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Having observed the rapid increase in household debt in Korea, policy
practitioners have launched numerous measures to resolve the problems
associated with household economies and their ballooning levels of debt. One of
these measures was to introduce non-recourse mortgages, by which lending banks
are not allowed to foreclose on borrowers’ non-collateralized income to recover
their losses. For instance, the Didimdol loan program of public mortgages funded
by the National Housing and Urban Fund (NHUF) has offered non-recourse

*
*
*
*

i
projects

The Effects of Non-Recourse Mortgages on
Default Risks and Households’ Surplus’

By KEEYOUNG RHEE”

We study whether a default option attached to non-recourse mortgages
improves borrowers’ surplus from mortgage financing. By defaulting
on mortgage debt, borrowers can save their non-collateralized income
from being foreclosed. In exchange, borrowers must forgo non-
monetary surplus from retaining any collateral. Banks may charge a
high mortgage rate due to increased default rates. We find that the
interest rate of non-recourse mortgage decreases with the borrowers
surplus from home ownership. Moreover, non-recourse mortgages
benefit only borrowers who deem housing property as an investment
asset. Hence, the transition to a non-recourse mortgage is detrimental
to welfare if the borrower enjoys a large surplus from home ownership.
Although the borrower privately knows how much surplus she enjoys
from home ownership, a menu of non-recourse mortgage contracts
may exist, yielding a separating equilibrium without information rent.

Key Word: Non-recourse Mortgage, Strategic Default,
Adverse Selection
JEL Code: D82, G18, G21

I. Introduction

Fellow, Korea Development Institute (e-mail: kyrhee@kdi.re.kr)
Received: 2018. 5. 8

Referee Process Started: 2018. 5. 10

Referee Reports Completed: 2018. 8. 25

The author thanks Sunjoo Hwang and other participants in the mid-term seminar on KDI policy research
in July of 2017 for their comments and suggestions. The author deeply appreciates the anonymous
reviewers for their invaluable feedback and for the suggestions which improved the paper. The views expressed in
this paper are those of the author and do not necessarily represent those of the Korea Development Institute (KDI).

All errors belong to the author.

69



70 KDI Journal of Economic Policy AUGUST 2018

mortgage product to low-income households since 2015. The Financial Services
Commission (FSC) also encouraged other government-run mortgage enterprises
(such as the Korea Housing Finance Corporation (HF)) as well as private banks to
sell non-recourse mortgage products.’

Obviously, these non-recourse mortgage products were introduced to protect
household income from being used to meet possible hefty repayment obligations
during economic downtowns. In the mortgage markets in Korea, banks have sold
recourse mortgage products which guarantee lenders recourse to borrowers’ future
income streams in the event of a default on their mortgage repayment. However,
under the alternative non-recourse mortgage contracts, borrowers can decide to
forgo nothing but the collaterals of the mortgages to the lending banks. Therefore,
the borrowers preserve non-collateralized income to pay living expenses, even
during times of economic distress.

Nevertheless, determining whether or not this provision of a default option is
always better off for household borrowers is not always clear. Lifting the
obligation to repay the outstanding debt will surely improve households’ surplus ex
post amounts when recessions hit household economies. To the lending banks,
however, less liquidation will increase the risk of default in the mortgage business.
Out of fear of losses during economic downtowns, lending banks may charge a
high risk premium to household borrowers. As a result, introducing non-recourse
mortgages may increase the costs of mortgage financing, which may in fact make
borrowers worse off (Bang, 2015).

Therefore, a careful examination is required of the effects of non-recourse
mortgage contracts before they are introduced into the market. Particularly,
borrowers may strategically exercise the default option even if they have a
sufficient amount of income to repay the outstanding debt, which may result in
welfare losses due to the costly liquidation process. Moreover, speculative
investors may abuse this default option as a means of reducing their exposure to
investment losses. In such cases, the introduction of non-recourse mortgages may
only subsidize speculators. Given that speculation in the housing market has
always been an important policy consideration in Korea, investigations of the links
between non-recourse mortgage instruments and borrowers' motives for home
purchases are necessary.

Since the pioneering work of Vandell (1978), the economic impacts of
alternative mortgage instruments (including non-recourse mortgages) on
borrowers’ repayment decisions has attracted the attention of many academic
researchers. Particularly, the literature expanded rapidly after the U.S. subprime
mortgage crisis of 2007-2009. For instance, Campbell (2012) compared the U.S.
and Europe with regard to differences in mortgage market structures in terms of
various economic and institutional aspects. Hatchondo et al. (2015) proposed LTV
limits as a policy instrument to complement traditional recourse mortgages. Kim
(2015) analyzed and simulated how households' optimal default decisions change
over time with their selection to finance home purchases, such as with non-
recourse mortgages and unsecured loans. Lastly, Piskorski and Tchistyi (2010)

'See the following link for more details (in Korean):
http://biz.chosun.com/site/data/html_dir/2017/01/13/2017011301418.html
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solve an optimal mortgage design problem in a general continuous-time dynamic
contract framework.

There are also empirical works related to alternative mortgage instruments. For
instance, Ghent and Kudlyak (2011) and Corbae and Quintin (2010) both found
that non-recourse mortgages yield higher default rates than recourse mortgages.
Using survey data, Guiso ef al. (2013) found that non-financial factors, such as
fairness and morality, associated with households may determine their decisions
strategically to default on their mortgages. Cocco (2013) used U.K. household
panel data to estimate that non-recourse mortgage products can be useful for
households to smooth their future consumption patterns.

However, despite its importance, there is scant literature found in Korea on the
impacts of non-recourse mortgages on household economies. To the best of the
author’s knowledge, there are few theoretical studies of a strategic link between
household demand for houses and their decisions regarding the fulfillment of their
repayment obligations. Without a careful examination of the economic impacts of
relevant policies, no one can appropriately predict the ramifications of introducing
non-recourse mortgage products. To address this problem, we present a simple and
stylized model to analyze why borrowers strategically default on their non-recourse
mortgage debt. Specifically, we focus on how the default risk of non-recourse
mortgage contracts varies with households’ purposes for buying housing.

In our model, a borrower purchases a house via mortgage financing, in which a
lending bank collateralizes the purchased house. The borrower has two future
sources of income in the future: capital gains from the collateralized house and
non-collateralized labor income. Every individual bank competes with others to
sell the mortgage to the borrower by offering certain mortgage repayment terms. If
the household defaults on the debt, the lending bank forecloses and liquidates the
collateral so as (partially) to recover its loss. We assume that the liquidation
process incurs a loss of value from the collateral, which constitutes the welfare
loss.

We consider two types of mortgage products in our model. With a recourse
mortgage, if the household defaults on its mortgage, the lending bank will foreclose
and make a claim to all of the borrower’s income, including non-collateralized
income. However, under a non-recourse mortgage, the borrower can avoid her
remaining mortgage debt by surrendering the collateralized property. By doing so,
the borrower can preserve her non-collateralized labor income from going towards
the outstanding debt. To capture the impact of non-recourse mortgages, we
compare the borrower’s gains from mortgage financing for these two types of
mortgage products.

A key assumption is that the borrower enjoys an additional non-monetary (and
possibly subjective) surplus by retaining ownership of the property purchased via
mortgage financing. This surplus can be obtained if the borrower fulfills her
mortgage repayment. This additional surplus can be referred to as the value of
living in the purchased house. For example, if the borrower gains a surplus of zero
from homeownership, she views the housing property merely as an investment
asset for capital gains. On the other hand, if the borrower gains a high level of
homeownership surplus, she views this housing property as a residence. Thus, this
type of borrower is, if necessary, willing to repay the mortgage debt with her non-
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collateralized income.

We show that the probability of default in the case of a non-recourse mortgage
decreases with the borrower’s surplus from repaying the mortgage debt.” If the
borrower’s homeownership surplus is relatively low, the mortgage repayment cost
may outweigh the associated benefit. Given this low value of homeownership
surplus, the concept of HDP equilibrium comes into play (where HDP stands for
“high default probability”), in which the borrower retains non-collateralized
income when the housing price decreases below the total amount of the mortgage
debt. The banks charge high mortgage rates due to the increased default risk. In
contrast, if the borrower’s homeownership surplus is relatively high, the benefit of
repaying the mortgage will outweigh the cost. Given this high value of
homeownership surplus, there exists LDP equilibrium (where LDP denotes “low
default probability”), in which the borrower uses non-collateralized labor income
to repay her mortgage debt fully. Accordingly, banks do not charge high mortgage
rates because the default risk level does not increase compared to that under a
recourse mortgage.

We also determine whether or not a transition to a non-recourse mortgage
improves the borrower’s gains from mortgage financing. We find that there is a
threshold of the borrower’s homeownership surplus such that the non-recourse
mortgage improves the borrower’s gains if and only if the borrower’s
homeownership surplus is under that threshold. In such a case, the default option
enabling the borrower to avoid the repayment obligation presents a high value to
the borrower when the value of the homeownership surplus is low. Meanwhile, the
increased interest rate may harm the borrower’s gains from mortgage financing.
Given a high value of the default option, the borrower will realize higher gains
with a non-recourse mortgage, although she faces a high interest rate compared to
the recourse mortgage product. Otherwise, the borrower will be worse off due to
the increased cost of borrowing, whereas the default option presents a low value.

Similarly, we find that the transition to a non-recourse mortgage improves
welfare if and only if the borrower’s homeownership surplus is low. The total
welfare is the borrower’s gains from mortgage financing minus the expected social
cost from liquidation in the event of a default. Under a non-recourse mortgage, the
increased default probability in the state of HDP equilibrium yields a greater
welfare loss due to the costly liquidation of the foreclosed property. As explained
above, the value of the default option is decreasing in the event of a borrower
homeownership surplus. Therefore, a non-recourse mortgage improves social
welfare if and only if the borrower’s homeownership surplus is sufficiently low
and, therefore, the value of the borrower’s default option is very high.

In the main model, the borrower’s surplus from retaining homeownership is
assumed to be publicly known by the banks. However, it may be more realistic to
assume that such homeownership surplus is private information available only to
the borrower. Indeed, banks may not be able fully to verify whether the borrower

*This analytical result resonates with the empirical works by Bhutta ez al. (2017) and Guiso et al. (2013). For
instance, Bhutta er al. (2017) finds that borrowers are more reluctant to default on their mortgage repayment
obligations than the level predicted by traditional models. They interpreted their finding as meaning that emotional
and behavioral factors may influence borrowers’ repayment decisions. The surplus gained mortgage repayment in
our model plays a role similar to such “non-rational” factors.
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buys housing as a residence or for speculative purposes. To enhance fully
relevance of our analysis, we augment our model by introducing informational
asymmetry with regard to each borrower’s homeownership surplus.

We analyze whether or not the adverse selection problem will make the
borrower worse off compared to complete information.” We find that there may be
a separating equilibrium by which the borrower realizes the same gains as she
would under a scenario of complete information. Consider the borrower with a
high homeownership surplus first, who receives low repayment terms in
equilibrium. If the housing price is lower than the mortgage debt, this type of the
borrower would rather use her non-collateralized income to fulfill her repayment
obligations. Because such borrowers rarely exercise the default option, they prefer
a mortgage product that offers the lowest mortgage repayment terms, leading to the
highest residual income after repayment. Next, consider the borrower with a low
homeownership surplus, who receives the high repayment terms by reporting her
true type in equilibrium. If the homeownership surplus is not too low, this type of
the borrower will actively exercise her default option to prevent her non-
collateralized income from being foreclosed upon compared to the other type of
borrower. If the borrower lies about her type, she will be offered low repayment
terms to an extent such that she needs not exercise the default option. Put
differently, this type of borrower will endogenously surrender her default option by
mimicking the other type. However, the equilibrium repayment terms offered by
competitive banks are not hefty enough for the borrower to misreport her type for
the sake of low repayment terms. Therefore, it is optimal for the borrower to report
her type truthfully.

The remainder of the paper proceeds as follows. Section 2 presents our model.
In Section 3, we discuss equilibrium under the recourse mortgage contract as a
benchmark of our main analysis. In Section 4, we study the strategic interaction
between borrowers and banks under non-recourse mortgage contracts and derive
related policy implications. In Section 5, we conduct the equilibrium analysis
under asymmetric information regarding borrowers' surplus amounts from
retaining homeownership. Section 6 concludes the paper.

II. Model

Consider a two-period (¢ =0,1) economy with a household and a number of
competitive banks. When the game begins in ¢ =0, there is a house available for
sale in this economy. The borrower can purchase this house at a price of p, >0.
We assume that the household has zero initial wealth such that the house is

unaffordable without external financing. However, the borrower can buy the house
by borrowing from one of the banks via mortgage financing. Specifically, the

borrower can borrow money p, from a bank by collateralizing the house she

would like to purchase. In return, she is obliged to repay the mortgage debt with an

The heterogeneity of borrowers’ characteristics is similar to that in the setting of Campbell and Cocco (2015).



74 KDI Journal of Economic Policy AUGUST 2018

amount D>0 in r=1." If the borrower does not repay her mortgage, the
ownership of the collateralized house is transferred to the lending bank. The bank
liquidates the collateral to recover (partially) the loss from the default. We assume
that banks in the mortgage market compete d la Bertrand with regard to selling
mortgage products such that the repayment term D is determined to break the
lending bank even.

After purchasing the house, the borrower can repay the mortgage debt by
spending either capital gains or labor income realized in ¢=1. Specifically, the
household can realize a capital gain (or loss) from the purchased house in #=0:
the house price in ¢=1, denoted by p, , may increase to p, > p, with
probability 7€ (0,1) or decrease to p, < p, with probability 1-7 . In addition,
the borrower gets a separate labor income w, in ¢=1. We assumed that w, is a
binary random variable such that the household gains high labor income (w, =w),)
with probability ye (0,1) and low labor income (w, =w,) with probability
I-y, where w, >w,. We also assume that w, is mutually independent of p, .

A key assumption in this model is that the household enjoys an additional
surplus from retaining ownership of the purchased house. Specifically, we assume
that if the borrower fully repays her mortgage debt, she gains a non-monetary
surplus » >0 in ¢=1. In contrast, if the household defaults on her mortgage
debt, the collateralized house will be foreclosed and thus the borrower cannot gain
7. We can interpret » >0 as the benefit the borrower enjoys from having her
own residential unit. If » 1is high, the household then has a strong incentive to
repay her mortgage debt. In contrast, a borrower with a low » can be interpreted
as one who deems the house as an investment asset rather than a residential unit. In
Sections 4 and 5 below, we discuss in more detail how this non-contractible
surplus from homeownership will influence the default decisions of borrowers.

If the borrower defaults on her debt, the lending bank liquidates the
collateralized house (partially) to recover its loss. We assume that the liquidation
process cases a loss. One can consider the loss of the transaction and the legal costs
incurred when the ownership of the collateral is transferred to the lenders. A
liquidation loss can be also incurred by the inefficient allocation of collateral due to
a fire sale in the secondary market.” Throughout, we assume that the bank retains

Ap, at most by liquidating the collateral, where A€ (0,1) .* Furthermore, we

‘It may be more plausible to assume that banks offer a variety of contractual benefits to prospective
borrowers. For instance, some banks may offer to relax the loan-to-value (LTV) constraint on the mortgage in
order to attract borrowers who want to use high leverage for investing in real estate (Bester, 1985). However, it
may not abstract from reality even if the mortgage rate is the only contractual term of the mortgage. In fact, any
contractual terms exist in a replaceable relationship with the mortgage rate. Particularly, although there may be a
state of equilibrium in which banks are allowed to offer various mortgage terms, one can also find another
equilibrium state with a mortgage contract containing repayment terms only, in which the borrower gains the same
utility as they would in any other state of equilibrium with a mortgage with various terms.

’Because this paper focuses primarily on the strategic interaction between banks (lenders) and households
(borrowers) at the institutional level, we abstract from potential issues pertaining to the allocation efficiency levels
of collateralized properties at the market level.

®This setup is standard in the finance literature, as in Diamond and Dybvig (1983) for the case of bank runs;
and Brunnermeier and Pedersen (2008), Malherbe (2014), and Parlour and Plantin (2008) for cases of liquidity
shortfalls in the secondary market. One may find that any alternative formulation of the default cost (such as a
fixed cost imposed on the lending bank) does not change the main result.
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assume the following:
(D Py tW,>p,tW,>p+W,>p,>p tw

Equation (1) can be interpreted as follows. If the borrower realizes capital gains
(p,=p,) in t=1, she does not have to use her non-collateralized income w; in

order to fulfill her repayment obligation D . Under this assumption, the capital
gains from the house price are the primary source of income to repay the mortgage
debt. This setting also takes into account the possibility that when the borrower
finances her home purchase, she may have to take on the risk of losing all of her
income.

We consider two types of mortgage products initially as to whether or not
lenders (banks in our model) have recourse against losses from their mortgage
business. First, banks can offer a recourse mortgage contract, in which the
borrower is obliged to fulfill her outstanding debt. Under this type of contract, the
borrower’s labor income is foreclosed to be used to repay the mortgage debt when
the borrower defaults on her debt. In other words, the household’s total income is
collateralized by the lending bank. Second, banks can offer a non-recourse
mortgage contract in which the borrower does not need to repay the outstanding
debt after defaulting on her mortgage. Under this contract, the borrower can
preserve all of her labor income in 7 =1 by defaulting on her mortgage.

The game proceeds with the following timeline of actions:

1. In t=0, each competitive bank offers a mortgage contract with repayment
term D to the household.

2. The household decides whether or not to sign a mortgage contract to finance
the home purchase.

3.In t=1, w, and p, arerealized.

4. Under a non-recourse mortgage contract, the household decides whether to
repay the mortgage or to default on it. Under a recourse mortgage, the household
gains the residuals of its total income after repayment of the mortgage.

5. In the event of a default, the lending bank takes over and liquidates the
collateralized house.

II1. The Equilibrium under the Recourse Mortgages

As a benchmark, we initially characterize the state of equilibrium under a
recourse mortgage, in which banks have recourse against losses incurred by
borrower defaults on mortgage debt. This analysis will facilitate an understanding
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of the strategic interaction not only among competing banks but also between
lending banks and borrowers.

We analyze how the mortgage repayment terms are determined in equilibrium.
In our model, a bank which offers a mortgage contract with the lowest repayment
terms will win the competition. Hence, the equilibrium repayment term, denoted as

D; , will make zero expected profit. For simplicity of our analysis, we assume the

following:

Assumption 1.
1 p, < (72’+(1—7[)y)ph +(1—7Z')(1—y)/1p,
(i) w,=0
(i) <Py
P

Assumption 1-(ii) is introduced to normalize all sources of the future income in ¢ =1.

Under Assumption 1, there exists a repayment term D€ [p,, p,] which gives

zero expected profit to the banks. Given this D, it follows from the equation (1)
that the borrower may default on her mortgage debt only given the state of the
lowest income which occurs with probability (1-7)(1-y). In this state, the bank

liquidates the collateralized house to obtain Ap,. In the other states, the lending
bank expects to receive the full repayment with probability 7+ (1-7)y. Therefore,
the repayment term DZ must be determined by the following indifference

condition:
(2) [z+(1-7z)y|D, +(1-7)(1-y)Ap, = p,
The left-hand side of equation (2) is the expected payoff from lending to the

borrower, and the right-hand side is the total amount of money lent to the borrower.
From equation (2), the equilibrium repayment term is determined as

3 < _p-(-7)(1-y)ap,
) Or r+(1-7)y

The next proposition presents how equilibrium under the recourse mortgage
contract is characterized.

Proposition 1.
Suppose the bank has recourse against losses incurred by the mortgage. In such
a case, there exists a unique equilibrium in which every bank offers repayment

term D; as determined by equation (3).
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Proof.

From Assumption 1, D; determined by equation (3) is the only repayment
term by which the bank breaks even. Suppose there exists an equilibrium state in
which banks offer p’ = D;. If o> D; , an individual bank has an incentive to offer

pe (D, D;). If <Dy, lending to the borrower is unprofitable by the equation

(2), so all banks will not offer such a mortgage contract, a contradiction. Using the
same logic, one can also find that it is optimal for each individual bank to offer

D;, given all other banks offer the same contract. Q.E.D.

One noteworthy feature from Proposition 1 is that the equilibrium repayment
term does not change with the borrower’s surplus from retaining homeownership
r >0, as the borrower’s labor income is subject to foreclosure under the recourse
mortgage contract. In other words, the borrower cannot exercise her default option
in order to preserve her labor income.

However, this does not necessarily mean that the borrower is worse off when the
mortgage contract does not grant the default option. The foreclosure of future
income in a poor state clearly harms the household’s welfare. In this regard, the

household can set the labor income w, apart for future consumption. However,

giving recourse to the lender may increase the risk that the borrower is more likely
to default on her mortgage debt. Thus, the lack of the default option may lower the
default risk and thus the borrower can fund the home purchase more inexpensively.
Due to this tradeoff of the default option, a careful examination of the value of the
default option under a non-recourse mortgage contract is necessary.

IV. Equilibria under Non-Recourse Mortgages

In this section, we analyze how a borrower strategically exercises the default
option under a non-recourse mortgage. By defaulting on her mortgage, the
borrower can prevent her non-collateralized income from being foreclosed.
However, the borrower must forgo any non-monetary surplus from retaining
homeownership. Thus, the equilibrium mortgage repayment terms will be closely
related to the borrower’s valuation of the default option.

Under a non-recourse mortgage, the benefit » >0 from fulfilling the repayment

obligation will determine the borrower’s default decision. Let D,, denote the

repayment term under the non-recourse mortgage contract. Given the house price
p, and the labor income w;, the borrower repays her mortgage debt if and only if

4) pptw+r—=D,2w = p +rzD,,

NR —

If the borrower fully repays her mortgage D,, , she gains net payoff
(p,+w —-D,)+r . If the household defaults on her mortgage debt, the
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collateralized house will be foreclosed but she can keep her labor income w,

away.

Equation (4) reveals the tradeoff of the mortgage debt repayment. If the
borrower fully repays the mortgage debt, she will lose her non-collateralized
income, which may otherwise have been used for her own consumption. In return,

she enjoys the additional utility stemming from securing her place as a residence. If

it is too costly for the household to repay D,,, then the household will default on

the mortgage debt in order to prevent the labor income from being foreclosed.
Here, we characterize equilibria under a non-recourse mortgage contract. To this

end, we assume the following:

Assumption 2. p,<zp, +(1-7)Ap,

Under this assumption, there will be no equilibrium in which the repayment term
exceeds p,. Therefore, we can focus on equilibrium where the borrower may
(strategically) default on her mortgage debt only if the future price of the house is
equal to p,. Indeed, it appears unrealistic to postulate that the borrower defaults

on her mortgage debt even if she earns capital gains from her property.
There are two possibilities leading to the borrower’s default decision in
equilibrium. First, there may exist a state of equilibrium in which the borrower

chooses to default when her income in ¢=1 is p,+w, .’ We label this

equilibrium as the HDP type, which stands for “high default probability.” From
equation (4), the borrower will default on her mortgage debt if and only if

*
5 +r<D .
( ) pl HDP

Because p, +w, > p, , the borrower will surely go bankrupt in the state

p, +w, = p,, which takes place with probability 1-7 . Thus, the equilibrium

repayment term D,

must satisfy the following zero-profit condition:

(6) ”D;DP‘*'(I_”)/?'IJ/ =P,

The house price goes up to p, with probability =z, in which case the lending

bank receives full repayment. In the state p, = p, with probability 1-z , however,

the borrower defaults on her mortgage debt, in which case the lending bank
forecloses on the house and liquidates the collateral (partially) to recover its loss.

"More precisely, the household’s net income in ¢=1 is the sum of labor income w;  plus capital gains

p1 — pg - However, it is more important in our analysis to focus on p; + wy, which is the total amount of income

payable to fulfil the mortgage. For convenience of exposition, we throughout the paper abuse the term “income,”
which refers to the total amount of money which can be used to repay the mortgage.
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Because the equilibrium repayment term must allow the lending bank to break
even, D;,DP is determined as

*

@) Dypp = (po—(l—ﬂ)ﬁp,).

N |~

%

HDP
equation (7) must satisfy constraint (5), which yields the necessary condition of
r>0:

To support the borrower’s equilibrium default decision, D as determined by

1
®) r<;(po—(1—ﬂ)ﬂp,)—p,

Equation (8) indicates that » >0 should be sufficiently small. As discussed above,
the borrower faces a tradeoff with regard to mortgage repayment. By repaying the
mortgage debt, the borrower enjoys the homeownership surplus » > 0. However, if
the housing price drops below the total mortgage debt, she may have to spend all or

some of w, to repay the outstanding debt. If the surplus from retaining

homeownership is relatively low, she will strategically decide to default on her
mortgage debt.

Next, we consider an alternative type of equilibrium in which the borrower
fulfills her mortgage repayment obligation despite the fact that a capital loss occurs
in t=1. We label this equilibrium type as the LDP type, where LDP is an
acronym for “low default probability.” In this equilibrium state, the borrower

prefers repaying her mortgage when her income is p,+w, in ¢t=1. From

equation (4), we have
©) p+r=D; .

As in the HDP equilibrium state, the borrower will repay her mortgage debt
when her homeownership surplus is greater than the total mortgage repayment.
Hence, the borrower defaults on her mortgage debt only if her total income in ¢ =1
is not high enough to fulfill her repayment obligation. Therefore, the repayment
term will be determined by the following zero-profit condition:

(10) (7z+(l—7z)y)DZDP+(1—7Z)(1—y)/1p1=p0.
From equation (10), we have

(11) Dipp =————(p,~(1-7)(1-2) Ap,).

r+(1-7)y
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.
Because D,

have the following condition pertaining to r > 0:

determined by (11) must satisfy the necessary condition (9), we

(12) QM(pO_(l_ﬂ)(l—y)zp,)—p,

If the surplus from homeownership is high, the borrower does not have an
incentive strategically to default on her mortgage debt. Thus, equation (12) means
that LDP equilibrium can exist only if the borrower’s homeownership surplus is
sufficiently high.

From equations (5)-(12), we can characterize HDR and LDR equilibria as
follows:

Proposition 2.
Under a non-recourse mortgage contract, there exist 7 such that HDP

yep . . __x yep . . _* 8
equilibrium arises from r <7 and LDP equilibrium arises from r>7 .

Proof.
First, we establish some of the technical results used in the proof. Define

* 1 * 1
TLpp = (po—(l—ﬂ')(l—y)ﬂpl)—p/ Ellld rLDP :=;(p0 _(l_ﬂ)ﬂ’p/)_pz'

z+(1-7)y

. * *
One can easily show that 7, ,, <7, .

Next, let U,,, =7p, +(1-7)yp, +yw, +7r-(p, - (1-7)Ap,) denote the borrower’s

HDP * and

expected payoff under a non-recourse mortgage with repayment term D
Upp=7p, +(1-7)yp, +yw, +(z+(1-7)y)r—(p,-(1-7)(1-y) Ap,) denote the
borrower’s expected payoff under a non-recourse mortgage with DZDP. One can
then find that there exists » =Ap, such that U, -U, >0 if and only if
r> r,*, Note from Assumption 1-(iii) that r[* < rZ,DP .

We will initially show that only HDP equilibrium can exist for every

r< max{rZDP,r,*}. Suppose to the contrary that LDP equilibrium exist for some

r< rL*DP‘ Because banks compete a la Bertrand, the equilibrium repayment term

must be D, However, we have D,,,>p, +r according to (12), a

LDP *
contradiction. Next, suppose rL*DP < ’”1* and that LDP equilibrium exists for some
re[r,pp.7, ). From the definition of 7, , a bank can profitably deviate by offering

D'=D,,,+¢ forasmall case of £>0 such that the borrowers’ expected payoff

8The author is highly indebted to one of the anonymous referees, who pointed out an error in the proof of
Proposition 2 in a previous version of this paper. The author also acknowledges that the same error was found in
the baseline paper written by Rhee (forthcoming).
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from buying the mortgage at D’ is strictly greater than U, , a contradiction.

*

Next, we show that HDP equilibrium cannot exist for every r > max{r;DP,rI } .

Proceeding similarly to the previous argument, suppose to the contrary that HDP
equilibrium exists for some r > max{r;DP,r,*} . In such a case, a bank can

profitably deviate by offering mortgage rate D’ = DZDP + ¢ for a sufficiently small
LS (O, D, +r—DZDP) such that the borrower’s expected payoff from buying the

mortgage at D’ is strictly greater than U a contradiction.

HDP >

Next, we prove that HDP equilibrium exists for all »< max{rL*DP,r,*} . To this
end, first we show that it is optimal for the borrower to use the prescribed
equilibrium strategies in each state, given repayment term D;;DP. Because any

r<r,,, satisfies equation (8), D,,, also satisfies the equation (5) for all
r < max {rL*DP, r,*} . Thus, it is optimal for the borrower to default on her mortgage if
p+w =p+w.If p+w=p, the borrower cannot repay D,,, and thus goes
bankrupt. If p +w, >p +w, 2D;,DP , the borrower then prefers to repay her
If a bank offers

*

mortgage. We show next that it is optimal for banks to offer D, .

*

repayment term D> D,

the borrower will not buy the mortgage. If a bank

offers repayment term De ( p,+r, D;,DP ) , the borrower will sell the mortgage but

such a deal will generate a loss according to equation (8). Suppose a bank offers
repayment term D e [DZDP, p,+ r] Jf < rL*DP’ such an offer will generate a loss

for the bank according to equation (12). If r< r[*, the borrower will not buy the
mortgage under this repayment term because the borrower’s expected payoff with
D is weakly lower than U,,, but U,,,-U,,, <0. Lastly, a bank will realize a
loss by offering D < DZDP .

Lastly, we prove that LDP equilibrium exists for all »> max{r;DP,rI*} .
Proceeding in a manner similar to the previous argument, one can show that it is
optimal for the borrower to utilize the prescribed equilibrium strategies in each
state given repayment term D;DP. Next, we show that it is optimal for banks to

If a bank deviates and offers D’ <D, it can attract the borrower but

.
offer D LDP »

LDP *
will make a loss by the equation (12). If a bank offers De (D, ,,, p, +7], it cannot
sell the mortgage to the borrower. If a bank offers D’> p, +7 and the borrower
buys the mortgage under this repayment term, the borrower’s expected payoff will
be weakly less than U,,,. Because U, -U,,, <0 for all r> max{r;DP,r,*},

the borrower will not buy the mortgage from the deviating bank, i.e., Q.E.D.
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During the equilibrium characterization step, how the borrower values the
default option attached to a non-recourse mortgage is crucial.” Suppose the

borrower enjoys a high level of homeownership surplus (r=7). In this case,
forgoing this surplus severely harms the borrower’s expected gains from mortgage
financing. Thus, the borrower is willing to fulfill her mortgage repayment
obligation even if it requires her to use her non-collateralized income. Because the
default risk remains unchanged compared to that in a recourse mortgage, the bank
does not charge a high mortgage rate to the borrower compared to the case of a
recourse mortgage.

Next, suppose the borrower’s homeownership surplus is relatively low

(<7 ).In this case, the borrower deems the housing property to be a financial
asset rather than a residence. If the housing price is lower than the mortgage debt,
the borrower will exercise the default option because the opportunity cost of
default is not high. Due to the increased default risk, the bank will charge a high
mortgage rate to the borrower. With a high repayment term, the borrower becomes
even less willing to use non-collateralized income to repay the mortgage. However,
the Bertrand competition among banks keeps the mortgage rate in the state of HDP
equilibrium not overly high. Hence, the borrower chooses the mortgage contract

with D;,DP as opposed to other mortgage contracts with repayment terms lower

than D,

The equilibrium characterization in Proposition 2 also provides a hint pertaining
to how the transition to a non-recourse mortgage affects the borrower’s gains from
a mortgage. As presented in the following observation, a non-recourse mortgage
indeed makes the borrower who buys housing property for speculative purposes
better off.

Proposition 3.
There exists 7 <7 such that the borrower’s expected payoff is higher under a

. _* >
non-recourse mortgage than under a recourse mortgage if r<r , the borrower’s
expected payoff under a non-recourse mortgage is strictly lower than otherwise if

relF ,7 ), while the borrower’s expected payoff does not change with alternative

types of mortgage products if r > 7.

Proof.
1

(Po_(l_”)(l—y)ﬂp,)—p, and r[* =Ap, from the
7z+(1—7z)y

Recall rL* P =
proof of Proposition 2. Let

Upg=np,+(1=7)yp, +yw, +(x+(1-7)y)r—(p,-(1-7)(1-y) Ap,)

denote the borrower’s expected surplus under a recourse mortgage. According to

°This result is consistent with Albanesi et al. (2017), which documents that borrowers’ residential levels of
demand for housing properties are an important factor in determinations of default probabilities.
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10

equation (3), one can easily find that U, =U,,,, where U,,, is the expected

. *
SllI'plllS with repayment term D LDP under a non-recourse mortgage.

There are two possibilities, either rL*DP Srl* or <rL*DP‘ Consider rL*DP Srl*
first. From the proof of Proposition 2, HDP equilibrium arises under a non-
recourse mortgage if and only if »< 7 o= r,*. According to the definition of r,*,

* *

we have U, -Uypp =U,;pp—Upypp >0 if and only if r<r1* =r =7
Furthermore, U, -U,,, =U,pp —U,pp =0 for all r= 7 , where the inequality is

strict if and only if re (¥ *,7*). O.E.D.

The key contribution of the non-recourse mortgage to the borrower’s gains from
mortgage financing is the default option. The value of the default option varies
with the borrower’s surplus from retaining homeownership. When the housing
price falls below the repayment term ex post, the cost of defaulting is » >0, the
borrower’s surplus from homeownership. The benefit of defaulting is the retention
of non-collateralized income. Thus, it is straightforward to consider that the ex-post
net benefit of the default option is a decrease in ». However, the increased
probability of default leads to a high borrowing cost ex ante. If r is relatively low

(r<7), the benefit of the default option outweighs its total cost, indicating that a
transition to a non-recourse mortgage improves the borrower’s gains from

mortgage financing. If 7 is relatively high (» > 7 ), the non-recourse mortgage
leads to an increase in the borrowing cost, which makes the borrower worse off.!!

Proposition 3 features a noteworthy policy implication: the introduction of a
non-recourse mortgage may not always make households better off. Particularly, a
non-recourse mortgage mainly benefits ‘“speculative” homebuyers who use
leverage with their investments in housing properties (i.e. those with low values of
r’s). In contrast, households buying houses for residential purposes (i.e., those
with high values of 7 ) will take residual income into account after debt repayment
as compared to post-default income. Therefore, these homebuyers prefer relatively
low mortgage rates to the default option. From this perspective, the policymakers
should carefully examine the characteristics of the beneficiaries of non-recourse
mortgage products.

We conclude this section by comparing the social welfare between the two
different types of mortgage products. Because banks gain zero expected profit

"The result U r=U does not change even if we relax the assumption of and allow w, = 0. Under a

LDP

recourse mortgage, the borrower will lose her labor income w; in the worst state of p, +w; = p; + w;, but

* *
enjoys a lower repayment term D, < D, ., compared to that in a non-recourse mortgage. One can algebriacally

find that this tradeoff is precisely cancelled out.

"This result will not be substantially altered even if we assume that the borrower is risk averse. To
understand this easily, one can augment our model with an extra reduced-form variable added to the borrower’s
state-dependent payoff, which is zero if the net income after repaying the mortgage is large and positive otherwise.

B
In this setup, the main result remains unchanged, although the value of the threshold 7 increases compared to
that in the baseline model.
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under either of the two mortgage products, the social welfare is calculated as the
borrower’s expected payoff minus the expected liquidation cost of the collateral

(l—ﬂ)pl.

Proposition 4.
There exists 7 <7 such that non-recourse mortgages yield (weakly) higher

welfare than recourse mortgages for all r<r ", but yields (weakly) lower welfare
otherwise.

Proof.
Because LDP equilibrium arises from any r > 7, both recourse mortgages and

non-recourse mortgages yield the same amount of welfare. Consider r < 7 for
which HDP equilibrium uniquely exists under a non-recourse mortgage. The net
borrower’s surplus from the non-recourse mortgage is

Uupp ~Ur =Uppp =U;pp =(1-7) y(Ap, —r) . Given that the borrower defaults on
the mortgage debt in the state p, +w, = p, +w, with a non-recourse mortgage,

shifting to a non-recourse mortgage adds an expected cost of default
(1-7)y(1-A) p, to the welfare amount; thus, the net welfare of the non-recourse

mortgage is  (1-7)y(Ap, -r)-(1-7)y(1-2) p, =(1-7) y((24-1) p, - 1)
Therefore, there exists 7 :=min{7",max{(24-1) p,,0}} such that a non-recourse

mortgage yields higher welfare than a recourse mortgage. 7 <7 is immediate
from (24-1)<A.Q.E.D.

The default option granted to the borrower yields a potential welfare loss from
the costly liquidation process. Thus, a non-recourse mortgage can improve the total
welfare only if the borrower’s value of the default option is sufficiently high. This
can occur if and only if the opportunity cost of default - »>0 in our model — is

sufficiently low (r <7 "). In contrast, such a welfare improvement effect no longer
exists once the cost of default is relatively high (re [?*,F *] ). Therefore, as argued

similarly in Propesition 3, it is important to investigate whether or not prospective
users of non-recourse mortgages want to buy houses either as an investment or as a
residence.'?

V. Optimal Mortgage Design under Informational Asymmetry

Thus far, we have assumed that the borrower’s surplus from retaining
homeownership is publicly known to the lender. In reality, however, households
subjectively define the value of retaining their homeownership. Moreover, banks

“Similar to Proposition 3, the welfare comparison result in Proposition 4 will not be significantly altered
even if we assume that the borrower is risk averse regarding her future consumption.
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cannot precisely verify whether prospective borrowers want to buy housing
properties for speculative purposes or for residential purposes. Hence, the main
result in Section 4 may not have relevance.

To add reliability, we augment our model by introducing informational asymmetry
to the household’s surplus from homeownership »>0. Specifically, we assume

that nature draws re{n,r} such that O0<r <r <o with probability
Pr(r=r,)=qe(0,1) before the game begins. The borrower privately knows the

true value of . For convenience of exposition, we throughout refer to re {r,r,}

as the borrower’s “type.” To restrict our attention to the cases of interest, we
assume the following:

Assumption 3. ;<7 <7,

The main question is whether there exists a mechanism which addresses the
adverse selection problem potentially faced by a type-7, borrower. As argued
previously, the borrower with type 7, is more willing to repay her mortgage debt
than the other type. At a glance, one may conjecture that the type-# borrower has
an incentive to mimic type 7, for more favorable borrowing terms. If a borrower

of type 7, is lumped together with those of type 7, her borrowing terms will be

worsened to an extent that she may default in states she would not given complete
information. The following proposition holds that the adverse selection problem of
the mortgage market can be fully eliminated under a non-recourse mortgage only if

n is relatively high.

Proposition 5.
OIf = DZDP - p,» there exists a separating equilibrium by which a borrower of

type r, borrows with repayment term DZDP and a borrower of type r,

borrows with repayment term D, ,,,

under a non-recourse mortgage.
.. * . . 7. .
(1) If r <D;pp—p,, there exists no separating equilibrium under a non-

recourse mortgage.

Proof.
To prove part (i), recall from the proof of Proposition 2 that the borrower will

gain U, if she reports her type as » and U,,, if she reports her type as »,.

Recall also that U, -U,,p >0 if r=r and U,,,-U,,p <0 if r=r.

First, we show that it is optimal for each type of borrower to utilize the
prescribed equilibrium strategies. Consider a borrower of type 7, first. Because

Uypp —U,pp >0, type 1, has no incentive to misreport her type as 7, . Likewise, a

borrower of type 7, cannot gain a higher payoff from mimicking type 7 as
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Uppp —Upp <0 if r=r,.
We now show that banks have no incentive to deviate from the prescribed
equilibrium offer strategies. Because both D;DP and DZDP yield zero expected

*

HDP have no incentive to

*
or D

profit in equilibrium, banks offering either D LDP

make the other offer. If a bank deviates and offers D> D, then no borrower

HDP >
®

pp leads to a

will buy the mortgage from this bank. Moreover, any offer D’<D
loss to banks regardless of whether such an offer attracts type #, type r,, or both.
Suppose a bank offers D’e (DZDP, p, +r]. If type r, buys the mortgage from this
bank, her total payoff will be strictly less than U, ,,.If type » buys the mortgage
from this bank, her payoff is then strictly less than U,,,. Because U, >U,,p
for »=r, type r will not buy the mortgage from the deviating bank. Lastly,

suppose a bank offers D> p, +r . Proceeding similarly as in the previous

argument, one can find that no type will buy the mortgage under such repayment
terms.
We next prove part (ii). Suppose there is a separating equilibrium under a non-

recourse mortgage. A borrower of type 7, can then gain a strictly large payoff by
being untruthful regarding her type, i.e., reporting it as » =r,, and defaulting on

her repayment in the state of p; +w, = p, +w,, a contradiction. Q.E.D.

Suppose r is relatively high to an extent that she will not exercise her default
option with the low repayment term DZDP. For a type-7 borrower, the default
option is valuable compared to the lower mortgage rate (DZDP < D;]DP) such that

she can enjoy by lying about her type to the banks. In other words, the repayment
term D,,, offered to type r=r, in equilibrium is not favorably low enough for

the type-r borrower to mimic the other type. In contrast, the type-7, borrower

finds exercising the default option too costly due to the high value of her
homeownership surplus. Hence, type- r, prefers a contract with the lowest

repayment term (D = DZ pp )» Which is offered when the type-7, borrower truthfully

reports her own type. On the other hand, such a separating equilibrium cannot be
supported if 7 is too low; a borrower of type 7 will realize high gains by

misreporting her type for the favorable mortgage rate DZDP and exercising the
default option in the state p, +w; = p; +w,. In order to ensure truth-telling to be a
compatible incentive for type 7, a non-recourse mortgage with repayment term

DZDP in the menu of mortgage contracts should be replaced by a recourse

mortgage product with the same repayment term.
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One interesting feature is that information rent is not given to any type of
borrower in the separating equilibrium stated in Proposition 5. However, it
remains an open question as to whether we have the same result when the mortgage
market is not as competitive, as in our model. In fact, the bank’s increased market
power is likely to decrease the borrower’s expected gains from using mortgage
services in a non-linear fashion. Hence, how the level of information rent given to
certain types of borrower changes with the degree of competition among banks in
the mortgage market deserves a thorough analysis.

We can derive a policy implication from Proposition 5: setting a limit on the
interest rate of non-recourse mortgage products may not improve a (non-
speculative) borrower’s gains. When introducing non-recourse mortgage
instruments into the market, policymakers are plausibly concerned that high
mortgage rates due to the increased default risk may worsen households' debt
problems. In order to protect households from hefty repayment duties,
policymakers may regulate banks by ordering them not to charge high interest rates
to borrowers using non-recourse mortgage products.”> However, such a measure
may prevent households with high levels of residential demand from distinguishing
themselves from speculative borrowers, exacerbating the adverse selection
problem. For the same reason, prohibiting the sales of traditional recourse
mortgage products may worsen the adverse selection problem in the mortgage
market.

VI. Conclusion

This paper presents a simple reduced-form model to analyze how the provision
of a default option to borrowers influences the level of default risk in the mortgage
business. By defaulting on their debts under non-recourse mortgages, borrowers
can prevent their non-collateralized income from being foreclosed upon. However,
the default option is not always better for borrowers because lenders can raise
mortgage rates.

We show that the equilibrium default probability under a non-recourse mortgage
decreases as households enjoy a high surplus from retaining their purchased
properties. We also find that a non-recourse mortgage can improve a borrower’s
overall gains from mortgage financing (and their total welfare) if and only if the
default option presents a sufficiently high value to borrowers. Lastly, we modify
our model so that it contains the adverse selection problem in which the borrower’s
surplus from homeownership is private information. We find that there exists a
menu of non-recourse mortgage contracts that implements a separating equilibrium
state without the payment of information rent to any type of borrower.

One avenue for future research is to analyze how each alternative type of the
equilibria arises over the long run under aggregate levels of uncertainty. For

BFor instance, the Financial Supervision Committee (FSC) recently announced that the non-recourse type of
Bogeumjari mortgage products as provided by the Korea Housing-Finance Corporation (HF) will charge interest
rates identical to those of recourse mortgage products. For more details, see the new article (in Korean) posted at
the following website: http://www.fnnews.com/news/201701151722011785
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instance, it is possible for certain changes in the probability distribution of future
housing prices to lead to extraneous uncertainty via a self-fulfilling prophecy
(Azariadis, 1981), which then causes a state of equilibrium with a high default
probability to arise frequently over time even if borrowers' surplus amounts from
homeownership are relatively high. An investigation of the mechanism of such
self-fulfillment in a long-run model will have important policy implications
regarding how to stabilize the mortgage market.

Another interesting topic would be to study whether households’ saving
decisions are influenced by the types of mortgage contracts. Suppose that a
household expects to finance their home purchase in the future via a traditional
recourse mortgage contract. Because the default risk of a recourse mortgage is
small, the household anticipates a low cost of buying the house and thus will not
save a large portion of their current income for the home purchase. Furthermore,
the household’s savings will be foreclosed upon in the event of a default, which
implies the savings cannot serve as a buffer against negative income shocks.
Therefore, one may conjecture that a household may save less under a recourse
mortgage contract than it would otherwise. An analysis of the link between
mortgage types and households’ consumption behaviors using a general
equilibrium approach is an interesting area for future research.



VOL. 40 NO. 3 The Effects of Non-Recourse Mortgages on Default Risks and Households’ Surplus 89

REFERENCES

Albanesi, S., De Giorgi, G., and Nosal, J. 2017. Credit growth and the financial crisis: A new
narrative, No. w23740. National Bureau of Economic Research.

Azariadis, C. 1981. “Self-fulfilling prophecies,” Journal of Economic Theory, 25(3): 380-396.

Bang, Doowan. 2015. “Analysis of current issues on non-recourse mortgage products,” HF
Issue Report, 15-8

Bester, H. 1985. “Screening vs. rationing in credit markets with imperfect information,” The
American Economic Review, 75(4): 850-855.

Brunnermeier, Markus K., and Lasse Heje Pedersen. 2008. “Market liquidity and funding
liquidity,” The Review of Financial Studies, 22(6): 2201-2238.

Bhutta, N., Dokko, J., & Shan, H. 2017. “Consumer ruthlessness and mortgage default during
the 2007 to 2009 housing bust,” The Journal of Finance, 72(6): 2433-2466.

Campbell, J. Y. 2012. “Mortgage market design,” Review of finance, 17(1): 1-33.

Campbell, J. Y., and Cocco, J. F. 2015. “A model of mortgage default,” The Journal of
Finance, 70(4): 1495-1554.

Cocco, J. F. 2013. “Evidence on the benefits of alternative mortgage products,” The Journal of
Finance, 68(4): 1663-1690.

Corbae, D., and Quintin, E. 2010. Mortgage innovation and the foreclosure boom.
Unpublished Manuscript. University of Texas and University of Wisconsin.

Diamond, D., and Dybvig, P. 1983. “Bank Runs, deposit Insurance, and liquidity,” Journal of
Political Economy, 91(3): 401-419.

Ghent, A. C., and Kudlyak, M. 2011. “Recourse and residential mortgage default: evidence
from US states,” The Review of Financial Studies, 24(9): 3139-3186.

Guiso, L., Sapienza, P., and Zingales, L. 2013. “The determinants of attitudes toward strategic
default on mortgages,” The Journal of Finance, 68(4): 1473-1515.

Hatchondo, J. C., Martinez, L., and Sanchez, J. M. 2015. “Mortgage defaults,” Journal of
Monetary Economics, 76: 173-190.

Kim, J. 2015. “Household’s optimal mortgage and unsecured loan default decision,” Journal of
Macroeconomics, 45: 222-244.

Malherbe, F. 2014. “Selftfulfilling liquidity drylups,” The Journal of Finance, 69(2): 947-970.

Parlour, C. A., and Plantin, G. 2008. “Loan sales and relationship banking,” The Journal of
Finance, 63(3): 1291-1314.

Piskorski, T., and Tchistyi, A. 2010. “Optimal mortgage design,” The Review of Financial
Studies, 23(8): 3098-3140.

Rhee, Keeyoung. forthcoming. Effects of Non-Recourse Mortgages on Banks’ Credit Risk
Management, KDI Policy Research Series.

Vandell, K. D. 1978. “Default risk under alternative mortgage instruments,” The Journal of
Finance, 33(5): 1279-1296.

LITERATURE IN KOREAN

dhEeh 2015, THIAT FEEHENE FQO0|5 EM, , HF O|#ZIZE 158%.
Cl getzlol Olxle ¥, KDl HAMATZAZ|E.

0]714. 2018 forthcoming. THIAT CHE M7 2&0| AlE2







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2000
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2000
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug true
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.500000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


