The Impact of Innovated Mortgage Payment on
Labor’s Optimal Portfolio

Chi-Jung Hsieh, National Sun Yat-Sen University, Tavan
David So-De Shyu, National Sun Yat-Sen Universityaiwan

ABSTRACT

Due to the diversification of financial instrumentse labor can adjust the mortgage payment to mepd
personal utility function. We derive the optimabkeisallocation by the different mortgage payment] énd that the
labors who are more risk averse tend to take corsire strategy of investment. Because of the traniaof labor
income and mortgage payment, the allocation ofyriakset will show different. The labor will try tecrease the
tendency of saving from income and hesitate to hshky asset, and so become more conservative.

We also find when there is positive correlationwastn the current mortgage payment and stock refuhes
labor will increase the risky asset in his portoland exhibits more aggressive strategy. In otherds, the more
mortgage payment and stock returns, the more r&eet the labor will hold in order to diversify thssets. On the
other hand, the labor who reduces the mortgage eayrand find the stock return drop will re-evaludite cost of
risky assets. Finally, the labor will choose an egggive strategy to allocate risky asset.

Because of the different characteristic in everysneb situation, some labors can afford mortgageyment
persistently and some can not. Some labors mayjddssim a harsh environment and are not able to gay mortgage
payment. From the three scenarios we discussed eabitne labor will take conservative strategy whewirfg
unemployment or retirement.

Keywords: Mortgage Payment, Optimal Asset Allocation, Ris&rgion

INTRODUCTION

For many investors, the house is the largest anst mgortant asset in their portfolios. The housaadt only a
place for living, but is also an investment. Howeraal estate is a risk business, the house s#l \@lue from disaster,
war, and insecurity, and take risk of the inflatiohhome price and interest rate. Therefore, hausna risky but
important asset for people when they consider thaitfolios.

The housing is a high price asset, and can be oomsund invested. The labor who has limit income rease
only certain amount for down payment and therefoust get a loan from bank. When the applicants ggegoan, the
bank will evaluate their personal credit and houskie to approve the loan. The terms of a loarubes loan size,
down payment, interest rate, payment and criteoibimterest rate. The applicants with good credit get the better
loan, lower down payment and interest. The apptgaill get qusi-home-occupy after getting mortgadhether they
rent out the house or then live in, they guaratdepay back principle and interest regularly in fbtire. Otherwise,
they will fall out of qusi-home-occupy.

The primary factors determining the labor’s monthigrtgage payments are the size and the term olbtre
Size refers to the amount of loan and term referthé length of time within which the loan mustfoly paid back.
Because of the expectation of income and the ifigyabf interest, the borrowers are very sensitieethe variation of
interest rate and the periodic of payments. Thogdie mortgage payment will affect the labor'slénd his portfolio.
No studies have ever tried to find the impact ofovated mortgage payment on labor optimal portfdiarsing this
guestion, we shall discuss it in detalil.

Housing differs from other financial assets is thatising serves a dual purpose. It is both a deredshsumption
good from which the owner derives utility and aésoinvestment vehicle that allows the investordtthome equity.
Compared with the other financial assets such ad$and stocks, the housing investment is oftenlyigveraged and
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relatively illiquid. The Survey of Consumer Finas(®CF), provide the data of average home valueggage, and net
wealth from 1989 to 2001. The Survey of SCF shdwas home value accounts for 55% of household’s tmaéts and
home value accounts and the ratio of mortgage Itd ide70% in 2001 report. That means mortgage pdaysnportant
role in optimal asset allocation. In 1989, the agerlabor buys house through mortgage and the dmt#mortgage to
home value ratio is 25.9%. In 2001, the ratio isteB4.8. Housing is not only an investment instraméut is a
re-finance tool. Especially, the house is a reHfagtool in the economic recession or short of iabocome (Yao and
Zhang, 2005).

From the monthly financial statistics, it lists thensumer loans and the loans for construction. rEftie of
property purchasing loans, repairing loans anddhas for construction to total consumer loans geapfrom 96.77%
in 2000 79.32% in 2005. This ratio raises to 94.6802007. That means the high ratio affected consgnaimd
investing activities for the labor. The trend candeen clearly in figure 1:
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Figure 1 loans to consumer loans ratio
Data source 2007 financial statistics monthly of Central Bank in Wan

In recent years there has been a rapid growthigination of financial instruments, such as weekigrtgage
payment, mortgage payment even other week andadienns. This provides a lot of hedge way and a$fextrrent
portfolio and retirement life. With limited labondéome, if a labor wants to increase risky assehdseto reduce other
assets including mortgage payment and risk-lest.adence, it is important to consider the factbiet will influence
risky asset allocations.

The choice and management of mortgage is an impoidaue. The mortgage usually is collateralizedrénl
estate, and a pay back in a schedule. In the clobicgerest rate, most mortgages are based orstedjuate mortgage.
The variation of interest rate will add the burdem homeowner. Fabozzi and Modigliani(1992) sugdkat the
homeowner can take inflated index goods to hedgethar derivatives. Voicu(2007) address that tke sff the hedges
depends on the probability of moving away, on hdhevalues, and on the labor’s income. Shiller Whelss(1999)
discuss how put options on home price indices eanded to insure ownership risk.

Another significant factor is the stability of labimcome after fixing the interest rate of mortgagbe basis of
mortgage payment periodically is the labor incoM#éen someone is close to retirement age or is rsuffen an
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unemployment, he is not able to pay mortgage. Wilhtlamage his portfolio and homeownership. Theenihe labor
has stable income, the more he can afford the patyrhience, Hakansson(1970) point out that it isnogkto invest a
higher fraction of financial wealth in the riskysats than in the no-income case. In addition, ohange of social
structure, demographic shift in its global natuttee demand of investment is more diversified. Thenpetitions
between nations are intensified and cause more plogment. Whenever a labor loses job, his curremsamption,
portfolio and retirement life will all change.

Many institutions redesign the mortgage to stremgtits liquidity and the mortgage payment to stabilor
accelerate the mortgage. The new design and amageare not only attractive to the consumers alsd reduce the
default risk. In general, mortgage payment is Ugyahid monthly to match monthly wage in Taiwan.n& banks
propose biweekly payment to build the source ofiffie fund and to control the default risk. Furtimore, the banks
can locate potential clients by this way. For thbor who adopts biweekly payment can cut shortpieod of
mortgage and cut down the total interest. But &l& crowd out other opportunities and influenerement life. To
obtain an optimal allocation, the labor should edilthe information about finance.

LITERATURE

Krumm and Kelly (1989) find that people will savegeeater amount of cash for down payment in order t
purchase a house when the house price is increabing is because the increasing mortgage payméhaad the
financial burden to labors. Sometimes, mortgage lbanregarded as “forced savings”, because it mégctathe
ownership of the house. The size of this demograghift and its global nature will affect governrtissocial welfare
strategy and may result in the change for demandiffgrent investment products. The optimal poitfolvill be
affected by the finance and the age. The youngessiors are exposed to the new financial instrugnant therefore
face higher risk. Stock ownership is directly rethto the factors of wealth, age, retirement saxifidis is advised by
Shum and Faig (2006). Cocco(2005) shows that hgusam explain the patterns observed in the croseseal
variation in wealth composition and stock ownerskipr younger and poorer households, they buy thesédrso that is
unable to invest in stock. In 2001, studies shbat fiveragely half of seniors’ total net assetsimwvested in their
primary residence, with most of the rest assetdrarisk-free assets. Gollier and Zeckhauser(2@®mpt to explain
changes in the composition of portfolio over ttfe kycle. They show that if investors’ absolutestahce for risk is
convex the young will invest more in risky assetarnt old one. Gerardi, Rosen, and Willen(2006) yetifat
homeowners have improved their ability to matchrtifigture income with house prices. The reasontfis better
matching is because of innovations in mortgagediniann and Siegel(2003) suggest that asset altmtatiodels can
be improved by considering an individual's expostoethe risk associated assets with homeownerstigvin and
Yamashita (2002) conclude that an increase in tlee pf the house results in a relatively largdtshdom equities to
bonds in a mean-variance optimal portfolio.

Stanton and Wallace (1998) show that in the praseftransaction costs payable by borrowers omaefiing, it
is possible to construct a separating equilibrinmvhich borrowers with differing mobility selecéd rate mortgages
with different combinations of coupon rate and pginJong, Driessen and Hemert (2007) find that aerately
risk-averse investor always prefers an ARM in ortteavoid paying the risk premium on long-term b&and very
risk-averse investor is relatively more concernbédua hedging inflation and interest rate risk, ahds optimally
chooses a combination of ARM and FRM (Hemert, Jang, Driessen, 2005).

Yohannes(1991) find that the frequency of paydays education had significant influence on mortgeleice.
Since the labors receive their wage monthly in Baiwthey adopt the same frequency to pay mortgageder to
match the same cycle. Recently, some banks putgosekly mortgage payment to ease off the totarest, and to
speed up mortgage to allocate in the other prdétadvoducts. The new design does not only altertthditional
concept of matching income and expenditure, but sti®ck the optimal portfolio.

In summary, researchers show that the home prst¢eamd the way how to deal with are important, trel/
explain sufficiently the factors that invest andhgome in their model. Besides, it is significaneednsider changing
preferences, the innovation of labor income, and bonsumption and investment will respond to thefsnges as well
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as the availability of new financial instrumentsck of research in mortgage payment and frequehpayments, we
develop an optimal asset allocation model whicloives labor income risk, mortgage payment and tlgog of
employment.

It is well-documented in the theoretical assetctmn literature that the inclusion of labor inaoimas dramatic
effects on the optimal long-term portfolio choicé iadividual investors. Some scholars solve an ropti asset
allocation problem for a household using a multiqee optimization approach. There are some stuididiterature for
individual optimal investment strategy. Campbel3® Viceira(2001) and Chen et al.(2006) propose@imization
model with the parameters of wage income, consumptixpenditure, and both the optimal asset allonatind life
insurance.

Since the human capital of long-term investorsfierovery large compared to financial wealth, lalm@mome has
dramatic effects on their optimal portfolios. DeffiFleming, Soner, and Zariphopoulou (1997), KdB8), and Munk
(2000) study the valuation of income and the optiotmsumption and investment strategies of an itefihorizon,
liquidity constrained power utility investor withon-spanned income risk. The presence of liquiddgstraints and
mortgage payment can significantly decrease thigigubl’s implicit valuation of the future incoméream and, hence,
dampen the quantitative effects of income on pbetithoice. Other recent papers on consumptionpamtfolio choice
with stochastic income include Viceira (2001), Gansinides, Donaldson, and Mehra (2002), and CoGaones, and
Maenhout (2005). Since different risky assets hdle different correlations with the labor inconfeaagiven labor.
We allow a link between mortgage payment and lafmyme and to observe the impact on optimal paaf@buiso et
al. (1992) showed that agents with more uncertain laboome hold smaller proportions of their portfolio risky
assets. Jagannathan and Kocherlakota(1996) sutigéshe financial management conventional wisdbat equity
holdings should decrease over the working life. Z&em et al. (2007) postulate a long-run co-integrabetween labor
income and stock market dividends and show that surelation can substantially reduce optimal stecklings for
sufficiently risk-averse long-term investorsBecause of idiosyncratic labor income, it will udince the stable and
continuous in mortgage payment, and crowd out digple income. It is valuable to study the mortgaagment issue,
and we develop an optimal portfolio model whichalwes labor income risk, mortgage payment and #wogd of
employment.

In the literatures, many researches are focus ercémtinuous model or discrete model to analyzeotttemal
problem. The labor can change the mortgage paymesbme time, but they do not adjust the mortgaggmznt
frequently. The labor will combine all informatiand situation and will decide the appropriate paymElence, the
mortgage payment is not change continuous. Beoafusansaction cost, discrete model is approptiatdescribe the
behavior of adjusted payment strategically. Viqg@@®1) derived optimal asset allocation for longrtenvestors by
discrete model, and obtain an approximation. Wefodow Campbell(1993) and Viceira(2001) and derase similar
approximatively solution.

Thus, we address three steps to solute the prolplEst, it substitutes objective function with Eubxquations in
log-linear approximations. Second, it looks forioyatl portfolio policies and verifies these log-lareequations. Finally,
we identify the sign of the optimal policies. Altgh we can not drive closed form solutions, butsdéficient to
explain phenomenon in optimal portfolio.

MODEL

We discuss the impact of adjustable mortgage paymenoptimal asset allocation. Based on the model o
Campbell(1993) and Viceira(2001), we added the idenation of the probability of employment and ngage
payment in dealing with optimal portfolio. The peddility of employment and unemployment is denote( ) and

(1- 7). Assume the retained rate of the current laboorime is K, , and the ratio of mortgage payment to current
labor income is (1— K,), where 0< K, <1. Considering to different mortgage payment and leympent, the

analysis of optimal portfolio is approached throtigtee scenarios:
1-scenario I Y, = 00< K, <1 - astatus of unemployment.
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2~scenario 2 Y, > 0,K, =1 - a status of employment, and retain all labor income
3-scenario 3 Y, > 00< K, <1 - astatus of employment, and the labor can adjtsine labor income.

Assumptions:
Assumptions on utility function

No matter how the mortgage payment, we assumebue vants to maximize the utility function. Théda will
choose financial instruments with risk aversiorceiia(2001) expressed the utility function as failog:

1 1y
U(C) :ﬁ(ct ) (1)

where C, represents consumption at time t, anepresents risk aversion ayreD.

Assumptions on Labor Income

Under a different ratio of retained income, theolabould adjust asset allocation according to ttspabable
income. It is subjected to both permanent and teargcshocks (eg: the growth of economic, industeysion, new
technology, and unemployment). Viceira(2001) showeat includes transitory shocks that they haveaichpn the
relationship between retirement horizon and adéataion. In the employment state, labor incomstlibjected to a
permanent@, ) and multiplicative shockgiJrl). The labor income process is as following:

Ya =Y, exdg, + &l @)
Y,., is the labor’s income at time t+1¢£,,, ~ NIID (0, U?) . g, is the permanent component of the wage rate.

The second component of the wage rateﬂgl.

The empirical evidence available suggests thatviddal labor income is subjected to both the pemnarand
transitory shocks (MaCurdy, 1982; Abowd and Cag89, Carroll, 1992).
Assumptions on the Financial Instruments

There are two tradable financial assets for a tatoe is a risky asset, with a period log retut,, ; the other is
risk-less assetf , with a constant log return by . We refer to risky asset as stocks, and asbetas bonds. The
expected excess log return on the risky assetistant, with

Elfy, —r]l=u ®3)

where: U is a constant risk premium.

The unexpected log return on the risky asset, @enbly U,,,, is conditionally homoskedastic and serially

uncorrelated. | assume shocks to unexpected ereess to be correlated with those in the wage @secDenote these
variance and covariance as:

Var, (u,,,) = o )
CoV, (Upyy,§1a) = Og 5)

Assumption on retained rate of the current labor ircome
Assume the retained ratio of a labor’s incomKjs and the mortgage payment to current labor incoatie is

@- Kt). The retained rate of the current labor incomsuisject to both permanent retained rdt® énd transitory

retained rate @, ). Assumek, =l0gK,, and the retained rate of the current labor incam covariance with stock in

log are:
k. =1+¢, (6)
COV{Uur.8,) = 0y ™)
The Problem

At time t, labor inherits wealth from last perioddachooses optimal consumption, labor supply anmtfgio
allocation in order to maximize his life-time uyli given the prevailing prices:
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MAX E{Z U (C,)|Yo Uy, 50} ©®)
t“t t=0

Subject to the period-by-period budget constraint

\Nt+1 = (VVt + Kth - Ct) ERp,t+1 9)

where W, is financial wealth, defined as the value at thgibning of (t+1) of financial assets carried ofrem
period t, and R, ., is return of portfolio.

The one-period return on savings is given by:
Rp,t+1 =a, (R:L,t+1 - Rf ) + Rf (10)
whereR, ., = exp{r ..}, R; =exp{r;}, and a, is the proportion of savings invested in the risisget at

time t

Viceira (2001) set current labor income in (9) ber0L. We will not only discuss the case of 0 andbut also
focus on the case which between 0 and 1. The nigéciive is to compare the impact on optimal aafietation with
the different mortgage payment.

There are two sets of first order conditions foe thptimal asset allocation. The two Euler equatiare as

following:
In the unemployment or retirement,= O,and the Euler equation is given by
cm )’
cl(S) 5.
t

where i =1, f , and we use the superscripid to denote the unemployment or retirement statd, anf
represents the time discount factor in the unemplayt. R, ., is the return of risky asset at time t+1, af®} ,,, is

the return of risk-less asset at time t+1.
In the unemployment or retiremenf) < 77 <1, the Euler equation is given by

n \7 m\7Y
E, ﬂJ“(%j +(1—n)5m(%J Ry f=1 (12)

t t

where i =1, f , and we use the superscripfs to denote the employment state, add represents the time
discount factor in the employment stat®, ., is the return of risky asset at time t+1, aft ., is the return of

risk-less asset at time t+1.
Log-Linear Approximate Solution Method

Following Campbell(1993), we can log linearize genporal budget constraint, and the Euler equétibnand
(12) as the following sections.
The Log-linear approximation to the intertemporal budget constraint

The three scenarios in log-linear form can be vagdollowing
1. scenario I Y, = 00< K, <1 Following Campbell(1993) we can write this intengoral budget constraint in
log-linear form as(13)

m—

Wia =W, =77 = o0 (6" —W ) + T (13)

n" =-@+p)logl+ p") + p; log(o;")

P = explE(c” - w)}/(1- exp{E[c™ - w]})
2. scenario 2Y, >0,K, =1 Following Viceira(2001) we can write this intertparal budget constraint in
log-linear form as(14):

n —

Wi Yier =1 "+ Iovr\l (th - Y. ) - pcn (Ctn - Y. ) - Ayt+1 + r[?,t+1 (14)
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"=-@-py+p0)ogld- py, + o) - pylog(ey) + o2 log(e;)

; exp{E[w - y.]I}
v 1+ exp{Elw - v, ]} —exp{E[c - v,]}
; exp{Elc - y.I}

c

" L+ exp{E[W] - y,} - explELc] - v, ]}
3. scenario 3Y, > 00< K, <1 we can write this intertemporal budget constrairibg-linear form as(15):
Wit = Yoo =77+ 05 (W =Y ) =00 (60 = V) = PcK =AYy + 15 (15
ne ,OW‘ pc‘ pk are log-linearization constants, and do not infeesthe final results.

The Log-linear approximation for the log return on financial wealth
Viceira(2001) drives an approximation expression tfee log return on financial wealth that holds akain
continuous time:

1 2
pt+1 =a; (r1t+1 rf)+rf +§at (1_at)0u (16)
The Log-linear approximation to the problem

The Euler equations (11) and (12) are highly naedr. We can find log-linear approximations forntherhe
Euler equation in the retirement (or unemploymstaje takes the following log-linear form:

m m m 1 m
O = |Og§ - yEt[CHl - Ct ] + Et[ri,t+1] +§Vart[ri,t+1 - y(ACHl)] (17)

The log-linear approximation to the Euler equafinthe employment state takes the following foths 77 <1

S S n 1 S n
0= z 77{|Ogé_ - yEt (Ct+1 -G ) + Et (ri,t+1) + Evart (ri L y(ct+1 —C, )} (18)

s=m,n

OPTIMAL PORTFOLIO

We can derive three optimal portfolio solutionshwiite different mortgage payment scenarios.
Scenario 1
Y, = 00< K, <1 - the optimal allocation to stockr;" is

an=—2 (19)

When the retirement state occurs, labor incomeeists zero, Y, =0, the labors must live off his financial

wealth under constant investment opportunities.yTdmld not afford the monthly mortgage paymenarfrequation
(20), it is easy to find important factors thateaffthe optimal asset allocation: the degree &faigrsion(/ ), and the

am m
degree of volatility of stock returrt(f ). We can seea—t <0, and 302 <0 ,and that means inversely related to
4 gy

the optimal allocation to stockatm .This imply that when the labor is more(less) riakersion, he will

decrease(increase) risky asset on his portfolio.
Scenario 2
Y, > 0,K, =1 the optimal allocation to stockr,' is

u-+— U IT( n
1- ) o
n {u
a; =

yb10' b: U

u

(20)
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where b, = 7b™ + (1- 77) (b (21)
”(1 o) o Fa

22

o 0_3 (22)

This component of the optimal allocation to risleget is opposite to the sign of optimal portfolfdabor income

shock are correlated with unexpected returns deky esset, a rational labor will modify his optinpertfolio to take
n

a.
advantage of the hedging properties of the rislsyeiasa—t < 0, if this correlation is positive, it will be optih for
g
&

an employed investor to have a negative hedgingdky asset, since shorting the risky asset.
Scenario 3

Y, > 00< K, <1 - the optimal allocation to stocka," is:

U + 0- n z
n — ]T(l ) a{u pka¢u
a, = > > (23)
ybla by Uu g,
where b, = 70" + (1— 77) (b}
POy,
- "0-2¢ (24)

u
which is proportional to the hedge ratio for mogggayment. Because of adjustable labor incomébfiexthe
labor can increase the mortgage payment or raisefrdgjuency in order to gain lighter interest oorgén the
da;
terms:

60’¢u

and result at“ increase (decrease). We can say that when the daboadjust mortgage payment ratidgl-) flexibly,

<0 which implies the opposition 0U¢u and at”. The more(less) Gy and Oy, is small (larger),

if innovations to current mortgage payment are tpady correlated with innovations to stock returrsdock are
desirable.

DISCUSSION

From the diversification of financial instrumentise labor can adjust the mortgage payment to maripéersonal
utility function. We drived the optimal asset alidtions with the different mortgage payments, anthébthat the labors
who are more risk aversion tend to take consemativategy of investment. Because of verities bbtancome and
mortgage payment, the allocation of risky asset bal different. It showed that the optimal portfoliule has four
components: the degree of risky aversip( the probability of employment, the correlatiogtween shocks to labor

income and unexpected returns on the risky agsg)( and the correlation between shocks to monthlytgage
payment and unexpected returns on the risky asx%{] ). The other parameters of the model can affectrtagnitude

of risky asset, but do not change the directionsify asset allocation. The labors who are motle aigerse save more
and reduce the risky asset in the portfolio. Theta with higher probability of unemployment widlduce risky asset.
This implies the uncertainty of income make laliorsake more conservative strategy.

The positive correlation between Shocks to labooine and unexpected returns on risky asset witireafthe
labor to decrease the risky asset, and causelibe fa be conservative. The labor will choose itwent more on the
saving rather than the stock. On the other handy fégative correlation between Shocks to labor necand
unexpected returns on risky asset will enforceldher to increase the risky asset holding, and nth&dabor invest
more on risky asset. The positive correlation betw8hocks to mortgage payment and unexpected seturmisky
asset will enforce the labor to increase the risgset, and cause the labor to be active. This ithplythe labor will not
only increase mortgage payment but also increa&g asset to diversify the risk.
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Risk-aversive labors by nature prefer to investralier fraction of their wealth in stocks. The riakersive
investors have a weak incentives to hold riskyta3deey have stronger incentives to save for retiet (Viceira, 2001;
Vigna and Haberman, 2001); Cairns, Blake, and D@006).

CONCLUSION

This paper is intended as an investigation of optiportfolio for the labor with different mortgagayment. We
find when there is positive correlation between ¢herent mortgage payment and stock returns, ther laill increase
the risky asset in his portfolio and exhibits maeggressive strategy. Because of the different ckeniatic in
everyone’s job situation, some labors can affordtgame payment persistently and some can not. Sabogs may
lose job in a harsh environment and are not abjgajothe mortgage payment. From the three scenarodiscussed
above, the labor will take conservative strateggmfacing unemployment or retirement.
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