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Abstract. The study aimed to quantify the systematic risk for Saudi banks using Z score for the period 2013-
2022. The sample of the study comprised of all 10 Saudi banks registered on the Saudi capital market known
as TASI. The current study used Z score model as a proxy for the systematic risk that is the inverse of the
probability of insolvency as this model relies on published accounting information. Z score model used equity
to total assets as a proxy for the financial solvency, return on assets as a proxy for banks’ performance and the
standard deviation of returns on assets as a proxy for volatility. The results of the study indicated that Z score
for all Saudi banks for the study period recorded 25.1736332, which is better than Z scores recorded by banks
in several developed countries such as Austria, Germany, Spain, France, Russian Federation, and Ukraine. In
addition, the results of Z score on a yearly basis showed that the best Z score was in 2015 and the lowest Z
score was in 2020. The results of the study has made an incremental contribution to the current literature as it
provided empirical evidence on the validity of Z score as a proxy for the systematic risk in capturing the impact
of extreme exogenous events on the degree of stability of Saudi banks. The results have policy implications for
several stakeholders including but not limited to the regulator, bank managers and investors as the results
showed the best and worst performers in terms of systematic risk and provided empirical evidence on the ability
of Z score model in predicting the systematic risk either in the years of prosperity or the years of depression.
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Introduction

Banks are linked to each other through direct channels - similar business- and indirect channels
—similar assets- that leads to the spread of multiple risks. Therefore, estimating the systemic
risks has become of great importance Zou & Gong (2022). Banks are the backbone of the
financial system and the real economy, therefore, the solvency of the banking system enhances
the solvency of the financial system and the stability of the real economy. The global financial
crisis in 2008, which resulted in the mortgage crisis in America, greatly affected the soundness
of the financial system and the stability of the economy. Acharya etal. (2017; Billio et al. (2012)
explained that the supervisory authorities focus on estimating the risks of the individual banks
rather than estimating and monitoring the financial systemic risks, which expose banks to
macroeconomic shocks. Wang et al. (2023) explained that the Systemic risks threaten the
integrity of the financial system and thus have negative impacts on the economic and social
development. Therefore, systemic risks have become the focus of countries’ attention around
the world. Lee et al. (2022; Ye et al. (2022); Wang et al. (2023) stated that despite the wealth
of research on the definition of the systematic risk, there is no consensus on the definition of it,
as the systematic risk is not just a collection of individual types of risks, Instead, the systemic
risk is the opposite of liquidity risk, credit risk, and operational risk as banks can identify and
estimate these risks directly as the systematic risk can be captured indirectly. Kaufman & Scott
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(2003) defined the systemic risk as the probability of insolvency of the system as a whole rather
than the insolvency of part of it because of the strong connection among the parts or the
components of the system. Bisias et al. (2012; Oosterloo and de Haan (2003) attributed the
systematic risk to imbalances, breakdown of trust, risk correlation, information asymmetry,
asset bubbles, contagion, and unexpected external events. Dow (2000) attributed the systematic
risks to engaging in high-risk activities, adopting aggressive organizational culture by focusing
on short-term profits, failure of management in the banking system, which leads to banks’
inability to respond to the macroeconomic shocks as well as the moral hazard. Allen & Carletti
(2011) identified (6) types of systemic risks namely: asset bubble, especially the real estate
bubble, liquidity and mispricing of assets, panic, contagion, sovereign default , and currency
asymmetry in the banking system. Nier (2009) attributed to the Systemic risks to the exposure
of the banking system to macroeconomic- based risk for example, external factors and
procyclicality or because of the microeconomics- based risk when one of the banks fails, and
the impact of this is transmitted to the banking system as a whole. BIS (2010) stated that the
systemic risks have a cross section dimension, as Systemic risks arise due to the instability of
banks, concentration, size, correlation between banks, in addition, the Systemic risks have a
time series dimension as systemic risks arise over time rather than due to the activities of one
bank. Cerruti, et al. (2012) stated that the Systemic risks exist due to the collective behavior of
banks such as excessive debt, high financial leverage, misunderstanding risks during periods of
boom and overestimating risks during recessions as Systemic risks are exacerbated during
periods of recession and financial crises because of the strong correlation among banks. Huang
etal. (2019); Verma et al. (2019); Zedda & Cannas (2020) stated that the global financial crises,
the problem of sovereign debt, and Covid- 19 pandemic have revealed the importance of
transferring risks from the banking systems to the financial markets and the real economy.
Previous studies revealed the existence of a high degree of dependence and contagion between
banks within the single country or among countries during periods of crises. Andria’s et al.
(2020); Bats & Houben (2020; Meuleman & Vent (2020) explained that systemic risks are
affected by a number of determinants such as liquidity, interbank transactions, market factors,
and macro- wise prudential policies approaches.

The Literature on bank risk is a very wide-ranging as most previous studies such as
Lokeshnath & Sandhya (2023; Mujadidah & Jaya, (2023; Ratchvelishvili, et al. (2023); Rajhi
& Hassai (2013; Alshadadi & Deshmukh (2023; Kumar& Chodisetty (2024) used either the
original or the modified version of z scores developed by Altman (1968) to measure the
systemic risk based on some financial ratios such as retained earnings/assets, working
capital/assets, market value of owners’ equity/book value of liabilities, sales / assets, profits
before interest and taxes/ assets. However, the researchers belief that this model does not fit the
nature of banks’ business as it classifies banks based on predetermined scores. In addition, the
Altman Z score’s financial ratios are not valid as a proxy for the systematic risk or the
probability of insolvency as banks never classify balance sheet as current and non-current
assets, therefore, the researchers could not calculate the working capital for banks. Therefore,
some studies such as Alshadadi& Deshmukh (2023) used macroeconomic variables such as oil
prices, interest rates, inflation, as independent variable and banks’ assets and deposits as
dependent variables to estimate the systematic risk of banks. However, the researchers beliefs
that total assets and total deposits are inappropriate systematic risk indicators. In addition, Rajhi
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& Hassai (2013) used bank size index, loans/assets, loan provisions/net interest income ratio to
reflect credit risk, capital/assets, liquid assets/deposits ratio as a proxy for liquidity risk to
construct Z score as the dependent variable. While Song (2023) stated that that Basel iii based
-systemic risk indicators did not contribute to reducing the systemic risks of equity, rather,
increased these risks.

The current study used the Z-risk index developed by Boyd& Graham (1986); Hannan&
Hanwick (1988) to quantify the systematic risk of Saudi banks. According to Baker&
Metzemakers (2005) Z-risk index as an insolvency risk is able to captures the extreme events
of the systematic and irregular sources. As the bank is insolvent when losses have exhausted its
equity capital. Z-risk index is mathematically simple and uses published accounting data, and
does not require any assumptions unlike probabilistic methods. Lepetit & Strobel (2013) stated
that Z score model can measure the risks of each individual bank and the risks of the banking
system as a whole. In addition, it can measure the risks of non-listed banks because it relies on
accounting information from the financial statements. Ratchvelishvili, et al. (2023) used the
current version of Z score that considers return on assets, equity to assets ratio as a proxy for
the financial solvency and the standard deviation of return on assets to reflect the volatility. In
addition, Single & Singh (2021) used Z score as a proxy for probability of insolvency.

Study’s Problem

The current study is different from the previous studies on quantifying the systematic risk
as the study covered 10 years compared to three years in most previous studies to determine the
effectiveness of Z score in capturing the systemic risks under fluctuated economic cycles,
extreme regional and global events, such as sharp fluctuation in oil prices, Covid-19 and Yemen
War. Moreover, the current study is the first that used a real indicator for the systematic risk in
Saudi Arabia as previous studies such as the study by Alshadadi & Deshmukh (2023) used total
assets and total deposits as proxies for the systematic risk. The current study is multi-faceted as
the current study calculated the systemic risks as follows:

1. Systematic risks for all banks as a whole for study period as the benchmark index to
determine the systematically important banks.

2. Systematic risks for all banks as a whole year by year over the study period to investigate
the effectiveness of Z Sore to capture the extreme exogenous variables.

3. Systematic risks for each bank for the study period to support the results of the aggregated
Z scores for all banks.

To the best of the researcher's knowledge, this study is the first in Saudi Arabia that used
Z scores as a proxy for the systematic risk developed by Roy (1952); Boyd & Graham (1986);
Hannan & Hanwick (1988). Moreover, none of the previous study covered the current study’s
period. In addition, the study gains its importance because it provides empirical evidence on
the Kingdom of Saudi Arabia as an emerging country on the validity of Z score as a proxy for
the systematic risks, therefore, the current study filled this gap in the current literature.

Study’s Objectives

The current study aimed to quantify the systematic risk for Saudi banks and compare the
degree of the stability of Saudi banks to the degree of stability of other banks in some advanced
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countries. In addition, the study tested the validity of the Z score index in capturing the
systematic risk for Saudi banks under extreme exogenous events.

Literature Review and Hypotheses Development

The study divided the literature review section into two subsections as the first subsection
addressed the theoretical framework on approaches to estimating the systematic risks without
addressing mathematical formulations except for Z score and the second subsection addressed
the study’s hypotheses.

Literature Review and the Theoretical Framework

Zou & Gong (2022) stated that there are several methods to estimate the systematic risk
such as CoVaR model, spillover index model using value at Risk (VAR) concept. However,
there are some limitations to these models as they relied on the reduced-form statistical
structure. In addition, these models treated the whole market as a portfolio of all banks and
determined banks’ contribution to risks by using financial market data.

Sharpe (1964) developed capital asses pricing model (CAPM). As Venanzi (2020) used CAPM
model to estimate the systematic risk. However, the model has several assumptions, such as, market
perfection without transaction costs, loans and borrowing at the risk-free and limitless rate, market
efficiency and investor aversion to risk. Therefore, these assumptions resulted in limitations for the use of
CAPM.As a result some modification made to the model to overcome these limitations Mabrouk (2020).
However, CAMP model used only with market data. Altman (1968); Altman (1977) was the first author
who used the accounting information to predict the financial insolvency of companies. In 1868, Edward
Altman developed Z-Score model as a tool to predict the probability of financial Bankruptcy as part of the
multivariate discriminant analysis. Edward Altman conducted a study comprised (66) companies divided
into two groups of (33) companies each in the United States of America. The first group comprised
companies submitted the bankruptcy form according to The American law, while the second group
comprised solvent companies. The model used five financial ratios namely: retained earnings/assets,
working capital/assets, market value of owners’ equity/book value of liabilities, sales / assets, profits before
interest and taxes/ assets. However, the model faced criticism as it was used only for studying industrial
companies registered on the stock exchange. Altman modified Z score model to address the criticisms of
the first version of the model. As Altman added two modifications to the model by placing the book value
of equity in place of the market value to apply the model on non- listed companies and excluding the ratio
of sales to assets from the model because this ratio is influenced by Industry- specific factors as the asset
turnover rate in service activities is high because service activities are capital-intensive and therefore the
model may reduce the risk of Bankruptcy in service activities compared to non-service activities.
Traditional Z score model developed by Altman did not succeed in predicting the probability of insolvency
of banks as it recorded inaccuracy of 70% Erari et al. (2013).

According to the previous studies, there are two approaches to measuring the systemic
risks. The first is from top to bottom approach, which relies on historical data of time series for
variables that seem intuitively and economically related to the systemic risk. The second
approach is from bottom to top by estimating the risks of each bank individually using
accounting or market data to define the systemic risk. Most methods for measuring the
systematic risk depend on analyzing tail characteristics of banks’ asset returns using market
data. There are two types of research in this regard. The first focuses on risk diversification
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which refers to the impact of bank’s risks on banks as a whole Chen et al. (2022). The second
focuses on risk transfer which indicates the necessity of calculating the total risks for all banks
and then allocating them among banks in certain proportions. According to the risk distribution
approach, this approach depends on frequent stock prices data and probabilities of default used
by market participants when pricing financial instruments. While the distribution method uses
indicators such as value-at-risk models and conditional value-at-risk conditional on banks being
under pressure Tiwari et al. (2021). According to the risk diversification approach, the
systematic risk is estimated using the change in the conditional value at risk which reflects the
sensitivity of market returns to the change in the returns of each individual bank Adrian et al.
(2016). According to the risk transfer approach, Acharya, et al. (2017) proposed an optimal
transfer system from the risk perspective. According to Abdul Karim, et al. (2019) the banking
stability indicators can be divide into two groups: principles- based indicators and theoretical
-based indicators. According to Karim, et al. (2016) the supervisory authorities in the United
States of America used the financial ratios of CAMEL system as indicators of the financial
safety. Then, the supervisory authorities around the world used the CAMEL system to evaluate
the financial and banking safety. Karim, et al. (2018) stated that the International Monetary
Fund used CAMEL system comprising the following five components: Capital adequacy, Asset
quality, Management quality, Earnings ability and Liquidity. However, the Monetary Fund
added an additional component to reflect the bank’s response to changes in the market which
comprised interest rates, the exchange rates, and inflation rates to estimate the systemic risk.

According to Kashya & Jeremy (2004) the supervisory rules issued by Basel Committee
on Banking Supervision are principles-based indicators for assessing the financial soundness
of banks. The Basel Committee on Banking aimed to issue unified supervisory rules applied by
member states as these rules considered recommendations to the central banks of member states
as these rules were crystallized through what are known as Basel i, Basel 1i and Basel 1ii which
aim to increase the ability of banks to contain and limit the contagion of the financial crises
Basel Committee on Banking Supervision, Basel I11I(2018) According to the Basel Committee
approach, banks estimate the systemic risk of each bank separately then converted into systemic
risks score and then the contribution of each individual bank to the systemic risk is calculated
by comparing the systemic risk score for each bank separately with the average. Basel
Committee on Banking Supervision proposed the Indicator -base measurement approach to
estimating the systemic risk of banks Bank for International Settlements (2018).

Most of the existing indicators of the systemic risk depend on confidential and unpublished
accounting information that is difficult to obtain, and, therefore, certain assumptions should be made or
using only information from the stock market. Therefore, Z score is one of the most common models
for estimating the systemic risks, since it relies on published accounting information to measure the
systemic risks at the level of each individual bank, at the level of a group of banks, or at the level of the
banking system as a whole. In addition, unlike probabilistic methods, Z score does not require prior
assumptions about the level of Acceptable risk.

Buriak & Lyeonov (2015) stated that, In terms of the type of data, the systematic risk
indicators depend on macroeconomic indicators, network indicators, forward-looking risk
indicators, stress-testing indicators, liquidity and default indicators Bisias, et al. (2012).



142 Salah Ahmed Oraby

The roots of Z score goes back to Roy (1952) although it is often attributed to Boyd &
Graham (1986); Hannan & Hanweck (1988); Boyd et al. (1993). Z score is widely used in
assessing the financial and banking stability due to its relative ease and the reliance on
accounting information only. Z-score used to estimate the insolvency risk at the aggregate
level rather than individual bank levels using different methods. Demirguc-Kunt & Detragiache
(2010) used the aggregated individual bank balance sheets before estimating the aggregate Z-
scores, while Beck et al. (2010) used the median of the individually calculated Z-scores. On the
other hand, Houston et al. (2010) used the weighted average of individually calculated Z-score
indicators as the aggregate insolvency risk index. As Bank insolvency is defined as the situation
in which the ratio of capital to assets plus the return on assets, is less than or equal to zero.
Strobel (2010) noted that constructing Z score as the weighted mean based -aggregate bank
insolvency risk indicator is inherently biased.

Study’s Hypotheses

Based on the literature review and the study’s objectives, the researchers developed the
following hypothesis: Z score model can capture the systematic risk under the external extreme
events.

Methodology and Analysis of Results
Sample and Data

The current empirical study applied to Saudi banks registered on the Saudi capital market
known as TASI for the period 2013-2022. The study collected the data of all variables necessary
to estimate Z score from the annual financial reports of Saudi banks.

Study’s Method

This study used the case study approach to get in depth understanding of the systematic
risks for Saudi banks to determine top performs and bad performs in terms of the systematic
risk, and then test the validity of Z score model.

Z Score’s Model Specification

Z score has an inverse relationship with the probability of insolvency as the higher the Z
score index, the more stable the bank is and thus the longer the distance to insolvency. The
study used Z score to estimate Insolvency risk for Saudi banks that is the inverse of Z score of
all Saudi banks. Strobel (2010) pointed out that estimating Z -score for each bank separately
and then calculating an average for all banks’ z scores as an indicator of the safety and stability
of the banking system is bias and error. The study used Z-score to determine how many standard
deviations a bank is under its predicted return on assets. Kyshakevych & Klymkovych (2018)
used the natural logarithm of the Z-score because of the Z-significant score’s skewness Laeven
& Levine (2009). The study used the following formula to construct Z score

Z score = ROA + E/TA) /o ROA of 10 years

Where: ROA = stands for the return on assets. E= stands for equity. A = stands for total assets.
o ROA = stands for the standard deviation of return on assets for 10 years.
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Analysis of Results

The study estimated the aggregated Z score for all banks as a whole to use the calculated
aggregated Z score of 25.1736332 as a benchmark to identify the systemically important banks.
The study used the leave-one-out approach developed by Li, Tripe & Malone, (2017). The
following formula used to calculate the systemically important banks= Z-score- Z score -1.
Where Z score stands for the degree of stability of all banks while Z score -1 stands for the
degree of the stability of all banks after leaving out one bank. The general rule, the bank is
positively systematically important if Z score is greater than Z score -1. That is, the bank
positively contributed to the degree of the stability of the banking system. However, if Z score
is less than Z score -1, the bank negatively contributed to the degree of the stability of the
banking system.

According to Table 1 all Saudi listed banks except Al Rajhi Bank positively contributed to
the stability of Saudi banking system. The results of Table 1 indicated that Riyadh Bank is the
best performer in terms of systematic risk as the z score of all banks without Riyadh bank declined
to 4.899449058 against 25.1736332 when Riyadh Bank included with all banks. However, AL
RAJHI BANKING was the worst performer in terms of the systematic risk as the z score of all
banks without Al Rajhi Bank recorded 26.55616681 versus 25.1736332 when AL RAJHI
BANKING is included. Therefore, the regulator should monitor AL RAJHI BANKING by
demanding it more capital buffer or liquidity buffer or both. As for z scores -1 of Arab National
Bank, BANK ALBILAD, ALINMA BANK, Saudi National Bank were close to s scores of all
banks, that is, they are average performers. While z scores -1 of Bank AlJazira, SAUDI
INVESTMENT Bank, Banque Saudi Fransi, Saudi British Bank after excluding them were less
than Z score for all banks, that is, they were good performer in terms of the systematic risk.

The current study recorded aggregated Z-score for all banks of 25.1736332, which is
greater than z scores recorded by previous studies. as studies conducted by Zhang, et al. (2012)
recorded Z- score of 14, while studies by Ratchvelishvili, et al. (2023) recoded Z- score of
19.54. In addition, Z score of Saudi banks is greater than Z score of Austria, Germany, Spain,
France, Russian Federation, Ukraine, Turkey as they recorded z scores less than of Saudi banks
(see Table 2)

Table 1. Saudi Banks’ Overall Systematic Risk and Systematically Important Banks.

Bank Name Z score Z score -1 Difference
Riyadh Bank 25.173 4.89944 20.27418
Bank AlJazira 25.173 5.48855 19.68508
SAUDI INVESTMENT bank 25.173 5.40032 19.77331
Banque Saudi Fransi 25.173 5.34048 19.83315
Saudi British Bank 25.173 5.42853 19.74509
Arab National Bank 25.173 24.1232 1.050413
AL RAJHI BANKING 25.1736 26.55616 -1.38253
BANK ALBILAD 25.1736 24.33926 0.834373
ALINMA BANK 25.1736 23.59158 1.582051
Saudi National Bank 25.1736 24.92996 0.243666

Source: Outputs of Z score Model
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Table 2. Z Scores for Selected Countries In 2015.

Countries Z scores
China 28,62
United States 27,75
Austria 24,37
Germany 21,61
Spain 19,86
France 18,93
Russian Federation 4,34
Ukraine 2,82

Source: Kyshakevych & Klymkovych (2018)

Table 3 summarized Z scores for each year separately, as the results indicated that the
greatest degree of stability for Saudi banks was In 2015 as Z score recorded 58.071134. While
the lowest degree of stability for Saudi banks was in 2020 as Z score recorded 13.804260.
However, Saudi banks are still more stable than several developed countries (see Table, 2). The
results provided empirical evidence of the effectiveness and validity of Z score in capturing the
impact of exogenous factors on the stability of banks .In 2015, Saudi Arabia recoded a positive
GDP 0f 0.0411, which was the largest from 2013 to 2021. While in 2020, Saudi Arabia recoded
a negative GDP of -0.0414, which was the least GDP over the study period due to Covid -2019
pandemic. In 2021, Saudi banks began to recover from the negative effects of the Corona
pandemic recording Z score of 37.0547490, 48.6607188 in 2021 and 2022 respectively. The
improvements in z scores was because of the improvement in oil prices and the unprecedented
GDP of 0.087 in 2022 because of increasing oil prices after Russian-Ukrainian war broke out
in February 2022. Based on z scores of each year, the study accepted the hypothesis that “Z
score model can capture the systematic risk under the external extreme events.

Table 3. Saudi Banks’ Yearly Systematic Risk.

Years Equity/Capital ROA o ROA Z Score
2013 0.13 0.019 0.004 313
2014 0.13 0.019 0.0043 30.7
2015 0.18 0.019 0.003 58.0
2016 0.19 0.024 0.003 50.1
2017 0.12 0.014 0.0040 30.7
2018 0.13 0.022 0.0066 29.5
2019 0.16 0.020 0.0070 23.6
2020 0.14 0.012 0.0106 13.8
2021 0.15 0.016 0.0042 37.0
2022 0.15 0.014 0.003 48.6

Source: Outputs of Z score Model

Table 4 summarizes Z score for each individual bank for the study period as Riyadh Bank
recorded the highest Z score of 79.445422 supporting that Riyadh Bank is positively and
systematically important. ALINMA BANK came in the second rank recording Z score of
57.539347. Then the Saudi National Bank came in third rank recording 56.248659. while The
Saudi British Bank recoded the lowest Z score of 13.8320 due to the high volatility of return on
assets recording standard deviation of 0.0129395.
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Table 4. Systematic Risk for Individual Banks.

BANKS Equity/Capital ROA o ROA Z score
Riyadh Bank 0.159 0.017 0.002 79.44
Bank AlJazira 0.1341 0.011 0.005 26.81
E;&(}DI INVESTMENT 0.1430 0.012 0.004 34.60
Banque Saudi Fransi 0.1638 0.014 0.003 44.9
Saudi British Bank 0.1787 0.0142 0.012 13.83
Arab National Bank 0.1473 0.016 0.003 45.07
AL RAJHI BANKING 0.121 0.024 0.002 55.32
BANK ALBILAD 0.1170 0.021 0.003 37.22
ALINMA BANK 0.1808 0.016 0.0031 57.53
Saudi National Bank 0.1463 0.019 0.002 56.24

Source: Outputs of Z score Model

Discussion and Conclusions

The study aimed to estimate the systematic risk for Saudi banks using Z score model and
compare the results of the model to the results of the model in advanced countries. The
empirical study conducted on all 10 banks registered on the Saudi capital market, known as
TASI for the period 2013-2022. In the literature review, the study addressed all approaches to
estimating the systematic risks. The study criticized the traditional Altman Z score (1968) as a
proxy for the systematic risk as it does not fit the nature of business of banks. Therefore, the
study used Z score model developed by Roy (1952); Boyd and Graham (1986); Hannan and
Hanwick (1988) as this model considers return on assets as a proxy for banks’ performance,
equity / total assets as a proxy for the financial solvency and the standard deviation of returns
on assets as a proxy for volatility. The results of the study indicated that Z score for all banks
under study as a whole recorded 25.1736332 and the study used this score as the benchmark to
determine the best and worst performing banks in terms of the systematic risk. The study used
the following formula to determine the best and the worst performer= Z score — z core -1 as the
bank considered a good performer if z score -1 is less than Z score and vice versa as Riyadh
Bank was the best performer as the Z score for all banks including Riyadh Bank recorded
25.1736332 but Z score without Riyadh Bank recoded 4.899449058, that is, the degree of
stability of Saudi banks declined by 20.27418 when dropping Riyadh Bank. On the other hand,
AL RAJHI BANKING was the poorest performer as Z score for all banks including AL RAJHI
BANKING recorded 25.1736332 but Z score without AL RAJHI BANKING recoded
26.55616681, that is, the degree of stability of Saudi banks increased by 1.38253361 when
dropping AL RAJHI BANKING. In conclusion, Saudi banks recorded Z score of 25.1736332
while 0 Z scores of Austria, Germany, Spain, France, Russian Federation and Ukraine recorded
24,37, 21, 61; 19, 86; 18, 93; 4, 34; 2, 82 respectively.

By Analyzing Z scored on a yearly basis, the best score was in 2015 as Z score recorded
58,071 because of the positive GDP of 0.0411. However, the worst score was in 2020 as Z score
recorded 13.8 because of corvid -19 that caused a negative GDP of -0.0414. Then the Z score
started recovering to record 37.0547,48.66071 in 2021 and 2022 respectively due to increasing
oil prices after Russian-Ukrainian war that broke out in February 2022. Based on the results we
can infer that Z score is a valid approach to estimating the systematic risk for Saudi banks.
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