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Traditionally, mortgage default or prepayment behaviors are mostly studied individually 

through non-competing risks models in Taiwan, which have been criticized as misleading.  

This study is the first to construct a unified model to explore the mortgage prepayment and 

default behavior in Taiwan.  The competing risk model (CRM) is employed to investigate 

factors influencing mortgage termination.  Empirical results show that such elements of 

mortgage contracts as loan to value (LTV) ratio, payment to income (PTI) ratio, and regional 

variation are crucial elements to mortgage termination.  Some macro factors, such as 

unemployment, divorce rates, and distinctive decline of macro economy are significant to 

mortgage default.  Furthermore, two option variables, i.e., changes in interest rates and 

housing prices, are critical to mortgage prepayment and default, respectively. 
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I. Introduction 

After the passage of “The Financial Asset Securitization Act” in late 2002, cash flows 

from mortgages have become the focus of the banking and security industries for mortgage 

pricing in the secondary mortgage markets in Taiwan.  Since both default and prepayment 

behavior may significantly affect the stability of mortgage cash flows, therefore, factors 

influencing mortgage termination have become increasingly important for the pricing of 

mortgage-backed securities (MBS).   

Traditionally, studies on mortgage default or prepayment are mostly analyzed individually 

in Taiwan.  However, the mortgage termination behavior should be considered as a whole 

since as the mortgagors default, they also give up the option to prepay, and vice versa.  

Therefore, this study employs the competing risks model instead of using the traditional 

non-competing model, e.g., Probit model and Logit model, to investigate the simultaneous 

interrelationship of default and prepayment behavior.     

Following Deng et al. (1996), Deng (1997), and Deng et al. (2000), this study collects 

residential mortgage data in Taiwan and employs competing risks model in order to test the 

significance of various mortgage parameters and macro economic factors.  The current paper 

is organized as follows:  Section 2 reviews the literature investigating mortgage termination.  

Section 3 describes the competing risks model and data collection.  Section 4 is the 

descriptive statistics.  Section 5 presents the empirical analysis.  Section 6 is the conclusion.  
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II. Literature Review 

There are many factors influencing the prices of mortgage-related securities.  Many of 

them can be attributed to prepayment and default.  Lawrence et al. (1992) concluded that 

mortgagors’ credit history and age, contract maturity, loan to value (LTV) ratio and the ratio of 

mortgage payments to family income are crucial to the likelihood of default.  Peristiani et al. 

(1997) also indicated that borrowers with lower credit and lower LTV tend to have less 

likelihood to prepay.  Deng et al. (1996) showed that the present value of mortgage payments 

and the characteristics of family economy are significant to mortgage default.  Green and 

Shoven’s (1986) empirical analysis of California Savings and Loans Associations indicated 

that the difference between the mortgage face value and market value to the house market 

value will significantly affect the default possibility on fixed-rate mortgages (FRMs).  Kau 

and Keenan (1999) applied the options pricing approach and concluded that LTV and market 

house price are significant factors affecting the likelihood of mortgage default.  Archer et al. 

(1996) also showed that the residential mortgage terminations are affected by household 

income and collateral (house) value.  

Deng et al. (1996, 2000) and Deng (1997) firstly employed competing risks model (CRM) 

to explore mortgagors’ default and prepayment simultaneously.  Their results showed that the 

LTV ratio and home equity are significant to default, and such trigger events as unemployment 

rates and divorce rates are crucial to default and prepayment, respectively.  Ambrose and 

Capone (2000) also applied the competing risks model to examine the relative hazards of 

prepayment and first and second defaults.  Their results showed that the hazard of the second 

default is significantly different from that of first default, and the second-default rates cannot 

be predicted in the same manner as first defaults.  Ciochetti et al. (2001) constructed a 

competing risks model and modified different originators’ bias to analyze the default 

likelihood of commercial mortgages.  Their results indicated that the LTV ratio is positively 

related to default, and the debt coverage ratio (DCR) is more significant than LTV in affecting 

default.  If the net operating income (NOI) is sufficient to cover the debt service, then default 
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would not occur.  In other words, the default decision factors of commercial mortgages may 

be different from those of residential.   

Pavlov (2001) used a competing risks model to show that refinancing risk is highly 

sensitive to interest-rate changes.  Ambrose and Sanders (2001) employed a competing risks 

model to examine the default and prepayment behavior of commercial mortgage-backed 

securities (CMBS).  Their results also showed that the changes of interest rates have direct 

impact on mortgage termination, but the LTV’s effect is not significant, different from those of 

residential mortgages.  Calhoun and Deng (2002) employed the multi-nominal Logit model 

and indicated the continuous statistical significance of aforementioned variables on mortgage 

terminations.       

In comparison to the international literature, most studies related to mortgage termination 

in Taiwan focused on either prepayment or default independently.  Lu and Kuo (2000) and 

Lin and Liu (2003) both employed the Logit model for the analysis of residential mortgage 

default.  Their results both showed that education, marital status, income, credit history, and 

collateral’s location are significant factors affecting default behavior.  Liu and Chang (2001) 

used the Logit model and showed that prepayment behaviors in Taiwan are significantly 

affected by marital status, age, education, occupation, income, housing age, region location, 

housing type, loan-to-value, and mortgage contract rate.  Their results also predicted that the 

prepayment probability for the residential mortgages in Taiwan ranges from 46% to 71%.  Lu 

and Kuo (2000) applied the Logit model to analyze the determinants of prepayment and delay 

payment behaviors separately for Taiwan residential mortgages.  Their results showed that 

prepayment is affected by financial factors, such as mortgage premium, borrower equity, 

interest rate and house price.  However, delayed payment behavior is associated with 

non-financial factors, such as mortgage types and payment methods. 

In spite of some previous studies on mortgage prepayment or default behaviors, no 

research simultaneously focusing on the prepayment and default behavior can be found in 

Taiwan, partly due to limited data resources from the banking industries.  The current study 

thus collects data from the Taiwan Bank and Taiwan Land Bank, the two largest banks with 

mortgage business, attempting to construct a unified competing risks model to simultaneously 
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investigate the effects of determinants regarding lending contracts, borrowers’ characteristics 

and macro economic factors on mortgage prepayment and default behavior in Taiwan.  The 

result of this study may show whether if the effects of these variables affecting terminations of 

residential mortgages are consistent with those in the U.S. or cross-cultural.    

III. Research Methodology 

A. The Competing Risks Model  

Traditionally, studies on dependent variables with discrete choices mostly employed the 

Logit model or Probit model.  They can investigate the significance of independent variables, 

but they cannot evaluate the time-dependent effects.  Pavlov (2001) indicated that the 

traditional non-competing risks estimation of the overall mortgage termination risk is 

misleading.  The competing risks model, one of the survival-time models, can simultaneously 

examine two or more events.  As an example of mortgage payment, the competing risks 

model can both explore default and prepayment behavior.  

Survival model assumes that the time for the event occurrence, T , is a random variable 

with a continuous distribution of )(tf , and t  is the time that the event occurs.  The 

cumulative distribution function (c.d.f.) of the event occurrence can be written as: 
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Therefore the hazard function can be defined as: 
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and the probability density function (p.d.f.) is: 
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The hazard function can be written as: 
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where iυ  is the independent variable affecting default or prepayment; 0h  is the baseline 

hazard function, indicating the probability of default of prepay under homogeneous 

circumstances (i.e., all independent variable 0=υ ); and ( )si
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The competing risk model can simultaneously analyze two events, given by: 
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This implies the probability of occurrence of j event of the i th mortgage after the 

survival time t, where 1=j  is the event of prepayment, and 2=j  is default.  The total 

hazard rate of these two events is given by: 
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In order to measure the prepayment or default rates under homogeneous circumstances, 

and explore their relation with mortgage age, this study assumes that the base-line function 

follows log-logistic distribution, which is shown as:  
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It is worth noting that as 1>γ , the prepayment or default rates will reach the peak at 

∗t : 
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B. The Censoring Concept 

The estimation of survival time is critical in the application of competing risk model 

(CRM) or proportional hazard model (PHM) models on survival analysis.  For example, the A 

and B observation values in Figure 1 represent the concept of right censoring, implying that the 

timing of event occurrence extends over a certain observation time.  In this study, the right 

censoring is defined as the occurrence timing of prepayment or default extending the 

observation timing (i.e., year 2001).  The survival time terminates at this point. The C and D 

values are uncensored, indicating that mortgagors prepay or default during the research period, 

and thus terminate the mortgage contract.  The survival time terminates at the timing of the 

event occurrence.  For example, the survival time of C and D in Figure 1 are 2T  and 3TTt − , 

respectively.  Further, if the event occurred before the observation initiates, it is defined as left 

censoring.  It is worth noting that as mortgagors prepay, it is unlikely for them to default.  

Therefore, the default observation value is censored, and vice versa.  The data of this study all 

initiated from 1991, and the observation time is 2001, so that this study focuses on 

right-censored or uncensored data.   
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Note: X is the timing of termination; A and B are right-censored; C and D are uncensored. 

Figure 1  Illustration of the Censoring Concept 

C. Partial Likelihood Estimation (PLE) 

There are two regression models in the application of survival analysis.  One is 

parametric regression, and the other is semi-parametric regression.  The former applies the 

Maximum Likelihood Estimation (MLE) for parameters estimation; and the latter uses Partial 

Likelihood Estimation (PLE).  The current study employs the PLE to estimate equation (6).  

The PLE is shown as: 
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where the term )( itR  is the mortgage risk at time t.  According to equation (6) and equation 
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are treated as censoring cases.  In order to estimate prepayment rates, for instance, this study 

uses 354 prepayment and 1217 censoring cases (including 205 default and 1012 

normal-performing cases) to construct the CRM.  The calculation of the estimation of partial 

likelihood function is illustrated in appendix A. 

D. Variables Selection 

According to the aforementioned literature, studies on mortgage termination mostly 

employed such characteristics as loan contracts and mortgagors, regional variation, macro 

economic and demographic variables, and option-theoretic predictors (i.e., mortgage premium 

value and borrowers’ equity position) to evaluate prepayment or default behavior.  Most of 

them have been tested significant internationally.  Therefore, this study attempts to select and 

reorganize these variables to analyze their significance on the mortgage prepayment and 

default behaviors in Taiwan.  Variables and their impacts on default and prepayment are 

briefly discussed as follows. 

a. Loan size 

In general, the loan size is positively related to the borrowers’ economic ability and 

credit quality.  The larger the loan size, the more likely default would occur as the 

macro economy fluctuates or borrowers’ income decreases.  Without taking into 

account of loan to value (LTV) ratio and payment to income (PTI) ratio, Lu and Kuo 

(2000) concluded that the loan size is positively related to default.  However, loan 

amounts that banks grant are positively related to borrowers’ ability to repay or 

collaterals’ value, this study therefore attempts to test the significance of loan size on 

default.  

b. Loan to value ratio (LTV) 

The higher the LTV ratio, the more likely the default would occur due to the relative 
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low cost to borrowers.  Yet the high LTV may lead to low prepayment likelihood due to 

the borrower’s ability to afford the loan.  This study expects that the LTV may show 

higher significance than loan size. 

c. Mortgage term 

As the mortgage term lengthens, such uncertain factors as macro economic 

environment, housing market prices and unemployment rates may change, affecting 

borrowers’ asset value and ability to pay.  In contrast, the payment load (i.e., principals 

and interests) decreases as the mortgage term lengthens.  Therefore, the effects of 

mortgage term on default or prepayment is not certain.  

d. Payment-to-income ratio (PTI) 

PTI is the ratio of mortgage monthly payments to the borrower’s monthly income, 

which can indicate the pressure of the affordability to borrowers.  It is expected that the 

higher the PTI, the more likely the default, and the less likely the prepayment would 

occur.  

e. Regional variation 

Lu and Kuo (2000) concluded that the default behavior tends to be more significant 

in rural areas than in urban areas in Taiwan, but the prepayment is not obvious.  This 

study subjectively groups the mortgage data located in Taipei and Kaohsiung city (the 

largest two metropolitans in Taiwan) as urban area, others as rural areas.  It is expected 

that mortgages located in urban areas are less likely to default due to the relatively slight 

decrease of housing prices during the slump economy, but the impact on prepayment is 

uncertain.  This factor is treated as a dummy variable.  If a house is located in Taipei or 

Kaohsiung, the variable’s value is 1; and for other areas, it is 0.  
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f. Trigger events  

According to the empirical results of Ambrose and Capone (2000), Deng et al. (1996, 

2000), Deng (1997) and Pavlov (2001), trigger events have significant effect on default 

and prepayment behavior.  Trigger events imply that the unexpected events that families 

may encounter after mortgages originate, such as unemployment and divorce.  These 

two events may affect mortgagors’ willingness or ability to complete the repayment.  

However, such mortgagors’ information as marital and employment status are not easy to 

obtain individually in Taiwan, so that the current study attempts to collect the macro data 

regarding divorce and unemployment rates to test their impact on mortgage termination.  

It is expected that the unemployment rate and divorce rate will positively influence on 

default, and negatively influence on prepayment in Taiwan.    

g. Option Predictors 

According to Deng et al. (1996), the POPTION is the probability that the borrower 

will prepay, which is defined as the ratio of the present value of the unpaid mortgage 

balance at the current market interest rate to the value discounted at the contract interest 

rate.  The larger the POPTION, the higher is the incentive for the borrowers to prepay.  

The PNEQ is the probability that the borrower’s home equity ratio is negative, which is 

defined as the difference between the present value of the unpaid loan balance and the 

purchasing house price at the time of loan origination.  These two option variables have 

never been examined simultaneously for mortgage termination in Taiwan, so this study 

attempts to test their significance on prepayment and default behavior.        

Due to limits on quarterly data available in Taiwan, this study modifies the 

POPTION discounted by quarterly rate in Deng et al. (1996) as the monthly rate, which is 

illustrated as follows:  
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where lterm  is the mortgage loan term, and iτ  is the loan age, lk  is the loan 

origination time, lmopipmt  is the monthly principal and interest payment, lnoterate  is 

the mortgage note rate, 
ilkmktrate τ+  is the current market interest rate, lorigamt  is the 

original loan amount.  The PNEQ is defined as follows: 
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where ncdf is the cumulative standard normal distribution function, pdvunpblcl  

is the discounted present value of the unpaid loan balance, mktvalue  is the housing 

market value, and 2
ikle τ+  is the estimated volatility of the housing price index in 

Taiwan.  

This study adopts these two option predictors to test the impact of the change of 

interest rates and housing prices on default and prepayment behavior in Taiwan.  

Explanations of these parameters and expected influential directions on prepayment and 

default are listed in Table 1 and Table 2. 
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Table 1  Parameters and Brief Explanations 

Parameters Explanation 

Loan Size Original loan size in the contract; individual data. 

Loan to Value (LTV) Ratio The ratio of “original loan size” to “original housing price”; 
individual data. 

Mortgage Term The mortgage maturity stated in the contract; individual data. 

Payment to Income Ratio 
(PTI) 

The ratio of mortgagors’ “monthly payment” to “monthly 
income”; individual data.  

Regional Variation 
(Urban Areas)  

Dummy variables; 1 for the house located in such urban areas as 
Taipei and Kaohsiung, 0 for other areas; individual data. 

Trigger Events  

Unemployment Rate Macro data. 

Divorce Rate Macro data. 

Option Predictors  

POPTION The ratio of the present value of the unpaid mortgage balance at 
the current market interest rate to the value discounted at the 
contract interest rate, measuring the probability that the borrower 
will prepay; individual data.   

PNEQ The difference between the present value of the unpaid loan 
balance and the purchasing house price at the time of loan 
origination, measuring the probability that the borrower’s home 
equity ratio is negative; individual data. 
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Table 2   Parameters and the Expected Influence Directions 
 

Parameters  Default  Prepayment 

Loan size  +  ? 

LTV  +  - 

Mortgage term  ?  ? 

PTI  +  - 

Regional variation  -  ? 

Unemployment rate  +  - 

Divorce rate   +  - 

POPTION  -  + 

PNEQ  +  - 
 

E. Sources of data 

a. Mortgage data 

Mortgage data 1  collected in this study are all individual, level-payment, 

fully-amortized residential loans and are originated in 1991 with maturities from 10 to 30 

years.  The censoring period ranges from 1991 to 2001.  Data are collected from 

                                                                                                                                                         
1 Before 2003, mortgage contracts in Taiwan were mostly nominated adjustable rates.  

During the late 1990s, the market interest rates spiraled down.  However, the overall 

banking industries in Taiwan tended not to mark down mortgage rates in order to earn extra 

spread to cover the substantial mortgage losses.  Therefore, mortgages in Taiwan could 

virtually be treated as fixed-rate before 2001. 
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Taiwan Bank and Land Bank, the largest two banks in Taiwan.  There are 1,571 

monthly data, including 205 defaulted, 354 prepaid, and 1,012 normal-performing 

records during the observance period.  

b. Housing price index 

The current study adopts the Sin-Yi housing price index from 1991 to 2001 as the 

index for real estate markets.  The Sin-Yi Realtor is a publicly-traded corporation, and 

its housing index is currently considered as the most consistent index in Taiwan.  

c. Unemployment and divorce rates 

The unemployment rate is collected from Taiwan Economic Journal (TEJ).  The 

divorce rate is collected from the Monthly Statistics Report published by the Interior 

Department of Taiwan from 1992 to 2001.  

d. Market interest rates 

The market interest rates of the option predictor POPTION are calculated as the 

average mortgage rates of the largest five banks in Taiwan, ranging from 1991 to 2001.  

IV. Descriptive Statistics 

Table 3 shows the descriptive statistics of all the sampled data.  It is obvious that 

prepayment behaviors mostly occurred from the fourth to seventh year after mortgage 

origination, with a number of 274, or 77.4% of all prepaid mortgages.  Default mostly 

occurred from the seventh to ninth year, with a number of 109, or 53% of all defaulted 

mortgages, as most Asian countries encountered the financial debacle from 1997 to 2000.  

The prepayment and default rates versus the mortgage ages are plotted in Figure 2.  The upper 

panel shows that the prepayment rates firstly increased along the mortgage age, and then 
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decreased after the sixth year.  The default rates tended to fluctuate in the beginning, and then 

reached the peak during the seventh to eighth year.  The lower panel shows the overall 

termination percentage of all sample mortgages.  It reaches the peak at the fifth and sixth year.  

The mortgage industries should pay attention to the moving trend of mortgage termination.   

Table 3   Statistics of Mortgage Prepayment and Default 

Mortgage age Prepayment Default Total number % Cumulated number Cumulated % 

1 5 3 8 1.43 8 1.43 

2 17 13 30 5.37 38 6.80 

3 25 9 34 6.08 72 12.88 

4 46 17 63 11.27 135 24.15 

5 81 25 106 18.96 241 43.11 

6 99 11 110 19.68 351 62.79 

7 48 36 84 15.03 435 77.82 

8 21 47 68 12.16 503 89.98 

9 8 26 34 6.08 537 96.06 

10 4 18 22 3.94 559 100.00 

V. Empirical Results 

A. Default determinants 

Table 4 shows the coefficients of the parameters.  Most of them are consistent with 

expected estimation of default and prepayment.  Loan size is not a significant determinant in 

either prepayment or default, amending the conclusion of Lu and Kuo (2000).   The LTV, 

PTI, unemployment rate, divorce rate and PNEQ have significant positive effects on default.   
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Figure 2   Mortgage Prepayment and Default Rates in Taiwan 

  (Sampled Mortgages Originated in 1991) 
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The mortgage term, regional variation, and POPTION have a significant negative relation to 

default.  These empirical results show that the banking industries in Taiwan can prudently 

evaluate the impacts on default of such factors as LTV, PTI, mortgage term and regional 

differential.  Correct prediction of the moving trends of macro economy, interest rates and 

real estate markets, and divorce rates may also assist to reduce the default rate.  As real estate 

markets slump, the default rate tends to increase.  Banks may give advice to borrowers 

regarding the importance of credit, lengthen the mortgage term, or provide payment 

alternatives (i.e., interest-only payment for certain periods) in order to reduce the default 

behavior.   

Table 4  Estimated Coefficients of Parameters 

               Prepayment Default 

 Coefficients P-Value Coefficients P-Value 

Loan size 0.15809 0.3659 −0.10739 0.6251 
LTV −0.05314 0.0001*** 0.04551 0.0002*** 

Mortgage term 0.01447 0.4949 −0.06827 0.0037*** 
PTI −0.02387 0.0001*** 0.01478 0.0072*** 
Regional variation −0.36485 0.0295** −0.53629 0.0092*** 

Unemployment rate −0.49550 0.0001*** 0.13423 0.0312** 
Divorce rate −0.04730 0.0076*** 0.07084 0.0009*** 
POPTION 0.05601 0.0001*** −0.03737 0.0014*** 

PNEQ −0.35886 0.0001*** 0.60521 0.0001*** 

Note: 1. *means significance of 10%; **significance of 5%; *** significance of 1%. 
 2. The regression coefficients are estimated through equation (6) with PLE, where the 

likelihood ratio (LR) of prepayment is 610.08; and the LR of default is 112.84. 
 3. This study employs 1571 monthly data to estimate the parameters, including 205 

defaulted, 354 prepaid, and 1012 normal-performing records during the observance 
period. 
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B. Prepayment determinants 

Table 4 also shows the relationship of independent variables and prepayment.  The LTV, 

PTI, regional variation, unemployment rate, divorce rate and PNEQ have a significant negative 

relation to prepayment.  POPTION has significant positive impact on prepayment.  It is 

worth noting that these variables’ influence directions on prepayment are mostly opposite to 

default.  Only mortgage term shows insignificant effect on prepayment, and the regional 

variation factors has the impact of negative direction for both prepayment and default.  This 

result indicates that the regional variation will not change borrowers’ prepayment or default 

behaviors.       

C. The impact of 1997 Asian Financial Debacle on 
mortgage termination 

During the observation period from 1991 to 2001, the macro economy in Taiwan 

encountered a major structural change in 1997---Asian Financial Debacle.  This event caused 

a great number of companies in Asia bankruptcy, and consequently led the asset value to slide 

down and raised the unemployment rate.  It would be worthwhile to test the impact of this 

event on the termination of residential mortgage, especially default.  The current study thus 

adds a dummy variable, D97, to represent the macro economy situation in Taiwan.  As D97 

equals 1, implying that the mortgage termination data are dated after 1997; others are dated 

before 1997.  The empirical results are shown in Table 5.  It is worth noting that the 1997 

Financial Crisis have significant effect on both default and prepayment.  The results show that 

the distinctive decline of macro economy may have significant impact on mortgage default 

behavior, due to the drop of economy and asset value and the rise of unemployment rate.  For 

prepayment, it is also reasonable for mortgagors to speed up prepaying the outstanding loan 

balance due to the continuing decrease of interest rates.  The effects on other variables mostly 

remain consistent.    
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Table 5  Estimated Coefficients of Parameters with the Variable of 1997 Asian Financial 
Crisis 

               Prepayment Default 
 Coefficients P-Value Coefficients P-Value 

D97 1.05901 0.0001*** 1.61499 0.0001*** 

Loan size -0.10393 0.5424 -0.24778 0.2556 

LTV -0.04579 0.0001*** 0.04266 0.0002*** 

Mortgage term 0.00821 0.6950 -0.04790 0.0354** 

PTI -0.02198 0.0001*** 0.01258 0.0216** 

Regional variation -0.29498 0.0777* -0.32522 0.1166 

Unemployment rate -0.48704 0.0001*** 0.03725 0.5712 

Divorce rate -0.05685 0.0021*** 0.06035 0.008*** 

POPTION 0.04834 0.0001*** -0.03610 0.0008*** 

PNEQ -0.17709 0.0338** 0.52491 0.0001*** 

Note: 1. *means significance of 10%；**significance of 5%；*** significance of 1%. 
 2. The regression coefficients are estimated through equation (6) with PLE, where the 

likelihood ratio (LR) of prepayment is 610.08; and the LR of default is 112.84. 
 3. This study employs 1571 monthly data to estimate the parameters, including 205 

defaulted, 354 prepaid, and 1012 normal-performing records during the observance 
period. 

VI. Conclusions and Implications 

Results of this study show that loan to value ratio, payment to income ratio, 

unemployment rates, divorce rates,  negative housing equity, and major structural change in 

macro economy (e.g., regional financial crisis) have a significant positive effect on borrowers’ 

default; and that mortgage term, regional variation and the change of interest rates have a 

significant negative impact on prepayment.  This implies that several elements in the 

mortgage contract, as well as such macro factors as unemployment rates, divorce rate, and 
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distinctive decline of macro economy are essential to default.  The banking industries can 

scrutinize these determinants and predict the movement of macro economy in order to reduce 

the default behavior as originating loans.  Furthermore, two option predictors are critical to 

the default behavior.  As the real estate markets slump and the house value declines, 

borrowers tend to exercise their default option to minimize losses.  Banks should pre-act to 

educate borrowers regarding the importance of credit.  As the market interest rates decline, 

borrowers tend not to default, due to the relief of mortgage payments.  These results are 

mostly consistent with those of Deng (1997).  

For prepayment behavior, results show that the loan to value ratio, payment to income 

ratio, regional variation, unemployment rates, divorce rates and negative housing equity have 

significant negative impact on prepayment; and the decrease of market interest rates have 

positive influence on prepayment behavior.  The influence directions of variables on 

prepayment are mostly opposite against default.  The only differences are that mortgage term 

shows insignificant positive impact on prepayment, and that regional variation shows 

significant negative impact on both prepayment and default.  This might indicate that the 

borrowers in urban areas in Taiwan tend to neither prepay nor default, due to heavy burdens of 

housing affordability and comprehension of the importance of credit.  Furthermore, the loan 

size is not a significant factor, however, other elements in the loan contract, such as LTV and 

PTI, have shown their effects.   

The contribution of this study is that it is the first research to employ the competing risks 

model to simultaneously analyze the residential mortgage default and prepayment behavior in 

Taiwan, modifying some previous empirical findings made solely through the Logit model.  

Results of this study are mostly consistent with previous international researches, indicating 

that factors effecting residential mortgage terminations and their directions may be 

cross-cultural.  Furthermore, this study integrates the effects of several borrowers’ 

heterogeneity discussed by Deng et al. (2002), e.g., borrowers’ ability (payment-to-income 

ratio, PTI) and housing value appreciation/depreciation.  This may add new contributions to 

previous findings.  Finally, the empirical results of this study may be adopted by industries for 

making lending decisions and issuing MBSs, and by investors for pricing reference in Taiwan.  
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Appendix A 

Suppose that Table A illustrates some observations in this study, and if we consider the 

prepayment events, so the other events (i.e., default cases) must be treated as censored. The 

partial likelihood function can be constructed for some situations. First, the partial likelihood 

function 1L  is the hazard for mortgage loan 1 at month 15 divided by the sum of the hazard 

for all mortgage loans at the same month 
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where the )(⋅ih  is the hazard function, which can be presented as )exp( ixβ , and the ix  is 

the value of the explanatory variable (namely, X, in this case) for the i th observation, and β  

is the parameter of explanatory variable.  

Second, if the mortgage loan terminates at month 22, then 2L  can expressed as 
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note that since the mortgage loan 1 has already terminated, it no longer bears the risk of 

termination. Therefore, the hazard for mortgage loan 1 is removed from the denominator.  In 

the same vein, each partial likelihood function can be estimated. Further, if one proceeding 

point has been censored, then we have to delete the hazard form the denominator.  For 

example, the OBS 10 was censored at month 67, so the hazard does not appear in the 

denominator of 10L .  On the contrary, if a survival time is the same as a censoring time (i.e. 

OBS 11 and OBS 12), the convention is to assume that the censored observation was still at 

risk at that time. Thus, OBS 12 which was censored in month 81 does show up in the 

denominator of 10L . 
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Table A  An Example of Survival Analysis 

OBS ML SURV EVENT X 
1 1 15 1 1 
2 2 22 1 1 
3 3 23 1 0 
4 4 28 1 0 
5 5 31 2 1 
6 6 40 2 0 
7 7 45 1 1 
8 8 49 0 0 
9 9 60 1 1 

10 - 67 0 0 
11 10 81 1 0 
12 - 81 0 1 
13 11 87 2 0 
14 12 93 2 1 
15 13 95 1 1 
16 - 104 0 0 
17 - 107 0 0 
18 - 109 0 1 
19 - 122 0 0 
20 - 123 0 1 

Note: The SURV presents the survival time of each observation. The ML presents mortgage 
loans. The EVENT 1 presents prepayment; EVENT 2 presents default; and EVENT 0 
presents normal-performing. The X (dummy variable) presents one of the explanatory 
variables. 
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Finally, the likelihood function to the 13th mortgage loan which occurred to the 15th OBS 

in month 95 is: 
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where all the hazards in the denominator (except for the first one) are mortgage loans censored 

in months later than 95. 

Similarly, we can apply this approach to calculate the partial likelihood function of default 

cases, and then estimate the parameters of explanatory variables of prepayment and default, 

respectively. 

 

(收件日期為 93 年 3 月 15 日，接受日期為 93 年 10 月 1 日。) 
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台灣住宅抵押貸款終止行為之研究* 
林左裕** 

摘  要 

關鍵詞：抵押貸款終止，違約，提前清償，競爭風險模型 

JEL 分類代號：G21，R51 

 
一般而言，關於借款人違約及提前償還行為或不動產抵押債權證券評價之研究，多

為個別行為之探討，鮮少針對整個抵押貸款終止之情況，即借款人違約及提前償還行為

進行整體分析。本研究以整體角度研究台灣住宅貸款借款人違約及提前清償之行為，採

競爭風險(Competing Risk)模型探討影響個別住宅不動產抵押貸款終止行為之因素。實證

結果顯示貸款條件，如貸款成數、還款壓力、及地域上之差異對借款人違約及提前償還

之行為有顯著之關係；而總體變數，包括失業率、離婚率及 1997 年亞洲金融風暴亦對借

款人違約行為影響甚大。此外，兩個選擇權變數對借款人違約及提前償還行為，亦為關

鍵因素。而地域性對借款人違約行為與借款人提前償還行為呈同向之變動，此結果隱含

借款人違約行為及提前償還之行為，並不會因借款人戶籍所在地為都市或非都市而有所

差異。 

                                                                                                                                                         
* 本研究為國科會 NSC91-2626-H-025-001 補助之部分成果，房貸資料為台灣銀行與台灣

土地銀行所提供，謹誌謝忱。 
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