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ABSTRACT

Purpose-The UN environment challenge 2030 was set to develop and enhance approaches to sustainable development. The study was carried
out to investigate the impact of environmental accounting on market reactions in Africa and more so the moderating impact of the board of
directors on the said relationship.

Methodology- The study used 119 listed firms on the Johannesburg stock exchange with the period spanning 2008-2019. We used Investment
variable regression model for the study using share price and adjusted market returns as proxy for market reactions and environment accounting
as reported in annual integrated reports as a proxy for environmental accounting

Findings- Results obtained show that environmental accounting has a positive and statistical relationship with market reactions and the board of
directors does moderate the relationship between market reactions and environmental accounting. The study shows that firms in South Africa
are taking sustainability accounting correctly by accounting for the environment. This supports the legitimacy theory and also supports the notion
that firms are taking the lead in climate change consideration. We are the first to make such a study in an African setting and thus we hope that
regulators will pay more attention to the reports and workings of firms and their contribution to the environment.

Conclusion- The study supports stakeholder and legitimacy theories as it shows that directors carry out decisions for the benefit of all stakeholders,
and firms carry out decisions to prove their legitimacy in fulfilling their societal obligations which include taking care of the environment as any
responsible citizen would. In order to achieve the UN environmental goals of 2030 of a cleaner environment, we need everyone on board including
firms, investors and the public. Investors can help push firms be more sustainable and take care of the environment in which they operate by
refusing to buy the assets of firms engaging in pollution or purchasing assets for firms that are environmentally compliant.

Keywords: Environment accounting, market reactions, board of directors, South Africa.
JEL Codes: Q56, GO0, G30

1. INTRODUCTION

When covid-19 struck the world, the environment was the biggest benefactor as it saw a record break less pollution than before.
Stakeholder theory states that businesses should do their work while taking into consideration all stakeholders. Thus sustainable
accounting calls for doing business while thinking of the future. But does the board of directors moderate the relationship
between environmental accounting and market reactions?

The two dire questions that any company should ask are (Campbell, 2013) (1) what should accounting account for. (2) To whom
is the company accountable? The intricate questions are observed in models like stakeholder continuum and Gray et al seven
positions of corporate responsibility. A careful examination of these questions leads to the concept of environmental accounting.
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This is so because companies are viewed as citizens of a society and thus owe it to the public to give back to the society just like
any other citizen.

Accounting is so crucial a tool for assessing the performance of a company and its operations (Tan OScario Archie, 2021). The role
of accounting is getting more crucial, especially with sustainability views given the decline in climate change (Makarenko &
Plastun, 2017).

The Board of directors is crucial in running a firm (Khalil & Ozkan, 2016) especially in approving reports (Rensburg & Botha, 2014).
They are involved in policing the firm to see that agency costs and earnings management are maintained (Khalil & Ozkan, 2016).
They are responsible for approving integrated reports (Traxler et al., 2020) which report contains environmental accounting and
has an impact on stock markets on the day the reports are used (Samy, 2019).

Markets react through the signaling theory effect and react differently to the news coming out from the companies (Connelly et
al., 2011). It is believed and taught that markets will punish companies that are deemed not to be ethical or environmentally
friendly. This is usually termed reputational damage by the companies (Jean-paul louisot, Sophie Gaultier, 2009).

South Africa is a unique economy with the economy being carried by the 70% of the population able to work (AMPS, 2011). It has
a big share of the world’s minerals and mining (Department of trade and industry, 2013). This means mining and all kinds of
pollution. South Africa officially became part of the BRICS countries in 2010, making it one of the emerging economies in the
world (Conway-Smith, 2011).

With regards to financial publications, there have been more than 160,000 publications of financial information by listed
companies in circulation (AMPS, 2011). These publications which are mostly integrated reports do a detailed list of the
environment accounting taking place in each company and how the business is being affected by the environment and how it
affects the environment. Furthermore, South Africa has had integrated reporting as one of the core requirements for being listed
on the stock exchange since 2010 making it the best sample choice.

South Africa was chosen as it has the best-developed Stock exchange in Africa (Maubane et al., 2014), Better regulations in Africa
(Maroun & Atkins, 2015), Is the second-largest economy, and is involved in a number of mining companies and heavy construction
industry in Africa.

This Article has three contributions namely; (1) it supports the stakeholder theory by showing the moderating impact of the board
of directors on environmental accounting and market reactions. (2) It goes on to show if the markets in South Africa are woke in
the sense that they do care about the activities of any business that operates within their sphere. This is good leverage in the
hands of consumers as it makes companies and businesses think of the wider impacts apart from profits. And (3) it shows how
South Africa has awakened to the global call to companies to do account for the environment and the society they live in as
citizens. This has an implication that Companies and businesses are taking the frontline in the fight against climate change.

We are the first to examine this relationship and we hope that other African economies will take a look at such methods as seen
in South Africa and thus promote accounting for the environment in their respective countries.

The rest of the paper is organized as follows; the theoretical framework followed by literature and hypothesis development,
methodology and modelling, results and discussions and finally the conclusion and recommendation section.

2. THEORETICAL FRAMEWORK
2.1. Stakeholder Theory

This theory describes the inter-relationship between the many actors involved in an entity and offers an alternative purpose for
the firm(Ramachandran, 2020). This theory was intended for firms to find ways of managing their varying set of stakeholders who
include almost everyone from shareholders to the government to the general public or society at large.

The theory is most of the time linked to corporate social responsibility. Management should know that every decision it makes
affects everyone in the society and thus should look to optimize decisions for the benefit of all people. Managers should not only
look at maximizing the shareholder's wealth or look out for managerial interests at the expense of other individuals who will be
affected by the same decision.

2.2. Legitimacy Theory

Legitimacy theory has got quite a few definitions for example,(Burlea-schiopoiu & Popa, 2013) Defines it as a medium that
supports companies and businesses in developing and realizing voluntary and social disclosures so as to fulfill their societal
agreements that empower the acknowledgment of the objectives and survival in a stormy environment.
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(Suchman, 1995) defines legitimacy theory as the general perception that the works of an organization are appropriate, desirable,
and proper within societal norms, values, and definitions. This goes on to say that the operations of the business/ entity should
be in line with the expectations of society. Where the operations of the entity go against the expectations of the society, the
organization can be punished by the society through reputational damage. This punishment can range from dumping their shares
to boycotting their products and services.

The global village, climate activists, and the new generation of society that cares about their environment have put enormous
pressure on organizations to account for the environment they reside in and re-evaluate their systems.

3. LITERATURE AND HYPOTHESIS DEVELOPMENT

Accounting is so crucial a tool for assessing the performance of a company and its operations (Tan OScario Archie, 2021). The role
of accounting is getting more crucial, especially with sustainability views given the decline in climate change (Makarenko &
Plastun, 2017). Accounting used to be limited to financials and what affects the company directly until the introduction of
environmental accounting. Businesses are citizens in societies where they reside and thus contribute positively or negatively to
the society they reside in. This had to be accounted for.

(Che Ahmad et al., 2015) states that environmental accounting at the company level details identification, measurement,
recognition, and disclosure of environmental costs, contingencies, and liabilities in company reports for the benefit of all
stakeholders. The disclosure of such information is increasingly becoming more paramount for the wide varying stakeholders.

The Board of directors is crucial in running a firm (Khalil & Ozkan, 2016) especially in approving reports (Rensburg & Botha, 2014).
They are involved in policing the firm to see that agency costs and earnings management are maintained (Khalil & Ozkan, 2016).
They are responsible for approving integrated reports (Traxler et al., 2020) which report contains environmental accounting and
has an impact on stock markets on the day the reports are used (Samy, 2019).

Integrated reporting refers to a concise communication of how a company’s strategy, performance, governance, and prospects
lead to value creation over the short, medium, and long term (lIRC, 2013). Integrated reporting combines both non-financial and
financial performance measures in such a way as to communicate corporate strategy (Ernst &Young, 2012).

Integrated reporting as per the integrated reporting standards board lists that an integrated report should include an accounting
for the environment. Although this environmental accounting is debatable as it considers direct environment accounting and
doesn’t consider environmental costs for example psychological impact on the society, It gives a hint that the company is
committed to taking care of its environment.

South Africa has a lot of companies involved in the mining and construction industry which do report about their activities in
annual integrated reports. Especially those listed on the Johannesburg stock exchange. Pollution is the major cause of
environmental degradation (Tan OScario Archie, 2021) ( Temba 2019).

Since environmental accounting is synonymous with company performance(Che Ahmad et al., 2015)(Rachael, 2020), The markets
react to the information contained in those integrated reports when the reports are issued by companies. Since these reports
contain accounting for the environment, conscious investors and consumers who read them take actions depending on their set
of beliefs as any rational investor would. This leads us to believe that and formulate the following hypothesis;

Hi: Markets react to environmental accounting by listed companies.
Hy: The relationship between environmental accounting and market reactions is moderated by integrated reporting.
4. METHODOLOGY AND MODELLING

Data for investigating the moderating relationship between environmental accounting and market reactions in South Africa is got
from a combination of Dongbei University of finance and economics Osiris and individual company audited integrated annual
reports from 2008 to 2019.

The study is based on a sample size of 246 listed companies on the Johannesburg stock exchange. And the data is computed for
results using Stata software. Table X shows the variables under study together with their definitions and measurements

The independent variable used is environmental accounting. Due to a lack of a clearly defined measure of environmental
accounting, we adopt the use of binary system where 1 stands for the environment being accounted for in the annual reports
and zero otherwise.

Market reactions, which is the dependent variable has got two measures i.e., (1) share price and (2) adjusted market returns.
Share price refers to the value of a single asset price at a given date on a stock market. A share price is a great tool and informant
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of market reactions because it acts as a signal of what is taking place in the company's business. This is so through the signaling
theory(Connelly et al., 2011). For that reason, it is adopted in this study to account for market reactions.

Adjusted market returns refer to Adjusted market returns (Ferguson et al., 2018) that are computed over 250- day estimation
window ending ten days prior to the event window ( the day audit reports are released to the public) with returns on the All
Ordinaries Index that proxies for market returns.

4.1. Model Specification

To investigate the moderating impact of integrated reporting on the relationship between environmental accounting and market
reactions, we employ instrument variable model using the following specification;

Yy =a+ fxea+ [,X0y + f;xassets + B, xmbr + g.xroa + fsxlev+¢ (1)

Where y represents market reactions (share price), a is the intercept of the equation, B1B,B3B4 are coefficients of the regression.
xea representing environment accounting, xoy represents operating income, xassets represents assets, xmbr representing
market to book ratio, xlev signifying leverage or gearing ratio and € represents the error term.

Equation 1 is that it does not take into account the moderating role of board of directors and thus leads us to develop the
equations further

y = a+ B xbod + S,Xx0y + p;xassets + S, xmbr + S xroa+ fyxlev+ & (2)

Where Xbod represents the board of directors and all other variables are the same as discussed above.

This leads to the last breakdown of the last equation following the order seen below, where it takes into account the moderating
impact of integrated reporting on environmental accounting and market reactions.

y =a+ pxea+ p,xbod + g;x(ea*bod) + S, xoy + S xassets + Ssxmbr + g xroa+ fxlev+a  (3)

We used assets, market to book ratio, leverage, return on assets, and operating income following(Ferguson et al.,
2018)(Bandyopadhyay et al., 2014)(Davidson et al., 2004)(Chan et al., 2021)(Hossain et al., 2014) who all examined and found
the above variables controlling for Market expectations in their different studies.

4.2, Additional Tests

We tested for multi-collinearity using the Pearson correlation matrix and variance influence factor as depicted in Tables 5 and 6.
We also tested if our endogenous variables were truly endogenous and results are presented in Table 1 suggest that we were
correct in treating our variables assets, operating income, return on assets, and leverage as endogenous variables.

Table 1: Endogenity Results for the Endogenous Variables Used

Durbin (score) chi2(1) 0.0676 (p=0.000)
Wu-Hausman F (1,1424) | 0.067414 (p=0.000)

Results from Table 1 show that we were right in the usage of our endogenous variables.

We next tested for over identification to find out if our model is correct in predicting the results as seen below in Table 2. And
the test results show a high p-value for both Sargan and Basmann suggesting that our model is valid and correctly specified.

Table 2: Over Identification Test

Sargan (score) chi2(1) 0.12323 ( p=0.4515)
Basmann chi2(1) 0.1229 ( P=0.4519)

We then carried out a test to see if our instruments are weak and test results presented below show a large value of F-statistics
and high R-sq thus we reject the null hypothesis that our instruments are weak and accept the alternative hypothesis that our
instruments are not weak as depicted in Table 3.
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Table 3: First Test Results of the Instrument Variable under Study

Variable R-sq Adjusted R-sq  Partial R-sq F(3,1423)  Prob>F
Earnings quality 0.8111 0.8105 0.8107 108.808 0.353
minimum eigen value 108.808

5. RESULTS AND DISCUSSIONS
5.1. Descriptive Statistics

The descriptive statistics in Table 4 show the mean values of the variables under study. The environmental accounting mean is
0.9 because most of the firms in the sample size did do the accounting as it’s a mandatory requirement to be listed on the
Johannesburg stock exchange. They do so through an integrated report (Rensburg & Botha, 2014). The board of directors has a
mean value of 0.9825 meaning that 98% of the firms sampled had a board of directors in place which is a good corporate
governance skill (Khalil & Ozkan, 2016). The board of directors and accounting for the environment are presented in annual
integrated reports (Rensburg & Botha, 2014) which are released annually and have an impact on share price value.

Table 4: Descriptive Statistics

N Mean SD Max Min
EA 1428 0.9818 0.1337 1 0
BOD 1428 0.9825 0.1312 1 0
Share price 1428 2.8012 1.1435 5.4997 -0.7959
Adjusted market returns 1428 0.1029 0.7582 5.8927 -2.3010

5.2. Correlation Results

We used both the Pearson correlation matrix as seen in Table 3 and the variance influence factor in Table 5. A look at Pearson
results shows that none of the variables has any value reaching 0.9 which is the cut-off point as per (Afifa et al., 2020). Multi-
collinearity issue arises when two variables correlate (beta) value of more than 0.8 (Gujarati, 2003). The variables under study
do not suffer from multi-collinearity issues as they are below 0.8.

Table 5: Pearson Correlation Matrix

EA BOD Share price  Adjusted market returns
EA 1.0000
BOD 0.0900 1.0000
Share price 0.2665 0.2283 1.0000
Adjusted market returns 0.0277 0.0191 -0.0340 1.0000

The correlation results as seen in Table 6 have results all below the correlation threshold of 0.7 as suggested by Gujarati meaning
our variables do not suffer from multi-collinearity.

Table 6: VIF Results

Variable VIF 1/VIF

EA 5.28 0.1893
BOD 5.28 0.1893
MBR 1.00 0.9983
LEV 1.00 0.9994

Mean vif 2.556

The variance influence factor value of our variables also supports that there is no multi-collinearity issues as it is below the 5
threshold (Gujarati, 2003).
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5.3. Regression Results

Results following hypothesis 1 about the impact of environmental accounting on market reactions show that environmental
accounting is statistically significant 99% level. And so are operating income, assets, leverage, and the constants statistically
significant with the R-sq being at 0.49. Apart from leverage which has a negative statistical significance, environmental accounting,
operating income, assets, and the constants do observe a positive statistical significance.

Table 7: Results for Regression for Hypothesis 1

Share price
EA 2.540™"
(3.20)
oy 0.0670""
(4.04)
Assets  0.0990"*"
(4.77)
MBR -0.00204
(-0.36)
ROA 0.00499
(0.95)
LEV -0.00517"
(-2.23)
_cons 0.515"
(2.28)
N 1424
R-sq 0.49

With equation y =+ ﬂl Xea + ﬂz X0y + ﬂs XaSSQIS + ﬂ4 mer + ﬂs Xroa + ﬂG XIeV + & .With tstatistics in parentheses* p <

0.05, ** p < 0.01, *** p < 0.001.

The results seem to suggest that an increase in environmental accounting is associated with a 2.5 times change in market
reactions which suggests that markets pay close attention to environment matters. And that market reactions bring about 1%

change in operating income and assets.

Table 8: Regression Results for Hypothesis 2

Share price Share price Share price

EA 1.629™" 0.900"
(7.17) (2.29)

oy 0.0659"*" 0.0706™*" 0.0701™*"
(3.98) (4.25) (4.30)

Assets 0.0983""" 0.104""" 0.0755"*"
(4.75) (5.02) (3.66)

MBR -0.00197 -0.000864 -0.00289
(-0.34) (-0.15) (-0.51)

ROA 0.00499 0.00504 0.00426
(0.95) (0.96) (0.83)

LEV -0.00519" -0.00509" -0.00538"
(-2.24) (-2.18) (-2.36)
BOD 1.287"" 0.245
(5.99) (0.68)

BOD*EA 0.803™"
(7.36)
_cons 0.456" 0.743™" 0.302
(2.15) (3.66) (1.42)
N 1424 1424 1424
R? 0.49 0.495 0.51

Table 8 shows regression results of hypothesis 2 with t statistics in parentheses * p < 0.05, ™ p < 0.01, *** p < 0.001. The table
shows that environment accounting drop significance from 95% to 90% in relation to market reactions.
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When hypothesis 2 is considered, Environmental accounting stays positive and statistically significant at 90% confidence interval.
The board of directors is also statistically significant and so are operating income, assets, leverage, and constants at an R-sq of
0.51. For every increase in share price, there is an increase in board participation (Khalil & Ozkan, 2016). it’s worth noting though
that when the board of directors is introduced as a moderator, the relationship between environmental accounting takes a turn
as environmental accounting loses part of its earlier statistical significance

5.4. Discussions

Environmental accounting is founded on the back of legitimacy theory. For a firm to exist in continuity, it must do so in conjunction
with societal norms and values (Suchman, 1995). Otherwise, the society through the market pays attention to the workings of
the firm(Connelly et al., 2011) and from there decide on how to act either through reputational damage or not buying its assets
on the stock exchange (Grossman & Miller, 1988).

Firms are citizens of the society in which they reside(Campbell, 2013) and as such are mandated to take care of the environment
in which they operate. This helps to serve the interests of all stakeholders. The market is more concerned with the risk outlook
of the firms invested in (Campbell, 2013), and where the environmental risk is potentially significant, a report is needed to discuss
how the firm is going about the risk mitigation process.

Firms that do carry out environmental accounting have been found to be profitable(Budiono & Dura, 2021). This is because
markets reward firms that do take care of society as responsible citizens(Campbell, 2013). Usually, firms do environmental
accounting to protect their image(Budiono & Dura, 2021) as the fear of a fallout with environmentally conscious investors will
lead to reputational damage and a loss in value of its assets and firm performance(Jean-paul louisot, Sophie Gaultier, 2009). Firms
are now increasingly becoming more conscious of environmental accounting(Kabir & Akinnusi, 2012).

Even after controlling for firm specifics like in Nigeria(Che Ahmad et al., 2015), environmental accounting was found to improve
firm profitability. The improved profitability sends a signal(Connelly et al., 2011) to the market about the welfare of the firm
which translates to higher asset values for the firm. This explains the significant relationship between environmental accounting
and market reactions in our study as also seen by(Rachael, 2020).

The leadership of the firm specifically the board of directors is so crucial in promoting and supervising environmental accounting
(Hutman falih Chichan et al., 2021). They do so by providing the leadership necessary to carry out environmental management
accounting which foresees environmental disclosures and decisions related to the protection of the environment. They need to
be independent to carry out their duties(Khalil & Ozkan, 2016). In doing so, they act as a bridge between environmental
accounting and markets through the signaling effect. This relationship can explain why in our study; the board of directors has
got a statistically significant relationship with market reactions.

(Rachael, 2020) suggests that firms do environmental accounting for the sake of corporate benefits and good reputational nudge
and cost reduction. This means that paying attention to environmental accounting is also paramount to the survival, growth, and
good performance of a firm (Simsek & Oztiirk, 2021). As markets now pay more attention to environmental accounting and
sustainability reports(Asuquo et al., 2018)(Che Ahmad et al., 2015)(Simsek & Oztiirk, 2021).

Table 9: Robustness Checks of Hypothesis 1

Adjusted market returns

EA 0.585™""
(3.76)

oy -0.00940
(-0.83)

Assets  -0.0986"""
(-6.95)

MBR 0.0116™
(2.96)

ROA -0.000300
(-0.08)

LEV -0.00261
(-1.64)

_cons 0.0586*
(0.40)

N 1424

R-sq 0.57
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Following the equation Y = & + ,6’1Xea + ﬂz Xmbr + ,33 Xlev + & .With t statistics in parentheses” p < 0.05, ** p < 0.01,

*

** p <0.001 and using adjusted market returns as a proxy for market reactions.

Table 10: Robustness Check for Hypothesis 2

Adjusted market returns Adjusted market returns Adjusted market returns
EA 0.585™*" 0.863™
(0.156) (0.274)
oy -0.00940 -0.00704 -0.00974
(0.0114) (0.0114) (0.0114)
Assets -0.0986""" -0.0937° -0.0964""
(0.0142) (0.0142) (0.0144)
MBR 0.0116™ 0.0121*" 0.0116™
(0.00392) (0.00393) (0.00393)
ROA -0.000300 -0.000242 -0.000246
(0.00360) (0.00361) (0.00360)
LEV -0.00261 -0.00254 -0.00259
(0.00159) (0.00159) (0.00159)
BOD 0.349" -0.297
(0.147) (0.252)
BOD*EA -0.0329
(0.0762)
_cons 0.0586 0.256 0.0966
(0.146) (0.139) (0.149)
N 1424 1424 1424
R? 0.57 0.51 0.58

Table 10 shows the robustness check of regression results of hypothesis 2 with Standard errors in parentheses™ p < 0.05, ™ p <
0.01, ™™ p < 0.001. This was done to find out if our study is viable by using another proxy of market reactions called adjusted
market returns.

The results from the robustness checks support our study in that it shows that indeed, environment accounting does affect market
reactions even when we use an alternative proxy for market reactions. Furthermore, it supports the novelty raised that the board
of directors moderates the relationship between environment accounting and market reactions.

6. CONCLUSION AND RECOMMENDATION

The study was carried out to investigate the impact of environmental accounting on market reactions in Africa. Moreover the
moderating impact of the board of directors on the same relationship. The sample selected was South Africa because it has the
best-developed stock markets, is a strong emerging economy in the BRICS, and is the second-largest economy in Africa with well-
developed regulations and a rule of law.

We find that other things being equal, environmental accounting has an impact on market reactions, and the board of directors
moderates the relationship. Results of the relationship between environmental accounting and market reactions are statistically
significant and so was the moderating impact of the board of directors. Even after controlling for effects of market reactions with
other control variables

Our study was subject to some limitations such as lack of data as not all firms had the data needed for the period of the study.
Second, our measure of environmental accounting is subjective and prone to measurement errors. Finally, the study is centered
around Africa and South Africa in particular and may not apply to other countries in the world.

The study has three contributions despite the limitations, 1) it supports the stakeholder theory by showing the moderating impact
of the board of directors on environmental accounting and market reactions. (2) It goes on to show if the markets in South Africa
are woke in the sense that they do care about the activities of any business that operates within their sphere. This is good leverage
in the hands of consumers as it makes companies and businesses think of the wider impacts apart from profits. And (3) it shows
how South Africa has awakened to the global call to companies to do account for the environment and the society they live in as
citizens. This implies that companies and businesses are taking the frontline in the fight against climate change.
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We recommend studying research into the impact of social-psychological effects on environmental accounting by listed firms.
And that firms should take the lead in ensuring the UN set goals of environmental sustainability by 2030 but they need regulations
from regulators and governments.
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ABSTRACT

Purpose- While extending two extant studies, this paper pioneers a holistic test and critical examination of the usefulness of Basel I1/Ill capital
modeling implementation in sixteen Zimbabwean banks.

Methodology- A mixed method approach was adopted where quantitative and qualitative research designs were concurrently combined
under equal status. Quantitative data was collected with self-administered structured questionnaires distributed to 120 Risk Managers and
manifest archival content analysis carried on 160 audited annual financial statements for 2011-2020. Qualitative data was collected with
latent archival content analysis from purposive samples of 35 audited annual financial statements and 20 previous survey reports both for
2011-2020. Data analysis was carried out with descriptive statitistics and interpretative methods.

Findings- This paper finds deep implementation of Basel Il/Ill capital modeling methods, sufficient data and skills, violation of the
proportionality principle, existence of information asymmetries and low levels of market discipline and supervision in Zimbabwean banks.
The violation of proportionality principle is shown by the fact that local banks are implementing advanced capital modeling methods at the
same pace or even higher than internationally active banks. The existence of information asymmetries is shown by divergence of perspectives
between regulator and banks. While the regulator is enforcing proportionality, banks are adopting advanced methods for their internal
purposes regardless of size. The usefulness of Basel II/11l capital modeling in Zimbabwean banks as a tool for managing risk based minimum
capital requirements is not clear given the violation of the proportionality principle by banks and existence of other parallel higher capital
requirements enforced by the regulator.

Conclusion-This paper makes two specific contributions to knowledge. First it adds empirical evidence to two previous studies thus
contributing to literature on proportionality and Basel 1I/Ill capital modeling practices in Zimbabwean banks. Second, it proposes policy
recommendations to improve capital management in Zimbabwean banks.

Keywords: quantitative risk management, capital modeling, global capital regulation, concurrent triangulation, mixed methods, financial
engineering.
JEL Codes: G10, G20, F30

1. INTRODUCTION

The Reserve Bank of Zimbabwe adopted Basel global capital regulations to comply to international capital modeling
standards. Precisely the central bank adopted Basel | in 1995, Basel Il in 2010 and Basel Il in 2019 (Zimbabwe Basel Il
Technical Guidance, 2011, Zimbabwe Monetary Policy Statement, 2018). However, due to the impact of Covid19 pandemic
dates for Basel Ill implementation were shifted to 2027 (BCBS,2020). Hence currently banks in Zimbabwe are in a transition
phase from Basel Il to Basel Ill bringing the reason for using Basel II/11l in this paper. Basel II/1ll aims at promoting financial
stability, levelling the plain field of competition, achieving simplicity and comparability among internationally active banks
(BCBS ,2006; BCBS ,2011; Dowd et al., 2011; BCBS, 2017). As in other jurisdictions the Reserve Bank of Zimbabwe adopted
Basel II/Ill in a proportionality philosophical manner. According to BCBS (2019) proportionality can be loosely defined as
setting tailored prudential and administrative requirements commensurate with the banks’ risk profiles to achieve a common
objective. This tailored approach seeks to accommodate differences in banks’ business models, systemic importance, cross
border activity and their risk profiles (BCBS,2019). The Reserve Bank of Zimbabwe in applying a proportionality philosophy,
theoretically states that advanced capital modeling methods are the prerogative of Pan African and international banks which
are classified as “internationally active banks.” On the contrary simple capital modeling methods are designed for local banks
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falling within the bracket of “smaller banks” (Zimbabwe, Basel Il Technical Guidelines,2011). In short bank size is directly
correlated to capital modeling methodology.

Since the adoption of Basel regulation in Zimbabwean banks, two empirical studies examine capital modeling methods. First,
using mixed methods, Muvingi (2011) studies qualitative factors hampering Basel implementation in Zimbabwean banks. He
finds these to be poor governance, weak supervision, presence of imperfect markets, asymmetric information, lack of data,
skills shortages, poor technology, poor access to finance and high operational costs. Second, using a survey, Matanda (2015),
studies Basel Il capital modeling methods adoption in merchant banks. He finds that banks were implementing simple
methods such as modified standardised approach for credit risks, alternative standardised approach for operational risks and
standardised approaches for market risks. Further he empirically shows that Basel Il is not suitable for emerging markets like
Zimbabwe, because market circumstances are different to those of developed economies. He agrees with Muvingi (2011) on
factors hampering Basel implementation in Zimbabwean banks. While extending on their work, this paper pioneers first, a
holistic test of Basel /1l capital modeling implementation and second, critical examination of its usefulness in terms of its
proportionality framework and existences in the face of other parallel higher minimum capital requirements. Furthermore,
this paper focuses on Basel II/1ll capital modeling methods implementation in all types of Zimbabwean banks in a strategic
practitioner and policy influencing direction.

This paper seeks to answer these research questions. What is Basel II/Ill capital modeling theory? To what extent have
Zimbabwean banks implemented Basel 11/111? Are banks following the proportionality principle? How useful is Basel II/11I risk
based minimum capital requirements given pre-existing higher capital requirements? This paper is structured as follows.
Section 2 provides the theoretical perspectives for Basel II/Ill capital modeling for credit, market and operational risks. Section
3 states and justifies the concurent triangulation mixed methods methodology adopted in this paper. Section 4 provides
results and discussion. Section 5 provides conclusion and implications from a risk manager’s and policy perspective.

2. LITERATURE REVIEW

Zimbabwe comprises thirteen commercial banks, five building societies, and one savings bank (Zimbabwe Monetary Policy
Statement,2021). In this paper two building societies are merged into their parent companies, bringing the number to sixteen
banks. Merging is done because both building societies and their parent banks are governed by the same financial regulation.
In compliance to Basel II/Ill banks are supposed to determine regulatory and economic capital. Valdez (2012) defines capital
as the amount a firm sets more than assets to withstand and absorb all risks from unexpected losses, remain solvent with
high probability and be able to cover its obligations with customers. Regulatory capital is the minimum amount of capital
required at a given horizon for a specified confidence interval by the regulator (Elizalde and Repullo, 2007; BCBS, 2009;
Valdez,2012; Van Vuuren and De Jongh, 2017). It is calculated using “one size fit” formulas and industry averages (BCBS,
2010). There is no standard definition for economic capital in the banking industry (BCBS, 2009; BCBS, 2010). Several authors
agree that economic capital is the self-assessed minimum amount of capital required by a bank to limit the probability of
solvency to a given confidence level over a specified time horizon for all material risks (Elizalde and Repullo, 2007; BCBS,
2010; Valdez,2012; Van Vuuren and De Jongh, 2017). According to Basel Committee (2009) economic capital covers the
unexpected losses from rare probability events. Economic capital is higher than regulatory capital because it applies higher
confidence levels (BCBS, 2010). This paper focuses on strategic financial engineering which does not require intensive
mathematical treatment.

2.1. Basel lI/1ll Theoretical Framework

As mentioned in section 1, the Reserve Bank of Zimbabwe adopted Basel | in 1995, Basel Il in 2010 and Basel Ill in 2019
(Zimbabwe Basel Il Technical Guidance, 2011, Zimbabwe Monetary Policy Statement, 2018). However due to impact of
Covid19 pandemic Basel Ill implementation have been shifted to 2027 (BCBS,2020). Currently banks in Zimbabwe are in a
transition phase from Basel Il to Basel Ill. Basel II/1ll aims at promoting financial stability, levelling the plain field of
competition, achieving simplicity and comparability among internationally active banks (BCBS ,2006; BCBS ,2011; Dowd et
al., 2011; BCBS, 2017). As in many other jurisdictions the Reserve Bank of Zimbabwe adopted Basel II/Ill in a proportionality
philosophical manner (BCBS,2019; Zimbabwe Basel Il Technical Guidelines,2011). Proponents of capital regulation state that
countries implement Basel regulations to enhance financial stability, market discipline, accessibility to international markets,
international competitive standing, international perception, risk management practices, reputational image, and production
efficiency (Ward, 2002; Alexander,2014; Bessis,2015; Jones and Zeitz, 2017). Other scholars argue that, Basel adoption is not
very useful but rather is a result of peer pressure from the international world, standards setting bodies such as International
Monetary Fund and World Bank (Ward 2002; Jones and Zeitz, 2017). Opponents of capital regulation theoretically and
empirically doubt the usefulness of global capital regulation (Benston and Kaufman, 1996; Dowd,1996; Dowd, et al.,2011;
Haldane,2017). Rather they provide evidence that global capital regulation is the source of capital inadequacies and liquidity
crises in the banking sector.

Basically Basel 1I/1ll is made up of three mutually reinforcing pillars (BCBS, 2006; BCBS,2010; Alexander, 2014). Pillar 1
provides formulae for definitions of capital and determination of minimum capital requirements (BCBS, 2006; BCBS;2017).
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The Reserve Bank of Zimbabwe set the minimum capital at 12% (Zimbabwe Basel Il Technical Guidance, 2011). The capital
adequacy ratio (CAR) is calculated as:
Net Capital Base

= > 0 WEE wEs sas wew wew wEw oweew
CAR Credit risk weighted assets (RWA) + 12.5 (Market RWA + Operational RWA) — 12% @

Net Capital Base = (Tier 1 + Tier 2 + Tier 3) — GOOdWill — INVESLMENLS ....c.everrerererenieirrereriirneseesee s sessseseensens (2)

Tier 1 is core capital, Tier 2 is supplementary capital, and Tier 3 is subordinated debt allocated to market and operational risks
only. Basel lll also encompasses changes in quality of capital, macroprudential tools, leverage ratio, operational risk modeling
method and liquidity risk management.

Pillar 2 is supervisory review process where the regulator assesses how banks determine their capital needs relative to the
material risks, they face. It comprises the Internal Capital Adequacy Process (ICAAP) which is an assessment of the adequacy
of regulatory and economic capital done by the bank and the supervisory review process (SREP) done by the supervisor
(Zimbabwe Basel Il Technical Guidance,2011). Basel Il enhances firmwide governance of Pillar 2. Pillar 3 provides market
discipline and disclosure framework to promote transparency among banks. As such depositors, investors, and other external
parties should access quarterly and annual information on definitions of capital, capital structure, capital adequacy, risk
exposure, and assessments (BCBS, 2006; Zimbabwe Basel Il Technical Guidance, 2011). Furthermore, Basel Ill introduces
disclosure of key metrics for regulatory and economic capital covering definitions of capital, capital structure, risk exposures
and methods of capital modeling. The disclosed information must be complete, readable, timely, reliable, and material
(Zimbabwe Basel Il Technical Guidance, 2011). This paper focuses on Basel II/Ill Pillar 1 capital modeling methods for credit,
market, and operational risk.

2.2. Credit Risk Capital Modeling

Credit risk is the probability of losses from the borrower’s default or deterioration of credit ratings (Bluhm et al., 2010; Bessis,
2015; Baesens, et al., 2016). Since a considerable size of the balance sheet consists of loans to customers and most bank
failures are the result of the customer’s defaults, credit risk is a major source of bank risk. Modified Standardised and Internal
Ratings Based Approaches (IRB) are approved by the Reserve Bank of Zimbabwe for credit risk capital modeling.

2.2.1. Modified Standardised Approach

In the absence of an external ratings market, the Reserve Bank of Zimbabwe adopts the modified standardised approach
(MSA). Under this method regulatory capital is determined by risk weights and exposures in book values (Zimbabwe Basel Il
Technical Guidance, 2011). The risk weights for exposures are provided by the central bank while ratings are determined
using either the supervisory rating scale or obtained from an approved external rating agency domiciled in Zimbabwe (RBZ
Guideline Number 04/BSD, 2004). MSA is a conservative method designed for simple banks with less sophisticated financial
models (Zimbabwe Basel Il Technical Guidance, 2011).

2.2.2. Internal Ratings Based Approach

This is an advanced credit risk modeling method approved to banks that have satisfied prescribed minimum quantitative and
qualitative criteria set by the regulator (Basel Il Technical Guidance,2011). The internal ratings-based approach (IRB)
comprises the foundation internal ratings based (FIRB) and advanced internal ratings based (AIRB). Banks that apply FIRB will
rely on their own internal estimates for probabilities of default (PD) but are given supervisory estimates for the loss given
default (LGD), asset correlations (R), exposure at default (EAD), and effective maturity (M). On the contrary banks that use
AIRB methods determine their own internal estimates for all parameters except for asset correlation which is provided by
the supervisor (Zimbabwe Basel Il Technical Guidance, 2011). Estimates of credit risk are based on internal and external data
where necessary, and are rooted on historical, empirical, and judgmental evidence reflecting recessions and booms (BCBS
2006; Zimbabwe Basel Il Technical Guidance,2011; BCBS, 2016). The IRB approach is designed for large international banks
with sophisticated, large databases, and high-quality internal risk measurement systems.

Theoretically economic and regulatory capital should converge for banks that implement AIRB (BCBS, 2006; Zimbabwe Basel
Il Technical Guidance, 2011). As a rule, banks that use IRB approaches, should report deviations of regulatory from economic
capital to the central bank (Zimbabwe Basel Il Technical Guidance, 2011). The Merton- Vasicek Asymptotic Risk Factor Model
is used to estimate capital in IRB for banking book exposures viz: corporate, sovereign, bank, retail, and equity exposures
(Vasicek,2002; Gordy, 2003; Zimbabwe Basel I, Technical Guidance,2011). The general formula is shown:

N

N~1(PD) ++vR N~1(0.999) 1+ (M — 2.5) x b(PD)
K = Z LGD [x N - P

rd v1—R 1—-15x%xb(PD)

i=
Where k is the capital requirement, PD is the probability of default, LGD the loss given default, R is the asset correlation, M is

maturity, N~! inverse of normal distribution, N is normal distribution and b(PD) is maturity adjustment function. The maturity
adjustment function is calculated by:

-~ (3)
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Maturity adjustment b(PD) = (0.11852 — 0.05478. 1 (PD))?.coreeooeeeeeceeeeeeeeeeeeeieseeeeseeessesssesesssesssssssssss s esssssssssns oo (4)

The risk weighted assets (RWA) for credit risk are thus a function of 12.5 multiplied by capital requirement (k) and exposure
at default. Five parameters namely PD, EAD, LGD, M, and asset correlation (R) are used in credit risk capital models.
Engelmann and Rauhmeier (2012) defines PD as the likelihood that a loan will not be repaid over a given time horizon. PD is
a binary classification problem that is calculated from historical data for all clients’ segments. Engelmann and Rauhmeier
(2012) states that there is no precise preferred method to estimate PD under Basel II/11l, however logit regression is popular
in academic literature and practice. Data for PD modeling should be five years and not more than seven years old (BCBS,2006).
Financial ratios are used for corporates while obligor specific factors are applied in retail portfolios over a one-year horizon
(Zimbabwe Basel Il Technical Guidance, 2011).

Exposure at default (EAD) is an estimate of the outstanding amount in case an obligor has defaulted (Engelmann and
Rauhmeier,2012). It comprises the amount currently drawn and estimates of the future drawdowns. Estimates of future
drawdowns describe how clients may decide to draw unused commitments called credit conversion factors. Since credit
conversion factors are the only unknown variables, estimating EAD is equivalent to estimating the credit conversion factors.
The credit conversion factor depends on the type of the loan and borrower. According to the Basel Committee (2006), EAD
must not be lower than the book value of balance sheet receivables and must be calculated without considering provisions.
Long run EAD averages reflecting downturn conditions which are calculated at facility level must be utilised. Four methods
namely Credit Conversion Factor (CCF) Method, Current Exposure Method (CEM), Standardized Method (SM) and Internal
Model Method (IMM) are used to estimate EAD (see BCBS, 2006).

LGD measures the credit loss a bank is likely to incur in the event of default (BCBS,2006). Once a default event has occurred,
LGD has three types of losses: the loss of the principal, the carrying costs of non-performing loans (interest income foregone)
and workout expenses (collections, legal etc.). For retail portfolios, long run LGD averages that reflect downturns and data
more than five, but less than seven years is used. For banks, sovereigns and corporates data must be no shorter than seven
years (Zimbabwe Basel Il Technical Guidance, 2011). LGD modeling is done by four methods namely Market LGD, Workout
LGD, Implied Historical LGD, and Statistical LGD (see BCBS,2006). Zimbabwean banks are recommended to apply Workout
LGD (BCBS, 2006; Zimbabwe Basel Il Technical Guidance, 2011).

Credit portfolios comprise instruments with different effective maturities. Intuition and empirical evidence show that capital
requirements increase with time to maturity. Long term loans are riskier than short term loans because they are likely to be
affected by rating downgrades over time. Maturity has a strong effect to obligors with low probabilities of default as well as
loans that will be affected by rating downgrades. The maturity adjustment function in Basel Il/1ll reflects the potential
deterioration in credit quality of loans with longer maturities. The average portfolio effective maturity is set at 2.5 years
except for repos which are set at 6 months (Zimbabwe Basel Il Technical Guidance, 2011). The asset correlation reflects the
effect of the systematic risk factor. Banks are supposed to use fixed asset correlations derived by the Basel Committee (BCBS,
2006; Zimbabwe Basel Il Technical Guidance, 2011). The asset correlations are based on Lopez (2004)’s empirical observations
which are (a) Asset correlations decrease with increasing probabilities of default. The higher the probability of default the
higher the idiosyncratic risk component of obligors. (b) Asset correlations increase with firm size meaning that idiosyncratic
risks are higher for smaller firms.

2.3. Market Risk Capital Modeling

Market risk is the risk of losses in, on and off-balance sheet positions arising from movements in market prices of interest
rates, commodities, equities, and foreign exchange (BCBS, 2017; Hull, 2018). Market risk is calculated for the trading and
banking books (BCBS,2017). The trading book comprises assets held for short term trading and hedging such as default,
interest rate, credit spread, equity, foreign exchange, and commodities. The banking book is made up assets held for long
term trading as foreign exchange and commodities (BCBS, 2017). Market risk in Zimbabwean banks is determined by interest
and foreign exchange risk because banks are not permitted to trade in equities and commodities (Zimbabwe Basel Il Technical
Guidance, 2011). Banks determine the market risk capital using either the standardised approach, internal models’ approach
or partially both (Zimbabwe Basel Il Technical Guidance, 2011).

2.3.1. Standardised Approach

The standardised approach (SA) is a bucket risk weighting method for interest rate risk, equities, commodities, and foreign
exchange (BCBS,2006; Jorion 2007). This approach serves two main purposes (Zimbabwe Basel Il Technical Guidance,2011).
It provides a method for calculating capital requirements for small banks with simple business models and a fallback in the
event of inadequate internal market risk models. The second purpose is of importance for larger or more systemically
important banks. In Zimbabwe, market risk under SA is calculated for interest and foreign exchange risk. Interest risk is
calculated using either the maturity ladder or duration approach (Zimbabwe Basel Il Technical Guidance,2011). Foreign
exchange risk is computed by measuring the exposure in a single currency position and inherent in a bank’s mix of long and
short positions in different currencies. The SA approach is criticised for lacking risk sensitivity, excluding diversification, and
failing to capture risks associated with more complex instruments (BCBS, 2012; BCBS,2013; BCBS,2017). Thus, Basel
Committee (2017) propose a new standardised approach but is yet to be approved by the Zimbabwean central bank.
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2.3.2. Internal Models Approach

The internal models’ approach (IMA) is approved for banks that satisfy quantitative and qualitative standards imposed by the
central bank (BCBS, 2006; Zimbabwe Basel |l Technical Guidance,2011; BCBS, 2017). The method is designed for sophisticated
banks with huge databases and complex financial models. The method theoretically ensures that regulatory and economic
capital converge (Zimbabwe Basel Il Technical Guidelines,2011). Market risk for internal models’ approach is determined by
any of these three approaches: value at risk, expected shortfall and bubble value at risk (BCBS, 2006; Wong, 2011; BCBS,
2013; BCBS, 2017). Value at risk (VaR) used to be the sum of traditional VaR and incremental default charge (specific risk
charge). Its parameters were 10 trading days or horizon of two calendar weeks, 99% confidence interval, average VaR over
60 trading days, historical data for one-year period updated at least quarterly, supervisory determined multiplier, and the
specific risk charge calculated over 250 days at the 99.9% confidence interval (Zimbabwe Basel Il Technical Guidance, 2011).

Following the 2008 great financial crisis, the Basel Committee introduced Basel 2.5 for market risk. Under this method, capital
for market risk is calculated as the sum of traditional value at risk, stressed value at risk and the incremental risk charge (BCBS,
2009; Smit et al., 2011; Kou et al., 2013; Chen, 2018). The formula for calculating market risk is shown:

Market risk capital = Traditional VaR + Stressed VaR + Incremental risk charge.............cvevnennne. (5)

This method addresses procyclicality and regulatory arbitrage (BCBS, 2013; Chen, 2014; BCBS, 2017; Chen, 2018). Traditional
VaR is calculated for 10 days at 99% confidence interval. Stressed VaR is calculated with 10-day 99th percentile and one-tailed
confidence interval with model inputs calibrated to historical data from a continuous 12-month period of significant financial
stress (BCBS, 2009). This addresses tail events and procyclicality in stressed financial markets. Incremental VaR is the
additional charge that captures credit risk in the trading book caused by default and credit migration. The incremental VaR is
calculated for one-year horizon at 99.9% confidence interval (BCBS, 2013). From a regulatory perspective Basel 2.5 has not
been applied in Zimbabwe (Zimbabwe Basel Il Technical Guidance, 2011).

Internal VaR approach is criticised for relying on the 10-day VaR metric which is not subadditive (Dowd and Blake, 2006). It
also fails to capture credit and market liquidity risk because there is no distinct boundary between trading and banking books
(Kou et al., 2013; BCBS, 2013; Emmer et al., 2015; Visser and Van Vuuren, 2016). Currently the Basel Committee on Banking
Supervision suggests replacement of VaR with expected shortfall because it is subadditive, coherent and stable (Wong, 2011;
BCBS, 2017; BCBS, 2020). Further, expected shortfall measures tail risk, liquidity and is calibrated to stress conditions on base
horizon (BCBS, 2013; BCBS,2017; Chen, 2018). Expected shortfall is calculated at 97.5% confidence level. However, expected
shortfall is not elicitable, very sensitive to parameter misspecification, difficult to backtest, increases model risk, and
regulatory arbitrage (Gneiting,2011; Emmer et al., 2015). ES is still in early phases of Basel lll implementation.

Wong (2011) suggests replacement of both expected shortfall and VaR with bubble value at risk. This is because bubble value
at risk accounts for countercyclicality, extreme events, and market bubbles. Wong (2011) argues empirically that BuVaR is
more accurate than VaR. Visser and Van Vuuren (2016,2018), based on an empirical study from South African banks show
the superiority of bubble value at risk over expected shortfall and VaR. However, bubble value at risk is largely academic and
not common in real world practice. VaR and expected shortfall for market risk are estimated with Historical Simulation, Monte
Carlo Simulation and Variance Covariance. Historical simulation is a non-parametric method that uses relative historical
differences in market prices to create the distribution of potential future losses and profits for a portfolio (Jorion, 2007; Bessis,
2015; Visser and van Vuuren, 2016). As the historical simulation method depends on observed market variations, no statistical
calculations are required. Large banks prefer historical simulation because it is simple and intuitively logical (Visser and van
Vuuren, 2016). However, this method suffers from instability and reliance on historical data. The data for historical simulation
must be robust and furthermore the older the data, the less relevant it is for the current market.

Monte Carlo simulation is a non-parametric method which assumes that information about the combined distribution of
market changes is available. Monte Carlo simulations generate the correlated random variables to model a probability
distribution for statistical analysis. This method assumes a normal distribution (though this restriction can be relaxed). VaR is
calculated by identifying prominent factors and constructing a joint distribution by fusing historical data with observed
returns. Simulation is then performed over many scenarios. Monte Carlo simulation is a very flexible approach that
incorporates time variations, volatility, expected returns, fat tails and extreme scenarios in risk factors (Jorion, 2007; Bessis
2015; Visser and Van Vuuren, 2016). Its shortcomings are complicated underlying mathematics, considerable computing time
and expensive infrastructure from an intellectual capital perspective (Jorion, 2007). The variance covariance approach is
applicable to VaR computation only. The variance-covariance method assumes that portfolio returns are normally distributed.
VaR is then expressed as a multiple of the standard deviation of the portfolio’s return. The method determines the variance-
covariance matrix which is a diagonal matrix with all variances of the return and covariances between the assets (Bessis,
2015; McNeil et al., 2015). Variances are calculated using standard deviations of market returns while covariances combine
standard deviations of market returns with the correlations between market returns. This method is also called the Delta
Analytical Method.
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2.4. Operational Risk Capital Modeling

Operational risk is the indirect or direct probability of loss resulting from inadequate or failed internal processes, people,
systems, and external events (BCBS,2006). This definition includes legal risk but excludes strategic and reputational risks
(BCBS, 2006; BCBS, 2016). Ei