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Abstract

This paper develops a customized model of mortgage loans default for a full recourse
economy. We combine the more usual analysis for nonrecourse economies, adding a
non-pecuniary cost for defaulting in order to account for possible loss of utility due to
the full-recourse framework. This model applies to economies such as Spain, Australia,
and Chile, where defaulters can be prosecuted until their debts are completely settled.
Under the proposed model, we obtain an analytical expression involving default de-

terminants for mortgage loans, both micro and macro. As a case study, we estimate
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this relationship for the Chilean economy using information from the Chilean Survey
of Household Finance (EFH). As stated by our micro-macro model, we find that house-
hold financial conditions and their interactions with systemic determinants account for
an important part of the cross sectional probability of mortgage default.

Keywords: Default, Mortgage loan, Survey data, Full recourse economy, Rare
events, Credit market
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1 Introduction

The recent financial crisis has tested the academics and regulators in their ability to anticipate
possible sources of instability. Some of the lessons that can be learnt from the latest financial
crisis is that policy models and their estimates should take into account factors that might
have been at some point overlooked. The recent experience suggests the existence of a
mortgage channel that acts as an accelerator or amplifier element of financial instability.
This is why, for central banks and policy makers, it is crucial to understand the mechanisms
at place, and to use richer sources of data to measure them. Hence, in this work we contribute
to the existing literature by presenting a theoretical model that incorporates both micro and
macro financial determinants and their interactions for a full recourse economy. We apply
the framework to the Chilean economy as a case study, and test it empirically using using a
rich source of micro-data coming from the Chilean Survey of Household Finance.!

It is widely accepted in the current economic literature, that —in aggregate terms— a
mortgagor facing a negative equity is prone to default. In this case, when the value of debt
is higher than the value of the collateral, there are incentives to optimally decide not to
repay, since it is cheaper to give up the property and to stop repaying. This mechanism
is in the heart of various recent crisis related papers such as those of Fostel and Geanako-
plos (2008) and Goodhart et al. (2011). Other influential papers that model a collateral
financial economy are Kiyotaky and Moore (1997) and Bernanke et al. (1999), but instead
of households, these works model firms dynamics under the presence of a credit market af-
fected by asymmetric information. In their settings, the risk premium depends on the firms’
probabilities of default, which in turn are related to the value of net worth.

The model that inspires our treatment of the default phenomenon is developed in Geanako-

plos and Zame (2013).2 They abstract from the explicit modeling of asymmetric information,

"From now on "EFH", for its name in Spanish ("Encuesta Financiera de Hogares"). The survey is
conducted by the Central Bank of Chile (BCCh) since 2007.
2Note that this is a published version of a working paper that was first issued in 1997.



but allow for an equilibrium with endogenous default. To do this, they base their model —
as all the theoretical literature in this field— on a non-recourse credit regulation policy.
Non-recourse regulatory frameworks state that the lender gets the collateral only after the
occurrence of a default and it is not allowed to prosecute other payments or compensations
from the debtor. In this way, modelers avoid the imposition of deadweight losses associated
to other punishments in case of default.?

However, when modeling the determinants of mortgage default for economies such as
Australia, Chile, and Spain, we need to introduce the case of full recourse regulation. Under
this type of regulation, agents can be prosecuted until their debts are completely settled. This
implies that the incentives to repay should be enhanced, since in a full recourse framework,
the incentive to default due to negative equity is counteracted by the fact that if the collateral
is not sufficient to cover the promises, the creditor has the right of going after other assets of
the debtor. There is also a reputational effect given that the prosecuted debtors are publicly
listed. All these issues motivate us to develop a modeling alternative that adapts the seminal
framework of Geanakoplos and Zame (2013).

Economic intuition indicates that our model should incorporate a mechanism that ad-
ditionally discourages mortgagors from defaulting. This is consistent with the idea that
mortgagors do not always default when they face negative equity on their homes as in Har-
rison et al. (2004) or Ellul et al. (2010). In fact, Foster and Van Order (1984) and Bhutta
et al. (2010) find that many borrowers with negative equity do not default; and, conversely,
default is often associated with shocks, such as unemployment. Also, the cost of continuing
to repay a mortgage also depends on the agent’s idiosyncratic discount factor and thus on
his liquidity position, as Elmer and Seelig (1999), Gerardi et al. (2007), and Bajari et al.
(2010) explain.

Our model formulation closely follows part of the Goodhart et al. (2011) work, which

3 As Geanakoplos and Zame (2013) state, the only seizure of collateral "[...] avoids the moral and ethical
issues of imposing penalties in the event of bad luck." Although, they recognize that in practice, the seizure
of collateral implies deadweight losses on its own.



is a recent application based in the Geanakoplos and Zame (2013, and the earlier work
dated 1997) model. Yet, in order to modify the mortgage default incentives, we add a non-
pecuniary cost that arises as a reputational loss because of the burden of being enforced to
repay the debt and other possible losses of utility (e.g. being blacklisted from the credit
market or being banned for future credit opportunities). Natural references that we consult
to address this type of default cost are those of Shubik and Wilson (1977) and Dubey et
al. (2005). Together with Geanakoplos and Zame (2013), these works lie within the general
equilibrium literature. Our contribution consists in combining both frameworks to generate
a full recourse economy, such as that of Spain, Australia and Chile.

To test our framework, we apply it to the Chilean case. The literature that models default
decisions in the Chilean economy is rather brief. One of the recent investigations appears in
Alfaro and Gallardo (2012). These authors estimate an empirical characterization using the
EFH 2007 survey. They find that income and income-related variables are the only significant
and robust factors that explain default for both types of debt (consumer and mortgage).
Additionally, demographic variables can help to further explain default probabilities.

Empirical evidence suggests that there is some rich information hidden away in aggregated
(or macro) data. Thus, the use of micro-data seems a promising research avenue. That is why,
instead of using financial aggregates of credit and macro-financial conditions to determine
default dynamics through time, we follow Alfaro and Gallardo (2012) in the sense that we
use micro-information coming from the EHF survey. As compared to the latter, beyond
contributing with a theoretical modeling framework, in this work we are able to profit from
the additional information that the EFH survey has gathered through the years since it was
launched in 2007.

The main objective of this work is to improve the identification and estimation of default
determinants in the mortgage market. Our results can contribute to support credit policy
measures and also enhance the analysis and application of mortgage banking stress tests. In

particular, we apply this methodology to the Chilean economy, but it may be relevant to



other countries, such those already mentioned.

In recent years, theoretical advances and economic necessity have stimulated the study
of the default decision specially on mortgage loans. Since Kau et al. (1994) and Capozza
et al. (1997), theoretical models and empirical testing have being integrated in the search
for a better understanding of the phenomenon. Following those efforts we elaborate on the
theoretical modeling of mortgage default and estimate the resulting model using microdata
from households in Chile.

The rest of the work is organized as follows. Section 2 introduces the theoretical model.
Section 3 highlights the role of the determinants as they emerge from the model. In Section
4 we describe the empirical methodology as well as the dataset we use for the estimations.
All the results are presented in Section 5. Some final remarks are in Section 6. The Appen-
dix contains derivations and proofs from the model, a supporting glossary, and some data

description.

2 A theoretical model of the determinants of default

To provide a general view of the mortgage default mechanism at play, in this section we
introduce and describe a partial equilibrium model that motivates our empirical estimations.
We describe the economy, agents, financial structure, transactions and its timing.

Our model considers a two-period setup. The beginning (¢ = 0) is deterministic, but the
second period (¢t = 1) is stochastic. In the latter, there are s possible states of nature that
occur with probability 7,.* To help notation, we also define S = {0, s}, a t—uple that groups
both periods and consider the possible states at the second period.

The economy is composed by one representative household. There are two goods traded
in this economy: a consumption commodity and housing. We also have two types of finan-

cial assets: one short-term (intra-period) unsecured loan and one long-term (inter-period)

4Later we will specify that state variables are in our case represented by commodity endowments and
liquidity conditions (i.e. interest rates and monetary endowments).



collateralized loan.

The household is endowed with a perishable commodity that consumes and sells, and
money. The endowment is deterministic in the first period, and depends on the realized
state of nature in the second period. The agent also consumes housing in both periods
that has to be purchased. There are two differences between commodities and housing. On
the one hand, commodities are perishable (they only provide utility in the period they are
available) while durable goods (house) purchased at the initial period (¢ = 0) also give utility
at the final one (¢ = 1). On the other hand, housing also serves as collateral when contracting

a long term loan.

2.1 Financial intermediation

The financial intermediation in this model is assumed to be exogenous and it is treated
in a stylized manner. However, it can be thought of as a representative bank (or banking
system) that lends short-term to the representative household,” as well as an inter-period
collateralized mortgage loan. The latter is only available at ¢ = 0. An exogenous amount of
liquidity is pumped into the system and it is reflected in the short- and long-term interest

rates (rs and 7, respectively).® Nominal flows of the economy are depicted in Figure 1.

2.2 Timing

At the initial period (t = 0) short-term liquidity borrowing plus long-term mortgage bor-
rowing from the representative household occur. Provided the financing, transactions in
commodity and mortgage markets take place. The representative agent sells part of his
endowment of the consumption commodity and uses the revenues to repay the short-term

loan obligations. Under the current setup, short-term obligations arise as a consequence of

°To help the focus of the analysis and without loss of generality, this type of loan is assumed to be
default-free.

6Tt can be thought of as the monetary authority that injects certain amount of resources in the money
market, influencing the short-term rates (e.g. through Mg) and long-term interest rates (e.g. through M).



the assumption of a cash-in-advance financial economy. The agent also purchases housing,
which is financed with a collateralized long-term mortgage loan. Finally, consumption of
housing and commodity takes place.

During the second period (¢t = 1) the nature realizes and reveals s, which mainly affects
endowments —including monetary— and monetary supply, as we observed before. At this
period, the intra-period transactions work in a similar manner than at the beginning. How-
ever, there are slight, but significant differences. First, it is easy to see that the long-term
interest rate is already fixed (e.g. because the long-term money market does not open at
every period). Second, the mortgage loan is settled by the representative household, given
by his delivery (or default) decision. At this period, he uses the short-term money market

to repay the long-term loans and finances his housing consumption.

2.3 Economy and budget set

The economy is composed by a positive endowment of the perishable commodity, eg;
positive monetary endowment mg; preferences U; financial assets consisting of long
and short-term loans at rates © and rg, respectively. We assume that in this economy
preferences are monotonic and utility is quasi-concave.

Given a set of securities (i.e. short and long-term loans) A; commodity price pg; housing
price pgo; rate of return of the short and long-term credit market rg and 7, respectively; the
mortgagor with commodity endowment eg; makes consumption plans, credit demand, sales
of commodity, and deliveries against promises.” Following Geanakoplos and Zame (2013), in
the case of mortgages, optimal deliveries will be always the minimum of promises (i.e. credit
demand) and the value of the collateral. Thus, we define the budget set for the representative
household as B (p1,p2, 75,7, €51, A) to be the set of plans (u, ft, gs1, bs2), where p stands for

the short term borrowing, z is the mortgage borrowing, gs; represents the commodity sales

TOur notation for prices, quantities and monetary expenditures contains a subindex with two components.
The first one is the period (or state at ¢ = 1), while the second term indicates the type of good, 1 for
commodities and 2 for housing.



and bgo stands for housing expenditure.

We have that at the initial date (¢ = 0), the agent is subject to three budget constraints.
First, the short term loans must not exceed the revenues from commodity sales. Second,
the housing expenditure must be lower than or equal to its long and short term credits and
monetary endowment. Finally, the third constraint considers an element of mortgage credit
regulation. There is a fixed portion of collateral (i.e. ¢) required for a mortgage loan.®

Formally, we have that, at ¢t =0 :

Mo < DPoiqo1
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Conversely, at the final date (¢ = 1), the agent is subject to two budget constraints.
The first constraint reflects the fact that the short term loans must not exceed the revenues
from commodity sales. The second budget constraint depends on the state of nature that is
realized. Thus, under a good state of nature (i.e. s € Sg, where no default is exerted), the
constraint states that the repayment of the mortgage loans plus the new housing consumption
of the household (i.e. a type of housing top-up) must not exceed the agent’s short-term
borrowing and monetary endowment. Under a bad state of nature (i.e. s € Sp, there is
default), the constraint accounts for the fact that there is no mortgage repayment.

Formally, at ¢ = 1, the constraints are:
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8Without loss of generality, we assume that this constraint is always binding in equilibrium.



2.4 Preferences

At the beginning of the time (¢ = 0), the representative household maximizes his expected
utility subject to the budget constraints previously described. The agent’s utility in our
case has the particularity that default incentives are mitigated by seizing the collateral of

9

the mortgagor.” However, to adequate the problem to a full recourse economy, we also

introduce a non-pecuniary default penalty proportional to the defaulted amount, similar to
Shubik and Wilson (1977) and Dubey et al. (2005). Thus —subject to his budget set—, the

agent solves the following program:
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That is, the agent optimizes his utility function, by solving his plan of short and long-
term borrowing, housing expenditure (in monetary terms) and commodity sales (quantity),
subject to his budget constraints. At the first period (¢ = 0), the agent obtains utility
from consuming the commodity that remains from his sales and the housing units that he
purchases. At the final period (¢ = 1), the representative household faces the two possible sets
of states of nature, good or bad. If a good state realizes, there is no default. Thus, the agent
enjoys from consuming his initial date housing consumption plus the additional housing
he buys in the final period. Conversely, if the household faces a bad state of nature, he
(optimally) defaults.!® In such cases, the (non-modelled) banking sector seizes the collateral,

so the agent cannot benefit from consuming the initial period housing and he is subject to

9We interpret this as an exogenous commercial banking sector that is compensated by receiving the
collateral. In turn, it sells it back into the market to cash-in.

10 As we previously mentioned, the optimal delivery is the minimum between the current value of collateral
and the promises (i.e. min {fi, (boaps2/Po2)})-

10



a default penalty (linearly) proportional to the defaulted amount. It has to be noted that
in this model, the agent is not expelled from the market. He is still allowed to obtain short

term credit.'!

2.5 Equilibrium

This section provides a brief note on equilibrium. From the problem formulation, we have
that this economy is composed only by the representative household. Here we assume that
he behaves in a competitive manner, so takes prices as given.

The competitive collateral equilibrium (CCE) in this economy consists of a set of com-
modity prices (ps1 ), security prices (interest rates rg, ) and consumption plans (1, i, ¢s1, bsa),
such that short-term commodity market clears, durable housing market clears, security mar-
kets clear, plans are budget feasible and consumers optimize.

There are important particularities to be highlighted in this type of economy. On the one
hand —in this partial equilibrium model-, we abstract from a housing pricing amplification
mechanism first described by Fisher (1933) and, more recently, by Goodhart et al. (2011).
In these works, if a bad state is attained and there is mortgage default, the representative
household will have to give-up the collateral and the housing goes back to the market. In
such a situation, the housing market clearing condition incorporates that there is a decrease
in prices that further increase default incentives, given that collateral losses value, and the
debt face value remains. This spiral-type mechanism is called debt-deflation.

Another issue to be considerer concerns to rational expectations. In this work we also
abstract from explicitly modelling the financial (banking) sector. Thus, we do not need to
consider the rational expectations of the lending activity. Nevertheless, in cases where the
banking sector appears (e.g. Goodhart et al., 2011), and to incorporate the default possibility
under rational expectations, the effective return on the mortgage will be the ratio between:

(i) the minimum between the collateral value at ¢ = 1 and the mortgage promise, f; and (ii)

I'The agent’s program first order conditions appear in the Appendix.
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the initial mortgage extension (credit supply). That is, a bank should rationally anticipate

the optimal household delivery and account for this into the risk premium.

Theorem 1 Existence: Assuming rational expectations, a well-behaved (e.g. normally dis-
tributed) state probability space, monotonic preferences, quasi-concave utility (quasi-concavity
is assumed to be maintained in the presence of linear penalties) and convex budget sets, and

provided that all the markets clear, this economy admits a competitive equilibrium.

Proof. It appears in Geanakoplos and Zame (2013). =

3 Determinants of mortgage default

Proposition 2 Existence of full-recourse determinants of mortgage default: From the house-
hold optimization problem solution, and assuming without loss of generality that there are
only two possible states of nature (the good G, where there is full delivery, and the bad B,
where there is default) we can obtain an equation that represents the mortgage default deter-
minants. Furthermore, the default depends on idiosyncratic and systemic factors as well as

their interactions. The explicit equation is given by:

1_ (12]932 — wo + wy il (E) + wofitd (E + ﬂ) + wsfiv’ (eo1 — qo1) (1)
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%
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Proof. See the Appendix. =

Notice that the left hand side of equation (1) corresponds to the expected default fre-
quency on the mortgage loans (i.e. the complement of the expected repayment). The right
hand side is composed by systemic and idiosyncratic factors, and their interactions. All of

them constitute the determinants of mortgage default.

Remark 3 Systemic factors: Notice that wy, the first term at the RHS of equation (1)
accounts for the banking requlation and financing standards faced by the household. This
is a systemic factor that affects households independently from their idiosyncracies (i.e. it
is exogenous to them). It is easy to see that the default frequency decreases with: (i) a
higher default penalty, (ii) a lower LTV (¢), (iii) a higher interest rate, and (iv) a decrease
in housing prices. Our interpretation is consistent with Jaffee and Stiglitz (1990) that the
higher the screening, the lower the default incentives. On the other hand, a tighter regulation
provides lower incentives to default, as in OECD (2011). Additionally, the terms w1, wy and
w3 depend only on erogenous variables or parameters. Thus, they also work as erogenous

systemic factors that interact with agent’s idiosyncracies.

Remark 4 Systemic and idiosyncratic interaction — housing and mortgage demand in the
first period: The second term at the RHS of equation (1) shows a systemic factor interacted
with credit demand and marginal utility of housing at t = 0. Given that wy is always nega-
tive, we interpret that the higher the marginal utility of housing consumption and mortgage
demand, the lower the incentives to default. Alternatively, given that we assume that pref-
erences are quasi-concave, the higher the preference for housing consumption, the higher the

expected mortgage default.

Remark 5 Systemic and idiosyncratic interaction — housing and mortgage demand in the
second period: The third term at the RHS of equation (1) also contains the systemic factor
interacted with the marginal utility, but in this case it is in the good state at t = 1. The

systemic factor wo in this case has an ambiguous sign. It is easy to see that if prices are in

13



a growing phase'? (i.e. pos < pge) and credit supply standards are sufficiently relazed (i.e.
¢ (1+7) > 1), then the dynamics of mortgage default and housing demand work in the same
direction than in the second term of (1).** To sum up, under the specified conditions, higher

mortgage or housing demands are associated to greater expected defaults.

Remark 6 Systemic and idiosyncratic interaction - income: The fourth term at the RHS of
equation (1) works in a similar fashion with regard to the systemic component. There is a
negative relationship between tighter (short-term) credit standards and mortgage default prob-
abilities. The effect is proportional to the ratio between the housing and commodity current
prices.'* This result is conditioned on the marginal utility of consumption. Assuming risk
aversion (e.g. logarithmic utilities), we have that —for a given mortgage credit standard and
prices ratio— the higher the commodity endowment, the lower the mortgage default frequency.
In this case, we interpret endowments as the availability of resources. Thus, it expresses the
importance of housing income in this context. Qur conjecture is that the combination of
systemic credit standards and household income (or a related variable) is key to determine

mortgage default frequency.

From the findings that our theoretical model provides, we conjecture that mortgage
default determinants are associated to credit cost and/or regulation standards and its inter-
action with idiosyncratic factors, such as the demand for housing and income. At this point,
it is important to notice the interaction that we found. This will be key in our empirical

specification which will be based on our theoretical model results.

4 Estimation Methodology and Data

In this section we briefly describe the problems that we face to obtain unbiased and efficient

estimators, and the characteristics of the data used in the estimations.

12This ensures that the good state is attained.
13This is straightforward if we notice that we = wipgamg.
14 This is easy to see if we notice that ws = w1 (po2/po1) (1 + 7o) (1 + ¢).
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4.1 Estimation Methodology

In this work we explain the default decision of households on their mortgage loans based on
idiosyncratic and systemic variables. For doing this, we use logistic regressions to estimate
the behavior of a discrete variable representing the fact that some households in our sample
have defaulted their mortgages.

Our data on mortgage delinquency present two important features we need to account
for in the estimation. First, defaulting a loan (specially mortgages) is not an usual event.
Futhermore, it can be considered as a rare event when compared with the occurrence of the
contrary. Thus, if we take into account the whole population of outstanding mortgage loans
in an economy, delinquency is highly underrepresented in any sample. However, our sample
captures an important mass of delinquent loans in order to better appreciate its behavior.
This means that the sample is intentionally biased to account for the phenomenon. This
is known in econometrics as choice-based or endogenous stratified sampling. This sampling
method is often supplemented with known or estimated prior knowledge of the population
fractions of the rare event (as in our case).

Second, popular statistical procedures including the logistic regression, can sharply un-
derestimate the probability of rare events. As King and Zeng (2002) point out, that logit
coefficients are biased in small samples is well documented in the literature, but that in rare
events data the biases in probabilities can be substantively meaningful is less known and un-
derstood. In particular, finite sample, rare event data have at least three features we should
account for: (i) increasing the size of the sample does not alleviate the bias, because the rare
events do not increase their share of the sample more quickly than the growth rate of the
sample; (ii) the bias of the coefficients estimated using logistic regression when rare events
are present is known to underestimate the probability of the rare event; (iii) the computation
of probabilities of events in logit analysis is suboptimal in finite samples of rare events data,

leading to errors in the same direction as biases in the coefficients.
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To deal with these features together, we follow the developments of King et al. (2000) and
King and Zeng (2001, 2002). Assume that we have a dataset of i = 1,...,n observations for
which we have gathered information on the variable Y; and a set of £ — 1 variables recorded
in x;. The variable Y; is a dicothomous variable that represents an underlying continuous
variable Y;* following ¥; = 1 if ¥,* > 0 and Yi = 0 if YV;* < 0. Y follows a Bernoulli
distribution, while Y;* follows a Logistic distribution. The behavior of Y;* can be adequately
inferred from the maximum likelihood estimation of the behavior of Y.

We assume that the ones (Y; = 1) are the rare outcome, representing those households
that hold a delinquent mortgage loan. The prior population information refers to the fraction
of ones in the population, 7, while the observed fraction of ones in the sample refers to the
sampling probability, 7.

To compensate for differences in the sample (7) and population (7) fractions of ones
induced by choice-based sampling we use a weighting procedure. The procedure maximizes

the weighted log-likelihood:

InL,(Bly) = w Z In(7;) 4+ wo Z In(1 — ;)

(vi=1} {v,=0}

= — Zwi In (14 exp[(1 —2Y;) x;8]) (2)

i=1

where the weights are w; = 7/ and wg = (1 — 7)/(1 — 7), and where
w; = w1Y; + wo(l — V)

The resulting B is the weighted exogenous sampling maximum-likelthood estimator, due to
Manski and Lerman (1977). One of the advantages of this method is that weighting can
outperform other approaches (e.g. prior correction) when both a large sample is available
and the functional form is misspecified (see Xie and Manski, 1988). However, weighting

is asymptotically less efficient in small samples (see Scott and Wild, 1986; Amemiya and
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Vuong, 1987).
When information about 7 is available, we can remedy these problems using an analytical
approximation to the bias based on McCullagh and Nelder (1989). The bias in B can be

estimated by the following weighted least-squares expression:
bias (,3) — (X'WX) ' X'W¢

where €, = 0.5Q;;[(1 + wy)7#; — w1], Qi are the diagonal elements of Q = X(X'WX) X',

and W = diag{m;(1 — 7t;)w;}. The bias-corrected estimate is then
Bz,@—bias(@).

Notice that this correction affects the constant term directly, but also the other coefficients
primarily as a consequence (King and Zeng, 2001).
The variance of the approximately unbiased estimate of 3, [‘3, is approximated by a

multiple of the usual variance matrix,

v(E)= () v (B)

A key point is that since (n/(n +k))? <1,V <B) <V (B) Thus, reducing the bias also

reduces the variance.

4.2 Data Description

The primary source of information for our estimations is the Chilean Survey of Household
Finance (EFH). The EFH is an initiative of the Central Bank of Chile to collect information
about the household’s finance including socioeconomic characteristics, information about
assets holdings, and detailed information on the debts of each household member. We use

the five available waves of the EFH: the first wave (2007) collected information from 3828
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urban households at the national level; the second (2008), third (2009), and fourth (2010)
waves accounted for 1154, 1190, and 2037 urban households in the Metropolitan Region of
Chile, respectively; finally, the fifth wave (2011-12) collected information from 4059 urban
households at the national level.

For each wave, higher income households have been oversampled in order to obtain a
better insight of the indebtedness. In Table 1 we show the percentage of households per
income stratum.!?

Table 2 shows information about mortgage holdings and delinquency as it comes from
the EFH. However, to correct the bias induced by rare events, we also incorporate some prior
information coming from the delinquency reported by the banks to the Superintendency of
Banks and Financial Institutions (SBIF, for its name in Spanish) every month. Ideally we
would use the number of delinquent loans versus the total number of outstanding loans.
However, that information is not available. Instead, we use the amounts of loans. Thus,
the prior information for us is given by the average ratio of the amount of nonperforming
mortgage loans to the total amount of outstanding mortgage loans in the Chilean financial
system, during the months each wave of the EFH was collected. Although imperfect, this
measure is a good approximation given the almost even distribution of the amount of credits
in delinquency in each wave of the EFH (see the Appendix for charts showing the distribution
for each year). Notice that while the oversampling of defaulted loans is similar in the EFH,
the delinquency rate (as reported by the SBIF) changes over time following the impact of
the global crisis in Chile.

The EFH collects information on various aspects of the credits, but specific variables for
our estimations must be constructed. For each mortgage loan, we constructed the loan-to-
value ratio (LTV) for both initial loan amount and current outstanding debt. While most
of the analysis uses the initial LTV (eg. Kau et al., 1994; Harrison et al., 2004; Bajari et al.,

2010, 2012; Bhutta et al., 2010; Campbell and Cocco, 2010; Elul et al., 2010; Paniza Bontas,

15Stratum 1: percentiles 1-50; Stratum 2: percentiles 51-80; Stratum 3: percentiles 81-100.
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2010; Hatchondo et al., 2012), we are more prone to use the current LTV (as in Capozza
et al., 1997, 1998; Ambrose and Capone, 1998; Wong et al., 2004). Our perspective is that
the current LTV better reflects the financial burden for the household and is the appropiate
measure for the household to include in his optimization problem to evaluate the default
decision. The initial LTV is useful when the loan is in its first stages of payment, or when we
want to evaluate the risk involved at the time of granting the loan. However, for long-term
credits such as mortgages, the changing nature of the economic context and the household
financial balancesheet hinder the usefulness of the initial LTV. Nevertheless, in our analysis
we tested the role of both measures, as shown in the next section.

In Table 3 we present information on the quartiles of the current and initial LTV, and
the monthly installment. The median mortgage loan in our sample was granted to cover the
85% of the home value, and the current due amount represents the 45% of the current home
value. The median monthly installment is about $185,000 (around US$ 350). Also notice
that the median term of the credit is 20 years, while the median age of the credit (the time
period elapsed from the granting of the mortgage) is 6 years. As it can be seen, most of
the credits are granted for a term of around 20 years, while in more advanced economies the
usual term is around 30 years.

We make a final note on the situation of renegotiated mortgages to have some insight on
the behavior of those mortgagors that might be observed as defaulting but have renegotiated
the loans to avoid default. In our complete sample (12,268 households) we have that 15.9%
of them have an outstanding mortgage loan. Of them, the 19.5% have renegotiated the
conditions of their loans at some point. Table 4 shows default situation of mortgagors that
have renegotiated their loans. It is important to notice that there is a difference between
households that are defaulting and those that are paying their debts after renegotiating a
mortgage: the main motivation to renegotiate for defaulters was "to decrease the mortgage

payment by increasing the term"; for those who kept paying their loan after renegotiation,
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the main motivation was "a decrease in the interest rate".!6

5 Results

In this section we present estimation results using the method described in the previous
section.!” There are two sets of estimations in the following tables. In Table 5, each idio-
syncratic and systemic variable enters directly in the regressions to explain the decision of
defaulting. In Table 6, there are interactions between these variables included as regressors
in the estimation, as suggested by our theoretical model.

In Table 5, we show four different models that differ in the inclusion of financial idiosyn-
cratic variables and systemic variables. The set of demographic variables remain the same
for all estimated models. Notice that the sign, magnitude, and significance of the coefficients
accompanying the latter set of variables is stable through model specifications. Income is
an important determinant of the probability of default, and it enters the regressions with
the expected negative sign. Contrary to popular intuition, the number of persons in the
household impacts positively in the probability of default. This result may be associated
with the fact that in most cases at hand, a more densely populated household is not directly
associated with higher household total income (for example, because the increased number
of members of the household is due to the presence of children).

Regarding the financial variables, we find that suffering a negative shock in the recent
past significantly increases the probability of defaulting a mortgage loan.!®* Households that
renegotiated the conditions of their loans also are more likely to default them. Having

rejected credit applications appears not to be significant to explain default behavior.

16The distinction of motivations is based on an specific question for mortgagors that have renegotiated
their loans conditions, as collected by the EFH.

1T"We have performed a complete set of estimations including a wide range of variables that were included in
previous empirical analysis of mortgage default. We also tried single step and two step estimations to correct
for possible endogeneity in the decision of getting a loan and then defaulting, as in Alfaro and Gallardo (2012).
We did not find any technical or empirical reason to keep the track of the two step estimation procedure.
However, all the additional results are available from the authors upon request.

18The EFH collects information on a specific question that inquires about the occurrence of an event that
significantly lowered the income o increased the expenditure and that was not planned.
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We included three variables capturing systemic impact on household default behavior.
The current loan to value (CLTV) implies that a bigger CLTV increases the probability
of default all other things equal. Our results indicate that a higher amount due (higher
long-term financial burden) may impact positively the decision of defaulting (as in Elul et
al., 2010). On the other hand, higher price houses (usually associated with higher amounts
of loans) lessen the probability of default. The LTV of origination does not have major
impact on the decision of default. This result supports our argument that CLTV is the
relevant information for the household, specially if the relatively more defaulted loans are
the older ones. The systemic variables as a whole tell us that bigger mortgage loans are less
likely to default. These credits have being predominantly granted since 2005, accompanying
important aggregate phenomena of the Chilean economy: a sustained high growth period
(even during the global crisis), and a real estate boom. These two aspects require more
detailed analysis in terms of the risk-taking decision of the financial system and the aggregate
push-pull effect of commodity prices and other macro determinants, all of them far beyond
the scope of this paper.'

The second set of results is presented in Table 6. Idiosyncratic demographic and financial
variables, as well as systemic variables, play a similar role to that of the results in Table 5.
The novel results come from the interaction between systemic and idiosyncratic variables, as
our theoretical model suggested. We find that the interaction between income and current
loan to value positively impact the chances of making default, as well as the interaction
between the price of the home at the origination moment and the fact that the household
suffered an unexpected negative shock. In the first case, even when the income has a negative
effect on the default probability, the CLTV dominates in the overall. In the second case,
the effect of the negative shock dominates the scene. These results emphasize that shocks
affecting income (expenditure) or the remaining (long term) financial burden are key aspects

when analyzing default probabilities. For example, sustained high unemployment rates may

90ur general equilibrium framework incorporates these two levels of analysis together with the partial
equilibrium we are presenting in this paper.
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impact income level configuring at the same time an unexpected shock that aggravates the
financial burden.

As we have analyzed above —and in contrast to Alfaro Gallardo (2012), which also analyze
the Chilean mortgage market—, the current LTV (CLTV) as a systemic factor is statistically
and economically significant, as well as the house price at origination. This suggests that
both idiosyncratic and systemic factors (and its interactions) are simultaneously determining

the mortgage defaults.

6 Final Remarks

In this paper we propose a theoretical framework to model mortgage default in full re-
course economies. In such framework, it is possible to derive an analytical expression for
the household’s default decision that involves idiosyncratic and systemic factors, and their
combinations.

To empirically test this framework, we take into account two important issues of the
type of phenomenon we are studying: first, its occurrence is rare; and second, the sampling
framework favored the collection of data on default cases but contributes to worsen the
statistical properties of estimators. Overall, traditional logistic regression provides biased and
inefficient estimators. We overcome this problem adopting appropiate adjustments suggested
by the literature.

Following our theoretical default description and the empirical strategy, we estimate the
default decision determinants for the representative Chilean household, using information
from the EFH survey.

According to our theoretical model, we find empirically that systemic and idiosyncratic
factors are statistically important to determine the default decision. Moreover, the systemic
and idiosyncratic interactions play a key role in determining default probability.

Our results suggest that aggregated macrofinancial variables —such as prices and loan to
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value ratios— and its interaction with microeconomic information, can contribute to explain
an important portion of mortgage risks. This in turn implies that, when assessing the qual-
ity of a mortgage, or any other credit portfolio, the use of microeconomic or demographic
information is not enough. Accordingly, financial regulators and supervisors should invest
in developing aggregated measures that can act as early warning indicators, as well as incor-
porating market trends information into the analysis of risks. Furthermore, this constitutes
another rationale that reinforces the idea that monetary and banking authorities should in-
form the market about this type of financial developments in a consistent and integrated
report, that uses macro and micro financial information. Financial stability reports appear

as natural channel to issue this information.2V.
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8 Appendix

8.1 Glossary

Non-performing loans: A loan is nonperforming when payments of interest and/or principal
are past due by 90 days or more, or interest payments equal to 90 days or more have been
capitalized, refinanced, or delayed by agreement, or payments are less than 90 days overdue,
but there are other good reasons —such as a debtor filing for bankruptcy— to doubt that
payments will be made in full. After a loan is classified as nonperforming, it (and, possibly,
replacement loan(s)) should remain classified as such until written off or payments of interest
and/or principal are received (IMF, 2005).

Default: it essentially means a debtor has not paid a debt which he or she is required to
have paid. Debt service default occurs when the borrower has not made a scheduled payment
of interest or principal.

Reputational Effects of Default: A loan becomes delinquent the first day after the bor-
rower misses a payment. The delinquency will continue until all payments are made to bring
the loan current. Loan servicers report all delinquencies of at least 90 days to the SBIF and
other credit bureaus (e.g. SINACOFI, DICOM). This information is used by the financial
market agents to evaluate risk and grant credit. In particular, being in listed in DICOM
implies that the debtor also may have trouble getting a job, signing up for utilities or leas-
ing, getting home owner’s insurance, getting a cellphone plan, or getting approval to rent an

apartment (credit checks usually are required for renters).
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8.2 First order conditions for the household problem
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8.3 Proof of Proposition 1
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8.4 Tables and Figures

Table 1: Distribution of Households by Income Group (%)

2007

2008 2009 2010 2011 | Total

Stratum 1
Stratum 2
Stratum 3

26.38
24.97
48.64

25.88 29.46 30.45
31.09 29.7 29.1
43.03 40.84 40.45

28.65
28.1
43.25

31.28
29.03
39.69

Table 2: Mortgage Loans and Delinquency (%)

2007 2008 2009 2010 2011 | Total
Mortgage holders 16.77 13.17 13.70 18.85 15.00 | 15.90
Defaulted mortgages 8.26 13.82 9.2 8.07 887 | 8.92
Delinquent mortgages (SBIF) | 0.97 1.29 195 2.01 1.70 | 1.58
Table 3: Distribution of Mortgage Characteristics
P25 p50 P75
Current Loan to Value | 246 %  45.1 % 67.9 %
Initial Loan to Value 63.6 %  85.0%  100.0 %
Monthly Intallment $ 95,000 $ 185,000 $ 320,000
Term of Credit (in years) 19 20 20
Age of Debt (in years) 3 6 11
Table 4: Default and Renegotiation in the Sample
Did not renegotiated RENEGOTIATED | Total
Paying 74.5 % 16.6 % 91.1 %
DEFAULTED 6.0 % 2.9 % 8.9 %
Total 80.5 % 19.5 % 100 %

Note: Percentages are calculated over the complete group of mortgagors in the sample.
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Table 5: Estimation Results 1: No interactions

Dep. Var.: Mortgage Default Dummy

Model 1 Model 2

Model 3 Model 4

Idiosyncratic - Demographic Variables

Number of persons in house 0.211***%  (0.235%**  (.214** 0.213**
(0.0715)  (0.0826)  (0.0844)  (0.0856)
Income (in logs) -0.827**%  _0.563***  -0.734%**  -0.524%***
(0.133) (0.153) (0.155) (0.162)
Primary Education 0.348 0.0446 0.215 0.109
(0.333) (0.424) (0.440) (0.466)
Tertiary Education -0.633*** 0417 -0.554* -0.397
(0.241) (0.291) (0.308) (0.309)
Gender -0.285 -0.214 -0.285 -0.301
(0.199) (0.229) (0.244) (0.242)
Age 18-35 -0.0218 -0.155 0.0266 0.105
(0.260) (0.295) (0.306) (0.308)
Age 55-99 -0.699 -0.0802 -0.0578 -0.0759
(0.603) (0.675) (0.696) (0.683)
Idiosyncratic - Finance Variables
Negative Shock 1.745%%FF  1.715%F%  1.668***  1.683***
(0.207) (0.245) (0.255) (0.256)
Credit Applications Rejected 0.276
(0.398)
Renegotiation 1.352%*%  1.052%**  1.016%*F*  1.073%**
(0.244) (0.309) (0.332) (0.336)
Systemic Variables
Current Loan to Value 0.253%*
(0.117)
Initial House Price (in logs) -0.416%** -0.450%%*
(0.113) (0.152)
Initial Loan to Value 0.0407 -0.0835
(0.0249)  (0.0794)
Constant 6.125%**  9.095%**  4.663** = 9.413%**
(1.761) (2.302) (2.074) (2.631)
Observations 1,894 1,446 1,301 1,337

Note: Robust standard errors in parentheses. Significance: *** p<0.01, ** p<0.05, * p<0.1
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Table 6: Estimation Results 2: Including Interactions

Dep. Var.: Mortgage Default Dummy Model 1 Model 2
Idiosyncratic - Demographic Variables
Number of persons in house 0.237#FF  (.231%+*
(0.0820)  (0.0819)
Income (in logs) -0.578%HF*F (. 582%H*
(0.150) (0.149)
Primary Education 0.0564 0.0804
(0.421) (0.414)
Tertiary Education -0.423 -0.425
(0.290) (0.290)
Gender -0.260 -0.247
(0.228) (0.227)
Age 18-35 -0.189 -0.195
(0.298) (0.298)
Age 55-99 -0.0714 -0.0950

(0.675)  (0.675)

Idiosyncratic - Finance Variables

Negative Shock 1.678***
(0.245)
Credit Applications Rejected 0.687 0.677
(0.437) (0.439)
Renegotiation 1.319%**  1.325%**

0.277)  (0.276)

Systemic Variables

Initial House Price (in logs) -0.417***  -0.443%**
(0.112)  (0.111)

Interaction Variables

Income and current loan to value 0.0199**  0.0195**
(0.00810)  (0.00814)
Initial House Price and Negative shock 0.102%**
(0.0147)
Constant 9.326***  9.817***
(2.265)  (2.243)
Observations 1,446 1,446

Note: Robust standard errors in parentheses. Significance: *** p<0.01, ** p<0.05, * p<0.1
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Figure 2: Timing of markets and transactions.
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[ Summary

The paper in a nutshell

The question:
Which are the determinants of mortgage default in a full-recourse economy?

o Full-recourse vs. non-recourse regulatory frameworks
@ Systemic vs. idiosyncratic factors

o Application: the case of Chile

What we do:

@ A theoretical model of the determinants of mortgage default under a full-recourse
credit regulation

@ A suitable estimation strategy for mortgage default

© Results from a micro-powered model estimation

AMP BCCh December, 2015 2/24



- Motivation

Context for the question

@ Real estate prices are growing fast in Chile

@ These prices follow economic growth and fundamentals
o However, advanced economies had difficulties keeping up with high growth levels in
the past...
150 Real Housing Price Index Ad. Ec. Real Housing Price Index Chile
] (2002=100) 180 4 (2004=100)
160
160 -
140
120 - 140 1
100 120
80 - 100 -
60 —Spain 80 —HPI (Metropolitan)
40 - —uK
20 - 60 - —HPI (Metropolitan, Eastern)
—us
0 ; ; ; 40 ; ; ; ;
1995 2000 2005 2010 2004 2006 2008 2010 2012
Quarterly data. Source: Own calculations based on Dallas Monthly data. Source: CChC database for houses.

FED International Housing Prices database.
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[ Background

Theory

Geanakoplos and Zame (2013)

Economic Theory

AMP (2014) | 1

Dubey, Geanakoplos and Shubik (2005)
Econometrica
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[ Background

Empirics

Foster and Van Order (1984)

Housing Finance Review

Bhutta, Dokko and Shan (1999)

Finance and Economics Discussion Series, Federal Reserve (USA)

Harrison, Noordewier, and Yavas (2004)
Real Estate Economics

AMP (2014) | 7

Elul, Souleles, Chomsisengphet, Glennon and Hunt (2010)
Journal of Housing Research

Alfaro and Gallardo (2012)

Economic Analysis Review
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L Model

Nominal Flows of the Household

$ commodity sales $ housing expenditure
Commodity Household Housing
Market Ps1 Ps2 Market
Is $ $
ST loan Mortgage LT loan
(non defaultable) (defaultable)

Financial Market

AMP BCCh

December, 2015 6 /24



L Model

Timing of the household decisions

Mortgage Long-term Loans Market

Inter-period

Intra-period Intra-period

Short-term Loans Market Mortgage Loan Repayment

Commodity Market Commodity Market

Housing Market Housing Market

J \
|
t=0 (no-uncertainty) t=1 (s possible states)
AMP BCCh December, 2015
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L Model

Household optimization problem

max#uﬁ,bnz,Qu

Po2

U(eo1 — go1) + U (@)

+Ec {U(ec1 —qe1) + U (EEZ + F§>}
+Eg U (epr — qp1) + U (22) -2 (1

AMP BCCh

t=0
t=1,s¢cG

_bongz)} tIl,SGB

Po2 14

December, 2015
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L Model

Household budget constraint

Period 0 (Deterministic):
@ The short term loans must not exceed the revenues from commodity sales

@ The housing expenditure must be lower than or equal to its long and short term
credits and monetary endowment

@ There is a LTV limit (i.e. ¢) required for a mortgage loan

Period 1 (Stochastic):
@ The short term loans must not exceed the revenues from commodity sales

o Good state: The repayment of the mortgage loans plus the new housing
consumption of the household must not exceed the agent’s short-term borrowing
and monetary endowment

@ Bad state: The new housing consumption of the household must not exceed the
agent's short-term borrowing and monetary endowment

AMP BCCh December, 2015 9 /24



L Model

Household budget constraint

Ho < poiqor
ST loan repayment < Sales of commodities at t=0.
Iz Iz
bo2 < — + mo
1+r 1+7
Money spent in houses< ST loan + mortgage + monetary endowment.
In
<
17 S ¢pbo2

Mortgage Money spent in houses< LTV*Money spent in houses.
Hs < Ps1Gs1
ST loan repayment < Sales of commodities at t=0.
bt i<t 4tm, /¥sES,
1+4rs
Money spent in houses< ST loan 4+ mortgage 4+ monetary endowment.
bia < 2 4 m, /¥s € Sz

14

Money spent in houses < ST loan + mortgage + monetary endowment.

December, 2015
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- Model

@ In a non-recourse mortgage economy we would only have that defaulters are
enforced to repay by the threat of their collateral being confiscated. This approach
includes three modelling devices within the framework:

@ Utilities:
bo2 52
Z7rS{U(poz pz)}JrZWs{ <E)}

seSl s€s2

© Budget constraint

bso + i < B+ m, /¥s € 51
14 rs

bs2 <

/Vs € S»

© Interest rates (hence expectations)

. be _
min { 222 pea, 71}

147 = %

@ In a full-recouse economy, we propose to add a reputational cost that further

discourages default
bo2ps2 ) }
- A s max — 0
Z " { ( Ppo2/i
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L Model

Household’'s Default Decision

by b
1- % = wo + w1fi U~ (E) +wafi U™ (E + ﬁ) +wsfi u'e (€01 — qo1)
—_—
Po2

HPo2 Po2 P12
S
Default Ut.Mg Houses t =0 Ut.Mg Houses s =1 Ut.Mg Commodities
Where,
Am2p22
wo=1—- ——7—
po2(1 +7)¢
-1
w1

- Po2AT2(1 4+ F)o

_ m1(ppo2(1 +F) — p12)

" p12po2Ama(l+F)e

_ —(1+r)1-29)

w3z = —————————
po1Am2(1 + )
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L Model

Household’'s Default Decision

3
Default = wo + Z wiU}

i=1

o Where U; for i = 1,23 are Idiosyncratic Default Incentives

b
U =al (E)
1=/ oz

Uy = U’ (% n &)
Po2 PG2

Us = iU’ (eo1 — Go1)

@ And w; stand for Systemic factors
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L Model

Household’'s Default Decision

Defau,t = F <)‘7 ¢7 Tsy Po, psa?7 I’(),ﬁ, €o, qO)
— —————

Systemic Idiosyncratic
Factors Factors
(Regulation,  (Income,
Prices, Indebtedness)
Expectations) (U"s)
(w's)
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L Data & Methodology

Data Description: Households Situation

Table: Distribution of Households by Income Group (%)

2007 2008 2009 2010 2011 | Total
Stratum 1 | 26.38 31.28 25.88 29.46 30.45 | 28.65
Stratum 2 | 24.97 29.03 31.09 29.7 29.1 28.1
Stratum 3 | 48.64 39.69 43.03 40.84 40.45 | 43.25

Note: Stratum 1: percentiles 1-50; Stratum 2: percentiles 51-80; Stratum 3: percentiles 81-100.

AMP BCCh

December, 2015
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[ Data & Methodology

Data Description: Distribution of Variables

Table: Mortgage Loans and Delinquency (%)

2007 2008 2009 2010 2011 | Total

Mortgage holders 16.77 13.17 13.70 18.85 15.00 | 15.90
Defaulted mortgages 8.26 13.82 9.2 8.07 8.87 8.92

Delinquent mortgages (SBIF) | 0.97 1.29 1.95 201 1.70 1.58

Table: Distribution of Mortgage Characteristics

p25 p50 p75
Current Loan to Value 24.6 % 45.1 % 67.9 %
Initial Loan to Value 63.6 % 85.0 % 100.0 %

Monthly Installment CLP$% 95,000 CLP$ 185,000 CLP$ 320,000
~ USD$ 180 ~ USD$ 350 ~ USD$ 600

Term of Credit (in years) 19 20 20
Age of Debt (in years) 3 6 11
AMP BCCh December, 2015
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L Data & Methodology

Data Description: Distribution of Variables

Table: Default and Renegotiation in the Sample

Did not renegotiated RENEGOTIATED | Total
Paying 745 % 16.6 % 91.1 %
DEFAULTED 6.0 % 29 % 8.9 %
Total 80.5 % 19.5 % 100 %

Note: Percentages are calculated over the complete group of mortgagors in the sample.

AMP BCCh December, 2015 17 / 24



LData & Methodology

Estimation Methodology

Problems with mortgage delinquency data:
o Defaulting a loan (specially mortgages) is not an usual event

@ Statistical procedures can sharply underestimate the probability of rare events

@ Increasing the size of the sample does not alleviate the bias

@ The bias of the estimated coefficients tend to underestimate the probability of the rare
event

© Finite samples aggravate the underestimation problem

Solution:
o Apply Rare Events Logistic Regression (King and Zeng, 2001, 2002)

@ The procedure corrects bias and variance using auxiliary information (e.g. public
records)

AMP BCCh December, 2015 18 / 24



L Results

Estimation Results 1: No interactions

Dep. Var.: Mortgage Default Dummy Model 1 Model 2 Model 3 Model 4

Idiosyncratic - Demographic Variables

Number of persons in house 0.211%%* 0.235%** 0.214** 0.213**
(0.0715)  (0.0826)  (0.0844)  (0.0856)

Income (in logs) J0.827**%  _0.563*%F*  _(.734%¥*  _(.524%**
(0.133) (0.153) (0.155) (0.162)

Primary Education 0.348 0.0446 0.215 0.109
(0.333) (0.424) (0.440) (0.466)

Tertiary Education -0.633*** -0.417 -0.554* -0.397
(0.241) (0.291) (0.308) (0.309)

Gender -0.285 -0.214 -0.285 -0.301
(0.199) (0.229) (0.244) (0.242)

Age 18-35 -0.0218 -0.155 0.0266 0.105
(0.260) (0.295) (0.306) (0.308)

Age 55-99 -0.699 -0.0802 -0.0578 -0.0759
(0.603) (0.675) (0.696) (0.683)

Idiosyncratic - Finance Variables

Negative Shock 1.745%** 1.715%** 1.668*** 1.683%**
(0.207) (0.245) (0.255) (0.256)

Credit Applications Rejected 0.276
(0.398)

Renegotiation 1.352%** 1.052%** 1.016%** 1.073%**
(0.244) (0.309) (0.332) (0.336)
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- Results

Estimation Results 1: No interactions

Dep. Var.: Mortgage Default Dummy Model 1 Model 2 Model 3 Model 4
Idiosyncratic - Finance Variables
Negative Shock 1.745%%* 1.715%%* 1.668*** 1.683***
(0.207) (0.245) (0.255) (0.256)
Credit Applications Rejected 0.276
(0.398)
Renegotiation 1.352%** 1.052%** 1.016*** 1.073***
(0.244) (0.309) (0.332) (0.336)
Systemic Variables
Current Loan to Value 0.253%*
(0.117)
Initial House Price (in logs) -0.416*** -0.450***
(0.113) (0.152)
Initial Loan to Value 0.0407 -0.0835
(0.0249) (0.0794)
Constant 6.125%%* 9.095%** 4.663%* 0.413%%*
(1.761) (2.302) (2.074) (2.631)
Observations 1,894 1,446 1,301 1,337

Note: Robust standard errors in parentheses. Significance: *** p<0.01, ** p<0.05, * p<0.1

AMP BCCh

December, 2015
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- Results

Estimation Results 2: Including Interactions

Dep. Var.: Mortgage Default Dummy Model 1 Model 2
Idiosyncratic - Demographic Variables
Number of persons in house 0.237*** 0.231%**
(0.0820) (0.0819)
Income (in logs) -0.578%**  _0.582%**
(0.150) (0.149)
Primary Education 0.0564 0.0804
(0.421) (0.414)
Tertiary Education -0.423 -0.425
(0.290) (0.290)
Gender -0.260 -0.247
(0.228) (0.227)
Age 18-35 -0.189 -0.195
(0.298) (0.298)
Age 55-99 -0.0714 -0.0950
(0.675) (0.675)
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- Results

Estimation Results 2: Including Interactions

Dep. Var.: Mortgage Default Dummy Model 1 Model 2
Idiosyncratic - Finance Variables
Negative Shock 1.678***
(0.245)
Credit Applications Rejected 0.687 0.677
(0.437) (0.439)
Renegotiation 1.319%** 1.325%**
(0.277) (0.276)
Systemic Variables
Initial House Price (in logs) -0.417***  -0.443%**
(0.112) (0.111)
Interaction Variables
Income and current loan to value 0.0199** 0.0195%*
(0.00810)  (0.00814)
Initial House Price and Negative shock 0.102%**
(0.0147)
Constant 9.326%** 9.817***
(2.265) (2.243)
Observations 1,446 1,446

Note: Robust standard errors in parentheses. Significance: *** p<0.01, ** p<0.05, * p<0.1
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L Final remarks

Final remarks

@ We are able to estimate a micro-powered model of mortgage default determinants

o Contrary to the existing literature, we find that interaction between macro and micro
factors is key

@ Income is an important determinant of the probability of default

@ A negative shock in the recent past significantly increases the probability of
defaulting a mortgage loan
Higher housing prices lessen the probability of default (the contrary is problematic)

A higher value of the interaction between income and current LTV is associated to
higher mortgage default

Also, a higher value of the interaction between origination housing prices and
negative budget shocks is associated with higher default rates

@ We propose to extend this framework to analyze further financial issues in a more
general setting

AMP BCCh December, 2015 23 /24



|—Appendix

Appendix: Nominal Flows of the Economy

Central Bank

Loan, no default

ST & LT loans,
collateral and /or
default penalties

Deposits

Household

Y

Household
o

commodity

AMP BCCh December, 2015 24 /24



	CL IFC Bulletin 41 - Session 5 - Paper CL (Avanzini)
	CL - Paper - A micro powered model of mortgage default risk for full recourse economies
	A micro-powered model of mortgage default risk forfull recourse economies, with an application to the caseof Chile
	1 Introduction
	2 A theoretical model of the determinants of default
	2.1 Financial intermediation
	2.2 Timing
	2.3 Economy and budget set
	2.4 Preferences
	2.5 Equilibrium

	3 Determinants of mortgage default
	4 Estimation Methodology and Data
	4.1 Estimation Methodology
	4.2 Data Description

	5 Results
	6 Final Remarks
	7 References
	8 Appendix
	8.1 Glossary
	8.2 First order conditions for the household problem
	8.3 Proof of Proposition 1
	8.4 Tables and Figures




	CL IFC Bulletin 41 - Session 5 - Presentation CL (Avanzini)
	CL - Presentation - A micro powered model of mortgage default risk for full recourse economies
	Summary
	Motivation
	Background
	Model
	Data & Methodology
	Results
	Final remarks
	Appendix




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /SymbolMT
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /SymbolMT
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


