Project 1. Outline of the solution.

Scenario

You work at Acadia Bank. Your boss wants to know whether or not to foreclose on a loan for a borrower who is delinquent in payments. You have personal information about the borrower regarding years in business, educational level, and the present state of the economy. Also, you can obtain an estimate for the foreclosure and default values for the borrower’s business; the analysis department can provide historical data of past borrowers. The historical data contains information about past loan workouts that were either successful or unsuccessful based on only one of the following criteria: years in business, educational level, or the state of the economy when the loan was made. The standard procedure for determining whether to go into a loan workout with the borrower, or to foreclose on the borrower, is to compare the expected return on the loan against the estimated foreclosure value. 

Acadia Bank has 3 sets of records from the 3 banks that merged to make Acadia Bank.

Bank 1. The former BR bank kept records on the number of years of experience of each borrower. 

Bank 2. The former Cajun Bank kept records on each borrower’s educational status; high school, bachelor’s degree, graduate degree.

Bank 3. The former Du Pont kept records on the state the economy was in for each of its borrowers (recession, normal, boom).

Notation

The data set is a collection of successes and failures for loan workouts made by the previous banks. These are further divided into the 3 categories discussed above. Having said that, let S be the set of all successful loan work outs, and let F the set of all failed workouts. Notice that S and F represent two events, and that (=S (F and S ( F((. Thus, these events form a partition of the sample space ( . 

For borrowers in the data set that are selected at random, let Y  be the event that a borrower has y years of experience. This is to be the same number of  years experience as the team’s borrower.

Let T represent the event in which the borrower has the same educational level t as the team’s borrower; thus t is either High School, Bachelor’s Degree or Graduate Degree. Also, let C be denote the event that the economic conditions c for the borrower are the same as the economic conditions for the teams borrower; c can be Recession, Normal, or Boom. Notice that the information given on each of the borrowers in the data set satisfy one and only one of the events Y, T or C.

Goal

The goal is to use all of the available information in the database when computing the expected return on the borrower-in-question’s loan workout. Let Z be the random variable giving the amount of money, in dollars, that Arcadia Bank receives from a future loan workout attempt with the borrower-in-question; e.g. your team’s borrower. The random variable Z can only take two values: the full value fv  if the loan workout is successful, and the default value dv, if the loan workout fails.

Note that the event S happens if Z=fv. This success is conditioned on the fact that the event Y(T(C occurred. Similarly, Z=dv if the event F happens; again, conditioned on the fact that Y(T(C happens.

Then, the expected return is given by
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Assumptions

1. Each bank made loans to similar type of people.

2.  We can use relative frequencies to predict the probabilities necessary to carry out our computations. In other words, assume the available data is a good sample.

3. Y, T and  C are  independent events, and this remains to be true if they are conditioned upon S or F. 

What can we compute?

Notice that we have to find borrowers in our data base that satisfy the conditions Y ,T , and C. However, this is impossible since our data set is incomplete. 

First,
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Using DCount in Excel, we can search for more matches in as many columns as we like. Since condition Y is restricted to the BR data base, we will use a subscript BR on the events to remind ourselves that SBR(S. Thus, we can find
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by doing a search requiring that the match satisfy both the condition that the loan workout was successful and Y is satisfied.

Similarly, we can compute 
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Then
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By assumption 1, each bank made loans to a similar type of people. From this assumption we make the further assumption that had the other two banks kept records on years of experience for their clients, then 
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Thus, using assumption 1 we’ll take 
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Using similar arguments based on assumption 1, we have 
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From assumption 3, we have that Y, T and C are independent events, even when they are conditioned upon S or F. 

Hence, 
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where we have used the approximations in (**).

Now we have a way to approximating 
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. There is no way to get this directly from the database since it is incomplete. Also, since Y, T and C all come from different banks, we’d find that
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 since each row in the data base only contains one of either YBR, TCJ,, or CDP. 

Thus, we would like to be able to reverse the conditional probabilities. This can be accomplished through Bayes’ theorem.

Using Bayes’ theorem and the previous analysis, we can the expected return on the loan workout as 
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Thus, once P(S), P(F), P(YBR|SBR), etc. are known, then we can compute the expected return. 

Discussion 

Can we improve our predictions by using more information in the data set? To answer this let’s look at each bank’s data. From the total records kept by the DuPont bank, we only use one of the 3 states of the economy conditions. Since how well most business do is closely tied with the health of the economy, and since the DuPont bank did not leave records on what kind of economically conditions led to the state of the economy being in recession, normal or boom, it seems reasonable to leave the way we handled this condition alone. We could only refine this more on a case by case basis. The same kind of argument can be used for data coming from the Cajun Bank. While we might expect there to be difference between the situations of someone in business 1 year and someone in business 10 years, do we really believe there is a significant difference between someone who has been in business 10 years or 11 years? We should therefore expand our search of the database to allow for a broader range for years in business. If your team’s client has been in business y years, try searching for information where the borrowers were in business for y-1, y and y+1 years, and calculate the average expected return of the three.
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