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Abstract

The residential mortgage market becomes a financial engine for the booming residential housing development
and sustained economic growth in China. Our study provides the first rigorous empirical analysis on the earlier
performance of residential mortgage market in China based on a unique micro dataset of mortgage loan history
collected from a major residential mortgage lender in China. We found that while the option theory fails to
explain prepayment and default behavior in the residential mortgage market in China, other non-option theory
related financial economic factors play major roles in determining the prepayment and default risks in China.
We also found that borrower’s characteristics are significant in determining prepayment behavior, hence may be
used as an effective tool for screening potential high risk borrowers in the loan origination process. Adopting a
risk-based pricing in residential mortgage lending in China can improve the efficiency of the market, and
enhance the credit availability to the most needed households, i.e., the younger households, blue-collar workers,
lower income households, and help them become homeowners.
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1. Introduction

The first residential mortgage loan in China was issued by the China Construction Bank
(CCB) in 1986. During the next twelve-year period, mortgage market in China grew very
slowly. By the end of 1997, total outstanding mortgage balance in China was only
around RMB Yuan 22 billion." In 1998, the State Council of the People’s Republic of
China published several administrative laws to extend housing reform and expedite
housing construction. Residential mortgage lending began to expand at an accelerating
rate since 1998 in line with reforms aiming to end state-controlled welfare housing
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system.” In 1999, China’s residential mortgage loans to individual households exceeded
RMB Yuan 126 billion, doubled the previous year’s level. By August 2002, the total
outstanding balance of the residential mortgages reached RMB Yuan 763 billion,
increased by 27 percent compared to the balance at the beginning of 2002, 34 times
compared to the balance at the end of 1997. More than half of the newly issued real
estate loans during 2002 are residential mortgage loans.’ The residential mortgage
market becomes a financial engine for the booming residential housing development and
sustained economic growth in China.

Recently, there are active debates among policy makers, scholars and experts in the
banking industry about the necessity and feasibility of developing mortgage-backed
security (MBS) market in China. One of the key feasibility conditions for setting up a
MBS market is the ability to manage the duration risks of mortgage instruments. It is
well known that mortgage instruments are exposed to prepayment and default risks,
which in turn create uncertainty about the duration of the securities backed-up by these
mortgage instruments, and hence create difficulty in pricing MBS.

Despite the rapid growth of the residential mortgage market and potential of
developing MBS market in China, there have been virtually no empirical studies on
the performance of this newly developed important sector of the financial market in
China, largely attributing to the immature regulatory environment and sparse mortgage
data. To our best knowledge, this is the first rigorous empirical study of the residential
mortgage performance in China based on a unique micro dataset of residential mortgage
loan history collected by a major residential mortgage lender in China.

In this paper, we analyze the risks of residential mortgage prepayment and default in
China in a competing risks proportional hazard framework. We focus our study on
following three areas:

1. What are major determinants to Chinese borrowers’ prepayment or default decision?

2. Who are high risk borrowers in the Chinese residential mortgage market?

3. To what extent efficiency and/or equity of the current residential mortgage market
in China may be improved?

We find that:

1. while the “option theory™* does not play significant role in determining mortgage
prepayment and default in China, other financial factors, macroeconomic
environment, and risk sharing mechanism are crucial to borrowers’ decision. For
example, equity position, stock market investment opportunities, household
income, consumers’ confidence, and the possible construction period risks are
among the major determinants driving mortgage prepayments in China;

2. borrowers’ characteristics, such as borrower’s age, occupation, job position and
education can serve as important indicators to separate high risk borrowers from
the low risk population; and

3. introducing a risk-based pricing to the residential mortgage market can improve the
efficiency of the mortgage market and enhance the mortgage credit availability to
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the much needed population, such as young and lower-income households and
blue-collar workers in China.

The remaining of the paper is organized as following: Section 2 discusses the in-
stitutional background of the current residential mortgage market in China, Section 3
reviews related literatures and discusses the econometric model used in this analysis;
Section 4 describes the mortgage loan dataset whereas Section 5 discusses estimation
results. Conclusions and policy implications are discussed in Section 6.

2. Current residential mortgage market in China

The current residential mortgage market in China is dominated by four major lend-
ers—Industrial and Commercial Bank of China (ICBC), China Construction Bank
(CCB), Bank of China, and Agricultural Bank of China. By the end of 2002, ICBC’s
total outstanding mortgage balance was RMB Yuan 258 billion, which accounted for
about 36% of the market share in China.

Currently there are three categories of residential mortgages in China—individual
account housing loans, authorized housing loans, and combined housing loans. Indi-
vidual account housing loans refer to loans funded by bank’s consumer credit funds
to individual households to facilitate their housing purchases. Authorized housing
loans refer to loans granted by the bank with the authorization of the public
accumulated fund management department, using the public accumulated deposits as
the source of funding. Combined housing loans refer to loans granted to individual
home buyers, using both public accumulated deposits and bank’s consumer credit
funds as sources of funding.’

Basic requirements. The loan amount shall not exceed 80 percent of the appraisal
value or the purchase price of the house, whichever is smaller, and payment to income
ratio should not exceed 70%. Applicants should provide documents for other assets
including tax return, bank statements on saving account, proof of vehicle ownership and
its value, proof of stock market investment, and proof of value of other property. The
ratio of total other assets to mortgage loan should be greater than or equal to 25 percent.
The mortgage term shall not exceed 30 years for RMB mortgage loans, and borrower’s
age plus mortgage term should not exceed 65 years.

Guarantees. The lender determines the types of guarantee required for a housing loan.
Types of guarantees include holding property of the borrower or property of a third party
(co-borrower) as collateral; using joint asset account with a third party (co-borrower) as
collateral; and commercial credit insurance purchased by the borrower.

Mortgage interest rate and payment. Mortgage interest rates shall be determined by
the People’s Bank of China. Starting from June 19, 1999, mortgage rates for all
long term mortgages (loan term is greater than 5 years) should follow 6-month bank
legal lending rate set by the People’s Bank of China without fluctuation band.
The spread between the long term (more than 5 years) and short term (5 years or less)
mortgage rates is 27 basis points. If new bank legal lending rates are published by the
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People’s Bank of China, the mortgage rates will be adjusted accordingly starting from
the first of January in the following year. Mortgage principal and interest payments
may be made by equal installments or by progressive installments.

Loan application procedure. After receiving application form filled by the applicant
together with relevant documents, the bank carries out eligibility investigation. Upon
approval, the bank and the borrower sign a mortgage contract. The borrower then opens a
mortgage account at the bank for making mortgage payment.

Most Chinese households are reluctant to have a debt. According to a survey reported
by Beijing City Survey Organization, more than 75 percent of Beijing residents are
aware of the availability of personal loans, but less than 10 percent of them have ever
applied for loans. Among the 48 applicants selected by the survey, 30 have applied for
mortgage loans, 16 have applied for credit card loans, and 8 have applied for car loans.’®
The reasons of applying for a loan include: convenience of life or work (56.5%);
personal loan is one type of investment (34.8%); having confidence about future financial
status and enjoying life on consuming credit (26.1%); accepting this new lifestyle
(34.8%); need for credit (21.7%).”

The borrowers’ motivation of prepayment in China is quite different from what ob-
served in the United States or other developed countries. All residential mortgages in
China are adjustable rate mortgages (ARMs). Once the Central Bank (the People’s Bank
of China) announces a rate adjustment, this new rate will be applied to all existing
mortgage loans (with term longer than one year) starting from the beginning of the
following year. Virtually all prepayments observed in the sample are earlier payoff rather
than refinance.

Presale is a popular practice in the housing market in China. Home buyers there-
fore may take some risks if developers fail to deliver the properties according to the
presale contracts. Many Chinese mortgage borrowers use mortgage as an instrument
to share the presale risks with the bank. If the home buyers (mortgage borrowers) are
satisfied with the properties delivered by the developers, some of them might choose
to pay off the debts as soon as they can. In case the developer fails to satisfy the home buyer
on the date of delivery, the borrowers have the option to default the mortgage loan. In other
words, the mortgage borrower has a put option to sell the poorly constructed house to the
bank at a price set by the remaining balance of the loan.

The number of default cases in China is quite small. Most of the default cases occurred
in the residential mortgage market in China are related to presale properties where the
developers fail to deliver the housing units meeting the presale contracts. In such cases,
the lender takes the loss if the net value of the housing units recovered is less than the
outstanding loan balance.

3. The option theory and the proportional hazard model
There are a large volume of literatures studying risks and performance of mortgage

lending in the United States. The existing literatures on economic behavior of resi-
dential mortgage borrowers have reached consensus at least in the following two areas:
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first, the option theory developed in the finance literature (Black and Scholes, [1973];
Merton, [1973]) provides an important theoretical framework to analyze mortgage bor-
rowers’ prepayment and default behavior in the US market; second, the proportional
hazard model developed by Cox (1972) provides an important analytic tool for analyzing
the dynamics of competing risks of mortgage terminations by prepayment and default.

3.1. The option theory

Findley and Capozza (1977), Dunn and McConnell (1981), Buser and Hendershott
(1984) and Brennan and Schwartz (1985) are among the first to apply option theory to
the mortgage valuation. Since then, the option theory has become the predominant the-
oretical framework in analyzing mortgage borrower’s prepayment and default behavior
in the US market. According to the option theory, in the absence of transaction costs, a
rational borrower can maximize her welfare by refinancing her mortgage when the call
(prepayment) option is “in-the-money” (that is when the prevailing market rate of mort-
gage drops below the existing mortgage coupon rate). Similarly, a borrower should
default the mortgage loan if the put (default) option is “in-the-money” (that is when the
current market value of the house, serving as collateral of the mortgage debt, drops
below the current market value of the remaining mortgage balance). Hendershott and
Van Order (1987) and Kau and Keenan (1995) provided comprehensive surveys on these
theoretical literatures.

Schwartz and Torous (1989), Deng (1997) and Stanton and Wallace (1999) among
others demonstrated empirically the importance of the financial option values to
borrowers’ exercising of prepayment or default options based on historical pool or loan
level mortgage data in the US market. These empirical literatures found strong evidence
that the market value of the call (prepayment) option is statistically significant and
positively associated with mortgage termination by refinance; and the market value of
the put (default) option is statistically significant and positively associated with mortgage
default risk.

The empirical literature also found that mortgage borrowers may not ruthlessly ex-
ercise the prepayment or default options as predicted by the option theory. In other
words, other non-financial option related factors, such as transaction costs of refinance,
borrower’s credit worthiness, household’s income and wealth, unemployment risks, di-
vorce rates, etc., also serve as important determinants to trigger or deter the borrowers’
decision on prepayment and default. (See Stanton [1995], Quigley and Van Order [1995],
for discussions on impacts of transaction costs and trigger events in mortgage prepayment
exercise.)

3.2. The proportional hazard model

Green and Shoven (1986) are among the first to apply the Cox proportional hazard
model to study mortgage prepayments due to interest rate movements. Since then,
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researchers have developed more sophisticated and realistic applications of the Cox
proportional hazard model to study mortgage termination behaviors. (See Schwartz
and Torous [1989], Deng et al. [2000], and Deng and Quigley [2002], for more recent
applications.)

The hazard function of the Cox model is defined as the product of a baseline hazard
function and a set of proportional factors such that

h(tj32 (1)) = ho (1) exp (zj(t,-_,-)’ﬂj), j=1z (1)

where hoft;) is a baseline hazard function that describes the overall shape of the
mortgage termination risks by borrowers’ prepayment or default decision; z;(#;;) is a
vector of proportional factors capturing time-varying or time-invariant covariates. These
covariates reflect market values of the financial options as well as other financial/
economic market variations and mortgage borrowers’ characteristics; j indicates pre-
payment (if j = 1) or default (if j = 2) event.

In this paper, we adopt the Cox proportional hazard model to test the extend to which
the option theory can explain the mortgage borrowers’ behavior in China, as well as to
identify major determinants of the mortgage prepayment and default risks in Chinese
residential mortgage market. We control for over 20 time-varying and time-invariant
covariates including major financial economic determinants as well as other indicators of
borrower characteristics and loan risks.

4. The data

The empirical analysis is based upon a unique micro mortgage dataset with loan his-
tory information collected by a major residential mortgage lender in Beijing, China.
The original dataset includes 75,536 single-family mortgage loans issued between March
1998 and October 2002. All loans are adjustable rate mortgages. Most of them are
constant payment mortgage loans. The data collecting period ends in October 2002.
For each loan, the available information includes the year and month of origination
and termination (if a loan has been terminated), appraisal value of the property at orig-
ination, original loan amount, initial loan-to-value ratio, mortgage contract interest rate,
term to maturity, and indicators of prepayment or default event. The dataset also pro-
vides valuable information about the borrowers’ characteristics, including household
monthly income, borrower’s age, gender, marital status, education, occupation, and job
position.

Following Deng et al. (2000), we compute a time-varying path of current equity
to market value ratio (i.e., the ratio between the contemporaneous equity value and
the market value of the property) for each loan starting from its origination till ter-
mination (or censored point), by using Beijing real estate indices together with property
value at loan origination and contemporaneous market value of the remaining mortgage
balance.
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More specifically, the ratio of equity to market value, E of the property i in the kth
month since purchase is

Miv. —Viprik
L,Ki
Ltk
A/[i,k,: Cl( TI+ )7
7
TM;—k; P.
Vimz+k = l (2)

t=1 (l + m’ﬂ’+ki)t 7

where M is the current market value of the property, C is the original purchasing value of
the property (at time 7), I, and I, are house price indexes at time 7 and k& month
thereafter, respectively, V' is the current value of the mortgage, TM is the mortgage
contract term, P is the monthly mortgage principal and interest payment, and m is the
current market rate of the mortgage.

We also compute a time-varying covariate of call (prepayment) option (i.e., the present
value of the differences in remaining monthly payments calculated using the mortgage
note rate and the contemporaneous market rate) for each loan observation.® However,
since all residential mortgage loans issued in Beijing are adjustable rate mortgages
(ARM) without cap, our data analysis indicates that financial call option virtually has no
economic value to Chinese mortgage borrowers. So far, there has been no refinance-driven
prepayment reported in Chinese mortgage market. Therefore, at least for now, the financial
option theory cannot explain the observed prepayment behavior in Chinese residential
mortgage market. We opt to drop the call option covariate from our empirical analysis.

In addition, we match macroeconomic variables including slope of yield curve,
Shanghai Stock Exchange Index, and local unemployment rates to the loan history data.
The first two variables serve as proxies of alternative investment opportunities for
homeowners. The third variable, local unemployment rates, has been used as “trigger
event” variable in previous mortgage literature reflecting financial hardship of the
borrower due to unexpected event (see Deng et al. [1996], for a discussion). It may also
serve to reflect borrowers’ confidence toward general economic condition and household
financial security.

Our analysis is confined to mortgage loans with level-payment, and five-year, ten-year,
fifteen-year or twenty-year term. There are only 313 loans originated in 1998, among
which 29 were defaulted due to a development project dispute. Such abnormally high
default rates caused by a project dispute will bias our estimation of borrower’s behavior.
Therefore we decide to exclude the 313 loans originated in 1998 from our analysis. The
final sample contains 65,457 loan records, among which, 4,621 loans (about 7 percent)
were prepaid during the sampling period, 262 loans (about 0.4 percent) were defaulted
during the sampling period, and 60,574 (about 92.5 percent) were still active at the end
of data collecting period.

Table 1 presents means and standard deviations of the continuous covariates measured
at origination and termination of the mortgage loans. As we expected that current equity
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to market value ratios are lower at origination and higher at termination for all loans due
to mortgage amortization process. However, the statistics indicate that loans that were
eventually defaulted are associated with the lowest equity ratios at origination, which
suggests that borrowers with higher loan to value (LTV) ratios at origination may carry
higher default risks. On the other hand, those loans that are eventually prepaid have
higher equity to market value ratio than the rest of the loans in the pool. Such
observation may suggest that borrowers with less liquidity constrain in China are likely
to payoff their mortgage earlier. The statistics also reveal a positive term structure
scenario (increasing in slopes of yield curve) and increasing in unemployment rates
during the sampling period. On the other hand, the Stock Index is declining during the
sampling period. The statistics further show that those loans eventually prepaid are
associated with smaller loan amount at origination, while those loans eventually defaulted
are associated with larger loan amount at origination. Finally, the analysis reveals that
older borrowers have higher propensity to prepay or default the mortgage.

Table 2 presents the number of loans in the sample stratified by major categorical
covariates (in seven separate panels) and by loan status (in three columns). It also
presents percentage of loans by prepayment, default and other (censored) within each
sub-categories (these percentage figures are reported in the parentheses in columns 1 to
3), as well as percentage of loans for each sub-categories (these percentage figures are
reported in the parentheses in column 4).

Panel 1 of Table 2 reports the frequency statistics separated by loan origination years.
The residential mortgage market in China took off rapidly since the 1998 administrative
laws to extend housing reform and expedite housing construction issued by the State
Council of the People’s Republic of China. Only 4,423 loans (less than 7 percent) in the
final sample were originated in 1999. Newly issued residential mortgage loans were more
than quadruple to 19,175 (about 29 percent) in 2000, almost 6 times to 25,497 (39 percent)
in 2001.

The frequency statistics also indicate that loans originated in 1999 have much higher
prepayment rates (12.16 percent) than loans originated after 1999 (9.9 percent for loans
originated in 2000, 7.59 percent for 2001, and 1.52 percent for 2002). Default risk in
residential mortgage lending in China is quite low. For all groups, the default risk is less
than one percent. Loans originated in 2000 have the highest default rate (0.9 percent)
which is more than 3 times compared to the loans originated in 2001 and 22.5 times
compare to those originated in 2002.

Panel 2 indicates that about 69 percent of the borrowers are from the high income
households. The low income borrowers, who only account for 5.45 percent, have the
highest prepayment rate at 7.68 percent; whereas the median income households are
the most reluctant to prepay. The default risk is generally less than one percent for all of
the sub-categories, while the rate associated with high-income households is about 18
times higher than the low and median-low income groups, and 5 times higher than the
median and median-high income groups.

Over three-quarters of the borrowers belong to age cohort under 40. Panel 3 indicates
that borrowers over 40 years old are more likely to pay off their loans earlier than those
under 40. Almost 10 percent of the borrowers over 40 years old cohort prepaid, while
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Table 2. Descriptive statistics for mortgage loans—frequency of loans by major categorical covariates and by
payoff types.

Variable Prepaid Defaulted Other All Loans

Origination year

1999 538 (12.16) 10 (0.23) 3,875 (87.61) 4,423 (6.76)
2000 1,899 (9.90) 172 (0.90) 17,104 (89.20) 19,175 (29.29)
2001 1,936 (7.59) 74 (0.29) 23,487 (92.12) 25,497 (38.95)
2002 248 (1.52) 6 (0.04) 16,108 (98.45) 16,362 (25.00)
Income groups
Low 274 (7.68) 1(0.03) 3,294 (92.29) 3,569 (5.45)
Med-low 220 (6.20) 1 (0.03) 3,325 (93.77) 3,546 (5.42)
Median 248 (5.86) 4 (0.09) 3,977 (94.04) 4,229 (6.46)
Med-high 622 (6.98) 9 (0.10) 8,283 (92.92) 8,914 (13.62)
High 3,257 (7.21) 247 (0.55) 41,695 (92.25) 45,199 (69.05)
Age cohort
Age <40 3,249 (6.34) 176 (0.34) 47,811 (93.32) 51,236 (78.27)
Age > 40 1,372 (9.65) 86 (0.60) 12,763 (89.75) 14,221 (21.73)
Marital status
Married 1,929 (6.55) 42 (0.14) 27,457 (93.30) 29,428 (44.96)
Single 2,692 (7.47) 220 (0.61) 33,117 (91.92) 36,029 (55.04)
Education
Primary school 164 (7.16) 18 (0.79) 2,108 (92.05) 2,290 (3.50)
Secondary school 1,423 (6.44) 76 (0.34) 20,586 (93.21) 22,085 (33.74)
College 3,034 (7.39) 168 (0.41) 37,880 (92.21) 41,082 (62.76)
Occupation
Business and trade 952 (6.63) 55 (0.38) 13,358 (92.99) 14,365 (21.95)
Social service 433 (6.98) 22 (0.35) 5,746 (92.66) 6,201 (9.47)
Self employment 2,001 (7.61) 149 (0.57) 24,131 (91.82) 26,281 (40.15)
Education and research 367 (5.75) 9 (0.14) 6,008 (94.11) 6,384 (9.75)
Others 868 (7.10) 27 (0.22) 11,331 (92.68) 12,226 (18.68)
Job position
Manager 2,888 (7.27) 229 (0.58) 36,593 (92.15) 39,710 (60.67)
Technician 541 (6.17) 6 (0.07) 8,221 (93.76) 8,768 (13.40)
Clerk 917 (7.02) 17 (0.13) 12,134 (92.85) 13,068 (19.96)
Others 275 (7.03) 10 (0.26) 3,626 (92.71) 3,911 (5.97)
No. of observations 4,621 262 60,574 65,457

Notes: Row percentages by prepayment, default and other type are in parentheses in columns 1-3; column
categorical percentages are in parentheses in column 4.

only 6 percent of borrowers under 40 prepaid. The default risk associated with borrowers
over 40 is about 1.7 times higher than borrowers under 40.

About 55 percent of borrowers are single, who have both higher prepayment and
default risks. The default risk associated with single borrowers is more than quadrupled
compared to married couples.

Borrowers with higher education are more likely to take advantage of mortgages. Over
60 percent of borrowers have college education, and only 3.5 percent of borrowers never
go beyond primary schools. Borrowers with only primary educations have the highest
default risk among all borrowers’ categories.



AN EARLY ASSESSMENT OF RESIDENTIAL MORTGAGE PERFORMANCE IN CHINA 127

About 40 percent of the borrowers are self-employees, 22 percent are in business and
trade, 10 percent are in education and research, 9 percent are in social service and the
remaining 19 percent belong to others.” Among these groups, self employees have both
higher prepayment and default risks. For example, self-employed borrowers have about
4.1 times the default risks compared to those in education and science.

Finally, white-collar workers are the majority of the borrowers. Over 60 percent of the
borrowers are managers who have relatively higher default rate (0.58 percent) than clerks
and technicians (0.13 percent and 0.07 percent, respectively).'”

Figure 1 presents survival analysis based on the raw data by plotting joint survival
curves of prepayment and default, separated by selected loan and borrower character-
istics. Panel A presents joint survival curves of two sub-samples separated by different
loan-to-value ratio (LTV) at origination. The lower LTV group (LTV less than or equal
to 60 percent) is associated with higher survival rates (i.e., lower termination risk)
compared to the higher LTV group. Penal D presents survival curves separated by two
borrower’s age cohorts. These plots are consistent with the descriptive statistics reported
in Table 2 that elder borrowers (age over 40 years old) tend to pay off their loans earlier.
The other six panels present survival curves separated by original loan amount,
household income, marital status, borrower’s education, occupation and job position.
The plots of these additional raw data survival analyses suggest potential impacts of
these borrower/loan characteristics to the prepayment risk which are consistent with the
descriptive statistics reported in Table 2.

5. Empirical results

Our empirical models are estimated based on the Cox Partial Likelihood approach (Cox,
1975). Table 3 presents estimates of two basic models of mortgage prepayment and
default. As we have discussed in previous section, currently all residential mortgages in
China are adjustable rate mortgages (ARMs). Once the Central Bank (The People’s Bank
of China) announces a rate adjustment, this new rate will be applied to all existing
mortgage loans on the market without caps starting from the beginning of the following
year. As a result, the financial “call option” has virtually no value to Chinese mortgage
borrowers. This contradicts to the conventional wisdom in the existing mortgage
literature where the “call option” value is considered as a dominant factor driving
prepayments in the U.S. residential mortgage market. (See, for example, Kau et al.
[1990], for a theoretical analysis on the adjustable rate mortgages in option theory
framework. Quigley [1987], and Stanton and Wallace [1995], analyze the impacts of
interest rate on adjustable rate mortgage termination and valuation. Cunningham and
Capone [1990], and Calhoun and Deng [2002], provide empirical evidence of the
association between the “call option” value and the ARMs prepayment behavior in the
U.S. market.) In fact, all prepayments observed in the sample are earlier payoff rather
than refinance. Therefore, we exclude the “call option” value from the determinants of
prepayment in our model.
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Figure 1. Empirical survival function of prepayment and default.
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Table 3. Proportional hazard estimates for mortgage prepayment and default.

Model 1 Model 2
Prepay Default Prepay Default
Current equity to market value ratio  2.533 (14.43) 2.075 (2.10) 2.604 (14.82) 2.561 (2.61)
Slope of yield curve® —0.309 (6.01)  —0.180 (0.82) —0.459 (8.38) —0.179 (0.73)
Loan-to-value ratio > 60 —0.008 (0.14) 1.138 (3.39) 0.006 (0.10) 1.238 (3.66)
Log value of original loan amount 0.085 (4.73) 1.768 (25.98) 0.096 (5.29) 1.751 (25.20)
Unemployment rate (%) 4.872 (28.77) 2.136 (3.71) 4.164 (22.89) 0.829 (1.21)
Origination year
2000 0.310 (4.61) 2.324 (4.61)
2001 0.916 (9.77) 2.497 (4.46)
2002 0.828 (6.19) 2.954 (3.89)
-Log likelihood 46,024 2,372 45,957 2,354
Schwarz BIC 46,045 2,386 45,990 2,377

Notes: t-ratios are in parentheses.
Slope of yield curve is defined as ratio of five-year fixed term rate over spot rate.

Model 1 focuses on key determinants traditionally used by the lending industry to
control interest rate risk and credit risk. These covariates include current (contempora-
neous) equity to market value ratio, initial loan-to-value ratio, yield curve slope, local
unemployment rate, and loan characteristics such as log value of original loan amount.
The first two variables, current equity to market value ratio and initial loan-to-value
ratio, are served as proxy for measuring borrower’s liquidity constrain; yield curve slope
is served as proxy for alternative investment opportunity; and local unemployment rate is
served as proxy for macro economic environment and consumers’ confidence about the
economy and their financial well being.

Estimates from model 1 indicate that borrowers who choose higher loan-to-value ratio
at origination and borrowers who have lower current equity to value ratio are typically
constrained by limited liquid assets and hence less likely to prepay the mortgage. This is
consistent with the liquidity constrain argument discussed in the existing mortgage
literature (see, for example, Archer et al. [1996], and Deng et al. [1996]).

On the default side, model 1 indicates that current equity to value ratio is positively
associated with default risk. Though this positive association is marginally significant in
statistic sense (at 10 percent significant level), it obviously contradicts to what option theory
predicts: default risk increases as current equity value declines. This implies that at least
based on the current data, the base model reveals that mortgage borrowers in China are not
considering the financial put option value as a factor that drives their default decisions.

The slope of yield curve discloses the relationship between investment in housing and
opportunities in stock market investments.'' When the yield curves get flatter, borrowers
in China choose to pay off the current mortgage debt rather than to take a long position
in the long term bond market. Therefore, as indicated in model 1, the prepayment risk is
negatively related to the slope of yield curve. The estimated coefficient for the yield
curve slope is statistically insignificant in the default function, indicating that residential



130 DENG ET AL.

mortgage borrowers in China are not considering the financial market factor as part of
their default decision making process.

The initial loan to value ratio is statistically significant and positively associated with
default risk and statistically insignificant in our prepayment model. This is consistent
with the existing literature. By seeking for higher LTV ratio at origination, borrowers
may reveal important information about their potential liquidity constraint problem,
which may lead to higher default risk down the road.

On the other hand, log value of original loan amount is significant and positively
associated with both default and prepayment risks. These findings suggest that jumbo
loan borrowers are more likely to consider housing as a luxury good or investment in-
strument rather than necessity of living. Jumbo loan borrowers in China are high-risk
borrowers and lenders should take precaution when they approve jumbo loans.

Unemployment rate is highly significant in determining prepayment risk and less so
for default risk. In contrast to previous findings on the residential mortgage borrowers’
behavior in the United States,'? the empirical estimates from model 1 indicate that pre-
payment risk increases as unemployment rate rises. Unemployment rate is a macro var-
iable indicating the strength of the macro economic environment. It also reflects Chinese
borrowers’ confidence towards their future income and financial safety and soundness.
To most Chinese households, housing is a basic necessity of living rather than luxury
goods. Hence Chinese borrowers tend to pay off their mortgage debt when they feel
uncertain about future financial safety. In other words, when Chinese households feel
uncertain about their future wealth, they will choose to invest in safe assets (housing)
rather than risky assets (such as stocks and bonds). This is quite different to what we
have learnt in the U.S. mortgage market that in general unemployment rate is negatively
associated with prepayment risk.

Model 2 extends model 1 by controlling for the loan origination year, which con-
tributes to the notable improvement of model fitness, especially in the prepayment haz-
ard function.'> Mortgage loans originated after 2000 tend to have much higher
prepayment risk compared to those originated in 1999. Such trend continues in 2001,
and then slightly declines in 2002.'* During the period from 1998 to 2001, there have
been several major regulations' published reflecting new policy of Beijing housing
reform and development of residential mortgage system. These policy changes led to
swift shifts in the practice of mortgage origination process and hence the performance of
the mortgage loans originated thereafter. Other key determinants reported in model 1 are
quite robust, and most of them with improved statistical significance in model 2.

Table 4 presents estimates of three extended models. Model 3 extends model 2 by
controlling for additional borrowers’ characteristics, including borrower’s household
income, age, marital status, education, occupation, and job position. These categorical
variables have different effects on prepayment and default risks. In prepayment model,
the original loan amount is no longer a significant factor after the inclusion of borrowers’
characteristics. Such a change indicates the size of initial mortgage loan amount is highly
correlated to the borrower’s characteristics in analyzing the prepayment risks.

The results from model 3 suggest that borrower’s household income is significant and
positively associated with the prepayment risk, especially among the median-high and high
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income groups. Households with higher income have more liquid assets, and consequent-
ly, have more capability of paying off their loans earlier.

Borrower’s age is an important factor in determining prepayment risk but insignificant
in the default function. Younger borrowers have relatively lower prepayment risk as they
have longer horizon before retirement. Moreover, the younger generation prefers con-
sumption on credit, reflecting a generation gap in lifestyle preference in China.

Single borrowers have higher default risk (which is marginally significant in statistical
sense) compared to the married couples. In general, family is a more stable social unit
than singles, and generally, married borrowers have relatively more stable monthly
income and expense streams therefore have lower default risk compared to singles.

Borrowers with college degree have higher prepayment risk but lower default risk. Job
positions and occupations are significantly associated with prepayment decision while
none of them is significant to default. White-collar workers, such as managers and clerks
tend to prepay loan faster than blue-collar workers such as technicians, while others
(which include self employees, military service personnel, and farmers) is the borrower
group associated with least prepayment risk. Educators and researchers have lower
propensity to prepay their mortgage loans, due to their relatively stable income during
their entire career.

Model 4 extends Model 3 with the additional control of Shanghai Stock Exchange
Index (SSEI). The inclusion of SSEI results in a notable improvement in model fitness
as judged by the Schwarz criterion (BIC). SSEI is significant in both the prepayment
and default models. As the fast growing alternative investment opportunity to the
traditional deposit, investment in stock market has been attached more and more
importance in Chinese people’s financial considerations. The effect of SSEI indicates
that borrowers’ decision on earlier termination of mortgage is basically a financial
decision on investment portfolio choice. SSEI is negative and highly significant in
the prepayment function—indicating that bear market drives Chinese households to
reallocate their assets from stock market to payoff their mortgage debts. One the
other hand, SSEI is positive and significant in the default function, namely bull mar-
ket is associated with higher default risk, implying that households who stop paying
their mortgage may choose to reallocate their assets from housing to stock market.

Model 5 extends model 4 to test whether different borrowers groups may respond
differently to the macro economic shocks. We include interaction of borrower age group
to the slope of yield curve, unemployment rate, and stock exchange index, as well as
interactions of these macro economic variables with borrower’s marital status and job
positions.

The results of model 5 suggest that, in prepayment behavior, younger borrowers,
married borrowers and office managers and workers are less sensitive to the change in
the slope of yield curve, as well as to the change in the stock exchange index. These
borrower groups have more stable income and limited liquid asset, which limit their
ability to respond the market shock. On the other hand, younger borrowers and married
borrowers are more sensitive to the unemployment risk. In other words, when un-
employment rate increase, these two groups of borrowers are more likely to pay off their
mortgage debt in an effort to avoid uncertainty and minimize additional risks.
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In terms of default behavior, younger borrowers, office workers are less sensitive to
the changes in the stock exchange index; married borrowers and office workers are less
sensitive to the changes in the slope of yield curve; but married borrowers are more
sensitive to the increase in unemployment rate.

6. Conclusion

The residential mortgage market in China is a newly emerging sector of the capital
market. It is evolving rapidly with the swift housing system reform recently carried out
in China. The fast growth and the accelerating importance of the residential mortgage
sector becomes a financial engine for the booming residential housing development and
sustained economic growth in China.

The distinctive features of Chinese residential mortgage market make real estate fi-
nance a very attractive research topic. Financial call option is currently unavailable to
Chinese mortgage borrowers due to imperfect market conditions; while the financial put
option measured by contemporaneous equity to market value of the property is in general
“out-of-money” to the borrowers because of the steady increases of the property values in
the housing market during the sampling period. Option theory apparently fails to explain
the prepayment and default behavior in current Chinese residential mortgage market.

On the other hand, other non-financial-option related social-economic factors, bor-
rower characteristics play major roles in explaining the prepayment and default behavior
in China. Borrowers choose to pay off mortgage debts in the bear market and when the
yield curve is flat. The current extremely low deposit rate in China makes saving no
longer a rational option for long term investment to many Chinese. Stock market
provides Chinese households a viable locale to benefit from the higher return investment
in the capital market. Therefore, stock market’s fluctuations have significant impact on
mortgage borrowers’ prepayment and default decisions.

Many Chinese borrowers tend to be “uncertainty averse,” i.e., when unemployment
rate rises, borrowers tend to reallocate their investment portfolio to safe assets by paying
off their mortgage debts. This contradicts to the borrowers’ behaviors observed in the
residential mortgage markets in the United States and other countries.

The reform of housing and housing finance system in China bring along swift changes
in many housing and finance related policies and regulations, which influence house-
holds’ decisions. Changes of policy have proved to be one of the critical determents in
our model for mortgage prepayment risk.

Finally, borrower’s characteristics are found to be significant in determining bor-
rower’s prepayment behaviors, hence may be used as an effective tool for screening
across loan applicants and for determining who the potential high risk borrowers are.
These findings have important policy implications. Median-high to high income bor-
rowers as well as white-collar workers are more likely to prepay their mortgage debts.
On the other hand, younger households, blue-collar workers are less likely to prepay.
Therefore, adopting a risk-based pricing in residential mortgage lending in China will
not only improve the efficiency of the market, but also enhance the credit availability
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to the most needed households, i.e., the younger households, blue-collar workers, lower
income households, and help them become homeowners.

Notes

W —

[ BEN e V)]

10.
. Steep yield curve implies higher return for investing in long term capital market, and vice versa.
12.
13.

14.

15.

. One US dollar exchanges for about eight RMB Yuan.
. Prior to 1998, over ninety percent of the urban residential housing units in China were developed and

owned by state-owned enterprises (Dan Wei). These housing units were leased to the employees at very low
rent as part of welfare for the state-run enterprises’ employees and collective owned enterprises’ employees.
Under the PRC State Council 1998 Administrative Law, state-owned enterprises will no longer be allowed to
allocate welfare housing to their employees after December 31, 1999.

. See People’s Daily, 11/22/2002, http://www.smxfdc.com/news/list.asp?id=282.
. The “option theory” developed by Black and Scholes (1973) and Merton (1973) has been adopted widely to

explain mortgage prepayment and default risks in the United States and other developed countries. A
detailed discussion of the option theory and its application to mortgage valuation will be discussed in the
following section.

. See http://www.bank-of-china.com/english/alpersonal/al_2_1.shtml for a more detailed discussion.

. See www.csdcw.com, September 2002.

. See http://www.bjstats.gov.cn/gefx/tjbgjzl/czj1/200209020010.htm.

. See Deng et al. (2000) for a discussion of computing the time-varying covariates of call option value for

each loan.

. The ‘others’ category in occupation includes employees working for government, finance and insurance,

postal service and telecommunications, army, real estate and construction, agriculture, industry, and water,
etc.
The ‘others’ category in job position includes military service personnel, farmer, and freelance worker, etc.

Deng et al. (1996, 2000), among others, found that prepayment risk declines as unemployment risk
increases. This is due to liquidity constrains faced by many borrowers during the weak economy.
Schwarz BIC information criteria reported in the bottom of the table provide comparison of the goodness of
fit among alternative models. The smaller the value of BIC, the better fit of the model.

Our loan history dataset is censored by October 2002. Therefore the mortgage pool originated in 2002 in
our sample has not yet reached its prepayment peak compared to the loans originated earlier with longer
span of duration.

For example: The People’s Bank of China Bulletin on Expanding Credit Available to Residential Mortgage
Lending and Supporting Residential Housing Construction and Consumption, April 7, 1998; The Office of
Beijing Housing System Reform Bulletin (98) No. 265 on Policies Regarding Sales and Pricing of Public
Housing Units to Employees in 1999; Bulletin on Further Improving Sales of Public Housing Units, Feb.
10, 1999; Beijing Housing Financing Center Bulletin (99) No. 117 on Adjusting Policies Regarding
Residential Insured Mortgage Lending in 1999; etc.
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