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Abstract: In this study, we analyzed the risk faced by the reverse mortgage provider in the case of
the lump-sum solution, which is increasingly becoming one of the most popular types of reverse
mortgages. The risk faced by the mortgage provider was estimated by means of a value at risk (VaR)
procedure that involves a Monte Carlo simulation method and an ARMA-EGARCH assumption for
modeling house price returns in the United Kingdom from 1952 to 2019. The results showed that
the reverse mortgage provider faced higher risk and consequently needed to allocate more funds
to meet its regulatory capital requirements in the case of relatively young borrowers, especially
when they reached their life expectancy and had high roll-up rates. The risk was even higher in
the case of the female population. Furthermore, care must be taken when the rental yield rate is
higher than the risk-free rate, as is currently the case, as the value of the no-negative-equity guarantee
(NNEG) is relatively high and results in higher value at risk (VaR) and expected shortfall (ES) values.
These results have important implications in terms of policy decision making when determining the
countercyclical buffer for reverse mortgages in Basel III, as well as from a managerial perspective
when determining the economic capital needed to support the risk taken by the lender.

Keywords: reverse mortgages; option pricing; no-negative-equity guarantee; mortality modeling;
house price modeling; regulatory capital requirements

1. Introduction

Reverse mortgages are granted by banks to elderly people who want to supplement their incomes,
with the borrower’s home as collateral. The borrower receives an amount of money, in the form
of either a lump sum or periodic payments, and when he/she dies or moves out of the house,
the amount of the home sale is used to repay the loan (plus interest). Moreover, in a majority of cases,
a no-negative-equity guarantee (NNEG) is incorporated into the loan. This is done so that at the time
of death or abandonment of his/her home, the borrower is only responsible for the sale price of his/her
home, which represents a potential loss for the mortgage provider. The NNEG could be interpreted as
a European put option that could be exercised by the borrower at the time of his/her death.

From a risk management perspective, reverse mortgages are complex products because they
involve several types of risks—longevity risk, house price risk, interest rate risk, and rental yield risk.
This study analyzed the risk faced by the reverse mortgage provider over time. This risk was quantified
in terms of the value at risk (VaR) and the expected shortfall (ES), according to the Basel III regulations.

The proposed method for calculating the VaR and the ES is based on the [1] method for estimating
the NNEG, which involves estimating an ARMA-EGARCH model for house price returns and Monte
Carlo simulation techniques. Based on this method, we estimated the value of a theoretical portfolio
of reverse mortgages owned by a financial institution, and we analyzed how this portfolio value
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varied as the borrower became older, taking into account both the house price risk and longevity risk
(by means of the model in [2]). Using this procedure, we estimated a one-year VaR and ES every year,
which allowed us to analyze how the reverse mortgage provider’s risk varied over time.

1.1. Literature Review

There is extant literature on the valuation of reverse mortgages, taking into account different types
of risks. Within this line of research, [1] proposed an ARMA-EGARCH process for house prices to
value the NNEG in lump-sum reserve mortgages using data from the United Kingdom, allowing for
stochastic mortality rates according to [2]. The approach by [1] was extended by [3] to the valuation of
the nonrecourse provision of reverse mortgages in the United States, allowing for stochastic mortality
rates with asymmetric jump effects. Later, [4] incorporated interest rate risk into the analysis, and [5]
incorporated the relationship between house prices and some key macroeconomic variables. A Vector
Autoregressive (VAR) model for jointly modeling house price risk, interest rate risk and rental yield risk
was proposed by [6], while [7] proposed a Bayesian method for valuing reverse mortgages involving
house price risk, interest rate risk, and mortality risk. The combined effect of stochastic house prices
and interest rates on the valuation of reverse mortgages was analyzed by [8]. Idiosyncratic house price
risk and longevity risk were incorporated into the analysis by [9,10], allowing for stochastic interest
rates and variable mortgage roll-up rates.

More recently, [11] proposed using neural networks to project real estate market data to obtain a
dynamic pricing algorithm for reverse mortgages. Ref. [12] proposed a product similar to the reverse
mortgage, which consisted of a contractual scheme where an immediate life annuity was obtained in
exchange for transferring the property of the house to an insurer while keeping the usufruct.

Despite the extensive literature on reverse mortgage valuation, the literature on calculating
regulatory capital requirements for these types of products is still scarce. A procedure for estimating the
severity of losses to the reverse mortgage provider was proposed by [13], using a VAR model for house
prices, interest rates, and Consumer Price Index (CPI) in the Australian market. However, these authors
did not value the NNEG. More recently, [14] analyzed the risk and profitability of reverse mortgages
from the mortgage provider point of view using a valuation model that allowed for house price risk,
interest rate risk, and risk of delayed loan termination. They found that lump-sum reverse mortgages
were more profitable and required less risk-based capital than income-stream reverse mortgages.
Ref. [6] used the same procedure as [14] for comparing the risk faced by the lender in reverse mortgages
and home reversion contracts, finding that reverse mortgages delivered less risk to the provider than
home reversions. However, both studies [6,14] estimated a VAR model for jointly modeling house
prices, interest rates, and rental yields without considering the heteroskedasticity effect commonly
observed in house prices (see [1]) and assumed a Gompertz structure for the population force of
mortality. Both studies also provided estimations of the VaR and ES, from the lender’s perspective,
for a reverse mortgage (or home reversion contract) granted to a single person.

1.2. Our Contribution

In the present study, we addressed these drawbacks by (i) proposing an ARMA-EGARCH model
allowing for heteroskedasticity in house prices; (ii) taking into account longevity risk using the model
described in [2]; and (iii) providing a procedure for calculating the regulatory capital requirements for
the reverse mortgage provider by considering a theoretical portfolio of reverse mortgages (instead of
a reverse mortgage granted to a single person) and assuming that the number of deaths followed a
binomial distribution. Table 1 summarizes the main advantages and drawbacks of the existing studies,
addressing the problem of calculating the regulatory capital requirements for reverse mortgages,
compared to those of the present study.

Moreover, to the best of our knowledge, this is the first time a dynamic analysis of the risk faced
by the reverse mortgage provider has been addressed, and this issue has important implications in
terms of the regulatory capital requirements for financial institutions according to Basel III regulations.
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Specifically, in this paper, we analyzed the risk faced by the reverse mortgage provider as time
passes, in the case of the lump-sum solution, which is the product design that dominates in most markets
today. This risk is quantified in terms of the VaR and the ES according to the Basel III regulations.

Table 1. Summary of the main advantages and drawbacks of the existing papers on calculating the
regulatory capital requirements for reverse mortgages compared to the present study.

Authors Advantages Drawbacks

Sun, D. &
Sherris, M. [13]

- Joint modeling of house prices,
interest rates, and CPI

- Allow for early termination

- Do not value the NNEG
- Do not take into account

heteroskedasticity in house prices
- Do not take into account longevity risk
- Estimate the severity of losses to the

reverse mortgage provider for a
single borrower

Alai et al. [6]

- Joint modeling of house prices,
interest rates, rental yields, and gross
domestic product (GDP)

- Variable mortgage roll-up rates
- Possibility of loan termination due to

long-term care moveout

- Do not take into account
heteroskedasticity in house prices

- Do not take into account longevity risk
- Calculate VaR and ES for a

single borrower

Cho et al. [14]

- Joint modeling of house prices,
interest rates, rental yields, GDP,
and CPI

- Variable mortgage roll-up rates
- Possibility of loan termination due to

long-term care moveout, prepayment,
and refinancing

- Do not take into account
heteroskedasticity in house prices

- Do not take into account longevity risk
- Calculate VaR and ES for a

single borrower

The present
study

- Take into account heteroskedasticity
in house prices

- Consider longevity risk using the
[2] model

- Provide a realistic method for
calculating the regulatory capital
requirements for reverse mortgages,
considering a theoretical portfolio of
reverse mortgages, assuming that the
number of deaths follows a
binomial distribution

- Do not consider stochastic interest
rates or variable mortgage rates

- Do not consider the possibility of loan
termination due to long-term care
move out, prepayment,
and refinancing

NNEG: no-negative-equity guarantee, GDP: gross domestic product, CPI: consumer price index, VaR: value at risk,
ES: expected shortfall.

The empirical application is performed using data from the United Kingdom from 1952 to 2019.
The results showed that the reverse mortgage provider must allocate higher amounts of funds to meet
its legal capital requirements for relatively young borrowers, especially when they reach their life
expectancy and in cases of high roll-up rates. We also provided evidence of higher risk in the female
population and when the rental yield rate is higher than the risk-free rate, as is currently the case.
This fact has important implications in policy decision-making, as the cyclicality of reverse mortgage
providers’ earnings induced by variations in rental yields must be taken into account by the authorities
when determining the countercyclical buffer in Basel III. Moreover, from a managerial perspective,
the lender should take into account that reverse mortgages granted to relatively young borrowers
assume that the amount of economic capital needed to support the risk taken will rise as the borrower
gets older. This risk will reach a peak around his/her life expectancy, with the amount being higher for
female borrowers and for high roll-up rates.
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It is worth noting that our main goal is to provide a method for analyzing the time evolution of
the risk faced by the reverse mortgage provider over time and, therefore, to provide a relatively simple
and tractable method to estimate the time evolution of the capital requirements for these products
in accordance with Basel II and III. In this sense, it must be highlighted that our approach has two
main drawbacks. The first is that our method does not allow for stochastic interest rates. The second is
that, contrary to [14], we do not consider the probability of reverse mortgage loan termination due to
long-term care moveout, prepayment, and refinancing. We must take into account that our method
considers three different sources of risk: house price risk, longevity risk, and the risk associated with the
number of survivors in the theoretical portfolio of reverse mortgages owned by the financial institution.

1.3. Paper Roadmap

The rest of the paper is organized as follows. Section 2 describes the house price, mortality, interest
rate, and rental yield data used in the study. The ARMA-EGARCH model for house price returns is
described in Section 3. The method for estimating the NNEG and the methods for calculating the VaR
and the ES are contained in Section 4. The results are presented in Section 5. Finally, Section 6 contains
the main conclusions of the paper.

2. Data

Given that the value of reverse mortgages is affected by several risk sources, our database is
composed of different series on house prices, mortality rates, interest rates, and rental yield rates.

Concerning house prices, we focus on the U.K. Specifically, we use Nationwide’s House Price
Index [15], from the fourth quarter of 1952 to the fourth quarter of 2019 (269 quarterly observations).
This house price index (HPI) is calculated based on owner occupier house purchase transactions
involving a mortgage. It is an indicator of trends in the U.K. house price market. Furthermore, this is
not a valuation-based index but a priced-based index; therefore, it does not require a desmoothing
process (see the discussion provided by [16] on the problem of desmoothing valuation-based indices).
The time series evolution of (log) house price quarterly returns is depicted in Figure 1. As usual in this
type of series, the presence of heteroskedasticity is evident, which will be addressed in the next section.
Table 2 shows the main descriptive statistics of the series.

Data on mortality rates come from the Human Mortality Database [17]. This database includes
information about demographic variables from many countries. Specifically, we have used U.K.
data from 1952 to 2018 (the last year available in the Human Mortality Database at the time of writing
this paper).

Table 2. Descriptive Statistics. House price index (HPI) Log Return. The table shows the main
descriptive statistics of the HPI log quarterly returns for the U.K. from 1952 Q4 to 2019 Q4.

HPI Log Return

Mean 0.02
Median 0.02

Maximum 0.12
Minimum −0.05
Std. Dev. 0.02
Skewness 0.64
Kurtosis 5.18

Jarque-Bera 70.92
(Probability) (0.00)
Observations 268

The estimation of the risk-free rate, which is needed to value the NNEG, as explained in Section 4,
comes from the 10-year zero-coupon government bond rate in the U.K. Specifically, we use the average
of 2019 (0.8999%). This information comes from the Bank of England [18].
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Finally, an estimation of the rental yield was obtained from the Global Property Guide [19].
This guide includes information about the annual rental yield rate in many countries (the average
annual rental yield rate in the country’s main cities). In the U.K. case, the annual rental yield rate
corresponding to 2018 is 2.76% (the last update for June 2018 is used).
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3. The Model for House Price Returns

As stated in the Introduction, the procedure for estimating the regulatory capital requirements for
reverse mortgages, which will be explained in Section 4, requires a model for house price returns. It is
well known that house price returns exhibit autocorrelation and heteroskedasticity (see, for example, [1]).
Therefore, an ARMA-EGARCH model is the most suitable model for house price returns.

Let Yt be the (log) index return for period t. The proposed ARMA-EGARCH process for Yt will be
as follows:

Yt = c +
R∑

i=1

ϕi·Yt−i −

M∑
j=1

θj·at−j + at, (1)

ln(ht) = k +
P∑

j=1

αj·
∣∣∣ãt−j

∣∣∣+ Q∑
i=1

βi· ln(ht−i) +
r∑

j=1

γj·ãt−j, (2)

Equation (1) above accounts for the autocorrelation effect. In this equation, c is a constant, ϕi and
θj are the AR and MA parameters, respectively, and at is a normal variable with zero mean and variance
ht.

The heteroskedasticity effect is taken into account by means of Equation (2), where ãt = at/
√

ht

is the standardized innovation at time t, and αj, βi and γj are the EGARCH parameters, with γj

accounting for the leverage effect, which refers to the well-documented fact that volatility tends to
respond asymmetrically to positive and negative shocks.

The parameters for the ARMA(R,M)-EGARCH(P,Q,r) in Equations (1) and (2) have been selected
according to the autocorrelation function (ACF) and the Ljung-Box statistic. The estimated model is an
ARMA(3,3)-EGARCH(1,1,1). Table 3 contains the estimated parameters for the U.K. house price return
series under study. The autocorrelation effect is evident since all the autocorrelation parameters (ϕi)
are highly significant. Regarding the variance equation, a symmetric effect is found (αj significantly
different from zero), while an asymmetric effect is also evident (γj significantly different from zero).
Finally, as usual, conditional volatility is highly persistent (βi relatively high and significantly different
from zero).
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Table 3. Estimation Results. ARMA-EGARCH Model. The table shows the results of the estimation of
the ARMA-EGARCH model for forecasting house price index returns for the U.K. from 1952 Q4 to 2019
Q4 (268 quarterly observations).

Parameter Value t-Stat.

c 0.02 4.92
ϕ1 0.81 16.53
ϕ2 −1.01 −295.62
ϕ3 0.80 16.32
θ1 −0.28 −2.67
Φ2 1.00 198.90
θ3 −0.26 −2.51
k −1.29 −3.18
α1 0.42 4.95
β1 0.89 19.58
γ1 0.13 2.88

AIC −5.58

SBC −5.43

ARMA: autorregresive, moving-average, EGARCH: exponential generalized autorregresive conditional
heteroskedasticity.

4. NNEG and VaR and ES Calculation Procedure

As discussed in the Introduction, the proposed method for calculating the VaR and the ES from
the reverse mortgage provider’s point of view involves estimating the NNEG. The NNEG can be
interpreted as a European put option owned by the borrower so that at the time of his/her death, he/she
can sell the house to the mortgage provider for the outstanding loan amount, something worth doing
if the latter is greater than the sale amount of the home.

However, in this case, the classical Black-Scholes model cannot be applied to estimate the value
of the European put option, given that the underlying asset (the house price) does not follow a
standard Brownian motion, as the Black-Scholes model assumes. As explained above, the HPI exhibits
autocorrelation and heteroskedasticity; therefore, an ARMA-EGARCH model is more appropriate in
this case. However, the problem with the ARMA-EGARCH assumption for the HPI is that there is no
explicit solution for the European put option price. For this reason, in this paper, we apply the Monte
Carlo simulation method proposed by [1] for estimating the NNEG.

Ref. [1] extend the procedure derived by [20,21], among others, for option valuation under the
assumption of a GARCH model, to the case in which the underlying asset (the house price index in
this case) follows an ARMA-EGARCH process.

Let Vt be the time t price of a European option maturing at time T. It is well known that Vt must
be equal to the expectation, under the equivalent risk-neutral probability measure (Q), of the option’s
payoff at expiration (VT), given all market information available at time t (Φt):

Vt = EQ
[
e−r(T−t)

·VT|Φt
]

(3)

To compute this risk-neutral expectation, it is important to note that according to [1], the risk-neutral
mean return of the underlying asset of the European put (the HPI in this case) that must be used for
option valuation purposes is r–g–ht/2, where r is the risk-free rate, g is the rental yield, and ht is the
time-varying variance estimated from the ARMA-EGARCH model (see [1]).

Given that the expiration date of the option depends on the borrower’s date of death, the value
of the NNEG (VNNEG) can be estimated as a weighted average of European put option values with
different maturities. In this case, the weights are the probabilities that a person aged x at inception
survives to age x + k (kpx) and dies during the interval from k to k+1 (qx+k), where the parameter k
can vary from zero to the maximum lifetime considered for that person,ω (100 in our case):
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VNNEG =
ω−x−1∑

k=0
kpx·qx+k·P

(
k +

1
2
+ δ, Sk+ 1

2+δ
, X·eu·(k+ 1

2+δ), u, r, g
)

(4)

where P(k+ 1
2 +δ, Sk+ 1

2 +δ, X·eu·(k+1/2+δ), u, r, g) is the European put option value, which depends on the
expiration date (k+1/2+δ), the value of the underlying asset (Sk+1/2+δ) at the expiration date, the strike
price of the option (that is, the outstanding amount of the loan at the expiration date, X·eu·(k+1/2+δ)),
the roll-up mortgage rate (u), the risk-free rate (r) and the rental yield rate (g). We assume that all
deaths occur at mid-quarter and that there is a delay of six months (δ) from the home exit until the sale
of the house. Consequently, the value of each European put option can be estimated as follows:

P
(
k +

1
2
+ δ, Sk+ 1

2+δ
, X·eu·(k+ 1

2+δ), u, r, g
)
= e−r·(k+ 1

2+δ)·EQ
[(

X·eu·(k+ 1
2+δ) − Sk+ 1

2+δ

)+]
(5)

As said before, the ARMA-EGARCH assumption implies that the expectation in (5) needs to be
computed numerically by Monte Carlo simulation. Specifically, the value of the NNEG is estimated
by simulating 10,000 paths for the HPI in each quarter, using the estimated parameters from the
ARMA-EARCH process described above, from the initial moment until the borrower is 100 years old.

Having described the method for estimating the value of the NNEG, we can estimate the regulatory
capital requirements for the mortgage provider through the one-year VaR and the ES, in accordance
with Basel III. Our objective is to analyze how the risk faced by the mortgage provider varies over time.

Let us consider a theoretical portfolio of reverse mortgages owned by a financial institution,
consisting of N0 = 1000 individuals aged x years, all of them with the same sex (male or female) and the
same age x (x = 70, 80, or 90). The idea is to analyze how the one-year VaR and ES vary as time passes
depending on the borrower’s gender, the borrower’s age at inception, and the mortgage roll-up rate.

To estimate the one-year VaR and ES, it is necessary to simulate a probability distribution for
the portfolio value at the end of the year. To do this, we must take into account that, in this context,
the reverse mortgage provider faces two different types of risk: house price risk and mortality risk.
Therefore, we must simulate values for both variables at the end of the year. To simulate the number of
survivors in one year, we assume that the number of deaths follows a binomial distribution, B(N0,qx),
where qx is the probability of death of the population considered. For the HPI, it is assumed that
it follows the ARMA-EGARCH process described above to simulate the HPI at the end of the year,
which we assume to be independent of the number of deaths.

Furthermore, it is assumed that all deaths occur in the middle of the year, and the time that elapses
from the home exit to its sale is six months. Therefore, the sale of the homes of borrowers who have
died during the year bestows the reverse mortgage provider with a cash flow at the end of this year,
which will be called “intermediate cash flow.”

Moreover, it is assumed that the amount advanced by the reverse mortgage provider is Y0 =

30,000 pounds, and the roll-up rate can vary from 3% to 6%. Finally, the initial house price is assumed to
be S0 = 111,000 pounds, 81,000 pounds, or 60,000 pounds for borrowers aged 70, 80, or 90 at inception,
respectively. Given that the amount advanced by the reverse mortgage provider is assumed to always
be 30,000 pounds, we vary the initial house price so that the loan-to-value ratio grows with age, as per
the market.

Consequently, the initial value of this theoretical portfolio of reverse mortgages owned by a certain
financial institution is:

N0·(Y0 −NNEG0) (6)

where NNEG0 is the put option price. As stated above, the value of NNEG0 is estimated by simulating
10,000 paths for the house price index in each quarter, using the estimated parameters from the
ARMA-EARCH process in (1) and (2), from the initial moment, t = 0, until the borrower is 100 years old.

To simulate values for this portfolio at the end of the year, we need to simulate a pair (N1, S1)
for the number of survivors and the house price at the end of the year. Specifically, we simulate
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10,000 values for the number of survivors from a B(N0, qx) distribution and the same 10,000 values for
the House Price Index at the end of the year previously simulated to estimate the NNEG0. For each
simulated value for S1, we can estimate the corresponding put option value at the end of the year
(NNEG1). Therefore, for a specific pair (N1, S1), the value of this theoretical portfolio of reverse
mortgages at the end of the year is:

N1·(Y1 −NNEG1) + (N0 −N1)·[Y1 −max(Y1 − S1, 0)] (7)

The second term in expression (7) represents the intermediate cash flows obtained by the reverse
mortgage provider during the year.

It is important to point out that for each of the 10,000 simulated values for the HPI in t = 1, we need
to estimate a value for NNEG1, which requires simulating 10,000 values for the HPI from t = 1 until
the borrower is 100 years old. To make the problem computationally tractable, we apply the same
idea as in the least squares Monte Carlo method to value American options (see [22]). Specifically,
we simulate 10,000 paths of quarterly values for the HPI from t = 1 until the borrower is 100 years
old and assume that from any simulated value for the HPI in t = 1, we can go to any of the simulated
values of the HPI in t = 2 and follow this path until the borrower is 100.

Using this procedure, we can obtain approximately 10,000 realizations from the probability
distribution of the theoretical portfolio value of the reverse mortgages at the end of the year. With this
probability distribution, we compute the 95th, 97.5th, 99th, and 99.9th percentiles. Finally, the reverse
mortgage provider’s loss is computed as the difference between the present value of the corresponding
percentile for the distribution of the portfolio value at the end of the year and the initial portfolio value.

Then, estimations for the one-year VaR and ES for the rest of the years until the borrower is aged
100 are obtained. To do so, we consider that the initial portfolio value at the beginning of year n is the
expected portfolio value computed from the simulated distribution for the portfolio value at the end of
year n − 1.

Specifically, to calculate the next year’s VaR, we proceed as follows. The portfolio value at the
beginning of the next period (t = 1) is given by N1·(Y1 – NNEG1). Thus, the portfolio value at the end
of this period (t = 2) can be obtained as:

N2·(Y2 −NNEG2) + (N1 −N2)·[Y2 −max(Y2 − S2, 0)] (8)

where all variables are defined as before.
This process is repeated yearly until the borrower reaches age 100.

5. Results

Figure 2 shows the time evolution of the one-year VaR estimated at the beginning of each annual
period for a 70-year-old borrower until he/she is 99 years old, assuming a mortgage roll-up rate of 4%
and for different VaR confidence levels. The results are expressed as a percentage of the portfolio value
at the beginning of each annual period. It is interesting to observe how the VaR shows an increasing
trend, i.e., the maximum annual loss that the mortgage provider assumes grows year by year, with the
potential loss being higher in the female population. This occurs for two reasons. The first is that the
risk-neutral mean return of the underlying asset of the European put (the HPI in this case) that must be
used for option valuation purposes is r–g–ht/2, where r is the risk-free rate, g is the rental yield and ht

is the time-varying variance estimated from the ARMA-EGARCH model (see [1]). In our empirical
application, the rental yield rate (2.76%) is much higher than the risk-free rate (0.8999%), resulting in a
decreasing risk-neutral trend for the underlying HPI. It is well known that the lower the value of the
underlying asset is, the higher the put option value. This increases the risk of extreme losses that the
reverse mortgage provider is taking as time goes on. The second reason is that the actuarial value
of the cash flows used to value the NNEG (see expression 4) is higher as the population gets older
because a person is more likely to reach 95 if he has lived to 90 than if he is 70. Therefore, the actuarial



Mathematics 2020, 8, 2043 9 of 17

value of the losses caused by the decreasing (risk-neutral) house price index trend is higher as the
population ages.

It is important to highlight, therefore, the high risk that the reverse mortgage provider assumes
when, as is currently the case, the rental yield rate is higher than the risk-free rate. In these situations,
we find that one-year VaR values grow year by year as the borrower gets older.

However, for very advanced ages, the one-year VaR tends to decrease, although the specific age at
which the one-year VaR begins to decrease depends on the VaR established confidence level, being in
all cases more than 90 years. This is because the variance in the number of deaths in a binomial
population increases, reaches a maximum, and then declines because the increase in the probability of
death (qx) does not compensate for the reduction in the number of individuals. This effect is more
intense for the male population, resulting in a greater reduction in the variance of the number of deaths
during the last years, making the one-year VaR for the male population exceed that of the female
population for very advanced ages.

Similar conclusions are obtained in the case of the one-year ES (Figure 3); as before, the value
is estimated at the beginning of each annual period and expressed as a percentage of the portfolio
value at the beginning of this annual period for a 70-year-old borrower until he/she is 99, assuming a
mortgage roll-up rate of 4%.
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However, from Figures 2 and 3, it is difficult to compare the values of the one-year VaR (ES) for 
different annual periods because the value of the portfolio at the beginning of each annual period 
varies from year to year. For that reason, it may be more convenient to express the one-year VaR or 

Figure 2. Time evolution of one-year value at risk (VaR) as a percentage of the portfolio value at
the beginning of each year. The figure shows the time evolution of the one-year VaR estimated as a
percentage of the portfolio value at the beginning of each annual period. The portfolio consists of
1000 individuals aged 70 at inception until they reach 99 years old. The VaR is computed assuming a
mortgage roll-up rate of 4% and different confidence levels ((a) 95% confidence level, (b) 97.5 confidence
level, (c) 99% confidence level and (d) 99.9% confidence level).

However, from Figures 2 and 3, it is difficult to compare the values of the one-year VaR (ES) for
different annual periods because the value of the portfolio at the beginning of each annual period
varies from year to year. For that reason, it may be more convenient to express the one-year VaR or
ES as a percentage of the initial portfolio value at the age 70, which is the same value for all years.
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This can give us a clearer idea about the amount of funds that the reverse mortgage provider must
allocate each year to meet its legal capital requirements.
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Figure 3. Time evolution of one-year expected shortfall (ES) as a percentage of the portfolio value
at the beginning of each year. The figure shows the time evolution of the one-year ES estimated as
a percentage of the portfolio value at the beginning of each annual period. The portfolio consists of
1000 individuals aged 70 at inception until they reach 99 years old. The VaR is computed assuming a
mortgage roll-up rate of 4% for different confidence levels ((a) 95% confidence level, (b) 97.5 confidence
level, (c) 99% confidence level and (d) 99.9% confidence level).

The time evolution of one-year VaR and ES, expressed as a percentage of the initial portfolio value
at the age 70, is depicted in Figures 4 and 5, respectively, assuming as before a mortgage roll-up rate of
4%. In this case, the VaR (ES) shows an increasing trend approximately until the life expectancy of
the borrower is reached (85 or 88 for the male and female populations, respectively). From that point
on, the VaR (ES) begins to decrease. The reason is that for older ages, the reverse mortgage portfolio
value is relatively low due to the small number of survivors compared to its initial value when the
population was 70 years old. In this case, the VaR (ES) for the female population is always higher than
that of the male population, with the maximum difference being reached at approximately the age of
life expectancy. In Figures 2–5, we consider the case in which the borrower is age 70 at the reverse
mortgage inception, and the mortgage roll-up rate is 4%. However, similar conclusions would be
obtained in the cases in which the borrower is aged 80 or 90 at inception and with other values for the
mortgage roll-up rate.
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Figure 4. Time evolution of the one-year VaR as a percentage of the initial portfolio value at age 70.
The figure shows the time evolution of the one-year VaR estimated as a percentage of the initial portfolio
value. The portfolio consists of 1000 individuals aged 70 at inception until they are 99. The VaR is
computed assuming a mortgage roll-up rate of 4% for different confidence levels ((a) 95% confidence
level, (b) 97.5 confidence level, (c) 99% confidence level and (d) 99.9% confidence level).
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Figure 5. Time evolution of the one-year ES as a percentage of the initial portfolio value at age 70.
The figure shows the time evolution of the one-year ES estimated as a percentage of the initial portfolio
value. The portfolio consists of 1000 individuals aged 70 at inception until they are 99. The VaR is
computed assuming a mortgage roll-up rate of 4% for different confidence levels ((a) 95% confidence
level, (b) 97.5 confidence level, (c) 99% confidence level and (d) 99.9% confidence level).
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Figure 6 shows how the one-year 99.9% VaR depends not only on time but also on the value of the
mortgage roll-up rate and the borrower’s age at inception (70, 80, and 90). In Figures 6 and 7, we only
consider the case of the 99.9% VaR because this is the confidence level established in the Basel II and III
agreements in the VaR-based procedure for credit risk measurement. However, similar conclusions are
obtained if other confidence levels (95%, 97.5%, or 99%) are considered. In general, it is found that the
one-year VaR is an increasing function of the borrower’s age and the mortgage roll-up rate (u). It is
interesting to remember that the higher the mortgage roll-up rate, the higher the debt outstanding at
the time of death. Consequently, the higher the strike price of the European put option embedded in
the reverse mortgage. However, it is found that for a given borrower age, the mortgage provider faces
a higher risk in the case in which the borrower is aged 70 at inception. In this case, the VaR is much
more sensitive to variations in the mortgage roll-up rate, especially in the female population. However,
it shows a decreasing evolution and less dependence on the roll-up rate for advanced ages. In the
case in which the borrower is 80 years at inception, and especially when the borrower is 90 years at
inception, the VaR is an increasing function of the borrower’s age and is less sensitive to variations in
the roll-up rate.
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percentage of the portfolio value at the beginning of each year. The figure shows the dependency of 
the one-year 99.9% VaR, expressed as a percentage of the value of the reverse mortgage portfolio at 
the beginning of each annual period, on the borrower’s age and the mortgage roll-up rate (u), for 
different borrower’s ages at inception and gender ((a) Male 70 y.o., (b) Female 70 y.o., (c) Male 80 y.o., 
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Figure 6. One-year 99.9%VaR depending on the borrower’s age and on the mortgage roll-up rate as a
percentage of the portfolio value at the beginning of each year. The figure shows the dependency of the
one-year 99.9% VaR, expressed as a percentage of the value of the reverse mortgage portfolio at the
beginning of each annual period, on the borrower’s age and the mortgage roll-up rate (u), for different
borrower’s ages at inception and gender ((a) Male 70 y.o., (b) Female 70 y.o., (c) Male 80 y.o., (d) Female
80 y.o., (e) Male 90 y.o. and (f) Female 90 y.o.).
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Figure 7 shows the dependency of the one-year 99.9% VaR, expressed as a percentage of the initial
portfolio value at inception, on the borrower’s age, and on the mortgage roll-up rate, for different
borrower ages at inception. As in Figures 4 and 5, it is found that the one-year 99.9% VaR grows until
the life expectancy is reached, and then begins to decrease. However, as explained above, the reverse
mortgage provider faces a higher risk for younger borrowers at inception. It is quite striking to observe
the high sensitivity that VaR shows to variations in the mortgage roll-up rates for borrowers aged 70 at
inception, especially in the female population.

Mathematics 2020, 8, x FOR PEER REVIEW 13 of 17 

 

Figure 7 shows the dependency of the one-year 99.9% VaR, expressed as a percentage of the 
initial portfolio value at inception, on the borrower’s age, and on the mortgage roll-up rate, for 
different borrower ages at inception. As in Figures 4 and 5, it is found that the one-year 99.9% VaR 
grows until the life expectancy is reached, and then begins to decrease. However, as explained above, 
the reverse mortgage provider faces a higher risk for younger borrowers at inception. It is quite 
striking to observe the high sensitivity that VaR shows to variations in the mortgage roll-up rates for 
borrowers aged 70 at inception, especially in the female population. 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 7. One-year 99.9% VaR, as a percentage of the initial portfolio value at inception, depending on 
the borrower’s age and on the mortgage roll-up rate. The figure shows the dependency of the one-year 
99.9% VaR, expressed as a percentage of the initial portfolio value at inception, on the borrower’s age 
and on the mortgage roll-up rate (u), for different borrower’s ages at inception and gender ((a) Male 70 
y.o., (b) Female 70 y.o., (c) Male 80 y.o., (d) Female 80 y.o., (e) Male 90 y.o. and (f) Female 90 y.o.). 

Similar conclusions can be obtained using the heat maps (see Figures 8 and 9). Specifically, from 
Figure 9, it is clear that the reverse mortgage provider faces higher risk and consequently must allocate 
higher amounts of funds to meet its legal capital requirements in the case of relatively young borrowers 
(70 years old). This risk reaches a peak around their life expectancy, and it is higher when the roll-up 
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Figure 7. One-year 99.9% VaR, as a percentage of the initial portfolio value at inception, depending on
the borrower’s age and on the mortgage roll-up rate. The figure shows the dependency of the one-year
99.9% VaR, expressed as a percentage of the initial portfolio value at inception, on the borrower’s age
and on the mortgage roll-up rate (u), for different borrower’s ages at inception and gender ((a) Male
70 y.o., (b) Female 70 y.o., (c) Male 80 y.o., (d) Female 80 y.o., (e) Male 90 y.o. and (f) Female 90 y.o.).

Similar conclusions can be obtained using the heat maps (see Figures 8 and 9). Specifically,
from Figure 9, it is clear that the reverse mortgage provider faces higher risk and consequently must
allocate higher amounts of funds to meet its legal capital requirements in the case of relatively young
borrowers (70 years old). This risk reaches a peak around their life expectancy, and it is higher when
the roll-up rate is greater. The risk is even higher in the case of the female population. Furthermore,
care must be taken when the rental yield rate is greater than the risk-free rate, as is currently the case,
because in this case, the value of the NNEG is relatively high, resulting in larger VaR and ES values.
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Figure 8. Heat map for the one-year 99.9% VaR as a percentage of the initial portfolio value at the
beginning of each annual period, depending on the borrower age and the mortgage roll-up rate.
The heat map shows the dependency of the one-year 99.9% VaR, expressed as a percentage of the value
of the reverse mortgage portfolio at the beginning of each annual period, on the borrower age and
the mortgage roll-up rate (u), for different borrower ages at inception and genders ((a) Male 70 y.o.,
(b) Female 70 y.o., (c) Male 80 y.o., (d) Female 80 y.o., (e) Male 90 y.o. and (f) Female 90 y.o.).
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Figure 9. Heat map for the one-year 99.9% VaR as a percentage of the initial portfolio value at inception,
depending on the borrower age and the mortgage roll-up rate. The heat map shows the dependency of
the one-year 99.9% VaR, expressed as a percentage of the value of the reverse mortgage portfolio at
inception, on the borrower age and the mortgage roll-up rate (u) and gender ((a) Male 70 y.o., (b) Female
70 y.o., (c) Male 80 y.o., (d) Female 80 y.o., (e) Male 90 y.o. and (f) Female 90 y.o.).

6. Conclusions

This study analyzed the risk faced by the reverse mortgage provider in the case of a lump-sum
reverse mortgage, as measured by the VaR and the ES, according to Basel III. Considering different
confidence levels, different mortgage roll-up rates, and different borrower ages at inception, we analyze
how the VaR and the ES of a theoretical portfolio of reverse mortgages owed by a financial institution
vary as time passes, i.e., as the borrower gets older.

In the empirical application, we used data from the United Kingdom from 1952 to 2019. The results
showed that regulatory capital requirements for reverse mortgages, as measured by the VaR and the ES,
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are higher in the case of relatively young borrowers, especially for female borrowers, peaking around
the borrower’s life expectancy, and for high roll-up rates. From a managerial perspective, the lender
should take into account that reverse mortgages granted to relatively young borrowers imply that the
amount of economic capital needed to support the risk taken will rise as the borrower gets older and
will reach a pick around his/her life expectancy, with the amount being higher for female borrowers
and for high roll-up rates.

Moreover, the reverse mortgage provider faces particularly high risk when the rental yield rate
is higher than the risk-free rate, as is currently the case, because it increases the value of the NNEG,
resulting in higher VaR and ES values. This fact has important implications in policy decision-making,
as the cyclicality of reverse mortgage providers’ earnings induced by variations in rental yields must
be taken into account by the authorities when determining the countercyclical buffer under Basel III.

This paper aims to fill three existing gaps in the literature on calculation and analyzing the
time evolution of the regulatory capital requirements for reverse mortgages: (i) we propose an
ARMA-EGARCH model allowing for heteroskedasticity in house prices, (ii) we take into account
longevity risk using the [2] model, and (iii) we provide a procedure for calculating the regulatory
capital requirements for the reverse mortgage provider, considering a theoretical portfolio of reverse
mortgages (instead of a reverse mortgage granted to a single person) and assuming that the number of
deaths follows a binomial distribution.

Concerning the limitations of this research, it must be highlighted that our approach has two
main drawbacks. The first is that our method does not allow for stochastic interest rates. The second is
that, contrary to [14], we do not consider the probability of reverse mortgage loan termination due to
long-term care moveout, prepayment, and refinancing. However, we must take into account that our
method considers three different sources of risk (house price risk, longevity risk and the risk associated
with the number of survivors in the theoretical portfolio of reverse mortgages owned by the financial
institution) and that our goal is to provide a method relatively simple and tractable to estimate the
time evolution of the capital requirements for these products in accordance with Basel II and III.

Finally, in relation to the limitations indicated above, two main directions for future research are
appealing: (i) the inclusion of stochastic interest rates and consideration of the possibility of variable
mortgage roll-up rates and (ii) considering the possibility of loan termination due to long-term care
moveout, prepayment or refinancing.
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