

Risk Management of Financial Institutions and Risk of Financial Systems
In times of financial crisis and large monetary losses incurred by financial institutions, it is often said that social science is not an exact science like engineering. So we will look at an example of engineering. If you climb up a play set, you may find signs like “Maximum capacity: 150 lbs”. Does that mean if you are 151 lbs, the play set will collapse? For our own experience, we know the play set will not collapse. In general, 
When an engineer estimates the weights which a bridge or beam must support, or the pressures to which a boiler will be subjected, he does not provide merely for those stresses in building the structure. The engineer multiplies his estimates by three, six or even by twenty, in order to make the structure thoroughly reliable. The greater strength of the material, above that calculated as necessary, measures what is known as a “factor of safety.”( Cannon, 1932, p. 231) 

By regulation, financial institutions are required to have their capital level above capital adequacy ratios. In most cases, financial institutions would keep their capital level barely above capital adequacy ratios. Rarely any financial institutions would multiply their capital level “by three, six or even by twenty”, in order to make their portfolios thoroughly reliable. It is the low level of “factor of safety” in financial institutions, and not that social sciences are not exact that causes many financial crises and large monetary losses.  

The above discussion shows that social sciences and science do not differ as much in their precision as in their treatment of “factor of safety”. But why there is such big difference in attitude? As usual, the answer lays at cost benefit analysis. If a play set manufacturer tries to save material, it may reduce cost by several hundred dollars. But if a play set collapses and people injured, it may have to pay several million dollar damage and have its managers charged with negligence. If a bank can reduce capital asset ratio by half, it may hold two hundred billion dollar asset instead of one hundred billion dollar of asset. The extra asset may generate several billion annual profits for the bank and several hundred million dollar bonuses to the top executives.  If a bank collapses, it is often bailed out by the government and no one is charged even when there are multibillion dollar losses. The differences in cost benefit structure in different industries determine the different attitudes to downside risks. 
Heavy loses by financial institutions are often attributed to poor risk management practices. However, largest financial losses often occur in highly sophisticated financial institutions with sophisticated risk management tools. This is because the purpose of risk management in a financial institution is to increase the rate of returns for itself, not to reduce the risk for the financial system. A more sophisticated risk management system enables financial institutions to leverage more with their capital, which ultimately generate more risk to the whole financial systems. While investment portfolios in financial institutions often contain complex derivative securities, the relation between risk management tool and systematic risk can the understood from very simple investment strategies. 
VaR (Value at Risk) is a very popular risk management and regulatory tool. VaR is defined as the threshold value that the loss on the portfolio over the given time horizon exceeds this value in the given probability level. For example, if a portfolio of assets has a one-year 5% VaR of $100 million, there is a 5% probability that the portfolio will fall in value by more than $100 million over a one year period.  In financial risk management, VaR is a widely used risk management tool and is adopted by many regulatory bodies to compute required capital level for financial institutions. We will use an example to illustrate how regulation influence the behaviors of financial institutions and how these behaviors affect returns for financial institutions and the risk of financial systems. 
Suppose a bank has 100 million dollar capital. On average, bank asset  will have 80% probability to generate return of 0.125 and 20% probability to generate return of -0.4 over a one year period. What is the expected rate of return on asset? What is the one year 5% VaR of 1 million dollar asset? If the regulatory system requires one year 5% VaR to be equal or less than a bank’s capital, how much asset can the bank take? What is the return on capital with this level of asset? What is the largest amount of loss the bank will incur with this level of asset? 

We can solve the above questions. The expected rate of return is
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Since there is 20% probability that an asset will lose 40% of value, 5% VaR of 1 million dollar asset is
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If the regulatory system requires one year 5% VaR to be equal or less than a bank’s capital, which is 100 million dollar, the amount of asset the bank can take is
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The return on capital with this level of asset is
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The largest amount of possible loss is
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which is equal to the total amount of capital of this bank. 

As the return on capital is only 5%, the bank will not be satisfied with this result. How can the bank earn higher rate of return on capital without violating regulatory rules? It can be easily done with a risk sharing agreement between two banks. 
Suppose there are two banks with identical capital and earning structures as described above. Assume the earnings of the two banks are independent. Two banks sign an agreement. In a particular year, if one bank earns positive return and another bank makes a loss, the two banks will equalize their earnings. With this agreement, what is the one year 5% VaR of 1 million dollar asset for each bank? If the regulatory system requires one year 5% VaR to be equal or less than a bank’s capital, how much asset can each bank take? What is the return on capital with this level of asset? What is the largest amount of loss each bank will incur with this level of asset? 

We will calculate the return profiles of each bank when the agreement is signed between two banks. The probability that both banks will earn a positive return is 
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When both banks earn a positive return, the return of asset of each bank is 12.5%. The probability that one bank will earn a positive return and one bank will earn a negative return is 
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When one bank will earn a positive return and one bank will earn a negative return, the return of asset of each bank, with the risk sharing agreement, is
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The probability that both banks will earn a negative return is 
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Since we need to determine VaR at 5% level, it falls at -13.75% of assets. With this risk sharing agreement, the one year 5% VaR of 1 million dollar asset for each bank is
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If the regulatory system requires one year 5% VaR to be equal or less than a bank’s capital, which is 100 million dollar, the amount of asset the bank can take is
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The return on capital with this level of asset is
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The largest amount of possible loss is
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which is larger than the total amount of capital of a bank. 

With the risk sharing agreement between two banks, the return on capital has increased to 14.55%, which is much higher than 5% a bank can achieve without risk sharing agreement. At the same time, the largest amount of possible loss becomes higher than the bank capital level, which requires government’s bailout if banks are to survive in time of losses. With this risk sharing agreement, each bank can expect good rate of rate on capital. But can each bank earn even higher rate of return on capital without violating regulatory rules? It can be done with a refined risk sharing agreement between two banks. 

Suppose there are two banks with identical capital and earning structures as described above. Assume the earnings of the two banks are independent. Two banks sign an agreement. In a particular year, if both banks earn positive return, they will set aside half of their earning to be distributed in years when one bank earns positive return and another bank makes a loss; if one bank earns positive return and another bank makes a loss, the two banks will equalize their earnings. With this agreement, what is the one year 5% VaR of 1 million dollar asset for each bank? If the regulatory system requires one year 5% VaR to be equal or less than a bank’s capital, how much asset can each bank take? What is the return on capital with this level of asset? What is the largest amount of loss each bank will incur with this level of asset?  

We will calculate the return profiles of each bank when the refined agreement is signed between two banks. The probability that both banks will earn a positive return is 64%, as calculated from above. When both banks earn a positive return, the return of asset of each bank is 12.5%. Each bank will set aside half of its earning, which is 6.25%, to be distributed in years when one bank will earn a positive return and one bank will earn a negative return. The probability that one bank will earn a positive return and one bank will earn a negative return is 32%. When one bank will earn a positive return and one bank will earn a negative return, the return of asset of each bank, with the refined risk sharing agreement, is
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The probability that both banks will earn a negative return is 4%. Since we need to determine VaR at 5% level, it falls at -1.25% of assets. With this refined risk sharing agreement, the one year 5% VaR of 1 million dollar asset for each bank is
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If the regulatory system requires one year 5% VaR to be equal or less than a bank’s capital, which is 100 million dollar, the amount of asset the bank can take is
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The return on capital with this level of asset is
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The largest amount of possible loss is
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which is much larger than the total amount of capital of a bank. 

With the refined risk sharing agreement between two banks, the return on capital has increased to 160%, an extremely high level. This explains why financial institutions, which are very sophisticated in risk management, can provide extremely generous packages to their staff members.  At the same time, the largest amount of possible loss becomes much higher than the bank capital level. This explains why governments have to bailout these financial institutions at astronomical costs at times of financial crisis. This shows that it is the skill of risk management, not the lack of skill of risk management of individual financial institutions that contribute to the high risk of the whole financial system. 
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