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 Executive Summary Success comes out of measuring because what cannot be measured cannot be managed. Banks have developed sophisticated systems to quantify and aggregate credit risk in an attempt to model the credit risk arising from important aspects of their business lines. Such models are intended to aid banks in quantifying, aggregating and managing risk across geographical locations and product lines. Banks’ credit exposures span across geographical locations and product lines. The use of credit risk models offer banks a framework for examining this risk in a timely manner, centralising data on global exposures and analysing marginal and absolute contributions to risk. These properties of models may contribute to an improvement in a bank’s overall ability to identify, measure and manage risk. The motivation for this particular study stemmed from the desire to provide more accurate and comprehensive base for the estimation of credit risk which will further aid the quantitative estimation of the amount of economic capital needed to support a bank’s risk-taking activities. As the outputs of credit risk models have assumed an increasingly large role in the risk management processes of large banking institutions, the issue of their applicability for supervisory and regulatory purposes has also gained prominence. Furthermore, a models-based approach may also bring capital requirements into closer alignment with the perceived riskiness of underlying assets, and may produce estimates of credit risk that better reflect the composition of each bank’s portfolio. However, before a portfolio modelling approach could be used in the formal process of setting regulatory capital requirements, it has to be ensured that the models are not only well integrated with banks’ day-to-day credit risk management, but are also conceptually sound, empirically validated, and produce capital requirements that are comparable across similar institutions.
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 Chapter 1 Introduction Emergence of Risk management in Banks The banking environment consists of numerous risks that can impinge upon the profitability of the banks. These multiple sources of risk give rise to a range of different issues. In an environment where the aspect of the quantitative management of risks has become a major banking function, it is of lesser importance to speak of the generic concepts. The different types of risks needs to be carefully defined and such definitions provide a first basis for measuring risks on which the risk management can be implemented. There have been a number of factors that can be attributed to the stabilization of the banking environment in nineties. Prior to that period, the industry was heavily regulated. Commercial banking operations were basically restricted towards collecting resources and lending operations. The regulators were concerned by the safety of the industry and the control of its money creation power. The rules limited the scope of the operations of the various credit institutions and limited their risks as well. It was only during the nineties that banks experienced the first drastic waves of change in the industry. Among the main driving forces that played a crucial role in the changes were the inflating role of the financial markets, deregulation of the banking sector and the increase in the competition among the existing and emerging banks. On the foreign exchanges front, the floating exchanges rates accelerated the growth of uncertainty. Monetary policies favouring high levels of interest rates and stimulating their intermediation was by far the major channel of financing the economy, disintermediation increased at an accelerated pace. Those changes turned into new opportunities and threats for the players. These waves of changes generated risks. Risks increased because of new competition, product innovations, the shift from commercial banking to capital markets increased market volatility and the disappearance of old barriers which limited the scope of operations for the various financial institutions. There was a total and radical change in the banking industry. Here it is worth mentioning that this process has been a continuous
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 one and has taken place in an orderly manner. Thus it is no surprise that risk management emerged strongly at the time of these waves of transformation in the banking sector.



Banks Risks As stated , risks are usually defined by the adverse impact on profitability of several distinct sources of uncertainty. Risk measurement requires that both the uncertainty and its potential adverse effect on profitability be addressed. Let us now try to focus on the risk framework purely from the perspective of a bank



Risk Framework The various risks associated with the banking may be defined as below and these definitions have the advantage of being readily recognizable to bankers.



(i)



Credit Risk : Risk of loss to the bank as a result of a default by an obligator.



(ii)



Solvancy Risk : Risk of total financial failure of a bank due to its chronic inability to meet obligations.



(iii)



Liquidity Risk : the risk arising



out of a bank’s inability to meet the



repayment requirements. (iv)



Interest Rate Risk : Volatility in operationd of net interest income, or the present values of a portfolio, to changesin interest rates.



(v)



Price Risks : Risk of loss/gain in the value of assets, liabilities or derivative due to market price changes, notably volatility in exchange rate and share price movements.



(vi)



Operational Risk : Risks arising from out of failures in operations, supporting systems, human error, omissions, design fault, business interruption, frauds, sabotage, natural disaster etc.



Credit Risk: Credit risk with respect to bank is most simply defined as the risk of a borrower’s payment default on payment of interest and principal due to the borrower’s unwillingness or inability to service the debt. The higher the credit risk an institution is exposed to, the
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 greater the losses may be. For banks and most other credit institutions, credit risk is considered to be the form of risk that can most significantly diminish earnings and financial strength. The effective management of credit risk is a critical component of a comprehensive approach to risk management and essential to the long-term success of any banking organization. Banks should also consider the relationships between credit risk and other risks.



Need to Manage Credit Risk For most banks loans are the largest and most obvious source of credit risk; Loans and advances constitute almost sixty per cent of the assests side of the balance sheet of any bank. As long as the borrower pays the interest and the principal on the due dates, a loan will be a performing asset. The problem however arises once the payments are delayed or defaulted and such situations are very common occurances in any bank. Delays/defaults in payments affect the cash forecasts made by the bank and further result in a changed risk profile, as the bank will now have to face an enhanced interest rate risk, liquidity risk and credit risk. Banks are increasingly facing credit risk in various financial instruments other than loans, which include interbank transactions, trade financing, foreign exchange transactions, financial futures, swaps, bonds, equities, options, and in the extension of commitments and guarantees, and the settlement of transactions.



BIS Risk-Based Capital Requirement Framework The current BIS regime has been described as “ one size fits all’ policy; virtually all loans to private-sector counterparties are subjected to the same 8% capital ratio (or capital reserve requirement ), not taking into account the different impacts of the size of the loan; the maturity of the loan; the maturity of the loan; or most important, the credit quality (rating) of the borrowing counterparty. Under current capital requirement terms, loans to a firm near bankruptcy are treated in the same fashion as loans to a AAA borrower or the government. Further , the current capital requirement is the additive across all loans; there is no allowance for lower capital requirements because of a greater degree of diversification in the loan portfolio.
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 In 1997, the European community was the first to give certain large banks the discretion to calculate capital requirement for their trading books – or market risk exposures – using internal models rather than the alternative regulatory (standardized) model. Internal models are subject to certain constraints imposed by regulators and are subjected to backtesting verification. They potentially allow the following revisions: • Vaue at Risk of each tradable instrument to be more accurately measured (for example, based on its price volatility, maturity etc) • Correlations among assets (diversification effect) to be taken into account. • The current regulatory framework is additive and does not consider diversification in the loan portfolio to allow lower capital requirements.



Internal models require additional enhancements before they can replace the 8% rule, especially because of the non tradability of some types of loans compared to marketable instruments, and the lack of deep historic databases on loan defaults. However, the new internal models offer added value to financial organizations, regulators and risk managers. Specifically, internal model approaches potentially offer better insight on how to how value and manage outstanding loans and credit risk-exposed instrument such as bonds (corporate and emerging market ) as well as better methods for estimating default risk probabilities regarding borrowers and derivative counterparties. Moreover, internal models have the following advantages : • In many cases they allow a better estimation of the credit risk of portfolio of loans and credit risk-sensitive instruments. • They enhance the pricing of new loans, in the context of bank’s risk adjusted return on capital (RAROC) and of relatively new instrument in the credit derivatives markets (such as credit options, credit swaps, and credit forwards). The models provide an alternative opportunity to measure the optimal or economic amount of capital a bank should hold as part of its capital structure.



Traditional Credit Risk Measurement ApproachesIt is hard to draw a clear line between traditional and new approaches, as many of the superior concepts of the
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 traditional models are used in the new models. One of the most widely used traditional credit risk measurement approaches is the Expert System.



Expert Systems In an expert system, the credit decision is made by the local or branch credit officer. Implicitly, this person’s expertise, skill set, subjective judgement and weighting of certain key factors are the most important determinants in the decision to grant credit. The potential factors and expert systems a credit officer could look at are infinite. However, one of the most common expert systems, the “five Cc” of credit will yield sufficient understanding. The expert analyzes these five key factors, subjectively weights them, and reaches a credit decision: • Capital Structure : The equity-to-debt ratio (leverage) is viewed as a good predictor of bankruptcy probability. High leverage suggests greater suggests greater probability of bankruptcy than low leverage as a low level of equity reduces the ability of the business to survive losses of income. • Capacity : The ability to repay debts reflects the volatility of the borrower’s earnings. If repayments on debt contracts prove to be a constant stream over time, but earnings are volatile (and thus have a high standard deviation ), its highly probable that the firm’s capacity to repay debt claims would be risk. • Collateral : In event of a default a lender has claim on the collateral pledged by the borrower. The greater the propagation of this claim and the greater the market value of the underlying collateral, the lower the remaining exposure risk of the loan in t he case of a default. • Cycle/Economic Conditions : An important factor in determining credit-risk exposure is the state of the business cycle, especially for cycle-dependent industries. For example, the infrastructure sectors (such as the metal industries, construction etc.) tend to be more cycle dependent than nondurable goods sectors, such as food, retail, and services. Similarly, industries that have exposure to international competitive conditions tend to be cycle sensitive. Taylor, in an analysis of Dun and Bradstreet bankruptcy data by industry (both means and standard deviations),
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 found some quite dramatic differences in US industry failure rates during the business cycle. • Character : This is measure of the firm’s reputation, its willingness to repay, and its credit history. In particular, it has been established empirically that the age factor of an organization is a good proxy for its repayment reputation. Another factor, not covered by the five Cs, is the interest rate. It is well known from economic theory that the relationship between the interest-rate level and the expected return on a loan (loss probability) is highly non-linear. At low interest-rate levels, an increase in rates may lower the return on a loan, as the probability of loss would increased. This negative relationship between high loan rates and expected loan returns is due to two effects : i.



Adverse selection



ii.



Risk shifting



When loan rates rise beyond some point, good borrowers drop out of the loan market, preferring to self-finance their investment projects or to seek equity capital funding (adverse selection). The remaining borrowers, who have limited liability and limited equity at stake – and thus lower rating –have the incentive to shift into riskier projects (risk shifting). In upside economies and supporting conditions, they will be able to repay their their debts to the bank. If economic conditions weaken, they will have limited downside loss from a borrower’s perspective. Although many financial institutions still use expert systems as part of their credit decision process, these systems face two main problems regarding the decision process: • Consistency : what are the important common factors to analyze across different types of groups of borrowers? • Subjectivity : What are the optimal weights to apply to the factors chosen?



In principle , the subjective weights applied to the five Cs derived by an expert can vary from borrower to borrower. This makes comparability of rankings and decisions across the loan portfolio very difficult for an individual attempting to monitor a personal
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 decision and for other experts in general. As a result, quite different processes and standards can be applied within a financial organization to similar types of borrowers. It can be argued that the supervising committees or multilayered signature authorities are key mechanisms in avoiding consistency problems and subjectivity, but it is unclear how effectively they impose common standards in practice.



Management Information Systems – Management of Credit Risk Banks must have information systems and analytical techniques that enable management to measure the credit risk inherent in all on- and off-balance sheet activities. The management information system should provide adequate information on the composition of the credit portfolio, including identification of any concentration of risk. Banks should have methodologies that enable them to quantify the risk involved in exposures to individual borrowers. Banks should also be able to analyse credit risk at the product and portfolio level in order to identify any particular sensitivities or concentrations. The measurement of credit risk should take account of:



i.



The specific nature of the credit (loan, derivative, facility, etc.) and its contractual and financial conditions.



ii.



The exposure profile until maturity in relation to potential market movements



iii.



The existence of the collateral or guarantees



iv.



The potential for default based on the internal risk rating. The analysis of credit risk data should be undertaken at an appropriate frequency with the results reviewed against relevant limits. Banks should use measurement techniques that are appropriate to the complexity and level of the risks involved in their activities, based on robust data and subject to periodic validation.
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 Chapter 2 Need For Sound Decision Making Over the last few years financial markets have witnessed far-reaching changes at a fast pace. Intense competition for business involving both the assests and liabilities, together with increasing volatility in the domestic interest rates as well as foreign exchange rates with a pronounced downward trend, has brought pressure on the banks to generate bigger volumes of business in oeder to maintain good spreads, profitability and long-term viability. These pressures call for structured and comprehensive measures and sound decision making on the part of banks. Banks have to base their business decisions on a dynamic and integrated risk management system and process, driven b y corporate strategy. Banks are exposed to several major risks in the course of their business-credit risk, interest rate risk, foreign exchange risk, liquidity risk, operational risk etc. Risk management rather than risk avoidance is the goal. Credit fundamentals are critical to soundness. The importance of developing sound credit policies, that can reduce the risk of troubled loans, as well as help to maintain the integrity of a quality portfolio are imperative. Commercial banking is a world infrastructure profession with an ancient past. Debt propels progress, and bankers have been the traditional intermediaries. The problem of determining who will repay borrowings and who will not hasn’t changed, nor have the answers. When an economy is in trouble, there is a flight to safety and quality, and the focus is on currency values, cross-border exposure, risky lending, and bank liquidity. Government, industry, commerce, and consumption – all large users of credit – are affected. Each needs a viable banking system. While the soundness of banks is often taken for granted, it draws special scrutiny when stability must be restored to markets. If a large bank goes bust, markets fear a ripple effect. Banking is straightforward and can be clearly codified. In fact, banking is a fairly easy business, provided its rule are followed. On the other hand, there is a no business that can get into trouble faster. Among financial institutions, only a commercial bank can create money. It does this when it provides demands deposits for borrowers or buys investments



11



 for its own account. A bank can expand its deposits to the extent that reserves and reserve requirements permit. No matter how carefully it manages its liabilities, a bank that strains liquidity by excessive risk taking will come to a financial moment of truth. The trading losses of banks problem credits at Continental Illinois, and the distorted markets of East Asia created by too much credit are financial moments of truth. Credit is extended to many types of borrowers, for varying periods, in differing patterns, on many bases, and for a variety of purposes. In each case, the credit is based on the credit worthiness of the borrower, not the bank. A bank uses its own credit to attract funds or as a substitute for a customer’s credit – for example, a letter of credit. The borrower and bank credit join to become the bank’s credit when write-offs reach the point at which a premium must be paid by the bank to attract funds. This prompts questions about the bank’s credit worthiness and management capability. Tight margins on commercial loans and fewer legal obstacles to capital markets activities led banks to consolidate and make other adjustments, including: • A closer relationship between commercial and investing banking • Increased expansion into fee-driven services • Increasing use of technology in credit scoring, trading and positioning. New software products have fostered development of derivatives and other such products. Sound judgement in computer application is imperative.



Credit Elements : Policy, Process, Behaviour Credit elements ultimately come together within the framework of credit policy, process, credit officer’s behaviour and audit. Policy is the credit culture’s anchor and the bank’s credit conscience. Its role is to assist credit officers in balancing the volume and quality of credit. Process is the line-driven operational arm of credit and credit strategy. It makes the credit system work, defends its integrity through close supervision and built-in checks and balances and by anticipating problems, guards against surprises. Credit officer’s behaviour reflects the attitudes and patterns of behaviour of the CEO and supervisory management as well as institutional philosophies, traditions, priorities and standards.
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 Audit’s role is more than being counting. It also evaluates such matters as conformity to policy, credit practices and procedures, portfolio quality, adherence to business plans, development and distribution of credit talent and the competence of individual credit officers. Credit behaviour ranges from defensive conservatism to irresponsible aggressiveness. There must be a balance, and this is what a bank expects of its credit officers: • Understand each aspect of each credit proposal thoroughly. • Balance the quantity and quality of credit to achieve earning objectives while meeting appropriate credit needs. • Always maintain acceptable credit standards. • Not be greedy and keep risks to reasonable limits. • Evaluate new business opportunities in a balanced way, avoiding risks that should not be taken. • Not be mesmerized by house names or by size. Big borrowers can swing big and be ‘high rollers’ when in trouble. The amount of the bank’s exposure should be related to the quality of the borrower. • Place the bank’s interest ahead of the profit center’s • Be mindful of bank’s liquidity and loan port-folio objectives.
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 Chapter 3 Importance of Credit Risk Assessment Effective credit risk assessment and loan accounting practices should be performed in a systematic way and in accordance with established policies and procedures. To be able to prudently value loans and to determine appropriate loan provisions, it is particularly important that banks have a system in place to reliably classify loans on the basis of credit risk. Larger loans should be classified on the basis of a credit risk grading system. Other, smaller loans, may be classified on the basis of either a credit risk grading system or payment delinquency status. Both accounting frameworks and Basel II recognise loan classification systems as tools in accurately assessing the full range of credit risk. Further, Basel II and accounting frameworks both recognise that all credit classifications, not only those reflecting severe credit deterioration, should be considered in assessing probability of default and loan impairment. A well-structured loan grading system is an important tool in differentiating the degree of credit risk in the various credit exposures of a bank. This allows a more accurate determination of the overall characteristics of the loan portfolio, probability of default and ultimately the adequacy of provisions for loan losses. In describing a loan grading system, a bank should address the definitions of each loan grade and the delineation of responsibilities for the design, implementation, operation and performance of a loan grading system. Credit risk grading processes typically take into account a borrower’s current financial condition and paying capacity, the current value and realisability of collateral and other borrower and facility specific characteristics that affect the prospects for collection of principal and interest. Because these characteristics are not used solely for one purpose (e.g. credit risk or financial reporting), a bank may assign a single credit risk grade to a loan regardless of the purpose for which the grading is used. Both Basel II and accounting frameworks recognise the use of internal (or external) credit risk grading processes in determining groups of loans that would be collectively assessed for loan loss measurement.
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 Thus, a bank may make a single determination of groups of loans for collective assessment under both Basel II and the applicable accounting framework. Credit Rating is the main tool to assess credit risk, which helps in measuring the credit risk and facilitates the pricing of the account. It gives the vital indications of weaknesses in the account. It also triggers portfolio management at the corporate level. Therefore, banks should realize the importance of developing and implementing effective internal credit risk management. It involves evaluating and assessing an institution’s risk management, capital adequacy ,and asset quality. Risk ratings should be reviewed and updated whenever relevant new information is received. All credits should receive a periodic formal review (e.g. at least annually) to reasonably assure that credit risk grades are accurate and up-to-date. Credit risk grades for individually assessed loans that are either large, complex, higher risk or problem credits should be reviewed more frequently.



To ensure the proper administration of their various credit risk-bearing portfolio the banks must have the following: a. A system for monitoring the condition of individual credits, and determining the adequacy of provisions and reserves, b. An internal risk rating system in managing credit risk. The rating system should be consistent with the nature, size and complexity of a bank’s activities, c. Information systems and analytical techniques that enable the management to measure the credit risk inherent in all on- and off-balance sheet activities. The management information system should provide adequate information on the composition of the credit portfolio, including identification of any concentrations of risk, d. A system for monitoring the overall composition and quality of credit portfolio.



In addition while approving loans, due consideration should be given to the integrity and reputation of the borrower or counterparty as well as their legal capacity to assume the liability. Once credit-granting criteria are established, it is essential for the bank to ensure that the information it receives is sufficient to make proper credit-granting decisions. This
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 information will also serve as the basis for rating the credit under the bank’s internal rating system. Internal credit risk ratings are used by banks to identify gradations in credit risk among their business loans. For larger institutions, the number and geographic dispersion of their borrowers makes it increasingly difficult to manage their loan portfolio simply



by



remaining closely attuned to the performance of each borrower. To control credit risk, it is important to identify its gradations among business loans, and assign internal credit risk ratings to loans that correspond to these gradations. The use of such an internal rating process is appropriate and indeed necessary for sound risk management at large institutions. The long-term goal of this analysis is to encourage broader adoption of sound practices in the use of such ratings and to promote further innovation and enhancement by the industry in this area. Internal rating systems are primarily used to determine approval requirements and identify problem loans, while on the other end they are an integral element of credit portfolio monitoring and management, capital allocation, pricing of credit, profitability analysis, and detailed analysis to support loan loss reserving. Internal rating systems being used for the former purposes. As with all material bank activities, as sound risk management process should adequaltely illuminate the risks being taken and apply appropriate control



allow the institution to balance risks against returns and the



institution’s overall appetite for risk, giving due consideration to the uncertainties faced by lenders and the long-term viability of the bank. Based on the historical data which is both financial and non-financial a score is arrived at. The borrower is then classified into different classes of credit rating based on the score which is used to determine the rate of interest to be charged. The borrower’s credit rating method used above is only one such model. Based on the information available, a detailed and more comprehensive model can be developed by banks. Banking organizations should have strong risk rating systems. These systems should take proper account of the gradations in risk and overall composition of portfolios in originating new loans, assessing overall portfolio risks and concentrations, and reporting on risk profiles to directors and management. Moreover, such rating systems also should
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 play an important role in establishing an appropriate level for the allowance for loan and lease losses, conducting internal bank analysis of loan and relationship profitability, assessing capital adequacy, and possibly performance-based compensation. Credit risk ratings are designed to reflect the quality of a loan or other credit exposure, and thus – explicitly or implicitly- the loss characterstics of that loan or exposure.In addition, credit risk ratings may reflect not only the likelihood or severity of loss but also the variability of loss over time, particularly as this relates to the effect of the business cycle. Linkage to these measurable outcomes gives greater clarity to risk rating analysis and allows for more consistent evaluation of performance against relevant benchmarks, In documentation their credit administration procedure, institutions should clearly identify whether risk ratings reflect the risk of the borrower or the risk of the specific transaction. The rating scale chosen should meaningfully distinguish gradations of risk within the institution’s portfolio, so that there is clear linkage to loan quality (and/or loss characterstics). To do so, the rating system should be designed to address the range of risks typically encountered in the underlying businesses of the institutions. Prompt and systematic tracking of credits in need of such attention is an element of managing credit risk. Risk ratings should be reviewed by independent credit risk management or loan review personnel both at the inception and also periodically over the life of the loan. In view of the diverse financial and non-financial risks confronted by banks in the wake of the financial sector deregulation, the risk management practices of the banks have to be upgraded by adopting sophisticated techniques like Value at Risk (VaR), Duration and simulation and adopting internal model- based approaches as also credit risk modeling techniques. When making credit rating decisions, banks review credit application and credit reports with respect to financial risk. Once lenders make a “yes” decision, they review the credit reports of their customers on a regular basis as they continue to manage their financial risk. This process scans credit reports for certain risk characterstics as defined by the lender. Some lenders, for example, monitor whether or not all of a consumer’s payments are on time. Others look at account balance in relation to the total credit limit. Some lenders review their accounts frequently. Others review accounts once a year. Account
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 monitoring also allows lenders to manage the business risk of extending credit in a better way. Banks pool assets and loans, which have a possibility of default and yet provide the depositors with the assurance of the redemption at full face value. Credit risk, in terms of possibilities of loss to the bank , due to failure of borrowers/counterparties in meeting commitment to the depositors. Credit risk is the most significant risk, more so in the Indian scenario where the NPA level of the banking system is significantly high. The management of credit risk through an efficient credit administration is a prerequisite for long-term sustainability/ profitability of a bank. A proper credit administration reduces the incidence of credit risk. Credit risk depends on both internal and external factors. Some of the important external factors are state of economy, swings in commodity prices, foreign exchange rates and interest rates etc. The internal factors may be deficiencies in loan policies and administration of loan portfolio covering areas like prudential exposure limits to various categories, appraisal of borrower’s financial position, excessive dependence on collaterals, mechanism of review and post-sanction surveillance, etc. The key issue in managing credit risk is to apply a consistent evaluation and rating system to all investment opportunities. Prudential limits need to be laid down on various aspects of credit viz., benchmarking current ratio, debt-equity ratio, profitability ratio, debt service coverage ratio, concentration limits for group/single borrower, maximum exposure limits to industries, provision for flexibilities to allow variation for very special features. Credit rating may be a single point indicator of diverse risk factors. Management of credit in a bank will require alertness on the part of the staff at all the stages of credit delivery and monitoring process. Lack of such standards in financial institution would increase the problem of increasing loan write-offs.



How can an



institution be sure that its collateral is totally protected in the event of bankruptcy by the borrower? The bank can ensure this through credit rating and loan documentation.
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 Establishing Suitable Risk Position Since banks cannot de-link the credit risk from the lending activity, they can only attempt to reduce it to some extent by spreading their loans over a large group of borrowers, selling their services in a variety of markets with different economic characterstics. Banks can diversify their credit risk by maintaining proper exposure limits for its credit sanctions. Diversification can be attained by setting exposure limits in the following areas: • Types of individuals, company/group of companies and industry • Categories of loan (product-type – term loan/CC etc); • Geographical concentration Though exposure norms are prescribed by the central banks from taking unlimited exposures, it will be in the in interest of the best to develop a policy framework from determining such exposure limits depending in its risk policy.



Credit Risk Rating – Basel Committee Norms Internal ratings based approach recommended by the basel committee would form the basis for a sophisticated risk management system for banks. A key element of the basel committee’s proposed new capital accord is the use of a bank’s internal credit risk ratings to calculate the minimum regulatory capital it would need to set aside for credit risk. Called the internal ratings based approach It links capital adequacy to the assets in a bank’s books. Compared to capital allocation based on the standardized approach (including the one-size fits all old version), the IRB regime is likely to make regulatory capital more consistent with economic capital (the capital required by a bank to cover unexpected losses, as an insurance against insolvency). This is likely to reduce the amount of regulatory capital banks will be required to set against credit risk inherent transactions and portfolios. Based on its risk assessment, a bank will slot the exposure within a given grade. There must be enough credit grades in a bank’s internal ratings system to achieve a fine distinction of the default risk of the various counter-parties.
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 A risk rating system must have a minimum of six to nine grades for performing borrowers and a minimum of two grades for non-performing borrowers. More granularity can enhance a bank’s ability to analyse its portfolio risk position, more appropriately price low-risk borrowers in the highly competitive corporate lending market and importantly, prudently allocate risk capital to the non-investment grade assets where the range of default rates is of a large magnitude. The credit risk of an exposure over a given horizon involves the probability of default (PD) and the fraction of the exposure value that is likely to be lost in t he event of default or loss given default (LGD). While the PD is associated with the borrower, the LGD depends on the structure of the facility. The product of PD and LGD is the Expected Loss (EL). Risk tends to increase non-linearly – default rates are low for the least risky grades but rise rapidly as the grade worsens – an A grade corporate will have a less probability of defaulting within one year, while the next rated (BBB) borrower will have higher probability of defaulting, which may further be higher for a CCC rated borrower. The probability of default is what defines the objective risk characterstics of the rating. A bank’s rating system must have two dimensions. The first must be oriented to the risk of the borrower default. The second dimension will take into account transaction specific factors. This requirement may be taken care of by a facility rating which factors in borrower and transaction characterstics or by an explicit quantifiable LGD rating dimension. For the purpose, banks will need to estimate facility-specific LGD by capturing data on historical recoveries effected by them in the various assets that have default. The recoveries will have to be adjusted for all expenses incurred and discounted to the present value at the time the corporate default. Clarity and consistency in the implementation of the bank-wide rating system is integral to a bank to relate its credit scores to objective loss statistics and convince the regulator that its internal rating system is suitable for calculating regulatory capital. Human judgment is central to the assignment of a rating. Banks, therefore, should design the operating flow of the process towards promoting accuracy and consistency of ratings, without hindering the exercise of judgment. While
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 designing the operating framework, banks should include the organizational division of responsibility of rating the nature of reviews to detect errors and inconsistencies, the location of ultimate authority over rating assignment, the role of models in the rating process and the specificity of rating definitions. Banks must have a mechanism of bank testing the rating system and the loss characterstics of their internal ratings. This is essential to evaluate the accuracy and consistency of the rating criteria, accurately price assets and analyse profitability and performance of the portfolio, monitor the structure and migration of the loan portfolio and provide an input to credit risk models and economic capital allocation process. The PD will allow the back testing of bank’s rating system by comparing the actual default performance of entities in a particular grade to the rate of default predicted by the bank rating. Back testing against internal data and benchmarking the performance of the internals ratings system against external rating systems will be a key part of the general verification process. There are certain limitations, however, in using such an external mapping. First, would be the significant difference in the quality and composition of the population of corporate rated by rating agencies and those in a bank’s portfolio. Second, would be the time lag in which the agencies would be putting out their data on default probabilities/migration frequencies – with this time lag there is a likelihood that the adverse changes in default probabilities is factored into the rating system well after a recession in the economy. Third, there would be potential inconsistencies in mapping a point-in-time rating with a Through-the-cycle rating fourth, statistics available relate to developed markets and emerging markets and do not reflect representation of varying degree of economic reforms and globalization. Any improved internal risk internal rating system will need to have operational for some time before either the bank or the regulators can amass data needed to back test the system and gain confidence in it. The Basel paper on the IRB approach states that bank will be required to collect and store substantial historical data on borrower default, rating decisions, rating histories, rating migration, information used to assign the ratings, the model that assigned the ratings, PD histories, key borrower characterstics and facility information.
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 Banks seeking eligibility for the IRB approach should move to develop and warehouse their own historical loss experience data. Although data constraints remain a challenge and data collection is costly, many banks have recognized its importance and have begun projects to build databases of loan characterstics and loss experience. The internal rating of a bank is not just a tool for judicious selection of credit at business unit level. Thanks to rapid developments taking place worldwide in a risk management practices, internal ratings are being put to uses that are more progressive. Internal ratings are used as a basis for economic capital allocation decision at the portfolio level and the individual asset level. Having allocated this capital and in vie of the average risk of default assumed by the bank, the bank needs to appropriately price the asset to compensate for the risk through a risk premium and also generate the required shareholder return on the economic capital at stake. Construction and validation of a robust internal credit risk rating system is just the first step toward sophisticated credit risk management. For an ambitious bank, the bank the IRB approach promoted by Basel will form the platform for the risk management measures that are more sophisticated such as rsik based performance measurement.
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 Chapter 4 Inter-Relationship Between Credit And Risk Risk is a fact of business life. Taking and managing risk is part of what organisations must do to create profits and shareholder value. But the corporate scenario of recent years suggest that many organisations neither manage risk well nor fully understand the risks they are taking. Risk, in very broad terms can be defined as the chance that some event will have a positive or negative effect on something of value. In financial contexts, it is defined as the chance that the returns on an investment will be different from what were expected. This includes the possibility of losing some or all of the original investment. Risk is inherent in all the activities a firm undertakes, it therefore becomes important for firms to identify the risks that they face, and take positions that would reduce that risk. Taking alternate positions with the aim of reducing risk is often called hedging.



Hedging usually involves taking positions in assets that are negatively correlated, so that if the value of one asset goes down, the value of another asset would go up, thereby keeping the net losses of the firm at the minimum. To take a hedge position, it is necessary that the firm estimates the risk it is exposed to.



The importance of the assessment (and then the management) of risk also arises from the relation between the risks undertaken by a firm and the returns it gets. One of the oldest axioms, is the belief that higher risks lead to greater returns. The reason is that the investors expect to be compensated for the additional risk that they bear.



The necessity to measure risk becomes more important because firms need to know their stand; about how much risk they are bearing for what amount of returns. Sometimes, it is not only the firm and its owners and employees who are affected but the common people
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 are also effected if a firm goes bankrupt due to the extreme risk positions it takes too much risk, like in cases of banks becoming bankrupt due to low quality lending. But there would be very low returns without being exposed to any risk. Therefore there is a need to strike a middle path to find the maximum amount of risk that can be taken without having a fear of bankruptcy. Credit Risk is the risk that a firm (or any party) will not recover the payment due to it, because the borrower will default. Though this risk exists for almost all businesses (as there is a risk that they might not receive their receivables), the risk is huge for financial institutions and banks, which are in the business of lending. Risk is the potential impact (positive or negative) on an asset due to some present or future occurrence. In financial terms, risk is the probability that an asset’s value will reduce or diminish, creating problems for the firm owning the asset. The asset could be the cash flows of the firm, the fixed assets of the firm, or the positions that the firm takes in various financial instruments. Measurement of risk comprises the quantification of the risk that the firm expects it will face, and the firm is therefore in a position to take decisions that mitigate (in financial terms ‘hedge’) the risk. Credit Risk is the first kind of risk identified, it is the risk that a firm will not be able to collect the loans it lent. As can be expected, credit risk is the most predominant form of risk for banks and financial institutions. The assessment of credit risk has been one of the major necessities for compliance with the Basel I norms (which were set out for all international banks). Basel I gave the minimum capital that banks required to maintain so that the probability of the bank defaulting is minimal. This minimum capital that is required to be maintained is determined by using the credit exposures of the bank. Basel II developed this context of assessing and minimizing credit risk further by assigning weights to the various credit exposures of the bank. For example, an asset (for a bank, the loans it lends are its assets) that is more likely to default is assigned a higher weight, and an asset that is very unlikely to default is assigned a much lower weight. The net capital that is required to be maintained is then determined. The benefit is that the capital requirements according to Basel II are usually much lesser than under Basel I,
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 therefore banks have more free cash flows that can be used for the further expansion of their business. The banks determine the risk-weight that has to be assigned to each asset according to the Basel guidelines. One method is based on the credit ratings of the borrowers (called the Standardized Approach); a borrower firm that has a high credit rating is given a low weight and vice versa. Another way is to use the Internal Ratings Based Approach (IRB Approach), where the bank calculates the credit risk inherent in its exposures. The estimation of the probability of default (PD) is a very crucial part of the IRB approach. The Probability of Default, along with measures like Expected Loss and Loss Given Default are used to find the final credit exposure of the bank, and therefore assess the adequate capital requirements of the bank. Because there are many types of counterparties—from individuals to sovereign governments, and many different types of obligations—from auto loans to derivatives transactions—credit risk takes many forms. Credit Quality of an obligation, refers to a counterparty's ability to perform on an obligation. This encompasses both the obligation's default probability and anticipated recovery rate. The term Credit Analysis is used to describe any process for assessing the credit quality of a counterparty. Credit Analysis is often done based on the balance sheets and the financial statements of the firms. Credit risk modeling is a concept that broadly encompasses any algorithm-based methods of assessing credit risk. For loans to individuals or small businesses, credit quality is typically assessed through a process of Credit Scoring. Prior to extending credit, a bank or other lender will obtain information about the party requesting a loan. In the case of a bank issuing credit cards, this might include the party's annual income, existing debts, whether they rent or own a home, etc. A standard formula is applied to the information to produce a number, which is called a ‘Credit Score’. Based upon the credit score, the lending institution will decide whether or not to extend credit. The process is formulaic and highly standardized. There are many ways that credit risk can be managed or mitigated. The first line of defense is the use of credit scoring or credit analysis to avoid extending credit to parties that entail excessive credit risk. Credit risk limits are widely used. These generally specify the maximum exposure a firm is willing to take to a counterparty. Industry limits
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 or country limits may also be established to limit the sum credit exposure a firm is willing to take to counterparties in a particular industry or country. Calculation of exposure under such limits requires some form of credit risk modeling. Transactions may be structured to include collateralization or various credit enhancements. Credit risks can be hedged with credit derivatives. Finally, firms can hold capital against outstanding credit exposures. For most banks, loans are the largest and most obvious source of credit risk; however, other sources of credit risk exist throughout the activities of a bank, including in the banking book and in the trading book, and both on and off the balance sheet. Banks are increasingly facing credit risk (or counterparty risk) in various financial instruments other than loans, including acceptances, inter-bank transactions, trade financing, foreign exchange transactions, financial futures, swaps, bonds, equities, options, and in the extension of commitments and guarantees, and the settlement of transactions. The goal of credit risk management is to maximize a bank's risk-adjusted rate of return by maintaining credit risk exposure within acceptable parameters. Banks need to manage the credit risk inherent in the entire portfolio as well as the risk in individual credits or transactions. Banks should also consider the relationships between credit risk and other risks. The effective management of credit risk is a critical component of a comprehensive approach to risk management and essential to the long-term success of any banking organization.
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 Chapter 5 Overview of Four Credit Risk Models A brief overview of the four credit risk models that have achieved global acceptance as benchmarks for measuring stand-alone as well as portfolio credit risk is given below: The four models are: Altman’s Z-Score model KMV model for measuring default risk Credit Metrics Credit Risk The first two models were developed to measure the default risk associated with an individual borrower. The Z-Score model separates



the ‘bad’ firms or the firms in



financial distress from the set of ‘good’ firms who are able to service their debt obligations in time. The KMV model, on the other hand, estimates the default probability of each firm. Thus, the output of this model can be used as an input for risk based pricing mechanism and for allocation of economic capital. The other two models are the most frequently used portfolio risk models in credit risk literature. They are intended to measure the same risks, but impose different restrictions, make different distributional assumptions and use different techniques for calibration.



Z Score Model Altman’s Z score model is an application of multivariate discriminant analysis in credit risk modeling. Discriminant analysis is a multivariate statistical technique that analyses a set of variables in order to differentiate two or more groups by minimizing the within group variance and maximizing the between group variance simultaneously. Altman started with twenty variables (Financial Ratios) and finally five of them were found to be significant. The resulting discriminant function was Z = 0.72X1 + 0.85X2 +3.1X3 + 0.42X4 +X5 Where, X1 = Working Capital / Total Assets
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 X2 = Retained Earnings/Total Assets X3=Earnings Before Interest And Taxes/Total Assets X4=Market Value Of Equity/Book Value Of Total Liabilities X5=Sales/Total Assets Altman found a lower bound value of 1.2 (Critical Zone and an upper bound value of 2.8(Safe Zone) to be optimal. Any score in between 1.2 and 2.9 was treated as being in the gray zone.



KMV Model KMV Corporation has built a credit risk model that uses information on stock prices and the capital structure of the firm to estimate its default probability. The starting point of this model is the proposition that a firm will default only if its asset value falls below a certain level (Default Point), which is a function of its liability. It estimates the asset value of the firm and its asset volatility from the market value of equity and the debt structure in the option theoretic framework. Using these two values, a metric (Distance from default or DD) is constructed that represents the number of standard deviation i.e the number of times the firm’s assets value is away from the default point.. However, this method was successfully commercialized by Moody’s KMV (formerly KMV Corporation). Finally, a mapping is done between the DD value and the actual default rate, based on the historical experience. The result probability is called Expected Default Frequency (EDF). Moody’s KMV uses this theoretical framework to predict default and arrive at the expected default frequency (EDF) of the firms. The starting point of the analysis is the proposition that when the value of a firm’s assets falls below a threshold level, the firm defaults. The EDF is found through the following steps:



• The market value of the assets and the volatility of the assets are derived using optionpricing formulae with the market value of the equity, the book value of the liabilities, and the volatility of the stock as input parameters. • The expected value of the assets at the horizon and the default point are determined from the firm’s current value of the assets and the fi rm’s liability, respectively.
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 • Using the expected firm value, the default point and the asset volatility, the percentage drop in the firm value is determined, which would bring the firm to the default point. The number of standard deviations that the asset value drops to reach the default point is called the distance to default. However, the distance to default is a normalized ordinal measure of the default likelihood similar to the bond rating. KMV determines the expected default frequency, which is a cardinal measure, by mapping the ‘distance to default’ to the ‘default rate’, based on the historical experience of organisations with different ‘distance to default’ values. It is important to note that the fundamental assumption behind this method is that the market values contain all the relevant information about the factors, which determine the default probability. That is why no explicit recognition is given to the differentiating factors like industry, size and economy. Another important thing to note regarding this approach is that it is not a directly predictive approach unlike most other default prediction models. There is no separate forecasting algorithm ingrained within the methodology. The predictive power of the model hinges directly on the assertion that the current value of the firm provides a good prediction on the future value of the firm.



Credit Metrics Approach In April 1997, J.P Morgan released the credit metrics technical document that immediately set a new benchmark in the literature of risk management. This provides a method for estimating the distribution of value of assets in a portfolio subject to changes in the credit quality of individual borrower. A portfolio consists of different stand along assets, defined by a stream of future cash flows each asset has over the possible range of future rating class. Starting from its initial rating, an asset may end in any one of the possible rating categories. Each rating category has a different credit spread, which will be used to discount the future cash flows. Moreover, the assets are correlated among themselves depending on the industry they belong to. It is assumed that the asset returns are normally distributed and change in the asset returns cause the change in rating category in the
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 future. Finally, the simulation technique is used to estimate the value distribution of the assets.



Credit Risk+ Introduced by Credit Suisse Financial Products, Credit Risk+ is a model of default risk. Each asset has only two possible end of period states: Default and Non-default. In the event of default, the lender recovers a fixed proportion of the total exposure. The default rate is considered as a continuous random variable. It does not try to estimate the default correlation directly. The default correlation is assumed to be determined by a set of risk factors. Conditional on these risk factors, default of each obligor follows a Bernoulli distribution. The final step is to obtain the probability generating function for losses. The losses are entirely determined by the exposure and recovery rate. Hence, while implementing Basel II, prime focus will be on regulation and risk management. After March 31st 2007, the banking industry will be ruled by bankers who learn to manage their risks effectively. The banks may evaluate the utility of these models with suitable modifications to the country specific environment for fine-tuning the credit risk management. The success of credit risk models impinges on the times series data on historical loan loss rates and other model variables, spanning multiple credit cycles. Banks may therefore attempt building adequate database for switching over to credit risk modeling after a specified period of time. Credit Risk modeling results in a better internal risk management. Banks’ credit exposures typically are spread across geographical locations and product lines. The use of credit risk models offer banks a framework for examining this risk in a timely manner, centralizing data on global exposures and analyzing marginal and absolute contributions to risk. These properties of models may contribute to an improvement in a bank’s overall ability to identify, measure and manage risk. Credit risk models may provide estimate of credit risk (such as unexpected loss), which reflect individual portfolio composition; hence they may provide a better reflection of concentration risk compared to nonportfolio approaches.
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 Loan review, administration, and management (LRM) are an inherent process of credit management among banks. The obvious and more serious banking problems arise due to lax credit standards, poor portfolio risk management, or a lack of attention to changes in economic, or other circumstances that lead to a deterioration in the credit standing of a bank’s portfolio. Therefore, the banking industry has been focusing more attention than ever on risk management. At the same time, banking regulators from around the world are working out a complicated set of rules for governing global banks accorded in the Basel II Accord. Many credit problems reveal basic weaknesses in the credit granting and monitoring processes. While shortcomings in underwriting and management of market-related credit exposures represent important sources of losses at banks, many credit problems would have been avoided or mitigated by a strong internal credit process. Many banks find carrying out a thorough credit assessment a substantial challenge. For traditional bank lending, competitive pressures and the growth of loan syndication techniques create time constraints that interfere with basic due diligence. Globalization of credit markets increases the need for financial information based on sound accounting standards and timely macroeconomic and flow of funds data. When this information is not available or reliable, banks may dispense with financial and economic analysis and support credit decisions with simple indicators of credit quality, especially if they perceive a need to gain a competitive foothold in a rapidly growing foreign market. Finally, banks may need new types of information to assess relatively newer borrowers, such as institutional investors and highly leveraged institutions. Whilst refocusing of credit practices is essential, certain credit rating models that are being adopted still follow the outdated practices of the past, which focus on risk avoidance, rather than risk management and if banks seek to continually avoid risk, significant opportunities will be lost. As a consequence the banks will lose out to more sophisticated competitors. However, banks have now become more sophisticated in their hedging and pricing of interest rate risk. New modelling methods are changing the way banks understand and handle credit risk. One has to wait and watch for the implications.
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 Chapter 6 Credit Risk Modeling Success comes out of measuring because what cannot be measured cannot be managed. It has been observed that over the past few years years, a remarkable change has come in the way credit risk is being measured. In contrast to the accounting-driven concept that is relatively dull, and routine in nature, new technologies and methodologies have emerged among a new generation of financial engineering professionals who are now applying their engineering skills and analysis in this area. The primary reason for this changes are: • Matured market for the market risk gaining importance: given the maturity of market risk models, and the experience gained over the past decades , the market risk area has evolved in a way that frees resources and welcomes new challenges, such as credit and operational risk. • Disintermediation of borrowers : With the capital markets expanding and becoming accessible to small and middle market firms, borrowers are more or less left behind to raise funds from banks and other traditional financial institutions that are more likely to be smaller and have weaker credit ratings. Capital market growth has impacted on the credit portfolio structure of the transactional financial institutions. • Competitive margin structure : although there is a decline in the average quality of loans that has resulted due to the disintermediation process, the respective margin spreads, have lessened, or in other words the risk premium trade-off from lending turned worse. There can be a number of reasons for this; one of the important factors is the enhanced competition for lower quality borrowers. • Change in bankruptcies : In spite of the fact that the most recent recessions hit at different times in different countries, bankruptcy statistics have been on the high, compared to the prior economic downsides. • Diminishing and volatile values of collaterals : coupled with the ongoing Asian crisis, banking crises in well-developed countries have shown that real estate values and precise asset values are hard to predict and realize through liquidation. The 32



 weaker the rating and the more uncertain collateral values are, the more risky lending is lending is likely to be. • Off-balance-sheet derivatives exposures : The growth of credit exposure and counterparty risk has extended the need for credit analysis beyond the loan book. In many of the largest banks, the notional value of the off-balancesheet exposure to instruments such as over-the-counter (OTC) swaps and exceeds more than 10 times the size of the loan portfolios. • Capital requirements: Under the BIS system, banks are supported to hold a capital requirements based on the market-to-market current value of each OTC derivatives contract (called current exposure) plus an add-on for potential future exposure. • Technological advances: computer infrastructure developments and related advances in information technology – such as the development of historic information databases – have given banks and financial organizations the opportunity to test high-powered modeling techniques. In the case of credit risk management, besides being able to analyse loan loss and value distribution functions and especially the tails distributions, the infrastructure enables the active management of loan portfolios, based on modern portfolio theory (MPT) models and techniques.



Credit Risk Models Over the last decade, a number of banks worldwide have developed sophisticated systems in an attempt to model the credit risk arising from important aspects of their business lines. Such models are intended to aid banks in quantifying, aggregating and managing risk across geographical and product lines. The outputs of these models also play increasingly important roles in bank’s risk management and performance measurement processes, including performance-based compensation, customer profitability analysis, risk-based pricing, active portfolio management and capital structure decisions. In the measurement of credit risk, models may be classified along three different dimensions the techniques employed the domain of applications in the credit process and the products to which they are applied.
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 The following are the most commonly used techniques for measuring credit risk: a. Economic Techniques such as linear and multiple discriminant analysis, multiple regression, logic analysis and probability of default, etc. b. Neural Networks are computer-based systems that use the same data employed in the econometric techniques but arrive at the decision model using alternative implementations of a trial and error method. c. Optimization models are mathematical programming techniques that discover the optimum weights for borrower and loan attributes that minimize lender error and miximise profits. d. Rule-based or expert systems are characterized by a set of decision rules, a knowledge base consisting of data such as industry financial ratios, and a structured inquiry process to be used by the analyst in obtaining the data on a particular borrower. e. Hybrid Systems are characterized by simulations driven in part by a direct causal relationship, the parameters of which are determined through estimation techniques.



Domain of Application of credit models



a. Credit approval : Models are used on a stand-alone basis or in conjunction with a judgmental override system for approving credit in the consumer lending business. The use of such models has expanded to include small business lending. They are generally not used in approving large corporate loans, but they may be one of the inputs to a decision. b. Credit rating determinations : Quantitative models are used to derive ‘shadow bond rating’ for un-rated securities and commercial loans. These ratings in turn influence portfolio limits and other lending limits used by the institution to challenge the rating assigned by the traditional credit analysis process. c. Credit risk models may be used to suggest the risk premia that should be charged in view of probability of loss and the size of the loss. Using a mark-to-market model, an institution may evaluate the costs and benefits of holding a financial
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 asset. Unexpected losses implied by a credit model may be used to set the capital charge in pricing. d. Early Warning : Credit models are used to flag potential problems in the portfolio to facilitate early corrective action. e. Common credit language : Credit models may be used to select assets from a pool to construct a portfolio acceptable to investors at the time of asset securitization or to achieve the minimum credit quality needed to obtain the desired credit rating. Underwriters may use such models for due diligence on the portfolio (such as a collateralized pool of commercial loans). f. Collection strategies : Credit models may be used in deciding on the best collection or workout strategy to pursue. If, for example, a credit model indicates that a borrower is experiencing short-term liquidity problems rather than a decline in credit fundamental, the nan appropriate workout may be devised.



Benefits of Credit Risk Models



The Basel Committee on Banking Supervision released a paper on ‘Credit Risk Modeling : Current Practices and Applications’ in April 1999. This report provides an in depth analysis on the practices in credit modelling and highlights the potential of credit risk methods for regulatory purposes. The survey covers modeling practices at 20 banking institutions located in 10 countries. Further this report summarises the benefits of credit risk models as detailed below: Potential Benefits of Credit Risk Models : • Banks’ credit exposures span across geographical locations and product lines. The use of credit risk models offer banks a framework for examining this risk in a timely manner, centralising data on global exposures and analysing marginal and absolute contributions to risk. These properties of models may contribute to an improvement in a bank’s overall ability to identify, measure and manage risk. • Credit risk models may provide estimates of credit risk (such as unexpected loss) which reflect individual portfolio composition; hence, they may provide a better reflection of concentration risk compared to non-portfolio approaches.
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 • Models may be influenced by and are also responsive to, shifts in business conditions, credit quality, market variables and the economic environment. Therefore modelling methodology holds out the possibility of providing a more responsive and informative tool for risk management. • In addition, models may offer: (a) the incentive to improve systems and data collection efforts; (b) a more informed setting of limits and reserves; (c) more accurate risk- and performance-based pricing, which may contribute to a more transparent decision-making process; and (d) a more consistent basis for economic capital allocation. • A models-based approach may bring capital requirements into closer alignment with the perceived riskiness of underlying assets and portfolios. Therefore, this approach may allow a more comprehensive measure of capital requirements for credit risk and an improved distribution of capital within the financial system. While the above points highlight various benefits of the modeling process, there are still a number of significant hurdles, discussed below, that need to be overcome before a modeling approach may be evaluated for use in the setting of regulatory capital requirements. The paper issued by BIS on “Principles of the management of Risk” defines credit risk as the potential that a bank borrower or counter party will fail to meet its obligations in accordance with agreed terms. The goal of credit risk management is to maximize a bank’s risk-adjusted rate of return by maintaining credit risk exposure within acceptable parameters. Banks need to manage the credit risk inherent in the entire portfolio as well as the risk in individual credits or transactions. Banks should also consider the relationship between credit risk and other risks. The effective management of credit risk is critical component of a comprehensive approach to risk management and essential to the long-term success of any banking organization”. Risk return relationship at the time of credit transactions in not properly assessed by many banks. Hence they tend to price a credit or overall relationship without considering various issues and therefore, they will not receive adequate compensation for the risk incurred.
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 Often, a robust MIS is not put in place, which would otherwise enable the banks to measure the credit risk and build adequate safeguards. The credit risk measurement process should take into account – i.



The specific nature of the credit and its contractual and financial conditions (loan, credit substitute type of facility, maturity rate etc)



ii.



The exposure profile until maturity in relation to potential market movements;



iii.



The existence of collateral or guarantees ;



iv.



The internal risk rating and its potential evolution during the duration of exposure.



In order to analyse these aspects, a highly depended management information system is a requisite. Aside, the banks should build up scenario on economic conditions and their effect on individual credits and credit portfolios. These include economic or industry downturns make risk events and liquidity conditions. Taking into account the above we have to develop credit risk models which can capture the various risk elements and provide necessary decision support. Generally, there are four types of credit events which contribute to the level of credit losses in credit risk models. These are change in loss rate given defaults, a change in creditworthiness over the loan horizon, a change in the applicable credit spread for marked to market models, and change in a bank’s exposure with respect to a particular credit facility. Probability density function of credit losses can be constructed across various sectors and plotted to ascertain the distribution pattern. Once a bank identifies the distribution, appropriate models can be identified for application and analysis. There are vendor models like Credit Risk , Portfolio Manager Credit Portfolio View and Credit Metrics in Monte Carlo formulation, which will be handy in modeling credit risk by banks. Conditional and unconditional models can be used for each borrower and credit facility. Moody’s investors Services have developed a Hybrid Approach to modeling Short-term default Risk. For most individual and institutional investors, bonds and other methods for debt instruments are the main source of credit risk. For the financial institutions, default models represent a strategic component of the quantitative tools, which can be adopted for quantifying credit risk.
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 Moody’s have developed a hybrid model that combines two credit risk modeling approaches. a. A structural model based on Merton’s options – theoretic view of firms b. A statistical model determined through empirical analysis of historical data.



The statistical approach maps financial variables and other information to risk scale. This will help in identifying and discriminating between good and bad loans. Altman’s ZScore is an example of this category. It helps in separating defaulting firms based on the discriminatory power of linear combination of financial ratios. Depending on the availability of the relevant and reliable data and the researcher’s appetite for rigorous application of models, the following univariate and multivariate credit risk models will be useful. a. Moody’s default prediction (non-linear) model. b. Merton model based on distance to default c. A hazard model based on financial data. d. The original Z-Score model e. Reduced Z-Score model f. Univariate model based on Return on Assets (ROA) only.
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 Chapter 7 Model Development –Theoretical Framework Approach Adopted for Modeling : Accounting based approach using financial Ratios as predictor variables for the development of credit risk model has been adopted. Technique : Discriminant Analysis technique will be used to propose a model. Data Set : Data of the Working Capital Loans of limit over 1 crore to the corporate borrowers of the bank for one particular branch of bank has been used. Sample Size : A sample size of 16 corporate working capital loans accounts of amount above 1 crore has been taken. 1. 3 yrs data of the financial performance of the borrowers has been taken to assess the credit-wothiness of the borrowers. 2. Key Financial Ratios are used for assessment to grant working capital loans. 3. Using the available data a discriminant function will be designed : Y = aX1 + bX2+…………..zXn 4. Identifying the variable which is more important in relation to the others. 5. Data set of the defaulters and non-defaulters will be used to find a critical discriminant score. This score will be the basis to decide whether the firm will default or not (Asset Classification Norms by RBI (Standard and Sub-Standard Assets, Doubtful and lost assets.) 6. Validating the discriminant function using the given data by forming groups based on critical discriminant score.



Discriminant Analysis



In some situations, it may be essential to study the effect of two or more predictor variables on certain evaluation criterion as in the analysis of the default risk for a bank.



Defaulters and Non-Defaulters While grouping borrowers based on their chances of default, the criterion will be categorized into defaulters and non-defaulters.
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 The researcher will be keen in checking whether the predictor variables discriminate among the groups. More specifically, it is necessary to identify the predictor variable(s). Such analysis is called discriminant analysis.



Theoretical background for analysis : •



Designing a discrimination function is shown below: Y= aX1 + bX2 Where Y is the linear composite representing the discriminant function, X1 and X2 are the predictor variables (independent variables ) which are having effect on the evaluation criterion of the problem of interest.



•



Finding the discriminant ratio (k) and determining the variables which account for inter-group differences in terms of group means. This ratio is the maximum possible ratio between the ‘variability between groups’ and the ‘variability within groups’.



•



Finding the critical value which can be used to include a new data set (i.e new combination of instances for the predictor variables ) into its appropriate group.



Steps followed in developing the model •



Data collection of the corporate working capital loan borrowers of the selected bank having limit above 1 crore.



•



Input the data into SPSS. Let the predictors variables be X1, X2, X3………….Xn.



•



Classifying the data into two mutually and exclusive and collectively exhaustive groups, G1 (Defaulters) and G2 (Non-Defaulters). And these grouping variables are assigned value ranging from 1 to 2, where value of 1 will signify defaulters and value of 2 will signify non-defaulters.



•



Let n1 and n2 be the number of sets of observations in the group G1 and G2 respectively.



•



Defining the linear composite as : Y = aX1 + bX2 + cX3………zXn



•



Running Discriminant Analysis on SPSS over the data and finding the values of the coefficients a, b, c, d……….z.
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 •



In each group, the critical discriminant score for each combination of the variables X1, X2,X3……Xn will be found.



•



Validation of the discriminant function using the given data sets by forming groups based on the critical discriminant score. If the discriminant score of a data set is less than the critical discriminant score then include the member of the entity representing that data set in the ‘default’ category; otherwise, include it in the ‘non-default’ category.



To classify Future set In future, if the values of the predictor variables X1, X2…….Xn are known, then the discriminant score of that data set can be obtained using the discriminant function. Then, as per the guidelines stated earlier, the corresponding member of the entity representing that data set can be included in the appropriate group.
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 Chapter 8 Data Collection



Data from the Corporate Working Capital Loan Accounts of limits over 1 crore of the XYZ bank has been taken for the study. General Guidelines for the Appraisal of Working Capital loans: i)



Application forms for the various types of credit facilities have been standardized taking into account the RBI guidelines in this regard.



ii)



Formats for appraisal of loans have also been standardized for various types of advances and the notes compiled as per the formats .



iii)



The methods for assessment for working capital loans have been standardized in line with RBI directives/ guidelines.



Assessment Before Sanctioning Loans: The working capital requirements of borrowers shall be assessed by adopting the following methods i)



Simplified method in case of borrowers seeking fund based working capital limits of upto Rs 20 lakhs adopting a holistic approach, taking into account the borrower’s business, potential, business plans, past dealings, credit worthiness, market standing, collateral security available and ability to repay etc. Whenever the activity of the borrower is such that stocks/current assets are not available or creation of charge on stocks/current assets is not possible the same need not be insisted upon.



ii)



Liberalised Trade Finance Scheme to the small traders and small businessmen on the basis of total turnover declared in the sales tax returns upto a limit of Rs. 25 lakhs



iii)



Turnover method in the case of borrower seeking fund based working capital credit limits upto Rs 2 crores. If the borrower is eligible for the higher credit limit as per Eligible Working Capital Limit (EWCL) method, the same can be adopted instead of turnover method.
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 iv)



EWCL method in case of non-SSI borrowers seeking working capital limits of above Rs 2 crore from the banking system but upto and inclusive of Rs 20 crores from the bank.



v)



Cash budget or EWCL method for working capital needs of borrowers seeking fund based limit of above Rs 20 crores.



vi)



Assessment of working capital on cash budget method for seasonal and construction industry wherever adequate MIS support is available with the borrower.



vii)



For assessment of working capital requirements of export customers, any of the above methods, viz., projected turnover method or EWCL method or cash budget method , whichever is most suitable and appropriate to their business operations may be adopted.



viii)



In the case of credit limits of above Rs2 crore for software industry, cash budget method shall be adopted for assessment.



Basic Financial Parameters for Working Capital Assessment The methodology for working capital assessment envisages adoption of a BASKET of BASIC FINANCIAL PARAMETERS with broad bands to facilitate better risk management and to imbibe requisite flexibility in credit dispensation. The following are the basic financial parameters to be complied with in the case of all the borrowers irrespective of the methods of assessment Financial Parameters



Name of the Ratio



Prescribed Band



i. Liquidity



Current Ratio



a.



1.10



EWCL/



to



1.33



Cash



under Budget



Method b.



1.25



to



1.33



under



Projected turnover method for non-SSI borrowers c. Minimum of 1.25 under Projected Turnover method for SSI borrowers.
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 ii. Indebtedness



Solvency Ratio (TOL/TNW)



Below 5:1



iii. Security



Security Coverage Ratio



Minimum



1.25



for



SSI



borrowers and 1.30 for nonSSI borrowers. iv. Profitability



Net Profit- Positive



The minimum requirement shall be that the business is making



profit



and



not



incurring losses for the past two years. v. Leverage



Debt/ Equity Ratio



Below 2:1



Liquidity Ratio: The ratio of Current Assets to Current Liabilities - a measure of the liquidity of the enterprise. Can it expect to collect sufficient cash over the next 12 months to meet its liabilities as they become due during this period? If not it will have a negative cash flow and its cash resources and may limit its ability to meet its obligations including its obligations to the Bank. For a manufacturing organisation, the Current Ratio should be a minimum of 1.25: 1. If it is lower than this, the Bank should be put on enquiry as to whether the enterprise will continue to have the liquidity to meet its obligations as they fall due for payment.



Indebtedness/ Solvency Ratio : Generally, the lower the ratio the stronger the financial condition of the organisation. If there is a downturn in the performance of the organisation it will have fewer creditors who have to be paid and will be better able to withstand the downturn. Also, the stronger the Balance Sheet i.e. the lower the creditors and the higher the shareholders funds, the easier the enterprise will find it to be to raise financing from Banks and suppliers providing it can convince its creditors that the downturn is temporary and the management is taken the necessary steps to rectify the situation.
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 Security Coverage Ratio: The degree of safety to the Bank before the Borrower is unable to meet its interest payments. The Bank would normally expect to see this ratio to be high for the Bank to feel comfortable that the enterprise will continue to be able to service its obligations. If this ratio falls, the borrower should be put on enquiry as to whether he will be able to continue to service its debt to the Bank.



Profitability Ratio: i) Return on Equity (ROE) : The amount of Profit after Tax measured as a percentage of the



Shareholders Funds or Equity. This is the most important of performance



measures. What rate of return is the enterprise giving to the shareholders? Is it increasing or is it decreasing on a year-by-year basis? Does this return compensate the shareholders for the risk involved in their investment? If it does not compensate investors and projections show that it is not likely to provide a satisfactory return in the foreseeable future then the shareholders may well be advised to sell or liquidate the enterprise. ii) Gross Margin : Operating Profit against Sales iii) Net Margin Before Tax : Operating Profit before tax against Sales iv) Net Margin After Tax : Operating Profit after tax against Sales The above are all expressed as percentages and are measures of profitability at the different levels against sales. The Net Margin Before Tax is considered the most important as it measures performance after all costs within the control of the enterprise. The Account Manager should look at year on year trends. If margins are declining the reasons behind the deterioration should be established



Debt/Equity (Leverage) Ratio: The ratio of Total Liabilities to Equity / Shareholders Funds. Who has the major stake in the enterprise – the shareholders or its creditors? Generally, the lower the ratio the stronger the financial condition of the organisation. If there is a downturn in the performance of the organisation it will have fewer creditors who have to be paid and will be better able to withstand the downturn. Also, the stronger the Balance Sheet i.e. the
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 lower the creditors and the higher the shareholders funds, the easier the enterprise will find it to be to raise financing from Banks and suppliers providing it can convince its creditors that the downturn is temporary and the management is taken the necessary steps to rectify the situation. Default : The borrowers whose key assessment ratios fall below the limits mentioned in the table over a defined period of time will be put in the category of defaulters.



Ratios for appraising Working Capital Limits : Financial ratio covenants of the loan contracts require the borrower to maintain a threshold level of a specified accounting ratio. If the borrower fails to maintain the threshold, the contract enters technical default and the lender has the option to take action. This option is valuable to the lender, who can evaluate the credit condition of the borrower and act accordingly. There are five types of financial ratio covenants commonly used in contracts:



a). Current Ratio



:



Current Assets Current Liabilities



b). Solvency Ratio (TOL/ TNW)



:



Total outside Liability Tangible Net Worth



c). Debt/Equity Ratio :



Total Liabilities Shareholder’s Equity



e). Profitability Ratio



:



Net Profit X 100 Net Sales



f). Security Coverage Ratio : Total value of security offered for working capital limits (including collateral)



Total credit limits Sanctioned including non-fund based
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 Computation of Tangible Networth (TNW) of business entities for the purpose of internal exposure guidelines a). TNW = Capital + Reserves(excluding revaluation reserves) less intangible/fictitious assets. b). The quasi capital (borrowing from friends/relatives etc.) shall not be reckoned with to arrive at TNW. c). In case of the borrowers enjoying credit limits of Rs 25 lakhs and above, the tangible networth shall be determined on the strength of audited Balance Sheets. If additional capital is infused subsequent to the audited balance-sheet TNW may be computed taking into account infusion of additional capital based on the Form 2/32 filed with the registrar of Companies. d). However, in the case of borrowers enjoying credit limits of Rs 10 lakhs and above but less than Rs 25 lakhs, the TNW may be determined on the strength of the unaudited Balance Sheet.
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 Chapter 9 Discriminant Analysis Output Table 1 Analysis Case Processing Summary Unweighted Cases Valid Excluded Missing or out-of-range group codes At least one missing discriminating variable Both missing or out-of-range group codes and at least one missing discriminating variable Total Total



N 16



Percent 100.0



0



.0



0



.0



0



.0



0 16



.0 100.0



Table 2 Group Statistics



VAR00006 1.00



2.00



Total



Curr Sol DE Prof SCR Curr Sol DE Prof SCR Curr Sol DE Prof SCR



Valid N (listwise) Unweighted Weighted 5 5.000 5 5.000 5 5.000 5 5.000 5 5.000 11 11.000 11 11.000 11 11.000 11 11.000 11 11.000 16 16.000 16 16.000 16 16.000 16 16.000 16 16.000
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 Analysis 1 Summary of Canonical Discriminant Functions Table 3 Eigenvalues Function 1



Eigenvalue % of Variance 2.390a 100.0



Canonical Correlation .840



Cumulative % 100.0



a. First 1 canonical discriminant functions were used in the analysis.



Table 4 Wilks' Lambda Test of Function(s) 1



Wilks' Lambda .295



Chi-square 14.041



df 5



Sig. .015



Table 5 Standardized Canonical Discriminant Function Coefficients



Curr Sol DE Prof SCR



Function 1 -.169 11.341 -11.467 .036 .570



Table 6 Structure Matrix



Curr Sol Prof SCR DE



Function 1 -.322 .167 -.161 .138 .089



Pooled within-groups correlations between discriminating variables and standardized canonical discriminant functions Variables ordered by absolute size of correlation within function.
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 Table 7 Canonical Discriminant Function Coefficients



Curr Sol DE Prof SCR (Constant)



Function 1 -.158 1.364 -4.683 .003 1.047 .039



Unstandardized coefficients



Table 8 Functions at Group Centroids



Default 1.00 2.00



Function 1 -2.145 .975



Unstandardized canonical discriminant functions evaluated at group means



Classification Statistics Table 9 Classification Processing Summary Processed Excluded



16 Missing or out-of-range group codes At least one missing discriminating variable



Used in Output



0 0 16



Table 10
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 Prior Probabilities for Groups



Default 1.00 2.00 Total



Prior .500 .500 1.000



Cases Used in Analysis Unweighted Weighted 5 5.000 11 11.000 16 16.000



Table 11 Classification Resultsa



Original



Count %



Default 1.00 2.00 1.00 2.00



Predicted Group Membership 1.00 2.00 5 0 1 10 100.0 .0 9.1 90.9



Total 5 11 100.0 100.0



a. 93.8% of original grouped cases correctly classified.
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 Chapter 10 Interpretation of Results The data of the predictor variables which are : Current Ratio, Solvency Ratio (TOL/ TNW) Debt/Equity Ratio, Profitability Ratio, Security Coverage Ratio is fed into SPSS and discriminant analysis is run.



Statistical Significance of Discriminant Function Obtained Statistically speaking how significant is the discriminant function? This question is answered by looking at the Wilks’ Lambda in Table 4 . Wilks' Lambda Test of Function(s) 1



Wilks' Lambda .295



Chi-square 14.041



df 5



Sig. .015



Wilks’ Lambda : The value of Wilks’ Lambda between 0 and 1 (closer to 0) indicates better discriminating power of the model. Thus 0.295 is an indicator of model being good.



Finding the Better Predictors out of the group of 5 Predictor Variables We have 5 independent (predictor) variables - Current Ratio, Solvency Ratio (TOL/ TNW) Debt/Equity Ratio, Profitability Ratio, Security Coverage Ratio. Now how to decide which of these is a better predictor of a borrower being at a low credit risk or high credit risk. To answer this, we look at the standardized coefficients in Table 5 of the output. Standardized Canonical Discriminant Function Coefficients



Curr Sol DE Prof SCR



Function 1 -.169 11.341 -11.467 .036 .570
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 This output shows that Debt/Equity ratio is the best predictor, with coefficient of -11.467 followed by Solvency Ratio of 11.341 .The absolute value of the standardized coefficient of each variable indicates its relative importance.



Classification Matrix Classification Resultsa



Original



Count %



Default 1.00 2.00 1.00 2.00



Predicted Group Membership 1.00 2.00 5 0 1 10 100.0 .0 9.1 90.9



Total 5 11 100.0 100.0



a. 93.8% of original grouped cases correctly classified.



Table 11 indicates that the discriminant function we have obtained is able to classify 93.8 % of the 16 cases correctly. This figure is in the ‘% correct’ column of the classification matrix. More specifically, it also says that out of 5 cases predicted to be in group 1, all 5 were observed to be in group 1. Similarly from the column 2, we understand that out of 11 cases predicted to be in group 2, only 1 was found to be in group 1. Thus on a whole only 1 case out of 16 was mis-classified by the discriminant model, this gives us a classification (or predictable) accuracy level of (16-1)/16 or 93.8%. This level of accuracy may not hold for all future classifications of new cases. But it is still a pointer towards the model being a good one, assuming the input data was relevant and scientifically collected.



Discriminant Function Since we have five predictor variable let our discriminant function be in the form Y= a + b1*X1 + b2*X2 + b3*X3 + b4*X4 +b5*X5 ------------(1) Putting, X1 = Curr
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 X2 = Sol X3 = DE X4 = Prof X5 = SCR



From Table 7 we can find the values of the coefficients to be a = 0.39 b1 = -0.158 b2 = 1.364 b3 = -4.683 b4 = 0.003 b5 = 1.047 The coefficients mentioned in Table 7 will be used to obtain the Discriminant Function. Canonical Discriminant Function Coefficients



Curr Sol DE Prof SCR (Constant)



Function 1 -.158 1.364 -4.683 .003 1.047 .039



Unstandardized coefficients



Using these coefficients in equation 1 for various predictor variables we obtain the following discriminnant function. Y = .039 + (-0.158 * Curr_Ratio) + (1.364 * Sol_Ratio) + (-4.683 * DE_Ratio) + (0.003 Prof_Ratio) + (1.047 * SCR_Ratio ) ---------- (2) This function gives a linear relationship among the predictor variables. Thus with the use of discriminant analysis for the available data set we can reach the point of decision.
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 Chapter 11 Validation of the model



Having the information about the defaulters and non-defaulters, we arrive at a the critical values of the discriminant score which is given in Table 8 for both the categories i.e defaulters and non-defaulters. Functions at Group Centroids



Default 1.00 2.00



Function 1 -2.145 .975



Unstandardized canonical discriminant functions evaluated at group means



We categorise the customers according to the mean of the critical scores[(-2.145+0975)/2 = -0.585)] mentioned in the table for the two categories. Non- Defaulters



Defaulter - 0.585



The borrowers with a score above -0.585 will be falling under the category of nondefaulters and those below -0.585 will be categorized under defaulters. For the future cases of lending, these score derived from the mentioned function can be used to find the possibility of default and non-default of any borrower and can be accordingly classified.



Cases for Validating the model: Case 1 : Lets take the Customer A who is a defaulter . We feed the predictor variable data of the customer in Equation 2 and find the discriminant score. Y= 0.039 + (-0.158 *2.16) + (1.364 *1.76) + (-4.683*1.18) + (0.003*12.11) + (1.047 *1.73) Y = 0.039 – 0.341 + 2.40 – 5.53 + 0.04 + 1.81 Y= 4.83 – 5.81
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 Y= -1.58 The score is falling in Defaulter Category as this is below -0.585. So the discriminant function has been correctly defined. Case 2 : Lets take another Customer I who is a good borrower (non-defaulter). Entering the predictor variable data for this customer in equation 2 we find discriminant score.



Y= 0.039 + (-0.158 * 3.03) + (1.364 * 1.22) + (-4.683* 0.93) + (0.003*11.26) + (1.047 *2.18) Y = 0.039 - 0.47 + 1.66 – 4.36 + 0.03 + 2.28 Y= 4.01 – 4.83 Y= 0.82 This a score above -0.585 and falls in the category 2 which is the category of nondefaulters or good accounts. So the customer has been correctly classified.



Case 3 : We take the data of the Customer K who is a non-defaulter. Data is entered data in the discriminant equation 2. Y = 0.039 + (- 0.158 * 1.87) + (1.364 * 0.73) – (4.683 * 0.39) + (0.003* 9.03) + (1.047 * 3.07) Y = 0.039 + 0.29 - 0.99 – 1.83 + 0.03 + 3.21 Y = 3.57 – 2.82 Y = 0.75 This a score above -0.585 and falls in the category 2 which is the category of nondefaulters or good accounts. So the customer has been correctly classified.



Case 4 : To enhance our confidence in the model let’s take one more Customer G who is a defaulter. We use equation 2 to find his category as per the model. Y = 0.039 +( -0.158 * 0.73) + (1.364 *-4.62)+ (- 4.683 *-0.68) + (.003*-2.39)+ (1.047 *1.72) Y = .039 - 0.11 -.6.30 + 3.18 - 0.0007 + 1.8 Y = 1.84 – 9.59
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 Y = -1.04 The results show that the customer has been correctly categorized as defaulter as he has a score below the critical value of discriminant function for the category of defaulter which is -0.585. Thus the proposed model with the 93.8% accuracy of categorising has been validated with the results and the discriminant function obtained can be used for the future categorization of the customers in the category of defaulters and non-defaulters. Thus the model has been validated with the results of the cases mentioned above.



Classification of the new Credit Applicant The values for the predictor variables for the new customer can be used in the Discriminant Model Equation to find his discriminant score and this discriminant score can be compared with the categorical scores and then accordingly classified. These scores give the decision rule for classifying any new case. If the discriminant score of an applicant falls below -0.585 the customer will be categorized as the probable defaulter and if it falls above -0.585 then he’ll be categorized as good customer.
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 Conclusion The management of credit risk is possible only with its measurement. Models are the tools to effectively measure the risk exposure of various financial institutions. With the correct measure of the credit risk, its management will become effective and efficient. This research work concentrates on developing an approach to measure the credit risks associated with various borrowers of a bank. For this the major assessment parameters for the bank are taken as the predictor variables. There are many approaches to developing credit risk model which have been discussed already in interim report. It is difficult to say conclusively, which of the approaches has the best ability to predict default, each having its pros and cons. The stock price-based model is conceptually appealing, as there is an explicit theoretical foundation of this model. On the other hand, accounting-based statistical methods rely more on statistical relationships rather than on any financial principle. However, with the absence of any theoretical structure, accounting based statistical approach which also forms the basis of my study can act more flexibly by incorporating or excluding the explanatory variables depending on their information content. It is more prudent to look at these two approaches as supplementing each other by providing additional information, which the other does not possess. The choice depends on the individual business circumstances and portfolio specifics of each bank. Depending on the circumstances, it may sometimes be prudent to use both types of methodologies simultaneously to refine the credit decision system of the bank. The availability of data is a major constraint for such studies and with the availability of more accurate data such findings can be even more useful for a bank. The credit risk modeling may indeed prove to result in better internal risk management at banking institutions. However, key hurdles, principally concerning data limitations and model validation, must be cleared before models may be used in the process of setting regulatory capital requirements.
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