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Abstract

The subprime mortgage crisis occurred in the U.S. in 2004 caused the worldwide
financial markets turbulence. Subprime mortgages are risky mortgages with both
high loan-to-value and debt payment-to-income ratio, and low credit scores. The
U.S. has experienced a long-term period of low interest rates since 1980. Low
interest rates encouraged homebuyers to acquire risky mortgages, and pushed up the
prices of real estate and mortgage-related securities. To cope with the rising
inflation in 2003, the U.S. government thus raised the interest rates drastically,
consequently leading to the default peak of subprime mortgages and affecting the
stability of global financial markets.

This study points out that the subprime mortgage crisis was caused by the structural
weakness of the mortgage securitization --- originating mortgages without holding
them, and thus losing the motivation of due diligence. The author finally proposed
remedy for prevention of similar crisis, such as regulations requiring mortgage
originators to hold some portions of risky securitized vehicles, and then keeping to the
consistency of screening mortgage application. This study also found out that the
change of the shape of “yield curve®™ can serve as an effective warning signal for
financial crisis. The suggestions proposed in this study may effectively improve the
structure mechanism of asset securitization in Taiwan, and provide investors and

overall financial markets worthy pre-caution indicators for financial crisis.
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Abstract

With the continuously declining fertility rates and the increasing life expectancy,
Taiwan has become one of the aging societies in the world. To release the financial
strain of the government, a great number of literature has suggested an alternative
option, Reverse Mortgage (RM), to improve the retiring life quality of the elders.
However, little attention has been given specifically to the feasibility of the
application of RM and the pricing model in individual countries. This study thus
conducted the questionnaire and collected the data in Taiwan for analysis in order to
show the implementation feasibility of RM in aging society for both the aspects of
both lenders and borrowers.

First of all, to find out the factors affecting the willingness in applying for RM
and the characteristic of the middle-aged homeowners, we designed a survey and a
quantitative analysis of the questionnaire through Logistic Regression Analysis.

Second, under a break-even hypothesis, we analyzed the ratio of Loan to Value
(LTV) a reverse mortgage lender would offer through the simulation model.
Furthermore, the housing data from different metropolises of Taiwan is integrated into
the study in order to determine whether if the Income Replacement Ratio of RM
(IRR.grm) could meet the basic needs of Taiwanese.

Results found in this paper suggest that RM could satisfy the general need of
people in Taiwan. Procedures conducted in this study may also provide precious
insight for other aging countries. This paper suggests that reverse mortgage could
not only solve the society issues, but also secure the retiring lives of the elders and
preserve their living qualities.
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1. Introduction

According to the Social Indicator announced by the Ministry of Interior in 2007,
Taiwan is one of the rapidly aging societies® in the world due to the continuously
declining fertility rate and the increasing life expectancy. As shown in Figure 1, the
percentage of population for ages younger than 15 will decrease from 18% to 8%, and
the elders of over 65 will rapidly increase from 10% to 35% in coming forty years.
Besides, the aging index? has gone up to 58% in 2007, which is 1.5 times than the
global average. Moreover, it is expected to increase dramatically to 182% in 2029, the
next coming two decades; and the old-age dependency ratio® will increase up to 35%. It
implies that every three adults at least should take care of one elder; the aging society
would become a serious problem in the near future.

1992 1994 1996 1998 2000 2002 2004 2006 2008 2014 2020 2026 2032 2038 2044 2049 Years

—&— Ages 0-14 —a— Ages 15-64 —a— Ages 65 and over
*Figures after year 2009 are projected.

Figure 1
Percentage of population by ages in Taiwan

The serious aging population has been attracting considerable attention from the
government. In October 2008, Taiwan government enforced the “National Annuity”
system by building the “National Annuity Law.” According to the National Annuity
Law, people in Taiwan who participate in the pension insurance program and pay the
insurance monthly could obtain a life annuity when they reach 65 years old. The
amount of the annuity they can get depends on how long they participate in the
program.

Although the pension insurance system is in a way expected to cope with the aging
problem, high dependency ratio will still drag down the government’s financial system
and the economic development of Taiwan (Jung, 2007). Fortunately, more and more
financial innovative products have been developed to assist the elders by planning their

! In Taiwan, the people aged 65 and older account for 7% of the general population in 1993, which is
the criterion of an aging society. In 2006, it was 10% in Taiwan, compared with other country in
Asia, Japan is 20%, Hong Kong is 12%, Korean is 10%, and China is 8% in 2006.

2 According to the definition of the indicators of aging population from the U.N., the aging index is
calculated as the number of persons 60 years old or above per hundred persons under aged 15.

® The old-age dependency ratio is the number of persons 65 years and above per one hundred persons
15 to 64 years old.
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income after retirement, such as Life Annuities, Long-term Care Benefits, Longevity
Insurance and Reverse Mortgage (RM). However, in the case of RM, it could be the
most feasible scenario due to it has long been developed in Europe and the United
States (Mitchell, Piggott, Sherris & Yow, 2006). Reverse mortgage is a mortgage to
help the elders convert their home equity into cash. They can receive a payment by
using their house as collateral. And as long as they stay alive, they do not need to repay
the mortgage and can still withhold ownership and residence of the house. This
approach is somewhat like a home-based annuity (Cocheo, 1993).

On the basis of the Life-cycle Hypothesis, people will use their life-time
accumulated assets during their retirement years (Ando & Modigliani, 1963; Artle &
Varaiya, 1978; Shefrin & Thaler, 1988). That could be the reason why the elders will
finance their residence even though the financial planners have recommended that
mortgages should be paid off after they retired so that they will have more funds
available for other expenses and reduce the risk of not being able to afford the mortgage
payments. (Karen, Melinda & Doseong, 2006; Michael, 1999), or choose to draw down
their home into smaller ones or with less value (Amanda, 2007; VanderHart, 1994).

The following evidence also demonstrated the feasibility of the application of RM
in Taiwan. For the elders in Taiwan, there is a tendency of their major source of the
income—coming from themselves or their children—to decrease, yet the income
source from the government has a reverse trend (Ministry of Interior, 2005). Besides,
among the households by tenure of dwelling, the self-homeownership ratio for people
aged more than 65 has reached the standard of 80% (Statistical Bureau, 2006). It shows
that the Chinese traditional value, the concept of “raising children to prepare for getting
old”, has gradually become outmoded. Nevertheless, considering that the income
source from the government and oneself take on a large proportion and with the high
self-homeownership ratio, it can be pointed out that more and more elders do not have
enough income to cover their daily expense, yet they own expensive houses. In other
words, they may become “living poor but dying rich” people.

Therefore, the current study suggests that reverse mortgage can be an alternative
financial option for elderly people who own the home equity but limited income.
Homeowners in retired life are able to consume their home equity through RM with no
need to move out. Meanwhile, RM could be a way to pay for services and support
seniors “aging in place” (Redfoot, 1993; Stucki, 2005).

As mentioned above, in more recent years, we have seen mounting evidence of the
feasibility of the application of the reverse mortgage in aging countries. Although many
researchers also consider RM as a way to enhance the economic security preparation
for elders, few attempts have been made to discuss the feasibility of RM in these
countries from both the RM borrowers’ and the RM lenders’ consideration. That is, for
the research in the feasibility of the reverse mortgage in aging societies, little attention
has been given to both the aspect of the supply and the demand.

Hence, this study aims to offer a complete analysis by considering both these two
aspects. From the viewpoints of borrowers, this study attempts to find out the positive
and negative factors which affect the intention of the middle-aged homeowners and see
the basic need of RM for people in Taiwan if it is available in the future.

On the aspect of the lenders, this study tends to compute the Loan to Value (LTV)
through the simulation analysis to explore how much the disbursement that RM lender



could offer. Furthermore, the study examines the Income Replacement Ratio (IRR.qm *)
by comparing the pre-retirement earning and the income from RM. And then we
discuss whether the application of RM could meet the basic need for the people in
Taiwan or not.

2. The Concept of the Reverse Mortgages

Reverse Mortgage is a mortgage which allows older homeowners (aged 62 or
older in the U.S.) to convert their lifetime home equity savings into cash. It is aptly
named because the payment stream is “reversed.” Instead of making monthly payments
to a lender, as in a regular mortgage, the borrower receives payment from lenders
against the value of their property. Under the concept of payment pattern, the RM is
basically designed to enable elderly homeowners to unlock non-liquid assets tied up to
their housing equity in order to generate income (Ong, 2008). Because the elderly
person is conventionally classified on the economic circumstance as “asset-rich but
income-poor” group (Hancock, 1998; Rowlingson, 2006), the RM can be an alternative
option for those elderly homeowners to enhance the liquidity of their poverty and
improve their current consumption.

Figure 1 shows the relationship between home equity and RM throughout the life
span. In stage 1, the debtor may apply for a mortgage from the bank in order to purchase
a house. Then, with the accumulating repayment for the loan balance, the home equity
increases over the time. Then after the debtors pay off the mortgages, they finally own
the house without any debt (stage 2). But this is often achieved while the debtors reach
middle age or in the latter years of their working life. If they do not have retirement
plans or income sources, then it will become a serious challenge for them to face their
life after retirement. Under this condition, they only own their houses earned during
their life time but lack any other source of income. This dilemma may lead hem to
make the difficult decision to sell their house and move to another place or reduce the
daily expenses dramatically; otherwise, they can only rely on the government’s
support.

Income receipt from RM

* Income Replacement Ratio of RM = : -
Pre - retirement Earning
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Figure 2
The Relationship between Home Equity
and Reverse Mortgage throughout the Life Span

Therefore, to provide a more dignified life for the elders and increase the liquidity
of real estate, the RM can serve as a feasible option for them to enhance the retirees’ life
quality. As the homeowners apply for the RM, the home equity will decrease and the
mortgage balance will increase as they receivé&®he annuity from the creditor (stage 3).
The amount of money they can receive depends on the borrower’s age, the current
interest rate, and the appraised housing value. Generally, the more valuable the house is,
the lower is the interest; and the older borrower is, the more mortgage amount the
borrower can acquire (HUD, 2006).

Overall, during the payment from the creditor in the RM, the debtors receives the
money without repayment of interest or principqgl. All of them will be contained in the
mortgage balance. As long as the debtors stayalive and are still living in the house,
there won’t be mortgage repayment even thoegjh the mortgage balance exceeds the
house value. The repayment can only be n@e until the homeowners’ demise or
vacating their houses (Reed & Gibler, 2003). o,

-4-

Mortgag



3. Research Method

A two-phase study was designed to explore the feasibility of RM in aging societies
from both supply and demand aspect. In the aspect of the borrowers, the study
conducted a survey. A questionnaire was designed for the middle-aged homeowners in
Taiwan regarding their opinions and attitudes towards the feasibility of RM. The
definition of the middle-aged homeowners was further designated to be those from the
range 30-60 years of age in 2008. The questionnaires are conducted through the Binary
Logistic Regression Model to explore the respondents’ willingness to apply for RM and
relative factors.

As for the lenders’ concerns, a simulation model and a RM pricing model are
established in this study to indicate how much the disbursement the RM lenders could
offer. Under the break-even hypothesis, the disbursement is determined by computing
the LTV in RM. So, the study attempts to compute how much the LTV the RM lenders
could offer with different RM payment programs. Furthermore, this study examines
whether if the IRR.grm in RM could meet the basic needs for the elders in Taiwan.

(1) Method 1: Logistic Regression Model

This study assumes that the middle-aged homeowners are the likely targets for the
introduction of RM and could be the most eligible beneficiaries if RM is available in the
coming decades. Accordingly, the participants of this research were middle-aged
homeowners, selected from a stratified random sample of middle-aged homeowners in
Taiwan. Among the 1,100 Taiwan middle-aged adults, 478 (43%) completed all
phases of the survey, among which 70 (6.4%) cases were discarded due to the missing
values. Therefore, the valid sample of the study is 396 respondents ( « =95%,
d =4.92%).

Data collection took one month (08/07/2008-09/07/2008). Data were collected
through interview (27.3%), mail (27.3%), and e-mail (45.5%). The respondents were
asked to fill out a questionnaire consisting of 23 items, which were divided into five
main parts as follows:

Current circumstance of house

The respondents were asked to fill in the house age, the house value, how many
houses they own, and whether if they rent their house.

Financial situation

The respondents were asked to answer about their financial status including asset
holding, income, employment, and wealth.

Career planning

Two questions were designed to search for the planning for the respondents after
retiring and the attitude toward inheritance.

Willingness
Respondents were asked for the intention of applying for reverse mortgages.
Demographic Characteristics



The demographic characteristics such as gender, age, address, marital status, career,
number of children, and education level were asked in this section.

(2) Model Design

According to Gujarati, D. N. (2003), the probability density function of the binary
logistic regression model could be written as follows:

R T
lci+explz-p)i7l] _oczco 1)

The cumulative distribution function (CDF) is

r __expl(x—p)/7]
P=[. 1= 1+exp|(x— )/ 7] @)

Replacing the following items, 20 =#/7 and $o =17 The CDF is then

P explB, + Bix]
1+exp|g, + B.X] 3)

The logistic regression model takes the following form:

1 ef(x)
7Ti=E(Yi)=Pi=l+e-f(x) Tl e ® @
Z=f(X)=a+ B X+ L, Xp + e+ B X, (5)

P is the probability of the willingness to apply for reverse mortgage from (4);
and(1-P,) is the probability of unwillingness to apply for reverse mortgage , or

1 1 1
1_7Z-i =1- E(Y') =1- P' :1_1+ e—(a+ﬁ1Xi1+ﬂ2Xi2+ ------ +B Xik) - _1_+_ e_zi - 1+ ezi (6)
Therefore, the odds ratio was:
7Z'(Xi) _ PI _ l+ezi :ezi :e(a+ﬂ1xil+ﬂ2xi2+ ...... + B Xik) (7)
1-7(x)) 1-P 1+e™

Taking the natural log of (7), we can obtain the following Logistic Equation L,

PN D RN L T
Li_zi_In[l—ﬂ(xi)j_ln[l—ﬂj a+ B X+ X, e+ B Xy (8)

Definition of Variables

The variables in the logistic regression model are described below. First, the
dependence variable in the study is set as binary. In the questionnaire, respondents
were asked whether or not they want to apply for RM. This study notes the answer “no”
as “0” and “yes” as “1.”

As shown in Table 1, this study developed 18 independence variables and divided
them into four groups:



Panel A: Demographic Variables

Demographic Variables included three continuous variables (age, education level, and
number of children) and three dummy variables (gender, career, and marital status).

Panel B: Real Estate Variables

Housing age, value and location of house, leasing house or not, having second house
or not were obtained in this panel. The value of the house was estimated by means of
6-point scale. Moreover, the locations of the houses were classified into four
categories of areas.

Panel C: Asset and Income Variables

Three dummy variables were formed in this panel: the financial assets were measured
by asking respondents the major type of their asset (excluding the home equity). This
study divides the major asset type into two parts and assumes people holding the
stocks, bonds or funds as their major property are more risk-taking than people
holding the cash, deposit, or gold. Furthermore, if respondents have income (whether
the income came from full-time job, part-time job, or retirement pension), they are
classified into employment level; denoted as “1”. One continuous variable was the
income, indicating the average household income per month.

Panel D: Subjective Perception Variables

Wealth variable was rated on a 5-point scale ranging from 1=poor to 5=wealthy. Two
dummy variables were used for bequests and if they live alone, which indicated the
respondent’s subjective perception for bequest and retirement plan.

Table 1
The Description of Variables
Variables Description Willingness  p-value

Panel A: Demographic Variables
Age Age in years 0.068
Gender Gender 0.418

female =0 (40.4%) 31.3%

male =1 (59.6%) 35.2%
Marital Marital status 0.445

Married =0 (81.1%) 32.7%

Single =1 (18.9%) 37.3%
Education Educational level 0.115
Career Career type 0.112

no career or retired =0 (8.3%) 21.2%

primary Industry =1 (1.0%) 0.0%

secondary industry =2 (7.3%) 44.8%

tertiary industry =3 (83.3%) 34.2%
Childnu Number of Children 0.529
Panel B: Real Estate Variables
Sechouse Having second home or more 0.528



no =0 (70.5%) 32.6%
yes =1 (29.5%) 35.9%

Hage Housing age in year 0.919

Hvalue Value of house (NT$) 0.931
less than 4,000 thousand =2,000,000 (16.7%) 30.3%
4,001-8,000 thousand =6,000,000 (40.9%) 34.6%
8,001-12,000 thousand =10,000,000 (23.0%) 35.2%
12,001-16,000 thousand =14,000,000 (10.6%) 28.6%
16,001-2,000 thousand =18,000,000 (3.8%) 33.3%
more than 2,001 thousand =22,000,000 (5.1%) 40.0%

Letting Letting their house 0.696
no =0 (75.5%) 34.1%
yes =1 (24.5%) 32.0%

Location House location 0.610
north area =1 (88.4%) 33.7%
central area =2 (2.5%) 20.0%
south area =3 (7.1%) 32.1%
east area =4 (2.0%) 50.0%

Panel C: Asset and Income Variables

Employment Having income 0.273
no =0 (2.8%) 34.0%
yes =1 (97.2%) 18.2%

Average Domestic Income

Income per mgnth (NTS) 0.321

less than 37 thousand =26,000 (7.1%) 25.0%
37-56 thousand =36,000 (13.6%) 33.3%
57-76 thousand =66,000 (17.7%) 25.7%
77-10.6 thousand =89,000 (24.7%) 39.8%

more than 10.7 =136,000 (36.9%) 34.9%

Asset Major asset type 0.024
cash/deposit/gold =0 (54.5%) 28.7%
stock/bond/fund =1 (45.5%) 39.4%

Insurance Have insurance 0.026
no =0 (35.4%) 26.4%
yes =1 (64.6%) 37.5%

Panel D: Subjective Perception Variables

Wealth 5-_point scale_ranging from 0.385

1=poor to 5 = wealthy

Bequest People have to take house as 0.022

a bequest
not agree =0 (41.7%) 40.00%
agree =1 (58.3%) 29.00%
Livealone Want to_live without children 0.022
after retirement
no =0 (37.1%) 26.53%
yes =1 (62.9%) 37.75%
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(3) Method 2: The Pricing Model of Reverse Mortgage

Assumption

Un-Independence of Housing Value and Interest Rate

The most important risks for lender providing the reverse mortgage are the house
value risk and the interest risk. To estimate the extent that the LTV lenders could offer
in the RM, it is critical to realize the fluctuation of the house value and the interest rate.
This study simulated these two risks according to the following assumptions: (1) the
housing return follows geometric Brownian motion process; and (2) the risk-free
interest rate follows the Cox-Ingersoll-Ross (CIR) model®. However, we argue that
the asset price, particularly in property, is characterized by abrupt and unanticipated
large changes known as “jumps” because of the shocks such as deregulated plot ratio,
key zones for development, redevelopment of old region, and some restrictive or
encouraging policy. Furthermore, the financial crisis will drag down the housing price.
Accordingly, this study presents the housing geometric Brownian motion process with
a mean revering jump-diffusion processes, which is a generalization of the standard
Merton (1976) model®.

Moreover, we noticed that the fluctuation of the house value and the interest rate
are not independent in reality. Therefore we assume that the motion process of the
housing value and the interest rate are correlated with one another. This study estimates
the correlation coefficient between the housing value and the loan rate. According to
the assumption above, the housing value and the interest rate simulation model are
defined as follows:

dr(t) = k(6 —r(t))dt + o, /r(t)dZ, (t)
dH(t) .\ B
;my4m35mmﬂmﬂmeum A4 )

COV(er (t)1 dZH (t)) - er dt
N (t)

IO=2.(%-1)

N(t) ~ P(1,1)

InY, ~ N(6,,0,°)

(9)

Where

dr(t) = the differentials of interest rate at some future time t following CIR model,

k= the mean-reverting intensity of interest rate;

> We developed the model presented by Shreve (2004), “Stochastic Calculus for Finance 2,
Continuous-time models,” p. 468-470.

° See: Merton (1976), “Option pricing when underlying stock returns are discontinuous,” Journal of
Financial Economics, p.3.
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6= the long-term mean-reverting level of the interest rate;
dt= the differentials of time;
o, = the volatility of risk-free rate;

dZ = the Wiener process with the normal distribution with a mean of 0 and
a standard deviation of 1;

dH = the differentials of house value;

o, = theregular expenditure rate of housing;
o, = the volatility of house value;
o,y = Correlation coefficient of house value and interest rate;

d(J(t)— A4, pt) = the jump process, where the J(t) is the jump with Poisson
distribution;
Y, = the jump with log-normal distribution: InY, ~ N(8,,0,%)

A, = the jump frequency, which is the average number of jumps per year;

o, = jump volatility, which is the standard deviation of the proportional jump.

Independence of Loan Terminations

After modeling the fluctuation of the house value and interest rate, the study
supposes that the RM loan only terminates when the borrowers decease. That is, the
loan termination in this study is only determined by the demise of borrowers, which is
independent from the fluctuation of the interest rate and the housing price. The RM
mortgage will not default during the loan term.

This study adopts the mortality of borrowers from the Taiwan Standard Ordinary
Experience Mortality (2002 TSO). Once the loan terminated, this study assumes that
the lenders will sell the house to repay the mortgage debt.

Break-even Program

This study suggests that the RM pricing model is conducted under the break-even
program. The present value of the expected losses of the RMs should to be less than or
equal to the present value of the expected premium of RMs. If the RM is under the
insurance program, it is not a mutual program. The expect value of the mortgage
insurance premium should be able to cover the expected losses. If the lenders provide
the RM without the insurance program, they should charge the risk premium rate on the
loan to incorporate the possible losses in RM.

(4) Model Design

This study derives the RM pricing model to determine the loan-to-value ratio in
the RM under the break-even hypothesis based on Szymanoskis’ (1994) HECM model.
However, the HECM model assumes the RM is under the mortgage insurance program
by Fannie Mae and Freddie Mac in the U.S. For the RM provider, the fundamental
condition is that the present value of the expected losses on a pool of RMs equals the
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present value of the expected premium of RM. We thus modified the original model
as the following equation:

S ELOl+) " <Y EPONL+)” (10)
Where 7

E[ ]= the expected value operator;
L(t) = the loss incurred in period t;

i=  the periodic discount rate; and

P(t) = the mortgage risk premium or the mortgage insurance premium, which is

the scheduled premium collected in period t.
This study simulates the RM mortgage termination for 10,000 times to obtain the
distribution of the loss and the mortgage premium. Further, the study replaces the
expected value operator with the Conditional Tail Expectation (CTE) to reflect the

practical uses in the insurance company. Thus, the RM pricing model in this study is
described as follows:

CTEq[L(t) - +i) "] < CTEG [P(t) - +i)']; (11)
where

CTE,,[ ]=the conditional tail expectation operator, which is under the 90% level.

In equation (11), the expected value of the P(t) is related to the loan survival

probability, which is dependent on the borrower's age. For the RM under the mortgage
insurance program, the P(t) is combination of the initial insurance premium and

annual insurance premium, who respectively charge from the capped property value
and the mortgage balance. And the mortgage balance at time t is:

BAL (t) = BAL (t —1) + Interest (t)+ P(t) (12)

For illustration, this study assumes the initial insurance premium is 2% of the
capped property value, and the annual insurance premium is 0.5% of the outstanding
balance. For the RM without insurance program, the lenders should assume high risk
and consequently charge high risk premium. The current study supposes the interest
premium rate is 3%.

On the left-side of the expression (11), the study estimates the expected loss value
of L(t) by computing the CTE,, of the mortgage loss. The CTE of the mortgage loss

could be estimated through the simulation results of the loan termination, housing
prices, and the interest rates. Yet, the loss only occurs when a loan is terminated, with
the housing value lower than the mortgage balance. Thus,

L(t) = (BAL(t) - H(t))

When, (13)
BAL(t)> H(t)

where
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BAL(t) = the outstanding of the RM when the loan termination at time t;

H(t) = the house selling price at time t.

According to the fundamental relationship between the expected losses and the
expected mortgage premium, the extent of LTV that the lender could offer in the RM
can be calculated. This study further computes the IRR.rm Of different RM programs
in different main regions of Taiwan with different income.

(5) Parameter Setting

The housing prices and the interest rates are simulated 10,000 times. The
parameters in the simulation model are shown in Table 2 and Table 3. The process of
the parameter estimated in the study is described as follows:

First, the parameters in the interest rate simulation model are calculated by using
the Ornstein-Uhlenbeck process in Vasicek Model’. The data of the interest rate
adopted is the one-year deposit rate in Taiwan Post Office Deposits. There are 276 data
ranging from 1986 January to 2008 December.

Table 2

Parameters in the process of simulation

Items Parameters
Simulation times 10,000
Increments (dt) 1

Parameters in the Interest Rate Model

mean reversion speed of interest rate (k) 0.0480
average long-term interest rate (&) 0.0251
standard deviation of risk-free rate (o, ) 0.0104
initial risk-free rate (r,) 2.50%

Parameters in the Housing Value Model

regular expenditure rate of housing (J,, ) 0.001
jump frequency (4,,) 1
expected value of the jumps (6,,) 0
jump volatility (o ) 0.02

" If the Vasicek Model is formed as: dr = a(b —r)dt + odZ , the AR(1) could be estimated

1—exp(-2a) T*°
p( )} .

as:I, =b(l—exp(-a)) +exp(-a)r, , + 0'[ >a
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Second, the parameters in the housing price model, including the average housing
price (H,), the standard deviation of housing price (o, ), the correlation coefficient of

the housing price, and the interest rate ( p,, ), are all computed from the housing

transaction data and the one-year deposit rate in the Post Office. The housing transation
data is collected by this study from an anonymous large real estate agency in Taiwan.
The data ranges from 1997 January to 2008 December, with 66,540 cases in nine
Taiwan administrative regions, ie., Taipei City, Taipei County, Taoyuan County,
Hsinchu City, Taichung City, Tainan City, Kaohsiung City, Yilan City, and Keelung
City). The jump factor in this study we assume the jump frequency (4,, ) is one time a

year with the 0.02 volatility (o, ) and the expect value of the jumps (4,,) is zero.

As shown in Table 3, it is noted that there are different parameters in the housing
price models of different regions in Taiwan. According to the housing transaction data,
Taipei city and Taipei county have higher housing prices with a lower standard
deviation (o, =0.0491 & 0.039).

Table 3
Parameters in the Housing Value Model
Average Housing Standard Deviation of aorrelatlor; Coezflment of
Value (H.) House Valte (. ) ouse Value and Interest
0 ) Rate (er )
Taipei City 11,912,343 0.0491 -0.1638
Taipei County 5,940,344 0.0390 -0.1309
Taoyuan County 3,540,344 0.0622 0.1899
Hsinchu City 4,292,867 0.0572 -0.0163
Taichung City 4,403,122 0.0979 -0.1380
Tainan City 3,242,146 0.0834 -0.1044
Kaohsiung City 3,604,704 0.0529 -0.1333
Yilan City 3,446,524 0.1043 -0.1907
Keelung City 2,748,612 0.1048 -0.3141

Table 4 presents the parameters in RM pricing model. The mortgage premium has
distinct structures under different type of the RM, with or without the insurance
program.

Table 4
Parameters in the RM Pricing Model

Items Parameters
Simulation times 10,000
Increments (dt) 1

Mortgage premium rate (within insurance program)

initial insurance premium (% of property value) 2.0%
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annual insurance premium (% of outstanding balance) 0.5%
loan rate (plus in Risk-free Rate) 0.5%

Mortgage premium rate (without insurance program)

risk premium rate (% plus in Risk-free Rate) 2.0%

4. Data Analysis and Finding
(1) From the Aspect of Borrowers

Among the 396 respondents, 33.6% were willing to apply for RM, with 66.4% of
no intention. About 6.8% of the respondents were interested in lump-sum payment,
62.4% in annuity, and 30.8% in line-of-credit payment of RMs. As for the motivations,
improving the quality of life (47%) and sharing daily living cost (33%) are the first and
second place. On the contrary, compared to those who are not willing to apply for RM,
the plan of taking their house as a bequest is in the first place (22.8%); the response of
not understanding RM well in the second place (20.5%); and the intention to keep their
houses after paying off the mortgage is in the third place (14.1%). Moreover, nearly
half of the respondents (46.7%) declared that they will accept RM if it provides at least
41%~60% of the average monthly income. And about 14.9% of the respondents have
heard about RM. It implies one of the goals could be to improve the knowledge of the
reverse mortgage scheme for potential customers.

A binary logistic regression was conducted and the empirical results are shown in
Table 5 and 6. The overall percentage for corrected classification was 67.4% with
significant tests of model coefficients ( x> =41.666, p=0.007) and the
Hosmer-Lemeshow statistics indicated the suitability of the model (H-L= 4.961,
p=0.762). In order to detect the severity of multi-collinearity between independent
variables, the variance inflation factor (VIF) were calculated. The VIF in the
independent variables were approximately below 2, except the variables of the number
of children (VIF=2.196). Accordingly, all 18 variables were used in the logistics model.

Table 5

Classification Table
Predicted*

Without intention ~ With intention Percentage
to apply for RM  to apply for RM Correct

Observed
Without intention to apply for RM 236 27 89.7
With intention to apply for RM 102 31 23.3
Overall Percentage 67.4

* The cut value is .50
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Table 6

Results of the Logistic Regression

Covariate B Sig. Odds Ratio VIF
Hage 0.013 0.281 1.01 1.13
Sechouse 0.417 0.205 151 1.75
Hvalue 0.000 0.805 1.00 1.38
Letting -0.416 0.224 0.66 1.64
Insurance 0.492 0.049 ** 1.63 1.07
Employment -0.066 0.940 0.93 1.15
Income 0.000 0.532 1.00 1.69
Asset 0.442 0.060 * 1.55 1.07
Wealth -0.365 0.064 * 0.69 1.28
Bequest -0.397 0.094 * 0.67 1.11
Livingalone 0.519 0.035 ** 1.68 1.06
Gender 0.024 0.922 1.02 1.09
Age 0.000 0.989 1.00 1.87
Marital 0.353 0.335 1.42 1.65
Childnu 0.181 0.242 1.19 2.19
Area (north) 2.930 0.683 1.13
Area (east) -0.779 0.297 0.45
Area (central) -1.259 0.256 0.28
Area (south) -0.876 0.308 0.41
Education 0.402 0.010 *** 1.49 1.39
Career (tertiary) 20.959 0.411 1.19
Career (no/retired) -0.603 0.213 0.54
Career (primary) -20.776 0.999 0.00
Career (secondary) 0.423 0.327 1.52
Constant -2.037 0.119 0.13

Hosmer and Lemeshow Statistic =4.961 With 8d.f. (p=0.762 n.s.)
Omnibus Tests of Model Coefficient: Chi-Square =41.666 With 22d.f (p=0.007***)

*p<0.1 **p<0.05

The empirical evidence of the binary logistic regression model indicated that 6 out
of the 18 variables were statistically significant at the 0.1 level (90% Level of
confidence). The significant variables are discussed below as follows.

Education Level

Our analysis revealed that the higher the level of education, the greater the
willingness to apply for RM. This may attributed to the fact that the higher educational
level of the respondents are, the greater the possibility for them to accept a new type of
financial products. As mentioned before, among the 396 participants, about 34%

% n<0.01

n.s. p>0.1

willing to apply for RM have a master’s or doctoral degree.
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Security Assets

The evidence shows that homeowners who hold assets of stocks, bonds and funds
as their major property are more likely to apply for RM. The significant factors of the
education level and the security asset are in accordance with Chou’s (2006) results. The
possible reason is that the homeowners who possess assets of stocks, bonds and funds
are more willing to accept financial products and RM.

Insurance

Results show that those who are in insurance programs tend to participate the RM
scheme. It suggests that if people plan for retirement, they are inclined to purchase
investment insurance, and therefore more likely to consider applying for RM for
income after retirement.

This evidence is also supported in a survey made by the American Association of
Retired Persons (AARP). The AARP national survey of RM shoppers in the U.S. in
2006 showed that despite the high costs involved, 14% of respondents had looked into a
RM scheme because they want to make investments or purchase annuities or long-term
health care insurance (AARP, 2006).

Wealth

The evidence shows that the wealth was inversely proportional to the willingness
to apply for RM. One would expect that homeowners who are more satisfied with their
wealth may have more financial reserve for retirement and consequently reduce the
demand for RM. The result is similar to Weinrobe’s (1987) and Chou’s (2006) findings,
in which they indicated that the income variable and the value of financial assets had a
negative effect on RM. However, the variables of income and house price are not
significant in this study.

Bequest

While considering the reason not to apply for RM, respondents’ desire to preserve
their house as bequest for their children was ranked the first place. The empirical results
also revealed the negative relation between the bequest variable and the demand of the
RM. Furthermore, based on the survey by the AARP in 1990, the lesser the
commitment to bequeath their houses to their children, the more likelihood of applying
for RM may take place (Merrill & Finkel & Kutty, 1994). The result may be attributed
to the traditional Chinese concept regarding real property, which may also be a hurdle
for middle-aged homeowners to apply for RM.

Living Alone

Analysis points out the respondents who want to live without children after retired
are more willing to apply for the RM. It may be explained that some households do not
persevere the traditional Chinese concept --- living with their children as the major
supporting source. Therefore, they have more financial autonomy in managing their
asset and more motivation to apply for RM. This result could also be attributed to the
possible reason for households not planning to pass their house to their children.

(2) From the Aspect of Lenders
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Based on the parameters set above, we simulated the path of the risk-free interest
rates and the return rates on housing in different places of Taiwan. We illustrated the
results of Taipei city in Figure 5 and 6. It shows the simulated paths follow the rules
that the simulation model developed. The initial risk-free interest rate is 2.5% with
2.51% average long-term interest rate and 1.04% standard deviation. And the average
housing return rate is 2.41%, with 0.1% of the regular expenditure rate in housing and
4.91% of the standard deviation in housing return.

5.0%

4.5%

4.0%

3.5%

3.0%

2.5%

2.0%

1.5%

1.0%

0.5%

0.0%
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 Years

Figure 5
Simulated fluctuation of risk-free rate in Taipei city
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Figure 6
Simulated rate of return on housing in Taipei city
We further changed Figure 6 from the return rate on housing to the average house

value in Figure 7, we could observe the “jump” effect in the housing value model. It is
reasonable since the housing price is not always stable in reality.
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Figure 7
Simulated average housing prices in Taipei city

The following sections show the results of the RM pricing models. Two types of
RM programs and the difference between lump-sum and annuity payment are discussed
below in detail. However, the type of line-of-credit payment is not included in this
study due to this type of RM is the mixed type of lump-sum and annuity payments. As
an example of the RM pricing model, this study developed the RM program with a
65-year-old male and female household in Taipei City. In addition, the results of RM in
different Taiwan regions are also presented with the sensitivity analysis.

Results with Insurance Program

According to the given assumptions and the parameters, this study conducted the
RM pricing model to explore the LTV and IRR.rm in Taipei City. The CTE,, under

the break-even level in different payment programs are Male: 997,329 in Lump-sum
payment, 1,009,628 in Annuity payment; Female: 1,000,706 in Lump-sum payment,
1,060,221 in Annuity payment. The frequency data are given in Appendix 1.

Furthermore, the distribution of the expected loss in the two payment types is
presented in Appendix 2. It shows that the loss generally occurs near the end of the tail.
The reason is closely related to the mortality and the amount of the mortgage balance in
RM. It is because that the termination of the RM is based on the mortality of borrowers.
However, the mortality probability is high for people after they are 90 years old.
Meanwhile, the mortgage balance also reaches a high level to outpace the housing price
at termination. (see Appendix 3)

Through the break-even point of the RM, the LTV and the IRRrm can be
calculated. Table 7 shows the results of the LTV and IRR.gm for 65-year-old Male and
Female borrower with the RM insurance program. The average housing price is $TWD
11,912,343 and the average wage for per household per year is $632,242 in Taipei City.
As the LTV in RM is determined, the cash-to-borrower value can be computed by
multiplying the loan amount by the annuity parameter®. And then this study calculates

® The annual parameter in this paper follows the method of the whole life annuity-due. The whole life
annuity-due for a X aged person with Y dollars is:

-18-



the IRR.rm by comparing the average per household annual wage income® and the
cash-to-borrower value from RM.

Table 7
Results of the RM with insurance program (Taipei city) Unit: TWD
Average House Value 11,912,343
Average Wage (per-household, per year) 632,242
Initial insurance premium (% of property value) 2.0%
Annual insurance premium (% of outstanding balance) 0.5%
Loan rate (plus in Risk-free Rate) 0.5%
LTV Loan Amount IRR.rm

Age/Sex ) - — ]
Lump-Sum Annuity Lump-Sum  Annuity Lump-Sum  Annuity

M 43.65% 25.93% 5,199,187 3,088,591 67.80% 40.27%
F 41.46% 24.08% 4,938,446 2,868,191 64.40% 37.40%

65

Table 7 shows that the lump-sum payment has higher IRRgrm than annuity
payment. The reason may be attributed to the different the risk premium incomes and
the accumulating speeds of the mortgage balances between these two payment types.
As shown in Figure 8 and 9, the lump-sum RM has a higher initial mortgage balance
and has lower speed in the mortgage balance accumulation than the annuity RM. The
higher initial mortgage balance implies the higher risk premium the lender or the
insurance institution should assume.
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Figure 8
Mortgage balance in lump-sum payment of RM
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% The income data in this study are collected form Ministry of Interior (2008).
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Figure 9
Mortgage balance in annuity payment of RM

As mentioned previously, results of our survey show that the basic need for RM
ranges from 40% to 60%™°. Compared with the investigation results, it is noted that the
IRR.rm in the simulation model basically meet the results in the survey (except the
annuity payment the female apply for). However, the National Annuity System in
Taiwan offers the elderly benefits around 34%" in the income replacement ratio for
insured person. Hence, the study suggests that the IRR.grm Over 30% should be very
helpful for the borrower when they are retired.

Results without Insurance Program

The average house value, the average wage for per household per year; the LTV
and IRR.rm are presented in Table 8. The CTE,, under the break-even level in this

program is: Male: 91,829 in Lump-sum payment, 205,533 in Annuity payment; Female:
86,581 in Lump-sum payment, 205,495 in Annuity payment. The frequency and the
distribution of expected loss is shown in Appendix 1 and Appendix 2.

As shown in Table 8, the premium structure of the RM without insurance program
is different with the RM with insurance program. In the RM program without insurance,
the lender should assume the risks by charging the premium on the loan rate.
Furthermore, the lender receives the risk premium income only under the termination
of RM, which is different from the annual receipt in insurance program. The
distribution is illustrated in Appendix 3.

1% This study accordingly supposes the feasible level of RM is the IRR could reach nearly 40% in
Taiwan.

" With the assumption that the seniority of participant is 25 years and the basic wage is TWD 17,280.
Data source: Council of Labor Affairs, Executive Yuan.
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Table 8

Results of the RM without insurance program (Taipei city) Unit: $TWD
Average House Value 11,912,343
Average Wage (Per-household) 632,242
Risk premium rate (plus in Risk-free Rate) 2.0%

LTV Loan Amount IRR.rMm
Age/Sex ) ) S— )
Lump-Sum  Annuity  Lump-Sum Annuity Lump-Sum  Annuity
65 M 40.21% 23.13% 4,790,423 2,754,736 62.47% 35.92%
F 38.09% 21.47% 4,537,510 2,557,827 59.17% 33.35%

Table 8 indicates the IRR.grm With the 2% of risk premium rate lower than the
IRR.rm With the insurance program. It is expected that the loan amount will moderately
rise as the risk premium rate rises. Meanwhile, the mortgage balance will rise
dramatically as well. The rapid accumulation of mortgage balance will aggrieve the
benefits of the borrowers’ heritors because the surplus of the house value after repaying
the RM belongs to them.

We may conclude that not only the RM lender should assume the risks, but also
the RM borrowers should take the risks, especially when the RM lenders go bankrupt
or terminate the RM payment unilaterally. The study suggests that the RM without
insurance program should be more cautious, since the RM loan has a major risk —the

asset liquidity risk —for the RM provider if the RM loans lack the securitization
scheme.

Sensitivity Analysis

We conducted the sensitivity analysis of the RM pricing model to figure out the
diversification of LTV and IRR.grm in the RM. We performed the replacement with
different parameters to see the change as the expected value operator and borrowers’
ages varied. Furthermore, the RM pricing model with different house locations and
varied borrowers’ income level are also conducted to explore the variance in the
IRR.gm.

Different Expected Value Operator

In this study, we define the expected loss value in RM as the Conditional Tail
Expectation at 90% level (CTEgo). The reason is that we assume the RM lenders should
be more conservative when they offer the RM in reality. As compared to the mean
value in the simulated process shown in Table 9, it has higher value in the CTEq.
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Table 9
Risk Value of RM (Taipei City)

Risk level RM with insurance RM without insurance
Age Sex  Lump-Sum Annual Lump-Sum Annual
CTEqs 65 M 997,329 1,009,628 91,829 205,533
F 1,000,706 1,060,221 86,581 205,495
Mean Value 65 M 789,482 539,047 106,167 133,800
F 822,074 587,641 99,950 138,323

Since the duration of RM is over 30 years, the simulated results show the major
expected loss occurs at the end of the duration. The RM lenders could compute the
expected loss value by adopting the CTEg, value. The mean approach could cause the
expected loss underestimated.

Table 10 shows that the LTV and IRR.gm under the mean approach are obviously
higher than CTEgy,. Based on the different mortgage pools and risk tolerance the RM
lenders assume, this study suggests that the RM lender could offer diverse LTV for
borrowers according to different risk levels.

Table 10

Results of RM under Different Risk Levels (Taipei City)
RM with insurance

Risk level LTV IRR-rm
Age Sex  Lump-Sum Annual Lump-Sum Annual
CTE 65 M 43.65% 25.93% 67.80% 40.27%
%0 F 41.46% 24.08% 64.40% 37.40%
M 58.77% 35.34% 91.29% 54.89%
Mean Value 65
F 56.39% 33.07% 87.60% 51.37%
RM without insurance
Risk level LTV IRR rm
Age Sex  Lump-Sum Annual Lump-Sum Annual
CTE 65 M 40.21% 23.13% 62.47% 35.92%
%0 F 38.09% 21.47% 59.17% 33.35%
M 49.96% 29.28% 77.61% 45.49%
Mean Value 65
F 47.44% 27.22% 73.70% 42.28%
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Different Ages of the Borrowers

The study divided the RM borrower into six groups (male and female with 60, 65,
and 70 years old, respectively) to calculate the LTV the lender could offer under
different RM programs. We then discuss the IRR.gy the borrowers could obtain at
different age levels while they apply for RM.

As shown in Table 11, the older when borrowers apply for RM, the higher LTV
and IRR_rym they can get. Besides, the male borrowers could receive more loan amount
than the female. The major reason for the different IRR.ry is due to the difference of
borrowers’ mortality rates. According to the 2002 TSO, the older people and the male
have higher probability of mortality. Since the termination of RM is based on the
decease of borrowers, if one has higher expected death rate, the lenders assume the
lower risk of mortgage balance exceeding the housing price. Therefore borrowers with
higher expected death rate can obtain higher LTV.

Table 11
Results on different age of the borrowers (Taipei City) Unit: TWD
LTV Loan Amount IRR.grm

Age/Sex . ) )
Lump-Sum  Annuity Lump-Sum  Annuity Lump-Sum Annuity

RM with insurance program

60 M 38.06%  21.46% 4,533,935 2,556,385 59.12% 33.34%
F 35.94%  20.03% 4,281,174 2,385,731 55.83% 31.11%
65 M 43.65%  25.93% 5,199,187 3,088,591 67.80% 40.27%
F 41.46%  24.08% 4,938,446 2,868,191 64.40% 37.40%
20 M 49.85%  31.89% 5,938,392 3,798,942 77.44% 49.54%
F 47.28%  29.36% 5,632,480 3,497,904 73.45% 45.61%
RM without insurance program
60 M 34.76%  18.96% 4,141,208 2,257,996 54.00% 29.44%
F 3250%  17.49% 3,871,306 2,084,011 50.48% 27.18%
65 M 40.21%  23.13% 4,790,423 2,754,736 62.47% 35.92%
F 38.09%  21.47% 4,537,510 2,557,827 59.17% 33.35%
20 M 46.19%  28.60% 5,502,638 3,406,841 71.75% 44.42%
F 4357%  26.20% 5,190,549 3,120,801 67.68% 40.69%

Different Regions

Because of different features from different places of Taiwan, the study conducts
the RM model with different parameters to explore the difference of LTV and IRR.grm
value in Taiwan. The result is shown in Appendix 4. With the relatively stable housing
prices and the high housing price, results show that there is high feasibility of RM in
Taipei city and Taipei county. However, the IRR.rv in Yilan city and Taichung city
take the third and fourth places, respectively. It is because the borrower in Yilan city
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has lower wage (TWD 32,930), and the housing value is higher (TWD 4,403,122) in
Taichung city.

Different Wage Levels

We further divides the RM borrower into different income levels to examine the
change of the IRR_ry that borrowers could get. First of all, borrowers are divided by sex
and income levels. Second, to figure out the degree of IRR.rm the elders can get, this
study adopted the average wage of two groups of people (aged 55-64 and more than 65)
as a pre-retirement income. It is based on the assumption that some people may tend to
remain employed as they are worried about the financial instability after they are 60
years old. Hence, it may be a good choice for them to apply for RM.

Appendix 5 provides the results of the IRR gy at the wage level divided by sex. It
shows the reverse condition in both the RM with or without insurance program as
compare to Appendix 4. The IRR.rym for the female borrower is higher than the male
borrower could obtain even though the LTV the female could get is generally less than
the male. It indicates that the female could be the major benefit receiver due to their
pre-retirement wage is less than male in average.

In addition, according to Appendix 5, it provides the basic level of RM programs
in lump-sum payment for the borrowers aged over 65 in Hsinchu and Taichung city.
And the basic level of RM in Kaohsiung city and Taoyuan city is female borrowers of
over 70 years old in lump-sum payment with insurance program. As for the IRR.gwm Of
the Taipei city and Taipei county, it ranges from 45.6% to 133.5% in Taipei city and
25.8% to 66.8% in Taipei county, which generally reaches the basic level of RM either
with or without insurance program.

The results of the IRR.gw Of different ages and wages are shown in Appendix 6. It
shows a great raise of IRR.gm for the borrowers aged over 65. The IRR.gym for them all
reaches 100% level in all nine regions either with or without insurance program.
However, the study indicates the result is less accurate due to the elder after 65 could
receive the financial support from the government and may have other income source
such as life insurance and interests from their deposits. We did not tend to estimate the
exact income the household have in maintaining their basic life quality when they
become senior. Nevertheless, the results in Appendix 6 still provide a direction that
senior household could have substantial income support from RM.

According to the HUD (2008), the gender of borrower in the HECM program is
46.4% in single female, 17.3% in single male, and 36.3% in borrower irrespective of
gender in average. The average borrower age is 75.2, which is higher than the marginal
standard (aged over 62) of RM borrower in the U.S. It indicates the elder women
borrower could be the main beneficiaries from RM, which is consistent with the
simulation results in this study.
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5. Conclusions and Policy Implications

(1) Conclusions

In Taiwan, the government has launched some schemes of social policy to cope
with the aging problem. The National Annuity System has implemented in 2008, it is
expected the older people could receive more welfare from the government. However,
except the social policy, the government should play an active role in promoting the
development of some financial products for people to plan for their retired life.
Through appropriate asset allocation, it could be more effective to meet the specialized
financial needs for the elderly. The Reverse Mortgage could provide the mechanism in
helping the elder homeowners to transfer their home equity into cash. Besides, the
“aging in place” policy could be implemented more successfully because the RM
allows the elder homeowners not to move out.

Nevertheless, results in this study show the traditional conception is the major
impediment of the implementation of RM in Taiwan. To cope with the aging trend, the
government needs to focus on regulation regarding the RM. A counseling system of
RM may help to reduce the suspicion and let the elderly could accept the RM more
easily. In addition, complementary policies should be established according to the
changing markets, and consequently the RM secondary markets may be developed for
lenders to hedge risks. This study suggests that the RM with insurance program could
be implemented at the early stage, and the government may serve as the insurer to
reduce the uncertainty. The premium rate and the risk level could be more flexible to
meet the needs of RM borrowers. And the payment receipts from the RM should be
tax-free due to the income is generated form the equity of borrowers’ property.

(2) Limitations

Even though this study provides valuable insights on the implementation of RM, it
still encounters some limitations. First, although the results of descriptive analysis have
shown the overall patterns of respondents’ attitudes towards RM, there is little we can
predict the intention of the population if the RM is really executed in the future. Second,
only 396 observations were used in the survey. This sample of survey is too small for
generalization. Third, the housing transaction data in the study is collected from one
real estate agency, and the data only consists of nine regions in Taiwan, which may be
not enough to represent the whole housing market in Taiwan.

(3) Recommendations

This study presents the preliminary results of the feasibility of RM in aging
countries. Nevertheless, the potential of the implementation of RM clearly needs
further exploration. Besides, it would be beneficial to conduct similar survey on a larger
population group. To summarize, this study takes Taiwan as an example to show the
feasibility of application of RM in aging countries. Results show that reverse mortgage
could be the alternative for elderly people in aging societies in planning for their life
after retirement.
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Appendix 1

Frequency data of the expected loss in RM in Taipei city
- with insurance program
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Frequency data of the expected loss in RM in Taipei city
- without insurance program
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Appendix 2

Distribution of average expected loss in RM in Taipei city
- with insurance program
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Distribution of average expected loss in RM in Taipei city
- without insurance program
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Appendix 3

Distribution of average expected risk premium income in RM in Taipei City
- with insurance program
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Distribution of average expected risk premium income in RM in Taipei City
- without insurance program
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Appendix 4

Tables of LTV & IRR.grm in Taiwan - with insurance program

LTV & IRR rm of the RM with insurance program in Taiwan Unit: STWD
Initial insurance premium (% of property value) 2.00%
Annual insurance premium (% of outstanding balance) 0.50%
Loan rate (plus in Risk-free Rate) 0.50%
. Age/ LTV |RR.RM
Region ) - )
Sex Lump-Sum  Annuity  Lump-Sum Annuity
Average House Value 11,912,343
Average Wage (per-household, per year) 632,242
60 M 38.06% 21.46% 59.12% 33.34%
Taipei City F 35.94% 20.03% 55.83% 31.11%
65 M 43.65% 25.93% 67.80% 40.27%
F 41.46% 24.08% 64.40% 37.40%
20 M 49.85% 31.89% 77.44% 49.54%
F 47.28% 29.36% 73.45% 45.61%
Average House Value 5,940,344
Average Wage (per-household, per year) 439,488
60 M 38.15% 21.50% 42.51% 23.95%
Taipei County F 36.05% 20.07% 40.17% 22.37T%
65 M 43.79% 25.97% 48.80% 28.94%
F 41.59% 24.13% 46.34% 26.88%
20 M 50.00% 31.96% 55.72% 35.62%
F 47.45% 29.43% 52.88% 32.80%
Average House Value 3,540,344
Average Wage (per-household, per year) 487,782

60 M 37.89% 21.38% 22.67% 12.79%
35.72% 19.94% 21.38% 11.93%

Taoyuan County F
M 43.34% 25.81% 25.94% 15.45%
F
M

65
41.24% 23.99% 24.68% 14.36%

49.58% 31.76% 29.67% 19.00%

70

F 47.01% 29.25% 28.13% 17.50%
Hsinchu City  Average House Value 4,292,867
Average Wage (per-household, per year) 673,985

60 M 37.96% 21.42% 19.94% 11.25%

F 35.81% 19.98% 18.81% 10.49%

65 M 43.34% 25.87% 22.76% 13.59%

F 41.33% 24.03% 21.70% 12.62%

70 M 49.70% 31.82% 26.10% 16.71%
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F 47.11% 29.30% 24.74% 15.39%
Average House Value 4,403,122
Average Wage (per-household, per year) 492,445
60 M 37.23% 21.13% 27.44% 15.58%
Taichung City F 35.05% 19.65% 25.84% 14.49%
65 M 42.46% 25.47% 31.30% 18.78%
F 40.39% 23.67% 29.78% 17.45%
20 M 48.50% 31.32% 35.75% 23.09%
F 45.98% 28.81% 33.89% 21.24%
Average House Value 3,242,146
Average Wage (per-household, per year) 385,188
60 M 37.54% 21.25% 26.05% 14.75%
Tainan City F 35.37% 19.79% 24.54% 13.73%
65 M 42.88% 25.64% 29.75% 17.79%
F 40.79% 23.83% 28.30% 16.53%
20 M 49.01% 31.53% 34.01% 21.88%
F 46.45% 29.02% 32.24% 20.14%
Average House Value 3,604,704
Average Wage (per-household, per year) 478,720
60 M 38.02% 21.44% 23.60% 13.31%
Kaohsiung City F 35.89% 20.01% 22.28% 12.42%
65 M 43.58% 25.91% 27.05% 16.08%
F 41.40% 24.05% 25.70% 14.93%
20 M 49.78% 31.86% 30.90% 19.78%
F 47.21% 29.33% 29.31% 18.21%
Average House Value 3,446,524
Average Wage (per-household, per year) 324,930
60 M 37.07% 21.08% 32.42% 18.43%
Yilan City F 34.89% 19.59% 30.51% 17.13%
65 M 42.12% 25.39% 36.84% 22.20%
F 40.20% 23.59% 35.15% 20.63%
20 M 48.26% 31.22% 42.20% 27.30%
F 45.74% 28.71% 40.00% 25.11%
Average House Value 2,748,612
Average Wage (per-household, per year) 448,864
60 M 37.08% 21.08% 18.72% 10.64%
Keelung City F 34.89% 19.59% 17.61% 9.89%
65 M 42.27% 25.40% 21.34% 12.82%
F 40.18% 23.57% 20.28% 11.90%
20 M 48.25% 31.23% 24.36% 15.77%
F 45.70% 28.69% 23.07% 14.48%
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Table of LTV & IRR.grm in Taiwan - without insurance program

LTV & IRR.grm Without Insurance program in Taiwan Unit: $TWD
Risk premium rate (plus in Risk-free Rate) 2.0%
Region Age! LY IRR
Sex Lump-Sum  Annuity Lump-Sum  Annuity
Average House Value 11,912,343
Average Wage (per-household, per year) 632,242
60 M 34.76% 18.96% 54.00% 29.44%
Taipei City F 32.50% 17.49% 50.48% 27.18%
65 M 40.21% 23.13% 62.47% 35.92%
F 38.09% 21.47% 59.17% 33.35%
20 M 46.19% 28.60% 71.75% 44.42%
F 43.57% 26.20% 67.68% 40.69%
Average House Value 5,940,344
Average Wage (per-household, per year) 439,488
60 M 34.92% 19.00% 38.91% 21.18%
Taipei County F 32.69% 17.56% 36.43% 19.57%
- M 40.38% 23.19% 44.99% 25.84%
F 38.27% 21.54% 42.64% 24.01%
20 M 46.41% 28.68% 51.72% 31.96%
F 43.83% 26.29% 48.84% 29.30%
Average House Value 3,540,344
Average Wage (per-household, per year) 487,782
60 M 34.43% 18.82% 20.60% 11.26%
Taoyuan County F 32.25% 17.38% 19.30% 10.40%
65 M 39.84% 22.99% 23.84% 13.76%
F 37.79% 21.35% 22.61% 12.78%
20 M 45.76% 28.42% 27.38% 17.00%
F 43.13% 26.03% 25.81% 15.57%
Average House Value 4,292,867
Average Wage (per-household, per year) 673,985
60 M 34.59% 18.89% 18.16% 9.92%
Hsinchu City F 32.34% 17.42% 16.98% 9.15%
6 M 40.01% 23.05% 21.01% 12.10%
F 37.91% 21.40% 19.91% 11.24%
20 M 45.96% 28.50% 24.13% 14.97%
F 43.31% 26.10% 22.75% 13.71%
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Average House Value

4,403,122

Average Wage (per-household, per year) 492,445
60 M 33.45% 18.49% 24.66% 13.63%
Taichung City F 31.11% 16.96% 22.93% 12.50%
65 M 38.51% 22.54% 28.39% 16.62%
F 36.54% 20.86% 26.93% 15.38%
20 M 44.22% 27.89% 32.59% 20.56%
F 41.53% 25.47% 30.61% 18.78%
Average House Value 3,242,146
Average Wage (per-household, per year) 385,188
60 M 33.93% 18.66% 23.55% 12.95%
Tainan City F 31.61% 17.15% 21.94% 11.90%
65 M 39.17% 23.04% 27.18% 15.99%
F 37.13% 21.09% 25.77% 14.63%
20 M 44.94% 28.16% 31.19% 19.54%
F 42.27% 25.73% 29.34% 17.85%
Average House Value 3,604,704
Average Wage (per-household, per year) 478,720
50 M 34.69% 18.93% 21.54% 11.75%
Kaohsiung City F 32.42% 17.46% 20.13% 10.84%
65 M 40.13% 23.09% 24.91% 14.34%
F 38.01% 21.44% 23.60% 13.31%
70 M 46.09% 28.56% 28.61% 17.73%
F 43.46% 26.16% 26.98% 16.24%
Average House Value 3,446,524
Average Wage (per-household, per year) 324,930
60 M 33.23% 18.42% 29.06% 16.10%
Yilan City F 30.86% 16.87% 26.98% 14.76%
65 M 38.16% 22.44% 33.37% 19.62%
F 36.23% 20.75% 31.68% 18.14%
20 M 43.86% 27.76% 38.35% 24.28%
F 41.17% 25.35% 36.00% 22.17%
Average House Value 2,748,612
Average Wage (per-household, per year) 448,864
60 M 33.26% 18.42% 16.79% 9.30%
Keelung City F 30.81% 16.87% 15.55% 8.52%
65 M 38.12% 22.43% 19.24% 11.32%
F 36.19% 20.74% 18.27% 10.47%
20 M 43.81% 27.76% 22.12% 14.01%
F 41.15% 25.35% 20.77% 12.80%
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Appendix 5

IRR_rm With insurance program in Taiwan
- wage ordered by sex

IRR.rm With insurance program - wage ordered by sex Unit: $STWD
Initial insurance premium (% of property value) 2.0%
Annual insurance premium (% of outstanding balance) 0.5%
Loan rate (plus in Risk-free Rate) 0.5%
Average Wage (Male, per year) 408,659
Average Wage (Female, per year) 347,824
Region Age/ LTV - IRR.rm -

Sex Lump-Sum Annuity Lump-Sum  Annuity
Average House Value 11,912,343

50 M 38.06% 21.46% 91.47% 51.57%

F 35.94% 20.03%  101.48% 56.55%

Taipei City 65 M 43.65% 25.93%  104.89% 62.31%

F 41.46% 24.08%  117.05% 67.98%

20 M 49.85% 31.89%  119.80% 76.64%

F 47.28% 29.36%  133.51% 82.91%
Average House Value 5,940,344
M 38.15% 21.50% 45.72% 25.76%

%0 F 36.05% 20.07% 50.75% 28.27%

Taipei County 65 M 43.79% 25.97% 52.48% 31.12%
F 41.59% 24.13% 58.56% 33.97%

20 M 50.00% 31.96% 59.92% 38.30%

F 47.45% 29.43% 66.81% 41.44%
Average House Value 3,540,344
M 37.89% 21.38% 27.06% 15.27%

°0 F 35.72% 19.94% 29.98% 16.73%

Taoyuan County 65 M 43.34% 25.81% 30.96% 18.44%
F 41.24% 23.99% 34.60% 20.13%

70 M 49.58% 31.76% 35.41% 22.68%

F 47.01% 29.25% 39.44% 24.55%

Average House Value 4,292,867
M 37.96% 21.42% 32.88% 18.55%

%0 F 35.81% 19.98% 36.44% 20.33%

Hsinchu City 65 M 43.34% 25.87% 37.54% 22.41%
F 41.33% 24.03% 42.06% 24.45%

20 M 49.70% 31.82% 43.04% 27.55%

F 47.11% 29.30% 47.94% 29.81%
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Average House Value

4,403,122

60 M 37.23% 21.13% 33.07% 18.77%

F 35.05% 19.65% 36.58% 20.51%

Taichung City 65 M 42.46% 25.47%  37.71% 22.63%
F 40.39% 23.67%  42.16% 24.70%

20 M 48.50% 31.32%  43.08% 27.82%

F 45.98% 28.81%  47.99% 30.07%

Average House Value 3,242,146

50 M 37.54% 21.25% 24.56% 13.90%

F 35.37% 19.79% 27.18% 15.21%

Tainan City 65 M 42.88% 25.64% 28.04% 16.77%
F 40.79% 23.83% 31.35% 18.31%

20 M 49.01% 31.53% 32.06% 20.62%

F 46.45% 29.02% 35.70% 22.30%

Average House Value 3,604,704

60 38.02% 21.44% 27.65% 15.59%

F 35.89% 20.01% 30.66% 17.09%

Kaohsiung City 65 M 43.58% 25.91% 31.69% 18.84%
F 41.40% 24.05% 35.37% 20.55%

70 M 49.78% 31.86% 36.20% 23.17%

F 47.21% 29.33%  40.33% 25.06%

Average House Value 3,446,524

50 37.07% 21.08% 25.78% 14.65%

F 34.89% 19.59% 28.50% 16.00%

Yilan City 65 M 42.12% 25.39% 29.29% 17.65%
F 40.20% 23.59% 32.84% 19.27%

70 M 48.26% 31.22% 33.56% 21.71%

F 45.74% 28.71% 37.36% 23.45%

Average House Value 2,748,612

60 M 37.08% 21.08% 20.56% 11.69%

F 34.89% 19.59% 22.73% 12.76%

Keelung City - M 42.27% 25.40%  23.44% 14.08%
F 40.18% 23.57% 26.18% 15.36%

10 M 48.25% 31.23% 26.75% 17.32%

F 45.70% 28.69% 29.78% 18.69%
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IRR.rm Without insurance program in Taiwan - wage ordered by sex

IRR_rm Without insurance program in Taiwan - wage ordered by sex Unit: TWD

Risk premium rate (plus in Risk-free Rate) 2.0%
Average Wage (Male, per year) 704,080
Average Wage (Female, per year) 502,636
. Age/ LTV IRR.rMm
Region ] - )

Sex  Lump-Sum  Annuity Lump-Sum  Annuity
Average House Value 11,912,343

60 M 34.76% 18.96% 83.55% 45.55%

F 32.50% 17.49% 91.76% 49.40%

Taipei City s M 40.21% 23.13% 96.64% 55.57%

F 38.09% 21.47% 107.55% 60.63%

20 M 46.19% 28.60% 111.01% 68.73%

F 43.57% 26.20% 123.03% 73.97%
Average House Value 5,940,344
M 34.92% 19.00% 41.84% 22.77%

%0 F 32.69% 17.56% 46.03% 24.73%

Taipei County 65 M 40.38% 23.19% 48.39% 27.79%
F 38.27% 21.54% 53.88% 30.33%

2 M 46.41% 28.68% 55.62% 34.37%

F 43.83% 26.29% 61.71% 37.02%
Average House Value 3,540,344

s M 34.43% 18.82% 24.59% 13.44%

F 32.25% 17.38% 27.07% 14.58%

Taoyuan County - M 39.84% 22.99% 28.46% 16.42%
F 37.79% 21.35% 31.71% 17.92%

20 M 45.76% 28.42% 32.69% 20.30%

F 43.13% 26.03% 36.19% 21.84%
Average House Value 4,292,867

s M 34.59% 18.89% 29.95% 16.36%

F 32.34% 17.42% 32.91% 17.73%

Hsinchu City 65 M 40.01% 23.05% 34.65% 19.96%
F 37.91% 21.40% 38.58% 21.78%

70 M 45.96% 28.50% 39.80% 24.69%

F 43.31% 26.10% 44.07% 26.56%

-38-



Average House Value

4,403,122

60 M 33.45% 18.49% 29.71% 16.43%

F 31.11% 16.96% 32.47% 17.70%

Taichung City 65 M 38.51% 22.54% 34.21% 20.03%
F 36.54% 20.86% 38.13% 21.77%

20 M 44.22% 27.89% 39.28% 24.78%

F 41.53% 25.47% 43.34% 26.58%

Average House Value 3,242,146

60 M 33.93% 18.66% 22.20% 12.21%

F 31.61% 17.15% 24.29% 13.18%

Tainan City o5 M 39.17% 23.04% 25.62% 15.07%
F 37.13% 21.09% 28.53% 16.21%

20 M 44.94% 28.16% 29.40% 18.42%

F 42.27% 25.73% 32.49% 19.77%

Average House Value 3,604,704

50 M 34.69% 18.93% 25.23% 13.77%

F 32.42% 17.46% 27.70% 14.92%

Kaohsiung City 65 M 40.13% 23.09% 29.18% 16.79%
F 38.01% 21.44% 32.47% 18.32%

20 M 46.09% 28.56% 33.52% 20.77%

F 43.46% 26.16% 37.13% 22.35%

Average House Value 3,446,524

60 M 33.23% 18.42% 23.11% 12.80%

F 30.86% 16.87% 25.21% 13.79%

Yilan City 65 M 38.16% 22.44% 26.54% 15.60%
F 36.23% 20.75% 29.60% 16.95%

20 M 43.86% 27.76% 30.50% 19.30%

F 41.17% 25.35% 33.63% 20.71%

Average House Value 2,748,612

50 M 33.26% 18.42% 18.44% 10.22%

F 30.81% 16.87% 20.07% 10.99%

Keelung City 65 M 38.12% 22.43% 21.14% 12.44%
F 36.19% 20.74% 23.58% 13.51%

-0 M 43.81% 27.76% 24.29% 15.39%

F 41.15% 25.35% 26.81% 16.51%
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Appendix 6

IRR.rm With insurance program in Taiwan - wage ordered by age

IRR.rMm With insurance program - wage ordered by age Unit: $TWD
Initial insurance premium (% of property value) 2.0%
Annual insurance premium (% of outstanding balance) 0.5%
Loan rate (plus in Risk-free Rate) 0.5%
Average Wage Recipients of Elder (55-64) 339,774
Average Wage Recipients of Elder (65-) 92,484
. Age/ LTV IRR.rm
Region

Sex Lump-Sum  Annuity Lump-Sum  Annuity
Average House Value 11,912,343

50 38.06% 21.46%  110.01% 62.03%

F 35.94% 20.03%  103.88% 57.89%

Taipei City s M 4365% 25.93%  463.47%  275.33%

F 41.46% 24.08%  440.23%  255.68%

- M 49.85% 31.89%  529.37%  338.65%

F 47.28% 29.36%  502.10%  311.82%
Average House Value 5,940,344

50 M 38.15% 21.50% 54.98% 30.98%

F 36.05% 20.07% 51.96% 28.93%

Taipei County s M 4379% 25.97%  231.89%  137.53%

F 41.59% 24.13%  220.22%  127.76%

20 M 50.00% 31.96%  264.77%  169.25%

F 47.45% 29.43%  251.27%  155.85%
Average House Value 3,540,344

50 37.89% 21.38% 32.55% 18.36%

F 35.72% 19.94% 30.69% 17.13%

Taoyuan County s M 43.34% 25.81%  136.79%  81.47%

F 41.24% 23.99%  130.14% 75.72%

20 M 49.58% 31.76%  156.46%  100.24%

F 47.01% 29.25%  148.35% 92.32%
Hsinchu City Average House Value 4,292,867

60 M 37.96% 21.42% 39.54% 22.31%

F 35.81% 19.98% 37.31% 20.81%

65 M 43.34% 25.87%  165.86% 99.00%

F 41.33% 24.03%  158.17% 91.95%

70 M 49.70% 31.82%  190.18%  121.75%
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F 47.11% 29.30% 180.30% 112.12%
Average House Value 4,403,122
60 M 37.23% 21.13% 39.77% 22.58%
F 35.05% 19.65% 37.44% 21.00%
Taichung City g M 4246% 25.47%  166.64%  99.98%
F 40.39% 23.67%  158.55% 92.90%
20 M 48.50% 31.32% 190.38%  122.93%
F 45.98% 28.81% 180.47%  113.10%
Average House Value 3,242,146
60 M 37.54% 21.25% 29.53% 16.72%
F 35.37% 19.79% 27.82% 15.57%
Tainan City s M 4288% 25.64%  123.92%  74.11%
F 40.79% 23.83%  117.89% 68.86%
20 M 49.01% 31.53% 141.64% 91.12%
F 46.45% 29.02% 134.26% 83.87%
Average House Value 3,604,704
60 M 38.02% 21.44% 33.25% 18.75%
F 35.89% 20.01% 31.39% 17.50%
Kaohsiung City 65 M 43.58% 25.91% 140.02% 83.24%
F 41.40% 24.05% 133.03% 77.30%
0 M 49.78% 31.86% 159.97%  102.37%
F 47.21% 29.33% 151.69% 94.26%
Average House Value 3,446,524
60 37.07% 21.08% 31.00% 17.63%
F 34.89% 19.59% 29.18% 16.38%
Yilan City s M 42.12% 25.39%  129.42%  78.01%
F 40.20% 23.59% 123.51% 72.46%
0 M 48.26% 31.22% 148.27% 95.93%
F 45.74% 28.71% 140.52% 88.21%
Average House Value 2,748,612
60 M 37.08% 21.08% 24.73% 14.06%
F 34.89% 19.59% 23.27% 13.07%
Keelung City 65 M 42.27% 25.40% 103.58% 62.23%
F 40.18% 23.57% 98.45% 57.76%
0 M 48.25% 31.23% 118.22% 76.52%
F 45.70% 28.69% 111.98% 70.30%
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IRR.rm Without insurance program in Taiwan - wage ordered by age

IRR.rm Without insurance program -wage ordered by age Unit: $TWD
Risk premium rate (plus in Risk-free Rate) 2.0%
Average Income Recipients of Elder (55-64) 339,774
Average Income Recipients of Elder (65-) 92,484
Region Age/ LTV IRR.RMm
Sex  Lump-Sum Annuity Lump-Sum Annuity
Average House Value 11,912,343
60 M 34.76% 18.96%  100.48% 54.79%
F 32.50% 17.49% 93.93% 50.57%
Taipei City o5 M 4021%  2313%  427.04% 245.57%
F 38.09% 21.47%  404.49% 228.01%
20 M 46.19% 28.60%  490.53% 303.70%
F 43.57% 26.20%  462.70% 278.20%
Average House Value 5,940,344
60 M 34.92% 19.00% 50.33% 27.39%
F 32.69% 17.56% 47.12% 25.31%
Taipei County s M 40.38%  2319%  213.82% 122.80%
F 38.27% 21.54%  202.65% 114.09%
20 M 46.41% 28.68%  245.75% 151.87%
F 43.83% 26.29%  232.09% 139.22%
Average House Value 3,540,344
60 M 34.43% 18.82% 29.57% 16.17%
F 32.25% 17.38% 27.71% 14.93%
Taoyuan County 65 M 39.84% 22.99%  125.74% 72.56%
F 37.79% 21.35%  119.26% 67.39%
20 M 45.76% 28.42%  144.43% 89.68%
F 43.13% 26.03%  136.11% 82.14%
Average House Value 4,292,867
60 M 34.59% 18.89% 36.03% 19.67%
F 32.34% 17.42% 33.68% 18.15%
Hsinchu City 6 M 40.01% 23.05%  153.12% 88.21%
F 37.91% 21.40%  145.09% 81.90%
20 M 45.96% 28.50%  175.88% 109.08%
F 43.31% 26.10%  165.76% 99.88%
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Average House Value 4,403,122
60 M 33.45% 18.49% 35.73% 19.76%
F 31.11% 16.96% 33.24% 18.12%
Taichung City 65 M 38.51% 22.54% 151.15% 88.49%
F 36.54% 20.86% 143.41% 81.87%
20 M 44.22% 27.89% 173.55% 109.48%
F 41.53% 25.47% 163.01% 99.97%
Average House Value 3,242,146
60 M 33.93% 18.66% 26.70% 14.68%
F 31.61% 17.15% 24.87% 13.49%
Tainan City 65 M 39.17% 23.04%  113.20% 66.58%
F 37.13% 21.09% 107.32% 60.95%
20 M 44.94% 28.16% 129.89% 81.39%
F 42.27% 25.73% 122.18% 74.36%
Average House Value 3,604,704
50 M 34.69% 18.93% 30.34% 16.56%
F 32.42% 17.46% 28.36% 15.28%
Kaohsiung City 65 M 40.13% 23.09% 128.94% 74.21%
F 38.01% 21.44% 122.13% 68.89%
20 M 46.09% 28.56% 148.10% 91.77%
F 43.46% 26.16% 139.65% 84.05%
Average House Value 3,446,524
50 M 33.23% 18.42% 27.79% 15.40%
F 30.86% 16.87% 25.81% 14.11%
Yilan City 65 M 38.16% 22.44% 117.25% 68.94%
F 36.23% 20.75% 111.32% 63.74%
20 M 43.86% 27.76% 134.75% 85.29%
F 41.17% 25.35% 126.49% 77.88%
Average House Value 2,748,612
50 M 33.26% 18.42% 22.18% 12.29%
F 30.81% 16.87% 20.55% 11.25%
Keelung City 65 M 38.12% 22.43% 93.40% 54.96%
F 36.19% 20.74% 88.68% 50.81%
20 M 43.81% 27.76% 107.34% 68.01%
F 41.15% 25.35% 100.83% 62.11%
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