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A. General Introduction to Financial Risk Management

A.1 What is Risk?

The eternity of the world risk is “risicare” from the Italian that means, “to dare” In this meaning risk is a decision rather than fate. The action we dare to take, which depends on how free we are to make judgments and choices is the essence of management science. The Merriam Webster dictionary defines the verb to risk ¡°to expose to hazard or danger. Professor Damodaran shares this risk view concept in finance our definition of risk is both different and broader. Risk, refers to the likelihood that we will receive a return on an investment that is different from the return we are expecting. Thus, risk includes not only the bad outcomes (returns that are lower than expected) but also good outcomes (returns that are higher than expected). In this view, risk and return appear as two sides of the same coin. However, we should agree with other authors, for instance Basis (2002), that the first aspect of the risk concept is the negative impact on the earnings or equity value of the firm due to a risk event. As the definition given by the Oxford Concise dictionary, ¡°risk is a hazard, a chance of bad consequences, loss or exposure to mischance Even though operational risk is in general concerned only with the downside, that is the losses amounts, we will argue all along that risk measurement and management could be the upside of the operational risk management framework.

Thus danger and opportunity are the two faces of the risk coin. This assumption will direct the risk reflection on this paper where risk appears as synonymous of challenge and opportunity.

A.1.1 Brief Classification of Risks

The aim of this section is not to list each particular risk but to provide the reader with a global overview of the risks to which a bank is in general exposed. For an exhaustive description we refer to Bessis (2002) and Crouhy et al. (2003). Roughly speaking we can categorize banking risks in two bins: financial risks and non-financial risks. Thus we will describe and define thereafter some examples for each banking risk categories. 

A.1.2 Financial Risk 

Financial risks are the risks associated with possible losses in the financial markets, namely: Market risk. Is the probability that an investment (asset) will vary in price as market conditions change? . Credit risk. Risk associated with the inherent uncertainty that debtors will honor their financial obligations. We can decompose credit risk in two sub-risks: default risk and downgrade risk. Liquidity risk. Risk of an adverse cost or return variation stemming from the lack of marketability of a financial instrument at prices in line with the market value.

A.1.3 Non-Financial Risks

The non-financial risks can be defined as risks specific to the industry in which the firm operates. 

· Geographical risk. Geographical risks are those associated with operations in two or more geographical areas. These risks may concern internal organizational accountability between the different offices, for example, accountability between Singapore and London at Barings Bank in the nineties. 

· Business risk. Business risks are those risks specific to the industry in which the firm operates. These are the risks that the organization willingly undertakes, on behalf of shareholders, for the purpose of creating and maintaining a comparative advantage. 

· Reputation risk. Can be defined as the set of threats that affect the long-term trust placed in organizations by its shareholders, which includes its suppliers, customers, staff and shareholders. It covers risks to products and services, the company or all the industry.

· Strategic risk. Is the risk linked to the firm strategic choices in order to conduct the firm adapting to his competitive environment? Management strategic choices should respect the expectations of clients and shareholders, assure the firm income growth and the quality improvement of their products and services.

·  Legal Risk. Is defined as the risk of loss encountered by an institution as a result of non-conformity of activities with existing norms: laws, regulations, circulars and codes of conduct.

· Operational risk. Is the risk of losses resulting form inadequate or failed internal processes, people and systems, or external events? 

· Risk Modelling. Model risk arises when the assumptions underlying the model are wrong or when the model is fed with unreliable or sparse data and can lead to wrong results and conclusions.

Systemic Risk. Is defined as the risk of failure of the whole financial system, for example, due to a major change in interest rates.

A.2 Why this Emergency Tendency and Force in Risk Issues?

Some authors for instance Crouhy et al. (2001) predict an important growth of the role of operational risk in the global risk management process. Why this forecasted trend? The recent financial history can suggest some guidelines to answer this important question. The second half of the 20th century has seen a financial revolution that we think has begun with Harry Markowitz in his famous paper “Portfolio Diversification”, which was in turn followed by other financial science innovations such as the Merton-Black-Schools model. More recently we have seen risk management as a major innovation in finance that has radically changed the banking industry: bank asset securitization, credit derivatives, risk modelling, derivatives etc. External forces as technology and financial deregulation pushed those innovations in finance. That seems to push the traditional financial market for a new era of finance characterized by globalization, funds and risk disinter mediation. However, those banking practices and financial market innovations create. Concerns for the financial community, which is permanently engaged in ensuring and maintaining a stable financial system. In fact, the globalization effect in the financial sector of the world economy requires a solid architecture to ensure prosperity. During the last 30 years, the derivatives market has developed rapidly. Several factors have actually contributed to the development of these innovative financial markets, namely (1) the abandon of the Breton Woods system that lead to the change of the fixed exchange rates against the dollar to the fluctuating system (2) the implementation of the liberalization of the world capital movements causing a greater interdependence of the worldwide economies followed by an increase of interest rate volatility and (3) the need of financial and corporate institutions to manage a multitude of risks that affect considerably their assets and liabilities and consequently their net value. Here is a partial answer to our initial question: Why operational risk matters? Could be stemmed from the recent financial scandals, as for instance Enron (hidden SPV's). The huge amounts (trillions of dollars) traded in derivatives in conjunction with human errors and or bad faith could appear as an important 2 this led to the instability of the currency values and implied the currency exchange risk. Threat for the global financial market. Some important risks are inherent to this game, namely counterpart risk, settlement risk, country risk and operational risk. Recent financial history counts with some scandals that call for reflection: Enron, LTCE, Metallgesellschaft, Barings etc. This context leads to the so-called apocalyptical vision of Lich (2000) that is made worst by the decrease of financial markets boundaries and regulations namely (1) the increase of the use of technology and international trade (2) the fundamental changes in global economics discussed before and (3) the shift from individual to collective savings pools (pensions funds). The use of risk management models and instruments adds an important upside in the mastering of the risk3, the downside of the use is the leverage of those complex financial instruments that can bring into play the world global finance and thus all the economy with the potential collapse of the world financial markets.

As Bernstein argues (2003), the notion of bringing risk under control is one of the central ideas that distinguish modern finance from the traditional practices. Thus we will analyze hereafter the response of bankers and of the regulators to those important threats to the global financial stability. 3 For instance credit derivatives instruments.

A.3 Threat or Opportunity for Banks

A.3.1 Why is the Regulator Concerned?

Supervisors and regulators are obviously aware of the consequences of the financial system collapse for the global economy. The way to prevent it is to Ben sure that banks have enough financial resources to absorb losses caused by their activity. Losses can be expected or unexpected. In fact, financial resources are the last line of defense against bank insolvency as in the Barings case. Crouhy et al. (2001) draw a clear view of the role of regulators and bank capital in our economy: Banks collect deposits and play a key role in the payment system. National governments have a very direct interest in ensuring that banks remain capable of meeting their obligations; in effect they act as a guarantor, sometimes also as lender of last resort. They therefore wish to limit the cost of the safety net in the case of bank failure. By acting as a buffer against unanticipated losses, regulatory capital helps to privatize a burden that would otherwise be borne by national governments. Banking supervisor’s main objectives are national and global financial stability. Their main concern is to capture all types of risk and to ensure that there is sufficient capital in banks to provide protection up to a certain confidence level.  Financial institutions to accelerate efforts to improve their evaluation, modelling and measuring of risk. This should provide regulators with an improved and more comparable way to look at risk across organizations. Bank regulators play an important role of fostering and ensuring financial stability given important emphasis on strong risk management practices broader financial stability mandate. Bank stakeholders emphasize that implementation of agreements should help supervisors and market actors to better detect increased risk in individual institutions and across the financial system through a more risk sensitive capital measure. That point also aims to reinforce and accelerate improvement in bank risk management globally, by promoting future innovations through its reliance on banks' internal methodologies. In summary, bank supervisors are preoccupied with systemic risk and therefore with the implementation of a risk management framework able to avoid market crashes.

A.3.2 Response of the Banks

Banks grab the opportunity to apply and to improve bank risk management practices, namely by improving capital strategies, risk management and measurement systems, and through the development of metric models for internal risk management and control. Good examples are the VaR concept introduced by J.P. Morgan, followed by other famous internal models like KMV, Risk Metrics, CSSP plus etc. Banking objectives consist of developing accurate allocation of economic capital and to avoid hard regulatory over-provisions that will make their business less competitive. However, banks aim with economic capital calculation is not limited to the aforementioned regulatory issues. In fact, other aspects of the economic capital are fundamental in bank management, namely: 

(1) Optimization of risk-return relationship

(2) Adequate pricing of banking products  

(3) Improvement of organizational procedures.

Banks, which assess risk, set risk thresholds and actively monitor and manage their risk exposure within those thresholds, can more accurately predict future performance. As Bernstein (1996) summarizes, the role of risk management in banks is to put the future at the service of the present". Banks are also likely to achieve higher performance and/or meet finance expectations because they are more able to avoid large fluctuations in business and evade the consequences of unmitigated risk events. An enterprise wide risk management framework permits banks to be proactive instead of reactive. Thus, risk management not only prevents and measures losses, but it also appears as a fundamental pillar in the banking strategy.

A.4 Advanced Modelling Banks Benefits

In this section, we will argue the benefits for banks in adopting soundness risk management frameworks, including advanced modelling process. Sound risk management practices play an important and strategic dimension in the banking industry. Those banking institutions that actively manage their risks gain competitive advantages. They take risk more consciously, they anticipate adverse changes, they protect themselves from unexpected events and they gain the expertise to price correctly risks. The competitors who lack such abilities may gain business in the short-run. Nevertheless they will lose ground with time, when those risks materialize in losses. Measuring and modelling risks appear as fundamental to risk management in banking. In the complex banking and finance sphere, whenever we cannot quantify the diverse and correlated risks, we simply cannot manage them. Thus simple risk models cannot capture and model the behavior of the banking risks activity. Advanced models should generate value-added management benefits. The models generated metrics will produce at least two important management outcomes, such as bringing to senior management information that otherwise they would not be aware. The results of those measures will be used to influence management practice. Models metrics and resulting benefits from management and business applications are numerous and diverse: from risk monitoring, risk reporting, risk control, risk mitigation, to customer profitability calculation, strategy development, staff compensation, pricing etc.

B. Operational Risk Measurement and Management Process

B.1 Operational risk 

B.1.1 What is Operational Risk?

We have frequently heard from risk managers that operational risk is a kind of residual risk basket. Broadly speaking that means all risks that are not financial are categorized as operational risks. By defining in terms of what is not risk, managers try to define what it is. The Basel Banking Committee defines operational risk BIS (2005) as ¡®the risk of loss resulting from inadequate or failed internal processes, people and systems or from external events4. 

B.1.2 Operational Classification

The committee has identified seven level 1-event types, subsequently broken down into 20 level 2-event types and 60-70 suggestions for level 3. The level 1-event types are: 

· Internal Fraud. Intentional misreporting of positions, employee theft and insider trading.

· External Fraud. Robbery, forgery, cheque kiting, computer hacking. 

· Employment. Workers compensation claims, violation of employee health & safety regulations organized labor activities, discrimination claims, and general liability.

· Clients, Products, Practices. Fiduciary breaches, misuse of confidential customer information, improper trading activities, money laundering, sale of unauthorized products.

· Damage to Physical Assets. Terrorism, vandalism, earthquakes, fires and floods.4 According to BIS the definition includes legal risk but excludes strategic and reputation risk. 

· Business Disruption & Systems Failures. Hardware and software failure, telecom problems, utility outages.

· Execution, Delivery and Process Management. Data entry errors, Bcollateral management failures, incomplete legal documentation,

Unapproved access to client accounts, counter-party error or failure, and vendor disputes.

Since the allocation of capital against potential operational risk losses is a forward-looking concept, it is difficult for risk managers to assess what capital requirements should be. Expected operational losses, such as credit card fraud, settlement errors can be

estimated from historical internal and external data. However, unexpected losses such as those relating to business disruption from say a terrorist event, are much harder to quantify. Basel II offers guidance in suggesting three approaches that banks might use when calibrating operational risk which differ in sophistication and complexity.

B.1.3 Approaches to Calculating the Capital Charge

In the Regulators set up guidelines that led the entire Industry towards more risk sensitive practices that push risk measurement as a core building block of valuable risk-based practices. Thus the Basel Committee has set out three different approaches to be used by banks in calculating the required Operational Risk capital charge. We describe thereafter the three approaches to modelling operational risk from the basic and standard - that are costly in terms of economic capital requirements - to the advanced quantifying methods that permits banks to save on one of the most scarce and costly resource: capital.

The Basic Indicator Approach:

 The simplest of the three methods, this approach uses a single indicator as a proxy for an institutions operational risk exposure. The proposed indicator is Gross Income5 (GI). The capital (K) allocation will be a fixed percentage of the gross income, which is a capital factor (a), subject to regulatory approval or adjustment. Actually this capital factor is fixed at 15%. 

Thus

K = a. GI 

The Basic Indicator Approach could be a universal approach for all banks. However, from a regulatory point of view, it is unlikely to be suitable for banks with international operations or those with more sophisticated operations where specific operational risks need to be assessed and monitored. In these cases the second and third approaches would be more appropriate. The Basic Indicator Approach will therefore suit smaller domestic institutions with a simple or limited range of business activities.

The Standardized Approach:

This approach is more suitable to banks with a wider range of business activities. Bank operations are divided into eight standardized business units and each unit will be assessed separately using a specific capital factor (bi).

Again, gross income serves as proxy for the amount of operational risk within the unit. A capital charge will then be calculated for each business unit. The BIS Supply for each business line the exposure indicators and respective s ' bi. This approach is better able to reflect the different risk profiles across business lines of the bank. The Basel Committee has also introduced the Alternative Standardized Approach (ASA) for retail and commercial banking business lines under the Standardized Approach. With the local regulators approval, banks can opt for the ASA approach for these two business lines. Under the ASA banks calculate the other six business lines. Corporate finance, trading and sales, payment and settlement, agency services, asset management and retail brokerage business lines under standardized rules using gross income as the exposure indicator. However for retail and commercial banking business lines, under ASA, loans and advances replace gross income as the exposure indicator. The analytical expression for calculating capital requirements under this approach is as following:


                                            K I =                        b (i) E I (i)                                                            


Where EI is an exposure indicator for each of the defined business lines.

The financial community addresses some pertinent critiques to the last two approaches. It is evident that income is easier to measure than risk, because risk is more intangible. The issue when using standard risk factors (GI) is that they can be seen as comparing apples to oranges. In fact, one can ask how income is an operational risk driver. Remembering what Bernstein (2001) describes the capacity of objectively forecasting risk as being what differentiates modern society from other times when beliefs were predominant. This belief of the income as a risks driver appears as the battle between Galilee and the Inquisition concerning the roundness of the earth that cost the life of the scientist.

Advanced Measurement Approach (AMA)
AMA is the most comprehensive approach and institutions with extensive operations and business activity and a highly developed approach to risk management will benefit from this approach through lower capital requirements. The requirements and criteria for banks using this approach are complex and continually developing. The requirements will include:

· Mapping loss events across business lines;

· The rigorous analysis of internal and external loss data;

· Scenario testing and monitoring the adequacy of the internal control environment;

· The systematic use of key risk indicators;

· The analysis and recognition of the business environment;

· The close integration of the operational risk measurement system to the management processes of the bank;

· Transparency within the risk management processes.

AMA methodology’s namely the stochastic models by deriving severity distributions included those of the Extreme Value Theory, frequency distributions and the derivation of Value at Risk by the means of Markov Monte Carlo simulations.

B.2 AMA Operational Risk Management Framework

The aim of this section consists of an overview of the entire risk management process under an AMA. As the new banking regulators approach lie in the measurement of the operational risk. Thus the first main step in the operational risk framework consists of building a loss database. As this issue is a critical one, we will develop that in the next point. The next step is the modeling process that could be divided in two large categories: stochastic and casual modelling. We will discuss and illustrate stochastic modelling respectively with a Loss Approach Distribution (LDA) and the Extreme Value Theory (EVT) in the next two chapters. A stochastic process could be defined as a process involving random variables and therefore rely upon the probability theory. Causal modelling is based in econometrics, Bayesian techniques and non-linear models by building Causal Models. That consists of linking the operational risk losses to causal factors by designing root cause analysis and Bayesian models. In practice, it consists of designing multifactor models. As is not possible to treat everything with the required detail, we will not treat casual modelling techniques in this thesis. The aforesaid measuring models will be the foundations to draw diagnostics and measure a banks level of risk. Finally, we have the right tools and diagnostics to build an operational risk

reporting control and management framework: determine the economic capital adequacy, transfer to insurance the risks that the bank does not wish to assume and build stress test and scenario analysis. We illustrate an operational risk framework suggested by Marcelo Cruz (2003) with the graphic of the figure.

Figure Overview of an AMA operational risk framework


B.2.1 Database Modelling

In the operational risk framework we will map the different risks, define the key risk drivers and forecast the unexpected losses in order to determine the required capital. Collecting and organizing the loss amounts and the risk drivers are the foundations of an effective risk management framework. As we saw the diagram, the loss database is a major step and the foundation to build an advanced measurement approach. Data is one of the major difficulties in management and measuring operational risk. The absence of data appears as the main obstacle to the implementation of an accurate operational risk measurement framework. Several reasons are commonly pointed out to explain the lack of data. In first place setting up a database framework is costly; then, company culture encourages the camouflage of operational events instead of collecting and reporting them. In fact employees responsible for operational incidents will prefer to hide them and get the year end bonuses, instead of risking being fired for the loss. Last but not least, after solving those issues still one remains: Should we adopt the banks' own internal data or external loss databases? As the goal of banks consists of determining their respective capital at risk derived from operational risks, at first sight each bank should use its own data. However internal data present an important drawback for the purposes of operational loss modelling. In fact, taking into account the relation between the frequency and the loss distribution could bias internal data. Internal data is more likely to contain high frequency repetitive events with relative low severity (HFLS). Is also probable that an internal database does not include low frequency/high severity events, simply because many companies do not survive the catastrophic losses caused by ruinous events. This explains the arguments of database vendors such Algorithmic (Opvar) claiming that a financial institution should combine internal and external data. The following graphic (figure 2.2) illustrates an ideal database for operational risk measurement and management. Basically, an internal database should be complemented with an external consortium database in order to avoid the aforementioned bias effects. Thus data availability will obviously determine the sophistication level of the operational risk measurement framework.

Figure Loss database architecture












B.2.2 Nature of Operational Risks

Operational Risks exhibit numerous difficult properties and particularly characteristics that will determine the modelling process. First of all, operational risks are implicitly accepted as part of being in business. Operational risk events are diverse by nature and belong to other categories: for instance, there are no links between customer lawsuits, rogue traders and operations failures. Operational loss events are highly context dependent and change rapidly. For instance, the actual business, labor force and processing systems are very different from those in the nineties. A good example is the evolution of technology, as information systems threats in the nineties were completely different. Fifteen years ago nobody worried about Internet virus attacks. Even though regulators and the industry seem to be working by analogy to market and credit risk, operational loss events do not seem to exhibit the well known characteristics of those categories of risks: (1) are accepted knowingly as part of the business decision (2) have a reasonable amount of homogeneity that can be treated as a group and (3) have a solid long term historical data. 

We can summarize that operational loss occurrences are irregularly spaced in time and loss amounts very clearly show extremes. As operational risk events do not exhibit statistical properties that appear to be somewhat stable across time, that’s why operational risk measurement needs other statistical distributions than the traditional Normal distribution (the bell curve) to capture the behavior of loss distribution. We will study this in the next chapters. Before that, we will now introduce some risk measurement fundamentals.

C. Basics of Risk Measurement

C.1 How to Measure Risk?

C.1.1 Central Limit theory
In practice, risk managers collect samples of losses from risk events and use the underlying theory of probability to help them in forecasting and in decision-making. The interesting benefit of the probability theory is that it permits to capture and summarize the essential characteristics and behavior of sample data in a theoretical statistical distribution. In practice, we can describe, interpret and measure some observations and thus summarizing them in a function that we can use to build different scenarios projected in the future. 

The measure of central limit theory is a fundamental statistical concept. It essentially says that as the size of the sample increases the distribution of the average of a random sample of n observations tends to be normal with first moment u and standard deviation σ respectively location and scales measures.

We can better understand the importance of the CLT with a practical risk management application. Suppose that an operational risk officer has a loss database containing over ten years of loss events. The average loss is 100 and the standard deviation is 20. If we consider that the data fits a normal distribution that is

 Φ (Z) = P (Z≤ z)

Can calculate any probability. For instance the risk manager can ask which is the probability to get a loss that surpassed 120. Considering the properties of the normal distribution.

C.1.2 Categories of Losses

It is commonly accepted among the risk management community that one can classify losses in three main categories: 

(1) Expected losses 

(2) Unexpected losses and 

(3) Extreme losses. 

(4) The three losses categories are illustrated in

Figure the costs of financing those losses are distinct. The costs of the expected losses are incorporated in the pricing or by provisioning and the unexpected losses are covered by the capital. Extreme losses could be absorbed by capital or covered by insurance. 

Unexpected losses in consequence of the magnitude and frequency of the losses.

Mode. Most

Frequent event Expected Loss Unexpected Loss

Probability of Loss < UL Probability of

Loss > UL                                                                

Expected Loss

Unexpected Loss

VaR

Extreme Loss

Losses

Probability

Thus we can define the categories losses as follow:

Expected losses. Are related to losses affecting the firms day-to-day operations. Usually the focus of management due to its impact on P&L. The cost of the expected losses is in general incorporated in the price and therefore transferred to the customer. 

Unexpected losses. Are losses with lower frequency of occurrence and higher size, but still in the firm’s control.

Extreme losses. Are extreme risks threatening the firms activity, usually related to external factors not controlled by the firm or deliberate actions in cases of fraud. For modelling purposes and capital requirements we are especially concerned with unexpected and extremes losses. Basel II guidelines establish that banks should have enough economic capital to absorb unexpected losses that can bring into play bank solvency and contribute to a potential systemic risk of the global finance stability. In fact, supervisors set up guidelines to adequate capital requirements as a consequence of the magnitude of those categories of losses. As aforesaid, expected losses are incorporated in the price paid by customers through bank service fees. As in this thesis we are particularly concerned with measuring and modelling unexpected and extreme losses, we will hereafter study the mechanism of an important risk measure in order to compute the

unexpected and extreme losses. The Value at Risk. 

C.2 Value at Risk Overview

C.2.1 Vale at Risk Fundaments

Value at Risk (VaR) is a fundamental concept in risk management, and plays an important role in measuring and modelling risk in the Basel II capital adequacy framework. Thus it is pertinent to spend some time analyzing the mechanism of the VaR methodology before looking into the stochastic modelling. We will depict the mechanism of the Value at Risk methodology with a fixed currency swap example. VaR is common used in market risk modelling, but the reason that we use VaR market risk instead of a VaR operational loss to depict the VaR methodology is that the former permits to draw a clear and simple understanding of the VaR approach. The operational VaR at risk is not as straightforward as in the market risk modelling. 

C.2.2 VaR Methodologies

The illustrated VaR fundamentals can be applied in tree different methodologies: historical simulation, variance-covariance approach and Monte-Carlo simulation. The understanding of those methodologies is very important to operational risk modelling.

Historical Simulation

The historical simulation is a simple methodology that requires relatively few assumptions about the statistical distributions of the underlying risk event drivers (in our case interest and exchange rates) and is not based in a particular theory.

Basically, the methodology uses historical changes in market rates and prices to construct a distribution of potential future portfolio profits and losses and then reading off the VaR (quintile distribution) as the loss that is exceeded only x% of the time. The distribution of profits and losses is derived from taking the current portfolio, and expose it to the actual changes in the market factors occurred during each of the last N days. That is, N sets of hypothetical market factors are constructed using their current values and the changes encountered throughout the last N days. Using the aforementioned values of the risk event factors, N hypothetical mark-to-market portfolio values are computed. Doing this allows one to compute N hypothetical mark-to-market profits and losses on the portfolio, when compared to the current mark-to-market portfolio value. Even though the actual changes in rates and prices are used, the mark to- market profits and losses are hypothetical because the current portfolio was not held on each of the last N periods. The use of the actual historical changes in rates and prices to compute the hypothetical profits and losses is the distinguishing feature of historical simulation, and the source of the methodology name. 

The Variance/covariance approach

The variance/covariance approach is based on the assumption that the underlying risk driven factors have a Normal distribution. Using this assumption (and other assumptions detailed below), it is possible to determine the distribution of mark-to-market portfolio profits and losses, which is also Normal. Once the distribution of possible portfolio profits and losses has been obtained, standard mathematical properties (location and scale) of the Normal distribution are used to determine the loss that will be equaled or exceeded x percent of the time.

Monte Carlo Simulation

The Monte Carlo simulation approach has a number of similitudes to the historical simulation. The main difference is that rather carrying through the simulation using the observed changes in the driven factors over the last 100 days to generate N portfolio profits or losses ¡°scenarios¡±, one chooses a statistical distribution that is believed to adequately capture or approximate the possible changes in the market factors. Finding out the theoretical statistical distribution that fits the empirical data is a key step in the modelling process. Then, a pseudo-random number generator is used to generate thousands or perhaps tens of thousands of hypothetical changes in the market risk drivers.

These changes are then used to construct thousands of hypothetical portfolio profits and losses on the current portfolio, and the distribution of possible portfolio profit or loss. Finally, the Value at Risk is then determined from this distribution. The next step is to determine or assume a specific distribution for changes in the basic risk drivers, and to estimate the parameters of that distribution. The ability to pick the distribution is the feature that distinguishes Monte Carlo simulation from the other two methodologies. In fact in the other two methods, the distribution of changes in the market factors is specified as part of the method. In market risk we generally use multivariate Normal distribution, however in operational risk modelling we will need other distributions to capture the nature of operational losses, to be looked at further on in the paper. Once the distribution has been selected, the next step consists of using a pseudo-random generator to generate N hypothetical values of changes in the market factors, where N is almost certainly greater than 1000 and perhaps greater than 10,000. These hypothetical market factors are then used to calculate N hypothetical mark-to-market portfolio values. Then from each of the hypothetical portfolio values we subtract the actual mark-to-market portfolio value on 20 May to obtain N hypothetical daily profits and losses. Finally, the last two steps are the same as in the historical simulation. The mark-to-market profits and losses are ordered from the largest profit to the largest loss, and the Value at Risk is the loss, which is equated or exceeded x % percent of the time.

C.2.3 Synthesizing VaR Concept

Now that we have seen an example of Value at Risk, we are ready for the definition. Using a probability of x percent and a holding period of t days, an entity’s Value at Risk is the loss that is expected to be exceeded with a probability of only x percent during the next t-day holding period. Loosely, it is the loss that is expected to be exceeded during x percent of the today holding periods. In market risk typical values for the probability x are 1, 2.5, and 5 percent, while common holding periods are 1, 2, and 10 (business) days, and 1 month. In operational risk the time horizon is one year and the probability is 1 %. Supervisory bodies consider that a one-year time frame is a reasonable banking activity cycle for recovering the required initial economic capital level.
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