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Abstract. Since the absence of portfolio model, banks may admit the credit card application without
an effective evaluation standard in the extension of credit card business. This paper discusses a credit
card customer portfolio selection problem in which the returns from customers are given by experts’
estimations rather than historical data. The customer factors which directly affect the returns are
regarded as uncertain variables. Based on customer segmentation, we proposed an optimal customer
selection model with the objective of maximizing the expected return value within the constraints of
capital limitation and risk diversification and the requirement on credit loss. To facilitate users to
solve the model with practicable programming solvers, a crisp equivalent model is provided to show
how credit card managers can make use of the model to select customers under the uncertainty theory.

Introduction

Portfolio selection involves optimal asset allocation and risk diversification. Modern financial
portfolio is basically developed on Markowitz’s mean-variance analysis [1], in which the expected
return could be viewed as the investment return and the variance emphasized the risk reflects the
degree of deviating from the expected return. Actually, this portfolio idea has been extended to other
areas, like products [2], projects [3], even customers [4, 5, 6]. Customers should be regarded as risky
assets, like stocks [4, 7]. Why? Because the changes in consuming psychology will influence the size
and frequency of one’s expenditures and then make the firm’s total cash flow fluctuate. Customer
portfolio illustrates how a firm can maximize returns by attracting specific customers on the basis of
how their consumption patterns act on the volatility of the whole cash flow. So the central principle of
customer portfolio is balancing the return and risk of customers. Obviously, the return for customer
portfolio is the profit that accrues to the firm. Like the analysis of financial risk, the customer risk can
be measured by: customer beta [7] and variance of the cash flow [5]. Nevertheless, managers of Bank
Credit should pay more attention to probability of default and credit loss resulting from default [6].
This paper attempts to build a well-behaved customer portfolio model to help banks better target
new customers. As a media of convenient consumption and a source of revolving credit, credit card
will bring profits accruing to banks from interchange, interest and fee income. As credit card loans are
unsecured loans, we propose the proportion of bad customers of a group as the risk measure metric to
help monitor the credit losses. Then we are able to examine the risk and return of each customer group
and propose a customer portfolio to optimize the credit card customer structure under the constraints
of capital limitation and risk diversification and credit loss control. Because of no historical data to
describe a new customer’s information, all of the incomes and the proportion of bad customers are
uncertain. In 2007, Liu [8] proposed an uncertain theory to handle belief degree by uncertain measure
facing the uncertain situation. Later on, Huang [9] systematically introduced the application of
uncertainty theory in portfolio selection, since then a series of studies emerged: uncertain risk curve
[10], uncertain mean-semivariance model [11], and mean-chance model [12]. In a word, this paper
will deal with customer portfolio problem in the area of credit card business expansion by following
Markowitz’s mean-variance analysis and using the uncertain theory with the imprecise cash flows.
The rest of the paper is organized as follows. Section 2 will analyse the risk and uncertain incomes
of credit card customer groups using the uncertain variables. Section 3 will propose a credit card

© 2015. The authors - Published by Atlantis Press 132



2015 International Conference on Humanities and Social Science Research (ICHSSR 2015)

customer portfolio model. Section 4 will give an equivalent of the model with the assumption that the
incomes are all normal uncertain variables. Finally, we will give concluding remarks in section 5.

Risk and revenue of credit card customer group

The credit card business presents that capital is invested in credit card customer. To achieve the best
benefits, banks need to find an effective way to target more profitable customer portfolio with lower
risk, and decide how many customers should be acquired in each credit limit level. Our study focus on
how credit card issuers identify an optimal customer structure in an uncertain environment.

Considering the complexity of the credit card business, this paper will provide several assumptions.
Assumption 1, customers are the potential credit card customers but there is still no credit card
statement. Assumption 2, all the credit card transactions will be carried on in a same billing period for
each individual customer. Assumption 3, the customers have same credit limit are regarded as one
group where each one has the similar transaction and repayment behaviors. Taken these factors into
consideration, we can analyze credit card customer risk and return.

Risk. Generally, banks use a credit score to judge one’s credibility degree. But here we propose the
proportion of bad customers of a group as customer group risk measure metric which helps monitor a
group’s credit loss on the basis of customer segmentation. To illustrate, a bad customer is a guy who
will have malicious overdraft without repayments. For each group i, the proportion is represented by
g;and the credit limit is presented by Z; When i changes from 1 to N, the value of ¢, as well as Z; is
different from each other. It is noteworthy that ¢, is an uncertain variable with linear distribution.

Revenue. In the credit card operation, sources of incomes could be mainly summarized as the three
categories. Interchange income: this income gained as a percentage of total transaction amounts from
the merchants. Interest income: this part is the overdraft interest paid by credit card customers
because of the delinquency in the payment during the previous period. Fee income: the total fees
charged by banks from every link of using a credit card. Here we just take two main factors into
consideration: cash advance and installment. Interchange income is highly correlated with one’s total
transaction while the interest income is determined by the interest-bearing balance in the previous
period. However, fee income is affected by the cash advance amount as well as the total installments
which are parts of the total amount of customers’ transaction. Then we use o; 8, y, respectively to

denote the interchange, interest and fee incomes from each customer in ith customer group. To
capture the relationships above, we propose the following mathematical expressions:

o, =4;.xa
B =B, xb
=C. xc+ A, x0, xd
Vi i i i (l)

Where 4;is the total transaction, B;is the interest-bearing balance in a previous period, C; is the
withdrawal amount, A4,,B,,C; are generated by one customer in ith group. 6;is the proportion of
installment of 4,. These four factors are independent of each other, and 4; and 4; independent of
each other where i#j. And a,b,c,d represents the constant average coefficient of those four factors.

Given the new customers’ unknown behavior, we will make A;,B;,C;,0; as uncertain variables to
be estimated by experts under an uncertain situation. In reality, uncertain economic variables are
likely to obey a normal uncertain distribution N(u,o). And we are able to deduce the parameters ¢ and
o with the principle of LS on the basis of the experts” estimation. The method of evaluating the value
of uncertain variable has been introduced in Huang [16].

Credit card customer portfolio selection model

This paper aims at determining the size of each group by balancing the return and risk. We consider
diversification program in N customer groups, let X; be the rounded number of the ith customer
group. As discussed in the revenue analysis, we notice that both interest and fee income are paid by
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customer himself, that means if there are X;q, customers in the ith group default, the bank will lose

these parts of the interest and fee income as well as the credit limit Z;. In reality, there also exist
costs L;a which are related to the credit limit when maintaining a different customer. Then to
maximize the expected net return under three certain constraints: risk diversification, budget and
credit loss. We have the customer portfolio model as follow:

N

max E{Z [X,a;+ X, (0-q,)(B; +7;)—X;L:h—q,X,L;]}
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Where E denotes the expected value operator, V'is the variance operator of net returns, x the preset
maximum tolerable volatility risk level, L the total budget, and M the preset maximum level of credit
loss under control, X; the rounded number of the ith customer group. And the variables o;,4,y, can be

represented by the four independent uncertain variables 4;,B;,C;,6; as the equation (1) shows.

Equivalent of the model

Before giving the equivalent model, we need to list the distribution of each uncertain variable. Here,
we consider the quantity variables 4;, B;, C; as normal uncertain variables and assume the ratio
variables 6,, ¢, as linear uncertain variables. For ease of expression, we denote the normal uncertain

variables by Al-~N(,u( Ai)’O-(Ai))’BiNN('u(Bi)’O-(Bi))’ C,-~N(/¢(Ci),a(ci)), and linear uncertain variables by
9,.~L(e(9[),f(0_)), qi~L(e(q,),f(q‘)). Refer to Liu’s definition [8] of the expected value and variance of
uncertain variables, the customer portfolio model can be converted into the following one:
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Let n.=A;a+(1-q,)(Bb+Cic+A4,6,d)-L;h-q L;, and let &; be continuous uncertainty distributions
of the independent uncertain variables 7., then 7, has an inverse uncertainty distribution function:
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When the uncertain variables are represented by uncertainty distributions, the operational law of
variance of uncertain portfolio return is given by Liu [13]. Finally, we are able to computing the
variance value by employing the 9999 method in Huang [12].

Conclusion

This paper discusses a customer portfolio selection problem in the extension of credit card business.
The returns from customers have to be predicted by experts’ estimations because of no historical data.
Uncertain variables are used to describe the factors which directly affect the returns. A mean-variance
model for customer selection is proposed taking the capital limitation and risk diversification and
credit loss into account under uncertainty situation. Moreover, we present the equivalent of the model
when transaction amount and interest-bearing balance and withdrawal amount are normal uncertain
variables while installment proportion and bad customer ratio are linear uncertain variables, so users
are able to solve the model with available programming solvers.
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