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EQUIT Y RELEASE CONTR AC TS WITH VARYING 
PAYMENTS 

Agnieszka Marciniuka  

Abstract1 
Equity release contracts allow property owners to receive a financial benefit in exchange 
for surrendering their real estate to a company. The benefits depend on the life expectancy 
of  owners, the  real value of  properties, and the  rate of  interest. These parameters are 
not the same throughout the years. The aim of the paper is to analyse varying payments 
of  equity release contracts which have already been offered to  customers for  several 
years in Poland. A recalculation procedure year by year is proposed applying the actuarial 
and financial methods. This paper estimates the potential advantages of reverse annuity 
and reverse mortgage contracts in a changing economic environment. The calculations 
were made based on  actual Polish market data, including the  Svensson model of  spot 
interest rate. It is shown that there is considerable scope for increasing retirement income; 
however, the exact amounts may be unknown. The advantages for  customers resulting 
from changes in parameters and valorization are shown, as well as the risk associated with 
equity release.
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1.	 Introduction and Motivation

Demographic changes have been observed all over the world for decades. Life expectancy 
is increasing. People live much longer, and the European population is ageing. This  is 
caused by  the  huge development and progress in  medicine, and by  the  growing 
awareness in society of proper nutrition and healthy lifestyles. The growth of the elderly 
people’s dependency ratio leads to  an  excessive burden of  social expenditure placed 
on the working-age population. The social insurance pensions are meagre, and they may 
be insufficient for the elderly to live through their old age with dignity. All these factors 
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strongly suggest that in the future, the pension funding gap will be a key social issue 
in many countries; therefore, the possibility of obtaining additional financial resources 
for older people is a very important matter.

Many people have their own properties (flats or houses). Most of them do not 
want to sell their properties and move from their home. Therefore, markets in different 
countries propose so-called equity release products for the retired (Hanewald et al., 2016). 
The market for this product is growing, which reflects the ageing of the population (Blake 
et al., 2013). Since 2005, public awareness has also been growing in respect of this issue. 
Many more people have become familiar with the idea of funding the costs of old age 
by drawing on equity in housing (Marciniuk et al., 2020). Different varieties of these 
products exist in many countries (e.g., Spain, Ireland, France, Germany, Italy and Poland); 
however, the UK market, where such contracts were introduced in the early 1990s, is still 
the largest European market for equity release contracts (Shao et al., 2015).  

In the literature, the practical aspect and valuation of equity release contracts are 
widely discussed. Two main types of these products are distinguished: the loan model 
(reverse mortgage scheme) and the sale model (home reversion scheme) (Shao et al., 
2015). The valuation of equity release contracts is well specified, especially in the case 
of the loan model. Lee et al. (2012) propose a specific analytical valuation framework with 
mortality risk, interest rate risk and housing price risk. The pricing of a reverse mortgage 
without redemption right was studied by Ma et al. (2017). The authors used a jump-
diffusion process to represent the housing price dynamics, the Vasicek model to drive 
the instantaneous interest rate, and the force mortality model to describe the longevity risk. 
Dowd et al. (2019) considered the valuation process for a non-negative equity guarantee 
in a reverse mortgage scheme and a loan model with such a guarantee. 

It could occur that the total loan amount exceeds the real value of a property. A well-
known example is the case of Jeanne Calment in France, the world’s longest-living 
woman, whose lawyer offered her a kind of equity release contract when she was already 
90 years old. She outlived her lawyer, whose heirs continued to pay the annuity until 
her death in 1997 at the age of 122. The total annuity payments were more than twice 
the property’s value (Whitney, 1997). Kolbe and Zagst (2010) described a consistent 
valuation framework for reverse mortgages based on reduced-form intensity models 
as used in the developed credit risk modelling. The authors calculated the probability that 
the total loan amount exceeds the house value at the termination of the contract. They 
derived the amount of the maximum payment which can be made to the homeowner under 
certain constraints. 

Until recently, the equity release contract was available to individuals. Married life 
annuities or insurance for married couples were analysed by Dębicka and Marciniuk 
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(2014), Marciniuk (2017a), and Marciniuk and Zimkova (2018). The Markov chain 
and copulas were used to model the structure of the dependence between the future life 
of spouses (Heilpern, 2014; Luciano et al., 2016; Dębicka et al., 2020). In Marciniuk 
(2017b), the reverse annuity was applied to derive two lemmas used to determine marriage 
benefits payable more than once a year, especially in the Last Surviving Status and Joint 
Life Status.

The benefit of equity release depends on the owner’s age, their future lifespan and 
the real value of their properties, which, in turn, is determined by the place where the owner 
lives. The literature considers the risk of changes in real estate value or the time-dependent 
interest rate in the current year, but the benefits are constant (Marciniuk, 2017b). A lower 
interest rate means a lesser equity release payment. The place of residence determines 
the value of the property as well as the amounts paid out. The change of spot interest rate is 
used in the analysis of insurance benefits (Gubalova et al., 2017) and life annuity (Charupat 
et al., 2016), but not in the case of equity release contracts. Kowalczyk-Rólczyńska (2020) 
specified the frequency of payments and the indexation rate designated at the beginning 
of the home reversal model contract only for the reverse annuity contract taking into 
account just the indexed factor, and also calculated a fixed benefit. These changes are 
taken into account statically just at the beginning of the benefit contract. 

The interest rate, the real value of the property and future life expectancy are con- 
tinuously changing; hence, the benefit of equity release contracts should also be valuated 
and indexed. Thus, this article aims to determine and analyse the potential advantages 
of individual equity release contracts with varying payments using the Svensson model 
of interest rate, considering the change of different parameters based on real-life Polish 
data. This article mainly covers dynamic changes, i.e., how the benefit payments 
for the specific person change each year of the contract term. In addition, the valuation 
model is extended to the second contract – a reverse mortgage. A recalculation procedure 
year by year is proposed, applying the actuarial and financial methods.

The structure of the paper is as follows. After this introductory section, Sections 2 
and 3 set out the methodological approach and the data. Section 4 contains the empirical 
results and other findings. Section 5 provides the conclusions and final remarks.

2. Methodology 

Two main types of equity release products exist in Poland: the loan model and the sale 
model. In the loan model (reverse mortgage scheme), the buyer takes out a loan, using 
the property as security. The right to the property passes to the buyer 12 months after 
the death of the owner. Furthermore, the heirs can buy the property in this time. This is 
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a reverse mortgage contract, in which the benefit is paid out for n years. In the sale model 
(home reversion scheme), the buyer exchanges the property for the promise of a certain 
sum at regular intervals until the buyer dies. The transfer of the ownership to the company 
takes place after the signing of the notarial act. This is a reverse annuity contract, in which 
the benefit is paid out for the whole lifetime.

Primarily, to calculate the benefits of the reverse mortgage, the contract must specify 
the following points (Reverse Mortgage Act, 2014):

 the age of the property’s owner x,
 the real value of the estate W and reduction factor α (α ∊ (0%, 100%]),
 the date, frequency (m,m > 0)  and method of benefit payments,
 the interest rate and the way of its determination,
 the conditions of interest rate changes.

In turn, the reverse annuity contract should determine the benefit indexation method, 
for example, by using the consumer price index or another constant interest rate. 

The interest rate, the real value of the estate, the consumer price index and the future 
life expectancy are continuously changing; hence, the payment of equity release contracts 
requires changes and valorization. 

2.1. Determination of benefit payments 

In general, the benefit b is determined using the equivalent principal from the following 
equation (Bowers et al., 1986, Hardy et al., 2019):

E (α × W) = E(b × Z) ,  (1)

where Z means the discounted value of all future payments. 

Thus

 
Wb

E Z
 

  .  (2)

It is necessary to determine E(Z). The expected value of Z is specified in different variants. 
In the traditional variant, a yearly benefit is paid in the constant amount of 1 monetary 

unit at the beginning of a year as long as the beneficiary is alive. Then the expected value 
of all future benefits Z is designated as an actuarial value of individual whole-life annuity 
as follows (Bowers et al., 1986):

0
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where v is the yearly discounting factor and k  px is the probability that the person at age x 
is alive at least k years. 

In cases where the benefit is paid m (m > 0) times yearly in the constant amount 
of 1 / m financial at the beginning of a sub-period of a year as long as the beneficiary is 
alive, the E(Z) is calculated using an actuarial value of whole-life annuity for a person 
at age x as follows:

 

0
( )

k
m m

x k m x
k

E Z a v p




    ,  (4)

where k/m  px is the probability that the beneficiary at age x is alive at least k sub-periods 
of a year.

To offset the effect of inflation on the annuity, the amount is increased using the va- 
lorization rate q(q ≥ 0) . It assumes a geometrical increase in the annuity (cf. Kellison, 1991; 
Burnecki et al., 2002; Dickson et al., 2019). In this case, the expected value of all future 
benefits Z is equal to the actuarial value of the individual whole-life annuity increasing 
in geometric progression, which is determined by the following formulas

 
0

( ) 1 k k
x k x

k
E Z Ia q v p





    . (5)

By analogy, the expected value of all future benefits paid, is specified using the ac- 
tuarial value of term-of-life annuity, respectively

 the yearly benefit in the constant amount 
1

: |
0
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   , (6)

 the periodically benefit in the constant amount
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 the yearly increasing benefit

 
1

: |
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( ) 1
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k
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


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Formulas (3), (4) and (5) are connected with the reverse annuity contract, and the others 
with the reverse mortgage.

It is obvious that benefit payments are calculated at the beginning of the contract, so 
the valorization rate is set at the moment t = 0. However, different parameters change and 
consequently the recalculation is possible, but only for the reverse mortgage, in line with 
Polish regulations. 
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Shown below is a proposition of benefit payment recalculation. For this purpose, 
the financial methods of loan repayment are used (Kellison, 1991). Let b̈ : |x n  mean yearly 
reverse mortgage benefit, which is paid at the beginning of a year. The discounting factor 
from the time t to the moment t is denoted by vt,T .  

The recurrent benefit recalculation procedure is as follows:
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1
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Hence the following lemma:

Lemma 1
The  -term yearly reverse mortgage benefit for a person at age x, which pays one financial 
unit at the beginning of a year, is calculated at the moment  t (t  = 0, 1, 2, ..., n – 1)
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where : |x t n ta
 

  is an actuarial value of term-of-life annuity, which is determined at the moment 
(t = 0, 1, 2, ..., n – 1) using the following formula:
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Proof:
It is easy to prove Lemma 1 recursively. Let us assume that Equation (11) is correct for 
t = s (s = 1, 2, ..., n – 2) . Moreover, K(s) means capital at the moment s.

At the moment t = s + 1, the amount is calculated as follows:
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which ends the proof.   

The application of Lemma 1 gives the possibility to recalculate the reverse mortgage benefit 
with the rate of interest, the real value of the probability and the survival probability change, 
presented in a numerical part of this article. Theoretically, but not practised on the Polish 
market, the same procedure could be used to recalculate the benefit of a reverse annuity 
contract. In that case, only the valorization interest rate could be changed.

2.2 Interest rate

To calculate the benefit, the rate of interest i or the discounting factor v = (1 + i)–1 is 
necessary. In the traditional actuarial literature, it is assumed that the interest rate is fixed 
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during the contract term; however, the interest rate that will apply in the future is neither 
known nor constant. The Solvency II Directive (2009) requires using the European Central 
Bank’s spot interest rate in certain insurance contracts. 

The spot interest rate is a rate of return to maturity T with continuous capitalization. 
This function could be treated as a function depending on the time to maturity T– t. The spot 
interest rate Rt,T at the moment t (0 ≤ t ≤ T) is defined by using the price of zero-coupon 
bonds. Let Pt,T denote the price of a zero-coupon bond of the maturity T at any instant 
t (0 ≤ t ≤ T) as follows:

, ,
1 lnt T t TR P

T t
 


 .

The price of zero-coupon bonds could be treated as a discounting function from the time T
to the moment t (0 ≤ t ≤ T) (Marciniuk et al., 2020). Hence 

 , ,exp ( )t T t Tv T t R     .  (12)

Moreover, it is obvious that

 0, 0,expk
k kv v k R     .  (13)

To estimate the parameters of the spot interest rate, the real prices of zero-coupon 
bonds are used. If the data set on such bonds is too small, the yield curve parameters are 
estimated by least squares, using data on fixed interest bonds and treasury bills.

One of the best-known spot interest models is the Svensson model, in which the func- 
tion Rt,T has the following form (James and Webber, 2000):
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   (14)

where β0 ≥ 0, β0 + β1 ≥ 0, τ1, τ2 > 0.

3. Data 

The potential value of equity release benefit payments depends on whether they involve 
a valorization rate, the reduction fraction α, the value of property W, the interest rate 
and the survival probability of a person at age x. All these factors will be dealt with 
in the following section. 
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The numerical calculations are based on the period 2009 –2019. The real interest rate 
function for the Svensson model, which depends on time, is available from the European 
Central Bank. The market value of property in years is taken from the Polish primary1 
and secondary2 market. The life tables and the consumer price index are from Statistics 
Poland.

3.1 Spot interest rate

The parameters of the function Rt,T can be estimated by least squares, using real market 
data related to the yield to maturity on zero-coupon and fixed-interest bonds for each 
country of the euro area. The best-fitting model of spot interest for the euro area real 
data follows the European Central Bank3. The functions Rt,T for 2009–2018, determined 
by Equation (14), are shown in Figure 1. The parameters of Rt,T  are presented in Table 1. 

Figure 1: Spot interest rate in 2009–2018

Source: Own research on the basis on https://www.ecb.europa.eu/

One can observe a decrease in the interest rate during the considered period. If the rate 
of interest is lower, the benefit payments of equity release decrease. These changes could 
be unprofitable for customers. The epidemiological situation in 2020 caused an even 
greater plunge in the interest rate; therefore, the considerations only refer to earlier years.

1 https://stat.gov.pl/obszary-tematyczne/przemysl-budownictwo-srodki-trwale/budownictwo/cena-1-
m2-powierzchni-uzytkowej-budynku-mieszkalnego-oddanego-do-uzytkowania,8,1.html

2 https://businessinsider.com.pl/finanse/ceny-mieszkan-w-polsce/jhk5r2j
3 https://www.ecb.europa.eu/stats/financial_markets_and_interest_rates/euro_area_yield_curves/

html/index.en.html
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Table 1: Parameters of spot interest rate 

  Parameters

Time β
0

β
1

β
2

β
3

τ
1

τ
2

2 January 2009 0.108792 1.611718 10.426767 –0.958181 12.040810 0.750536

4 January 2010 3.519283 –3.068811 7.034122 –0.906928 7.850378 0.270181

3 January 2011 3.314164 –2.813316 9.800351 –7.871491 4.080560 2.368589

2 January 2012 3.223000 –3.213000 6.369753 –5.830986 3.629880 2.119828

2 January 2013 1.357593 –1.268692 24.725118 –21.803698 5.570258 4.253324

2 January 2014 2.487967 –2.363560 23.809434 –22.473467 4.562237 3.744783

2 January 2015 0.515507 0.505507 23.514243 –21.737949 7.218427 6.016489

4 January 2016 2.142562 –2.649562 19.953238 –24.067787 1.656860 1.814525

2 January 2017 1.450341 –2.274341 11.885632 –16.084991 1.336620 1.574650

2 January 2018 1.816761 –2.566761 23.674568 –27.225068 1.861103 1.933418

2 January 2019 1.221214 –1.807831 11.656415 –14.777648 1.847354 1.929795

Source: Own research on the basis on https://www.ecb.europa.eu/

3.2 Market value of real estate in Poland 

To calculate the amounts of equity release, the real value of the real estate is necessary. 
Statistics Poland provides only average prices per square metre on flats. Figure 2 presents 
these euro prices in the first quarter of each of the years from 2008 to 2019. However, 
the price per square metre of a flat depends on the location. More such data are available 
from the secondary market, which shows large differences in property prices. Several 
Polish cities were selected. Figure 3 shows the price per square metre of housing in euros 
in these cities in December 2018 in relation to the average price of a flat in Poland. These 
prices are similar to those on the real primary market in these places.

Figure 3 shows that the real costs of buying a flat could be even twice as high as those 
indicated by the data on average housing prices in Poland, which has a significant impact 
on the amount of the equity release benefit payments. Unfortunately, the secondary market 
data in the analysed period were not available from the same source. Moreover, the study 
concerned the general view on benefit payments and their changes, and the analysis was 
based only on the average housing prices in Poland.
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Figure 2: Average price per square metre of a flat in euros in first quarter during 

2008–2019

Source: Own research on the basis on https://stat.gov.pl/

Figure 3: Price per square metre of a flat in euros in December 2018

Source: Own research on the basis on https://businessinsider.com.pl/finanse/ceny–mieszkan–w–polsce/
jhk5r2j

3.3 Future life expectancy in Poland 

From the mid–twentieth century, a considerable increase in life expectancy has been 
observed. The length of future life expectancy has stabilized in the last ten years, which can 
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be seen in Figure 4. For the elderly, the life expectancy increased by about one year during 
this time. The increase in the expected life expectancy causes an increase in the annuity 
actuarial value, which reduces the value of equity release benefit payments. 

Figure 4: Future life expectancy in 2009–2018

Source: Own research on the basis on https://stat.gov.pl/ 

All the described components affect the value of benefit payments. Various numerical 
examples are presented in the next section to investigate what most influences the amount 
of the benefits and how.   

4.  Numerical Results and Findings

This section presents numerical examples using the market data presented above. 
The annual benefit payments of equity release in euros were calculated for a range 
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that α = 50%.
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Table 2: Annual benefit of reverse annuity contract for property valued at 166,296 euros

  q = 0%  q = 2% q = 5% q = 10% 

Man Woman Man Woman Man Woman Man Woman

60 4,494.1 3,643.9 3,556.6 2,781.6 2,389.3 1,759.1 1,082.4 715.2

65 5,311.3 4,278.8 4,352.2 3,401.1 3,118.1 2,317.4 1,642.1 1,103.1

70 6,385.2 5,170.8 5,408.5 4,273.9 4,113.2 3,123.6 2,432.3 1,720.3

75 7,923.4 6,485.4 6,924.5 5,564.2 5,562.9 4,340.4 3,685.6 2,729.2

80 10,147.0 8,554.5 9,125.3 7,598.5 7,700.1 6,288.0 5,634.5 4,446.3

85 13,214.0 11,663.0 12,193.0 10,685.0 10,743.0 9,310.7 8,562.8 7,280.3

Source: Own research

It can be observed that men receive higher benefit payments, because they live shorter 
than women. The annuity decreases as the valorization rate q rises. For the youngest people, 
the payment when q = 10% is over four (for a man) and five times (for a woman) higher 
than for when q = 0. These differences are so huge only in the early years of the contract. 
When q = 0, the benefit is paid in the same amount for the entire time of the contract. How-
ever, for the other q > 0 the valorised benefits increase exponentially with the rising t.
These valorised annual payments are presented for a 60-year-old man in the following 30 years 
in Figure 5. The figure shows that when q is higher, older people can receive a much higher annuity.

Figure 5: Annual annuity for a man at 60 for different q ∊ {0%, 2%, 5%, 10%}  

Source: Own research
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Higher benefits in old age are a significant advantage. Younger people can find extra 
jobs and obtain additional income. Older people may need increased funds in the case 
of illness. 

The question arises what values of the valorization rate should be chosen. Table 3 
presents the consumer price index (CPI) in 2009–2018 in relation to the previous year4. 
One of the possibilities for payment valorization is indexation using the yearly inflation 
rate (year by year). It is also possible to use the average CPI. For this purpose, it is 
necessary to calculate the geometric mean of CPI and then apply the determined value 
as a factor 1 + q . The geometric average of CPI equals almost 1.7%, which means that 
the inflation rate increased by 1.7% yearly on average in the analysed period.

Table 3: Consumer price index in 2009–2018

t 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

it/t–1
103.5 102.6 103.7 104.3 100.9 100.0 99.1 99.4 102.0 101.6

Source: Own research on the basis of https://stat.gov.pl/

Table 4 presents the benefit payments in the following years for a man at 60 and 
the actual value of a hundred-square-metre flat in Poland from 2009 onwards (W = 68,798 
euros) and different q; hence, the parameters of the Svensson model are taken for 2 January 
2009. In the last column of Table 4, one can observe the changing payment, calculated using 
the real historical CPI in the first ten years, and the average CPI as an average of CPI in years 
2009–2018 in the following years. 

Table 4 shows that the annuity is smaller as the valorization rate q rises in the first few 
years, then the payments increase. When q is smaller, the increase of the amount is faster 
after about eleven years. A lower q allows a higher payment more quickly, while a higher q
makes the amount much higher in later years. 

Now, let us consider a ten-year reverse mortgage for a person aged 60, who has 
a hundred-square-metre flat. Figure 6 shows the benefit payments in 2008–2017, taking 
into account the changes in the survival probability and the actual value of real estate 
in Poland. The interest rate changes were studied using data from the ECB.

4 https://stat.gov.pl/obszary-tematyczne/ceny-handel/wskazniki-cen/wskazniki-cen-towarow-i-uslug-
konsumpcyjnych-pot-inflacja-/roczne-wskazniki-cen-towarow-i-uslug-konsumpcyjnych/
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Table 4: Annual benefit of reverse annuity contract for a property valued at 68,798 euros

0% 2% 5% 1.7% CPI and 1.7%

2009 2,137.1 1,714.9 1,179.6 1,775.0 1,775.0

2010 2,137.1 1,749.2 1,238.6 1,805.2 1,837.1

2011 2,137.1 1,784.2 1,300.5 1,835.9 1,884.9

2012 2,137.1 1,819.9 1,365.5 1,867.1 1,954.6

2013 2,137.1 1,856.3 1,433.8 1,898.8 2,038.7

2014 2,137.1 1,893.4 1,505.5 1,931.1 2,057.0

2015 2,137.1 1,931.3 1,580.8 1,963.9 2,057.0

2016 2,137.1 1,969.9 1,659.8 1,997.3 2,038.5

2017 2,137.1 2,009.3 1,742.8 2,031.3 2,026.3

2018 2,137.1 2,049.5 1,829.9 2,065.8 2,066.8

2019 2,137.1 2,082.1 1,880.2 2,100.9 2,099.9

2020 2,137.1 2,119.3 1,952.3 2,136.6 2,135.6

2021 2,137.1 2,156.5 2,024.4 2,173.0 2,171.9

2022 2,137.1 2,193.6 2,096.5 2,209.9 2,208.8

2023 2,137.1 2,230.8 2,168.6 2,247.5 2,246.4

Source: Own research

The benefit payments have changed significantly. A very high increase in the value 
of real estate in the first two analysed years caused a significant rise in benefit payments, 
which were approximately 38.53% in 2009 and 9.89% in 2010 compared to the previous 
year. Then, the level of payments stabilized with slight deviations. In 2017 the benefit 
was 7.5% higher than in 2016. This situation shows that the value of the property has 
a significant impact on the amount of payments. Therefore, the following examples 
demonstrate the benefit payments under the assumption of different changing economic 
conditions for people who enter into a ten–year reverse mortgage contract at 60. Lemma 
1 is applied for this purpose. However, in this case, the actual value of a property changes 
every year, so it is necessary to use W(t) instead of W like we did in proof of this lemma. 
The benefit of a reverse mortgage is calculated from the equivalence principle as follows:

  1
1,1: 1|

: |
: | : |

( 1)( ) t tx t n t

x t n t
x t n t x t n t
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       for t = 1, 2, ..., n – 1 , (15)

where 
: |x nb  and : |x t n ta

 
  are determined be the use of Equations (9) and (11).
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Figure 6: Annual annuity of a reverse mortgage for a man and a woman aged 60 

for different parameters in 2008–2017 

Source: Own research

Table 5: Annual benefit of a reverse mortgage for property valued at 90,225 euros 

with changing spot interest rate

x Man Woman

60 5,322.7 5,008.2

61 5,468.3 5,219.0

62 5,140.0 4,882.6

63 4,857.8 4,674.1

64 4,577.9 4,466.2

65 4,456.0 4,415.9

66 4,278.8 4,310.5

67 4,142.9 4,248.5

68 4,004.7 4,185.1

69 3,871.5 4,127.9

Sum of changing benefit (euros) 46,120.6 45,538.0

Sum of constant benefit (euros) 53,227.0 50,082.0

Absolute differences (euros) 7,106.4 4,544.0

Relative difference (%) 15.41% 9.98%

Source: Own research
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The following example shows the reverse mortgage benefit payments in 2009–2018 
for a 60-year-old man and woman when only spot interest rate changes. Assume that both 
persons have a hundred-square-metre flat valued at 90,225 euros in 2009. The parameters 
of the Svensson model are taken from the ECB for 2009–2018.

Table 5 shows the changing amounts of the benefit and summarizes the received 
benefit payments after ten years, when the interest rate changes were or were not taken into 
account. It is not difficult to notice that the spot interest rate reduction caused a significant 
drop in the amounts from year to year (excluding only the second year). The total payment 
is lower by almost 15.5% for men and 10% for women. A decrease in spot interest rates 
caused an unfavourable situation for beneficiaries. Therefore, in the next example, changes 
in other parameters in 2009–2018 were considered. The results are presented in Table 6 
for a man and in Figure 7 for a woman. 

Table 6: A man’s annual benefit of a reverse mortgage for changing parameters 

in 2009–2018

Changing parameters

t x Constant R
t,10

 Rt,10
,

 t p60
 Rt,10

,
 
W Rt,10

,
 t p60

,
 
W

0 60 5,322.7 5,322.7 5,322.7 5,322.7 5,322.7

1 61 5,322.7 5,468.3 5,449.2 6,129.5 6,108.1

2 62 5,322.7 5,140.0 5,118.0 4,726.7 4,707.0

3 63 5,322.7 4,857.8 4,838.8 5,045.7 5,026.0

4 64 5,322.7 4,577.9 4,563.7 4,511.8 4,498.1

5 65 5,322.7 4,456.0 4,439.9 4,667.2 4,649.7

6 66 5,322.7 4,278.8 4,283.5 3,853.7 3,860.8

7 67 5,322.7 4,142.9 4,156.4 4,742.0 4,753.1

8 68 5,322.7 4,004.7 4,032.9 6,133.3 6,158.1

9 69 5,322.7 3,871.5 3,914.9 2,950.7 2,999.4

Sum of benefit (euros) 53,227.0 46,120.6 46,120.0 48,083.3 48,083.0

Absolute differences (euros) – 7,106.4 7,107.0 5,143.7 5,144.0

Relative difference (%) – 15.41% 15.41% 10.70% 10.70%

Source: Own research
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Figure 7: A woman’s annual benefit of a reverse mortgage for changing parameters 

in 2009–2018 

Source: Own research

The second benefit payment is significantly higher when the spot interest rate and 
the real value of property change. The following years bring losses in the value of benefit 
payments, except for the eighth year, when a large increase in the property value resulted 
in a significant increase in the amount (the last two columns of Table 6, and the penultimate 
year in Figure 7). This example shows that the parameter W has a huge impact on the amount 
of benefit, which fluctuates more but is still lower than for the constant case (about 10.7% 
for a man and 3.74% for a woman). The future life expectancy changes did not make 
a visible difference (the second, third, fourth and fifth functions (columns) take similar 
values). Therefore, only three lines are visible in Figure 7.

The last example focused on the period 2008–2017. The value of the flat was 
the smallest in 2008; therefore, the benefits started from a lower level. The payment is 
calculated for a man and a woman at 60 with constant and changing financial parameters. 
The results are presented in Table 7.

Table 7 shows that the benefit payments were higher in the determined period when 
the parameters changed. Only in the seventh year of the contract duration was it observed 
that changes in parameters resulted in a slightly lower benefit; however, the difference is not 
significant, which was better for the clients. One can see that after five years, the payment 
for a woman is higher than for a man, and it is also more profitable for a woman. The total 
payments, calculated under the assumption of changing parameters, are significantly 
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higher than the total constant benefits. The differences are 26.85% for a man and 35.24% 
for a woman.

Table 7: Annual benefit of a reverse mortgage for changing parameters in 2008–2017

Benefit for a man Benefit for a woman

Parameters Parameters

T x Constant
Changing

Rt,10
,

 t p60
,

 
W Constant

Changing

Rt,10
,

 t p60
,

 
W

0 60 4,058.6 4,058.6 3,818.8 3,818.8

1 61 4,058.6 5,535.3 3,818.8 5,285.2

2 62 4,058.6 5,947.2 3,818.8 5,763.4

3 63 4,058.6 4,510.7 3,818.8 4,455.3

4 64 4,058.6 4,934.9 3,818.8 4,915.6

5 65 4,058.6 4,530.6 3,818.8 4,593.1

6 66 4,058.6 4,689.5 3,818.8 4,798.3

7 67 4,058.6 3,761.8 3,818.8 3,953.0

8 68 4,058.6 5,213.5 3,818.8 5,447.6

9 69 4,058.6 8,303.0 3,818.8 8,616.0

  Sum of benefit (euros) 40,586.0 51,485.1 38,188.0 51,646.3

  Absolute differences (euros) – –10,899.1 – –13,458.3

  Relative difference (%) – –26.85% – –35.24%

Source: Own research

The changes in parameters significantly affect the amount of benefits, but they are 
not always favourable for the clients. Moreover, the amounts are also unknown, which 
may discourage them from entering into a reverse mortgage, whereas the valorization 
of benefits is advantageous for clients, especially in old age.

5. Conclusion

This paper considers two equity release contracts with varying payments that are currently 
available in Poland, namely the reverse annuity contract and the reverse mortgage. 
The financial methods of loan repayment are used to recalculate the benefit payments 
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of a reverse mortgage. For this purpose, Lemma 1 is proved. This is a new proposition. 
Moreover, a valorization rate is applied to calculate the benefit payment of a reverse annuity 
contract. The calculations also cover the putative advantages and disadvantages that would 
arise if the arrangements took into account changes in some parameters. The absolute 
amount of the annuity depends on the flat value, which varies with the location and year. 
For a given value of a flat, the benefit payment varies with the owner’s age and the survival 
probability, and also varies according to the spot interest rate and valorization rate.    

All the calculations were made using market-generated data from 2008 to 2019 and 
the author’s own interfaces written in MATLAB. The numerical examples show that 
applying a lower indexation rate results in weaker annuity growth year by year. A higher 
valorization value results in a low value of the annuity in the initial years of the contract, 
and in old age it brings significantly higher payments. This is undoubtedly an additional 
financial resource, especially for elderly people who may already live alone and often 
in ill health. In practice, the valorization of the reverse mortgage benefit payments is not 
possible; hence, changes of various parameters were applied. The examples also show 
that the spot interest rate, declining for years, had a significant impact on the amount 
of the benefit, as well as the value of real estate, which increased significantly in Poland 
in 2009. Depending on the period under consideration, these changes may be beneficial 
for clients, but it does not have to be so. A higher initial value of the property causes 
the payment to decrease from year to year. In the examples provided, the differences 
between total variable and total constant benefits vary from 10% to almost 16% for men 
and from 3.5% to 10% for women. A lower starting value of the property increased 
the changing benefit by around 27% for men and 35% for women. As seen from 
the presented calculations, the changes in benefit payments do not have to be favourable 
for clients. The uncertainty of obtaining profits may result in a reluctance to conclude 
such a contract. In future research, consideration may be given to examining the level 
of permissible changes in benefit payments.

Equity release contracts carry big risks for their purchasers and providers, but create 
significant additional financial resources for elderly people. This can be a boon when 
social pensions are low by allowing property owners to access some of their property 
equity to boost their pensions without relocating. Obviously, the transfer of real estate 
to a company does not have to be optimal for the elderly or their children. However, 
many older people have no children and therefore no one to whom they can give their 
inheritance. The birth rate has been decreasing consistently, so the problem may become 
more significant. Sometimes parents do not have good relations with their children. 
Moreover, nowadays it is possible to travel around the world, so young people go abroad 
and stay there because they have found a better job. Often they do not maintain contact with 
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their parents or do not help them financially. It may happen that their parents’ properties 
deteriorate, and that older people suffer from a decline in health and may require additional 
financial resources. Yet they do not want to move from their home, and in such a situation 
the equity release contracts carry significant advantages. Furthermore, the heirs can buy 
the property in up to 12 months after the owner’s death in the case of a reverse mortgage. 
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