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Abstract

Chinese home buyers are liquidity constrained with limited access to refinance, dissatisfactory social insur-
ance and high home prices. The government requires all borrowers to make a substantial down payment,
normally 20% to 50% of the home price, depending on non-risk-related qualifications. Data reveals an adverse
selection problem: those who paid down just the minimum are more likely to default. A theoretical model
is constructed to explain this finding: those who choose to pay down just the minimum are less wealthy,
and more liquidity constrained during the loan term, thus more vulnerable to negative shocks. The model
is estimated using individual mortgage data provided by a major commercial bank of southeast China. We
then provide forecasts on long-run default probabilities, as well as quantitative evidence for future adverse
selection.
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1 Introduction

The Chinese housing mortgage market is characterized by a rigid demand for apartments, high return
from property resale, centralized mortgage loan policies and partial property ownership. Due to cultural
reasons and probably the low outside option (e.g., the poorly-regulated rental market), owning an urban
home is an essential part of a typical Chinese household’s dream.1 Since July 1998, when the “welfare housing
distribution system” was abolished, individuals have been allowed to buy and sell houses and apartments
and to apply for housing mortgage loans.

Moreover, given the considerably large amount of the required down payment, high prices of homes,2

limited access to credit and dissatisfactory social insurance, the liquidity constrained Chinese borrowers are
vulnerable to negative economic shocks. Indeed, a unique micro-level home mortgage dataset obtained from
a southeast regional bank reveals that those who paid just the minimum up front (the threshold borrowers)
are on average 3.31 times more likely to default than those who paid down larger amounts (the non-threshold
borrowers) – an adverse selection outcome; see Figure 2. The minimum down payment is of particular
interest of this paper, because it is at the core of understanding borrowers’ liquidity constraints, borrowing
decision making and the long-run default risks.

This paper analyzes the uniform minimum down payment in general, by quantifying the well-being of
individual borrowers and predicting the long-run default risks. It argues that liquidity constraints may play
a major role in Chinese home borrowers’ default choices, and that a uniform mortgage contract suffers from
adverse selection. Since the borrower’s liquid wealth, upon which the choices of loan size and default are
made, may not be perfectly observed by the lender, this piece of hidden information leads to an adverse
selection problem: the less-wealthy individuals are self-selected to choose just the minimum down payment,
borrowing larger amounts. However, in an uncertain environment with limited access to credit and insurance,
when her wealth has been drained by the down payment, the borrower would be more vulnerable to shocks
such as job loss and big medical bills and end up defaulting at higher probabilities. Therefore, conditional
on property price, smaller down payments (thus larger loans) correlate with higher default probabilities.
The centralized mortgage policy which restricts the banks to offer nearly-uniform contracts cannot use
differentiated rates and terms to screen high risk borrowers (Karlan and Zinman, 2009). 3

To theorize this, a two-part structural model is constructed. In part 1, a risk-averse and forward-
looking borrower makes the optimal down payment choice given her wealth endowment. In part 2, given
the remaining wealth, in every period she observes an income shock and makes a binomial default choice,
facing future uncertainties. A sufficiently large (negative) income shock results in default. Importantly, the
unobserved (both by the lender and the econometrician) liquid wealth endowment is recovered by exploiting
the choice of down payment, which is observed by the econometrician. We derive the optimal choice of down
payment as a monotonic function of liquid wealth endowment. The inverse of this function is used to recover
the unobserved wealth. In practice, this inversion is done numerically.

The model suggests that, given any required minimum down payment ratio in [0, 1], it is useful to
categorize all potential borrowers, according to their wealth endowments, into three groups: the poor,
the moderately wealthy, and the wealthy. The poor cannot afford even the minimum down payment; the

1Li (2011) reports that the pursuit of owning a home, as opposed to renting, manifests itself in China’s 85.39% urban
home-ownership rate, compared to the world average 63%.

2The price-to-income ratio is 25 to 30 in major Chinese cities, whereas in US and Europe it is generally below 15. See
https://www.numbeo.com/property-investment/gmaps_rankings.jsp.

3The Chinese banks routinely require proofs of savings, income, stocks and bonds, etc. But the effectiveness of these
measurements in risk control is unknown.
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moderately-wealthy can afford and will choose the minimum (the threshold borrowers); the wealthy will
choose an optimal amount that is strictly above the minimum (the non-threshold borrowers). The group of
interest is thus the moderately wealthy individuals: a moderate endowment implies that, if she were able to
freely choose the amount, it will be strictly below the minimum. But paying the minimum is still rational,
making her better off than not taking any loan. In other words, the required down payment takes too much
wealth from a moderately wealthy borrower, leaving her liquidity constrained and facing high default risks
afterwards.

To our best knowledge, this is the first paper empirically studying home mortgage default risks and choices
of loan sizes in China using a structural model and micro data. The prior literature has established the
importance of considering consumers’ forward-looking behavior in credit markets more generally. However,
in contrast to this paper, the previous literature does not explicitly model the role liquid wealth plays. The
reason could be that, in the US and the European housing market, down payment is not a big burden or
refinance is not difficult (e.g. Bajari et al. (2013)); Another possibility is that the riskiness of the borrower
can be proxied by her credit score (e.g. Einav et al. (2012)). In China, given the absence of any credit score
system, liquidity constraints should not be ignored in the structural analysis of the choices of loan sizes and
default risks.

We now outline the main findings from the estimated models and simulations. First, the recovered wealth
endowments are of reasonable scale: on average the individuals studied here are endowed with about 1.1 to
1.8 million CNY (2014 value).

Second, only 1/4 to 1/3 of this wealth remains after down payment, which suggests severe liquidity
constraints of the moderately-wealthy borrowers.

Third, evidence for adverse selection: the predicted long-run average default rate of all threshold bor-
rowers ranges from 3.67% to 5.03%, which is 49.80% to 105.31% higher than the non-thresholds’ 2.45%.
Moreover, since the portion of the moderately wealthy borrowers is large, as suggested by data, these pre-
dictions may imply considerable future bank losses.

In sum, our results highlight the adverse selection problem that has never been reported in the previous
empirical work on Chinese home mortgaging. The paper is organized as follows. Section 2 describes home
mortgaging in China. Section 3 summarizes data and provides evidence for adverse selection. Section 4 and
5 respectively presents the behavioral and the econometric model. Section 6 reports the main results and
predictions on the long-run default risks. Section 7 concludes.

Literature

This paper contributes to the literature analyzing the mortgage market by estimating a fully dynamic,
structural model of borrower behavior. Estimating a dynamic structural model informs our understanding
of default incentives, and allows us to evaluate welfare effects of key policy tools, a topic of immense interest
to policymakers. Most of existing empirical work on mortgage default risks uses a duration framework (for
example, Deng et al. (2000); Foster and Vanorder (1984), Deng et al. (2005)). This framework does not take
into account the impact of current actions on future payoffs or the impact of expectations about the future
on current actions. The prior literature has established the importance of considering consumers’ forward-
looking behavior in credit and insurance markets more generally. This includes Einav et al. (2013) where
individuals select health insurance based on their anticipated moral hazard behavior response to insurance;
Bajari et al. (2013) estimate a dynamic structural model of subprime borrower’s default behavior of the US
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housing mortgage market, and predict the effect of various policy instruments, such as principal writedown,
to mitigate default.

Finally, the paper contributes to the application of DDC models with unobserved heterogeneities (Heck-
man and Singer, 1984; Heckman, 1981). The applications include young people’s occupational choice (Keane
and Wolpin, 1997), patent renewal (Pakes, 1986), choice of collage education (Arcidiacono and Miller, 2008),
dynamic purchase and stocking behavior of storable goods (Hendel and Nevo, 2006), etc. However, in con-
trast to this paper, the previous literature on dynamic behavior in the consumer credit market does not
explicitly model the role liquid wealth plays, a source of heterogeneity. The reason could be that, in the
US and the European housing market, down payment is not a big burden or refinance is not difficult (e.g.
Bajari et al. (2013)); Another possibility is that the riskiness of the borrower can be proxied by her credit
score (e.g. Einav et al. (2012)).

This paper ties to the empirical literature focuses on estimating demand of mortgage loans, risk evaluation,
lender’s profit optimization and market structure (Brito et al., 2009; Einav et al., 2012; Gary-Bobo and
Larribeau, 2004). In particular, in Einav et al. (2012) the demand of loans are modeled as a reduced form
that is derived from the dynamic discrete choice problem of the borrower. In their model, what is similar
to this study is that, as borrowers are constrained by cash on hand, the choice of down payment reveals her
risk type. Campbell and Cocco (2003) analyze how a risk-averse household should chose between fixed-rate
mortgage (FRM) and adjustable-rate mortgage (ARM), in an environment with uncertainties of income and
inflation.

This paper also ties to a large literature documenting liquidity constrained consumer behavior, partic-
ularly for households with low wealth (Attanasio et al., 2008; DEATON, 1991; Gross and Souleles, 2002;
Johnson et al., 2006; Juster and Shay, 1964; Souleles, 1999; Zeldes, 1989). This strand of literature suggests
that a significant set of households has a limited ability to borrow at desirable rates. The cause of such
credit constraints is believed to be adverse selection (Ausubel, 1991, 1999; Edelberg, 2004a,b).

2 Housing Mortgage Loans in China

The housing mortgage market of China is highly regulated by centralized policy. The policy devices
directly affecting a borrower’s decision making include loan interest rate, maximum term and minimum
down payment, in addition to other terms and clauses in the mortgage contract. We first describe the
practical process of obtaining a housing mortgage loan, then discuss briefly the aims of such centralized
policy.

Each apartment that is up for sale has a designated mortgage bank, which implies that the borrowers is
not able to shop around multiple banks for the best deal. This bank asks her about her financial conditions
(such as family income and occupation), as well as information about the properties she already owns. It
also asks what type of mortgage, regular commercial loan or Public Housing Fund loan, she is applying for.
Typically, a Public Housing fund loan has demanding prerequisites, though it would offer better terms. The
bank also asks about her desired length of the mortgage. The longest possible term of a mortgage loan is 30
years. But the maximum length a particular borrower is eligible to apply for depends on her age (no loan
after retirement). Finally, the bank asks about her desired amount of the down payment and the amount
of the loan. As discussed below, the minimum down payment ratio depends on the type of loan and on the
government policy of the time.

After the designated bank has received her application and reviewed her documents, it either rejects her
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loan application or offers her a take-it-or-leave-it mortgage at a certain interest rate. The bank has very
little ability to influence the interest rate; it can only set a rate within the range regulated by government
policy (see below). The final step of the process is that the borrower decides whether or not to accept the
contract. If she accepts, she then contracts with the bank and the apartment owner (building developer if it
is brand new, previous owner otherwise).

Let us now consider more precisely how the terms of the contract depend on the policy. In particular, it
depends on whether or not she already owns any property, based on which the borrowers can be categorized
first time buyers who own none, and second time buyers who own at least one.4 The minimum down payment
is regulated to be a certain fraction of the sales price (the minimum down payment ratio). It is in general
lower for first time buyers than for second time buyers, based on the idea that the purchase of the first
apartment is for dwelling purposes, whereas additional properties are more likely to serve for investment
or arbitrage. The required minimum for first time buyers has not been drastically changed over time, and
could be 20%, 30%, 40% or 50% of the property value, depending on individual qualifications and the policy
of the time. The minimum for second time buyers is generally higher, all else equal. In January 2011, this
minimum was dramatically raised to 60% (normally it would be 20% to 50%).

The type of mortgage, regular commercial loan or Public Housing Fund loan, is particularly important
because it determines the minimum down payment ratio and the loan interest rate. The type of mortgage
loan a buyer is eligible to apply depends on many factors, such as whether or not she has a local residency,
whether she has been contributing for Public Housing Fund for at least a certain length of time, whether she
has other outstanding loans, etc. In particular, it depends on whether or not she owns other properties (see
above). For example, a potential first time buyer who has local residency, has been contributing to Public
Housing Fund for more than a year and has no outstanding loans, is eligible for a Public-Housing-Fund
mortgage loan, which means 20% minimum down payment and up to 30% off in interest rate relative to the
base rate; a potential second time buyer without local residency thus ineligible for a Public-Housing-Fund
loan, but eligible for a regular commercial loan, would be required to pay 40% minimum down payment
and an interest rate 10% above the base rate. The details of each mortgage type are frequently changed by
government policy.

The loan interest rate is determined as follows. Suppose It is the time-varying central bank’s base rate.
The lending bank offers a time-invarying deviation from the base rate devi. This deviation could be negative
or positive, depending on the buyer’s individual qualification and the government policy of the time. The
individual interest rate rit is a deviation from the base rate,

rit = It ∗ (1 + devi),

such that the individual rate varies over time along with the base rate.5 The bank-chosen devi must lie within
some range specified by the policy, such as no less than 0.1 according to the January-2011 government policy,
so that the loan rate is at least 10% higher than the base rate.

The aims of the Chinese housing mortgage policy are believed to be macroeconomic – to maintain the

4There are multiple reasons why some people own more than one apartment: properties are held as high-return investment;
a modern apartment owner who still owns the old apartment which she was assigned to live under the “welfare housing
distribution system” (in 1990’s around the time when the welfare housing system was abolished, the government mandatorily
sold the state-owned apartments, where they have been assigned to live, to tenants. Government subsidies and mortgage loans
are provided to finance the purchases). Another reason is simply the need of residency, “hukou”, of a particular city or within
the preferred school zone.

5In practice, the interest rate will be adjusted annually only at the beginning of each year, so there will be a lag. The
monthly payment is calculated in the same way as adjustable-rate mortgage (ARM) in the US.
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real estate market prices (which benefits state banks), to boost prosperity of the construction industry (one
of the major driving forces of GDP, employment and urbanization), to diminish real estate bubbles, etc.
– whereas the well-being of individual borrowers seem to be of less concern. Besides, the minimum down
payment ratio does not seem like a credit rationing device, as the central bank does not explicitly assert any
maximum size of the loan, and it is uniform for all qualified borrowers at a given time.

Compared to its US and European counterparts, it is safe to say that the Chinese mortgage market is still
at its infancy. In fact, a bank can neither design its own mortgage policy given its own environment, nor can it
offer any complex client-specific mortgage contract to each individual borrowers (such as a menu of rate-term
combinations). The lack of personal credit history and other financial records impedes the lending banks’
ability to carry out preliminary risk screening. There is very limited information based on which the lending
bank can judge the borrower’s risk type. A potential borrower is only required to provide basic personal
or family information such as occupation, total income, age, highest degree earned, etc. Furthermore, it is
unclear whether or not lending banks actually compete for clients, as in principle the borrower is supposed
to obtain mortgage loan only from the “designated” bank, which is usually determined by the identity of the
apartment building developer.

3 Data Description and Preliminary Analysis

3.1 Overview of the Data

The dataset is obtained from a regional commercial bank headquartered in a provincial capital of south-
east China. The original panel contains individual information of all its 35,417 mortgage customers with
mortgage contracts started from October 1998 to December 2014. It also includes the housing characteristics
of the mortgaged property, contract terms, and the number of dates overdue.

For each individual borrower, We observe her annual income (at the time of mortgage contracting), the
apartment value, the amount of down payment and principal, mortgage starting date and term (years), and
interest rate. In addition, We observe whether or not her payment has ever been overdue, and if yes, how
many days since the first overdue.6

As for housing characteristics, We observe apartment size in square meters, whether or not the mortgaged
property is pre-owned,7 and the number of properties she already owns excluding the mortgaged one noi (so
noi=0 for first time and noi = 1, 2 for second time buyers). Unfortunately, we do not observe the housing
characteristics of the owned properties. We also do not observe the minimum down payment ratio required
for each borrower, though we do observe the actual down payment ratio made (down payment divided by
apartment price). This issue is addressed below. Also the bank does not release its clients’ demographics
except income. For the structural analysis, observations with income missing are removed from the original
sample. Observations with property area missing or below 20 square meters are also removed, as they may
be non-residential. After these eliminations, 23,682 individual borrowers remain in the dataset with the

6Unfortunately, We do not observe the sequence of payments; instead, we observe the payment due in December 2014, from
which one can infer if the borrower has made prepayments by comparing this amount to the scheduled amount.The prepayment
risks are not investigated in this analysis, though there are about 16% of borrowers (5,625) whose payments due in December
2014 at least 1,000 RMB smaller than scheduled.

7Brand-new urban apartments are common in Chinese cities, due to urbanization in the last few decades. Even pre-owned
apartments could be recently built, as they could have been purchased by the previous owner as an investment, which means that
some of them are rarely used. Except for preference, some Chinese-specific reasons for purchasing pre-owned urban apartments
may be that urban property ownership is one of the prerequisites of local residency “hukou” (pre-owned is in general less pricey),
and of school assignments for children (old pre-owned apartments are often located in city center where good schools are also
located), etc.
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earliest origination in 2003, and the number of defaulters is 68.8 All monetary values in the data, including
property prices, down payments and annual incomes, are deflated back to their 1999 values using national
annual CPI.

(a) Origination (b) Term

Figure 1: Choice Frequencies of Mortgage Term and Origination

The original dataset is truncated: none of the bank’s clients has fully paid the loan. After the above
eliminations, by December 2014 the remaining data has at most 11 years of observation, while the mortgage
terms could be up to 30 years long. Figure 1a shows that a large fraction of the borrowers started the
mortgage only a few years ago. Notice that the data is also censored by the required minimum down
payment ratios, as the potential individuals who would be willing to pay strictly less than the minimums are
not observed.

Table 1 provides summary statistics. Column 1 displays a summary of all borrowers. Then the sample
is divided up by borrower type; column 2 and 3 show respectively the first time and second time buyers.
The second time buyers are further divided into buyers who originated the loan before and after January
2011, when two major dramatic changes were made: the minimum down payment was raised to 60% and
the interest rate was raised to 10% above the base rate for all second time buyers. The statistics suggests
that second time borrowers are wealthier than first time borrowers: they earn about 21% higher income,
and the apartments they buy are on average 38% more expensive. Preferences on apartment characteristics
and mortgage choices are quite similar between both types. The most frequent choice of mortgage term is
20 years for the two types (see Figure 1b). One possible reason is that the term is largely determined by
age as the loan has to be completed before retirement, which may suggest that the buyers are about 30
to 40 years old (ages are not observed). The average apartment size is about 100 square meters for both
types, suggesting that the consumers probably tend to choose an apartment suitable for an urban family

8Observations that are overdue more than 15 days are considered as default. In the original dataset the number of defaulters
is 85.
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size, typically 3 persons under the one-child policy. The two types also seem to have similar preferences on
pre-owned versus new apartments; about half of the properties are previously owned.

Table 1: Summary Statistics

All first time second time pre-2011 second time post-2011 second time
mean std.dev. mean std.dev. mean std.dev. mean std.dev. mean std.dev.

pi 742.19 83.23 698.51 551.11 966.12 683.46 881.21 605.37 1067.74 754.17
areai 98.73 40.66 97.79 39.45 103.56 46.06 98.32 43.38 109.82 48.35

preownedi 0.52 0.50 0.51 0.50 0.57 0.50 0.55 0.50 0.58 0.49
noi 0.16 0.39 0.00 0.00 1.03 0.17 1.05 0.23 1.00 0.00
Mi 244.67 81.92 246.21 81.23 236.77 84.98 247.76 84.32 223.62 83.91

principali 379.05 356.10 367.74 354.06 437.05 360.85 518.37 377.77 339.81 312.97
income 136.09 199.66 130.70 205.92 158.80 168.93 163.23 157.58 154.45 179.29
dev(%) -12.77 14.43 -14.49 13.31 -3.93 16.57 -15.55 14.15 9.97 2.98

Year 2010.69 2.74 2010.61 2.87 2011.07 1.88 2009.65 1.08 2012.78 1.02

# of inds. 23682 19140 4542 2250 2292
# of defaults 85 53 32 30 2
default risk 0.36% 0.28% 0.70% 1.33% 0.09%

defaulter life 69.17 30.01 70.12 32.49 66.00 19.70 67.70 18.51 34.50 17.68

Principals, apartment values (pi) and incomes are measured in 1,000 CNY of 1999 value. Mortgage term (Mi) and defaulter life are measured
in months.

3.2 Threshold Borrowers at Risk

Hereafter, the borrowers who paid down exactly the required amount are denoted threshold borrowers,
while those who paid strictly above the required level are denoted non-threshold borrowers. As mentioned
previously, we do not observe the minimum requirement for each borrower, but we do observe the down
payment ratio chosen by the borrowers and the several required minimum ratios of the time. All historical
minimum ratios happen to be factor-10 percentages, 20%, 30%, 40%, 50% and 60%. Taking advantage of
this, we numerically identify the threshold borrowers: given all possible minimum ratios of the time, if her
chosen ratio is also one of these factor-10 percentages, a borrower is categorized as a threshold borrower,
otherwise a non-threshold borrower.

Figure 2 displays the frequencies of the observed down payment ratios, contrasting between all borrowers
and defaulters only. The borrowers are categorized into three groups, first time, pre-2011 second time and
post-2011 second time. Within each group the frequencies are aggregated across borrowers with different
minimum requirements. Thus, threshold borrowers within each group can be easily identified from the spikes
in each figure. For example, the historical minimum ratios for pre-2011 second times are 20%, 30%, 40%
and 50%; and in Figure 2c, these ratios correspond perfectly to the four spikes at 20%, 30%, 40% and 50%
down payment ratios, which represent the threshold borrowers.

The data reveals a striking fact about the borrowers: the threshold borrowers are found to be much more
likely to default than non-threshold borrowers. Figures 2a, 2c and 2e show the choice frequencies of down
payment ratios of all borrowers. For each group, the frequencies of the observed down payment ratio have
a number of mass points, each of which corresponds to a required minimum ratio, implying that a sizable
proportion of the borrowers chose just the minimum. In contrast, when looking at defaulters only, their
choices of down payment ratios are more concentrated at the minimums (Figures 2b, 2d and 2f). In other
words, those who chose to pay down just the minimum are more likely to default. In fact, 28 out of 42, 14
out of 25 and 1 out of 1 defaulters, respectively for the three groups, are threshold borrowers. By December
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(a) first time buyers, all (b) first time buyers, defaulters only

(c) pre-2011 second time buyers, all (d) pre-2011 second time buyers, defaulters only

(e) post-2011 second time buyers, all (f) post-2011 second time buyers, defaulters only

Figure 2: Those Who Pay Down Just The Minimum are More Likely to Default

For the three groups, the minimum down payment ratios required by government policy are as follows: for type 1, 20%, 30%
and 40%; for pre-2011 second time, 20%, 30%, 40% and 50%; for post-2011 second time, 50% and 60%.
The default rates of threshold borrowers are 0.47% 1.32% 0.11%, remarkably higher than the default rates of the non-threshold
borrowers, which are 0.11%, 0.77% and 0%, respectively for the three groups.
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2014, the default rates of the threshold borrowers are 0.47%, 1.32% and 0.11%, remarkably higher than the
non-threshold borrowers’ 0.11%, 0.77% and 0%, respectively for the three groups.9

This phenomenon can hardly be explained by preference for round amounts or round down payment
ratios.10 One natural and straightforward explanation for this would be that the riskier threshold borrowers
are less wealthy in the first place, because a poor borrower is only able to afford the minimum down payment.
After the down payment is made, she remains too little liquid wealth to deal with future negative shocks in
a liquidity constrained environment. This is the concept based on which the formal model is constructed in
the next section.

3.3 Survival Analysis of Mortgage Default

Survival analysis helps identify the factors that affect the risk of default. A default is considered a failure
in the analysis. The analysis uses time-varying regressors of base interest rates, constructed using mortgage
starting date and historical records. The survival regression is run separately for individuals with different
mortgage terms.11

The parameterized hazard function used in the analysis is

hit = h0(t) exp
(
β1lprincipali+β2noi+β3preownedi+β4lareai+β5lavgpi+β6lincomei+β7devi+β8Iit

)
, (1)

where hit is borrower i’s hazard of default in the t-th period of mortgage, and the base hazard h0(t) takes
various forms depending on survival distribution. The regressors included are logarithms of principal, apart-
ment size areai, average price (pi divided by areai) that proxies for “quality” (construction quality, location,
etc), and income. They also include the number of properties she already owns noi, a dummy of pre-owned
for the mortgaged apartment, deviation in interest rate devi, and base interest rate It. The survival analysis
is done using four parametric PH models: exponential, Weibull, Gompertz and Cox PH. The results dis-
played in Table 2 are for the two most popular choices of term, 20 and 30 years, using the original dataset.
We first report the main findings from the survival analysis, then discuss potential issues.

The estimated coefficients are similar across different parametric models and mortgage terms. Weibull
and Gompertz models have the best fits, and they suggest an increasing hazard rate given the estimate of
the ancillary parameter (which >1 in Weibull and >0 in Gompertz). Regressors with coefficients greater
(smaller) than zero imply positive (negative) contribution to the likelihood of default. The estimates
suggest that bigger payment burden implies higher probabilities of default: coefficient estimates associated
with principal lprincipali, base interest rate Iit and the deviation from base rate devi are positive. And
these estimates are statistically significant in Weibull, Gompertz and Cox PH models. The coefficient
estimates associated with housing characteristics, preownedi, lavgpi and lareai suggest that borrowers

9In the original dataset (before the removal of observations inappropriate for this study), for the three groups, the de-
fault rates are 0.65%, 1.35%, 0.09% for the threshold borrowers, and 0.33%, 1.04%, 0.006% for the non-threshold borrowers,
respectively.

10It is possible that, say, a borrower observed to pay exactly 60% up front is in fact required a 40% minimum. But this
possibility would be very low. Real humans would be more likely to pay a round amount, rather than a round ratio (and a
round amount most likely corresponds to an un-round ratio). Moreover, it would be implausible that the spikes in Figures
2a, 2c and 2e result from favoring good-looking ratios, rather than policy requirement. For each graph, the spikes perfectly
correspond to the factor-10 minimum ratios required by government policy for the group at the time. Furthermore, it is more
implausible that borrowers who prefer good-looking numbers happen to be more likely to default. Due to rounding in down
payment, a threshold borrower’s actual down payment ratio could be slightly above the minimum ratio. Practically, a threshold
borrower is identified if the actual ratio falls into a 0.5% window right to the minimum, such as [40%, 40.5%].

11Combining individuals with different terms will over-predict the probabilities of default in later years, because of the
correlation between defaulters’ choice of term and the timing of default; e.g., a borrower who chose a 20-year term cannot
default in the 26th year, whereas a 30-year-term borrower might.
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with pre-owned, lower quality and smaller apartment are more likely to default. The coefficient estimate
associated with the proxy of quality is significant across all parametric models for 20-year borrowers,
whereas those of preownedi and lareai are not, though with reasonable signs. This suggests that a high
potential market value of the property, indicated by a high average price at the time of purchase, makes it
attractive to hold on to the mortgage. Another interesting finding is that high-income borrowers have high
possibility of default at 1% level of significance in Weibull, Gompertz and Cox PH models. To summarize,
the regressions suggest that borrowers with bigger payment burdens and smaller property values are more
likely to default.

Table 2: Survival Analysis of Mortgage Default

(exponential) (Weibull) (Gompertz) (Cox PH)

30yrs

lprincipali 2.98*** 2.34** 2.28** 2.34**
noi 0.65* 0.35 0.46 0.57

preownedi 0.89** 0.66 0.73* 0.62
lareai -1.99 -1.64 -1.59 -1.70
lavgpi -3.86*** -2.99** -2.78** -2.66**

lincomei 0.15 0.32** 0.39*** 0.28***
devi 0.01 0.04*** 0.03** 0.05***
It 1.21*** 1.11** 1.11** 1.12***

anc. coef. – 3.79 0.06*** –
log-likelihood -140.06 -117.25 -118.99 -157.36

# of individuals 7,090
# of observations 248,037

# of defaults 25

20yrs

lprincipali 2.15*** 1.44** 1.39** 1.47**
noi -0.02 -0.39 -0.27 -0.14

preownedi 0.64* 0.43 0.50 0.49
lareai -1.93*** -1.12* -0.93 -1.05
lavgpi -1.80** -0.88 -0.71 -0.83

lincomei 0.03 0.19** 0.21** 0.16**
devi 0.03*** 0.05*** 0.04*** 0.05***
It 0.78*** 0.71** 0.69** 0.66**

anc. coef. – 2.98 0.04*** –
log-likelihood -292.79 -259.86 -262.36 -364.89

# of individuals 10,178
# of observations 515,312

# of defaults 50

*** p < 0.01, ** p < 0.05, * p < 0.1.

Potential Issues
Although the survival analysis can given some preliminary insights, it suffers from some problems that can
only be avoided by a structural model. Survival analysis requires all regressors to be exogenous. However,
the true model may contain unobserved heterogeneities, riskiness and wealth, packed in the error term uit:

hit = h0(t) exp
(
X ′iβ + uit(riskinessi, wealthit)

)
. (2)
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These unobserved heterogeneities may have a great impact on default. The results in Table 2 imply a
positive correlation between devi and default hazard, but what it exactly means is unclear: a high payment
burden due to a high devi would result in a high default rate, but a high devi might itself indicate a high
riskiness of the borrower. As discussed in Section 2, the lending banks possess some freedom to set devi
within the range specified by government policy. According to competitive mortgage market theory, a bank
optimizes by choosing higher interest rates for risky borrowers in order to compensate for bigger default
risks. And if those with higher probability to default are more likely to accept higher rates, devi can be
seen as an indicator of riskiness of the borrower. It will positively correlate with uit, and bias the estimate
of the coefficient associated with devi. As discussed in (Karlan and Zinman, 2009), in practice it is hard to
disentangle adverse selection en-ante and repayment burden ex-post.

Another unobserved heterogeneity that would be contained in the error term is wealthit, the remaining
wealth in period t, which could also be serially correlated over time. A borrower with more remaining liquid
wealth would be less likely to default, as she would be more able to deal with unexpected disasters with
money. However, a wealthier borrower is probably also wealthy at the moment of apartment purchase,
buying an expensive apartment and borrowing a large principal. Under this story, uit is correlated with
lavgpi and lprincipali. Furthermore, as wealthy individuals would possess more properties, uit and noi

would be correlated. Conversely, a less wealthy borrower might choose a cheap pre-owned apartment, so uit
and preownedi are correlated. Last but not least, a sufficiently-poor individual who is not able to afford the
minimum down payment will not be observed by the econometrician – a self-selection problem.

Since these pieces of private information, wealth and riskiness, are known by the borrower at the moment
of decision making and possibly shared between the borrower and her bank, but unknown to the econometri-
cian, the unobserved heterogeneities will bias the estimates, causing inaccurate prediction of future defaults
and policy evaluation. It is worth pointing out that even if the econometrician observes some measure of
wealth (e.g., assets under the borrower’s name), it could still be a bad proxy of the wealth upon which
decisions are made, because, say, the down payment could be financed by family. The structural model
presented below aims to tackle this problem.

Besides the unobserved heterogeneities mentioned above, survival analysis (used in this particular study)
has other limitations. One potential problem is the increasing hazard rate found by the survival regressions.
Intuitively, however, as time approaches the end of the mortgage term, the default hazard should be lower,
because the loan is almost paid off and the property is to be fully owned. Thus, predictions based on such
regressions will over estimate the rate of default in later years. As the structural model shows later, the
default hazard is a complex function of time.

4 Behavioral Model

The formal model consists two parts. Part 1 depicts the dynamic default choice making of a risk-averse
forward-looking borrower conditional on some starting amount of liquid wealth, facing future uncertainties
with no access to refinance. Part 2 describes the optimal choice of down payment subject to the minimum
requirement. The dynamic default choices are subgame-perfect to the choice of down payment, conditional
on the remaining wealth after the down payment.

A forward-looking borrower i is assumed to live forever. She is endowed with a (liquid) wealth wi,0 that
can be used for the down payment, future consumption and other expenses. She is mortgaging a property
with sales price pi and housing characteristics hi. After the down payment is made, there remains a wealth
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of wi,1 = wi,0 − downi, where downi denotes the amount paid up front at the purchase of the property. In
the next two sections, we first detail the choice making of default, then the down payment.

4.1 The Optimal Choice of Default

In part 1 of the model, the down payment choice is taken as given and the dynamic decision making
starts with wealth wi,1. Her mortgage term is Mi periods, assumed exogenously given.12 At the beginning
of each period t, 1 ≤ t ≤ Mi, there occurs a shock ξit > 0 which accounts for all unexpected expenses in
that period, such as medical bills. Assume that ξit ∼ F , distributed i.i.d. across individuals and time.

Let xi be the borrower’s per-period mortgage payment, and yi her per-period income.13 Let typei
denote the borrower’s type. As stated before, the borrowers are categorized as first time borrowers if
they own no other property, in which case typei = 1, and second time borrowers otherwise, in which case
typei = 2. As described later, this categorization is crucial because it affects the default decision: second
time borrowers own alternative shelters but first time borrowers do not. Now borrower i is characterized by
αi = (xi, yi,Mi, typei).

The default decision in t is denoted by di,t ∈ {0, 1}.14 In each period 1 ≤ t ≤ Mi, conditional on no
default before, a borrower i observes the shock and decides whether to default, taking into account future
shocks. If default (dit = 1), the borrower makes no more mortgage payment, forgoes the present value of the
mortgaged apartment, and obtains the value of the the outside option. After default, she is not allowed to
purchase any real estate or obtain any mortgage, i.e., the state of the outside option is absorbing. If continue
the loan (dit = 0), she pays xi.

To account for randomness to default choice making, we assume that there occurs an idiosyncratic shock
εit,dit that enters the flow utility additively. Such shocks account for unobserved (to the econometrician)
factors that affect the default choice.

Formally, the problem of a borrower i characterized by αi is given by

dit ∈ argmax
{0,1}

{
uit(0, cit, hi) + εit,0 + δE[V in(t+ 1, wi,t+1, εi,t+1, αi)],

uit(1, cit, hi) + εit,1 + δE[V out(wi,t+1, αi)]− λ
} (3)

12Empirical studies such as Gary-Bobo and Larribeau (2004) take mortgage term as exogenous. Though in reality the
maximum term a borrower is eligible to apply largely depends on her age, she still possesses some freedom of choosing Mi.
However, an interview with the bank manager and the data both suggest that borrowers tend to choose the round number
closest to the longest possible term (Figure 2a). See Ye et al. (2014) for alternative explanations for the effect of mortgage rate
on the choice of loan term.

13This time-invarying mortgage payment is a simplification, and thus the model assumes away the uncertainty of future
base rates. From 1999 to 2014, the volatility of the central bank’s base rate has been small, ranging from 5.76% to 7.83%.
In this paper, for each i the interest rate is computed using the observed devi and the base rate at mortgage origination Ii,
ri = Ii ∗ (1 +devi), where devi is the bank-chosen borrower-specific deviation from the base rate. With a constant interest rate,
the per-period payment xi is given by the standard formula of fixed-rate mortgage (FRM). The formula is

xi = principali ∗
ri(1 + ri)Mi

(1 + ri)Mi−1 ,

where the principal is simply pi − downi.
14Full prepayment is ruled out, for little evidence is found in the data. For simplicity, we also rule out the possibility of

partial prepayments. However, the data suggests that about 16% (5,625) of the borrowers have made prepayments such that
the resulting monthly payment due in December 2014 is at least 1,000 RMB smaller than scheduled. Unfortunately, we do
not observe the amount of the prepayments or the dates they were made. Allowing for such behavior would require modeling
stochastic income and the cost of making prepayment (borrowers must apply for each prepayment), which could be a potential
extension of the current model.
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where uit denotes the deterministic flow utility as a function of consumption and default choice; V in and
V out are respectively the value of inside and outside option; λ accounts for the one-time switching cost that
may include moving costs, the undesirability of the outside shelter, and the loss of reputation and credit;
finally, δ is the discount factor.

If the borrower chooses to continue the loan (dit = 0), she further chooses the optimal level of consump-
tion:

c∗it ∈ argmax
cit

u(cit, hi) + δE
[
V in(t+ 1, wi,t+1, εi,t+1, αi)|wit, cit

]
(4)

As there is no refinance, the choice is subject to the budget constraint

wi,t+1 = (wi,t + yi − xi − ci,t)(1 + return)− ξi,t+1,∀1 ≤ t ≤Mi (5)

where return is the real return of a one-period bond.
For both borrower types, the flow utility is additively separable in the utility of housing uh, utility of

consumption in other goods uc, and the shock εit,dit . For a second time borrower, the housing utility is
further separable in the utilities of the mortgaged apartment and other property. The deterministic flow
utilities of the two types are respectively given by

uitd
(
0, cit, hi

)
=
{

β1u
c(cit) + γ1u

h
(
hi
)
, for first time buyers

β2u
c(cit) + γ2u

h
(
hi
)

+ γ3u
h(hi), for second time buyers

(6)

where β1 and β2 are the coefficients of marginal consumption utility; γ1, γ2 and γ3 are coefficients associated
with housing utilities.

If the borrower chooses to default, she obtains the outside value which depends on the borrower type,
typei. For a first time defaulter, she will make a once-and-for-all decision of rental apartment housing
condition hoi , where superscript o indicates outside option. She will face the same random expenses ξit,
subject to a budget constraint without the mortgage payment but with rent.

Conditional on the choice of rental apartment of housing characteristics hoi and rent rent(hoi ), the problem
is given by

c∗i,τ ∈ arg max
{ci,τ}

β1u
c
i,τ (ci,τ ) + γ0u

h
i,τ (hoi ) + δE[V out(hoi , wi,t+1, αi)]

s.t. wi,τ+1 = (wi,τ + yi − rent(hoi )− ci,τ )(1 + return)− ξi,τ+1, ∀τ ≥ t.
(7)

where γ0 is the coefficient associated with rental housing utility; rent(hoi ) is the rent as a linear function of
housing condition hoi , such that the consumer faces the trade-off between better housing condition and higher
consumption in other goods. The coefficient of this linear function is obtained from a separate regression of
rental prices on a vector of housing characteristics (see Appendix III).

The optimal choice of rental apartment is

h∗i ∈ argmax
ho
i

E[V out(hoi , wit, αi)] (8)

By additive separability of the flow utility function, it is straightforward that this problem can be written
as a consumption utility maximization problem nested in an optimal housing condition problem.
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If a second time borrowers chooses to default, she will permanently live in the owned property with
housing characteristics hi, obtaining housing utility of the this property only.15 Her problem is simpler, only
choosing the optimal consumption levels to maximize the total expected present value, subject to a budget
constraint without any housing expenses, given by

c∗i,τ ∈ arg max
{ci,τ}

β1u
c
i,τ (ci,τ ) + γ0u

h
i,τ (hi) + δE[V out(hi, wi,t+1, αi)]

s.t. wi,τ+1 = (wi,τ + yi − ci,τ )(1 + return)− ξi,τ+1, ∀τ ≥ t.
(9)

In the appendix, we show that given the borrower’s characteristics αi, in the t-th period of mortgage the
deterministic inside and outside values V init and V outit , and in turn the default choice probability, depend
only on wealth wit.

Following the discrete choice literature, we assume that εit is i.i.d. extreme value type-1 distributed. The
probability of observing continuing the mortgage, or not default, is (McFadden (1974))

σit(t, wit, αi) = exp(V in(t, wit, hi, αi))
exp(V in(t, wit, hi, αi)) + exp(V out(h∗i , wit, αi))

. (10)

It can be shown that under some reasonable conditions ∂σit(t, wit, αi)/∂wit > 0 (Appendix II). The intuition
is that all else equal, the less the wealth, the more she is likely to default: when observing a sufficiently-large
shock ξit, a borrower foresees that her wealth is permanently reduced; she would be more inclined to choose
the outside option with no housing expenses or with a rent presumably smaller than mortgage payment,
which allows her to allocate more wealth in consumption.
Continuation Value
The continuation value in (3) takes the form (see Appendix I)

E [Vi,t+1(t+ 1, wi,t+1, εi,t+1;αi)|t, wit, εit, dit, cit]

=
∫

ln
(
exp
(
V ini,t+1(t+ 1, wi,t+1, αi)

)
+ exp

(
V outi,t+1(wi,t+1, αi)

))
dH(wi,t+1|ci,t, wit),

(11)

where dH(wi,t+1|ci,t, wit) = dF (ξit|ξit = wit − xi + yi − ci,t −wi,t+1) as wi,t+1 is a deterministic function of
ξit given by the budget constraint.

Finally, we describe the choice making after full payment for t > Mi. Suppose the borrower has never
defaulted from t = 1 to Mi and in period Mi + 1 the mortgage is paid off. Thereafter, the borrower fully
owns the property with housing condition hi forever. From then on, she will still face unexpected expenses
ξit. The post-mortgage problem is given by

max
cit

∞∑
τ=0

δτu(ciτ , hi),

s.t. wi,t+1 = (wit + yi − cit)(1 + return)− ξi,t+1,∀t ≥Mi + 1.
(12)

Denote the maximum V posti,Mi+1(wi,Mi+1, αi). This value function, as well as the outside-option value function
V outit , can be computed using basic techniques such as policy iteration. The integrated Bellman functions,

15Since the characteristics of other property is unobserved, we simply assume that it identical to the mortgaged apartment.
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the optimal consumptions and the choice probabilities are computed using backward induction, from t = Mi

to t = 1. As discussed later, this Mi-period backward induction creates a big computational burden.

4.2 The Optimal Choice of Down Payment

This section details part 2 of the model, the optimal down payment choice made in period t = 0. The
lender cannot observe the liquid wealth endowment wi,0, conditional on which the down payment (and the
subsequent default decisions) are made. As the model shows below, this piece of hidden information generates
an adverse selection outcome under a uniform mortgage contract. Moreover, the wealth endowment, as well as
the remaining wealth after down payment, is a source of unobserved heterogeneity in the dynamic decision
making of the borrower. Part 2 of the model is able to recover the unobserved wealth endowments by
exploiting the choice of down payment, which is observed by the econometrician. This procedure is crucial
not only for predicting long-run default risks, but also for examining the effectiveness of the centralized
mortgage policy.

A borrower i is endowed with (liquid) wealth wi,0. Before the game starts, she possesses the outside
option: a first time borrower lives in some rental apartment, and a second time lives in the property she
owns. She then takes into account future uncertainties and decides whether to purchase the property and
take a mortgage loan, or to retain the outside option. If yes (opt in), she then chooses a down payment
subject to the minimum down payment requirement, in order to maximize the expected total discounted
utility; if not (opt out), she retains the value of the outside option, V outi,0 (wi,0, αi), which is given by the
problems in (9).16 For the down payment choice, the trade-off faced by the borrower is between a bigger
remaining wealth that can be used to deal with future shocks, and smaller monthly payment burdens.17

Let the down payment be denoted zi. If the borrower pays down zi, her remaining wealth is wi,1(zi) =
wi,0−zi. She will borrow pi−zi from the bank, and the per-period payment is xi(zi) = (pi−zi)Ri, where Ri
is the “price of mortgage”, given by the standard formula of fixed-rate mortgage (FRM), and in period 1 the
realized value of opt-in is V̄ ini,1 (wi,1(zi), xi(zi)) (suppressing the state variable t = 1, see eq. 3).18 The down
payment choice is merely prior to all subsequent default choices and there involves no stochastic expense
shocks ξ and there is no discounting between period 0 and 1. Also, in t = 0 there involves no choice of
consumption. Borrower characteristics, including interest rate ii, income yi, term Mi, apartment value pi
and size hi, first or second time buyer, are taken as given.

The borrower’s problem can be written as

max
{

max
zi

V̄ ini,1
(
wi,0 − zi, (pi − zi)Ri

)
, V outi,0 (wi,0, αi)

}
s.t. ηipi ≤ zi ≤ pi

(13)

The constraint represents the minimum down payment requirement, in which ηi is minimum ratio require-
ment of borrower i. Let z∗i be the optimal down payment unconstrained by the minimum down payment
requirement conditional on opt-in. Suppose there exists a unique interior solution z∗i . The first-order condi-

16The choice of apartment, which determines hi and pi, is not modeled in this paper. These decisions could be modeled to
be made in a stage prior to down payment taking the bank-chosen mortgage variables as given, and down payment and default
choices are subgame-perfect to apartment choice.

17Without uncertainties, the optimal down payment is a corner solution determined by the the saving and loan interest rates.
18This inside value is the so-called integrated value function in the DDC literature, the expected value of opt-in before

knowing the idiosyncratic shock εi,1: V̄ in
i,1 =

∫
maxd{V in

i,1 + εi,1,0, V out
i,1 + εi,1,1}dG(εi,1).
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tion is

−
∂V̄ ini,1 (wi,1(z∗i ), xi(z∗i ))

∂wi,1
−Ri

∂V̄ ini,1 (wi,1(z∗i ), xi(z∗i ))
∂xi

= 0. (14)

The interior solution z∗i is a function of the unobserved wealth endowment wi,0 and the observable borrower
characteristics αi:

z∗i = z(wi,0, αi). (15)

The associated optimum is denoted V̄ ini (z∗i ). It is straightforward that the borrower would still choose to
opt in even if the interior solution z∗i violates the minimum requirement constraint, as long as the inside
value at the required minimum payment piηi is greater than the outside value. Formally, the optimal choice
rule is as follows. If

z∗i > piηi and V̄ ini (z∗i ) ≥ V outi,0 (wi,0, αi) (16)

then the agent becomes a non-threshold borrower with downi = z∗i . If

z∗i ≤ piηi and V̄ ini (piηi) ≥ V outi,0 (wi,0, αi) (17)

then the agent becomes a non-threshold borrower with downi = piηi. If neither (16) nor (17) hold, then the
agent chooses to opt out, obtaining V outi,0 (wi,0, αi).

Figure 3 illustrates the four different scenarios. In (a), z∗ < pη, V̄ in(pη) > V out, the borrower opts in,
choosing down = pη; in (b), z∗ > pη, V̄ in(z∗) > V out, the borrower opts in, choosing down = z∗; in (c),
z∗ < pη, V̄ in(z∗) > V out but V̄ in(pη) < V out, she chooses to opt out; in (d), V̄ in(z∗) < V out, she also opts
out.

The model has a number of important implications.

1. Income Effect 0 < ∂z∗(w0)
∂w0

< 1. This condition implies that if unconstrained by the minimum
requirement, a wealthier borrower pay down a larger amount, and that she will have more wealth
remaining after the down payment.

2. Adverse Selection Larger loans correlate with higher default risks. All else equal, those who choose
to pay down weekly larger amount are those who have (1) weekly larger remaining wealth and (2)
weekly smaller monthly payment burden, both of which implies smaller default risks.

The proofs are provided in Appendix II. The implications are illustrated as follows. Suppose there are
four borrowers with the same characteristics α, facing the same minimum down payment η. They differ in
wealth only: wi,0 < wj,0 < wk,0 < wl,0. Also suppose that they all opt int, and that

z∗i < z∗j < z∗k = pη < z∗l .

Thus, i, j, k will pay down just the minimum pη, whereas l will pay down strictly above the minimum, z∗l .
Notice that k’s optimal down payment happens to be the minimum requirement. Individuals i, j, k will all
borrow p(1− η), and l borrows p− z∗ < p(1− η). Their monthly payments satisfy

xi = xj = xk > xl
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Their remaining wealths satisfy
wi,1 < wj,1 < wk,1 < wl,1,

where the last inequality is from ∂w1/∂w0 > 0. Because the probability of not default σt(t, w, x) possesses
the property that

∂σt
∂w

> 0, ∂σt
∂x

< 0

The default probabilities of the four borrowers satisfy

1− σi > 1− σj > 1− σk > 1− σl,

in any t. Therefore, larger loans correlate with higher default risks.

(a) threshold borrower (b) non-threshold borrower

(c) opt out (d) opt out

Figure 3: The Optimal Choice of Down Payment, Various Scenarios

4.2.1 Inferring Wealth Endowments

Given the observed down payment downi and characteristics αi, we can draw inference on the unobserved
endowment wi,0. We only need that z∗i monotonically increases on wi,0 for any αi at Θ. If this is true, then
there exists an inverse function wi,0 = z−1(z∗i , α; Θ).

Because (by definition) a non-threshold borrower’s down payment is strictly above the required minimum,
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the observed down payment is the interior solution, downi = z∗i = z(wi,0, αi). Thus, a point inference is
provided by

wi,0 = z−1(z∗i , αi; Θ) = z−1(downi, αi; Θ). (18)

For a threshold borrower who paid down exactly piηi, z∗i ≤ piηi, we cannot recover a point solution for her
initial wealth, as her z∗i is not observed.19 Instead, the bounds of initial wealth can be inferred. The upper
bound of her endowment is the wealth level that would result in a down payment just equal to the required
minimum; intuitively, if she were wealthier, a payment strictly higher than the minimum requirement would
have been observed; the lower bound is the wealth level that ensures opt-in at the observed minimum down
payment, because if she were too poor, she would not have been able to afford the minimum requirement.

Formally, the upper bound of a threshold borrower i’s wealth endowment is

w̄i,0 = z−1(ηipi, αi; Θ). (19)

This is the highest possible wealth she could possess. Given the monotonicity of z−1(·), it is clear that the
actual initial wealth cannot be above this critical level, otherwise she would have paid strictly more than
piηi:

z∗i ≤ piηi ⇒ wi,0 = z−1(z∗i , ·) ≤ z−1(piηi, ·) = w̄i,0. (20)

The lower bound of her endowment wi,0 ensures just opt-in:

V̄ ini,1 (wi,0 − piηi, pi(1− ηi)Ri) = V outi,0 (wi,0). (21)

If endowment were lower than wi,0, the inside value at the required payment piηi will result in opt-out.
Suppose the lower bound implied by this implicit function is

wi,0 = w(ηi, αi). (22)

The single-crossing condition ensures that there exists at most one such wi,0. Finally, for both threshold
and non-threshold borrowers opt-in requires that the inside value at the observed down payment must be
no less than the outside value. This condition is checked afterwards.

To summarize, for threshold borrowers, we compute the wealth bounds [wi,0, w̄i,0] using the minimum
requirement and the observed characteristics; for borrowers whose inside value function at the minimum
requirement always lies above the outside value function for all wi,0, we set wi,0 = 0. For non-threshold
borrowers, a point inference is provided by z−1(z∗i , αi).

19The solution of the optimal down payment problem in (13) could be a corner solution, pi, in which case the buyer takes
no mortgages and is therefore unobserved in the mortgage data.
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5 Econometric Model

5.1 Function Forms and Parameterization

We assume a CRRA consumption utility function with coefficient θ that captures the substitution pattern.
For the two types, the consumption utility is respectively given by

uc,1(c) = 1
1− θ1

c1−θ1 ,

uc,2(c) = 1
1− θ2

c1−θ2 .

(23)

We define housing characteristics to be apartment size. The housing utility is the logarithm of hi,

uh(h) = log(h). (24)

Including other characteristics such as quality would be straightforward but estimation would be more
computationally demanding. The distribution of expense shocks ξt is assumed log-normal. For the two
types,

ξ1
it ∼ lnN(µ1, v1)

ξ2
it ∼ lnN(µ2, v2)

(25)

where µ and v are the mean and the variance of the corresponding normal distribution. It is clear that
because the second time borrower always obtains housing utility of the owned property, regardless of default
choice, γ3 cannot be identified from the model specified here. Thus, the parameters to be estimated are
Θ1 = (β1, γ0, γ1, λ1, θ1, µ1, v1) and Θ2 = (β2, γ2, λ2, θ2, µ2, v2) for the two types, respectively.

The coefficient in rent(hi) is obtained using a separate regression of rental prices on apartment size (and
other housing characteristics) with a separate dataset. We collected all listed rental prices and housing
characteristics of the same city from a major Chinese apartment listing website, every day from July 15
to August 15, 2015. The observed housing characteristics include location, size, floor level, numbers of
bedrooms, living rooms and bathrooms, facing direction (south or not), etc. The rental prices are treated
with the same deflator. The coefficient associated with apartment size is of interest here. The fitted rent
function is

rent(hi) = 638.99 + 31.91hi. (26)

The rental price is then deflated back to 1999 and converted to the yearly amount.

5.2 Likelihood Functions

As noted in the behavior model, the deterministic part of the inside and outside values depend on the
state of wealth wit and t only. The challenge here is the unobserved heterogeneity: the states of wealth
(wi,1, ..., wi,t, ..., wi,Mi) are not observed by the econometrician but will enter likelihood functions through
choice probabilities, equation (10). However, since the distributions of all subsequent wealth levels are
conditional on the initial wealth wi,1, the likelihood function can be written conditional on some hypothetical
distribution of initial wealth, H(wi,1).

Let Ti ≤Mi denote the number of observed consecutive periods of borrower i, starting from period 1 when
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the first payment is made. Let di,t ∈ {0, 1} denote the observed default choice, Di,t the sequence of observed
choices up to t, Di,t = {di,t, ..., di,1}, 1 ≤ t ≤ Ti ≤Mi. For a (truncated) non-defaulter, her Di,Ti is all zero;
for a defaulter it consists zeros except the last observation di,Ti = 1. Suppose that ci,t(t, wi,t|Di,t;αi,Θ)
is the policy function of consumption in period t conditional on no default up to t (Di,t = 0), which is
computed during the backward induction iterations. Recall that ξit ∼ F . Because the next-period wealth is
a deterministic function of the current wealth and the shock, wi,t+1 = wi,t+yi−xi− ci,t(t, wi,t|Di,t;αi,Θ)−
ξi,t+1, the transition probability density is

g(wi,t+1|wi,t, Di,t;αi,Θ) = f(wi,t + yi − xi − ci,t(t, wi,t|Di,t;αi,Θ)− wi,t+1), (27)

for 1 < t ≤ Ti. Conditional on some unknown initial wealth distribution H(wi,1), the period-t distribution
is

h(wi,t|Di,t−1;αi,Θ) =
∫
· · ·
∫ t−1∏

τ=1
g(wi,τ+1|wi,τ , Di,τ ;αi,Θ)dH(wi,τ ) · · · dH(wi,1). (28)

A non-defaulter i’s likelihood function is

Li(Di,Ti ;αi,Θ) =
Ti∏
t=1

∫
prob(di,t|wi,t, Di,t−1;αi,Θ)dH(wi,t|Di,t−1;αi,Θ)

=
Ti∏
t=2

∫
σit(t, wit;αi,Θ)dH(wi,t|Di,t−1;αi,Θ)×

∫
σi,1(1, wi,1;αi,Θ)dH(wi,1),

(29)

where H(wi,t|Di,t−1;αi,Θ) is given by eq. (28). A defaulter’s likelihood is the same except in the last
observed period t = Ti the contribution to the likelihood function is

Li(di,Ti |Di,Ti−1;αi,Θ) = 1−
∫
σi,Ti(Ti, wi,Ti ;αi,Θ)dH(wi,Ti |Di,Ti−1;αi,Θ) (30)

And the parameter vector is found by maximizing the sample log-likelihood function, respectively for the
two borrower types, type ∈ {1, 2}:

Θtype ∈ argmax
Θ

∑
i|typei=type

log(Li). (31)

The hypothetical initial distribution of wealth H(wi,1) is set to be uniform, wi,1 ∼ U [ŵ1, ŵN ], where [ŵ1, ŵN ]
is the N-grid artificially-chosen support upon which the value functions are numerically computed. See
Appendix VI for computational details.

6 Results

6.1 Main Estimates

The estimated behavioral parameters for the two borrower types are reported in Table 3. The coefficients
of consumption and housing utilities all have the expected positive sign. The values of the coefficients
representing the marginal housing utility, γ1 and γ2, imply that borrowers with larger mortgaged properties
are less likely to default, though this effect on the second time borrowers is smaller than on the first times.
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The value of γ0, the marginal housing utility of the rental apartment, is much smaller than that of the
mortgaged apartment, γ1, suggesting the undesirability of renting in China. The coefficient estimates of
the distribution of expenses shocks satisfy µ2 > µ1 and v2 > v1, suggesting that second times face bigger
uncertainties than first times. The value of λ2 is estimated more negative than λ1, implying that second
time borrowers on average suffer a bigger lump-sum disutility of default. See Appendix IV for the fitness of
the model.

Table 3: Parameter Estimates

first time second time
(outside option interc.)
λ 2.75 32.38

(0.85) (12.83)

(rental apt)
γ0 0.0058 -

(0.0009)

(mortgaged apt)
γ1 0.0675 0.0072

(0.0874) (0.0009)

(consumption)
β 0.0060 0.0185

(0.0012) (0.0074)

(CRRA coef.)
θ 0.9213 0.9088

(0.3291) (0.2842)

(dist. coef.)
µ 1.1106 1.5111

(1.2406) (1.0986)
v 1.0932 1.2475

(2.9834) (1.0769)

log(L) -914.77 -351.68
# of individuals 19,140 4,542
# of observations 50,484 16,024

6.2 Endowments and Remaining Wealth Levels

The inferred wealth levels not only reveal the composition of borrower wealth levels attracted by dif-
ferent policies, but also serve as the initial condition for simulating default probabilities under actual and
counterfactual policies. For each borrower we compute her wealth endowment using the method described
in section 4.2, at the estimated parameters from the observed default behaviors. Subtracting the observed
down payment from the endowment, one obtains the remaining wealth. As before, borrowers are grouped
into first time, second time pre-2011, and second time post-2011.

In order to examine the validity of the model (part 2) and the relationship between the inferred wealth
endowment and the observed down payment, Figure 4 displays scatter plots of (wi,0, downi) of non-threshold
borrowers, or (w̄i,0, downi) of threshold borrowers, respectively for the three borrower groups (it is essentially
illustrating the function z∗i = z(wi,0; ·)). Each dot in the graph corresponds to one individual. All dots
reasonably lie below the 45-degree line. Depending on various borrower characteristics, including borrower’s
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income, interest rate, apartment value and size, the borrower will choose to allocate different amounts and
portions of endowed wealth into down payment. For instance, Figure 4c shows that the post-2011 borrowers
choose to allocate larger portions of endowed wealths into down payment, compared to the other two groups.
This is mainly due to the higher interest rates (10% higher than the base rate) that accompanied the raise
to 60% minimum down payment. To reduce monthly payments, the optimal down payment unconstrained
by the minimum should be larger at higher interest rate.

Table 4 summarizes the averages of endowment and remaining wealth. The average wealth endowment of
the three groups are respectively 538k, 603k, 905k CNY in 1999 value, or 1.1, 1.2, 1.8 million CNY ($177k,
$194k, $290k) in 2014 value. Another highlight finding is that about only one quarter to one third of a
borrower’s liquid endowment remains after down payment is paid. This may seem striking at first glance.
However, given that the value of real estate takes 67.62% of household net asset among China’s nation-wide
urban dwellers (Li, 2011), these estimates are not unreasonable.

To justify these wealth inferences, we provide related measures on household net asset. In 2011, the
national average household net asset of urban residents is reported to be 863k CNY in 1999 value, and the
median is about 20k CNY (Li, 2011) (a vast inequality exists). Thus, the inferred wealths are believed to
be of reasonable size. It is true that we do not observe any city-specific measure of household net assets.
Nonetheless, since the city where the data is collected is one of the top-tier Chinese cities, their average
liquid wealth are expected to be close to or of the same order of the average of urban resident net asset, and
expected to be significantly higher than the median.

6.3 Default Probabilities

The structural estimates and the inferred endowments allow me to make predictions on the long-run
default risks during the entire loan term. In contrast, the observed data is truncated by the time when it is
collected.

For each borrower i, we simulate the default choice probabilities during the entire course of the mortgage
term, 1 ≤ t ≤ Mi. For threshold borrowers whose endowments are inferred to lie within an interval, we
construct their h(wi,1) using three remaining wealth distributions as initial conditions: (i) wri,0 = w̄i,0−downi
with probability 1; (ii) wi,1 = wi,0−downi with probability 1; and (iii) h(wi,1) ∼ U [wi,0−downi, w̄i,0−downi].
Thus, three survival functions can be obtained using the three initial conditions. The default rate predicted
using the uniform distribution is expected to lie between the other two that mark the bounds. The probability
of no default before t (survival probability) is si,t =

∏τ=t
τ=1 σi,τ . The probability of fully repaying the loan

is thus si,Mi
, and the default rate is 1 − si,Mi

. From now on, the default rate refers to the probability of
default occurs at any 1 ≤ t ≤Mi, which is 1− si,Mi

.
Aggregating over all individuals within the subgroup, we obtain the group average survival rates, displayed

in Figure 5. The purple curves indicate non-threshold borrowers. The blue, red and yellow curves are
threshold borrowers’ predicted survival rates computed using initial conditions (i), (ii) and (iii), respectively.
As expected, the yellow curves lie between the blue and red curves, which mark the upper and lower
boundaries of survival rate.

Figure 5 shows that, throughout the course of mortgage term, the non-threshold survival rates are in
general higher than that of the non-threshold borrowers. Within the subgroups in Figures 5a, 5b, 5c, 5e, 5h,
5i, the non-thresholds have higher probabilities of full repayment than even the highest probabilities of the
thresholds. This is consistent with the finding on remaining wealth distributions discussed in Section 4.2:
the threshold borrowers start with generally lower wealth levels and thus will face higher risks of default
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through out the term, and end up with lower probabilities of full repayment. The groups of second time
,10-year pre-2011 and post-2011 (Figures 5d and 5g) are exceptions, where non-threshold survival rates are
overall lower than that of the thresholds, and at the end of the term the probabilities of full repayment
are lower than even the lowest probabilities of the thresholds (right end of the red curves). It is worth
pointing out that the aggregate survival rate is only a population prediction; besides remaining wealth,
there exists heterogeneities in borrower characteristics αi that also affect survival rates. Moreover, threshold
and non-threshold borrowers are self-selected given the minimum down payment policies. To show that
threshold borrowers would have paid down less and survived with higher rates under some lower minimum
down payment requirement, one needs counterfactual experiments that control for endowment and borrower
characteristics.

The probabilities of full repayment are summarized in the lower part of Table 4. The non-threshold
borrowers will fully repay with probabilities 0.9764, 0.9706, 0.9749 for the three major groups, respectively;
in contrast, those chances of the threshold borrowers differ greatly, from the lowest 0.9471 to the highest
0.9681 using lower and upper bounds of remaining wealths, or 0.9510 to 0.9620 using the uniformly distributed
remaining wealth. In particular, as for the post-2011 second time borrowers, who are affected by the 2011
raise in minimum down payment, the 60% minimum policy forces the threshold borrowers to pay too much
up front. They will be facing default rates as high as 0.0333 to 0.0416, which is 32.67% to 65.74% higher
than the non-threshold borrowers (0.0251).

Aggregating threshold and non-threshold borrowers of all groups, the default rate of threshold borrowers
ranges from 0.0367 to 0.0503, whereas the default rate of non-thresholds is only 0.0245. In other words, the
default rate of the threshold borrowers is predicted to be 49.8% to 105.31% higher than that of non-thresholds
(on average 89.39%). These highly negative consequences of the minimum down payment policy may be of
interest to policy makers.

This high risk of default indicates the struggles of the “middle class”. The minimum down payment
(regardless of its value) is high, taking away too much liquid wealth and leaving them vulnerable to future
shocks, but not so high that they would opt out, because it is rational to purchase the home and take out
a loan. In this sense, everything else equal, the minimum requirement is such a screening device that those
who choose just the minimum would suffer from substantially higher default rate than those who choose
strictly above the minimum.

The long-run adverse selection problem is further illustrated in Figure 6. We depict the scattered plots
of (downi/pi, 1 − si,Mi), which shows the relationship between the chosen down payment ratio and the
predicted full payment rate. Each dot in Figure 6 represents an individual. One can immediately see the
analogy between Figure 6 and Figure 2(b, d, e): threshold borrowers are predicted to have higher risk of
default. Most borrowers’ default rates are very close to zero. But there is a considerable number of threshold
borrowers with default rates far away from zero; some of them are almost one. This is the most prominent
for the first time threshold borrowers in Figure 4a, at 30% and 40% down payment ratios.
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(a) first time buyers

(b) pre-2011 second time buyers

(c) post-2011 second time buyers

Figure 4: Relationship Between Inferred Wealth Endowment and Observed down payment
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Table 4: Simulation Results: Inferred Wealth Levels and Predictions on Long-run Default Risks

First time Second time pre-2011 Second time post-2011
threshold non-threshold all threshold non-threshold all threshold non-threshold all

Wealth
(103 CNY)

Endowment 434.92 582.69 538.13 511.37 674.41 602.80 775.20 984.58 905.36
Remaining 123.87 168.81 155.26 150.68 256.62 210.08 151.70 181.57 170.26

Probabilities of
Full Repayment

10-year [0.9634, 0.9666, 0.9707] 0.9738 0.9716 [0.9787, 0.9798, 0.9838] 0.9779 0.9786 [0.9819, 0.9846, 0.9870] 0.9640 0.9726
20-year [0.9489, 0.9529, 0.9637] 0.9786 0.9702 [0.9627, 0.9666, 0.9740] 0.9790 0.9736 [0.9540, 0.9580, 0.9632] 0.9798 0.9710
30-year [0.9405, 0.9446, 0.9560] 0.9747 0.9649 [0.9467, 0.9527, 0.9672] 0.9657 0.9590 [0.9462, 0.9496, 0.9554] 0.9736 0.9619

All [0.9471, 0.9510, 0.9613] 0.9764 0.9682 [0.9529, 0.9584, 0.9681] 0.9706 0.9690 [0.9584, 0.9620, 0.9667] 0.9749 0.9694

Default Rates

All thresholds [5.03% 4.64% 3.67%]
All non-thresholds 2.45%
All borrowers [4.08% 3.83% 3.22%]

All inferences and predictions are group average estimates.
The three numbers in brackets are respectively computed using three different hypothetical distributions of remaining wealth as initial condition: lower bound with probability one, uniformly
distributed, and upper bound with probability one, of the inferred interval of remaining wealth.
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(a) first time, M=10 (b) first time, M=20 (c) first time, M=30

(d) second time, pre-2011, M=10 (e) second time, pre-2011, M=20 (f) second time, pre-2011, M=30

(g) second time, post-2011,M=10 (h) second time, post-2011, M=20 (i) second time, post-2011, M=30

Figure 5: Predicted Repay Probabilities over Time, Threshold and Non-threshold Borrowers

Purple: non-threshold borrowers. Blue, yellow and red: threshold borrowers, using the upper bound, uniform distribution, the
lower bound of individual remaining wealth, respectively, as the initial condition.

7 Conclusion

China’s housing market features high home prices and uniform mortgage contract terms. In an uncertain
environment with limited access to credit and dissatisfactory social insurance, liquidity constraints ought
to be taken into account in modeling home mortgage borrower’s choice making. In this paper, we model
the optimal down payment choice and the dynamic default choices of a risk-averse forward-looking borrower
facing future uncertainties, given her wealth endowment which is unobserved by the lender. The model is
able to generate an adverse selection outcome: as the liquid wealth endowment is hidden for the lender,
the less-wealthy borrowers are self-screened to choose to pay just the minimum amount up front, thus
borrowing a larger loan, and they will be more vulnerable to adverse shocks afterwards. Using the estimated
model, we recovered the hidden liquid wealth levels by exploiting the down payment which is observed by the
econometrician. The recovered wealth levels and the population densities provide insights for policy analysis.
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(a) first time buyers

(b) second time buyers, pre-2011

(c) second time buyers, post-2011

Figure 6: Relationship Between Predicted Probabilities of Default and Observed Down Payment Ratios
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They are also crucial for simulating counterfactual down payment choices and quantifying outcomes under
alternative requirements.

Ideally, one would adopt the EM algorithm to estimate the structural parameters and recover unobserved
data: using the inferred remaining wealth levels as the initial conditions of the dynamic decision making
to re-estimate the structural parameters, then use the new parameter vector to update wealth inference
(Arcidiacono and Jones (2003)). Iterating this process until convergence, one would get better parameter
estimates, improved likelihoods and a better guess of unobserved endowments. This is a special application
of the EM algorithm, in which the unobserved data (here the remaining wealth) that is in many applications
updated by Bayes rule is a deterministic function of the observable down payment (z(wi,0, ·)). What is done
in this paper is essentially the first iteration of the EM algorithm. Fully adopting the EM algorithm would
be of future interest.

The truncated data shows increasing (base) hazard of default over time, at least during the observed first
several years of the term (see Table 2). This could certainly be due to sampling error and truncation; in the
original dataset there are only 85 defaulters, with at most 11-year observation. The simulated hazards using
the structural estimates exhibit increasing hazards for some borrower characteristics αi, but the aggregate
hazard functions exhibits decreasing hazard (Figure 7b). The decreasing hazard coincides with the intuition
that, towards the end of the term, the default hazard should be smaller because the borrower is about to
fully own the property. The model suggests that the true default hazards could be complex non-monotonic
functions of time.
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Appendix I

Notice that the consumption choice in (4) is independent of εit0. If c∗it is the optimal consumption, the
value of no default can be written as

V ini,t (wit, εit, αi) = ût(c∗i,t, hi) + δE
[
Vi,t+1(t+ 1, wi,t+1, εi,t+1, αi)|t, wi,t, εit, c∗i,t

]
, (32)

where the superscript in indicates inside option.
Following the dynamic discrete choice literature, define the integrated Bellman function

V̄i,t(wit, αi) =
∫
Vit(sit, αi)dG(εit)

=
∫

max
cit,dit

{
ût(ci,t, hi) + εitd + δE [Vi,t+1(si,t+1, αi)|cit, dit, sit]

}
dG(εit).

(33)

where sit = (t, wit, εit). It follows that the continuation value in the no-default choice specific function (3) is

E[Vi,t+1(si,t+1, αi)|ci,t, sit]

=
∫ ∫

Vi,t+1(t+ 1, wi,t+1, εi,t+1, αi)|t, wit, εit, cit)dG(εi,t+1|cit, wit, εit)dF (ξi,t+1|t, wit, εit, cit)

=
∫ ∫

Vi,t+1(t+ 1, wi,t+1, εi,t+1, αi)|cit, wit)dG(εi,t+1)dF (ξi,t+1)

=
∫
V̄i,t+1(t+ 1, wi,t+1, αi|cit, wit)dF (ξi,t+1)

=
∫
V̄i,t+1

(
t+ 1, (wit + yi − cit)(1 + return)− ξi,t+1, αi

)
dF (ξi,t+1)

(34)

The first and the second equalities hold because εi,t+1 and ξi,t+1 are independent of each other and of
the period-t consumption choice and shocks. The fourth line is a direct use of the definition of the integrated
Bellman function in (33).

It follows that, given the borrower’s type αi, in period t the deterministic value of no default is solely
determined by wit:

V init (t, wit, αi) = max
cit

{
ût(ci,t, hi) + δ

∫
V̄i,t+1

(
t+ 1, (wit + yi − cit)(1 + return)− ξi,t+1

)
dF (ξi,t+1)

}
(35)

Finally, the deterministic value of the outside option is the total discounted expected utility while per-
manently living in the rental apartment, given by

V out,1it (sit, αi) = max
ho
i

{
V out,cit (hoi , sit, αi) + V out,hit (hoi )

}
+ λ1, (36)

where V out,cit (hoi , wit, αi) is the total discounted consumption utility conditional on the choice of rental apart-
ment hoi ,

V out,cit (hoi , sit, αi) = maxE
[
β1

τ=∞∑
τ=t

δτ−tuci,τ (ci,τ )|wi,t
]
,

s.t. wi,τ+1 = (wi,τ + yi − rent(hoi )− ci,τ )(1 + return)− ξi,τ+1, ∀τ ≥ t,
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and V out,hit (hoi ) is the total discounted value of housing utility at hoi ,

V out,hit (hoi ) = γ0

τ=∞∑
τ=t

δτ−tuhi,τ (hoi ),

It is clear that the optimal rental apartment choice is a function of wi,t, h∗i (wi,t). Thus, V
out,c
it (hoi , sit, αi) =

V out,cit (hoi , wit, αi) and V out,1it (sit, αi) = V out,1it (wit, αi).

Appendix II

Assumption 1. (A1)
dV̄ in(w0)
dw0

>
dV out(w0)

dw0
,∀w0,

i.e., if V̄ in and V out cross, they cross at most once.

Proposition 1.
0 < dz∗(w0)

dw0
< 1.

Taking partial derivative w.r.t. w0,

dz(w0)
dw0

=

∂2V̄ in

∂w2
0

+R
∂2V̄ in

∂x∂w

∂2V̄ in

∂w2
0

+ 2R
∂2V̄ in

∂x∂w0
+R2

∂2V̄ in

∂x2

(37)

The second-order condition for z∗ ensures the denominator is negative. The sign of the numerator is unknown.
The two inequalities are checked numerically, by computing z∗ at a range of w0 for various α.

Proposition 2. Given minimum down payment requirement 0 < η < 1 and borrower characteristics α,
there exists two cut-off levels of wealth, w0(η, α) and w̄0(η, α) satisfying w0(η, α) ≤ w̄0(η, α), such that

1. for 0 < w < w0(η, α), opt out;

2. for w0(η, α) ≤ w ≤ w̄0(η, α), z∗(w) < pη and down = pη;

3. for w > w̄0(η, α), z∗(w) > pη.

Proof.
Step 1. w satisfies V̄ in(w − pη,R(p− pη)) = V out(w). Also notice that

z∗(w) < z∗(w) ≤ z∗(w̄) = pη.

By envelope theorem V in1 (w − z∗(w), R(p − z∗(w))) =
dV̄ in(w)
dw

. Since z∗(w) < pη, concavity of V̄ in(z)
implies

V̄ in1 (w − pη,R(p− pη)) > V̄ in(w)
dw

>
dV out

dw
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The last inequality comes from A1. Thus, for w < w

V̄ in(w − pη,R(p− pη))− V out(w) < V̄ in(w − pη,R(p− pη))− V out(w) = 0,

i.e., any individual with w < w will not opt in.
Step 2. w̄ satisfies z∗(w̄) = pη, and V̄ in(w̄) ≥ V out(w̄). Then for any w > w̄,

V̄ in(w) > V out(w),

and
z∗(w) > z∗(w̄) = pη.

i.e., any individual with w > w̄ will opt in and pay down more.
Step 3. Given steps 1 and 2, it must be true that w ≤ w̄. Suppose that w = w̄. Then by construction

V̄ in(w − pη,R(p− pη)) = V out(w) = V̄ in(w̄) ≥ V out(w̄).

Because V out(w) monotonically increases on w,

V̄ in(w̄) = V out(w̄),

i.e., there exists a unique w where the choice of down payment is exactly pη.
Now suppose that w < w̄. Suppose w < w < w̄. Since

z∗(w) < z∗(w̄) = pη,

the individual with w will choose pη iff.

V̄ in(w − pη,R(p− pη)) > V out(w).

The above inequality holds, because

V̄ in(w − pη,R(p− pη)) > V̄ in(w − pη,R(p− pη)).

Proposition 3. Suppose that A1 is satisfied, then

∂σit
∂wit

> 0.

Proof.
Suppose A1 is satisfied. From (10),

∂σit
∂wit

= σit(1− σit)(
∂V̄ init
∂wit

− ∂V outit

∂wit
) > 0.
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Appendix III

The rental market data was collected from a major Chinese housing listing website, from July to August,
2015. The dataset includes all the rental apartments listed during that period and located in the same city
from which the mortgage dataset used in this study was obtained. For each rental apartment, we observe its
ask monthly price and housing characteristics, which include size (in square meters), number of bedrooms,
number of bathrooms, location (district), whether or not it is south-facing, and type of interior design (plain,
regular, luxury, or super-luxury). Dummy variables are constructed for location, south-facing, and interior
design types. We do not observe any transaction prices. To find the relation between rental price and
apartment size, we regress the ask prices on size, size squared, and the dummies. The results are reported
in Table 6. Columns (i) and (ii) include all dummies. Columns (i) and (iii) include size squared, to account
for the non-linearity.

The four versions of regression generate similar results. TheR2 are the same, and the coefficient associated
with size are similar. Including the dummies of housing characteristics slightly improves fitting, with R2

increase from about 0.45 to 0.50. The negative sign of the coefficient associated with size2 implies that rental
price is concave in size. Though this coefficient estimate is statistically significant (at 1% when including all
dummies and 10% when not), the inclusion of size2 does not improve fitting.

In the mortgage data, we do not observe such dummies of housing characteristics. And rental price as
a function of apartment size rent(h) needs to be convex. The regression results suggest that ignoring the
dummies and size2 do not cause too much loss of accuracy in predicting rental prices. For these reasons, we
use the result in column (iv) to construct rent(h). That is, rent = 638.99 + 31.91h. The rental price is then
deflated back to 1999 and converted to the yearly amount.

Table 5: Regressing Rent on Housing Characteristics

(i) (ii) (iii) (iv)

size 36.26*** 31.99*** 36.48*** 31.91***
(1.81) (0.71) 7(1.84) (0.71 )

size2 -0.02*** - -0.02* -
(0.01) - (0.01) -

cons -666.35** -501.98* 439.76*** 638.99***
(301.31) (294.77) (96.85) (62.85)

R-squared 0.5082 0.5068 0.4492 0.4475
Adj R-squared 0.5052 0.5040 0.4487 0.4473

Columns (i) and (ii) include all dummies of housing characteristics.

Appendix IV – Model Fit

The survival regressions in Section 3 find increasing hazard rates (the probability of default in t conditional
on no default before), for both 20-year and 30-year groups: the closer she approaches the end of the term,
the more likely she is to default. As noted before, this may well be due to data truncation and the small
number of defaulters. Intuitively, however, toward the end of the mortgage term, a borrower would have
smaller incentive to default because she is close to paying off the loan and fully owning the property. The
increasing hazards implied by the survival analysis using only the beginning years of the panel data will

35



over predict default probabilities in later years. How the hazard changes over time is determined by several
factors, including how fast her wealth is drained down by consumption and payments (or accumulated by
savings), the number of remaining periods till the end of the term, and borrower characteristics αi. Thus,
the hazard functions must differ across individuals. The estimates of the structural parameters allow me to
simulate individual hazard functions throughout the entire mortgage terms.

Figure 7a depicts a number of various shapes of the simulated individual hazard functions (1 −
σit(t, wit, αi; Θ1)) of first time 30-year borrowers, computed using estimates of the structural parameters.
These hazard functions exhibits different amplitudes and shapes. By aggregating over all first time 30-year
borrowers, one obtains Figure 7b, the group hazard function. The aggregate hazard function ht is computed
as follows:

ht = 1− st
st−1

,

where st is the survival probability in period t of the group, given by

st =
∑
i

sit =
∑
i

(
τ=t∏
τ=1

(1− σiτ (τ, wi,τ , αi; Θ1))
)
.

The summation is taken with respect to all individuals within the group. The simulated aggregate hazard
monotonically decreases in t.

Figure 8 and 9 respectively show the hazard and survival functions of each subgroup, predicted and
observed. The simulated hazard functions are depicted in red curves. The blue lines indicate the observed
hazard functions, depicted using truncated information of living borrowers and defaulters. The observed
hazard in period t is

Ht = Dt

(Lt +Dt)
,

where Dt and Lt are respectively the observed number of individuals who default in period t and individuals
who have not yet defaulted in period t. The survival function is

St =
τ=t∏
τ=1

(1−Ht).

The observed number of living borrowers Lt declines substantially over time, due to not only defaults but
also truncations. Nonetheless, the estimation of default behavior does a satisfactory job in recovering those
probabilities.

Appendix V – Computation

To provide an overview of what has been done in this paper, a roadmap of the computations is as follows:

1. Estimate the behavioral parameters Θ1 and Θ2 respectively for the two borrower types, using the
uniformly-distributed initial wealth wi,0 ∼ U .

2. Use these parameter estimates to infer each borrower’s wealth endowment wi,0 (a point estimate or
bounds).

3. Update initial wealth levels using the inferred wealth endowments (a point estimate or bounds), wi,1 =
wi,0 − downi − ξi,1 where ξi,1 ∼ lnN(µ̂, v̂).
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(a) individual hazard, various shapes

(b) aggregate hazard

Figure 7: Default Hazards of First-time 30-year Borrowers
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(a) first time, M=10 (b) first time, M=20 (c) first time, M=30

(d) second time, pre-2011, M=10 (e) second time, pre-2011, M=20 (f) second time, pre-2011, M=30

(g) second time, post-2011, M=10 (h) second time, post-2011, M=20 (i) second time, post-2011, M=30

Figure 8: Observed and Predicted Default Probabilities (Hazard Functions)

4. Simulate each borrower’s default probabilities using the updated initial wealth levels, under the actual
and counterfactual policies.20

The major computational burden comes from the backward induction of the mortgage term, during
which for each trial of parameters the inside value functions V init (t, wit, αi) and choice probabilities must be
computed at every (t, x, y, h). As the number of natural periods is large (up to 360 months) and (x, y, h)
varies largely over borrowers (Table 1), this means a huge dimensionality issue.

We approximate the value functions on a discretized space of borrower characteristics. For each individual
i, we match the observed (xi, yi, hi) to the discretized characteristics space by looking for the nearest grid
points, x̂, ŷ and ĥ. The unit of t is consolidated into a year, reducing the number of periods from 360
to 30. The new time variable is denoted t̂, and mortgage term becomes M̂ = Mi/12. Let z ∈ {y, x, h}.
Suppose that the observed characteristics have bounds zi ∈ [zmin, zmax]. Construct discrete grid points
[ẑ1, .., ẑn, ..., ẑZ ] covering the bounds with ẑ1 ≤ zmin < zmax ≤ ẑZ , where Z is the number of grids. In
the new space with consolidated t̂, x̂ and ŷ are measured in their yearly values. The grids are set to be

20Ideally, after step 4 one could update parameter estimates using the simulated default probabilities, and iterate these steps
until convergence (the EM algorithm). See Discussion.
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(a) first time, M=10 (b) first time, M=20 (c) first time, M=30

(d) second time, pre-2011, M=10 (e) second time, pre-2011, M=20 (f) second time, pre-2011, M=30

(g) second time, post-2011, M=10 (h) second time, post-2011, M=20 (i) second time, post-2011, M=30

Figure 9: Model Fit: Observed and Predicted Repay Probabilities (Survival Functions)

exponential, which is meant to suit the concavity of the value functions, with 25 grid points of x̂, 25 points
for ŷ and 21 points for ĥ. This grid space contains 25 × 25 × 21 = 13125 different potential combinations
of discretized borrower characteristics, well accommodating the observed 1,411 and 862 different (xi, yi, hi)
of first time and second time borrowers, respectively. Now the 30 × 25 × 25 × 21 = 393, 750 versions of
value functions is still an enormous computational burden. To further reduce dimensionality, for each t̂ the
value functions are computed only on coarse grids with dimensions 7× 7× 6 = 294, and intermediate points
are obtained using interpolation. The computational complexity is reduced to 8820 sets of value functions.
Finally, the discretized borrower characteristics is α̂ = (x̂, ŷ, ĥ, M̂ , typei).

Another dimensionality issue is that the borrowers have different mortgage terms, from 1 to 30 years
(Figure 2a). Computing value functions for all Mi (or even the popular choices of term only) is wasteful.
The likelihood functions in (29) and (30) imply that the choice probabilities of the observed data is a function
of H(wi,1) and choice probabilities σ. This means that likelihood functions of borrower with Mi < 30 can be
assembled using the same σi,t(t, wi,t, α), but with a shift in t (as if the process started from t = 30−Mi + 1
to t = 30): fixing αi, by backward induction she will have the same functions of σi,t(t, wi,t, α) as a 30-year
borrower over the last Mi years. Suppose σi,t(t, wi,t, αi) has been computed for 1 ≤ t ≤ 30. The likelihood
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function of a Mi < 30 non-defaulter is given by

Li =
(
t=Ti∏
t=2

∫
σi,30−Mi+tdH(wit|·)

)
×
∫
σi,30−Mi+1dH(wi,1). (38)

The likelihood of a defaulter is derived from (30) by the analogous method.

To make things tractable for the subsequent analysis, the inferred wealth endowments (either a point
estimate or bounds) are discretized as follows. For a non-threshold borrower with a point estimate of her
remaining wealth wi,0, suppose that ŵj and ŵj+1 are the two closest grid points to wi,0 with ŵj < wi,0 <

ŵj+1. The discrete distribution function h(ŵi,0) on the support of [ŵ1, ..., ŵn, ..., ŵN ] is set to be all zero
except at these two points with values weighted by the distance:

h(ŵn) =
{

|wi,0 − ŵn|/(ŵj+1 − ŵj), if n = j or j + 1,
0, otherwise,

(39)

For a threshold borrowers, suppose that the endowment is inferred to lie within the bounds, [wi,0, w̄i,0].
Also suppose [ŵj , ŵk] is the biggest interval on the grids that lies within the endowment bounds, i.e.,
wi,0 < ŵi < ŵk < w̄i,0. The density is set to be discrete-uniform over the support [ŵj , ŵk]:

h(ŵn) =
{

1/(k − j + 1), if j ≤ n ≤ k,
0, otherwise.

(40)

The discrete densities of the remaining wealth h(wri,0) are constructed in the same fashion.
All value functions, choice probabilities and likelihoods are computed separately for the two borrower

types on the discrete grids of wealth [ŵ1, ..., ŵn, ..., ŵN ]. All associated distributions are discretized using
the same method as in (39) and (40). We use a regular policy iteration algorithm to compute V post and
V out, using 100 draws from the distributions of ξit, log-N(µi, v1) and log-N(µ2, v2).

The optimal consumption levels and the choice probabilities are computed using backward induction on
N-point discrete grids of wealth [ŵ1, ..., ŵ, ..., ŵN ] from t̂ = 30 to t̂ = 1. Specifically, starting from t̂ = 30,
conditional on no default, the mortgage is paid off and her continuation value is E[V post]; feeding it into
(3), V ini,30 is solved for by looking for the optimal consumption level. Together with V out, these deterministic
values are fed into (10) to compute σi,30(t̂, ŵ, α̂) to compute the continuation value in t̂ = 29. Iterate this
procedure until t̂ = 1. In each t̂ the shocks ξit̂ are drawn from the same log-normal distribution. Record the
conditional consumption policy function cit̂(t̂, ŵ, α̂|·),∀1 ≤ t̂ ≤ 30.

To calculate the likelihood function, given uniformly-distributed initial wealth wi,1 ∼ U [ŵ1, ŵN ], the
unconditional (on previous wealth) distribution of wealth h(ŵi,t̂|·) is obtained by iterating (28) over t̂ using
consumption policy cit̂(t̂, ŵ, α̂|·). Then, the likelihood is assembled using (38) with h(ŵi,t̂|·) and σit̂(t̂, ŵ, α̂)
over the observed periods (rounded to year).
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