ESSAYS IN THE ECONOMICS OF AUTO INSURANCE INDUSTRY
AND THE ACTUARIAL ANALYSIS OF REVERSE MORTGAGES

A Dissertation
Submitted to
the Temple University Graduate Board

In Partial Fulfillment
of the Requirements for the Degree
DOCTOR OF PHILOSOPHY

by
Gyu Dong Kim
December 2016

Examining Committee Members:

J. David Cummins, Advisory Co-Chair, Department of Risk, Insurance, and
Healthcare Management

Mary A. Weiss, Advisory Co-Chair, Department of Risk, Insurance, and
Healthcare Management

Hua Chen, Department of Risk, Insurance, and Healthcare Management
Connie X. Mao, External Member, Department of Finance



ABSTRACT

The first part of the dissertation examines the effects of rate regulation,
compulsory insurance laws, the wealth of individuals, premiums, and claim costs on
insurance affordability and insurance purchase as measured by the ratio of uninsured and
underinsured motorist claims frequencies to property damage liability claim frequencies
in the US personal auto insurance industry. Because regulations which are intended to let
high-risk drivers purchase insurance may discourage low-risk drivers from purchasing
insurance, the effect of the regulations should be examined from the perspective of both
high-risk and low-risk drivers. Literature using only uninsured motorist claim data finds
that the effect of rate regulation, compulsory insurance laws, and residual market is
significant on insurance affordability from the perspective of high-risk drivers. However,
this study using both uninsured and underinsured motorist claim data demonstrates that
the effect is weaker or not significant in increasing insurance purchase in general.

The second part of the dissertation tests the sustainability of the Korean reverse
mortgage program, reflecting the house price indices in different regions. Literature
generally uses aggregate house price indices and consequently underestimates the risks
that result from more volatile individual house prices than averaged house prices. This
paper predicts house price indices by region and finds that the Korean reverse mortgage
program would have losses at 25th percentile or 30th percentile, in contrast to the results
of the simulation using the nationwide house price index, which show that the Korean
reverse mortgage program is sustainable at 95% confidence level. This paper also

concludes that longevity risk is not a big concern in the reverse mortgage program as



long as interest rates are low and house prices are high. However, longevity risk inflates

the effect of high interest rates and low house prices on the reverse mortgage program.
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CHAPTER 1
INSURED, UNINSURED, OR UNDERINSURED:
FACTORS AFFECTING INSURANCE PURCHASES
- EVIDENCE FROM PERSONAL AUTOMOBILE INSURANCE IN THE US-
1.1. Introduction
Insurance economics has been widely studied to explain insurance purchase from
the perspective of asymmetric information, optimal insurance design, risk averseness,
wealth of individuals, etc. (Arrow, 1963; Mossin, 1968; Rothschild and Stiglitz, 1976;
Raviv, 1979; Shavell, 1982; Sinn, 1982; Huberman, Mayers and Smith, 1983; Shavell,
1986; Eeckhoudt, Meyer and Ormiston, 1997; Cohen and Dehejia, 2004; Cohen and
Einav, 2007; Cohen and Siegelman, 2010; Einav and Finkelstein, 2011; Gollier, 2013;
Louberge, 2013; Schlesinger, 2013). According to economic theory, full insurance
purchase is optimal when the insurance premium is actuarially fair, the individual is risk-
averse, and the insurer is risk-neutral. When a premium loading is included in the
premium, partial insurance is preferred (Mossin, 1968) and the optimal designs of
insurance are different depending on assumptions.*
In addition to a premium loading, other restrictions in pricing such as asymmetric
information, pricing lags, and rate regulation are also components which affect insurance
premiums. 2 Although asymmetric information problems and pricing lags can be

improved by faster and wider data collection and technological development, the effects

1 When the premium loading is linear in the pure premium in property insurance, full coverage above a
deductible is optimal (Arrow, 1963). If insurers are risk-averse, coinsurance with minimum deductible or
coverage up to a limit is optimal, especially when the premium is regulated (Arrow, 1963; Raviv, 1979).
More detailed theories about optimal insurance purchase will be covered later in the paper.

2 Because these restrictions in pricing may reduce insurance premiums to be lower than actuarially fair
premium for some insureds, they lead to incentives to be over-insured. However, over-insurance is not
considered in this research because auto insurance insures only up to an actual loss.
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of rate regulations, compulsory insurance laws, and tort systems on insurance purchases
are various and interconnected.

Automobile insurance rates were regulated to protect insurers from insolvencies
starting in 1909.% After experiencing claim cost inflation in the 1970s and 1980s,
however, the rate regulation regime changed to rate suppression and compression. The
literature contains examples of many negative effects from rate regulation on the
insurance industry; rate regulation increases volatility of loss ratios and underwriting
cycles, reduces market efficiencies, reduces profits, and increases insolvencies of insurers
(Ippolio, 1979; Frech and Samprone, 1980; Harrington, 1984; Cummins and Outreville,
1987; Tennyson, 1991; Kramer, 1992; Gron, 1995; Suponcic and Tennyson, 1998; Klein,
Phillips and Shiu, 2002). Nevertheless, rate regulation has been regarded as a factor that
should increase insurance affordability via low premiums.

Auto insurance affordability can be explained by different methods.* The
Insurance Research Council (IRC) and the Federal Insurance Office (FIO) define auto
insurance affordability with average insurance expenditure and median household

income.® ©® Tennyson & Weiss (2011) explains insurance affordability from the

3 The auto insurance market has been understood as a private sector business since the first auto insurance
policy was issued by Travelers Insurance Company in 1897. However, excessive price competition resulted
in the insolvency of many auto insurers, leaving policyholders uncovered. The first law allowing insurance
commissioners to review rates for auto insurance was implemented in Kansas in 1909. (Mooney, 1989)
4 Auto insurance affordability can be explained by the competitiveness of the auto insurance market, the
residual market share, uninsured motorists, the ratio of average auto insurance expenditure to median
household income, the ratio of premium paid by low- and moderate - income (LMI) drivers to household
income of LMI drivers, percent of income spent on other goods and services. (Department of the Treasury,
2015)
5 In a report, “Auto Insurance Affordability,” published in 2013, IRC defines “insurance affordability” as
“ability to pay” for insurance and explains affordability with premium and consumer's income. So, IRC
(2013) defines insurance affordability as the average insurance expenditure over median household income.
The report was also published in the Journal of Insurance Regulation in 2014. (Schmid, 2014)
& FIO announced an index for auto insurance affordability for traditionally underserved communities and
consumers, minorities, and LMI persons, who are collectively affected persons. FIO measures the index by
2



perspective of high-risk drivers who may not be able to afford high insurance premiums.
Therefore, uninsured motorist claims, which is used in some literature as a proxy for the
inverse of insurance affordability, may be generally caused by low-income drivers or
high-risk drivers.

The relationship between rate regulation and the loss ratio or unit price of
automobile insurance was studied mostly in the 1980s and 1990s (Cummins and
Harrington, 1987; Harrington, 1987, 2002).” In general, evidence of low unit price or
high loss ratio has been found in regulated states, even though Harrington (2002) did not
find obvious evidence of a low unit price or a high loss ratio in regulated states.® The
size of the residual market, indirect subsidies among drivers through rate compression,
and low unit prices were interpreted as factors contributing to high insurance affordability
in regulated states.

Regan, Tennyson, and Weiss (2008) and Weiss, Tennyson, and Regan (2010),
however, demonstrated that claim cost per insured car has a positive relationship with
rate regulation.® Because the premium loading is included in the insurance premium and
the wealth of drivers is also a significant factor affecting insurance affordability as

defined by the IRC and the FIO, claim cost per insured car does not solely determine

dividing the average annual written premium of personal automobile liability insurance in the voluntary
market by the median household income for majority-minority ZIP Codes, in which the minority
population exceeds 50 percent, and majority-LMI ZIP Codes, in which LMI population exceeds 50 percent.
When the index is less than or equal to 2 percent, personal auto insurance is presumed to be affordable for
affected persons. (Department of the Treasury, 2016)
" Unit price is premium per one dollar of claim. That is, it is the inverse of the loss ratio.
8 Harrington (2002) did not find a significant result showing that the loss ratio in prior approval rating
states was higher than competitive rating states using data from 50 states over the period 1972 to 1998.
® High claim cost does not necessarily mean high premium because operating expenses and profit margin
are included in the premium. Regan, Tennyson, and Weiss (2008) and Weiss, Tennyson, and Regan (2010)
did not examine the relationship between gross premium and rate regulation. Therefore, their findings do
not mean that premiums are higher in regulated states. However, the results reported in the literature make
us doubt that the premium level is lower in regulated states than in unregulated states.

3



insurance affordability. However, it is enough to cast doubt on the positive relationship
between rate regulation and insurance affordability.

With respect to the wealth of individuals, the relationship between insurance
purchases and absolute risk aversion types has been commonly studied (Arrow, 1965;
Mossin, 1968; Sinn, 1982; Eeckhoudt, Meyer, and Ormiston, 1997; Cohen and Einav,
2007; Schlesinger, 2013). However, because an individual may hold more risky assets as
his/her wealth increases (Sinn, 1982; Eeckhoudt, Meyer and Ormiston, 1997), a positive
relationship between wealth and insurance purchases is expected. The relationship may
be due to the positive relationship between wealth and risky assets instead of an
increasing absolute risk averse (IARA) type. The auto insurance literature also shows a
positive relationship between the wealth of drivers and insurance purchases (Smith and
Wright, 1992; Ma and Schmit, 2000; Tennyson and Weiss, 2011).

The effects of rate regulation that previous literature examined seem to be focused
on high-risk drivers because the studies used only uninsured motorist claim data to
measure insurance affordability or insurance purchase. However, this research covers the
effect of rate regulation on low-risk drivers as well. Drivers decide to purchase insurance
and determine their coverage based on their risks, premiums, wealth, and other personal
characteristics. Even if the wealth of a driver is high enough to afford full insurance, a
low-risk driver may reduce insurance coverage if the premium is inflated too much
compared to the actual risk. This concept is different from insurance affordability as
defined by the IRC and FIO or explained by previous literature. While insurance
affordability involves the ability to pay, the driver's choice to purchase insurance which is
examined in this research is based on the willingness to pay.

4



Because drivers who cannot afford or are not willing to pay for full insurance may
purchase partial insurance instead of being uninsured, uninsured motorist claims may not
be solely appropriate to measure insurance purchase of drivers. Therefore, | use both
uninsured and underinsured motorists claims as a proxy for the inverse of insurance
purchase. To my knowledge, this is the first research considering underinsured motorist
claim data. The effects of variables used in the model of uninsured motorist claim data
may be different from the model of both uninsured and underinsured motorist claim data.

This paper examines whether rate regulation and other state legislation in the US
personal auto insurance industry are effective in encouraging drivers to purchase auto
insurance. The size of a residual market has been used as a proxy for the stringency of
rate regulation in the literature (Ippolio, 1979; Harrington, 1992, 2002; Bouzouita and
Bajtelsmit, 1997; Weiss, Tennyson and Regan, 2010). Residual market size also affects
insurance pricing. High-risk drivers insured in residual markets receive premium
subsidies from low-risk drivers insured in voluntary markets and therefore pay relatively
lower premiums while low-risk drivers pay relatively higher premiums (Ippolio, 1979;
Regan, Tennyson, and Weiss, 2008; Weiss, Tennyson, and Regan, 2010; Tennyson and
Weiss, 2011).1° The size of a residual market may be also related to a compulsory
insurance law because high-risk drivers who cannot purchase auto insurance in a
voluntary market have no choice except to be insured in a residual market (Bouzouita and
Bajtelsmit, 1997). Bouzouita and Bajtelsmit demonstrated that rate regulation and

compulsory insurance laws are positively related to the residual market share. Therefore,

10 Because the risks of drivers in the residual market are higher than the risks of drivers in voluntary
markets, the drivers in the residual markets usually pay higher premiums than drivers in the voluntary
market, but the premiums are lower than the fair market premiums (Tennyson and Weiss, 2011).
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the size of a residual market can be used as a proxy for the stringency of rate regulation
and the presence of a compulsory insurance law. Higher residual market shares should be
more associated with rate regulation in compulsory insurance law states.

In section 2, | review the literature on how rate regulation, residual markets, and
the wealth of individuals affect the insurance market or insurance purchase. | discuss
hypotheses in section 3 and design empirical models including variable definitions and
data explanations in section 4. The empirical results are presented in section 5. Section 6
contains a discussion of my conclusions.

1.2. Literature Review
1.2.1. Rate Regulation

In studies on the effect of rate regulation in automobile insurance, insurance price
has been a major concern because it is presumed to be the object of regulation, even
though insurance price has been represented in a few different ways, such as loss ratio,
unit price, and premium level (claim cost per insured car). Cummins and Harrington
(1987) discussed the advantage of loss ratio comparisons in measuring the impact of rate
regulation because the inverse of the loss ratio is considered as the average unit price for
one dollar of benefit (claim cost).

Harrington (1987) examined whether rate regulation affects price, analyzing the
relationship between rate regulation and the loss ratio based on data from all states over
the period of 1976-1981. He found that rate regulation increased loss ratios by 0.03 to
0.05 on average. However, in a later study using cross-sectional data for all 50 states

during the period of 1972-1998, Harrington (2002) did not find a significant result



showing that the loss ratio in prior approval rating states was higher than in competitive
rating states.

Cummins and Harrington (1987) examined the impact of rate regulation on an
individual insurer’s loss ratio. Using weighted least squares (WLS) analysis of private
passenger auto insurance, they demonstrated that the loss ratio is positively related to
regulation, a direct writer dummy, and a mutual dummy as well as investment yield. The
prior approval rate regulation had the effect of increasing the loss ratio by 6-9%
compared to file-and-use, use-and-file, or no-file regulatory regimes.

With respect to restricting claim inflation, Jaffee and Russell (2002) used the
example of Proposition 103 in California, where rate suppression had an effect on
restricting claim inflation. However, Cummins and Tennyson (1992) discussed that
restricting price inflation by rate regulation may not induce insurers to restrain claim
inflation because regulation does not have an effect on the marginal costs and benefits
from restricting claim inflation. Cummins and Tennyson doubted the effect of rate
regulation, a “very imperfect mechanism” (p. 113), on controlling claim costs. On the
other hand, rate regulation would induce efficient firms to decrease output in the
regulated states and distort the auto insurance market through a large residual market.
Cummins and Tennyson mentioned that no-fault insurance is an effective system to
decrease claim costs because it reduces bodily injury liability (BI) claims and
unnecessary suits from tort insurance. They presented the ratio of Bl claim frequency to
property damage liability (PD) claim frequency as evidence. They also suggested that
regulation in pricing risk factors in particular could lead to adverse selection problems
and market failure even if the average price is adequate.
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Regan, Tennyson, and Weiss (2008) and Weiss, Tennyson and Regan (2010)
examined and demonstrated the positive relationship between rate regulation and loss
cost and claim frequency using state-level insurance costs (excluding loss adjustment
expenses) per insured car and claim rate data on Bl and PD. They demonstrated that
regulated premiums reduce drivers’ incentives to drive carefully because regulated
premiums do not appropriately reflect the risks of drivers. They also demonstrated that
prices affected by rate regulation may increase the rate of fraudulent insurance claims.
The relative liability claims rate, i.e., the ratio of bodily injury liability to property damage
liability claims frequency, was used as an indicator of fraudulent insurance claims.! In
addition, they mentioned that the purpose of rate regulation is to increase insurance
affordability for some drivers, but rate regulation leads to higher average costs overall.

Weiss, Tennyson and Regan (2010) demonstrated that the loss claim costs were
13.4% higher and the claim frequency was 7.3% higher on average in regulated states. In
their analysis using residual market share as the indicator of stringency of rate regulation,
they also showed that average loss costs and accident claim frequency were directly
related to the stringency of regulatory price distortion. Moreover, states that were
regulated over the entire sample period had a stronger positive relationship between the
residual market share and the average claim costs and claim frequency than other states.

According to the literature above, it is not clear whether unit price is lower in
regulated states, but we know that rate regulation does not induce lower claim cost per
insured car. In addition to the effects of rate regulation on the insurance premium that

were examined and discussed in previous studies, rate compression would interfere with

11 This is also introduced by Cummins and Tennyson (1992).
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risk-based pricing and also have a direct effect on premium subsidies to high-risk drivers
from low-risk drivers. The effect is similar with a residual market that transfers premium
subsidies to high-risk drivers from low-risk drivers.

1.2.2. Residual Market and Premium Subsidies

The relationship between rate regulation and the size of a residual market has
been examined and discussed in many studies. Because a positive relationship has been
observed, some studies used the residual market share as a proxy for the stringency of
rate regulation. For example, Ippolio (1979) showed that the assigned risk pool is larger
in regulated rate states due to the effect of subsidies. Harrington (2002) also showed
strong evidence that the residual market share is significantly and positively associated
with prior approval regulation.

Harrington (1992) mentioned that rate suppression would increase the involuntary
insurance market size rather than reduce insurance availability because drivers who are
denied insurance in the voluntary market would be insured in the involuntary market.
Bouzouita and Bajtelsmit (1997) also demonstrated that rate regulation and compulsory
insurance laws are positively associated with the share of the drivers covered in the
residual market. Bouzouita and Bajtelsmit hypothesized that the residual market share is
larger in regulated states because loss ratios are higher and insurers underwrite drivers
more strictly in regulated states due to inadequate rates. They also hypothesized that
compulsory liability laws increase the residual market share because high-risk drivers
who are denied insurance in the voluntary market do not have a choice except to enter the

involuntary market.



However, a larger residual market does not necessarily mean that more drivers
purchase higher insurance coverage in general even though more subsidies to high-risk
drivers may let them afford insurance. Because drivers in a voluntary market may pay
higher premium to subsidize drivers in a residual market, drivers in a voluntary market
may purchase lower coverage than the level they would purchase if they did not subsidize
drivers in a residual market. Tennyson and Weiss (2011) discussed the possibility that
low-risk drivers in voluntary markets reduce insurance purchases because of the premium
subsidies to high-risk drivers. Harrington (1990) explained the effect of rate regulation on
the loss ratio using the interaction between the voluntary market and the residual market.
Harrington demonstrated that reduced premiums in the residual market led to premium
increases in the voluntary market so that insurers could offset the deficits in the residual
market. Rate regulation in the voluntary market decreased the unit price of the voluntary
market when residual market deficits were not large. However, when these deficits were
large, rate regulation in the voluntary market increased the unit price of the voluntary
market above the levels that would have existed in an unregulated market without a
deficit in the residual market.

1.2.3. Wealth of Drivers

According to the insurance affordability definition of IRC and FIO, the wealth of
individuals affects insurance affordability. Moreover, absolute type risk averse utility
functions have been commonly used to explain the relationships between insurance
purchase and the wealth of individuals in the economics literature. For a decreasing
absolute risk averse (DARA) type, the optimal deductible will get larger and the optimal
coverage will get lower as an individual's wealth increases if his risky assets do not

10



change with his wealth (Mossin, 1968). For a constant absolute risk averse (CARA) type,
the optimal insurance coverage will not change as the wealth of the individual increases.

However, the DARA's assumption that the individual's wealth increases while
his/her risky assets remain unchanged is unrealistic because risky assets or loss exposures
also increase in general as his/her wealth increases (Loubergé, 2013; Schlesinger, 2013).
Therefore, even for a decreasing absolute risk averse (DARA) type, an individual may
spend more on insurance as his/her wealth is increasing because the marginal expected
utility of insurance is increasing as the individual is holding more risky assets (Sinn,
1982; Eeckhoudt, Meyer and Ormiston, 1997; Schlesinger, 2013). In the auto insurance
literature, Tennyson and Weiss (2011) demonstrated that the ratio of uninsured motorist
claim frequency to property liabilty claim frequency (UM/PD ratio) has a negative and
significant relationship with median household income.

With respect to liability insurance, insurance with an upper limit on coverage is
optimal when the option of personal bankruptcy exists (Huberman, Mayers, and Smith,
1983). Shavell (1986) and Loubergé (2013) explained that an injurer cannot be forced to
bear the full liabilities resulting from his/her activities in case that he/she is “judgment
proof”.*2 Therefore, low wealth individuals would not buy liability insurance if their
wealth is lower than a “critical level” and an utility function is not concave in the range
of low wealth.® Smith and Wright (1992) also hypothesized and demonstrated
theoretically that low-income drivers are less likely to purchase liability insurance. Ma

and Schmit (2000) showed empirically the positive and significant relationship between

12 «“Judgment proof” refers in tort to defendants or potential defendants who are not able to pay for
monetary liabilities due to financial insolvency.
13 The critical level is not specified in the literature. This paper uses the percent of population below the
poverty level. It is explained in detail later in the paper.
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the ratio of uninsured motorist claim frequency to bodily injury claim frequency (UM/BI
ratio) and the percent of population below the poverty level.

1.3. Hypotheses

1.3.1. Rate Regulation and Compulsory Insurance Law

According to the literature and my explanation above, the effect of rate regulation
on insurance purchase is not obvious. If we focus on the effect of rate regulation on high-
risk drivers, rate regulation would be negatively related to uninsured motorist claims.
However, high-risk drivers may still have high premiums. They may limit the coverage
purchased so that they are likely to be underinsured. Because rate regulation increases
insurance premium for low-risk drivers by rate compression or via the residual market,
low-risk drivers may reduce insurance coverage and be more likely to be underinsured.
Therefore, the effect of rate regulation on the combined claims of uninsured and
underinsured motorists (uninsured/underinsured motorist claims) may be weaker than
solely on uninsured motorist claims.*

A driver who is not willing to purchase insurance in a non-compulsory insurance
law state may purchase insurance in a compulsory insurance law state to avoid a cost due
to being uninsured. So, compulsory insurance laws probably decrease uninsured motorist
claims. However, the effect of compulsory insurance laws may be weaker on
uninsured/underinsured motorist claims than solely on uninsured motorist claims because

the drivers who purchase insurance to comply with the compulsory insurance law may

14 Because uninsured motorist claims and uninsured/underinsured motorist claims have different data
sources and uninsured/underinsured motorist claim data are not separable into uninsured and underinsured
motorist claims, the effects on underinsured motorist claims cannot be solely examined.
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purchase low coverage and, therefore, be more likely to be underinsured. The hypotheses
regarding rate regulation and compulsory insurance laws are as follows:

H1: Rate regulation is negatively related to uninsured motorist claims, but the
effect is weaker on uninsured/underinsured motorist claims.

H2: Compulsory insurance laws are negatively related to uninsured motorist
claims, but the effect is weaker on uninsured/underinsured motorist claims.

1.3.2. Residual Market

When a driver receives a premium subsidy, he/she will pay less for insurance, and
the premium is relatively lower than the fair market premium. Therefore, the chance of
insurance purchase will increase when a driver’s premium is subsidized. When high-risk
drivers are insured in residual markets, their premiums are subsidized by drivers in
voluntary markets. So a larger residual market means that more high-risk drivers are
subsidized and have more opportunities to purchase insurance.

Harrington (1990) showed that relatively low premiums in a residual market
increased unit prices in the voluntary market when residual market deficits were large.
Tennyson and Weiss (2011) explained that low-risk drivers in voluntary markets may
reduce insurance purchase due to the premium subsidies to high-risk drivers. That is, low
premiums in the residual market increase insurance purchase in the residual market but
may decrease insurance purchase in the voluntary market due to relatively higher
premiums. Therefore, the two effects of the residual market on insurance purchases may
at least partially offset. However, reduced insurance purchases in the voluntary market
caused by a large residual market may not significantly increase uninsured motorist
claims because a voluntary market is larger than a residual market in most of the states

and the effect of a higher premium to many drivers in the voluntary market may not be
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strong enough to make them go uninsured. The relatively higher premium in a voluntary
market may let drivers choose lower levels of coverage and increase underinsured
motorist claims instead. Because Tennyson and Weiss (2011) demonstrated that residual
market share is negatively related to UM/PD ratio, my hypothesis is as follows:

H3: Residual market share is negatively related to uninsured motorist claims, but

the negative effect of residual market share is weaker on uninsured/underinsured
motorist claims.

1.3.3. Wealth of Drivers

Although we do not know the absolute risk averse type (DARA, CARA, or
IARA) of individual drivers, we expect that individual drivers would purchase higher
insurance coverage as their wealth increases because risky assets or loss exposures
increase as wealth increases (Loubergé, 2013; Schlesinger, 2013). The finding by
Tennyson and Weiss (2011), of a negative and significant relationship between median
household income and uninsured motorist claims, also supports this.

With respect to individuals who have wealth below a “critical level”, they would not
buy liability insurance as Shavell (1986), Smith and Wright (1992), and Loubergé (2013)
explained. The loss that the low wealth driver is liable for will be covered, partially or
fully, by the insurance of the driver without fault, so the low-wealth driver will be less
incentivized to purchase insurance. Therefore, the fourth hypothesis is as follows:

H4: The wealth of drivers is positively related to insurance purchase.

1.4. Empirical Analysis
1.4.1. Empirical Model

In this section, I will design the model which examines the relationship between

insurance purchase and various factors that are likely to affect insurance purchase. The
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main factors are rate regulation, compulsory insurance law, the wealth of drivers, residual
market share and the insurance premium.

In the empirical analysis of insurance purchase or insurance affordability, the
most important problem to be controlled for is endogeneity of variables. For example,
high insurance premium causes and also may be caused by high uninsured/underinsured
motorist claims (Tennyson and Weiss, 2011).* Compulsory insurance laws would
reduce uninsured motorist claims, but a compulsory insurance law is more likely to be
introduced in a state where uninsured motorist claims are prevalent. Rate regulation
would reduce premiums for high-risk drivers or premium loadings in general, but rate
regulation is more likely to be introduced in a state where the premium is more expensive
and insurance is less affordable for high-risk drivers. A larger residual market would
encourage high-risk drivers to purchase insurance via premium subsidies and lower
uninsured motorist claims. If insurance premiums or claim costs are higher, a residual
market would be larger because higher claim costs have insurers more likely deny drivers
in a voluntary market. On the other hand, a larger residual market has an effect on
increasing claim costs because premium subsidies to high-risk drivers incentivize them to
drive less carefully. In a state where uninsured motorist claims are prevalent, insurance
pricing is more likely to be regulated and insurance purchase is more likely to be
mandated, so a residual market becomes larger due to rate regulation and a compulsory
insurance law. However, there is no reason to believe that uninsured motorist claims or

insurance purchase directly affect the residual market share.

15 Tennyson and Weiss (2011) mentioned the relationship between insurance premium and uninsured
motorist claims as a “feedback effect”.
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Therefore, a three stage least squares (3sls) regression model is the most
appropriate model to use to control for the endogeneity and the feedback effects of
variables because the model allows simultaneous equations. The variables which should
be managed in simultaneous equations are insurance purchase, insurance premium, and
residual market share which are related to rate regulation and compulsory insurance laws.
The three equations comprising the 3sls regression model are as follows:

(Insurance Purchase)s; = a, + B,; (Premium)g + B,, (Residual Market),;
+ Bi3(Tort System)g; + Ba4(Drivers’ Wealth)g, + viXast + €ast 1)
(Premium)¢ = ay, + By (Insurance Purchase); + By, (Residual Market),
+ B3 (Tort System)g; + Bpa(Drivers’ Wealth)s, + vy Xcse + €pst 2)
(Residual Market)s; = o, + Bi; (Premium)g; + Bi,(Tort System);
+ YeXest + Ecst 3)
where (Insurance Purchase),; = The ratio of uninsured motorist claim frequency to
property damage liability claim frequency (UM/PD ratio) or the ratio of

uninsured/underinsured motorist claim frequency to property damage liability claim
frequency (UMUIM/PD ratio) in state s and year t,

(Premium), = Gross premium or pure premium per insured car in state s and year t,
(Residual Market)g, = Residual market share in state s and year t

(Tort System),, = Vector of dummy variables indicating whether state s has a no-fault
law or an add-on system in year t,

(Drivers’ Wealth), = Median household income, the percent of population below the
poverty level, or the unemployment rate in state s and year t,

X,st = Vector of exogenous regressors for the first equation in state s and year t,
Xpst = Vector of exogenous regressors for the second equation in state s and year t,

X.st = Anexogenous regressor for the third equation in state s and year t.

16 UM/PD ratio and UMUIM/PD ratio will be discussed later in the paper.
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Because there is no rationale that uninsured or underinsured motorist claims are
directly associated with the residual market share in the equation 3), I do not include the
insurance purchase variable in the equation 3).” To be consistent with previous
literature, natural logs are taken for variables except dummy variables.

Because richer individuals are expected to purchase higher insurance coverage,
wealth would be positively related to insurance purchase in the first equation. However,
because the higher coverage would increase premium, the wealth also would be
positively related to the premium in the second equation.

In equation 1), I include tort, gasoline tax, and variables for education level and
young population density as additional explanatory variables which are X, in the
equation. ¥ 1 As Tennyson and Weiss (2011) demonstrated, because gasoline tax
increases cost of driving, it would be negatively related to insurance purchase in the first
equation. The variables for education level and young population density may reflect
drivers' characteristics.

In equation 2) , I include the fatality rate and population proportion of individuals

17 When the insurance purchase variables (uninsured motorist claim frequency and uninsured/underinsured
motorist claim frequency) are included in the equation 3), the effects of insurance purchase are positive,
negative, or insignificant by regressions. That is, the effects are not consistent by regressions and cannot be
explained clearly.
18 1f individuals aged 18-24 are high-risk drivers and the young populations are less likely to afford the
high premium, the young population density would be negatively related to insurance purchase. The
population density of individuals aged 18-24 is also related to pricing of insurance companies. Because
insurance companies do not have enough driving records for young drivers, individual underwriting for
young drivers would be relatively less accurate than for drivers having long driving records even if the total
claim costs for young drivers are accurately expected. Therefore, an adverse selection problem would be
more severe for young drivers and it may affect their insurance purchase. Cohen and Einav (2007) showed
that individuals become less risk averse with age up to age 48, and therefore, young population density is
expected to be positively related to insurance purchase. The effect of the population density of individual
aged 18-24 on insurance purchase is not easily expected and the effect is not consistently significant in the
equation of insurance purchase.
19 Cohen & Einav (2007) showed that individuals having a college degree are more risk averse. Therefore,
the population ratio of bachelor’s degrees may be positively related to insurance purchase.

17



aged 18-24 as additional explanatory variables which are X, in the equation.?® Fatal
accidents are expected to be positively associated with claim payments, therefore related
to premium per insurance car. Therefore, fatality rate would be positively related to gross
premium and pure premium in the second equation. Tennyson and Weiss (2011) showed
population proportion of individuals aged 18-24 is positively related to claim costs.

In equation 3), I include the highway percentage in urban areas as additional
explanatory variable which is X in the equation. Because accidents in urban areas
would be less severe than in rural areas, higher highway percentage in urban areas would
be related to lower severity of accidents even if it is related to higher frequency of
accidents. That is, drivers in urban areas may be less risky than drivers in rural areas
because accidents in urban areas are less severe than in rural areas even if the expected
costs of drivers in urban areas and rural areas are not different from each other. When an
insurer insures drivers in urban areas, the insurer may estimate them less risky than
drivers in rural areas. Therefore, | speculate that highway percentage in urban areas

would be negatively related to the residual market share.?! 22 2

20 Fatality rate is the number of deaths per 100 million vehicle miles traveled.

2L Miles driven in urban areas are expected to be related to insurance costs (Tennyson and Weiss, 2011),
and urban areas have higher uninsured accidents (Ma and Schmit, 2000). Cummins, Phillips, and Tennyson
(2001) also used miles driven in urban areas in examining how political influences affected auto insurance
price through rate regulation. In this research, when highway percentage in urban area is included in the
equation of insurance purchase or insurance premium, the effect is not consistently significant depending
on the inclusion or exclusion of other control variables in the equations. So, | include the variable only in
the equation of residual market share.

22 In this model, there are 5 endogenous variables and 10 exogenous variables. UM/PD ratio and
UMUIM/PD ratio are premium variables, and gross premium and pure premiums are premium variables.
The percent of population below the poverty level, and the unemployment rate are wealth variables.
Because | use only one variable for each variable category in the regressions, each system has 3
endogenous variables and 8 exogenous variables. Because the equations have 2, 3, and 6 restrictions
respectively, the first equation is just identified and the other 2 equations are overidentified (Wooldridge,
2010).

23 | use reg3 command in STATA for the 3sls regressions. | also include factor variable for states to reflect
state fixed effect.
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1.4.2. Measurement of Insurance Purchase

One measure of insurance purchase is the ratio of uninsured/underinsured
motorist claim frequency to bodily injury liability claim frequency (Smith and Wright,
1992). 2* If all drivers purchased unlimited bodily injury liability insurance,
uninsured/underinsured motorist claims would be zero.?® However, because drivers
purchase limited or no bodily injury liability insurance, uninsured/underinsured motorist
claims occur. As drivers decrease bodily injury liability insurance coverage,
uninsured/underinsured motorist claims will increase. Therefore, the ratio is a good
indicator for insurance purchase.

In the literature, uninsured motorist (UM) claims have been used as a proxy of the
inverse of insurance affordability or insurance purchase. Therefore, we need to think
carefully about why underinsured motorist (UIM) claims should be included in the ratio.
Let us think about a driver with high liability coverage, for example, 250/500/500. When
his premium increases due to auto insurance market conditions or other causes, or he
cannot afford the coverage due to his personal financial situation, he may decrease the
coverage rather than be uninsured. He is still insured, but more likely to be underinsured.
Uninsured motorist claim data does not reflect the problem of underinsured motorists.
Therefore, | will use both uninsured motorist claim data and uninsured/underinsured
motorist claim data as proxies of the inverse of insurance purchase.

Even though the ratio of uninsured motorist claim frequency to bodily injury

claim frequency (UM/BI ratio) has been used in the literature to measure the inverse of

24 The ratio actually measures the inverse of insurance purchase because the ratio increases when drivers
purchase less insurance and the ratio decreases when drivers purchase more insurance.
25 Unlimited bodily injury liability insurance is not available in the US personal auto insurance market.
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insurance affordability, Tennyson and Weiss (2011) argue that the UM/BI ratio may not
accurately reflect insurance affordability because bodily injury liability claims depend on
the tort system. If we include dummy variables for no-fault states in the model, the results
may be partially adjusted to reflect the effect of the different tort system in each state.?®
However, if property damage liability (PD) claim frequency, which does not depend on
the tort system, is used rather than BI claim frequency, it will be a better scalor of
uninsured (UM) or uninsured/underinsured (UMUIM) motorist claim frequency.
Therefore, | will use the ratio of uninsured motorist claim frequency to property damage
liability claim frequency (UM/PD ratio) and the ratio of uninsured/underinsured motorist
claim frequency to property damage liability claim frequency (UMUIM/PD ratio) as the
measures of the inverse of insurance purchase.

1.4.3. Rate Regulation, Compulsory Insurance Law, Tort System, and Residual
Market Share

Most of the literature regarding auto insurance rate regulation examined the
effects of the prior approval or more stringent rate regulation on the auto insurance
industry or defined rate-regulated states as having prior approval or more stringent rate
regulation (Ippolio, 1979; Cummins and Harrington, 1987; Harrington, 1987; Grabowski,
Viscusi and Evans, 1989; Tennyson, 1991; Gron, 1995; Suponcic and Tennyson, 1998;
Harrington, 2002; Regan, Tennyson and Weiss, 2008; Weiss, Tennyson and Regan, 2010).
As | discussed above, residual market share is a proxy for the stringency of rate
regulation (Ippolio, 1979; Harrington, 1992, 2002; Bouzouita and Bajtelsmit, 1997;

Weiss, Tennyson and Regan, 2010). Bouzouita and Bajtelsmit (1997) also demonstrated

% Because the no-fault threshold differs across states, the different thresholds affect the number of B
claims. Therefore, a dummy variable for no-fault will not solve the problem clearly in the model using
UM/BI ratio as a proxy of insurance affordability.
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that compulsory insurance laws are positively associated with residual market share.
Therefore, residual market share is a proxy for the stringency of rate regulation and the
presence of a compulsory insurance law. So, dummy variables for rate regulation and
compulsory insurance laws are not used in the model.

The dummy variables for no-fault laws and add-on systems represent whether
each state has those tort systems in each year. So, the dummy variable of no-fault law is
equal to one when the state-year is associated with a no-fault law, otherwise it is equal to
zero. The dummy variable of the add-on system is equal to one when the state-year is
associated with an add-on system, otherwise it is equal to zero.

If the residual market share were calculated based on insurance premium earned
in the residual and voluntary markets, the share would be biased because the drivers in
the residual market are riskier and their premiums are more expensive than the premiums
of drivers in the voluntary market. Therefore, the residual market share is calculated
based on the insured car year in the residual and voluntary markets.

1.4.4. Premium

This study uses two insurance premium variables, that are gross premium and
pure premium. Because uninsured and underinsured motorist coverage pays for the
bodily injury losses which are not paid by at-fault drivers, the coverage for premium is
restricted to bodily injury liability (BI) and personal injury protection (PIP). The gross
premium is measured by premium earned per insured car year and the pure premium is
measured by losses incurred including loss adjustment expenses per insured car year. The

premium variables are adjusted to reflect 2010 dollars.
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1.4.5. Wealth of Drivers

This research uses three variables to measure the wealth of drivers. The first
variable is median household income which is also used in Tennyson and Weiss (2011).
Because the values of one dollar are different by year, median household income is
adjusted to reflect 2010 dollars.

The second variable is the percent of population below the poverty level (poverty
rate). Low wealth drivers cannot be forced to bear full liabilities if they are financially
insolvent. Shavell (1986), Smith and Wright (1992), and Loubergé (2013) discussed that
low wealth individuals would not purchase liability insurance if their wealth is below a
“critical level”. Because the poverty level is determined by the governments, it would be
the most objective and reliable proxy for the “critical level”. Because uninsured and
underinsured motorist claims would be covered by liability insurance if the at-fault
drivers purchsed liability insurance, the poverty rate would directly affect UM/PD ratio
and UMUIM/PD ratio. Therefore, | employ the poverty rate as a wealth variable and
expect that drivers would purchase less insurance if the poverty rate is higher. Ma and
Schmit (2000) also used poverty rate and showed a positive and significant relationship
between UM/BI ratio and the poverty rate.

The third variable for wealth is an unemployment rate. Unemployment rate
reflects the economic situation and unemployment rate would be negatively related to
insurance purchase. Therefore, the unemployment rate would have a similar effect as the

poverty rate on insurance purchase.
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1.4.6. Other Variables

The education variable used in the first equation is the population ratio of
bachelor's degrees. The population ratio of bachelor's degrees is the ratio of the number
of bachelor's or higher degrees to the total population of 25 years old or older. The young
population density variable used in the first and second equations is the population
proportion of individuals aged 18-24. The gasoline tax variable used in the first equation
is annual average gasoline taxes measured by dollars per gallon.?” Fatality rate is the
number of deaths per 100 million vehicle miles traveled. Highway percentage in urban
areas is the ratio of the highway mileage in urban areas to the highway mileage in total.
1.4.7. Data

| use annual state level data from 1999 to 2009 for 50 states. | exclude the District
of Columbia because driving patterns there are expected to be different from those of
other states. Texas and Michigan are excluded in some years due to the lack of
uninsured/underinsured claim data, residual market size data, and/or property damage
liability claim data.

Uninsured motorist claim frequency data are obtained from the Insurance
Research Council, and uninsured/underinsured motorist claim frequency data are
obtained from the National Association of Insurance Commissioners (NAIC). Property
damage liability claim frequency data are obtained from Fast Track Plus™.2 Losses

incurred, loss adjustment expenses, and premiums earned are obtained from the NAIC

27 Annual average gasoline price also may have a similar effect on uninsured and underinsured motorist
claims because higher gasoline price also increases cost of driving. Because gasoline price changes more
frequently than gasoline tax, the effects of these two variables may be different. However, the variable of
gasoline price is not significant in regressions, so gasoline price is not included in the analysis.
28 Fast Track Plus™ is a compilation of quarterly insurance data by state of private passenger auto and
homeowners insurance released by Independent Statistical Service (ISS).
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annual statement database. Number of insured cars is obtained from the fact book
published by the Automobile Insurance Plan Services Office (AIPSO).

Income, poverty rate, unemployment rate, the population ratio of bachelor’s
degree, and other population data are obtained from the US Census Bureau. Gasoline
price is obtained from the Energy Information Administration (EIA), and gasoline tax and
highway mileage data are obtained from the Federal Highway Administration. The
fatality rate data are obtained from the Federal Highway Administration and the annual
report, Traffic Safety Facts, published by the US National Highway Traffic Safety

Administration.?? Summary statistics of the unlogged variables are shown in Table 1.1.

29 The fatality rates are calculated by travel vehicle miles and traffic fatalities. The travel vehicle mileage
data are obtained from the Federal Highway Administration and the traffic fatality data are obtained from
Traffic Safety Facts.
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Table 1.1 Descriptive Statistics

This table represent descriptive statistics of 50 states from 1999 to 2009. UM/PD is the
ratio of uninsured motorist claim frequency to property damage liability claim frequency.
UMUIM/PD is the ratio of uninsured/underinsured motorist claim frequency to property
damage liability claim frequency. Premium is premium earned per insured car year. Pure
Premium is losses incurred including loss adjustment expenses per insured car year. Resi
Share is the residual market share based on insured car years. Median Income is the
median household income. Poverty Rate is the percent of population below the poverty
level. Unemploy Rate is the unemployment rate. Rate Regulation is a dummy variable
which is equal to 1 if the state rate regulation is prior approval or more stringent in the
year, and is equal to 0 otherwise. Compulsory Insurance Law is a dummy variable which
is equal to 1 if the state requires drivers to have bodily injury liability or personal injury
protection insurance in the year, and is equal to O otherwise. No-Fault is a dummy
variable which is equal to 1 if the state has a No-fault system in the year, and is equal to 0
otherwise. Add-On is a dummy variables which is equal to 1 if the state has an Add-on
system in the year, and is equal to O otherwise. Bachelor Ratio is the population ratio of
bachelor's degree. Pop 18-24 is the population density of individuals aged 18-24. Gas Tax
is the gasoline tax (dollar) per gallon. Urban Mileage Ratio is the highway percentage in
urban areas. Fatality Rate is the number of deaths per 100 million vehicle miles traveled.
All dollar amounts are adjusted to reflect dollar values in 2010.

) Standard .
Variable Obs. Mean . Min. Max.
Deviation
UM/PD 517 3.932 2.114  0.127  10.281
UMUIM/PD 506 5.505 3.429 049 17.726
Premium 517 502.786  142.142 238.899 929.887
Pure Premium 517  352.166 12493 137.403 821.875
Resi Share 517 0.009 0.034 0.000 0.242
Median Income 517 51,901.94 7,982.82 35,582 73,598
Poverty Rate 517 0.119 0.032 0.045 0.231
Unemploy Rate 517 0.051 0.016 0.022 0.136
Rate Regulation 517 0.404 0.491 0.000 1.000
Compulsory Insurance Law 517 0.768 0.423 0.000 1.000
No-Fault 517 0.265 0.442 0.000 1.000
Add-On 517 0.114 0.318 0.000 1.000
Bachelor Ratio 517 0.263 0.048 0.151 0.404
Pop 18-24 517 0.101 0.01 0.078 0.145
Gas Tax 517 0.237 0.06 0.076 0.419
Urban Mileage Ratio 517 0.266 0.198 0.021 0.817
Fatality Rate 517 1.495 0.412 0.609 2.671
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1.5. Empirical Results

Table 1.2 shows the correlation coefficients between variables. Natural logs are
taken for variables except dummy variables. Premium and pure premium have positive
correlations with UM/PD and UMUIM/PD. Residual market share has negative
correlations with UM/PD (-0.16) and UMUIM/PD (-0.03) while the absolute value of the
correlation with UMUIM/PD is smaller than the absolute value of the correlation with
UM/PD. Median household income is negatively correlated with UM/PD and
UMUIM/PD, and poverty rate and unemployment rate are positively correlated with
UM/PD and UMUIM/PD as expected. Compulsory insurance law is negatively correlated
with UM//PD (-0.14) and UMUIM/PD (-0.03) while the absolute value of the correlation
with UMUIM/PD is smaller than the absolute value of the correlation with UM/PD like

the correlations of residual market shares with UM/PD and UMUIM/PD.
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Table 1.2 Correlation between variables

This table represents the correlation coefficients between variables of 50 states from 1999 to 2009. In(um/pd) is the log of the ratio of
uninsured motorist claim frequency to property damage liability claim frequency. In(umuim/pd) is the log of the ratio of
uninsured/underinsured motorist claim frequency to property damage liability claim frequency. In(premium) is the log of premium
earned per insured car year. In(pure premium) is the log of losses incurred including loss adjustment expenses per insured car year.
In(resi share) is the log of the residual market share based on insured car years. In(median income) is the log of the median household
income. In(poverty rate) is the log of the percent of population below the poverty level. In(unemploy rate) is the log of the unemployment
rate. Rate Regulation is a dummy variable which is equal to 1 if the state rate regulation is prior approval or more stringent in the year,
and is equal to 0 otherwise. Comp Ins Law is a dummy variable which is equal to 1 if the state requires drivers to have bodily injury
liability or personal injury protection insurance in the year, and is equal to O otherwise. No-Fault is a dummy variable which is equal to 1
if the state has a No-fault system in the year, and is equal to 0 otherwise. Add-On is a dummy variables which is equal to 1 if the state has
an Add-on system in the year, and is equal to 0 otherwise. In(bachelor ratio) is the log of the population ratio of bachelor's degree. In(pop
18-24) is the log of the population density of individuals aged 18-24. In(gas tax) is the log of the gasoline tax (dollar) per gallon. In(urban
mile ratio) is the log of the highway percentage in urban areas. In(fatality rate) is the log of the number of deaths per 100 million vehicle
miles traveled. All dollar amounts are adjusted to reflect dollar values in 2010.

1) 2) 3) 4) 5) 6) 7) 8) 9) 100 11) 12) 13) 14) 15 16) 17)
1) In(um/pd) 1
2) In(umuim/pd) 0.85 1
3) In(premium) 0.27 0.40 1
4) In(pure premium) 0.34 043 0.92 1
5) In(resi share) -0.16 -0.03 0.38 0.36 1
6) In(median income) -0.22 -0.26 035 0.27 0.28 1
7) In(poverty rate) 0.36 0.38 -0.08 -0.06 -0.17 -0.80 1
8) In(unemploy rate) 033 027 0.18 020 -0.10 -0.23 0.45 1
9) Rate Regulation 004 016 029 027 025 0.00 0.13 0.06 1
10) Comp Ins Law -0.14 -0.03 021 020 0.18 0.06 0.09 0.09 0.03 1
11) No-Fault -041 -035 032 030 019 022 -0.17 -0.07 0.14 0.20 1
12) Add-On 0.09 011 -0.02 -0.01 -0.03 0.04 -0.01 -0.06 -0.20 -0.08 -0.22 1
13) In(bachelor ratio) -0.28 -0.32 028 0.17 034 076 -053 -0.10 -0.03 0.15 0.26 0.06 1
14) In(pop 18-24) -0.18 -0.20 -0.48 -0.48 -0.28 -0.19 0.11 -0.02 -0.23 0.04 0.01 -001 -0.12 1
15) In(gas tax) -0.09 -0.08 -0.07 -0.09 0.08 -0.12 -0.01 -0.14 -0.13 0.00 -0.02 0.14 -0.02 -0.02 1
16) In(urban mile ratio) 027 031 072 063 037 047 -013 021 020 000 0.20 -0.02 042 -052 -0.15 1
17) In(fatality rate) 032 038 -0.21 -0.12 -0.23 -0.63 045 -0.06 -0.02 -0.04 -0.24 0.03 -0.71 0.20 -0.03 -0.49 1
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Tables 1.3-1.8 show the 3sls regression results. The first 3 tables are results of
regressions using gross premium as a premium variable and the next 3 tables are results
of regressions using pure premium. Tables 1.3 and 1.6 are the results of the first equation,
tables 1.4 and 1.7 are the results of the second equation, and tables 1.5 and 1.8 are the
results of the third equation.

In tables 1.3 and 1.6, premium and pure premium are positively related to UM/PD
and UMUIM/PD as expected. Residual market share is negatively and significantly
related to UM/PD in general which means that premium subsidies through residual
markets are effective to increase insurance affordability from the perspective of
uninsured motorist claims or high-risk drivers, consistent with the findings of Tennyson
and Weiss (2011). However, the coefficients are not significant or smaller in the
UMUIM/PD regressions, i.e., the elasticity of residual market share to UMUMI/PD is
smaller than the elasticity of residual market share to UM/PD. This result is consistent
with hypothesis 3; residual market share is negatively related to UM/PD, but the negative
effect is weaker on UMUIM/PD. Because residual market share is a proxy for the
stringency of rate regulation and the presence of compulsory insurance law as | discussed
in previous sections, hypotheses 1 and 2, which state the weaker effects of rate regulation
and compulsory insurance laws on UMUIM/PD than on UM/PD, are also supported by
this result. That is, rate regulation and compulsory insurance laws are positively related to
insurance affordability from the perspective of high-risk drivers and high-risk drivers are
more likely to purchase insurance in rate regulation states and compulsory insurance
states. However, because rate regulation may increase premiums for low-risk drivers, the
low-risk drivers may reduce insurance coverage, so they may be more likely to be

28



underinsured. The driver who would not purchase insurance without rate regulation or
compulsory insurance laws, will probably purchase insurance at a low level of coverage
and may be likely to be underinsured. Therefore, even though the effect of rate regulation
and compulsory insurance laws is significant on insurance affordability from the
perspective of high-risk drivers, the effect is weaker or not significant in increasing
insurance purchase in general.

From this result, | analogize that underinsured motorist claims may be positively
related to residual market share.®® If this result supports the positive relationship between
underinsured motorist claims and residual market share, it may also support the
discussion of Tennyson and Weiss (2011) on the possibility that low-risk drivers reduce
insurance coverage due to subsidies to high-risk drivers.3! Therefore, | speculate that
premium subsidies through residual markets increase insurance affordability in residual
markets while they reduce insurance purchase in voluntary markets, and the two effects
may be partially or fully offset in the total market.

The coefficients of the wealth variables are insignificant in most of regressions.
Therefore, the results do not support hypothesis 4; the wealth of drivers is positively
related to insurance purchase, inconsistent with the findings of previous literature.
Gasoline tax is positively related to the dependent variables which is consistent with

Tennyson and Weiss (2011). The result supports the discussion of Tennyson and Weiss,

%0 Because the uninsured/underinsured motorist claim data from NAIC auto insurance database cannot be
separated into uninsured and underinsured motorist claim data and the denominator (insured car year) for
uninsured/ underinsured motorist claim frequency is different from the denominator for uninsured motorist
claim frequency, underinsured motorist claim frequency cannot be obtained from uninsured motorist claim
data and uninsured/underinsured motorist claim data. Therefore, the effect of residual market share on
underinsured motorist claim frequency cannot be examined directly.

31 Because high-risk drivers in the residual market still pay higher premium than low-risk drivers, high-risk
drivers are likely to purchase low insurance coverage and be underinsured.
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that is, gasoline tax increases cost of driving. The No-fault insurance law dummy is
negatively related to the dependent variables. However, it does not seem to be the
evidence that drivers purchase more insurance in the No-Fault states. Because personal
injuries are covered first by personal injury protection (PIP) regardless of drivers' faults,
uninsured or underinsured motorist claims seem to be fewer.

In table 1.7 for the second equation, residual market share is positively related to
pure premium which is consistent with Tennyson and Weiss (2011) because premium
subsidies to high-risk drivers are associated with less careful driving and higher claim
costs. However, the effect of the residual market is insignificant on the gross premium in
table 1.4. This may indicate that more stringent rate regulation is associated with lower
premium loadings and the effect of the residual market is insignificant on gross premium.
Because rate regulation suppresses insurance premium, the unit price is lower and
insurers have lower profits in more stringent rate regulation states. That is, all costs are
not always passed on to voluntary market drivers.

UM/PD and UMUIM/PD are positively and significantly related to gross
premium and pure premium as expected. Fatality rate is positively and significantly
related to gross premium and pure premium which is consistent with the expectation.

In tables 1.5 and 1.8 for the third equation, the gross premium and the pure
premium are positively and significantly associated with residual market share. If drivers
have more risky factors, the premium is more likely to be higher and the high-risk drivers
are more likely to be insured in the residual market. The highway percentage in urban

area is negatively and significantly related to residual market share as discussed above.
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Table 1.3 3SLS Regression Results (Equation 1)

This table represent the 3SLS regression results of equation 1 using gross premium as a
premium variable. t-statistic appears below the coefficients. *, **, *** significant at 10%,
5%, and 1% confidence levels. In(um/pd) is the log of the ratio of uninsured motorist
claim frequency to property damage liability claim frequency. In(umuim/pd) is the log of
the ratio of uninsured/underinsured motorist claim frequency to property damage liability
claim frequency. In(premium) is the log of premium earned per insured car year. In(resi
share) is the log of the residual market share based on insured car years. In(median
income) is the log of the median household income. In(poverty rate) is the log of the
percent of population below the poverty level. In(unemploy rate) is the log of the
unemployment rate. No-Fault is a dummy variable which is equal to 1 if the state has a
No-fault system in the year, and is equal to O otherwise. Add-On is a dummy variables
which is equal to 1 if the state has an Add-on system in the year, and is equal to O
otherwise. In(bachelor ratio) is the log of the population ratio of bachelor's degree. In(pop
18-24) is the log of the population density of individuals aged 18-24. In(gas tax) is the log
of the gasoline tax (dollar) per gallon. All dollar amounts are adjusted to reflect dollar
values in 2010.

Dependent (1-1) (2-1) (3-1) (4-1) (5-1) (6-1)
Variable In(um/pd) In(umuim/pd) In(um/pd) In(umuim/pd)  In(um/pd)  In(umuim/pd)
In(premium) 1.292***  (.831*** 1.215%**  0.774** 1.540***  (.925***
(0.454) (0.303) (0.458) (0.307) (0.465) (0.309)
In(resi share) -0.0351*  0.00112 -0.0335*  -0.000944 -0.0286 0.00320
(0.0179)  (0.0118) (0.0181) (0.0118) (0.0192) (0.0124)
No-Fault -0.263* -0.324*** -0.262* -0.323*** -0.257* -0.322***
(0.140) (0.0890) (0.139) (0.0888) (0.142) (0.0895)
Add-On -0.0968 -0.0736 -0.0759 -0.0586 -0.105 -0.0768
(0.115) (0.0735) (0.115) (0.0731) (0.118) (0.0744)

In(median income) -0.503**  -0.167
(0.217) (0.141)

In(poverty rate) 0.0747 -0.0267
(0.0848) (0.0551)
In(unemploy rate) 0.138***  0.0474
(0.0481) (0.0314)
In(pop 18-24) -0.392 -0.571*** -0.408 -0.559%*** -0.691** -0.671***
(0.288) (0.185) (0.292) (0.187) (0.311) (0.198)
In(bachelor ratio)  -0.0331 -0.0106 -0.0478 -0.0211 -0.0466 -0.0177
(0.112) (0.0877) (0.114) (0.0894) (0.110) (0.0861)
In(gas tax) 0.501***  (0.379*** 0.506***  (0.389*** 0.447** 0.361***
(0.174) (0.112) (0.176) (0.112) (0.180) (0.115)
Constant -5.627 -6.419%** -10.43%**  -7.914*** -12.79%**  -8.871***
(3.689) (2.454) (3.271) (2.154) (3.363) (2.206)
Observations 517 506 517 506 517 506
R-squared 0.895 0.962 0.896 0.963 0.89 0.962
Fixed Effect State State State State State State
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Table 1.4 3SLS Regression Results (Equation 2)

This table represent the 3SLS regression results of equation 2 using gross premium as a
premium variable. t-statistic appears below the coefficients. *, **, *** significant at 10%,
5%, and 1% confidence levels. In(premium) is the log of premium earned per insured car
year. In(resi share) is the log of the residual market share based on insured car years.
In(um/pd) is the log of the ratio of uninsured motorist claim frequency to property
damage liability claim frequency. In(umuim/pd) is the log of the ratio of
uninsured/underinsured motorist claim frequency to property damage liability claim
frequency. No-Fault is a dummy variable which is equal to 1 if the state has a No-fault
system in the year, and is equal to 0 otherwise. Add-On is a dummy variables which is
equal to 1 if the state has an Add-on system in the year, and is equal to O otherwise.
In(median income) is the log of the median household income. In(poverty rate) is the log
of the percent of population below the poverty level. In(unemploy rate) is the log of the
unemployment rate. In(pop 18-24) is the log of the population density of individuals aged
18-24. In(fatality rate) is the log of the number of deaths per 100 million vehicle miles
traveled. All dollar amounts are adjusted to reflect dollar values in 2010.

Dependent (1-2) (2-2) (3-2) (4-2) (5-2) (6-2)
Variable In(premium)  In(premium)  In(premium)  In(premium)  In(premium)  In(premium)
In(resi share) 0.00104 -0.00818 -0.000408 -0.00882 -0.000372  -0.00915
(0.00558) (0.00581) (0.00579) (0.00585) (0.00573) (0.00601)
In(um/pd) 0.267*** 0.273*** 0.268***
(0.0759) (0.0787) (0.0763)
In(umuim/pd) 0.325*** 0.327*** 0.327***
(0.101) (0.102) (0.102)
No-Fault 0.0715 0.110** 0.0727 0.110** 0.0696 0.109**
(0.0523) (0.0525) (0.0533) (0.0529) (0.0521) (0.0525)
Add-On 0.0167 0.0144 0.0146 0.0135 0.0247 0.0223
(0.0416) (0.0367) (0.0419) (0.0366) (0.0421) (0.0373)
In(median income) 0.138* 0.0516
(0.0832) (0.0681)
In(poverty rate) -0.0413 -0.0146
(0.0295) (0.0256)
In(unemploy rate) -0.0507***  -0.0330**
(0.0185) (0.0150)
In(pop 18-24) 0.340*** 0.416*** 0.358*** 0.425%*** 0.416*** 0.463***
(0.0902) (0.0959) (0.0934) (0.0974) (0.0982) (0.102)
In(fatality rate) 0.191*** 0.204*** 0.192%*** 0.206*** 0.161*** 0.181***
(0.0482) (0.0420) (0.0487) (0.0418) (0.0493) (0.0423)
Constant 5.909*** 6.988*** 7.345%** 7.530*** 7.410*** 7.556***
(0.840) (0.768) (0.360) (0.424) (0.355) (0.413)
Observations 517 506 517 506 517 506
R-squared 0.924 0.942 0.921 0.941 0.923 0.941
Fixed Effect State State State State State State
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Table 1.5 3SLS Regression Results (Equation 3)

This table represent the 3SLS regression results of equation 3 using gross premium as a
premium variable. t-statistic appears below the coefficients. *, **, *** significant at 10%,
5%, and 1% confidence levels. In(resi share) is the log of the residual market share based
on insured car years. In(premium) is the log of premium earned per insured car year. No-
Fault is a dummy variable which is equal to 1 if the state has a No-fault system in the
year, and is equal to O otherwise. Add-On is a dummy variables which is equal to 1 if the
state has an Add-on system in the year, and is equal to O otherwise. In(urban mileage
ratio) is the log of the highway percentage in urban areas. All dollar amounts are adjusted
to reflect dollar values in 2010.

Dependent (1-3) (2-3) (3-3) (4-3) (5-3) (6-3)
Variable In(resi share) In(resi share) In(resi share) In(resi share) In(resi share)  In(resi share)
In(premium) 11.91*** 12.47%** 11.74%** 12.22%** 12.14%** 12.72%**
(1.552) (1.693) (1.533) (1.666) (1.558) (1.699)
No-Fault -1.207 -1.248* -1.198 -1.235* -1.219 -1.262*
(0.744) (0.753) (0.741) (0.748) (0.748) (0.757)
Add-On 1.671*** 1.668*** 1.672%** 1.669*** 1.670*** 1.667***
(0.581) (0.587) (0.579) (0.583) (0.584) (0.590)
In(urban mile ratio) -6.546*** -6.532*** -6.567***  -6.561*** -6.520*** -6.505***
(0.505) (0.513) (0.503) (0.509) (0.508) (0.516)
Constant -92.36*** -95.68*** -91.35%**  -04.24*** -93.68*** -97.14%**
(9.026) (9.856) (8.916) (9.700) (9.061) (9.892)
Observations 517 506 517 506 517 506
R-squared 0.886 0.885 0.887 0.886 0.885 0.883
Fixed Effect State State State State State State
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Table 1.6 3SLS Regression Results (Equation 1)

This table represent the 3SLS regression results of equation 1 using pure premium as a
premium variable. t-statistic appears below the coefficients. *, **, *** significant at 10%,
5%, and 1% confidence levels. In(um/pd) is the log of the ratio of uninsured motorist
claim frequency to property damage liability claim frequency. In(umuim/pd) is the log of
the ratio of uninsured/underinsured motorist claim frequency to property damage liability
claim frequency. In(pure premium) is the log of losses incurred including loss adjustment
expenses per insured car year. In(resi share) is the log of the residual market share based
on insured car years. In(median income) is the log of the median household income.
In(poverty rate) is the log of the percent of population below the poverty level.
In(unemploy rate) is the log of the unemployment rate. No-Fault is a dummy variable
which is equal to 1 if the state has a No-fault system in the year, and is equal to 0
otherwise. Add-On is a dummy variables which is equal to 1 if the state has an Add-on
system in the year, and is equal to O otherwise. In(bachelor ratio) is the log of the
population ratio of bachelor's degree. In(pop 18-24) is the log of the population density of
individuals aged 18-24. In(gas tax) is the log of the gasoline tax (dollar) per gallon. All
dollar amounts are adjusted to reflect dollar values in 2010.

Dep_endent (7-1) (8-1) (9-1) (10-1) (11-1) (12-1)
Variable Inum/pd)  In(umuim/pd)  In(um/pd)  In(umuim/pd)  In(um/pd)  In(umuim/pd)
In(pure premium)  2.510%** 1.840*** 2.462***  1.873*** 2.116*%**  1.412***
(0.844) (0.587) (0.872) (0.610) (0.627) (0.414)
In(resi share) -0.187***  -0.112*%** -0.183***  -0.117*** -0.155***  -0.0833**
(0.0591) (0.0414) (0.0597) (0.0420) (0.0501) (0.0330)
No-Fault -0.797%**  -0.727*** -0.787***  -0,738*** -0.689***  -0.623***
(0.279) (0.189) (0.283) (0.193) (0.238) (0.153)
Add-On -0.0817 -0.0655 -0.0663 -0.0559 -0.0883 -0.0657
(0.152) (0.0979) (0.150) (0.0973) (0.144) (0.0896)
In(median income) -0.330 -0.0164
(0.224) (0.157)
In(poverty rate) 0.0451 -0.0497
(0.0818) (0.0533)
In(unemploy rate) 0.0661 -0.00915
(0.0664) (0.0445)
In(pop 18-24) -0.00682 -0.278 -0.0258 -0.266 -0.143 -0.288
(0.284) (0.200) (0.285) (0.201) (0.317) (0.217)
In(bachelor ratio) -0.102 0.0111 -0.122 0.00768 -0.143 -0.0115
(0.187) (0.136) (0.197) (0.143) (0.168) (0.125)
In(gas tax) 0.462%** 0.377*** 0.457** 0.387*** 0.414** 0.374***
(0.176) (0.113) (0.178) (0.113) (0.176) (0.114)
Constant -14.72** -13.87*** -17.92%**  -14.34*** -15.93***  -11.43***
(6.113) (4.377) (5.074) (3.492) (3.705) (2.413)
Observations 517 506 517 506 517 506
R-squared 0.745 0.894 0.752 0.890 0.796 0.925
Fixed Effect State State State State State State
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Table 1.7 3SLS Regression Results (Equation 2)

This table represent the 3SLS regression results of equation 2 using pure premium as a
premium variable. t-statistic appears below the coefficients. *, **, *** significant at 10%,
5%, and 1% confidence levels. In(pure premium) is the log of losses incurred including
loss adjustment expenses per insured car year. In(resi share) is the log of the residual
market share based on insured car years. In(um/pd) is the log of the ratio of uninsured
motorist claim frequency to property damage liability claim frequency. In(umuim/pd) is
the log of the ratio of uninsured/underinsured motorist claim frequency to property
damage liability claim frequency. No-Fault is a dummy variable which is equal to 1 if the
state has a No-fault system in the year, and is equal to 0 otherwise. Add-On is a dummy
variables which is equal to 1 if the state has an Add-on system in the year, and is equal to
0 otherwise. In(median income) is the log of the median household income. In(poverty
rate) is the log of the percent of population below the poverty level. In(unemploy rate) is
the log of the unemployment rate. In(pop 18-24) is the log of the population density of
individuals aged 18-24. In(fatality rate) is the log of the number of deaths per 100 million

vehicle miles traveled. All dollar amounts are adjusted to reflect dollar values in 2010.

Dependent (7-2) (8-2) (9-2) (10-2) (11-2) (12-2)
Variable In(pure In(pure In(pure In(pure In(pure In(pure
premium) premium premium premium premium premium
In(resi share) 0.0614***  0.0590***  0.0613*** 0.0600***  0.0581***  (0.0544***
(0.00719)  (0.00805) (0.00730) (0.00795) (0.00759)  (0.00852)
In(um/pd) 0.163** 0.164** 0.222***
(0.0711) (0.0732) (0.0784)
In(umuim/pd) 0.162* 0.149* 0.228**
(0.0863) (0.0848) (0.0979)
No-Fault 0.257***  0.274*** 0.258*** 0.272%** 0.262***  0.286***
(0.0708) (0.0707) (0.0710) (0.0708) (0.0714) (0.0718)
Add-On 0.00699 -0.000207  0.00663 -0.00154 0.0211 0.0119
(0.0575) (0.0552) (0.0575) (0.0551) (0.0586) (0.0560)
In(median income) 0.0222 -0.0258
(0.0588) (0.0455)
In(poverty rate) -0.00589 0.00903
(0.0204) (0.0161)
In(unemploy rate) -0.0191 -0.00439
(0.0162) (0.0127)
In(pop 18-24) 0.0547 0.0854 0.0565 0.0784 0.0980 0.118
(0.0654) (0.0693) (0.0670) (0.0676) (0.0831) (0.0866)
In(fatality rate) 0.0912**  0.0787** 0.0887** 0.0713* 0.106** 0.103**
(0.0427) (0.0386) (0.0427) (0.0376) (0.0459) (0.0419)
Constant 6.535***  7.062*** 6.767*** 6.771*** 6.930***  §.949***
(0.596) (0.554) (0.270) (0.295) (0.306) (0.346)
Observations 517 506 517 506 517 506
R-squared 0.902 0.908 0.902 0.907 0.899 0.909
Fixed Effect State State State State State State
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Table 1.8 3SLS Regression Results (Equation 3)

This table represent the 3SLS regression results of equation 3 using pure premium
as a premium variable. t-statistic appears below the coefficients. *, **, *** significant at
10%, 5%, and 1% confidence levels. In(resi share) is the log of the residual market share
based on insured car years. . In(pure premium) is the log of losses incurred including loss
adjustment expenses per insured car year. No-Fault is a dummy variable which is equal to
1 if the state has a No-fault system in the year, and is equal to O otherwise. Add-On is a
dummy variables which is equal to 1 if the state has an Add-on system in the year, and is
equal to O otherwise. In(urban mileage ratio) is the log of the highway percentage in
urban areas. All dollar amounts are adjusted to reflect dollar values in 2010.

Dependent (1-3) (2-3) (3-3) (4-3) (5-3) (6-3)
Variable In(resi share)  In(resi share) In(resi share) In(resi share) In(resi share) In(resi share)

In(pure premium) 9.742%** 10.62*** 0.842*** 10.95*** 8.473*** 9.340***

(1.129) (1.119) (1.151) (1.121) (1.100) (1.105)
No-Fault -2.594%** 2 769*** 2. 617***  -2,840***  -2,339***  -2,509%**
(0.843) (0.854) (0.848) (0.862) (0.806) (0.814)
Add-On 0.742 0.654 0.732 0.621 0.869 0.783
(0.644) (0.652) (0.648) (0.659) (0.616) (0.622)
In(urban mile ratio) -2.595***  -2,085***  -2554***  .1.920** -3.323***  -2.809***
(0.777) (0.748) (0.790) (0.751) (0.763) (0.747)
Constant -69.42*%** 73 55%%*  _§991*¥**  _7512***  -63.46***  -67.51***
(5.458) (5.464) (5.559) (5.478) (5.294) (5.359)
Observations 517 506 517 506 517 506
R-squared 0.852 0.841 0.851 0.837 0.868 0.859
Fixed Effect State State State State State State
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1.6. Conclusion

This study uses annual state level data for 50 states from 1999 to 2009 to
investigate the effects of various factors that are likely to affect auto insurance pricing
and insurance purchase. | used two different variables, the ratio of uninsured motorist
claim frequency to property damage liability claim frequency (UM/PD ratio) and the ratio
of uninsured/underinsured motorist claim frequency to property damage liability claim
frequency (UMUIM/PD ratio), as proxies of insurance affordability and insurance
purchase. Previous literature used only uninsured motorist claim data, so the studies are
limited to the effects on high-risk drivers.

In this research, the UM/PD ratio regression results are generally consistent with
the findings of previous literature, but the UMUIM/PD ratio regression results are
different from the perspective of the effects of the residual market share. Because
premium subsidies via a residual market reduce the premium level of high-risk drivers
and are likely to raise the premium level of low-risk drivers, they are negatively
associated with UM/PD ratios but the negative effect is smaller or insignificant on
UMUIM/PD ratios.

From the perspective of the effect of residual markets on claim costs, the residual
market share is positively associated with claim costs, which is consistent with the
findings of previous literature. However, the effect of residual markets on gross premium
is insignificant, which means that reduced premiums in a residual market is not fully
transferred to drivers in a voluntary market. Insurers also bear the reduced premiums and

their profits would be lower.
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Even though compulsory insurance law mandates insurance purchase, the law
could not incentivize drivers to purchase high coverage of insurance. If a driver purchases
insurance only to avoid a penalty in a compulsory insurance law state, the coverage level
must be at the minimum level of requirement. Therefore, the drivers who purchase low

level of coverage are more likely to be underinsured once involved in an accident.
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CHAPTER 2
CROSSOVER RISKS AND THEIR INTERCONNECTEDNESS

IN THE KOREAN REVERSE MORTGAGE PROGRAM:
EVIDENCE FROM VAR ANALYSIS

2.1. Introduction

The Republic of Korea has the most significant aging population problem in the
world.®2 South Korea has been classified as an “aging society,” with 7.2% of the
population over 65 since 2000, and is expected to be an “aged society,” with 14% of the
population over 65 in 2018.3 It will take only 18 years for South Korea to shift from an
aging society to an aged society, which is a very fast aging rate in the world.3* As a
result, South Korea has very large longevity risks.

Insufficient retirement incomes caused by the fast aging population are becoming
a controversial social issue in South Korea. The largest public pension plan in South
Korea is the National Pension Plan which is similar to Social Security benefits in the US.
It is a Defined Benefit (DB) plan. The National Pension Plan was introduced for full-time
employees in 1988 and has been mandated for the entire nation since 1999. However,
replacement rates have been decreasing from 70% in 1988 to a projected 40% in 2028.
With the trend of an aging population, the replacement rate may go below 40% after 2028.

The secondly accessible retirement income plan is the Retirement Pension Plan
which was introduced in 2005. Because retiring employees had been paid retirement

benefits in a lump sum before the plan was introduced, the benefits had not effectively

32 «“Korea” or “South Korea” hereafter refer to “the Republic of Korea”.

33 The definition of “aging society” and “aged society” is referred to Coulmas (2007) and the Korean

population data are referred to Statistics Korea (KOSTAT).

34 According to United Nations (2015), it took 25 years for Japan to become an aged society from an

ageing society and more than 70 years for the US. (https://esa.un.org/unpd/wpp/Download/Standard/Population)
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contributed to retirees' constant incomes. The Retirement Pension Plan is an employer
provided retirement benefit program and similar to the 401(k) plan in the US. However,
because employers and employees decide the effectiveness of the plan by an agreement,
the plan has not been quickly implemented in individual companies. Because the plan is
restricted to full-time employees in general, the employment status is a significant factor
to decide the receipt of the benefits. Therefore, when an employee is laid off or becomes
a part-time employee, the retirement pension benefits do not seem to be enough as
retirement incomes.

The Korean government tried to resolve the lack of retirement incomes resulting
from the aging population and the insufficient public and retirement pension benefits.
Because the National Pension Plan and the Retirement Pension Plan became generalized
or was introduced in the 21st century, those plans could not help individuals, who already
retired or would retire in the near future, prepare for their retirement incomes.

The reverse mortgage program was introduced in 2007 as an additional retirement
income. The fundamental design of the program is same as that of Home Equity
Conversion Mortgages (HECM) in the US, i.e., a homeowner borrows money from a
lender for pension benefits and the loan is collateralized with the house. The Finance
Corporation (HFC) designs and operates the program and individual financial institutions
sell homeowners the products.

Because house prices were high in 2006, the reverse mortgage benefits were
priced relatively high in 2007. The benefits were re-priced in 2012 to reflect the

economic environment, such as house price changes and low interest rates.® In addition

% The Korean revere mortgage program has been re-priced every year since 2012 to reflect the changes of
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to a tenure payment option which was first introduced in 2007, HFC introduced a term
payment option in 2013 to give borrowers more choices. All payment options are
monthly; there is no lump-sum option in the Korean reverse mortgage program. Because
borrowers are paid over their whole life with the tenure payment option but paid over a
fixed period with the term payment option, the tenure payment option may have larger
longevity risk than the term payment option.

Even if the loan balance exceeds the house value, the borrower is not responsible
for the excesses of the loan values because of the non-recourse provision.® 3" Crossover
risks are risks embedded in reverse mortgages and include longevity risk, interest rate
risk, and house price risk.%® Wang, Valdez, and Piggott (2008) showed that the impact of
house price risk and interest rate risk is larger than that of longevity risk in terms of the
price of the reverse mortgage securitization. The impact of house price risk may be larger
in South Korea than in other countries because it has been common for Koreans to
purchase houses for the purpose of investment rather than residence. House prices have
been decreasing since 2006 in Seoul, the capital city of South Korea, and its satellite
cities, where house prices have been higher than in other regions. On the other hand,
house prices in mid-sized major cities have continued relatively stable and have showed
different trends from Seoul and its satellite cities. Therefore, house price predictions
should be considered very carefully to reflect the different house price appreciation rates

in different regions.

pricing assumptions. (Lew and Ma, 2015)
3 Benefits to borrowers are guaranteed by HFC and HFC is a public corporation which is governed by the
Korean government, the reverse mortgage benefits are actually guaranteed by the Korean government.
37 Because the borrower has a right to sell the house at the loan balance, reverse mortgage is a put option
from the borrower's perspective.
38 Crossover risks are explained more in the section 2.
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The literature on the reverse mortgage program uses aggregate house price indices
(Wang, Valdez, and Piggott, 2008; Chen, Cox, and Wang, 2010; Ma, Lew, and Synn,
2011; Alai et al. 2014). However, an aggregate house price index cannot reflect the risks
that result from different house price appreciation rates in different regions. In this study,
I include house price indices by region and examine whether the simulation results using
the nationwide house price index are different from the results using different regional
house price indices.

In addition to the house price indices, the literature generally uses only female
mortality rates or uses male and female mortality rates separately (Chen, Cox, and Wang,
2010; Huang, Wang, and Miao, 2011; Ma, Lew, and Synn, 2011; Alai et al., 2014; Shao,
Hanewald, and Sherris, 2015). Because the reverse mortgage program is a type of joint
life annuity, applying only female mortality rates or mortality rates of males and females
separately may underestimate longevity risks in reverse mortgages. In this study, | model
and forecast mortality rates of males and females, reflecting the trend of the aging
population, and examine how the results differ by annuity types, such as single male,
single female, and joint.

Because the effect of longevity risk is not large in the reverse mortgages as Wang,
Valdez, and Piggott (2008) demonstrated, | will not examine the effect of mortality rate
improvement. Instead, | will compare the effects of different loan periods on the
sustainability of the reverse mortgage program. If a borrower is younger and chooses a
tenure payment option, the loan period is longer. Therefore, the reverse mortgage has
more chances to be affected by high interest rate and low house price, i.e., the reverse
mortgage is more exposed to interest rate risk and house price rirsk.
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In section 2.2, | discuss crossover risks in the reverse mortgage program. In
section 2.3, | explain the process from the activation to the termination of a reverse
mortgage and how the model tests the sustainability of the program, including the present
value of the mortgage insurance premium (MIP) and the present value of losses. The
sustainability of the program can be tested by comparing the present values of the MIP
and the losses. In section 2.4, | model and forecast mortality rates of males and females
and in section 2.5, | discuss interest rate and house price appreciation rate based on actual
economic data. Section 2.6 covers the design of the simulation and I show the results of
the simulation in section 2.7. In section 2.8, | offer concluding remarks.

2.2. The Korean Reverse Mortgage Program and Risks in the Program

The Korean reverse mortgage program is fundamentally same as the HECM in the
US, that is, a homeowner borrows money from a lender and the loan is collateralized with
the house. The homeowner is paid monthly benefits, which are determined by the
payment option and the age at inception of the homeowner or younger spouse if both
spouses are alive.®® On the other hand, the monthly benefits are not affected by the
gender or the marital status, single or married.“°

Because the borrower is paid monthly, the loan balance increases due to the
monthly benefits and the interest accrued. If the loan balance exceeds the house value, the
lender will lose the difference between the loan balance and the house price at the

termination of the reverse mortgage because the borrower does not have to pay the lender

39 If the payment option is “tenure”, the homeowner is paid during the whole life as long as he/she lives in
the house. If the payment option is “term”, the homeowner is paid for a fixed duration.
40 That is, unlike individual annuities, joint mortality rates are not considered for the pricing of reverse
mortgage benefits in the Korean reverse mortgage program. Only female mortality rates are considered.
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the difference due to the non-recourse provision. If the loan balance is lower than the
house value at the termination, the borrower or inheritors will be paid the difference.*

If borrowers are live longer, house prices are lower and interest rates are higher,
loan balances are more likely to exceed house values. Therefore, monthly benefits are
determined reflecting mortality rates, house prices, and interest rates. Table 1 shows the
monthly benefits for the Korean reverse mortgage program by ages at inception and
payment options when the house price is assumed to be 300 million Korean Won (KRW)
as of February 1, 2016.42 “* Monthly benefits are determined higher for older applicants
than for younger applicants and for term payment options than for tenure payment options.
Table 2.1 Monthly Payments of the Korean Reverse Mortgage Program
This table represent the monthly payments of the Korean reverse mortgage program by
age and payment option. The currency is Korean Won (KRW). The amounts are

calculated at www.hf.go.kr assuming that house price is 300 million KRW, as of
September 1, 2016.

Age Tenure Term
15 years 20 years 25 years
60 681,970 966,370 808,170 715,780
65 809,730 1,083,580 905,640
70 972,370 1,207,970
75 1,183,360
80 1,469,910

The reverse mortgage program includes longevity risks, interest rate risks, and
house price risks (Wang, Valdez, and Piggott, 2008; Chen, Cox, and Wang, 2010). They

are the risks that the loan balance crosses over the house price. Because loan balances

41 To cover the risk that the loan value is higher than the house price, the reverse mortgage program
charges borrowers mortgage insurance premiums (MIP). It is explained in detail in the section 3.
42 Because condominium-type houses (referred to as “apartments” in South Korea) are traded more
frequently than single-dwelling or other types of houses, price evaluation is relatively easier. Therefore, the
house price index means the apartment price index in this study.
43 Exchange rate is approximately US$1 = 1,122KRW as of September 1, 2016.
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increase due to monthly benefits and interest accrued, the loan value will be more likely
to exceed the house value if borrowers live longer than expected. If interest rates are
higher than expected, the loan value will increase faster and will be more likely to exceed
the house value. If house price appreciation rates are lower than expected, the house
value will be more likely to be lower than the loan balance at the termination of the
reverse mortgage.

Because mortality rates have improved faster in South Korea than in other
developed countries, the longevity risk may be greater in South Korea. A reverse
mortgage program that does not take into account continuously improving mortality rates
may be more exposed to longevity risk. Furthermore, because house price appreciation
rates have been different by region, the Korean reverse mortgages should be priced
reflecting the different house price appreciation rates by region.

Figure 2.1 illustrates the crossover risks in the reverse mortgage program by ages
and payment options assuming that the interest rate is 2.44%, which is applied to the
Korean reverse mortgages as of September, 2016.* The house price appreciation rate is
assumed to be 1.44% annually, lower than the interest rate. The loan value of the tenure
option for a person aged 60 exceeds the house value at year 33, but the crossover risk
does not seems to be high in the example because the life expectancies for a male and
female of age 60 are 28.13 and 31.25 years respectively according to the mortality rates
that are forecasted in section 4. However, tenure payment options cross over house price

faster than term payment options and may be riskier than term payment options.

4 Interest rate applied to loan value is determined by the CD (Certificate of Deposit) yield rate (91 days)
plus 1.1%. The CD vyield rate applied to reverse mortgage loans was 1.34% in September, 2016.
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Figure 2.1 Crossover Risks in Reverse Mortgage (1)
Note: 1. Interest rate is 2.44% and house price appreciation rate is 1.44%.
2. The amount is scaled by 1,000 KRW.
3. “20 yrs” is a term payment option with 20 years of payment periods.

Figures 2.2 and 2.3 show that loan values cross over house values faster and the

reverse mortgage program is more likely to experience losses when interest rates increase

or house price yield rates decrease. Because the monthly benefits of the term payment

options is higher than the monthly benefits of the tenure payment options, the term

payment options have higher loan values for the payment periods and may be riskier than

the tenure payment option at high interest rates.
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Figure 2.2 Crossover Risks in Reverse Mortgage (2)
Note: 1. Interest rate is 3.44% and house price appreciation rate is 1.44%.
2. The amount is scaled by 1,000 KRW.
3. “20 yrs” is a term payment option with 20 years of payment periods.
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Figure 2.3 Crossover Risks in Reverse Mortgage (3)
Note: 1. Interest rate is 2.44% and house price appreciation rate is 0.44%.
2. The amount is scaled by 1,000 KRW.
3. “20 yrs” is a term payment option with 20 years of payment periods.
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Wang, Valdez, and Piggott (2008) and Chen, Cox, and Wang (2010) studied
crossover risks in reverse mortgage securitization and sustainability of the Home Equity
Conversion Mortgage (HECM) program in the US. Wang, Valdez, and Piggott
demonstrated that interest rate risk and house price risk are more severe than longevity
risk, while Chen, Cox, and Wang showed that the US HECM program is sustainable
using dynamic simulation models with total population mortality rates that assume a
single life annuity type and do not distinguish between males and females. However, the
reverse mortgage program is a type of joint life annuity, so the separate application of
male and female mortality rates to the model may be more appropriate.*

Because a borrower is paid monthly benefits or does not need to pay back the loan
as long as one of the borrowing spouses is alive and lives in the house, the policy is likely
to continue longer if both spouses are alive at inception. However, the monthly benefit
amount is not different by whether both spouses are alive or one spouse is dead at
inception. Therefore, if both spouses are at inception, the loan may have a larger
longevity risk.

2.3. Mortgage Insurance Premium (MIP) and Loan Balance

Because of the non-recourse provision, the reverse mortgage program charges

borrowers a mortgage insurance premium (MIP) which is 1.5% of the house price up

front and 0.75% of the loan balance annually as a continuing premium.*® Because a

45 Until 2014, the joint types consist of 60.1% of the Korean reverse mortgages. Single females consist of
32.9% and single males consist of only 7.0% (HFC).
46 When the reverse mortgage program was introduced in 2007, the up-front premium was 2% of house
prices and annual continuing premium was 0.5% of loan balances. The HFC changed mortgage insurance
premiums to current rates on February 1, 2015.
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continuing premium is charged monthly, | applied 0.06229% (or (1+0.75%)Y*? -1) each
month to the loan balance in the model.

Loan balance of a policy at the end of t" month is

Le = 0.015 X Ho X [T, (1 + r)™'2 + Ti (B + P [T +1)V2 (1)

where Ho = house price at time 0,

0.015 x Hy, = up-front MIP

ri = annual interest rate at i month,

Bi = monthly benefit at i'" month, and

Pi = monthly MIP at i"" month.
Monthly MIP at i'" month is

_ (0015 x Hy + By) x 0.06229%, i=1 @
~ (Li_; + B)) X 0.06229%, i>1"

B
In terms of the monthly benefit at i month, a fixed amount is paid until the
reverse mortgage is terminated in the tenure payment option, while a fixed amount is paid
until the predetermined term ends in the term payment option.
The loan balance can be divided into pure loan balance and MIP balance. The
MIP balance at the end of t™ month is
MIP, = 0.015 x Ho X [T{=; (1 + r)**2 + X, B [Toi(1 + /12 (3)
If the loan balance (L) is larger than the house value (Ht) at termination (t = T), Lt - Hr
is considered as a loss and the MIP balance at termination (MIPt) will be used to recover it.
Losst = max(Lt — Hr, 0) 4)

where T = time at termination.
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The interest rate charged on loan balance which includes MIP balance and pure
loan balance is CD vyield rate plus 1.1%. However, the loss (Losst) and MIP balance
(MIPy) at termination should be discounted by the risk-free rate (r¢) to the present value
(Loss, and MIP,) because the government guarantees the monthly payments even if the
loan balance exceeds the house value, and the loss and the MIP balance ultimately belong

to the government. Therefore, Loss, and MIP, are

1
Lossy = Losst H1T=1—(1+rﬁ)1/1z ®)
1
and MIP, = MIP; ?:1 (141 /12 (©)

where r = risk-free rate at it" month.

If m is the total number of borrowers and the sum of the present value of
individual mortgage insurance premium balances at termination (Xx-, MIP,) is larger
than the sum of individual losses at termination (Xx-,Loss,), the reverse mortgage
program will be sustainable. The difference between them (2L, MIP, — XL, Lossy) is
the net profit of the reverse mortgage program from the lender's perspective. If the net
profit is negative, that is, Y=, MIP, is less than Y, Loss,, the program is not be
sustainable and the difference (X x~, Lossy — Xx=,; MIP,) is the net loss of the program.

Net Profit = MIP, — Loss, (7)
2.4. Modeling and Forecasting Termination Rate
2.4.1. Modeling Mortality using the Lee-Carter Model

| employ the Lee-Carter model (Lee & Carter, 1992) for mortality forecasts. This

model controls for the time varying components in mortality rates, which are the most

important component of longevity risks in an aging society. Chen, Cox, and Wang (2010)
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and Chen and Cummins (2010) also employed the Lee-Carter model for mortality
forecasts in their studies of HECM program sustainability and longevity bond pricing.

To forecast Korean mortality rates, | use the Korean population mortality table
from 1970 to 2011 offered by Statistics Korea (KOSTAT), which is a central government
organization for statistics.*’ The mortality rate is grouped by 5-year age intervals except
age 0 and age 1.8 Until 1992, KOSTAT assumed that all populations of age 80 die
before 85, that is, the mortality rate of age 80 is 1 (sgso= 1 and ® = 84). KOSTAT had
gradually increased the oldest age in the mortality tables to age 100 in 2001 (50100 = 1 and
® = 104). Because mortality rates from s(so t0 50100 did not have comparative rates until
2000, | use the mortality rates from age 0 to age 75 (Qo to s075) from 1970 to 2011 to
forecast mortality rate.

Lee and Carter (1992) suggested the least squares solution to the equation
ln(mx,t) = a, + byk, + &, for a given matrix of rates m,.* As Chen, Cox, and Wang
(2010) and Chen and Cummins (2010) did, I also apply some restrictions to the model,

a, = %Z?zl In(my,), 2xby =1 and Xk, = 0. Lee and Carter also suggested a two-

stage procedure in estimating b, and k.. In the first stage, they suggested that the
singular value decomposition (SVD) method be applied to ln(mx,t) — a, to estimate b,
and k.. In the second stage, k. is re-estimated for the given a, and b, such that the
calculated number of deaths from the equation is equal to the actual number of deaths in

each year. Because Korean population data published by KOSTAT are not applicable to

47 www.kostat.go.kr
48 The mortality table shows the probability that the aged person dies before the next tabulated age, i.e., s0x,

except age 0 and age group 1-4. The mortality rate of age 0 is qo, and the mortality rate of age group 1-4 is
401 The mortality rates are not tabulated in this paper.
%9 In this study, m,, means sQx, Go OF 40 at time t.
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mortality data for the calculation of number of deaths, | created mock population data
which begin with 100,000 people at age O for each year and calculated the number of
deaths based on mortality rates at each age group to perform the second stage.*

2.4.2. Forecasting the Mortality Index k;

To forecast the mortality index k: since 2012, I employ a similar method to that
used by Lee and Carter (1992), who regressed the differences of ki and k.1 including an
influenza dummy of 1918 in their model.> Because there was no comparable mortality
shock from 1970 to 2011 in Korea, | do not include a dummy variable in the model. To
reflect the mortality improvements, Lee and Carter (1992) and Chen and Cummins
(2010) applied the mean of differenced ki, that is, the averages of X: (= ki - kt1).
However, the average of X; does not reflect the faster mortality improvements in recent
years in Korea. Therefore, | first regressed k: on regressor ki1 using OLS. Because the
signs of ki change to negative in 1992 or 1993, coefficients of ki which are larger than 1
imply faster mortality improvements in recent years in Korea. The regression results are
as follows:

Total: ke= -0.8088 + 1.0353 “*keiter R?2= 0.9995 Root MSE = 0.23366

(0.0365)  (0.0039)

Male: ki= -0.7440 + 1.0348 *kii+e RZ= 09993  Root MSE = 0.25149
(0.0393)  (0.0044)

Female: ke= -0.9639 + 1.0441 *kei+e RZ= 0.9994  Root MSE = 0.28396.
(0.0443)  (0.0042)

%0 The estimates of a,, b, and k. are not tabulated in this study. They can provided on request.
51 The result of forecasting k; in Lee & Carter (1992) is k= k.1 - 0.365 + 5.24flue + e.
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The regression results show that the coefficients of the lagged k: are larger than 1
and the mean squared errors are less than the variance of X.°? However, the partial
autocorrelations of ki do not support that k; is an AR(1) model. Therefore, | fixed the
coefficients of k.1 to 1 as Lee and Carter (1992) and Chen and Cummins (2010) did. The
averages of X; (= ki - kt.1) are -0.7908 (total), -0.7276 (male), and -0.9356 (female). These
numbers are much smaller than the -0.365 obtained by Lee and Carter (1992) and the -
0.2172 obtained by Chen and Cummins (2010). This means that the mortality rate
improved faster in Korea over the last 40 years than in the US over the last 100 years.
Because | employed the average of X: which does not reflect the faster mortality
improvements in recent years, this study may underestimate the longevity risks in the
Korean reverse mortgage program.

Figure 2.4 shows the fitted and forecasted values of the log of mortality rates from
the obtained parameters from 1970 to 2018 and the actual values of the log of mortality
rates in selected ages (20, 40, 60, and 70) from 1970 to 2011. In 2011, the fitted values
are underestimated in age 20 but properly estimated in ages 40, 60, and 70 from the
obtained parameters. Because this research is concerned with the reverse mortgage
program which is for old-aged populations, | use the results of ax, bx, and k¢ to forecast

mortality rates.

52 The F test statistics show that the coefficients are significantly different from 1.
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Figure 2.4 Comparison of Logs of Fitted Mortality and Actual Mortality in Selected
Ages

2.4.3. Interpolation and Extrapolation
Because the mortality rate forecasted above is In(sqx), it should be converted to gx,
Ox+1, Ox+2, Ox+3, and Qx+4. | assume that the force of mortality follows the Gompertz

function, which is p, = B C*. Based on the Gompertz assumption of force of mortality,

_BC*(Cc-1)

_ X+1 t BL7C—1)
px=¢ i BCHdt e InC | (8)
X5t _ BC¥cCS-1
and Py =€ Jx TBChdt _ e InC 9)

Because this research is interested in the mortality rates of old-aged populations

over 60 who are eligible for the reverse mortgage program, | estimate Gompertz
parameters B and C, which minimize the sum of squared differences between actual ¢qy

and estimated <q, for 50 and older ages in 2011. According to the equation above,

B C*(C-1)
gx =1—p,=1—e mc . The parameters are also used to extrapolate mortality
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rates over age 79. In 2011, the estimated B is 1.15x 107° and 2.06 x 107
respectively for male and female, and the estimated C is 1.114328 and 1.129341
respectively for male and female.
2.4.4 Modification of Gompertz Parameters for Forecasted Mortality Rates

For the forecasted mortality rates, the Gompertz parameters obtained from the

2011 mortality rates should be modified to reflect mortality improvements. Because
In( sqy¢) is equal to In( gqye1) + by(ke —ke1), In( sqy) decreases by by (k. —
k._,) every year. Therefore, ¢q,. decreases by the rate of ePx(e—ke-1) every year. Let

sPxt/ sPxi—1 Dbe e% then p,. isderived from gp,. ; as follows:

j— 04
5Pxt = sPxt-1€

B C*(C5-1)
= e_ InC ea

_ BC¥(c®-1)-alnC
=e InC

ettty

= e_ InC

_ Brc¥(c5-1)

=e mc (10)

_ alnC )
cx(c5-1)7 "

where B’ = (B

The parameter C does not change over time, but the parameter B changes to B’
in the next year in the Gompertz function. The mortality improvement factor a is not
expressed explicitly by ePx(kt=ke-1) byt | can calculate o for each age group and each
year from the mortality forecasting based on In( 5qy¢) = In( 5qy¢_1) + by(ke — ke_1). |

assume gi17 = 1 for male and gi1s = 1 for female, following the Korean life insurance
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reference annuity mortality table issued by the Korea Insurance Development Institute
(KIDI) in 2012.
2.4.5. Mobility Rates

Mobility rate is the probability that borrowers will move out for any reason except
death. When borrowers move to nursing care facilities due to their health conditions or to
other family members’ houses or other towns, they move out of their houses and their
reverse mortgage policies are terminated. Mobility rate has a very similar effect on the
reverse mortgage program as the mortality rate. Conducting their research in the US,
Wang, Valdez, and Piggott (2008) and Chen, Cox, and Wang (2010) assumed a mobility
rate of 30% of mortality rates, which is an actuarial assumption of the U.S. Department of
Housing and Urban Development (HUD).

However, Chow, Szymanoski, and DiVenti (2000) found that the HUD’s
assumption is too low for younger aged people (64 to 66) and slightly high for older aged
people (84 to 86). For borrowers aged 74 to 76, the HUD’s assumption is consistent with
the actual rates only for policy year 5 to 8, which is around age 80. They also find that the
first-year termination rates are substantially lower than in the next years.

Zhai (2000) explains mobility rates from the perspective of health-related rates
and non-health-related rates. He cites the 1997 American Housing Survey by the U.S.
Census Bureau to explain the adverse relation between non-health-related mobility rates
and ages of borrowers. He also claims that there is a positive relation between health-
related mobility rates and ages. Non-health-related mobility rates may be affected by

financial conditions, family-related issues, or many other personal reasons of borrowers.
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However, mobility rate related data of the Korean reverse mortgage program is
not publicly available. Therefore, I employ the HUD's assumption, 30% of mortality
rates, for mobility rates. If a potential borrower expects a loan termination in the near
future due to a health or non-health related issue which is discussed above, he/she would
not initiate a reverse mortgage. Therefore, 1 do not apply the mobility rate, 30% of
mortality rates, in the first 2 years.*

2.5. House Price Indices and Interest Rates

| investigate apartment prices rather than other types of houses because
apartments are the most frequently traded and their price indices are more reliable than
those of other types of dwellings. Figure 2.5 shows the apartment price index by size
from 1986 to 2012.>* The apartment price index yield rates are different by size but they
move very similarly except for the last six years. Annual average yield rates are 6.46%,
5.85%, and 6.52% respectively for large, medium, and small sizes from 1986 to 2006,

and they are 4.69%, 5.04%, and 6.19% from 1986 to 2012.

%3 In the Korean life insurance industry, it is presumed that adverse selection may occur for events in the
first 2 policy years. So, life insurance limits some coverages to 50% or does not insure suicides in the first 2
years to prevent adverse selection problems. If a policyholder's behavior is considered in reverse mortgages,
a potential borrower of reverse mortgages would not initiate a loan if he/she expects a move-out in the near
future for any reasons. So, | assume that borrowers would not terminate the loans for any reasons except
death in the first 2 years.

% small < 62.8m" <medium < 95.9m" < large
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Figure 2.5 Nationwide House Apartment Price Indices by Size (1986 - 2012)

Note: 1. small < 62.8m* <medium <95.9m" < large
2. The indices are set to 100 in 1986.

However, if | look at the indices by region, the differences of yield rates are
larger. Figure 2.6 compares the nationwide apartment price indices by size with the
indices in Seoul from 2007 to 2012. Yield rates move differently in Seoul compared to

the entire country of Korea and show large differences. | can infer that prices are more

volatile for individual units because price indices are averages of individual houses.
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Figure 2.6 Comparison of Apartment Price Indices by Size (2007-2012)

Note: 1. small < 62.8m" <medium <95.9m" < large
2. The indices are set to 100 in 2007.

538




Wang, Valdez, and Piggott (2008) and Ma, Lew, and Synn (2011) employed
geometric Brownian motion, and Chen, Cox, and Wang (2010) employed the ARMA-
GARCH model to predict dynamic house prices. However, because house price indices
are different by region and the nationwide house price index is the averages of the
various house prices in different regions, the consideration of house price indices in
different regions would result in more accurate predictions. That is, if I run a dynamic
simulation using the nationwide house price index, the results may not reflect the effects
of house prices appropriately for individual units that reverse mortgage loans are
collateralized with. Therefore, | will use house price indices in different regions to test
the sustainability of the Korean reverse mortgage program because price indices by
region reflect prices of individual units better than the nationwide index does.>®

I use four regional categories for house price indices. The regional categories are
1) Northern Seoul, 2) Southern Seoul, 3) 6 other major cities (Busan, Daegu, Daejeon,
Ulsan, Gwangju, and Incheon), and 4) Gyeong-gi province, which surrounds Seoul and
includes many satellite cities. Because reverse mortgages in the four areas consist of 95%
of reverse mortgages in South Korea, | include only the four regions to simplify the
model. I also use the nationwide house price index to compare simulation results of using
nationwide house price index and four regional house price indices.

| use the CD (Certificate of Deposit) yield rate (91 days) and the government
bond (10 years) yield rate for interest rates. The CD vyield rate is an interest rate which is

applied to the loan balances of the reverse mortgages and the government bond yield rate

% The Korea Appraisal Board (KAB) announces house price indices every month. Because KAB changed
the size categories in 2013, the size indices from 2013 are not compatible with the indices prior to 2013.
Therefore, | do not use house price indices by sizes in this research.
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is a risk free rate to discount the loss or profit of the program to the present value.
Because the corporate bond yield rate is commonly used as a market interest rate and CD
yield rate and the government bond yield rate are related with the market interest rate, |
include corporate bond (AA-, 3 years) yield rate in the model. For the VAR model, | use
the monthly data and natural logs are taken for all variables.>®

All data for house price indices and interest rates are obtained from KOSTAT.
House price indices for Northern Seoul, Southern Seoul, and 6 major cities are publicly
available from 1986 while house price index for Gyeong-gi is available only from June,
2003. Therefore, sample period is 159 months from June, 2003 to August, 2016.

| performed the augmented Dickey-Fuller (ADF) test and the Phillips-Perron (PP)
test for these variables.>” These two tests are the most commonly used unit-root tests.
The results are tabulated in Table 2.2. They do not have unit roots and the VAR model is

employed.

% The logs of the nationwide house price index appreciate rate is In_HPI;, and the logs of the house price
index appreciation rates for Northern Seoul, Southern Seoul, Gyeong-gi province, and 6 major cities are
In_HPI_NS;, In_HPI_SS;, In_HPI_GG;, and In_HPI_6M: respectively. The logs of interest rate appreciation
rates for the CD, the government bond, and the corporate bond are In_CDy, In_gov_bond;, In_corp_bond;
respectively.

57 Alai et al. (2014) employed VAR model to forecast the joint dynamics of interest rates, house prices, and
rental yields. | referred to Alai et al. (2014) to predict nationwide house prices and corporate bond rates.

60



Table 2.2 Unit-Root Test Statistics

This table represents the results of the augmented Dickey-Fuller (ADF) test and the
Phillips-Perron (PP) test of the variables. In_HPI is the log of the nationwide house price
index appreciation rate. In_HPI_NS, In_HPI_SS, In_HPI_GG, and In_HPI_6M are the
logs of the house price index appreciation rates in Northern Seoul, Southern Seoul,
Gyeong-gi province, and 6 major cities respectively. In_CD, In_gov_bond, and
In_corp_bond are the logs of interest rate appreciation rates for the CD (91 days) yield
rates, the government bond (10 years) yield rate, and the corporate bond (AA-, 3 years)
yield rate respectively.

ADF PP
Variables . -

t statistic p-value t statistic p-value
In_HPI; -7.858 <0.001 -90.194 <0.001
In_HPI_NS; -8.716 <0.001 -117.655 <0.001
In_HPI_SS; -9.420 <0.001 -113.860 <0.001
In_HPI_GGt -5.414 <0.001 -37.213 <0.001
In_HP1_6M; -6.228 <0.001 -107.581 <0.001
In_CDx -9.401 <0.001 -147.105 <0.001
In_gov_bond: -9.984 <0.001 -139.800 <0.001
In_corp_bond: -12.515 <0.001 -248.049 <0.001

To decide the optimal lag order of the VAR model for In_HPI; and In_IR,, I
compared Akaike’s information criterion (AIC), Schwarz’s Bayesian information
criterion (SBIC), and the Hannan and Quinn information criterion (HQIC) lag order

selection statistics. The results are tabulated in Table 3.
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Table 2.3 Lag Selection Criteria

This table represents the lag order selection statistics of Akaike’s information criterion
(AIC), Hannan and Quinn information criterion (HQIC), and Schwarz’s Bayesian
information criterion (SBIC). The VAR model is for the logs of the house price index
appreciation rates for the nationwide index, Northern Seoul, Southern Seoul, Gyeong-go
province, and 6 major cities, and the logs of interest rate appreciation rates for the CD (91
days), the government bond (10 years), and the corporate bond (AA-, 3 years)

Lag order AIC HQIC SBIC

1 -57.3848* -56.7977* -55.9397*
2 -57.2524 -56.1435 -54.5228
3 -57.0264 -55.3955 -53.0122
4 -56.7751 -54.6224 -51.4764
5 -56.4713 -53.7967 -49.888

6 -56.4542 -53.2578 -48.5864
7 -56.1714 -52.4531 -47.0191
8 -56.1726 -51.9325 -45.7358

The AIC, HQIC, and SBIC statistics suggest lag order of 1. Therefore, | choose

the lag order of 1. The VAR(1) model equation is as follows:

InHPL; 7 rayq [P Bz Pz Bis Bis Bis Bz Bis] [ IMHPL_; ] e
In_HPLNS; ay |B2r Baz B2z Bas Bas Pas Bar PBos In_HPLNS,_, Eat
In_HPL_SS; as| 1Bs1 PBsz Psz Baa Bss PBas Bz PBas In_HPL_SS;_, €3t
In HPLGG, | || 1Bsr Baz Baz Bas PBas PBas Baz Pas X In_HPLGG,_; | |&a (11)
In_HPL_6M, sl |Bsi Psz Pszs Bsa Bss Bse Bsz Pss In_HPI_6M,_, €s¢

In_CD; %1 |Bs1 Boz Pozs Bos Bos PBes Ber Pes In_CD,_, €6t
In_gov_bond, @71 \Brr Brz Bz Bra Brs Bre Brr PBrs In_gov_bond,_, €7t

lIn_corp_bond, | "¥8 LBg; Bg, PBss Pss Bss PBss Bs7 Pss! Lin_corp bond, I st

Table 2.4 is the result of the first estimation of equation 11). It shows that some
coefficients and constants are insignificant. If insignificant variables are included in
forecasting house price index yield rates and interest rates, the insignificant coefficient
may render the forecast inaccurate. Therefore, | constrained the insignificant coefficients

to zero and re-estimated the model. Table 5 shows the final estimation results.
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Table 2.4: First Estimation of VAR(1) Model

In_HPI is the log of the nationwide house price index appreciation rate. In_HPI_NS, In_HPI_SS, In_HPI_GG, and In_HPI_6M are the
logs of the house price index appreciation rates in Northern Seoul, Southern Seoul, Gyeong-gi province, and 6 major cities
respectively. In_CD, In_gov_bond, and In_corp_bond are the logs of interest rate appreciation rates for the CD (91 days) yield rates,
the government bond (10 years) yield rate, and the corporate bond (AA-, 3 years) yield rate respectively. Standard errors are applied to
one step ahead forecasting.

VARIABLES In_HPI In_HPI_NS In_HPI_SS In_HPI_GG In_HPI_6M In_CD In_gov_bond In_corp_bond
In_HPl4 -0.318 -0.550 -1.036 -0.450 -0.112 5.406 -5.339 -2.979
(0.420) (0.570) (0.840) (0.714) (0.337) (3.983) (5.885) (4.618)
In_HPI_NS1 0.0309 0.628*** -0.0138 -0.0416 0.0111 0.278 0.700 0.872
(0.0643) (0.0873) (0.129) (0.109) (0.0516) (0.610) (0.901) (0.707)
In_HPI_SSt4 0.188** 0.0322 0.893*** 0.227* 0.0763 0.667 0.664 0.460
(0.0752) (0.102) (0.150) (0.128) (0.0604) (0.713) (1.054) (0.827)
In_HPI_GGt1 0.280* 0.488** 0.276 0.812*** -0.0101 -2.444* 1.914 0.819
(0.147) (0.200) (0.295) (0.251) (0.118) (1.399) (2.067) (1.622)
In_HPI_6M1 0.477** 0.156 0.373 0.137 0.761*** -1.680 3.186 2.105
(0.231) (0.314) (0.463) (0.393) (0.186) (2.195) (3.243) (2.545)
In_CDx1 0.000763 -0.0115 -0.0115 -0.00365 0.00306 0.651*** -0.0975 0.139*
(0.00699) (0.00950) (0.0140) (0.0119) (0.00561) (0.0663) (0.0980) (0.0769)
In_gov_bond:.1 0.00236 0.000786 0.00552 0.00279 0.000365 0.297*** 0.189* -0.0682
(0.00795) (0.0108) (0.0159) (0.0135) (0.00638) (0.0754) (0.111) (0.0874)
In_corp_bond.1 -0.00719 -0.00642 -0.00967 -0.0123 -0.00199 -0.336*** -0.0658 0.367***
(0.0101) (0.0137) (0.0202) (0.0172) (0.00813) (0.0960) (0.142) (0.111)
Constant 0.00106*** 0.000817 0.00147* 0.000782  0.000836***  -0.0102*** -0.0108** -0.00846**
(0.000380) (0.000516) (0.000760) (0.000646) (0.000305) (0.00360) (0.00532) (0.00418)
Std. Err. 0.003587 0.004871 0.007173 0.006097 0.00288 0.034016 0.050261 0.039442
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Table 2.5: Final Estimation of VAR(1) Model

In_HPI is the log of the nationwide house price index appreciation rate. In_HPI_NS, In_HPI_SS, In_HPI_GG, and In_HPI_6M are the
logs of the house price index appreciation rates in Northern Seoul, Southern Seoul, Gyeong-gi province, and 6 major cities
respectively. In_CD, In_gov_bond, and In_corp_bond are the logs of interest rate appreciation rates for the CD (91 days) yield rates,
the government bond (10 years) yield rate, and the corporate bond (AA-, 3 years) yield rate respectively. Insignificant coefficients in
table 2.4 are constrained to zero. Standard errors are applied to one step ahead forecasting.

VARIABLES In_HPI In_HPI_NS In_HPI.SS In_HPI_GG In_HPI_6M In_CD In_gov_bond In_corp_bond
In_HPI4 -0.259** 1.386***
(0.112) (0.473)
In_HPI_NS1 0.602***
(0.0464)
In_HPI_SSi4 0.121%*** 0.815*** 0.207***
(0.0228) (0.0664) (0.0548)
In_HPI_GG1 0.212*** 0.289*** 0.590***
(0.0223) (0.0520) (0.0562)
In_HPI_6M¢1 0.389*** 0.766***
(0.0310) (0.0487)
In_CDt1 -0.0131*** 0.681*** 0.218***
(0.00487) (0.0624) (0.0449)
In_gov_bond:1 0.345*** 0.219***
(0.0678) (0.0569)
In_corp_bond:.1 -0.366*** 0.369***
(0.0886) (0.0576)
Constant 0.000641*** 0.000878** 0.000612** -0.00551*
(0.000156) (0.000341) (0.000250) (0.00293)
Std. Err. 0.003521 0.004791 0.007052 0.006002 0.002827 0.033599 0.050429 0.039581
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2.6. Test of Reverse Mortgage Sustainability

In this section, | design a simulation model including all factors which affect the
reverse mortgage loan balances, mortgage insurance premium balances (MIP), and house
prices and run the simulation by gender, age, annuity type, and region. In terms of
mortality assumptions, | use the mortality table obtained in section 4 based on the Lee-
Carter model. I use the HUD’s assumption for the mobility rate, i.e., the 30% of mortality
rates. Predicted CD (91 days) yield rates and 10-year government bond yield rates are
used as interest rates and risk-free rates to calculate interests from the loan balances and
discount net profits of the program to the present values.

The test simulates net profits of different payment options, ages, and genders with
different house price indices, that is, the nationwide house price index and house price
indices in the four different regions. To test the sustainability of the program with a more
realistic assumption, | will also calculate weighted averages of net profits of the four
regions. The weights to calculate the average are the current outstanding guarantees of
the program in each region. An individual house price is assumed to be 300 million
Korean Won (KRW).

The test assumes that 1,000 policies are initiated on September 1, 2016, for each
gender, age, payment option, annuity type, and house price index. Loans (policies) are
also assumed to be terminated at the middle of the policy year (the end of the 6™ month
of each policy year, or February 28). Single annuity types (male or female) are terminated
when the borrowers die or move out, while joint annuity types are terminated when both
spouses die or move out. Therefore, joint annuity types continue longer than single
annuity types on average.
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Loans (policies) are terminated based on the survivor table (I, ly, lx) calculated
by mortality forecasts.®® Mortality rates of males and females are assumed to be
independent for the joint survivor table.®® MIP; and Lossy are determined when loans
(policies) are terminated and immediately discounted to the present values (MIP, and
Loss,) by the risk-free rate. When all loans (policies) are terminated, MIP, and Loss,
are summed to Y320 MIP, and Xi%9° Loss, and total net profit or total net loss
(L0 MIP, — Y199 Loss,) is calculated for each case (age, payment option, annuity
type, and house price index). The number of iterations is 5,000.

2.7. Simulation Results

Table 2.6 shows the net profits of one thousand policies by ages, genders,
payment options, and annuity types using the nationwide house price index. All cases
show positive medians of net profits. Most cases have positive net profits at the 5th
percentile, which means that the probability of loss is less than 5% in the simulation
using the nationwide house price index.®® Left (negative) skewness of the profit
distributions can be easily observed by comparing 5th percentiles and 95th percentiles

with medians. This explains the asymmetric profit distributions.

%8 | do not include the survivor tables in this paper. They can be provided on request.
%9 In real situations, male and female mortality rates are likely to be interdependent. In the Korean life
insurance industry, independence is commonly assumed between male and female mortality rates for joint
life insurance and joint annuity pricing. The interdependence needs to be considered in future research on
the Korean reverse mortgage program.
80" Chen, Cox, and Wang (2010) show that HECM is sustainable in the US with 95% confidence.
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Table 2.6 Net Profits (Nationwide House Price Index, 1000 policies)

This table represents the profits of reverse mortgages by age, gender, and payment option
using the nationwide house price index. KRW values are scaled by one billion. House
price is assumed to be 300 million KRW.

Option Tenure (23- (;/g:rs) (1;- ;rer:rs)
Age 60 65 70 75 80| 60 65| 60 65 70
Median | 22 18 15 12 9| 24 20| 26 21 17
=l |5 |6 7 & 8 8 6 8| 7 8 9
> S [10% (11 12 11 10 8| 13 13| 14 14 12
m % 90% | 28 22 17 13 10| 30 23| 32 25 19
" lesw |30 23 18 13 10| 33 25| 35 27 20
Median |29 25 20 16 12| 31 26| 32 28 23
Al |5 1 3 0 3 4 2 3] 2 2 5
= S [l% 11 12 11 10 8| 138 13 13 14 14
m |2 |90% |37 30 24 18 14| 40 32| 42 34 27
“lesw |41 32 25 19 14| 44 35| 47 38 29
Median | 32 28 23 18 14| 35 30| 36 32 26
o 5% | -3 -7 -2 2 4 1 o o 1 4
% g 10% |11 12 12 11 9| 13 14| 14 16 16
= |90% | 43 35 27 21 16| 46 37| 48 39 31
" losw |46 3 29 22 16| 5 40| 53 43 33
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In the tenure option, the medians of net profits are decreasing and net profits are
less dispersed as age is increasing. The simulation results of the term payment options
also show that the distributions of net profits are dispersed less widely for older ages. In
any payment option at any age, similarities are observed between male, female, and joint
annuity types. That is, the medians of joint annuity types are higher than the medians of
male annuity types and the net profit distributions of joint annuity types are more widely
dispersed than the distributions of male annuity types. Because male mortality rates are
higher than female mortality rates, the durations of female policies are longer than the
durations of male policies and the durations of joint annuity types are the longest. For
example, in the tenure payment option at age 60, the distribution of net profits for
females is dispersed more widely than the distribution for males, and the net profits of the
joint annuity type are dispersed more widely than of single annuity types. This means that
policies for younger ages or a joint annuity type are more exposed to crossover risks.
Because mortality rates are not stochastic in the simulation, the result does not indicate
longevity risks. This implies that policies of longer duration are more sensitive to the
volatilities of interest rates and house price appreciation rates.

Table 2.7 shows the weighted average of net profits in the four different regions
by age, gender, payment option, and annuity type. In contrast to the results shown in
Table 6, most cases show losses at 10th percentile. The results of the simulation using
weighted average indicates that the simulation using the nationwide house price index

provides misleading results.
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Table 2.7 Net Profits (Weighted Average, 1000 policies)

This table represents the profits of reverse mortgages by age, gender, and payment option
using the weighted average of 4 regions based on the amount of the outstanding
guarantee by region. KRW values are scaled by one billion. House price is assumed to be
300 million KRW.

Option Tenure erm erm

(20 years) (15 years)
Age 60 65 70 75 80 60 65| 60 65 70
Median 16 14 12 10 8 20 16| 22 18 14
z |- 5% |-24 -16 -9 -3 0 -23 -18( -23 -18 -13
IJE % 10% | -5 -4 -1 1 3 -2 -3 0 -2 -3
M2 |oow | 25 20 16 12 10| 28 22| 30 24 18
i 95% | 26 21 16 13 10 29 23| 31 25 19
Median 29 17 14 12 9 7 24| 20 27 22
AL 5 5% |-50 -42 32 -22 -14 -43 -37( -43 -36  -30
% % 10% |-20 -19 -16 -12 -7 -9 -12 -5 -9 -12
M E 90% | 33 27 21 16 13 37 30 39 32 25
i 95% ([ 35 29 23 17 13 39 31 41 33 26
Median 32 18 15 13 10 8 27 22 29 25
o 5% |-64 -54 42 -30 -19 -53 47 53  -46 -39
% g 10% |-27 -26 -23 -16 -10 -12 -17 -8 -13 -16
% 90% ([ 38 31 25 19 14 42 34| 44 36 29
i 95% | 40 33 26 20 15 44 36 47 38 30
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The net profits of subcategories are different by region.®? Most cases show losses
at 25th percentile or 30th percentile. On the other hand, all cases in 6 major cities show
positive profits at 5th percentile. These results reflect the recent different house price
trends in these regions.

2.8. Conclusion

Because reverse mortgage loans are collateralized with individual houses, the data
of individual house prices are more appropriate than house price indices. To reflect the
individual house prices in the simulation, | estimated house price indices in the four
regions. Although the simulation results using the nationwide house price index show
that the net profits of the Korean reverse mortgage program are positive and the program
is sustainable at the 95% confidence level, the simulation results using house price
indices by region conclude that the Korean reverse mortgage program has losses at 25th
percentile or 30th percentile in most cases. The result is due to the different house price
appreciation rates in different regions. It also implies that the nationwide house price
index is not a good indicator of house prices to test the sustainability of the Korean
reverse mortgage program because it does not reflect the prices of individual houses.
Furthermore, most reverse mortgages are concentrated in Seoul and its satellite cities,
where house price appreciation rates are lower recently than in other regions.

This paper also concludes that policies of longer duration are more exposed to
interest rate risk and house price risk. Therefore, longevity risk may inflate the effect of
high interest rates and low house prices. Longevity risk may not be a big concern in the

reverse mortgage program as long as interest rates are low and house price appreciation

61 The simulation results of subcategories are not tabulated. They can be provided on request.
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rates are high because loan balances can be fully covered by high house values. However,
longevity risks inflate the negative effects of interest rate risks and house price risks on
the sustainability of the reverse mortgage program when the economic environment

moves toward high interest rates and low house prices.
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