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prepayment and default. They further argued that the borrower
prepayment and default decisions are mutually affecting, that
is, the prepayment decision is affected by default, and vice
versa.

Abstract— The real estate mortgage loans have been a very
important business in consumer loans of commercial banks. In
practice, there are many factors affecting the borrower’s risk
behavior, therefore, the decision-making of possible default of the
borrower is an uncertain concept to the financial institutions.
Through data analysis, this study identified the factors that can
explain the mortgage default, and compared the findings with
previous studies in Taiwan, in order to propose the major risk factors
affecting the default behaviors of mortgage loan borrowers. These
factors are risk factors that should be considered by financial
institutions in mortgage business. The findings can provide a
reference to loan-giving decisions.

II. LITERATURE REVIEW
Many subsequent studies applied the model in real estate
mortgage loan market. For example, Dunn and McConnell
(1981), on the assumption of optimal prepayment policy,
combined Poisson prepayment model and interest rate model
to obtain the GNMA transfer-securities prices by implicit finite
differentiation method. The features of the strategy include:
(1) It is assumed that the mortgage borrowers are
homogeneous, and each borrower has the same interest
expectations and risk preferences and thus will have the same
behaviors.
(2) The market is perfect without trading and refinancing
costs.
On the same assumption, Kau et al.(1992, 1995) considered
both default and prepayment options. In the strategy, the
borrower prepayment behavior is completely determined by
whether the mortgage balance is lower than the present value
of mortgage; the borrower default behavior is completely
determined by whether the house market value is lower than
the mortgage balance. The findings suggest that the exercising
of each option is determined by the house price and interest
rate.
Dawkins (2002) used the simulation method to estimate and
compare the mortgage default behaviors by using the
traditional banking single-variate evaluation equation (probit
regression model) by considering traditional variables
including: loan numbers, skin, default and not-to-default
decisions, monthly income, the proportion of monthly
repayment against income, loan balance, repayment grace
period, previous loan conditions, loan term, loss of repayment
failure, credit, loss of major credit account due to repayment
failure, borrower credit survey. It was found that the method
can get relatively better results in controlling credit, income,
credit conditions and repayment grace period after modifying
skin color and loan balance. The author underlined that all the
traditional variables should be considered in modification of
the method.

Keywords----Heckman two-stage regression model, default risk,
Two-stage Regression Model.
I. INTRODUCTION

R

EGARDING the loan default risk of financial institutions,
the major issue is the estimation of the risk occurrence
probability. Therefore, financial institutions’ decision of
possible default is an uncertainty in doing mortgage business.
However, when financial institutions undertaking the
mortgage, if the market interest rate is below the nominal
interest rate, as the mortgage balance is less than the present
value of the mortgage, the borrower will repay the loan by
refinancing to enjoy lower interest rate cost. When the house
present is below the mortgage balance, the borrower will have
negative equity to default to increase the wealth. This
phenomenon is the principle of European options, that is, the
European put option is out of money, the default option value
is equal to the deduction of the mortgage loan market value by
house price. If in the state of out-of-money option, the real
value of the mortgage loan is the deduction of mortgage loan
market value by the values of prepayment and default options.
Deng, Quigley and Van Order (2000) pointed out that call and
put options of the mortgage loan have a great impact on
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The two-stage sample selection model proposed by
Heckman(1979) regards the default or not to default and
default stages regarded two stages to establish two models. In
addition, Boyes et al. (1992), Greene (1986) applied the
method in literature study. The articles suggested that there is a
significant sample selection bias in loan decision making.
Moreover, the mixture model applied by Feelders (1999) also
belongs to the category. Feelders found that the original
judgment standards will change if the rejection samples are
added. Therefore, this study analyzed according to default and
prepayment risk as follows:
1. Default risk Heckman sample selection model

III. RESEARCH METHOD
Research model- Heckman two-stage regression
Due to limitation of data, previous studies on default and
prepayment at home and abroad mainly discussed the data
types and had no conclusion on the existence of default and
prepayment. Moreover, the impact of self-selection on default
and prepayment has not been discussed in depth. Therefore,
this study used the two-stage program proposed by Heckman
(1979) to discuss the endogenous problem of default and
prepayment choice and considered other models of incomplete
limitations. At Stage I, this study conducted the logistic
regression analysis of model (1) and model (2), and calculated
the Inverse Mill’s ratio. Heckman (1979) proposed the twostage program to use the Inverse Mill’s ratio to estimate the
possible self-selection problem. The sample selection bias is
one of the key points of study of limited dependent variable in
econometrics. It means that the samples cannot fully represent
the population of concern to the researcher. As the research
data type is non-random, to avoid the self-selection bias
problem (Heckman, 1979), therefore, a control variable,
inverse Mill’s ratio, should be added in the model as the
inverse Mill’s ratio can reduce the occurrence of the bias.
Inverse Mill’s ratio can be deduced by the selection function
Probit model. First, Probit regression model can be used to
estimate the coefficient of the model default behavior and
calculate the inverse Mill’s ratio. Then, the inverse Mill’s ratio
can be added in the model as the control variable to modify the
self-selection bias. Heckman proposed the two-stage
modification method, also known as the Type II Tobit model.
First, at Stage I, the Probit model is estimated and the inverse
Mill’s ratio is calculated. Next, the ratio is used as an
additional independent variable in the OLS model for control
and estimation. The equation for the calculation of inverse
Mill’s ratio is: [  (Z)/  (Z) ], where,  represents the

TABLE I
HECKMAN SAMPLE SELECTION MODEL AND DEFAULT MODEL
PARAMETER ESTIMATIONS

V. CONCLUSION
In general, financial institutions are concerned about
whether the borrower is willing to and capable of repaying the
loan as stipulated in the contract---repayment in time.
Therefore, it needs to evaluate the borrower’s loyalty to
repayment, that is, regardless of the financial conditions of the
borrower, the borrower should be willing to pay the debts as
stipulated in the contract. This can be inquired from the
previous individual credit records and transaction data with the
financial institutions. Moreover, the willingness of the
borrower to repay the loan can roughly be seen from the age
and purpose of purchasing the house as older borrowers or
borrowers buying the houses for living purpose have stronger
willingness to repay the loans and thus their default risk will be
lower.

standard normal probability density function,  represents the
standard normal cumulative distribution function.
IV. EMPIRICAL RESULTS
Most of literature on the problem of sample selection bias in
Taiwan focused on consumer financial fields, for example, the
studies by Liu (2004), Chen(2005). Few articles discussed the
loan financial fields. Therefore, this study discussed the
financial crisis early warning model that rejects the inference
technology, that is, previously, the samples collected for the
construction of the traditional financial crisis early warning
models are samples of applicants that have been approved by
the bank. As the credit quality of loan applicants varies, the
financial crisis early warning model established by using the
samples of approved applicants is not reliable as the samples
are not representative. If such a model is used as the basis for
the review of the second applicant, it can easily result in wrong
decisions. If the samples of approved applicants are used to
estimate the model parameters, it may result in bias of model
parameter estimation.
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