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Abstract. The growing population of the world, the rising standards of living in most 

of the countries coupled with the COVID-19 related inflation fears has called our 

attention to the issue of housing. The aim of the paper is to give a brief 

introduction to the anomalies of the global mortgage markets. After having 

studied different continents and countries, the most pressing problems are 

presented, and the study confirms the fact that in general the initial monthly 

obligations place a huge financial burden on households. This fact limits the room 

for manoeuvre of the young families when buying a property. With the concept 

of adjustable net present value of the repayments, a new mortgage market formula 

is introduced. In general the solution may provide more flexible monthly 

repayments in present value terms for the borrowers. The new approach could 

be an alternative to renting properties, it may help young families achieve home 

ownership and at the same time it may mitigate the problems of the currently 

rather unhealthy global mortgage market tendencies. 
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1. INTRODUCTION 

The size of residential mortgages market of the world was 31,000 billion USD in 2018 (MRO, 2020). 

In these markets the interactions of the lenders and borrowers shape the most important characteristics and 

rules. Among the participants we find an ever increasing number of households and for many of them only 

the residential mortgages offer a possible solution for becoming homeowners. On the surface, this market 

is sizeable, effective and a helping hand for millions of people. Homeownership has been becoming an ever 

important issue in most parts of the world either because of a steady increase in the population or because 

of a constant need for new housing. Also the COVID-19 related inflation fears make those financial assets 

more lucrative with which inflation can be avoided.  

However the aim of the paper is to challenge the effectiveness and sustainability of the residential 

mortgages markets which is to help the new homeowners. The study claims that in its current form the 

mortgage loans do not give a real boost for homeownership but pose a massive headache and financial 

bottleneck for the majority of the young families. The paper has a clear purpose of finding a better solution 

(formula) for the classical methodology of calculating the monthly repayments.  

The study is structured as follows. The first section tries to shed more light on the various mortgage 

markets (Latin America, Africa, Asia, USA, and Europe) and the immense challenges are also presented. In 

the second part, the characteristics of the classical mortgage loans are discussed and it is argued that there 

is a fundamental problem with the current formula(s) we use. Namely, at the initial period the borrowers 

are overburdened by the monthly instalments while towards the end of the period their monthly obligations 

represent only a fraction of the income of the households. Consequently, the current characteristics of the 

mortgage hinder many families from becoming homeowners. Section three describes the current formula 

of mortgages and calculating the monthly repayments and section three with the help of mathematical and 

financial deduction develops a new formula for mortgages where the present value of the monthly 

repayments are held constant. Also, the cases of choosing the increasing/decreasing net present values 

(NPV) are presented. In this way the solution presented in the paper is generalized. The final section 

discusses the social and political implications of the proposed new formula and argues that with the new 

present value approach a new boost could be given to the residential mortgage markets of the world. 

2. A BRIEF INTRODUCTION INTO THE GLOBAL MORTGAGE MARKETS 

The residential mortgage markets are underdeveloped in Latin America but there are a couple of 

countries (for example Chile and Brazil) where there are promising signs. The number of mortgage loans 

increased by 14 percent after inflation adjustment between 2003 and 2012 coupled with increasing property 

prices and flourishing construction sector. However we have to take into consideration that, with the 

exception of Chile, the size of the mortgage market in Latin America is not comparable with that of the 

emerging Asian countries or the USA. Behind this pattern we have to point to the macroeconomic instability 

of the region (credit crises, weak institutions) (Cottarelli et al., 2005). The Latin American credit/GDP 

indicator is quite high but the mortgage market reaches only 7 percent of the GDP (IMF, 2012). The 

residential mortgages represent only 20 percent of loans provided by the commercial banks. Furthermore 

the recent increase in the number of residential mortgages is attributed to non-classical features of the 

mortgage models (for example the Mihna casa, minha vida program in Brazil). Taking into consideration 

the relatively young population and the visible increase of the population, it is quite clear that the mortgage 

markets of the Latin American countries in their current forms are far from solving the shortage of houses 

and apart from the government programs there is a strong need for private investments and better mortgage 

constructions.  
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We can hardly find any countries in Sub-Saharan Africa where the residential mortgage per GDP ratio 

exceeds 5 percent (only South Africa and Namibia are exceptions) (CAFH, 2016). So the mortgage markets 

are largely underdeveloped in the region but North Africa is in a bit better situation. It is a widely-known 

fact that the room for manoeuvre could be greater in the African continent but the majority of the 

households simply does not have access to the residential mortgage loans (Walley, 2010). Furthermore, we 

have to point to the fact that the African continent faces a demographic transformation (in the next 40 years 

there will be more than 2.4 billion people living there) and the demand for new homes would surge. Also 

we have to highlight that there will be more than 300 million people living in urban areas by 2030 (Pasztor, 

2017). Currently it seems that the African governments are not capable of handling the increasing demand 

and easing the problems of the shortage of homes. Without the involvement of the private sector and the 

commercial banks it would be quite impossible to breathe a new life in to the residential mortgage markets 

in the region.  

When it comes to Asia, the first feature to be highlighted is the huge heterogeneity of the residential 

mortgage markets (Kobayasi, 2016) as the residential mortgage per GDP ratio is 9 percent in India, 20 

percent in Thailand, 41 percent in Japan, 45 percent in Hong Kong and 56 percent in Singapore 

(HOFINET, 2017). Currently the per capita GDP is four times bigger and it was in 1990 and as a 

consequence, among others, the mortgage market has been changing remarkably. Despite the break-neck 

economic growth the residential mortgage markets are still in the state of development so opportunities and 

challenges abound (Kobayasi, 2012). The most common type of mortgages in Asia is the adjustable rate 

mortgage (ARM), the fixed rate mortgage (FRM) also the combination of the two is popular. The loan to 

value (LTV) ratio is around 70 and 80 percent and the duration is around 20 and 30 years. Apart from the 

dynamism and the similar features of the residential mortgage markets in Asia we have to point to the fact 

that these markets show sluggish growth in a number of countries and the overall performance of the market 

cannot be compared to the markets of the developed world. Also the value of the residential mortgage loans 

to GDP is still low in many cases. In addition, the challenges are on the doorstep as in the rapidly growing 

India the number of middle class citizens and the rate of urbanisation has been increasing. According to 

Lindfield (2016) for example by 2030 55 percent of the population of the world would live in cities and 

there will be much more Indian urban dwellers. Cities like Bangkok, Tokyo or Manila give a huge share of 

the national GDP still there is not enough supply of homes and it is quite difficult to buy a property for 

millions of people. Yoshino and Helble (2016) argues for example that there is a need for new a solution 

and among others they point to the reduction of the interest of the residential mortgage loans. 

As far as the USA is concerned we have to point to the fact that renting a flat was important before 

and after the 2008 financial and economic crisis as well (Boeing & Wadell, 2016). This is feature is the 

consequence of the larger labour mobility of the USA in comparison with European Union (EU) countries 

(Barslund & Busse, 2016). Owing to the high property prices, home ownership is an option for mainly the 

older generations and for those who live in rural areas. For the real homeowners, mortgages are valid options 

when the monthly instalment is an alternative to the rent. It is usually the case when the key interest rate is 

low. The financial and economic crisis of 2008 was triggered by the towering interest rate which resulted in 

continuously increasing monthly repayments and after a crucial moment they became higher than the rent. 

Also we saw a dramatic decrease of the price of those homes which had been purchased with the help 

residential mortgages. After some years, it became quite clear that the subprime crisis of the USA was 

triggered by the dysfunctional operation of the financial and mortgage markets (Gerlach, 2012; Kiraly, 2016). 

The success of the subprime mortgages was the result of the weakening of the credit standards in times of 

the low interest rate environment. Also the lenders became more open towards the riskier layers of the 

society and they started offering such mortgages which were available for the less credit-worthy borrowers 

as well (Demyanyk & Hemert, 2011). The bubble of the mortgage market burst and after 2008 it turned out 
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that basically the residential mortgages are not completely faulty but in case of unfortunate circumstances 

they can become toxic.  

In the former socialist countries of Europe, the establishment of the mortgage markets was part of 

their financial development (Roy, 2008; Trojanek, 2009; Kostikov et al., 2019) but before the political 

changes, these markets were largely inefficient and underdeveloped. In the new EU member countries the 

credit/GDP ratio increased from 17 percent in 2000 to 55 percent in 2007. The total value of mortgages of 

the households did not reach 5 percent of the GDP in 2000 but by 2007 it exceeded 25 percent of the GDP. 

It is crucial to mention that until in the old EU member states the residential mortgages were denominated 

in the local currencies, the new EU member countries became indebted in foreign currencies (in EUR, CHF 

mainly). The ratio of foreign and domestic currency denominated mortgages was very heterogeneous as it 

was less than 1 percent in the Czech Republic and more than 90 percent in Romania. In Hungary most of 

the residential mortgage loans were denominated in CHF which as it turned out later proved to be lethal 

for the Hungarian households. Also there was a large percentage of ARMs in Hungary, Slovakia and Slovenia 

with rates of 80 percent.  

In the old member states of the EU the value of residential mortgages was 27 percent of the GDP in 

1999 and it increased to 42 percent by 2007. This rise was attributed to the lower interest rates and the more 

intense competition in the mortgage markets. The average value of the residential mortgages surged which 

was helped by the increase in their duration. In addition, new residential mortgages were phased in, which 

enabled the citizens to borrow more intensively (with higher mortgage/capital rates). In 2007 the per capita 

indebtedness indicator reached a record level in 2007 (Bouyon, 2017). After 2008, the regulation of the 

financial systems changed and the mortgage lending management became more cautious. We have seen a 

large decline in the value of mortgages in some old EU member countries especially in those countries 

(Spain, Portugal, and Ireland) where the level of indebtedness was already high. By 2016 the mortgage 

markets became double-faced. In some countries they still offer ARMs while in other countries the FRMs 

are used. However the FRMs has started dominating, the markets. We have to take into consideration that 

with the improvements in the labour markets and owing to the economic growth and lower interest rates, 

the aggregated gross borrowing rates have been following that growth tendency which started in 2012 and 

they almost reach the 2007 level. They try to prevent the markets from overheating and they phased in 

macroprudential regulations which may overregulate the mortgage sector. The LTV rules are stricter for 

example. As the regulators claim; there is a need for preventing the borrowers from becoming indebted and 

in case of Sweden they phased in especially strict loan to income (LTI) ratios (SBA, 2017). Currently, in the 

old EU member states the overregulation hinders the families from becoming homeowners.  

After giving a general picture on the global mortgage markets, we can conclude that there are a number 

of difficulties, bottlenecks to overcome. In the following sections the payment parameters of the mortgages 

will be analysed and with the help of a financial and mathematical deduction a new residential mortgage 

construction will be introduced. The aim is to offer a new and practical solution for the problems of the 

mortgages markets and home ownership.  

3. METHODOLOGY – CLASSIC ANNUITY LOANS VS LOANS WITH ADJUSTABLE 
PRESENT VALUES 

When studying the relevant literature on annuity loans, it becomes clear that a large number of papers 

deal with the optimal decision of the mortgage terms, monthly obligations but those papers rarely touches 

the basic formula used for calculating the regular financial burden on the households. The paper of Etter 

(1992) is a good example. According to him, mortgage loan calculations are based on present value concepts 

and his paper gives detailed instruction on how to calculate the payment, the interest, the principal, and the 
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balance with the classical approach. Green & Wachter (2005) studied the American mortgage market in 

historical and international context. They claim that there were no alternatives to the constant payment 

formula, and during the decades home mortgages increased quite rapidly for the American households. 

Much earlier Stansell & Millar (1976) concluded that a variable rate mortgage payment remarkably increased 

relative to the net income during a high inflation period. Also they point to the fact that the variable payment 

does not place bigger financial burden on the households. Fuster & Willen (2017) focused on the size of 

the monthly instalment and the mortgage default and they highlighted that very little is known about the 

importance of mortgage payment size for default. Their paper studied the hybrid adjustable-rate mortgages 

and concluded that the payment size has an economically large effect on repayment behaviour. They claim 

that there is a strong link between the default behaviour and the payment size but they do not offer an 

alternative to the well-known formula for calculation. Trojanek (2009) concluded that there was a 

remarkable growth in the Polish mortgage market and the dynamics of the sector was much higher than 

before. These conclusions are made without an analysis of the sustainability of the mortgage market; namely 

the paper focuses on the on the numerical growth of household mortgages only. The paper of Baek & Reem 

& Bilbeisi (2013) is quite recent and they devote a whole study to the issue of approximate rules to calculate 

monthly mortgage payments. They propose three approximate rules for the popular 15- and 30-year 

mortgage terms. Taking into consideration of the paper of Etter (1995) and presenting and defining the 

characteristics of mortgage loans and their impact, a few simplified hypotheses will be applied and a 

summary will be provided. We will provide a summary for these beforehand. 

Determining the annuity-based, fixed-amount repayments on loans is of key importance. As a general 

rule it is to be deduced from annuity, reaching the following result (for consistency with later sections, r is 

the reference interest rate, m is the interest margin of the loan and let R = r + m, while n is the number of 

repayments, often expressed in time units) (Kovacs & Pasztor, 2019): 

 

Monthly instalment=
Amount borrowed

1

R
−

1

R(1+R)n

    (1) 

 

The paper offers an alternative to this formula with the help of the following method:  
The amount borrowed is precisely equal to the present value of the monthly obligations (Xi) discounted 

by R=r+m 
 

𝐴mount borrowed=∑
Xi

(1+R)i
n
i=1      (2) 

 
For annuity repayment, the instalments are expected to be equal, so 
 

Xi=Xj=X      (3) 

 
the form and sum formula of the general geometric sequence: 
 

Sn=a1 ∑ qi-1=a1∙
qn-1

q-1

n
i=1      (4) 

 

𝑋𝑖 can be isolated from formula (2) because of its equivalence with (3) and furthermore, in this case, 
based on the following relationships: 
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a1=q=
1

1+R
 

 

Amount borrowed=X∙
1

1+R
∙
(

1

1+R
)

n
-1

1

1+R
-1

    (5) 

 

of which 𝑋 is the following (left side) and then after having done the trivial simplifications (right side): 
 

𝑋 =
Amount borrowed∙(1+R)(

1

1+R
−1)

(
1

1+R
)

n
−1

=
−Amount borrowed ∙R

(
1

1+R
)

n
−1

    (6) 

 
The equivalence of formulas (1) and (6) can be shown with the following rearrangement: 
 

1
1

R
−

1

R(1+R)n

=
−R 

(
1

1+R
)

n
−1

  

 
With both sides rearranged: 

1
1

R
∙(1−

1

(1+R)n
)

=
R 

− 
1

(1+R)n
+1

  

 
Dividing by the fraction 1/R, the left side is equivalent to multiplying by R on the right as the reciprocal, 

and thus the two numerators and the two denominators are the same, so the two sides are equal. This 

confirms the equivalence of formulas (1) and (6). This proof was not gratuitous, as it prepares the ground 

for the later derivations and harmonization with the results. 

The nominal and NPVs of classic annuity monthly obligations, discounted by r, are shown in Figure 1 

in the context of a specific example. The interest rates here, and in what follows, are shown on a p.a. (per 

annum) basis, and the amount borrowed is denoted by M. 

 

 
 

Figure 1. Nominal and present value of monthly obligations on a classic annuity loan  

(M = 100,000; r = 3; m = 2; R = r + m; n = 240) 

Source: The authors’ calculations. 
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As the figure shows, the „price” of having nominally equal repayments is that the initial repayment is 

relatively high; then as time passes, the monthly instalments continues to depreciate with inflation owing to 

the discount factor. If the income of property owners increases faster than what the assumed rate of growth 

for average income in the model (due to promotion or the recognition of considerable work experience, for 

example), and assuming that the cost of furnishing the home and the extra cost of having children also falls 

onto the time period directly after the home is bought, then the monthly obligation parameters of mortgage 

loans run counter to the consumer life cycle. The monthly instalments overburden young home buyers in 

the years following the home purchase, then later, in the second half of the term, they become negligible 

relative to the household’s financial capacity. The situation is similar to investment loans, as the new 

investment causes the company’s income-generating capacity to increase as time progresses, while the loan 

burden decreases contrary to this. In other words, here, the borrower is also overburdened during the initial 

period and under-burdened in the closing period. The impact of the interest rate change on the repayment 

is shown in Function (7), that is, the total derivative function of (1) with respect to R: 

 

X'(R)= − Amount borrowed∙

−1

R2+
1

R2(1+R)n
+

n

R(1+R)n+1

(
1

R
−

1

R(1+R)n
)

2    (7) 

 
The formula has been already introduced in one of our previous studies where constant NPVs were 

used and the current paper tries to introduce a more flexible approach with adjustable NPVs.  

4. EMPIRICAL RESULTS AND DISCUSSION 

As demonstrated in Table 1, the impact of the 1 percentage point increase in the interest rate on the 

sum of the instalments is exponential: 6–8 times the interest rate increase, at normal interest level! The 

derived function also demonstrates the same, fast increase.   

There is an another issue to be observed in case of Figure 1 (which is convex): a change in the interest 

rate, remaining within the limits of market reality, influences the obligation to such an extent that if the 

interest rate environment lurches out of control it may actually cause social problems (Kovacs & Pasztor, 

2019). 

Table 1 
Interest rate dependency of annuity loan repayments  

(Amount borrowed: 100,000 USD; terms: 240 months) 
 

Interest (R) 
(percent) 

Instalment (USD) Nominal increase (USD) Percentile increase 

0 417 - - 

1 460 43 9.40 

2 506 46 9.09 

3 555 49 8.78 

4 606 51 8.48 

5 660 54 8.18 

6 716 56 7.88 

7 775 59 7.59 

8 836 61 7.31 

9 900 63 7.03 

10 965 65 6.77 
 

Source: The authors’ calculation. 
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Figure 2. Slope of the monthly repayments of an annuity loan according to  

interest based on Formula (7) (M = 1, R = 0–20, n = 240) 

Source: The authors’ calculations. 

 
Due to the lender’s risks, we should also look at the value and the present value of the outstanding 

principal debt during the term. Using the previous specific example, this is shown in Figure 3. Figure 3a 

present the case when the NPV is constant. This is a highly likely situation but when thinking in general 

terms, changing NPVs are to be taken into consideration also. Figure 3b presents the case when the monthly 

instalments increase while Figure 3c shows the changes in case of decreasing monthly obligations. 

 

 
 

Figure 3a. Change in the nominal and present value of the outstanding principal of  

a classic annuity loan when the NPV is held constant  

(M = 100,000; r = 3; m = 2; R = r +m; v = 0%; n = 240) 

Source: The authors’ calculation. 
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Figure 3b. Change in the nominal and present value of the outstanding principal of  

a classic annuity loan when the monthly instalments increase  

(M = 100,000; r = 3; m = 2; R = r +m; v = 10%; n = 240) 

Source: The authors’ calculation. 

 
 

 
 

Figure 3c. Change in the nominal and present value of the outstanding principal of  

a classic annuity loan when the monthly instalments decrease 

(M = 100,000; r = 3; m = 2; R = r +m; v = –10%; n = 240) 

Source: The authors’ calculation. 
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According to the model presented, the outstanding principal – due to the initial overburdening – 

decreases rapidly but the rate of this decrease can be different when choosing alternative scenarios.  

 

 
 

Figure 4. Alternative scenarios when using constant, decreasing,  

and increasing monthly obligations 

(M = 100,000; r = 3; m = 2; R = r +m; v = –10% or 0% or 10%; n = 240) 

Source: The authors’ calculation. 
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function of the size of the funding sources portfolio is the same as the funding sources function of the 

classically repayment portfolio, either in the case of a constant or increasing/decreasing portfolio. This is 

easy to conclude since in both cases, due to the even distribution, the composition and size of the capital 

reserve existing at time i of each loan element is exactly the same as its i+1. This is because a new credit 

enters the first place and one drops out of the last place, while each additional credit element advances one 

position, with exactly the same weight due to the assumed even distribution, and with the same value due 

to the stagnation. In the case of a steady increase/decrease, each new position receives exactly the new value 

corrected for the change. That is, each element changes by the same percent, so the total value also changes 

by exactly that percent. That is, the statement that the shape of the envelope of the multi-element, evenly 

distributed loan aggregation is independent of the repayment structure of each element can be considered 

as a lemma. 

5. CONCLUSION AND SUGGESTIONS 

The paper highlighted the fact that there is a need for reforming the mortgage loan markets and the 

housing needs of the world. It is quite obvious that there more sustainable mortgage loan facilities are 

needed and our classical approach is to be reconsidered. Among other issues at the moment, the issue of 

interest rate fluctuations (in its traditional sense, variable interest facilities) is not being addressed properly. 

The currently applied classic annuity mortgage loan facilities do not guarantee a sustainable and alternative 

solution to renting. Meanwhile the housing situation in several emerging and developing countries continue 

to deteriorate as their populations increase at a rapid rate and at the same time there is an ever increasing 

need for new homes. In the advanced countries COVID-19 related inflation fears also enter into the picture 

and make situation even more complex. 

Based on the presented monthly instalment parameters, classic mortgage loans overburden young 

families in the initial period of the mortgages. Later when the monthly obligations depreciate with inflation 

towards their final period, their advantages become apparent. Basically this trend is contrary to the natural 

human cycle according to which employees are promoted and usually have much higher income than 

previously. Later and to a certain extent at the same time the expenses of their families decrease as their 

children grow up and become adults. Owing to the obsolete mortgage loans, instead of becoming 

homeowners, many are left with renting. This is their only choice for housing, especially if they are unable 

to put up a substantial down payment. After having detected the increasing number of challenges, the paper 

tried to define a new, previously unknown mortgage loan facility. The aim was to make the present value of 

the repayment constant (or flexible by letting the borrower decide) instead of the nominal instalment. Based 

on the new formula presented in the paper, the initial monthly instalments are generally lower and the 

borrower may decide about what track he/she wants to take in case of the NPV of the repayments. 

The repayment formula defined for the present value of the optimal, constant repayment: 

 

Xi=
−Amount borrowed∙m(1+r)i-1

(
1+r

1+r+m
)

n

− 1

 

 

The introduction of the new mortgage facility presented in the paper would have an extensive social 

impact, since it would, from a financial perspective, provide a real boost for home ownership and could be 

a real alternative to renting.  
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