. .Err.
3.24 1.8
CAR 1127 .0347 o 7120 3800 7 1607  .0161 9.93 %%
CTA N 0052 5 _61 -.3321 0529 6.2 0169 0063 2.66%**
0203 - >0 . . SO . .
%
468 4.1
LTA .0301 .0064 s 2554 0609  9** 0281 .0051 5.46%**
*k
gl;T .0095 .0028 3;‘2},:9 0920  .0285 ;i 0311 .0033 0.34% %%
TA 15-69 0449 349 -1461 4388 3.3 .0001 0182 0.00
558 7.0
_cons .0277  .0049 . 3369 0478  3**  -.0261 .0051 -5.13%%*
%
g)( S, 164.97 1584.28 7973.06
Prob
>F 0.0000 0.0000 0.0000
R? 0.6980 0.5967 0.9376

Note: (***, **) indicates significance at 1% and %5 levels respectively.
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Table 8 shows the effects of the independent variables for model 1
(ROA), model 2 (ROE), and model 3 (NIM). Heteroskedasticity,
autocorrelation, and cross-unit correlation are considered because
Driscoll-Kraay standard errors are used in all estimations. The Capital
Adequacy Ratio (CAR) is positive and significant for ROA (model 1)
and NIM (model 3). (Model 1: B = 0.1127, p < 0.05; Model 3: B =
0.1607, p < 0.01), meaning that as capital adequacy increases, banks'
asset profitability and net interest margin rise. On ROE (model 2), the
effect is not significant (p > 0.05), indicating that the profitability of
equity is influenced by factors other than CAR. Asset quality (CTA)
has a negative and significant impact on ROA and ROE (Model 1: § =
-0.0293,p <0.01; Model 2: B=-0.3321, p<0.01), while it has a positive
and significant impact on NIM (Model 3: = 0.0169, p < 0.01). The
total credit / total assets (CTA) ratio shows different effects depending
on profitability measures. An increase in the share of loans in total
assets reduces ROA and ROE while increasing NIM. This result
indicates that banks need to consider the balance between profitability
and interest margin when determining their credit distribution and risk
management strategies. Liquid assets (LTA) are positive and significant
in all three models (Model 1: B=0.0301, p <0.01; Model 2: B =0.2554,
p < 0.01; Model 3: B =0.0281, p < 0.01). An increase in the share of
liquid assets in total assets has a positive impact on ROA, ROE, and
NIM. This result indicates that banks' liquidity management plays a
significant role in profitability and interest margin. The income-
expense structure of NIITOP is positive and significant in all models
(Model 1: g =0.0095, p < 0.05; Model 2: g = 0.0920, p < 0.05; Model
3:=0.0311, p<0.01), meaning the ratio of net interest income to total
operating income has a positive impact on both profitability and net
interest margin. The percentage share of total assets within the group
(TA) has a negative and significant impact on ROA and ROE (Model
1: B=-0.1569, p <0.05; Model 2: B=-1.461, p <0.01), while its effect
is negligible in Model 3 (B = 0, p = 0.997). This situation indicates that
large banks have a depressing effect on the profitability of their assets
and equity due to scale, but the impact on NIM is limited. In all three
models, the F-statistics are high and significant (p < 0.01), meaning the
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independent variables significantly explain the relevant profitability
indicators. The R? values are as follows: Model 1: 0.698, Model 2:
0.5967, Model 3: 0.9376. The high R? value of Model 3 indicates that
NIM is largely explained by the independent variables.

When the results are evaluated overall, it is noteworthy that the LTA
and NIITOP variables have consistently positive effects in all models
compared to fixed effects and the classical model. The effects of CAR
and TA differ according to profitability metrics; specifically, CAR's
effect on ROE is not significant, while TA has a negative impact. The
CTA's shift in direction reveals the complex effects of short-term assets
on different profitability indicators.

5. CONCLUSION AND RECOMMENDATIONS

The aim of this study is to examine the financial performance of
selected banks operating in the Turkish banking sector (Tiirkiye Halk
Bankas1 A.S., Tiirkiye Vakiflar Bankas1 T.A.O., Tiirkiye Cumhuriyeti
Ziraat Bankas1 A.S., Tiirkiye Is Bankas1 A.S., Tiirkiye Garanti Bankas1
A.S., and Yap Kredi Bankas1 A.S.) for the period 20162021 using
basic financial ratios. Within the scope of this study, the capital
adequacy, asset quality, liquidity position, profitability structure, and
income-expense balance of banks are examined. In this study, factors
affecting financial performance in the banking sector were examined
within the framework of three different models, and reliable results
were obtained using the Driscoll-Kraay robust estimator, which
simultaneously considers potential heteroskedasticity, autocorrelation,
and cross-sectional correlation problems. The findings from the study
reveal that the main determinants of financial performance in the
banking sector are capital adequacy, the efficiency of credit activities,
and income diversification. In this regard, it is important for financial
performance that banks maintain a strong capital structure and manage
their assets efficiently. Additionally, considering the positive impact of
non-interest income on performance, it is recommended that banks
prioritise strategies aimed at increasing service and commission
income. The fact that liquidity ratios negatively impact performance in
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some models indicates the necessity of achieving an optimal balance in
liquidity management. Finally, it is assessed that because bank size
alone is insufficient to explain performance, growth strategies should
be shaped with a focus on efficiency and profitability rather than scaling

up.

+ 33
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1. Introduction

The effective functioning of capital markets relies heavily on the
availability of accurate and reliable information, as investors and
market participants shape their investment decisions primarily based on
disclosures made by companies. Among these disclosures, financial
reports constitute one of the most fundamental tools, as they reflect a
firm’s financial condition and performance while playing a critical role
in the decision-making process (Almarzouq et al., 2025). In addition to
presenting a firm’s current financial position and performance, these
reports enhance stakeholders’ ability to make rational and well-
informed decisions. In particular, annual activity reports serve as a vital
source of information, enabling companies not only to evaluate past
performance but also to guide expectations for future periods. Within
the Turkish context, companies listed on Borsa Istanbul (BIST) are
legally required to prepare these reports in accordance with the financial
reporting standards established by the Public Oversight Accounting and
Auditing Standarts Authority and to have them audited by independent
auditors. Consequently; the accuracy, reliability, compliance with
established standards, and auditability of financial reports are essential
to the secure and efficient functioning of capital markets.

The primary purpose of financial reporting is to assess a firm’s
financial health over a specific period and to inform users in their
decision-making processes. To fulfill this purpose, financial statements
must embody four fundamental qualitative characteristics:
understandability, relevance, reliability, and comparability (Public
Oversight Accounting and Auditing Standarts Authority [POA]),
2018). The reliability of financial records depends on the extent to
which the data contained within them meet the informational needs of
decision-makers. However, one of the most critical determinants of
relevance is timeliness. Financial statements that are not disclosed in a
timely manner diminish the usefulness of information, reduce the
functionality of reports, and generate uncertainty in decision-making
processes (Owusu-Ansah, 2000; Syafitri et al., 2024).
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The growing number of investors in capital markets in recent
years has further amplified the significance of timely and accurate
financial reporting, particularly for new investors. A lack of timely
access to relevant and up-to-date information reduces the informational
value of financial reports and impairs market efficiency (Abdillah et al.,
2019; Bong et al., 2024). Delays in financial reporting often trigger
negative reactions from both markets and investors, while information
asymmetry compels investors to make decisions based on incomplete
or inaccurate information (Almarzouq et al., 2025). Thus, timeliness
constitutes a critical dimension of financial reporting, complementing
its reliability, understandability, and verifiability. Timeliness
constitutes a fundamental qualitative attribute of high-quality reporting
and a prerequisite for the effective and sound functioning of capital
markets (Puasa et al., 2014). Conversely, delays in the disclosure of
financial reports increase uncertainty in decision-making (Owusu-
Ansah and Leventis, 2006), exacerbate information asymmetry, and
weaken earnings quality (Sultana et al., 2015). Over time, such
shortcomings can erode trust in financial reports and, ultimately, in the
credibility of businesses operating within capital markets.

On the other hand, the timely repayment of corporate debts is
essential for the effective functioning of capital markets. Firms with
strong liquidity and repayment capacity not only lower investors’ risk
perceptions and enhance market confidence, but also contribute to
overall market stability (Firdaus and Subiyanto, 2025). Moreover, the
ability to meet short-term obligations in a timely manner provides
greater transparency and predictability, thereby reducing information
asymmetry. Regular debt servicing is thus a critical safeguard for the
stability of financial institutions and the overall health of the financial
system. Therefore, firms’ liquidity levels are of particular importance
to independent auditors, as they reflect financial sustainability and may
influence the timeliness of financial reporting (Syafitri et al., 2024).
Accordingly, the primary objective of this study is to examine the effect
of liquidity levels on the timeliness of financial report disclosures in the
context of Borsa Istanbul. Using data from 115 firms for the period
2020-2024, ability to meet short-term obligations is measured through
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the current ratio, acid-test ratio, and cash ratio. The empirical findings
reveal a significant and negative relationship between liquidity and
audit report delay, indicating that firms with stronger liquidity positions
are able to disclose their audit reports more promptly. Overall, the
results highlight the critical role of short-term debt repayment capacity
in the timeliness of financial reporting and emphasize the importance
of liquidity management for both firms and regulatory authorities in
ensuring transparent and efficient capital markets.

This study contributes to the literature by empirically testing the
factors that may influence the reporting timeliness of financial
statements from a novel perspective, thereby providing valuable and
practical evidence. Furthermore, the findings offer important
implications for identifying the determinants of reporting timeliness
among firms listed on Borsa Istanbul and provide insights for
professional bodies and regulatory institutions in designing new
policies aimed at preventing potential delays in the disclosure of
financial reports.

This paper is organized as follows. We initially provide an
overview of Turkish regulations on financial disclosure. Next, we
explain the data and research design of this study before presenting and
discussing the results. Finally, we conclude the study.

2. Related Legal Regulations in Turkey

Companies whose shares are traded on Borsa Istanbul are
legally required to prepare and publicly disclose their financial
statements in accordance with the Turkish Accounting and Financial
Reporting Standards (TMS/TFRS), which are issued by the Public
Oversight, Accounting and Auditing Standards Authority. The
procedures, principles, and reporting framework governing these
obligations are primarily set out in the Capital Markets Board of
Tiirkiye (CMB) Communiqué No. II-14.1 on Principles Regarding
Financial Reporting in the Capital Markets. This Communiqué,
published in the Official Gazette No. 28676 on June 13, 2013, was
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introduced to harmonize Turkish regulations with the innovations
brought by the Capital Markets Law No. 6362 and the Turkish
Commercial Code No. 6102 (Capital Market Board of Tiirkiye [CMB],
2013).

Before the adoption of Communiqué No. II-14.1, the regulatory
framework was based on earlier communiqués such as the
Communiqué on Accounting Standards in Capital Markets (Series: XI,
No: 25, 2003), which relied on International Accounting
Standards/International Financial Reporting Standards (IAS/IFRS), and
the Communiqué on Principles Regarding Financial Reporting in
Capital Markets (Series: XI, No: 29, 2008), which aligned Turkish
practice with European Union regulations. These earlier communiqués,
along with the studies conducted by the Turkish Accounting Standards
Board (TMSK) and provisions in the draft Turkish Commercial Code,
regulated the reporting deadlines as follows: companies without a
consolidation obligation were required to submit their financial reports
within ten weeks after the fiscal year-end, while those with a
consolidation obligation were required to submit within fourteen weeks
(CMB, 2013).

The most recent Communiqué (No. II-14.1) introduced a
significant regulatory shift by replacing the obligation of “notification
to the CMB and the stock exchange” with the principle of public
disclosure. At the same time, the reporting deadlines were shortened
and specified in days rather than weeks. Accordingly:

For listed companies, annual financial reports must be disclosed
within 60 days (separate) and 70 days (consolidated) after the fiscal
year-end. Interim reports must be disclosed within 30 and 40 days,
respectively, with an additional 10 days allowed if the interim report is
subject to independent audit.

For other companies, annual reports must be disclosed at least
three weeks prior to the general assembly meeting where they will be
discussed, and no later than the end of the third month following the
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fiscal year-end. Interim reports must be disclosed within 30 and 40 days
(separate and consolidated, respectively), with an additional 15 days
granted if subject to independent audit (CMB, 2013).

Overall, this regulatory reform aims to enhance transparency
and protect shareholders by reducing information asymmetry in the
capital markets, thereby contributing to the efficient and sound
development of financial markets.

3. Data and Methodology

This study examines the effect of short-term debt payment
capacity on audit report delay among manufacturing firms listed on
Borsa Istanbul. The research sample comprises 115 firms that
continuously report financial data for the period 2020-2024. The
dependent variable, audit report delay (LAG), is defined as the number
of days between the fiscal year-end (December 31) and the issuance
date of the auditor’s report.

The principal explanatory variable is short-term debt payment
capacity. Consistent with the established literature, this construct is
proxied through three liquidity indicators: the current ratio
(CURRENT), defined as current assets divided by current liabilities;
the acid-test ratio (ACID), calculated as (current assets - inventories)
divided by current liabilities; and the cash ratio (CASH), measured as
cash and cash equivalents divided by current liabilities. These measures
collectively capture firms’ ability to meet their short-term obligations
under varying liquidity conditions.

To mitigate omitted variable bias and enhance the robustness of
the empirical model, several firm-level control variables are
incorporated. Specifically, operating profitability, firm size, leverage,
and growth are included as controls. Operating profitability (OPR),
defined as operating profit divided by total assets. Firm size (SIZE) is
represented by the natural logarithm of total market capitalization.
Leverage (LEV) is calculated as total debt divided by total assets, while
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firm growth (GROWTH) is proxied by the annual percentage change in
sales revenue.

By including these variables, the study aims to isolate the net
effect of short-term debt payment capacity on audit report delay and to
account for heterogeneity in firms’ financial structures.

Table 1 details all variables used in this study.

Table 1. Definitions and measurement of variables

Variables Abb. Definition Measurement
Audit report delay  LAG Dependent variable By counting the days
measuring audit delay between the dates of

companies’ financial
year-end and auditors’

reports
Current ratio CURRENT Current assets/current
liabilities
Acid-test ratio ACID Current assets less
Independent variables inventories/  current
measuring liquidity liabilities
Cash ratio CASH (Cash equivalents +
cash)/ current
liabilities
Operating OPR Control variable measuring Operating profit/total
Profitability firm performance assets
Firm Size SIZE Control variable for firm Ln (market
size capitalization)
Leverage LEV Control variable for capital Total debt/total assets
structure
Firm growth GROWTH  Control variable for firm [Total  sales(t)-total
growth sales (-1)]/total
sales(t-1)

In the analysis, a pooled panel regression is first applied, treating
all observations as a single cross-section to examine the baseline
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relationship between variables. The regression models can be expressed
as:

LAG; = By + BLCURRENT;. + B,0PR;; + B3SIZE; + B4LEV;, +
BsGROWTH;; + €;¢ (D

LAGit = ﬁo + ﬁlAC[Dit + ﬁZOPRit + ﬁgSIZEit + ﬁél—LEVit +
ﬂSGROWTHlt + Eit (2)

LAG;; = By + B1CASH;; + B,OPR;; + [3SIZE;; + [LLEV;: +
,85GR0WTHLt + Eit (3)

where LAGi represents the audit report delay of firm 1 at time t,
CURRENT:: denotes the current ratio of firm i at time t. ACIDx
represents the acid-test ratio of firm i at time t. CASHi: represents the
cash ratio of firm i at time t. OPRi, SIZEi, LEVi, and GROWT
represent operating profitability, firm size, leverage, and firm growth of
firm 1 at time t, respectively.

Since the pooled model ignores heterogeneity across firms and
time, a fixed-effects regression is subsequently estimated to control for
unobservable firm specific characteristics that remain constant over
time. In addition, a random effects model is estimated under the
assumption that firm specific effects are randomly distributed. The
application of these three models serves a dual purpose: it allows for a
comprehensive assessment of the robustness and consistency of the
empirical results, and it facilitates a rigorous comparison of model
performance in order to identify the specification that most accurately
captures the relationship of interest.
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3. Empirical Results from the Empirical Analysis
3.1. Summary statistics and correlation coefficients

Table 2 represents the descriptive statistics for the dependent,
independent, and control variables employed in the study. The
dependent variable, audit report delay (LAG), has a mean value of 4.18
with a standard deviation of 0.31, ranging between 3.22 and 5.05. This
indicates relatively limited variation in audit report delays across firms.
Among the explanatory variables reflecting short-term debt payment
capacity, the current ratio (CURRENT) records an average of 1.82 with
a standard deviation of 1.54, with values ranging from 0.33 to 16.76,
suggesting substantial heterogeneity in firm’s liquidity positions. The
acid-test ratio (ACID) has a mean of 1.18 and a standard deviation of
1.30, with values ranging from 0.13 to 16.04, also pointing to notable
dispersion across firms. The cash ratio (CASH) shows the highest
variability, with a mean of 49.85 and a large standard deviation of
103.32, ranging from 0.00 to 1575. This extreme spread indicates that
while most firm maintain modest levels of cash relative to short-term
liabilities, a few firms hold disproportionately high cash reserves,
driving the maximum value upward. Regarding the control variables
which include operating profitability (OPR), firm size (SIZE), leverage
(LEV), firm growth (GROWTH), have mean values of 0.08, 21.89,
0.49, and 0.90, with corresponding standard deviations of 0.10, 1.63,
0.20, and 1.43.

Overall, the descriptive statistics reveal that audit report delays
exhibit relatively small variation, firms differ considerably in terms of
liquidity, capital structure, and growth patterns. In particular, the wide
dispersion in liquidity, especially the cash ratio, highlights significant
heterogeneity in short-term debt payment capacity across the
manufacturing firm under study.
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Table 2. Descriptive statistics

Variable Obs. Mean Std. Dev. Min Max
LAG 575 4.181 0.308 3.219 5.050
CURRENT 575 1.815 1.535 0.330 16.760
ACID 575 1.183 1.299 0.130 16.040
CASH 575 49.845 103.318 0.000 1575.790
OPR 575 0.075 0.099 -0.88 0.576
SIZE 575 21.89 1.634 18.684 26.519
LEV 575 0.493 0.202 0.055 0.991
GROWTH 575 0.904 1.43 -0.785 12.745

Notes. LAG = Audit report delay; CURRENT= Current ratio; ACID= Acid test ratio;
CASH= Cash ratio; OPR= Operating profitability; SIZE= Firm size; LEV= Leverage;
GROWTH= Firm growth.

Table 3 reports the correlation coefficients among the variables
for the period 2020-2024. The results show that the correlation
coefficients between audit report delay (LAG) and the liquidity
indicators, namely the current ratio (CURRENT), acid-test ratio
(ACID), and cash ratio (CASH), which proxy for short-term debt
payment capacity, are negative, although statistically insignificant. This
finding suggests that firms with stronger short-term debt payment
capacity tend to experience shorter audit report delays; however, the
relationship is not robust enough to reach statistical significance.
Similarly, the correlation coefficients between LAG and the control
variables (OPR, SIZE, LEV, and GROWTH) are negative and
statistically significant. These results imply that less profitable, smaller,
less leveraged, and less growing firms may generally experience longer
audit report delays. Furthermore, the correlation coefficients among the
liquidity indicators (CURRENT, ACID, and CASH) are relatively high,
reflecting their conceptual similarity as measures of short-term
liquidity. However, since these variables are employed separately in
different regression specifications, multicollinearity does not pose a
methodological concern.
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Table 3. Pairwise Correlations

Variables ) B) 3) @) B © (D  ©®

() LAG 1

©) -0.03 1

CURRENT

(3) ACID -0.03 0.96%** |

(4)CASH  -0.03 0.86%*%  0.93%*%* |

(5) OPR - 0.20%%%  (.17%%% 0.12%%*% |
0.19%**

(6) SIZE - 0.09%% 005  0.02 0.09%* 1
0.12%**

(7) LEV - - 0.08%* 004 1

0.12%**  (.56%**  (0.48***  (.38***

®) - -0.03 -0.06 -0.07* 0.16¥** 0.04 0.02 1
GROWTH 0.12%**

Notes. *** p<0.01, ** p<0.05, * p<0.1. LAG = Audit report delay....; CURRENT= Current
ratio; ACID= Acid test ratio; CASH= Cash ratio; OPR= Operating profitability; SIZE= Firm
size; LEV= Leverage; GROWTH= Firm growth.

3.2. Regression results

Table 4 presents the results of the pooled ordinary least squares
regressions, where the dependent variable in all models is audit report
delay (LAG). In Model (1), the key explanatory variable is the current
ratio (CURRENT); in Model (2), acid-test ratio (ACID); and in Model
(3), the cash ratio (CASH). In all specifications, operating profitability
(OPR), firm size (SIZE), leverage (LEV), and firm growth (GROWTH)
are included as control variables. The findings reveal that the coefficient
of CURRENT is negative and statistically significant at the 5% level
(B=-0.025), indicating that higher liquidity as measured by the current
ratio is associated with shorter audit report delays. Similarly, the ACID
coefficient is negative and significant at thel0% level (B=-0.021),
supporting the conclusion that stronger short-term payment capacity
reduces reporting delays. By contrast, the CASH coefficient is negative
but not statistically significant. With respect to the control variables, the
coefficients of OPR, SIZE, LEV, and GROWTH are consistently
negative, with significance levels ranging between 1% and 5%. These
results imply that firms with higher profitability, larger scale, lower
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leverage, and stronger growth performance tend to experience shorter
audit report delays.

Table 4. The Coefficients of OLS Models
Dependent Variable: LAG

Variables Model (1) Model (2) Model (3)
CURRENT -0.025%%*
(0.010)
ACID -0.021*
(0.011)
CASH -0.000
(0.000)
OPR -0.480%*** -0.505%** -0.522%*%*
(0.142) (0.142) (0.143)
SIZE -0.021%** -0.019%%** -0.018%**
(0.007) (0.007) (0.007)
LEV -0.297%%* -0.254 %% -0.235%#%*
(0.076) (0.071) (0.068)
GROWTH -0.019** -0.019%* -0.019%*
(0.008) (0.008) (0.008)
CONSTANT 4.880%** 4.812%** 4.763%**
(0.180) (0.176) (0.171)
F-test 9.479%** 8.683*** 8.452%**
R-squared 0.080 0.075 0.074
Observations 575

Notes. *** p<0.01, ** p<0.05, and * p<0.10. The values in parentheses are robust standard
errors computed using the Huber-White estimator. CURRENT= Current ratio; ACID= Acid
test ratio; CASH= Cash ratio;, OPR= Operating profitability; SIZE= Firm size; LEV=
Leverage; GROWTH= Firm growth.

Table 5 reports the results of the fixed effects models. The
coefficients of CURRENT, ACID, and CASH are consistent in sign
with those reported in Table 4, remaining negative and statistically
significant (p<0.01 and p<0.05). A notable difference, however, is
observed for the CASH variable: while its coefficient is statistically
insignificant in the pooled regression, it becomes significant under the
fixed effects specification. Nonetheless, the magnitude of the
coefficient is very close to zero. This suggests that the economic impact
of the cash ratio on audit report delays is limited, even though the
statistically association strengthens once unobserved firm-specific
effects are controlled for. Regarding the control variables, OPR, LEV,
and GROWTH are mostly insignificant, with the exception of
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GROWTH, which is statistically significant and negatively associated
with audit report delay. An important difference emerges for the SIZE
variable. This variable is negative and significant in the pooled
regression, but becomes positive and significant in the fixed effects
model. This reversal may stem from the methodological differences
between the two approaches.

Table 5. The Coefficients of Fixed Effects Models
Dependent Variable: LAG

Variables Model (1) Model (2) Model (3)
CURRENT -0.029%**
(0.010)
ACID -0.026**
(0.010)
CASH -0.000%**
(0.000)
OPR -0.148 -0.166 -0.182
(0.136) (0.139) (0.141)
SIZE 0.135%** 0.136%*** 0.137%%*
(0.016) (0.016) (0.016)
LEV -0.099 -0.070 -0.046
(0.102) (0.102) (0.102)
GROWTH -0.033%** -0.033%** -0.033%**
(0.006) (0.006) (0.006)
CONSTANT 1.361%** 1.312%** 1.254%%*
(0.391) (0.394) (0.395)
F-test 49.264*** 48.448%%* 47.657***
R-squared 0.203 0.200 0.198
Number of firm 115
Observations 575

Notes. *** p<0.01, ** p<0.05, and * p<0.10. The values in parentheses are robust standard
errors computed using the Huber-White estimator. CURRENT= Current ratio; ACID= Acid
test ratio; CASH= Cash ratio;, OPR= Operating profitability; SIZE= Firm size; LEV=
Leverage; GROWTH= Firm growth.

Table 6 presents the results from the random effects model. The
coefficients for CURRENT, ACID, and CASH are broadly consistent
with the findings in Table 4 and 5. Specifically, the coefficients for
CURRENT and ACID remain negative and statistically significant at
the 5% level, while the coefficient for CASH is also negative and
significant at the 10% level. Nevertheless, the magnitude of the CASH
coefficient is very small. OPR, LEV, and GROWTH are all negative
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and significant at the 1% level, whereas SIZE is statistically
insignificant.

The findings presented in Tables 4, 5, and 6 collectively indicate
a consistent negative relationship between short-term debt payment
capacity and audit report delay. Across all models, namely pooled OLS,
fixed effects, and random effects, the coefficients of the variables used
to represent short-term debt payment capacity are generally negative
and significant. This suggests that firms with stronger short-term debt
payment capacity tend to experience shorter delays in the disclosure of
their audit reports. In other words, greater liquidity appears to facilitate
a shorter audit process. The economic interpretation of this results is
that firms with higher liquidity ratios are less likely to encounter
financial distress or difficulties in meeting short-term obligations,
thereby reducing the complexity and risk perceived by auditors. As a
consequence, the auditing process can be completed more efficiently,
leading to reduced reporting delays. By contracts, firms with weaker
liquidity positions may require more extensive auditor scrutiny,
contributing to longer audit delays.

On the other hand, profitability, leverage, and firm growth
generally exhibit negative and significant effects. These results imply
that financially stronger and growing firms are associated with shorter
audit delays. Firm size, however, yields mixed results. While it is
negative and significant in the pooled model, it turns positive in the
fixed effects specification and becomes insignificant in the random
effects model.
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Table 6. The Coefficients of Random Effects Models
Dependent Variable: LAG

Variables Model (1) Model (2) Model (3)
CURRENT -0.028%**
(0.012)
ACID -0.024%**
(0.012)
CASH -0.000*
(0.000)
OPR -0.482%*%* -0.504%%*%* -0.523*#*
(0.139) (0.140) (0.140)
SIZE -0.003 -0.002 -0.000
(0.010) (0.010) (0.010)
LEV -0.368*** -0.327%%* -0.303***
(0.083) (0.079) (0.074)
GROWTH -0.020%** -0.020%** -0.020%**
(0.006) (0.006) (0.006)
CONSTANT 4.53]%** 4.462%%* 4.406%**
(0.243) (0.243) (0.238)
Wald-test 77.38%%* 73.91%** 76.49%**
R-squared 0.089 0.087 0.083
Number of firm 115
Observations 575

Notes. *** p<0.01, ** p<0.05, and * p<0.10. The values in parentheses are robust standard
errors computed using the Huber-White estimator. CURRENT= Current ratio; ACID= Acid
test ratio; CASH= Cash ratio;, OPR= Operating profitability; SIZE= Firm size; LEV=
Leverage; GROWTH= Firm growth.

4. Conclusion

This study investigates how the ability to meet short-term debt
affects audit report delays among manufacturing firms listed on Borsa
Istanbul. Using data from 2020-2024 period, the analysis reveals a
generally negative and significant relationship between short-term debt
payment capacity-measured through the current ratio, acid-test ratio,
and cash ratio, and audit report delay. These findings suggest that firms
with stronger liquidity positions are able to disclose their audit reports
more promptly.
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The results can be explained by the fact that firms with stronger
liquidity positions face lower financial risk which in turn reduces the
level on uncertainty encountered by auditors during their work. For
such firms, audit procedures are completed more efficiently, allowing
reports to be finalized in a shorter period. In contrast, firms with weaker
liquidity profiles present higher financial risk, requiring auditors to
conduct more detailed and time-intensive evaluations, which may
prolong reporting times. Overall, the findings demonstrate that short-
term debt plays a crucial determinant in shaping the audit reporting
process, underscoring the importance of liquidity management for both
firms and regulatory bodies in ensuring timely financial disclosure.
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INTRODUCTION

From the past to the present, human beings have intensively
utilized technology to carry out their economic and social activities
more efficiently, securely, and effectively. Technological
developments have enabled individuals and institutions to perform
activities more productively, facilitating significant transformations in
production, trade, and finance. As a consequence of these
developments, traditional forms of physical money have gradually been
replaced by digital, virtual, and finally, crypto money. Money transfers,
which were previously carried out physically, can now be easily
conducted between accounts via cognitive technologies. Thus, tangible
money has transformed into an abstract financial form, marking the
emergence of a new era in financial systems.

The term “Crypto” is derived from the combination of the words
“crypto” and “‘currency,” literally meaning “encrypted money.”
Cryptocurrencies have become one of the most discussed and widely
used forms of money in the contemporary global financial system. The
removal of trade barriers between countries and the acceleration of
digitalization have facilitated the use of cryptocurrencies as alternative
payment instruments in international trade. According to a 2023 report
by global cross-border transactions conducted using cryptocurrencies
increased by 40% over the past two years, highlighting the growing role
of alternative currencies in international commerce (Turan, 2018, p.2 &
Dogan vd. 2025, p.2). Moreover, recent empirical evidence has
demonstrated that Bitcoin is closely linked with global economic and
political uncertainty. Sizer and Y1lmaz (2022) identified a bidirectional
causality between Bitcoin electricity consumption and the Global
Economic and Political Uncertainty (GEPU) index, emphasizing the
interconnectedness ~ between  cryptocurrency  markets  and
macroeconomic uncertainty factors.

Among virtual currencies, Bitcoin is the most frequently used
and has the largest market share, accounting for approximately 42% of
the cryptocurrency market (Ozbas, 2019, p.92). Bitcom is defined as a
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decentralized and open-source virtual currency that can be transferred
between individuals without the need for any financial institution. Its
open-source structure provides a unique technical and financial
characteristic, making it an innovative digital asset. Following Bitcoin,
Ethereum holds the second largest share in the cryptocurrency market
at around 18% (Ceylan vd. & Kahyaoglu, 2018, p.265). Ethereum is a
virtual currency and platform that enables smart contracts by
redesigning the blockchain mechanism. Users must hold a certain
amount of ETH in their digital wallets to execute transactions, and each
transaction is processed with a fee determined according to current
supply and demand conditions (Antonopoulos, 2014, p.71).

In this study, the volatility dynamics of Bitcoin and Ethereum
returns are analyzed using traditional and asymmetric ARCH/GARCH
model families. The models are compared based on their forecasting
performance, with the aim of identifying the most effective model in
terms of volatility modeling.

The originality of this study lies in its comprehensive approach
to examining the dynamic nature of cryptocurrency markets using the
full range of GARCH model families, incorporating both classical and
asymmetric models in a comparative framework. Unlike most previous
studies, which typically focus on a single model or limited time period,
this research utilizes long-term datasets for both Bitcoin and Ethereum.
Consequently, it provides an in-depth analysis of the risk and volatility
behavior of these cryptocurrencies under different market conditions.
The findings contribute not only to investors’ risk management
strategies but also to the literature on digital finance by offering an
empirical, multi-dimensional perspective on the volatility structures of
crypto assets.

LLLITERATURE REVIEW

In recent years, numerous studies have been conducted in the
literature examining the volatility and its diffusion in cryptocurrency
markets. These studies provide important and valuable insights into
understanding the volatility behavior of cryptocurrencies in financial
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markets. In particular, research on the price movements and risk
profiles of leading cryptocurrencies such as Bitcoin and Ethereum has
contributed to the development of strategies by market participants and
investors.

For instance, Ozdemir (2025) analyzed Bitcomn, Ethereum, and
Tether for the period 2017-2024 using the EGARCH model and found
that negative news affected the return volatility of Bitcoin and
Ethereum more than positive news. Sensoy et al. (2021) examined 12
different cryptocurrencies for the period 01.04.2013-23.06.2018 using
the VAR model and reported that Bitcomn, Litecoin, and Ethereum
played a significant role in volatility spillovers. Yousaf and Ali (2020)
applied the VAR-DCC-GARCH model to Bitcomn, Ethereum, and
Litecoin for the period 01.01.2019-31.12.2019, revealing that return
spillovers among Bitcoin-Ethereum, Bitcoin-Litecoin, and Ethereum-
Litecoin pairs varied over time, and during the pandemic period, there
was a unidirectional volatility spillover from Bitcoin to Ethereum and
a bidirectional spillover between Litecoin and Ethereum.

International studies have also made important contributions to
this field. Mensi et al. (2021) conducted a VAR analysis for eight
popular cryptocurrencies from 09.08.2015 to 07.02.2019 and found that
volatility spillovers increased especially after 2017. Bouri et al. (2021)
applied the DCC-GARCH model to 15 different cryptocurrencies for
the period 07.08.2015-11.03.2020 and determined that Bitcoin and
Dash were the primary assets driving volatility spillovers in money
markets. Fasanya, Oyewole, and Odudu (2020) analyzed Bitcoin,
Ripple, Litecoin, and Dogecoin using the VAR model for 10.08.2015—
15.04.2018 and observed significant differences in returns and volatility
among these cryptocurrencies. Huynh et al. (2020) examined 14
different cryptocurrencies from 2013 to 2019 using the Granger
Causality test and identified that cryptocurrencies with low market
capitalization were the main sources of shocks in the market. Qiao, Zhu,
and Hau (2020) analyzed 13 different cryptocurrencies using the
GARCH model from 21.04.2014 to 12.10.2019 and emphasized that
Bitcoin played a critical role in both return and volatility spillovers.
Koutmos (2018) applied the Granger Downey method to eight
cryptocurrencies for the period 08.08.2015-18.02.2019 and found that
return and volatility differences among cryptocurrencies were gradually
increasing. Dyhrberg (2016) analyzed only Bitcoin using the GARCH
model from 19.06.2010 to 22.05.2015 and concluded that Bitcoin
volatility could be modeled individually.
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The originality of this study lies in its examination of the
dynamic nature of cryptocurrency markets. The research employs
various types of the GARCH model family and evaluates both classical
and asymmetric models in a comparative framework. While most
previous studies focus on a single model or a limited time period, this
study utilizes long-term datasets for both Bitcoin and Ethereum. This
approach allows for an in-depth analysis of the risk and volatility
behavior of these cryptocurrencies under different market conditions.
The findings contribute to investors’ risk management strategies and
provide an empirical perspective on the volatility structures of crypto
assets. The comparative modeling approach used enables the
performance of classical and asymmetric models to be assessed together
and highlights variations in model performance across different market
conditions. In this respect, the study offers a multi-dimensional and
innovative contribution to the literature. The results provide valuable
insights for both academic research and practical investment
applications.

II.DATA SET AND METHOD
One of the fundamental characteristics of financial markets is

the fluctuation of asset prices over time. These fluctuations are
influenced by various factors, including market participants’ risk
perception, economic indicators, and macroeconomic shocks. In
particular, volatility in cryptocurrency markets is observed at much
higher levels compared to traditional financial markets and plays a
decisive role in investor behavior. In this context, accurately modeling
volatility is critical for both risk management and the development of
investment strategies.

In this study, the end-of-day values of Bitcoin and Ethereum
cryptocurrencies were used for the analysis. The data were obtained
from the Bloomberg data channel, and the study focused on the rates of
return of these cryptocurrencies, thereby eliminating the issue of non-
stationarity in the series. For Bitcoin, data covering the period
07.02.2011-19.12.2021 were used, while for Ethereum, data from
05.07.2019-09.10.2020 were employed. The longest available data sets



60 * Mesut Aslan

were preferred to enhance the reliability of the analyses and to ensure
that results could reflect different market conditions.

The analysis process began with the calculation of descriptive
statistics, which helped to reveal the basic characteristics and
distribution of the data sets. Subsequently, stationarity tests were
conducted using the Serena and Perron (2001) and Zivot-Andrews
(1992) tests, taking into account the effects of structural breaks. These
tests were applied to prevent sudden shocks commonly observed in
financial time series from affecting the model outcomes. Once
stationarity was established, the Box-Jenkins methodology and
alternative ARMA structures were examined to determine the mean
equilibrium of the series and to identify the most appropriate ARMA
model. As the ARMA analysis indicated the presence of autoregressive
conditional heteroskedasticity (ARCH) effects, the ARCH LM test was
subsequently applied.

In financial time series, issues of changing variance and
autocorrelation are frequently encountered. To address this,
autoregressive conditional variance models have been developed based
on the phenomenon of time-varying variance in financial data. The
ARCH model was first developed by Engle (1982) and examines the
effects of squared error terms on the conditional variance. However, the
estimation of ARCH models often involves many statistically
significant lagged squared error terms, which increases the number of
parameters to be estimated and complicates the use of the model. To
overcome this limitation, Bollerslev (1988) extended the ARCH model
and developed the GARCH model. Thus, the volatility dynamics of
financial time series can be modeled more efficiently and flexibly.
ARCH and GARCH models serve as the primary methodological tools
employed in this study.

ARCH model equation;
1e=0otXim1 B Te—itue (1)

u,=h"*€, )



International Compilation of Research and Studies in Finance * 61

he=aot T, @ ul 3)
GARCH model equation;

=00t X1 B Te—itue “4)

u,=h,"*€, (5)

he=ao+ X, Ba; ui_ X0 v he_; (6)

In these equations, rtr_trt represents the logarithmic return of the
asset at time ttt, hth tht denotes the conditional variance of rtr trt,
utu_tut is the serially uncorrelated mean-adjusted asset return,
et\varepsilon tet represents independent and identically distributed
random variables, and mmm and qqq are non-negative integers. These
components provide a fundamental framework for modeling the time-
varying variance observed in financial time series.

When analyzing the above equations together, it can be
observed that the GARCH model’s conditional variance equation
includes lags of both previous squared error terms and previous
conditional variance values. This characteristic distinguishes the
GARCH model from the ARCH model, allowing it to capture long-term
volatility patterns more effectively and model the impact of short-term
fluctuations with greater accuracy.

Financial markets, particularly assets with high volatility such
as cryptocurrencies, often exhibit asymmetric responses to positive and
negative shocks. In this context, the EGARCH model developed by
Nelson (1991) gains significant importance as an extension of the
traditional GARCH model. The EGARCH model is capable of
analyzing the asymmetric effects of positive and negative shocks on
conditional variance, thus modeling the market’s differential responses
in different directions. A key advantage of the EGARCH model is that,
by taking the logarithm of the variance, it directly satisfies the non-
negativity condition, enabling the model to produce statistically more
reliable results.

Consequently, the EGARCH model is particularly suitable for
financial data analysis in cases where shocks have asymmetric effects.
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For instance, negative news often causes larger fluctuations in asset
prices, while the impact of positive news may be more limited. By
capturing these dynamics, the EGARCH model helps investors make
more informed decisions regarding risk management and portfolio
strategies. The model can be formulated as follows:

Ino2=w+pIn (¢ 1)+y “t L+q F f (7

Another model developed by Zakoian (1993) that takes
asymmetry into account is the TGARCH model. The TGARCH model
assumes that positive and negative news can have different effects on
volatility in financial markets. Specifically, it is anticipated that
negative news has a stronger impact on the conditional variance of
financial assets compared to positive news. This feature makes the
TGARCH model a powerful tool for analyzing realistic volatility
behavior and asymmetric responses to shocks in financial markets.
Consequently, investors and researchers can evaluate market risk
dynamics more accurately and adjust their strategies accordingly.

TGARCH model equation;
hy= (D+Z] 1.8] he_ ]+Zl 1 @ ut i ZL 1Yi Dt—iu?—i (8)

In the study, the mean equations of the series were first
determined, and the analysis process was initiated. Subsequently,
traditional GARCH models, namely ARCH and GARCH, commonly
used in financial time series, were estimated along with TGARCH and
EGARCH models, which take asymmetric effects into account. All
estimated models were compared in terms of their forecasting
performance under different market conditions, and an effort was made
to determine which model best captures the return and volatility
behavior of cryptocurrencies.
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ITI. ANALYSIS AND FINDINGS

Before proceeding to the volatility analysis of cryptocurrencies,
it is important to examine the basic statistical properties of the dataset.
Descriptive statistics provide preliminary information on the central
tendency, dispersion, and distributional characteristics of Bitcoin and
Ethereum returns. These statistics are crucial for identifying potential
anomalies, extreme values, or significant fluctuations in the series and
serve as a guide for model selection and interpretation. By analyzing
measures such as the mean, standard deviation, skewness, and kurtosis,
valuable insights can be obtained regarding the risk and return profile
of each asset. In addition, normality tests, such as the Jarque-Bera test,
are used to assess whether the data comply with the assumptions
underlying many econometric models (Gujarati & Porter, 2009). Table
1 presents these descriptive statistics for the daily return series of both
cryptocurrencies, clearly illustrating the fundamental characteristics of
the data.

Table 1.Descriptive Statistics Of The Rates Of Return Of

Cryptocurrencies
Bitcoin Rate of Ethereum Rate of
Return Return

Average 0.0013 -0.0019
Maximum 0.7410 0.4477
Minimum -0.5083 -0.2936
Standard Deviation 0.0771 0.0754
Skewness 1.3844 1.3220
Kurtosis 19.4554 8.0525
Jarque-Bera Test 2178.542 154.777
Number of 1957 353
Observations

Table 1, which presents the descriptive statistics, illustrates the
fundamental characteristics of the daily return series of Bitcomn and
Ethereum. Examination of the table shows that the average daily return
of Bitcomn is positive at 0.13%, whereas Ethereum has a negative
average return of 0.19%. This indicates differing return directions
between the two cryptocurrencies. When the maximum and minimum
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values are considered, it is observed that both series exhibit significant
fluctuations and that the values vary over a wide range. The high
standard deviation values suggest considerable volatility in the daily
returns of both cryptocurrencies. Moreover, the skewness and kurtosis
values indicate deviations from symmetry and normality in the return
distributions. The Jarque-Bera test results confirm this observation,
showing that neither series satisfies the assumption of normal
distribution. These findings provide a foundational framework for
applying volatility models and conducting risk assessments in the
subsequent analyses.

Table 2. Stationarity Test Results

Ng-Perron Test Results
MZ, MZ, MSB MPT
R_BITCOIN -411.2* -17.54* 0.077* 0.012*
R _ETHEREUM -24.51* -4.04* 0.22%* 1.95%
Zivot-Andrews (1992) Test

Model X Model Y Model X | Model Y
R_BITCOIN -24.567 -24.498 | R_ETHEREUM -15.36 -15.99
Critical values for R_BITCOIN; 1% -6.11 | Critical values for R_ ETHEREUM;
for Model X, -6.37 for Model Y 1% -6.11 for Model X, -6.37 for Model Y
NOTE: * denotes 1% significance level.

The Ng-Perron and Zivot-Andrews (1992) tests were applied to
assess the stationarity of the daily return series of Bitcoin and Ethereum.
In the Ng-Perron test, the null hypothesis assumes a unit root for the
MZa and MZt tests, whereas it assumes stationarity for the MSB and
MPT tests. For the R BITCOIN and R_ ETHEREUM series, the 1%
significance level critical values for [MZ] a, [MZ] t, MSB, and
MPT are -11.85, -2.67, 0.23, and 2.98, respectively. Examining Table
2, it is observed that the null hypothesis of a unit root is rejected for
both cryptocurrencies in the MZa and MZt tests. However, the null
hypothesis is not rejected according to the MSB and MPT tests,
indicating that these tests provide complementary insights into the
stationarity of the series. According to the Zivot-Andrews test results,
the values calculated for both the X and Y models exceed the critical
values in absolute terms, leading to the rejection of the unit root null
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hypothesis. In other words, both Bitcoin and Ethereum series are
stationary. These findings confirm that the series are statistically
stationary, providing a solid foundation for applying volatility models
in subsequent analyses.

Table 3. Volatility Model Estimation Resultsfor Bitcoin Rate Of

Return
= = =<
2 8 ) < d=
= = T
g g 5 ® S E
s 2 & R %S
> < < =
< < O o 3
© = =
a
Mean Equation
Fixed 0.007* 0.007* 0.009* 0.009*
AR (3) -0.009* -0.009 0.007 0.011%*
MA (4) 0.077* 0.043%** 0.047%** 0.044%**
Variance Equation
Fixed 0.005* 0.005* 0.005* -0.387*
€ 4 0.792* 0.342* 0.379*
€, 0.357* -0.215* 0.305*
h,_q 0.785* 0.849%
1,4 0.067*
&, _ *
( t—1 hO,S) 0.049
g t—1
_ 0.581%*
(% /o5 D
g ht—l
_ -0.208*
(/05 D
ht—l
In(h,_q) 0.845%
AIC -3.415 -3.574 -3.591 -3.588
SIC -3.344 -3.844 -3.877 -3.806

Note: *, ** *** denote 1%, 5% and 10% significance level, respectively.
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Table 4. Volatility Model Estimation Resultsfor Ethereum Rate Of

Return
= =
2 S d 3 g5 _ &
= = = &= =23
5 g 2 $9¢ | §9&s
> < < ~ =
Q =
Mean Equation
Fixed -0.009 -0.011 -0.009 -0.009
AR (3) 0.782%* 0.641%** 0.755%** 0.749%**
MA (4) -0.608*** -0.544 -0.677 -0.703
Variance Equation
Fixed 0.005* 0.003%** 0.003%*** -0.719%**
€2 | 0.234* 0.144%* 0.197**
€2
hy_q 0.607* 0.576*
I,_4 0.188**
€ _ o
(©t 1/h°'5) 0.154
s -1
k%
(l t—l/ho,5 |) 0.266
c t—1
(72%/ 05D
h,”s
In(h;_4) 0.855*
AIC -2.989 -3.097 -3.155 -3.111
SIC -2.874 -2.941 -2.898 -2.883
Note: *, ** *** denote 1%, 5% and 10% significance level, respectively.

After completing the stationarity analysis, the mean equations
for both cryptocurrencies were estimated. The return series for Bitcoin
was best explained by the ARMA(3,4) model, while the ARMA(1,1)
model provided the most suitable fit for Ethereum. The estimated
volatility models for Bitcoin returns are presented in Table 3, and those
for Ethereum returns are shown in Table 4. The results indicate that all
models effectively capture the conditional heteroskedasticity present in
the series. While the ARCH and GARCH models reflect the traditional
autoregressive conditional variance structure, the TGARCH and
EGARCH models account for asymmetry by capturing the differential
effects of positive and negative shocks on volatility. In the TGARCH
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model, the asymmetry coefficients are positive, consistent with the
expectation that negative shocks have a larger impact on conditional
variance than positive shocks of the same magnitude. Conversely, in
the EGARCH model, the asymmetry coefficients are negative, aligning
with theoretical expectations, and the use of logarithmic variance
ensures that the conditional variance remains non-negative.

Model selection criteria such as AIC and SIC generally indicate
that the TGARCH and EGARCH models provide a better fit compared
to traditional ARCH and GARCH models. This demonstrates that
incorporating asymmetry significantly improves the modeling and
forecasting of volatility in cryptocurrency returns.

Table 5. Prediction Performance Of Volatility Models

BITCOIN
ARCH (2) GARCH (2,1)
Criteria 1 7 30 1 7 30
RMSE 0.021 0.043 0.066 0.022 0.041 0.061
MAE 0.019 0.033 0.044 0.015 0.033 0.044
MAPE 98.541 | 88.253 | 105.37 71.55 91.11 100.22
THEIL 0.905 0.977 0.982 0911 0.982 0.995
BITCOIN

TGARCH (2,1) EGARCH (2,1)
Criteria 1 7 30 1 7 30
RMSE 0.017 0.033 0.057 0.019 0.042 0.066
MAE 0.012 0.027 0.038 0.017 0.033 0.044
MAPE 59.55 84.47 99.55 81.88 99.95 118.71
THEIL 0.874 0.966 0.981 0.905 0.966 0.987

ETHEREUM
ARCH (1) GARCH (1,1)
Criteria 1 7 30 1 7 30
RMSE 0.0011 0.041 0.066 0.011 0.033 0.065
MAE 0.010 0.030 0.048 0.011 0.033 0.052
MAPE 105.54 | 101.25 | 104.27 114.40 113.33 111.19
THEIL 0.444 0.845 0.9870 0.412 0.748 0911
ETHEREUM

TGARCH (1,1) EGARCH (1,1)
Criteria 1 7 30 1 7 30
RMSE 0.009 0.033 0.059 0.013 0.035 0.068
MAE 0.011 0.027 0.043 0.011 0.027 0.048
MAPE 84.43 101.21 | 102.55 91.19 105.47 107.88
THEIL 0.413 0.715 0.901 0.513 0.827 0.943
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Root mean square error (RMSE), mean absolute error (MAE),
mean absolute percentage error (MAPE), and Theil inequality
coefficient were employed to evaluate and compare the forecasting
performance of the wvolatility models. Table 5 presents these
comparisons for 1-, 7-, and 30-day periods. For each criterion, the
model with the lowest value was considered the most successful,
providing a clear basis for selecting the most accurate volatility model
for each forecast horizon.

Analyzing the results in Table 5, it is evident that the TGARCH
model exhibits the best forecasting performance for both Bitcoin and
Ethereum returns across all periods examined. The TGARCH model,
which accounts for asymmetry, effectively captures the differing
impacts of positive and negative shocks on volatility. In comparison,
the symmetric ARCH and GARCH models are less capable of modeling
these asymmetric effects. These findings are consistent with the
literature, highlighting the importance of incorporating asymmetry
when modeling and predicting cryptocurrency market volatility.
Consequently, the TGARCH model provides investors and analysts
with a more robust and reliable framework for risk assessment and
volatility forecasting.

CONCLUSION
At the beginning of economic activities, people primarily met

their needs through barter or exchange. In other words, goods and
services were provided in return for other goods or services. Money
existed even before the adaptation of the economic system to its current
form; however, the use of paper money has become widespread
globally over the last few centuries. Throughout this process, money
has served multiple functions, ranging from meeting daily needs to
accumulating value, from speculation to implementing macroeconomic
policies. With the advancement of technology, innovations and
efficiency have also manifested in the economic sphere. In response to
the need for transaction security and resolving economic challenges,
assets developed under various names such as crypto, virtual currency,
and digital money have begun to be used as a medium of exchange.
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In today’s economic system, cryptocurrencies have had a global
impact through the phenomenon of globalization. The increasing share
of these currencies in financial markets has significantly heightened
investor interest. Cryptocurrencies are particularly preferred due to their
faster transaction capabilities and high information reliability. The
interest in Bitcoin, in particular, has led to a gradual expansion in its
transaction volume since its inception.

This study models the volatility characteristics of Bitcoin and
Ethereum return rates, cryptocurrencies that emerged following the
2008 global financial crisis in search of a new monetary order but are
still not used as money in daily life and are primarily considered as
investment instruments. Compared to most studies in the literature that
focus mainly on Bitcoin, this research includes Ethereum, another
widely used cryptocurrency, to provide a broader perspective on the
riskiness of cryptocurrencies and the transitivity of their prices.

Initially, descriptive statistics were employed in the analyses.
The results indicated that the average daily return was 0.13% for
Bitcoin (positive) and -0.19% for Ethereum (negative). Subsequently,
stationarity tests were conducted using the Ng-Perron and Zivot-
Andrews methods, confirming that both series are stationary.

After the stationarity analysis, mean equations were determined
using the Box-Jenkins method. For Bitcoin and Ethereum return rates,
ARCH and GARCH models were estimated, alongside EGARCH and
TGARCH models to account for asymmetry. The forecasting
performance of alternative models was compared using several loss
functions, revealing that the TGARCH model, which accounts for
asymmetry, was the most successful for predicting 1, 7, and 30 periods
ahead for both cryptocurrencies. This finding is consistent with
previous literature.

The conditional variance results from the best-performing
model illustrate the wvolatility behavior and riskiness of
cryptocurrencies. These results indicate that, particularly during periods
of high market uncertainty, cryptocurrency prices exhibit significant
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fluctuations and large price movements occur. In other words,
conditional variance analysis provides investors and market analysts
with a tool to observe risk levels and volatility responses of
cryptocurrencies.

This study analyzes the volatility characteristics and inherent
risk of cryptocurrencies, which are primarily investment instruments
and whose usability as a medium of exchange is debated, using
conditional variance models. It aims to guide future research examining
the pass-through effects of cryptocurrencies to prices.

In future research, the volatility dynamics of cryptocurrencies
can be examined more comprehensively by not only including a wider
range of digital currencies but also considering various time horizons,
market conditions, and portfolio compositions. Such studies could
explore how different macroeconomic environments, liquidity
conditions, or trading volumes influence the risk and return
characteristics of these assets. Additionally, analyzing the interactions
and co-movements among multiple cryptocurrencies within diversified
portfolios could provide deeper insights into systemic risk, hedging
opportunities, and the transmission of shocks across markets. By
adopting such a multifaceted approach, future research would
significantly enrich the understanding of cryptocurrency price behavior,
their risk profiles, and the mechanisms through which they impact
broader financial markets, thereby offering valuable contributions to
the existing literature on digital finance and asset volatility.
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