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OIga Kleshcheval*[0000—0001—9198—4014]

Kazan State University of Architecture and Engineering, 420043 Kazan, Russia

Abstract. The issue of providing the population with affordable housing is
one of the most pressing social concerns. Each region necessitates a
distinct approach. The purpose of this article is to identify the factors that
influence a housing affordability level in the region, analyze the impact
mechanisms inherent in them, and assess the quantitative impact of these
factors on the housing affordability index. The following factors have a direct
impact on housing affordability: the rate of inflation, the population size, the
cost of housing, the loan interest rate, the rate of housing construction, the
investment scale, the income level of the population, and the economic
system's overall development level. The quantitative assessment of the
cumulative impact of these factors on the level of housing affordability is
based on building a regression model describing how the housing affordability
index in the region depends on multiple factors and assessing its reliability.
The simulation model confirmed that the supply, demand, and housing market
conditions have the greatest impact on housing affordability in the region.
Keywords. Affordable housing, housing affordability index, housing policy,
simulation, regression model, housing demand, housing market supply.

1 Introduction

To this day, one of the most pressing social issues is the provision of housing for the
population. It appears that identifying the major parameters that determine housing
affordability is critical to solving these issues. The basic macroeconomic and political factors
influencing the housing market in general are addressed in [1-3]. Torab [4], for example,
conducted a detailed analysis of all the factors determining housing affordability in emerging
economies. The factors he singled out are: demographics shifts, supply and demand, public
policy, inequality and housing, and interest rates. A lot of studies attest to the relationship
between housing affordability and changing macroeconomic parameters [5].

Various studies prove that economic cycles determine housing affordability at the state
and regional levels, and that it fluctuates due to changes in macroeconomic indicators such
as gross national product, income growth, inflation rates, unemployment rates, etc. For
example, the authors of [6-9] investigated housing affordability in several regions of the
United States and found that unemployment, the federal funds rate, corporate default risk,
economic expansion, and unanticipated inflation in the construction market are the major
determinants of the housing market. Adams and Fuss looked at statistical data from several
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countries over a thirty-year period in their research. They discovered that a 1% change in
economic activity levels results in a similar fluctuation in housing demand and a 0.6% rise in
housing prices [8]. Stevenson proved that macroeconomic factors can also account for price
fluctuations in the Irish housing market [10].

Changes in income and the value of the interest rate, according to McQuinn and O'Reilly,
have the greatest impact on the housing market [1]. Many researchers agree with them,
pointing out that the housing market is influenced by changes in loan and mortgage interest
rates [11-13]. The relationship between monetary policy tightening and housing prices in the
UK, Sweden, and Norway, for example, has been identified [14]. Karpestam and Johansson
[15] investigated how prices in the Danish housing market correlate with the mortgage
interest rate. Studies of mortgage plan peculiarities in Tatarstan (a Russian region) attest to
how this factor influences housing affordability [16].

The impact of irrational factors on pricing processes in the residential real estate market,
according to some authors [17], should be recognized. If real estate prices are rising at a fast
pace, profiteering may be possible when an apartment is purchased and then sold at a much
higher price after a short time. In this case, the price of residential real estate grows even
faster and price bubbles in the housing market begin to occur. Gazzani [18] believes that
bubbles in the housing market account for a major portion of the housing price fluctuations.

Overseas studies of the main determinants of the housing market have been completed
for Lithuania [19]. The authors used the Delphi method to identify the main determinants of
housing market fluctuations. Some authors suggest assessing to what extent a particular
parameter affects the housing affordability through a univariate regression [20]. Liu and Wu
[21] suggest using a model combining Holt's modified exponential smoothing and whale
optimization algorithm to forecast the housing market environment. Algaralleh and Canepa
[22] believe that dynamic asymmetries in the housing market cycle can well be modelled
using a logistic smooth transition model. Also, the calculations of prices in the housing
market are made using [23] a particular parametrization of the transition function used in the
transition equation of a smooth transition autoregressive model which improves the fit in the
non-central probability region. Faizullin [24] investigated the factors that simulate the
housing affordability market by using the principal component analysis.

The studies dealing with determining the basic determinants that account for fluctuations in
housing affordability in Tatarstan cannot now be regarded as complete and exhaustive, so this
article aims to analyze how the basic parameters affect housing affordability in the region.

2 Methods

An important step in developing measures and identifying ways to improve housing
affordability is to study how various factors influence it. These factors are shown in Fig. 1.
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Fig. 1. Determinants of housing affordability.
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Table 1. Statistical data to analyze how macroeconomic factors affect housing affordability.
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The principal determinant of the housing affordability level in the region is household
income. This factor is recognized in the calculations of a housing affordability index. The
inflation rate has a great impact on the real income of households: when the inflation rate is
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high, housing becomes less affordable. Since income is earned by a working population,
housing affordability suffers when unemployment is high. The level of housing prices also
has a direct impact on housing affordability. If prices are high, housing affordability goes
down. If there is an increase in the number of houses to be commissioned, prices may fall
somewhat, which will make housing more affordable. Growing investment in construction,
in turn, causes more housing to be commissioned. Investment amounts will vary according
to the growth level of the economy.

The size of the population has a direct effect on housing demand. The availability of
various lending and mortgage plans is a determining factor for most people when buying
dwellings. The national currency exchange rate dictates the cost of imported building
materials and influences the final price on the new housing market.

In studying the issues of improving the housing affordability, a quantitative analysis of
the impact of various factors is important. The Housing Affordability Index is an indicator
of housing affordability (Table 1). This indicator is the ratio of the income of an average
household to the income sufficient to buy a standard apartment through a mortgage loan
issued on standard terms [25]. If this value is higher than 100%, this means that the income
of the average household is equal to the income sufficient to buy a standard apartment
through a mortgage loan. A value below 100% suggests that an average household is unable
to buy housing. Looking at how this indicator has changed in the Republic of Tatarstan over
time, we can make a conclusion about housing affordability for an average household starting
from 2010 and up to now.

Table 1 shows the dynamics of the determinants of housing affordability as well.

The partial least squares regression method was used to create a model of the dependence
of the housing affordability index on different factors. When this method is applied, the
matrix of factors and the matrix of resulting indicators first undergo an interdependent
decomposition using the principal component analysis. This allows only relevant information
to be made more accurate. Then a regression model of the resulting factor's dependence on
the principal components is built.

The calculation algorithm for the model by partial least squares regression involves the
following calculations:

Finding the principal components means building a model:

X=TP'+E, (1)
Y=UQ'+F, 2)

where X is the matrix of input data using the factor attributes:

Y is the matrix of input data using the resultant attributes;

T is the matrix of scores of the input data using the factor attributes;

U is the matrix of scores of input data using the resultant attributes;

P is the matrix of loads of the input data using the factor attributes;

Q is the matrix of loads of input data using the resultant attributes;

E is the matrix of residues of the input data using the factor attributes;

F is the matrix of residues of input data using the resultant attributes.

Input data are normalized and aligned. Then, for each principal component, we calculate
the values of scores (coordinates in the principal component space) and loads (transition
vectors from the input data space to the principal component space):

1. Using the least square method, we calculate the values of weighted loads wa:

T
Xa—l =Ya-1Wa +E (3)
2.Scores t, are found:
X a-—1 t a W g + E (4)
t, =X, W, (5)
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3.Loads p, are determined:

X, =t,p, +E (6)
ﬁa :Xz—lfa/ ezea (7
4.Loads q, are calculated:
Yo =ty +f ®)
d, = yaat. /i1, ©)
5.X and Y residues are found:
E=X, | —tp, (10)
f =y, -, (11)
6. b, and b values are determined for the regression equation:
§ = 1by + Xb (12)
b-WEBTW) g (13)
by=7-X'b (14)

3 Results and discussions

The calculation of the values of the residual variance indicator determined that the first three
principal components are required to build a regression model. They describe 96% of the
variation in the Housing Affordability Index in Tatarstan.

The use of the partial least square’s regression involves the calculation and analysis of
loads and scores based on the model built. Loads give the information on the direction of the
principal components. The greater the absolute value of the loads on the factor, the stronger
this factor affects the direction of the principal component. Scores are the projections that the
original economic periods make onto the principal component. If we analyze the values of
loads and scores for the first principal component (Fig. 2-3), we can infer the economic
interpretation for it.

0.35 035

-0.32

Fig. 2. Load values for the first principal component (See Table 1 for symbols).



E3S Web of Conferences 274, 05005 (2021) https://doi.org/10.1051/e3sconf/202127405005
STCCE - 2021

The factors that have a determining influence on the direction of the first principal
component (the loads are given in parentheses) are housing commissioning (0.35), average
prices on the existing housing market (0.35), average prices in the new housing market (0.35),
gross regional product (0.35), and the housing affordability index (0.35). This principal
component is interpreted as a supply factor in the housing market. The analysis of the chart
of scores confirms the interpretation of the first principal component.
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Fig. 3. Score values for the first principal component.

The factors that have the major impact on the direction of the second principal component
are the resident population size (-0.4), real money income of the population (0.9), a key rate
(-0.55), and consumer price indices (-0.6) (Fig. 4).

— 0.90

-0.55
-0.60

Fig. 4. Load values for the second principal component.

The second principal component is interpreted as a housing demand factor. This
interpretation is confirmed by the analysis of the chart of scores (Fig. 5).
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Fig. 5. Score values for the second principal component.

The third principal component is shaped by the following factors: the number of
unemployed (0.4), real money income of the population (-0.41), the dollar exchange rate
(0.4), and investment in fixed capital of construction companies (-0.62) (Fig. 6).

0.40

Fig. 6. Load values for the third principal component.

The third principal component is interpreted as the housing market environment. The
chart of scores (Fig. 7) shows how the market environment fluctuates.

Fig. 7. Score values for the third principal component.
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The analysis resulted in the following regression model:
¥=0.0168x;+0.0827 x2+0.0004-x3+0.0005x4+0.00001 x5+0.112-x5+0.199x7- (15)
-0.721x3+0.29x9-0.394x10-0.0016x1;-279.837.

The determination coefficient (R?) was calculated to assess the adequacy of the model
built. It was 0.94: the model built accounts for 94% of the fluctuations of the resultant factor,
and is therefore reasonable for the analysis. Figure 8 shows the dynamics of input values of
the housing affordability index in Tatarstan and the dynamics of the values that were
calculated with the regression model. The average approximation error is 14%; this indicates
that the regression model is reasonable for the analysis.
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Fig. 8. Input values vs. model-aligned values of the housing affordability index in Tatarstan.

In general, the differences between the housing affordability index calculated using the
housing affordability model and the real value are minor. This suggests that the model built
represents the real correlation between the housing affordability index in the region and the
factors being studied. The model can be used to predict overall housing affordability trends
in Tatarstan. The key activities of the region's housing policy can be shaped using this model.

Various studies of the issue of identifying the determinants of affordable housing have
been undertaken in different economic systems [19-22]. This study suggests the model that
has been calculated for a specific economic system and adjusted for all of its local features.
As a result, its use in setting up housing policy in the region can be trusted. The method for
calculating model parameters allowed for sufficient accuracy in the simulation.

5 Conclusion

It can be inferred from this analysis that housing affordability is influenced directly by the
following factors: inflation rates, population size, cost of housing, loan interest rates, housing
construction rates, investment rates, population incomes, unemployment rates, national
currency exchange rates and the development level of the economic system as a whole.

The regression analysis was applied to assess the effect of these factors in a quantitative
way. Using it as a basis, we built a model of the dependence of the housing affordability
index on different factors. The simulation data indicate that supply, demand, and the housing
market climate have a deciding effect on housing affordability in the region.

In this regard, to make housing more affordable, these steps are required: keep developing
the domestic production of construction materials; implement projects for the construction
of low-cost housing; implement programs to support low-rise housing projects; implement
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employment promotion incentives; adjust the lending rate through the programs that make
housing more affordable to various population groups.
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