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Abstract: An investment policy is suggested about assets on real estate markets. Such
analysis recommends investments in non-financial assets and optimization of the
results from such decisions. The formalization of the investment policy is based on
the portfolio theory for asset allocation. Two main criteria are applied for the
decision making: return and risk. The decision support is based on Mean-Variance
portfolio model. A dynamical and adaptive investment policy is derived for active
portfolio management. Sliding procedure in time with definition and solution of a set
of portfolio problems is applied. The decision defines the relative value of the
investment to which real estates are to be allocated. The regional real estate markets
of six Bulgarian towns, which identify the regions with potential for investments, are
compared. The added value of the paper results in development of algorithm for a
guantitative analysis of real estate markets, based on portfolio theory.
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1. Introduction

The decision making process has internal complexity due to the requirements for
considering a set of criteria, which complicates the process of finding appropriate
solution, satisfying different even contradictory optimization criteria. For the case of
single optimization criterion, the decision problem can be formalized easily as
optimization problem. In the multicriteria case the decision is difficult and various
quantitative and fuzzy approaches can be found for resolving such a task. This paper
does not claim in making profound analysis for decision making formalizations. For
illustration purposes the reader can follow the researches and the appropriate
references from [1-10].

This research applies another methodological background, which is based on
the formal definition of the portfolio theory [11-13]. The goal of this research is to
develop an algorithm for decision making of investments in the domain of real estate
trade. For satisfying this goal several problems are to be discussed: assessment of the
real estate market in Bulgaria; the portfolio theory and its optimization problems;
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decision making with data of real estate market in Bulgaria; comparisons of the real
estate markets of several cities.

The formal models of the portfolio theory are applied in this research to estimate
in a quantitative way the decisions about trades of real estates. The portfolio
application here addresses real estate market in Bulgaria and makes estimations about
the potential for investments in National and regional scales.

An internal complication of each investment process is the case that at the time
of the decision making it has to be forecast the future behavior of the market, because
for this future moment the benefit of the investment cannot be evident. For the time
of decision it is easy to consider all sets of conditions, goals and factors which
motivate the request for the investment. But the investment results will be available
in the future and for this time the quantitative parameters and conditions are
unknown. Such complication is natural for each investment process [14]. This is a
methodological difficulty which solutions are based on forecasting the future
behavior and market state. Such complicated conditions, well-known history and
current state and unknown future behavior are explicitly assumed in the portfolio
theory. Latter considers the stochastic unknown future behavior of the market and
introduces the portfolio parameter risk as a quantitative assessment of the future
unknown characteristics of the portfolio. Additionally, the portfolio theory applies
simultaneously two important criteria for the decision making: risk and return for the
investment. These considerations motivate the usage of the portfolio theory for
supporting the investment decisions in real estates, which is targeted in this research.

The paper is organized in seven sections. Section 2 discusses the system of
monitoring the market of real estate in Bulgaria. The main indices about the old and
new dwelling are introduced. The main source of market information used for the
portfolio problems definition is explained. The main formal background about the
definition and solution of the portfolio theory is presented in Section 3. The outcomes
and peculiarity of the portfolio problem and the simultaneous usage of risk and return
of the main goals of the investment policy are discussed. In Section 4 the application
of the portfolio problems in a sequence of algorithmic computational algorithm is
introduced. This algorithm applies sliding evaluation sequence of definition and
solution of a set of portfolio problems. The resulting investment strategy makes
adaptation of the portfolio parameters, following the dynamics of the real estate
market. In Section 5 the algorithm of sliding evaluations is applied for the regional
real estate markets for six biggest towns in Bulgaria. The results of the evaluations
recommend potential investment in new and/or old dwellings in appropriate
combination. Additionally, the investment efficiency for the regional markets is
compared. The conclusions make recommendation for improvement and extension
of the applied algorithm for assessment of the regional real estate’s markets.

2. Assessment of the real estate market in Bulgaria

On national level in Bulgaria the State National Statistical Institute currently follows
the market on real estates and provides acquiring data about the prices, volumes of
trades, and changes of the market. This information results in definition and current

29



evaluation of general and regional indices, named House Price Indices (HPI) [15, 16].
These data are formalized according to harmonized definitions and concepts,
included in the Owner-occupied Housing Commission Regulation N93/2013,
Regulation (EU) 2016/792. The HPI indices contain two main components:

o HPI of new dwellings, which assesses the category for new built and existing
but new to the householder sector. This category of real estates in this research is
named “New”;

o HPI of existing dwellings, which are currently trading between householders.
This category here is “Old”.

The HPI values concern market prices of dwellings, mainly apartments because
the market for houses is not significant at present. Thus, HPI index covers only
purchases of apartments.

The paper uses as input data the values of these two HPI indices for the “New”
and “Old” estates. The value of each index is evaluated for 3 months period, which
results in 4 numbers per quarter for a year.

Applying the notations HPI(t) and HPI(t — 1) as values of indices for two
sequential quarters, t and the previous t — 1, it is easy to estimate the return of an
investment for the time moment t in comparison with the previous one t — 1.

Analytically, the return from buying estate in time t — 1 and selling it in time t
is evaluated as

Return(t) = (HPI(t) — HPI(t — 1))/(HPI(t)).

The meaning of the value Return(t) gives the profit of a trade if a householder
has bought an estate at time t— 1 and sells it at time t. The profit of this trade operation
is evaluated in %. Applying the relation above the HPI indices for “New” and “Old”
estates are evaluated as a sequence of profits, each value for the current quarter
defines the return based on the previous quarter. The form of presentation of National
based HPI indices is illustrated in Fig. 1. Having such format of the initial data, this
research applies the portfolio theory to assess the benefits in trading “New” and “Old”
estates. Here it is assumed that the HPI of values represent the historical data of
returns of two portfolio assets.

Hence, the portfolio model will be applied for the case of N=2 assets, “New”
and “Old”. The decision for the investment is formalized, following the portfolio
theory.
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Fig. 1. Initial view of the National HPI data [15]
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3. Portfolio theory and its optimization problems

The main outcome of the application of the portfolio theory is that it gives solution
how to allocate the investment resources among a set of assets. The solution of the
portfolio optimization recommends to the decision makers how many and which
assets have to be bought now by means of which in the future they will give return
by their selling [12]. The decision goal is to invest today in order to obtain return
later. The decision maker must estimate the best combination of assets in the portfolio
in order to maximize his/her return. A formal model for supporting such decision-
making is worked out in the portfolio theory [12, 17, 18]. An optimization problem
is defined, which solution gives optimal weights of assets, which have to be retained
in the portfolio. The decision-making process targets maximization of the return but
simultaneously by minimizing the investment risk [13, 19, 20]. The portfolio
optimization model is analytically defined in classical form as [21-23]

max ETw min[ wTZw
@) w [wTZw < o2 ] w [ETw > E,; ]

—= Ymax = Emin

where: ET=(Ey, ..., En ) are the mean assets returns;

N — number of type of assets in the portfolio;

X — the covariance matrix between the asset returns. The components of this
matrix give quantitative evaluations of the assets risk and the correlations between
the returns of the assets;

wT=(wy,..., wn), Wi is the weight of the investment i. Generally, it is measured
as percentages and/or relative part of the investment. It gives the amount of the
investment allocated for buying asset i as a solution of the portfolio problem;

024« is the maximal allowed risk for the portfolio;

E iy is the minimal requested return by the portfolio.

These main parameters of the portfolio problem ET and £ must be estimated in
advance for the portfolio optimization. Mainly their estimation is performed by
evaluations with the historical trend of the values of the asset returns [24, 25].
Because the returns are stochastic in nature, they strongly influence the input data for
the optimization and different factor models are used for its estimation [26, 27]. This
classical Mean-Variance (MV) problem suffers from the sensitivity of the portfolio
solutions due to the accuracy of the input data ET, X. The stochastic nature of the
input data results in unintuitive problem solutions. As a result, many investors
consider the MV problem too impractical to be used for real investments. The
portfolio problem can be complicated with additional constraints to the optimization
problem concerning transactional costs [11, 28], subjective forecasts of the asset
returns [29-31], predefined structure of the portfolio [32, 23], portfolio problem with
probabilistic definition of the risk (Value at Risk) [33, 34]. The formalization of the
portfolio problem can be provided in classical mini-max optimization problem [12],
by fuzzy models [4, 6, 7], as multicriteria group decision-making problem [2, 4, 35],
by bi-level definition of the portfolio problem [34, 36]. In this research we are
following the classical optimization form of portfolio theory by simultaneously
maximization of the portfolio return and minimization the risk given in a common
goal function. The application of the portfolio theory is connected with different and
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many computations. Thus, without the usage of computational resources one rarely
can obtain useful and meaningful results. An overview about the needed evaluations
in the formal background of the portfolio theory is presented in [37]. The quantified
and formal approach for the analysis and decision making in financial domain is
summarized in [12]. The needs for the usage of computational technology in
investment decisions are motivated in [35, 37].

In this research the portfolio problem is based on the mean-variance approach,
which applies simpler formal relations for the optimization. The multicriteria
requirement for maximization of the portfolio return E;, = ETw and minimization of
the portfolio risk a5 = wTZw is satisfied in a modified portfolio problem, which

integrates these requirements
max

) w ld- DETw — AwTZw],
wll] =1, wT >0.

The parameter A € [0, 1] is the risk aversion coefficient. It has to be chosen by the
investor by means to quantify the importance from these two criteria: risk and return.
For A = 0, the investor is bold and he does not consider the existence of risk. The
portfolio problem (2) maximizes only the return. For A = 1 the investor is scare from
the risk, he does not care about the portfolio return. In this case the portfolio problem
makes minimization of the risk, which is the only goal targeted by the investor.

For the set of values A € [0,1] the portfolio problem (2) has different solutions w,
which result in different portfolio risks and returns. The graphical presentation of
these portfolio values gives a convex curve in the space Return(w)[Risk(w)], named
“Efficient frontier” [21, 23] (Fig. 2).
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Fig. 2. Graphical presentation of the “Efficient frontier”

From this set of portfolio solutions the decision maker has to choose one point,
which will be one’s final choice of the optimal investment w°. The components of
this vector w°"* give different amount of assets in the portfolio. A practical
recommendation for the decision maker is to evaluate all sets of portfolios, which
belong to the Efficient frontier. Then from this curve, the decision maker has to
choose one point for his portfolio, which corresponds to the investor’s preference for
relation between the portfolio risk and portfolio return. Due to considerations for
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maximizing the return and minimizing the risk it is widely applied the relation
between these two criteria named “Excess Sharpe Ratio” [20]
_ — < opt _ {max ETw—r¢
(3) EXSharpeRatio - tg(a) = woPt = { w m}:
where r is the return of risk free asset, which has 0 risk (deposit).

This research applies this approach for choosing a unique portfolio solution,
having evaluated a set of portfolios, belonging to the Efficient frontier.

4. Computational algorithm for decision making

In Fig. 3 the data of the HPI indices at National level are presented in graphical form.
These data concern the time period from the year 2015 till 2020. According to Fig.1
these initial data represent a set of values, which give the historical trend of returns
of “New” and “Old” assets on National level. In Fig. 3 the historical trend is presented
as a graphics in time. The interpretation of this figure says that if the values of “New”
are over the “Old” it is recommended to invest in “New” estates. The opposite case
gives preferences for investing in “Old” estates.

Historical data of HPI indeces

HPI of "New"
HPI of "O1d™

HPI retuns
N

o 5 10 15 20 25
Quarter number from 2015 till 2019

Fig. 3. Historical data of HPI indices for “New” and “Old” real estates

Unfortunately, Fig. 3 does not give clear recommendation about the choice
between “New” and “Old” assets because both graphics very frequently interchange
their positions. To recommend a practical solution for investment in real estates, it is
needed to assess both the potential returns and risks for investments in these forms of
assets and to choose the appropriate relation between “New” and “Old” assets. In this
paper we apply the methodology of the portfolio theory to evaluate these quantitative
parameters of prospective investments. A peculiarity of this research is the
application of dynamical investment policy, which can be applied in time and to result
in successful investments by means of maximizing the returns and keeping
minimization of risk.
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The dynamical investment policy is applied by:

¢ sliding mode of definition and solution of appropriate portfolio problems;

o application of portfolio theory for identifying the prevailing weight;

e assessing the portfolio solutions and estimating the prevailing weights
between both assets for a recommendation in a decision making process.

4.1. Sliding mode of definition and solution of the portfolio problems

The data about the HDI indices correspond with the returns of “New” and “Old”
assets. For this research, data for the period from 2015 until second quarter of 2020
have been analysed and used. The numerical values of both indices for “New” and
“0Old” and old assets are given in Table 1. They are taken from the available data
from [15, 16]. These data are used for the definition of a set of portfolio problems.
The problem parameters of mean returns E and covariation matrix X are evaluated
from a set of historical data, given from the time series of the HPI indices. An
important parameter is the duration of the historical period.

Table 1. Values of the historical data of returns for “New” and “Old” estates [16]

Year 2015 2016 2017
Quarter 1 2 3 4 5 6 7 8 9 10 11
Returns “New”, Rnew -09 2008|2603 11|38 |17]|25|-08] 20
Returns “Old”, Roid 15 |02]-13]133|16 (37|04 |28]16] 42| 19
Year 2017 2018 2019 2020
Quarter 12 13| 14 | 15| 16 |17 | 18 |19 | 20| 21 | 22
Returns “New”, Rnew -09 {02]39 [20|-01|57|-02|04]|27|-09]|-13
Returns “Old”, Rod 20 13123 |02]14]11]101]18|09] 24 |-09

In this research it has been chosen the historical period for each portfolio
problem to be in duration of 3 quarters (9 months). This period is chosen as minimal
time for preparing documents for trades of real estate in Bulgaria. This choice defines
that the portfolio parameters for mean returns of assets E;, i=1, 2, and the covariance
matrix between their returns X are evaluated with data of three sequential quarters.
Thus, the parameters E and X define analytically the current portfolio problem (2). It
is solved with different values of the parameter A € [0, 1]. Thus, the points of the
current Efficient frontier are evaluated numerically. The portfolio, which is chosen
by the decision maker, has maximal “Excess Sharpe Ratio”, according to (3).

; ; t — [y, 0Pt optyT
In that manner, the values of the optimal weights w°P* = [wy.,, ,» Woiq]  are

found. The comparison between the components wyb,, and wary defines a preference
of choice of the decision maker as:

. t
o |f (nggw

o if (ngs‘t,v < ngpdt ) = the recommendation is for “Old” real estates.
After conclusion of these evaluations, the historical time period is moving one

quarter ahead (Fig. 4).

opt . . .
> WOI%) = recommendation for investment in “New” real estates;
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Fig. 4. Sliding mode of portfolio evaluations

Because the input data contain 22 values per quarter about the available HPI
data, this requires calculations of 19 Efficient frontiers. Respectively, 19 sets of
solutions woPt = [weP. , wiby]T will be evaluated, applying the choice for
maximal Excess Sharpe Ratio, from the points of the Efficient frontiers. The
prevailing values of wyb,, or wary define the recommendation to the decision maker

for the choice of investment in “New” or “Old” real estate.

4.2. Computational algorithm in six steps of evaluations

The sequence of calculations is presented as computer computational algorithm.
1) Evaluations for a sliding period k=1 and t = [t, t2, t3] = [3k — 2, 3k — 1, 3K]
where t is the set of three sequential quarters
2) Evaluation of mean returns for “New” and “Old” assets
where

k k
B9 = (50, P

)
New New New New

1
E® - 5 [R(k) (t)) + R (t,) + R (tg)],

1
() _ (k) (k) (k)
Eoi = 3 [ROld (t1) + Rpyq (t2) + Rom(ts)]-
3) Evaluation of the covariance matrix

covﬁ) covf;)
r) = , where
covg;) covg;)

1
() _ (k) (k) (r) (k)
covyj- = 3 [(RNew (t) = ENew) (Rom (t1) = EOld) +

+ (RE (&) — ENo) (RS (t2) — ESY)+
+(RE, )~ B8, (RS e - EX)] . hi=12

The covariance matrix Z® is symmetric one and cov'®) = cov{®.

4) Definition and solution of the portfolio problem (2) with parameters E() and
O

By changing 4 € [0, 1] multiple solutions of (2) are performed. Each solution
gives weights w® (1) = w2, (1), wS()]T. With additional evaluations the
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values of the portfolio risk wT (1) =® w) (1) and return EOT wk) (1) give one
point of the Efficient frontier.

5) Evaluation of numerical points of the Efficient frontier.

For the experiments in this research 4 has been changed with increment of 0.01.
This makes 101 portfolio solutions for the numerical evaluations of the current
portfolio Efficient frontier.

6) Evaluation of the maximal Excess Sharpe Ratio
()T

E - Tf
max (tg(c) = —t 5w

Finding the corresponding weights w((,’;)t(/l), they are stored for final

assessments with the solution of the next sliding period, k=1,...,18 (Fig. 4).

5. Decision making with data of real estate market in Bulgaria

The described computations result with computational workload, which is
considerable in amount: numerical evaluations of 19 sets of initial portfolio
parameters E® and £®); 101 solutions of portfolio optimization problem (2) for
evaluation of an Efficient frontier and corresponding Excess Sharpe Returns;
evaluations of 19 Efficient frontiers. This set of calculations is performed in computer
environment. For illustrative purposes here are given numerical results, obtained
from the first sliding period, k = 1, which concerns the first three values of the HPI
series of data: HPI(New) =[-0.9 2 0.8], HPI(OId)=[1.5 0.2 -1.3]. The average
returns and covariance are

21233.. -1.1217
EM =10.6333 0.1333]T zM = :
~1.1217.. 19633

The Efficient frontier of this portfolio problem for the first sliding period, k=1,
is given in Fig. 5.

Efficient frontier
! - r

Expected return [%]

o D‘i Dl2 DV:; Dj-J 0}5 0:5
Risk, dispersion
Fig. 5. Efficient frontier for sliding period k=1

The maximal Excess Sharpe Ratio is
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1 _ 0.8277

WOIT £
where the risk-free return is chosen ry = % because the current deposits (risk free
asset) return in Bulgarian banks give 0.1% of early return. The corresponding weights
for the maximal Excess Sharpe Return are wl = [0.5356 0.4644]T. For 18 sliding

opt —
periods the values of w((,’;)t,

tg(a) = max

k =1,..,18, are given in Table 2.

Table 2. Values of the portfolio solutions for 18 sliding periods
k 1 2 |3 |4 5 6 7 8 9

w® (New) | 0533 | 1 | 1 | 0.088 | 0.468 | 0.546 | 0.532 | 0.427 | 0.443

opt

w((0ld) | 0466 | 0 | 0 | 0911 | 0531 | 0.453 | 0.467 | 0572 | 0.556

k 10 [11]12]13 14 |15 16 |17 18
w% (New) | 0476 | 0 | 0 | 0.177 | 0.150 | 0.089 | 0.020 | 0.057 | 0.168

opt

w®old) | 0525 |1 |1 | 0822|0849 | 0.910 | 0.979 | 0.942 | 0.831

opt

The time series of w{(New) and wS%,(0ld) in graphical form are presented

in Fig. 6. It is easy to estimate that since the initial 11 quarters the optimal decision
is to invest in “Old” real estates. The corresponding curve prevails the curve of “New”

real estates and for a long time it keeps values close to the boundary w (0ld) =1,

opt
(r)

opt(New) = 0 or not recommendations for the “New” real

which corresponds to w
estates.

w(New) and w(Old)

T

time sequence in quarters

(k)

$o.(New) and w5, (01d) in time

Fig. 6. Graphical presentation of the behaviour of w opt

Thus, with the application of portfolio theory in an algorithmic sequence of
sliding procedure of evaluations, the pragmatically result for the decision making
recommends that investment in “Old” real estate is preferable. Additional

confirmation of this result is given by the average values of w (New) and

opt
wiS(0ld),
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Exew [wg';,{(New)] = 0.3405,

Eow [wg';,{(om)] = 0.6595 .

Because Egq > Enew, the recommendation for the decision maker is again to
invest in “Old” real estates.

In Fig. 7 is illustrated the values of portfolio returns, if the investments are made
only on “New” or “Old” estates. The figure gives a preference for the “Old” real
estate. Its graphics is dominant and stays more time over the graphics of the “New”
estates. Thus, according to the criterion “Return”, the “Old” estates are preferable for
the investment decisions.

Returns from "New" and "OLD" real estates

—"New" estates
—"0ld" estates

Return

time sequence in quarters

Fig. 7. Returns of investment in “New” and ”Old” estates

In Fig. 8 a comparison between the two categories of real estates is done
according to the criterion “Risk”. This figure shows the risk of portfolios, containing
only “New” or “Old” estates. For this case, the portfolio with “Old estates” is
dominant. This is not acceptable for the investment procedure due to the higher level
of risk for the “Old” real estate.

Risks of "New" and "Old" real estates

—"New" estates
—"0ld" estates

Risks

time sequence in quarters

Fig. 8. Risk of investments in “New” and “Old” estates

To find a realistic and useful recommendation for the decision maker here is
applied the criterion for maximization of the Sharpe ratio
Sharpe_ratio = Portfolio_Return/Portfolio_Risk.
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The mean values of the Portfolio_Return and Portfolio_Risk are evaluated for
the overall sliding procedure of active portfolio management. Thus, the mean values
of the Returns and Risks of the graphics from Figs 7 and 8 are given in Table 3. The
last column gives results about the values of the Sharpe Ratios. Evidently, the Sharpe
ratio of “Old” assets is bigger in comparison with the "New” estates

Sharpe_ratio(Old) = 2.209 > 1.119 = Sharpe_ratio(New).

According to this criterion the recommendations for the decision maker is to

invest on “Old” real estates.

Table 3. Mean Returns and Risks of Sharpe ratio of “New” and “Old” estates

Estates Mean Return (%) Mean Risk (%) Sharpe Ratio
“New” 0.3911 0.3497 1.11833
“0Old” 1.0395 0.4796 2.2094

These experiments prove that if an investor buys an “Old” real estate and after
three quarters in time sells it, the return of the investment will be positive. This cannot
be claimed for the case of investment in “New” estates. The model here does not take
into consideration the taxes for such business operations, which can be considered
additionally for the final assessment and decision.

6. Comparisons of the real estate markets in the cities

This part of the researches makes comparisons of the portfolio results, received for
the six biggest towns in Bulgaria. The comparison concerns the sliding portfolio
optimization procedure, which has been applied for the period of 2015-2020. The
initial data are taken for the HPI indices for the six biggest towns: Sofia, Plovdiv,
Varna, Burgas, Ruse, Stara Zagora [16]. The assessment of the results is done towards
the two main investment criteria: Return and Risk. The combination of these two
criteria gives final assessment of the efficiency of the markets in these six towns. The
regional assessment of the real estate market allows the potential customers to find a
right place for making investments in Bulgaria. That is why local market places for
the six biggest towns in Bulgaria are considered. The values of local HPI indices are
available in illustrated form, Fig. 9. The HPI indices are evaluated for the period
2015-2020 for each quarter.

The definition and solutions of the appropriate portfolio problems is performed
again as a sliding procedure, presented in Section 4. For the definition of the portfolio
problem the HPI data are used as historical records. The portfolio problem has two
assets, N=2 for “New” and “Old”estates. The history period is again considered for
three months. The portfolio solutions are compared with the real market data for the
corresponding quarter period. The evaluation procedure is repeated sequentially in a
sliding procedure for the period 2015 until 2020. Finally, the evaluations and
comparisons in these 17 sliding evaluations define the mean return and mean risk of
such active sliding portfolio management of the investment decisions. The content in
Table 4 gives the mean values of return and risk for the sliding investment procedure
for the regional markets of the six towns.
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2.5 HPI for the six cities in Bulgaria w

(quarterly rate of change)

Cities Code Type of purchase 2017 2018

1 i m v E | m ] m | aw

H.1. Total HPI 1.6 3.9 2.1 1.3 0.7 4.0 0.8 1.0

Sofia H.1.1. New dwellings 6.8 0.2 -0.3 -1.9 -0.5 7.3 3l -2.4
H.1.2. Existing dwellings -0.8 5.8 34 2.8! 1.3 2.6 -0.2 2.6
H.1. Total HPI 4.4 2.3 3.1 2.4 4.0 2.9 0.1 2.3

Plovdiv H:34: New dwellings 5.7 -0.2 5:5 -1.0, 3.6 1.8 1:7 4.7
H.1.2. Existing dwellings 3.6 3.6 1.9 4.1 4.2 3.5 -0.7 1.0
H.1. Total HPI 1.3 4.5 0.3 3.0 2.4 -0.2 1.3 0.8

Varna * H-151: New dwellings -3.2 4.9 =1 4.8 1.4 -2.3 3.3 0.1
H.1.2. Existing dwellings 3.9 4.3 -0.1 2.0! 2.9 1.0 0.2 1.1
H.1. Total HPI 6.0 -2.2 0.7 1.4 -2.6 6.9 1.6 0.4

Burgas H.1.1. New dwellings 5.4 5.7 0.7 1.0 -4.1 9.9 14 -0.2
H.1.2. Existing dwellings 7.0 3.0 0.7 2.0 -0.2 2.6 2.5 1.3||
H.1. Total HPI 5.2 3.9 2.3 3.7 2.8 1.4 -1.3 1.2

Ruse H.1.1. New dwellings 2.4 -0.6 1.9 2.9 1.3 2.6 -0.4 1.5/
H.1.2. Existing dwellings 5.7 4.7 2.4 3.8! 3.0 1.2 -1.4 11
H.1. Total HPI 4.9 1.5 1.6 0.8, 1.9 1.5 0.2 2.3

Stara Zagora H.1.1. New dwellings 9.2 -0.7 =1.0 2.1 -1.0 0.7 24 1.6
H.1:2. Existing dwellings 3.6 22 2.4 0.4 27 1.7 -0.5 2.5

Fig. 9. lllustration about HPI values for six towns [16]

Table 4. Mean values of Risk and Return for applied sliding investment policy on region level

Town Mean Risk | Mean Return | Diapason of real return | Recommended estate
Sofia 1.74 1.77 [-0.03; 3.51] “Old”
Plovdiv 2.47 1.69 [0.78; 4.16] “Old”
Varna 0.68 1.39 [-0.68; 2.07] “Qld”
Burgas 1.03 2.54 [-1.51; 3.57] “New”
Ruse 1.11 1.25 [-0.14; 2.36] “0ld”
Stara Zagora 1.58 0.9 [0.68; 2.48] “0l1d”

The graphical interpretation of these data is given in Fig. 10. The real return of
the investment depends on the values of mean Return and means Risk. The lower and
upper bounds of the real Return defined its spread (diapason) of changes. The bounds
of the real return are evaluated according to the relations:

Lower bound= (mean Return) — (mean Risk);
Upper bound= (mean Return) + (mean Risk).

These values of the spreads are given in column “Diapason of real return” in
Table 4. The last column gives the recommendations for investment for “New” or
“Old” estates as solution from the portfolio sliding procedure.

The obtained result gives preference for investing in “Old” estates per region.
The only exception is the town of Burgas. The only “safe” regions, where the
investment procedure can finished always with positive return are Plovdiv and Stara
Zagora. Their minimal bounds of the return are positive values. The other regions are
not “safe” and can result with negative values of return. It is estimated as the most
risky region the town of Burgas.

The portfolio theory requires the assessment of the portfolio investments to be
performed simultaneously to both criteria for return and risk. In general, the investors
like the return and hate the risk. Thus, following the portfolio problem (2), it is
preferable to have maximization in return and minimization of risk. The space, which
the portfolio theory makes assessment of set of portfolios with different
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characteristics, is the plane Return/Risk. The horizontal axis concerns the portfolio
risk and the vertical one is the portfolio return. The preference on the horizontal axis
is a point with most left position. For the vertical axis the preference is to the higher
point. Thus, the rule “Nord-West” can give the most preferable portfolio. The results
from Table 3 are graphically interpreted in the space Return/Risk in Fig. 11.

% 3

W Return
Risk

Fig. 10. Graphical presentation of the mean Returns and mean Risks per region
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Fig. 11. Comparison of regional portfolio potential for investment in real estates

The most Nord/West situated markets are these of Stara Zagora and Plovdiv.
The return from Stara Zagora is lower than Plovdiv but its risk is also lower. Thus,
both towns are recommended for investment decisions. The town of Ruse, Sofia and
Varna can be regarded as potential place for investments in real estate. They are not
leaders in the market. According to the criteria Return and Risk, they can be
considered as potential good regions for investment in real estates. The most
unfavourable place is the town of Burgas due to its high value of mean Risk. The
recommendations for investments in Burgas are for “New” estates. However, the
prices of the new estates have high volatility, which results in high risky market.

7. Conclusion

The research develops an algorithm for practical solution of an investment problem
for decision making between “New” and “Old” real estates. The decision making is
based on sequential definition and evaluation of a set of portfolio problems,
performed in a sliding mode algorithm. The sequences of evaluations are based on
the usage of the short set of initial data of the HPI indices of the real estates for
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historical data, which define the portfolio parameters for mean return and risk. The
solutions of the problems such defined are compared with the real HPI data for the
next time period. Moving ahead with the HPI data, comparisons are performed
between the portfolio solutions and the real data of the market. The applied dynamical
sequence of portfolio solutions gives recommendations that the potential investments
in “Old” real estates should be preferable by the investors.

The portfolio computations are considerable in amount, because at each sliding
step the optimization problem (2) is solved 101 times. Thus, such an economic
analysis must be performed always in computer environment because a big set of
optimization problems are solved.

This research makes a numerical estimation of the real assets market in Bulgaria
on National and on regional levels. The markets of six main towns are taken with the
available data of their returns for the period 2015-2020 by quarters. The added value
of this research is the application of the portfolio theory for the quantitative
estimation of the investment parameters for return, risk and a preference to “New”
and/or “Old” real estates. Thus, recommendations for decision making in investing
in both types of estates for the regional markets are defined. Special sliding mode
portfolio optimization is performed, which assesses the benefit of such investment
policy.

Potential future extension of these researches could be the complication of the
portfolio problem, considering taxes from this dynamical investment strategy.
Another direction of future developments could be in direction for changes of the
duration of the historical periods, for the evaluation of the portfolio parameters. This
can influence the duration of the investment horizon from one to more quarters.
Currently, the authors keep their responsibility only for the current results of the
research but they advise the potential users to make also their own market analysis.
The applied investment policy proves that if a real estate is bought in the beginning
of period of 3 quarters in the end of the period by selling the estate the business
operation will result with positive return. The case of increasing the historical period
and/or the investment horizon can give potential results for a long time investment
and can define the maximal possible return. Such experiments are prospective for a
future work of the current research.

Acknowledgments: This work has been supported by project JTH12/10, 20.12.2017 of the Bulgarian
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