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Abstract: A reverse mortgage supports the aging society more sustainably by providing stable cash
flows to elderly retirees. Although the reverse mortgage market has successfully grown in many
developed countries, we have observed significantly increased early terminations due to the recent
housing market boom in Korea. In this study, we provide the numerical solutions for the monthly
payment from the actuarial pricing model of the reverse mortgage, reflecting the house price growth
and mortality improvement to examine whether the early-termination-and-repurchase strategy is
profitable. Findings suggest that in order for the strategy to be profitable, the realized growth rate of
the house price should be significantly greater than the expected growth rate in the actuarial pricing
model. Furthermore, for the older borrower, the greater growth rate of the house price is required for
the strategy to be profitable.
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1. Introduction

As Nakajima and Telyukova (2015) argue, older homeowners become borrowing-constrained
as they age, especially due to the large medical expenses [1]. An equity-borrowing product targeted
toward elderly retirees who own their house can relax that constraint. Empirical studies support a
similar possibility that up to 80% of homeowner households over age 69 could benefit from reverse
mortgages [2,3]. Providing stable cash flows for retirees is an important factor in keeping an aging
society sustainable and, for this purpose, public and private pension schemes have been developed in
many countries.

However, the aging speed of Korea is too fast to handle with the existing pension scheme that
saves money before retirement. Instead, the reliance on reverse mortgage products has been increasing
recently. The reverse mortgage was introduced in 2007 under the Korea Housing Finance Corporation
Act and is exclusively provided by the Housing Finance Corporation (HF). As of 2018, there were
51,080 active policies with an average monthly payment of $893. Considering that the average monthly
payment was $411 in 2018 from the National Pension, it has successfully played a role in supplementing
insufficient public pensions in Korea.

The poverty rate of the elderly aged 65 or older in Korea is 43.8%, more than triple the average of
14.0% in OECD members. Given the low subscription rate of the national pension, the poverty rate of
the elderly is hard to improve easily as the aging population is making progress. Therefore, the role of
the reverse mortgage will become more important in the future because elderly people have no choice
but to seek other ways to raise living expenses, such as labor or business income, even after retirement.

Korea is not the first country to initiate the reverse mortgage program. In developed countries
such as the United States, Europe, Australia, and Hong Kong with advanced financial markets, the
reverse mortgage market was developed since the early 1980s. The successful growth of the reverse
mortgage markets has attracted a volume of academic research [4–10] as well. Lee et al. (2015)
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empirically showed that the reverse mortgage was an appropriate housing endowment among older
retirees’ portfolios [11]. Chen et al. (2010) built a modeling and pricing framework for the Home
Equity Conversion Mortgage (HECM) program in the United States [12]. They examined the premium
structure of HECM loans to find that the collected premiums exceeded the value of the nonrecourse
provision under the assumption that the refinancing rate was zero. Shan (2011) showed that higher
house prices led to more reverse mortgage originations by combining the reverse mortgage data with
county-level house price data [13]. Because the total amount the borrower owes can grow quickly,
most of the reverse mortgages are sold with a no-negative-equity-guarantee (NNEG), which protects
the borrower by capping the redemption amount of the loan. Li et al. (2010) developed a framework
for pricing the NNEG by viewing it as a European put option on the mortgaged property [14]. In
spite of the benefit of the reverse mortgage, only roughly 3% of eligible homeowners participate in the
United States. Davidoff (2015) argued that the weak demand was more puzzling considering their
finding that the put value has often exceeded closing costs, even ignoring other embedded options and
using backward-looking expectations near the recent price-cycle peak [15].

When taking out the reverse mortgage, the borrower can choose to receive either a lump sum at
the inception or an income stream until the termination of the loan. In Korea, the lump sum reverse
mortgage is available under the very strong condition that the lump sum payment should be used to
pay off the existing mortgage loan. This strong condition would explain the fact that 98.8% of borrowers
selected the income stream rather than the lump sum reverse mortgages in Korea. Thus, we focus on
the income stream reverse mortgages in this study. The borrower would receive a higher monthly
payment from the reverse mortgage for a more expensive house. Because the reverse mortgage sets
the house value as of the first payment, it would be rational to terminate early and repurchase the
product when the house price increases for receiving an increased payment. Apparently, the borrowers
of reverse mortgages understand the relation between the monthly payment and the house price.
According to Figure 1, the ratio of early termination to new contracts jumped to 16% in 2018. The surge
in early termination can be fully understood by the fact that Korea’s housing price index jumped more
than 3% in 2018, as reported in Figure 2.
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At early termination, principal and interest payment on a mortgage, including the accumulated
insurance premium and interest, should be paid to the lender. Thus, early termination may not always
be a profitable option as housing prices have risen, and the borrower should be very cautious when
she considers early termination. However, the actuarial pricing model for the reverse mortgage is very
complex for ordinary retirees to understand, especially with the rapid changes in economic conditions
such as house prices.

In this study, we examined the actuarial pricing model for the reverse mortgage product in
Korea with various scenarios regarding major economic variables. By applying various scenarios, we
provide numerical solutions for monthly payment and the break-even growth rate of house price over
a retention period. Furthermore, considering the mortality improvement, which has been commonly
observed in many developed countries since the late 20th century, we added the mortality improvement
to the actuarial model by adjusting the mortality rate to provide the enhanced numerical solutions.

We find that, in order for the early-termination-and-repurchase strategy to be profitable, the
realized growth rate of house price should be greater than the expected growth rate in the actuarial
pricing model for the reverse mortgage payment. For a 65-year-old borrower, the house price should
be increased by at least 5.7% and 8.6% if she wants to receive a higher monthly payment by exercising
the strategy in 1 year and 2 years, respectively. If she received the payment from the initial reverse
mortgage account for 10 years, the house price should be increased by more than 70% for the strategy
to be profitable. Since the life expectancy of Korea is rapidly increasing, an even greater price increase
is requested after considering the mortality improvement over the retention period from the initial
contract. To add, for the older borrower, the greater growth rate of house price is required for the
strategy to be profitable.

The remainder of this paper is organized as follows. Section 2 describes the reverse mortgage in
Korea, Section 3 explains the data and the numerical solutions for the standard contracts, Sections 4
and 5 provide the numerical solutions under the effect of house price increase and the effect of mortality
improvement, respectively, and Section 6 concludes.
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2. Reverse Mortgage

Reverse mortgage provides a number of advantages for the borrowers and their heirs by allowing
elderly homeowners to consume their housing equity without having to disrupt housing arrangements.
The property rights over the house remain with the borrowers and the only amount due to the bank
will be the sum accrued until their premature death. As Nakajima and Telyukova (2017) summarize,
reverse mortgages differ from conventional mortgages as following [16]:

i. Instead of paying interest and principal and accumulating home equity, reverse mortgages allow
borrowers to cash out the home equity they have accumulated;

ii. Reverse mortgages are available only to borrowers aged 60 or older in Korea who are homeowners
and live in their house;

iii. There is no predetermined due date because repayment of the borrowed amount is due when the
borrowers move out or die;

iv. Reverse mortgage loans are nonrecourse.

The outstanding balance of the loan and the property value would grow over time, but this loan
balance would get bigger than the property value after a certain point of the time, which is called the
cross-over point. Figure 3 shows the loan balance and the property value of a typical reverse mortgage
contract for a female borrower aged 65 in Korea. By assuming the initial property value of $1,000,000
and the long term house price growth rate of 2% per year, the loan balance would be greater than the
future property value after the 24th year. Thus, if the borrower survives longer than 24 years, she still
enjoys the monthly payment from the reverse mortgage, while staying in the same house, which no
longer holds any equity value.
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Jang, Eom, and Kim (2011) provide the actuarial pricing model for the reverse mortgage as in the
following equation based on the principal of equivalence [17]:

T∑
t=1

P(t)E
[
exp

(
−

∫ t
0 r(s)ds

)
×max(L(t) −H(t), 0)

]
=

T∑
t=1

S(t)E
[
exp

(
−

∫ t
0 r(s)ds

)
L(t) × Premium rate

] (1)

where P(t) is the probability that the contract is terminated, L(t) is the loan balance, H(t) is the property
value, S(t) is the probability that the contract remains active, and r(s) is the instantaneous interest rate.

This equation explains the well-known characteristics of reverse mortgages, such as the amount
of the reverse mortgage loan, depending positively on the age of the borrower and the value of the
property and negatively on the interest rate. In Equation (1), we employed a slightly different approach
to Li et al. [14], which is the standard pricing model for reverse mortgages in the literature. We tried to
calculate the monthly payment with the predetermined premium rate, while they tried to find the
fair price of the no-negative-equity-guarantee provision. In addition, they considered the rental yield,
which we ignored. In fact, the Housing Finance Corporation (HF) determines the monthly payments
of reverse mortgages based on Equation (1) without considering the rental yield.

Although the interest rate on the loan balance changes as rates in the market change, HF applies
a long-term fixed interest rate when the monthly payment is calculated at the inception. Thus, we
considered fixed roll up rates in our analysis. We calculated the monthly payment of reverse mortgages
from Equation (1) to numerically investigate the effect of such risk factors as growth rate of house price,
interest rates, and mortality rates. Figure 4 shows the changes in the profit of the reverse mortgage
providers when the positive or negative events occur.
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3. Data and Standard Monthly Payment

Although the actuarial model for reverse mortgage payment is publicly disclosed as in Equation (1),
it is practically impossible for the elderly borrowers to understand and solve the equation to get the
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monthly payment. To test numerically whether the early termination is rational in changed economic
conditions, we first calculated the standard monthly payments from the reverse mortgage in Korea
based on Equation (1).

To solve Equation (1), we needed the information regarding the discount rate, the mortality rate,
the house price growth rate, and the premium rate that is charged by HF. We collected the life table
from Statistics Korea to get the mortality rate and the residential property price index from the Bank for
International Settlements to get the house price growth rate. The premium rate is publicly announced
in Korea: The initial rate of 1.50% and the monthly rate of 0.75% are currently applied. Because
HF provides sample monthly payments of a reverse mortgage for a certain age on their website, we
compared our solution from Equation (1) with these sample payments to calibrate the discount rate.
Finally, the discount rate of 5% per year and the house price growth rate of 2% were employed in
this study.

Table 1 reports the standard monthly payment from the reverse mortgage based on the actuarial
model. Apparently, the greater the house price at the time of issuance, the more the borrower would
receive from HF. For a 60-year-old borrower, she would receive $1021 every month if her house value
is $500,000, but she would receive $4085 if her house value is $2,000,000. Furthermore, the reverse
mortgage would pay more to older borrowers as their life expectancy is shorter. With the same
$1,000,000 house, a 90-year-old borrower would receive $8864 every month, but a 60-year-old borrower
would receive only $2043.

Table 1. Standard monthly payment from the reverse mortgage in Korea.

House Price at the Time of Issuance

Age $500,000 $1,000,000 $1,500,000 $2,000,000

60 $1021 $2043 $3064 $4085

65 $1236 $2472 $3708 $4944

70 $1517 $3033 $4550 $6066

75 $1894 $3788 $5682 $7576

80 $2421 $4841 $7262 $9682

85 $3191 $6381 $9572 $12,763

90 $4432 $8864 $13,296 $17,728

Source: Author’s calculations.

4. The Effect of House Price Increase

In this section, we examined the effect of house price increase on the monthly payment after the
early termination and repurchase of the reverse mortgage. As a representative contract, we selected
the 65-year-old borrower with $1,000,000 house value, as reported in Table 1, and then we changed the
house value across various retention periods.

Table 2 shows the new monthly payments from the reverse mortgage under the assumption that
the borrower pays off the loan and repurchases the reverse mortgage after t years and that the house
price has risen in the range of $1,020,000 to $1,500,000 over the retention periods. To distinguish the
profitable conditions, we displayed the monthly payments in boldface type if the new payment was
greater than the initial payment.
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Table 2. Monthly payment from the repurchased reverse mortgage as house price increases for a
65-year-old borrower.

House Price at Time t ($ Million)

T 1.02 1.04 1.06 1.08 1.10 1.20 1.30 1.40 1.50 gBEP

1 2382 2431 2480 2529 2578 2822 3067 3312 3556 5.7%

2 2309 2358 2407 2456 2505 2751 2997 3242 3488 8.6%

3 2225 2274 2323 2373 2422 2668 2914 3159 3405 12.1%

4 2129 2178 2227 2276 2325 2571 2816 3062 3307 16.0%

5 2017 2066 2114 2163 2212 2456 2699 2943 3187 20.7%

6 1889 1937 1986 2034 2082 2322 2563 2803 3043 26.2%

7 1742 1789 1836 1883 1930 2165 2400 2635 2870 33.1%

8 1572 1617 1663 1708 1753 1980 2206 2432 2659 41.8%

9 1376 1419 1461 1504 1547 1760 1974 2187 2401 53.3%

10 1149 1188 1227 1266 1304 1499 1693 1887 2081 70.1%

Note: In bold, the highlighted data represent the new payments that are greater than the initial payments. Source:
Author’s Calculations.

Suppose a 65-year-old borrower terminates and repurchases the reverse mortgage after five years
from the first payment and the house price has increased to $1,500,000 from its initial value of $1,000,000
over the same five years. Because the borrower’s age has also increased to 70, the borrower might
expect to receive $4550 for the increased house price and age, according to Table 1. However, as the
existing loan principal, accrued interests, and insurance premium must be paid at the time of early
termination, the remaining value of the house will be significantly lower than $1,500,000, which leads
to the monthly payments of $3187. As the new payment is still greater than the original payment of
$2472, it is rational to consider the strategy of early termination and repurchase.

Due to the aforementioned interests and premiums, just because the house price has
increased does not mean that the borrower can receive increased monthly payments from the
early-termination-and-repurchase strategy. As reported in Table 2, for a 65-year-old borrower, even if
housing prices increased by 4% within one year of subscription, early termination and repurchase of
the existing contract would result in monthly payments of only $2431, which is less than the initial
monthly payment of $2472.

We also found the annual growth rate of house price (gBEP) for the new monthly payment to be
equal to the initial monthly payment in the last column of Table 2. It is noteworthy that the house price
should increase by more than 5.7% for the early-termination-and-repurchase strategy to be profitable
in one year from the initial purchase of the reverse mortgage. Considering that the annual growth
rate of house price assumed in Table 1 is 2%, even double the assumed growth is not good enough to
be profitable. We also note that the longer the retention period, the higher the house price growth
rate is required to be profitable. For example, the house price should increase by more than 70.1%
for the strategy to be profitable for the retention period of 10 years. Therefore, if early termination
and repurchase are planned in anticipation of a rise in housing prices after the initial purchase of the
reverse mortgage, it is desirable to realize it in the near future, such as one or two years, but it is not
economically appropriate when a considerable period has elapsed.

As reported in Table 1, even though the collateralized house prices are the same, the older
borrowers would receive a higher monthly payment than the younger borrowers. Thus, the payment
increase from the strategy would depend on the age of the borrower. In Table 3, we report the new
monthly payments from the reverse mortgage under the assumption that a 75-year-old borrower pays
off the loan and repurchases the reverse mortgage after t years and that the house price has risen in the
range of $1,020,000 to $1,500,000 over the retention periods.
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Table 3. Monthly payment from the repurchased reverse mortgage as house price increases for a
75-year-old borrower.

House Price at Time t ($ Million)

T 1.02 1.04 1.06 1.08 1.10 1.20 1.30 1.40 1.50 gBEP

1 3669 3746 3822 3899 3976 4359 4742 5126 5509 5.1%

2 3539 3617 3695 3773 3851 4242 4632 5022 5413 8.4%

3 3383 3462 3542 3621 3700 4097 4493 4890 5287 12.2%

4 3195 3275 3356 3436 3516 3917 4319 4720 5121 16.8%

5 2968 3049 3129 3210 3291 3694 4097 4500 4903 22.3%

6 2694 2774 2854 2934 3014 3415 3816 4216 4617 29.3%

7 2364 2442 2520 2598 2677 3067 3458 3849 4239 38.4%

8 1965 2039 2112 2186 2260 2628 2996 3364 3733 51.5%

9 1481 1546 1610 1675 1740 2063 2386 2710 3033 73.3%

10 887 934 981 1028 1075 1309 1544 1779 2014 125.6%

Note: In bold, the highlighted data represent the new payments that are greater than the initial payments. Source:
Author’s Calculations.

For a 75-year-old borrower, like the 65-year-old borrower in Table 2, the house price should
increase greater than the assumed growth rate of 2% per year in Equation (1) for the strategy to be
profitable, and the higher growth rate is required for the longer retention period. For example, 5.1% of
the house price increase is good enough to get higher payments from the strategy, but 125.6% of the
house price is required after 10 years from the initial purchase. We note that the gBEP for a 75-year-old
borrower in one year is 5.1% (in two years, 8.4%), which is slightly less than the gBEP for a 65-year-old
borrower. However, for a longer retention period than 3 years, the gBEP for a 75-year-old borrower is
greater than the gBEP for a 65-year-old borrower.

5. The Effect of Mortality Improvement

The aging speed of the population in Korea is much faster than the rest of the world. According
to the U.S. census bureau’s international population reports, the percentage of the total population
of Korea aged 65 and over is expected to be 35.9% in 2050, which would make it the second oldest
country next to Japan. The older proportion of the total population in Korea was only 3.8% in 1980, but
it increased to 7.1% and 13.2% in 2000 and 2015, respectively. In addition, this ratio would be higher
than 21% in 2026, which would lead Korea to becoming a super-aged society.

The main reason for the rapid aging population in Korea is the lower birth rate as well as the
increase in life expectancy. As the life expectancy increases, the mortality rate in Equation (1) decreases.
This mortality improvement would cause a reduced monthly payment from the new contract if the
borrower decides to terminate the initial contract in t years. In order to reflect both house price increase
and mortality improvement, we included the mortality improvement by reducing the mortality rate by
2% (i.e., q’ = 0.98 × q) in addition to all the assumptions made in Section 4, and the results are reported
in Table 4. In order to overcome the mortality improvement by 2%, a greater house price increase is
required for the early-termination-and-repurchase strategy to be profitable. For a 65-year-old borrower,
the gBEP is 6.4% in 1 year and 72.3% in 10 years, which are greater than the growth rates in Table 2.
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Table 4. Monthly payment from the repurchased reverse mortgage as house price increases with
mortality improvement for a 65-year-old policyholder.

House Price at Time t ($ Million)

T 1.02 1.04 1.06 1.08 1.10 1.20 1.30 1.40 1.50 gBEP

1 2366 2415 2463 2512 2560 2803 3047 3290 3533 6.4%

2 2293 2342 2391 2439 2488 2732 2976 3220 3464 9.3%

3 2208 2257 2306 2354 2403 2647 2891 3135 3379 12.8%

4 2111 2160 2208 2257 2306 2549 2792 3036 3279 16.8%

5 1999 2047 2096 2144 2192 2434 2675 2917 3158 21.6%

6 1871 1919 1966 2014 2061 2300 2538 2776 3014 27.3%

7 1723 1769 1816 1862 1909 2141 2374 2606 2839 34.2%

8 1553 1598 1642 1687 1732 1956 2179 2403 2627 43.1%

9 1357 1399 1441 1483 1525 1736 1947 2157 2368 55.0%

10 1130 1168 1206 1245 1283 1474 1665 1856 2047 72.3%

Note: In bold, the highlighted data represent the new payments that are greater than the initial payments. Source:
Author’s Calculations.

6. Conclusions and Implications

In this paper, we examined the condition upon which house price growth rate would make the
early termination and repurchase of the reverse mortgage profitable in Korea. Because the reverse
mortgage is a combined product with an annuity to the retirees, a bank loan with a collateral of their
house, and an insurance to guarantee the repayment, the pricing formula for this product is very
complicated. By solving the actuarial pricing model, we found numerical solutions for the monthly
payments and the required growth rate of house price under various conditions, such as the borrower’s
age and the secured house price.

The results showed that shortly after the purchase of the reverse mortgage, the borrower would
enjoy the early termination and repurchase with less than 10% of house price growth. However, if
the borrower received the monthly payments from the reverse mortgage for more than a couple of
years, the house price would significantly increase from the initial price. The older the borrower, the
greater the growth rate of house price is required for this strategy to be profitable. Finally, when we
considered the improvement of mortality, the borrower needs even greater house price growth.
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