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1. Introduction

The market value of property is the most probable price obtainable while com-
plying conditions definition contained in article 151 paragraph 1 law on 21 August
1997 y. on real estate management [8]. Size estimation value is such a resultant force
of influence on price-setting factors. Both market characteristics and the power of
their impact on transaction prices, observed on right-factly and local real estate mar-
ket, should be determined autonomously on occasion estimating the specific valu-
ation subject. In this context, attention should be paid to the specific good (object)
which is undeveloped land properties. It describes a series characteristics market,
discretionary, because received by a real estate appraiser. They represent a set of
price determinants, which arbitrarily, but with a high probability, you may include
geometric configuration of property. It also notes Stefan Mielewczyk about agricul-
tural plot writing: incorrect shape expanse of field grassland is the cause of increased
cost associated with growing expanse this field, thus reducing his income [6]. The
significance geometry of agricultural properties was also noted and included in
draft “KSWS Wycena Nieruchomosci Rolnych” (Ang. KSWS Agricultural Property
Valuation), recommending a description and assessment state to take into account
among others real estate shape [5]. It seems to be an obvious observation both Mil-
czewski and Komisja Standardéow Zawodowych (Ang. Professional Standards Com-
mission) that the value of real estate, agricultural, in this case, depends largely on its
shape. After all, this affects the economy of agro-technical works carried out on it,
which on also expected net income.

In the case of estimating the value of undeveloped land, but designed for
buildings, priority its geometric configuration is undisputed. Determines primarily
because investment opportunities and widely understood spatial order, not only
within its borders but also in its immediate vicinity. This, like fortresses Tomasz
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Podciborski and Jacek Kil, is a factor in creating a demand for real estate, lifting
attractiveness as well as their material value [7].

In this paper authors propose a methodology for assessing the shape of proper-
ty, which eliminates the pejorative influence of discretionary assessment appraisers.
Contribution to take this issue was a statement by the head of the analysis depart-
ment RealExperts.pl Tomasz Kotrasinski at Ogolnopolska Lista Dyskusyjna Rze-
czoznawcodw Majatkowych (ang. National Valuers Mailing List) on 04.11.2009 y.,
in which he proposed that the shape of plot assessed based on its surface area to
square of circuit [3]. In development of this proposal was developed algorithm to
rating geometry of plot land, applying later to estimate the market value of a repre-
sentative object valuation.

2. Algorithm Description

The author’s methodology to autonomous rating geometry plot land is based on
knowledge of plane coordinates points kinks its borders. It should be emphasized,
that they need not be in applicable coordinate system “2000”. Suffice because the
coordinates in an orthogonal system of freely chosen local start and metric intervals
axis OX and OY. The goal of full automation procedures reduced the human factor
to draw up a text batch file with coordinates points collapse of plot or coherent set
of parcels making up estimation object. Their complete characterization was based
on a block diagram drawn algorithm leading to strict and independent determinants
of geometric parameterization land on the basis of two factors: compactness and
elongation (Fig. 1).

The first stage is determined the minimum bounding box for land parcel. Then
lengths of sides and surface area rectangle were calculated. It is also determined
surface of this land parcel. Of the area should be set as:
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Equations (1) and (2) should be used together, as they represent mutual control
calculations [4]. Positive verification of areas allows for the determination:
- elongation factor (Fe), as ratio shorter to longer side of minimum bounding
box,
— compactness factor (Fi), as ratio surface area of land property to area of min-
imum bounding box.
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Fig. 1. Block diagram of algorithm

Both coefficients assume the values of the right-open range numbered from 0
to 1. When the elongation factor is equal to one, it means that property land is con-
tained in a square, where there is close to zero and it proves its significantly extend-
ed. Compactness factor equal to one while compactness means that property land
fits perfectly into the bounding box, when it reaches a value close to zero consider-
ation object is highly irregular in shape.

Using shown algorithm coefficients were calculated elongation and compact-
ness factors for the following geometric configurations of test parcels (Fig. 2).

For the presented parcels (marked in blue), inscribed in minimum bounding
box (red color), algorithm turned results condensed below (Tab. 1).

Table 1. Results for cadastral parcels

Desicirgztion Description test parcels Elonga(tli:(;? factor Compac;tlr:lie)ss factor
a) Triangle 0.80 0.50
b) Square 1.00 1.00
C) In shape similarrectangle 0.44 0.86
d) Irregular 0.58 0.60




42 K. Grudzien, L. Polny

a) b)

70 70

60| 60 |-

50 50

a0} o0}

30+ 30+

20 20

10 101

00 10 20 30 40 50 60 70 °0 10 20 30 40 50 60 70
C) d)

50

100+

80+

40+

30+
60 -

20+

a0t

10+

20+

) 2 a0 %0 80 100 ) 10 20 30 20 50

Fig. 2. Test parcels: a) shape of right triangular; b) shape of square;
¢) shape similar to rectangle; d) irregular shape.

Accomplished procedure autonomous evaluation geometric configuration of
parcels faithfully reproduces compactness factor (Fi) regardless of the shape test ob-
ject. More complex is interpretating the elongation factor (Fe). As far as its geometric
exemplification can be seen as a clear (i.e. factor of two sections), whereas values
returned by algorithm can interfere in specific cases (e.g. with triangular parcels) of
subjective human quantified rating — real estate appraiser. According to the adopted
methodology Fe = 0.80, which corresponds with 4 in a 5-level scale interval. Visually,
however, the shape of a triangle leads to a significantly lower evaluation than 2 (by
discretionary assessment of the authors). It should therefore be in this place clearly
emphasized dissection assessing geometry property land to assess elongation and
uncorrelated with her assessment compactness. This means that a low value Fi does
not affects the level factor Fe.
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3. Proposal Implementation of Algorithm
to Process Property Valuation

Subjectivism quantified assessment shape of land property, realized in form
interval (1, 2, 3, ...) or an adjective (unfavorable, average etc.), is particularly high-
lighted at valuations in litigious matters (e.g. opinions of expert witnesses), where
frequent party to a dispute otherwise they perceive quality of shape plot land than
was presented in valuation [3]. Inclusion in process estimating market value (or in
future cadastral value) autonomous shape factor (Fs), designated as:

Fs=Fe+Fi 3)

eliminates the ambivalent nature of the assessment of real estate in context of its
geometric configuration. The proposed parameterization also allows mass and un-
ambiguously classification of all land property in particular market segment within
a particular zone tax. The presentation will sample schema valuation taking into ac-
count the shape factor (Fs), collected information about eighteen undeveloped land
properties, but are designed for residential single-family (Tab. 2).

Table 2. Representative sample of undeveloped land properties

Market characteristics . .

Unit price

Id. aiz;f[ar;i] Location 'and ?:ciz: Media Access Investmr.ar}t tl[?’ﬁi;rt;?]n

surroundings (Fs) opportunities
ul aZ HS ﬂ4 aS CT

1 455 3 1.69 3 3 2 352.93
2 350 2 1.73 3 3 3 318.06
3 600 2 0.92 1 2 1 162.65
4 721 2 1.00 2 2 2 184.83
5 443 3 1.60 3 3 3 360.89
6 743 3 1.83 2 1 3 337.62
7 614 3 1.37 1 1 3 284.04
8 704 3 1.78 1 3 3 356.61
9 907 3 1.27 1 1 2 252.65
10 715 3 1.00 3 3 1 266.23
11 346 2 0.84 3 3 3 264.32
12 350 2 115 3 3 3 263.58
13 834 1 1.49 1 2 2 221.06
14 507 3 1.86 3 3 3 406.07
15 631 1 0.85 2 1 1 125.95
16 500 3 1.70 3 3 3 406.24
17 739 3 1.07 1 1 3 292.88
18 533 3 1.14 3 3 3 366.80
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Shape factor determined in accordance with formula (3), based on coordinates
of points breakdown parcels, embedded in local plane coordinate system. Gathered
in Table 2 market observations have also been described including others, but quan-
tified assessments attributes on a scale of 1 to 3. Due to size of representative sample,
in the first weight fractions of market characteristics established by juxtaposing sys-
tem of equations in general form:

er =c, +a,; -k, +a,; -k, +ay; -k, +a,; -k, +ay; -k, 4)
where:
C,; — unit price transaction,
¢, — intercept model,
k,k, .. k]. — weight fractions of market characteristics,
Ay Aoy ey = further market characteristics, wherein = F 5

In the present case it lists eighteen observations at parallel being six estimat-
ed parameters. To determine weight fractions can therefore be used Gauss-Mar-
kov model, which due to redundancy equation will have a solution in set of real
numbers. Showing the equation (4) in matrix notation, system of equations takes
following form:

c
CT 1 1 al 1 u2 1 uS 1 km T1
C 1 a a a ! )
T2 12 22 52 T2
: : : : : k2 + : ()
CT 18 1 al 18 aZ 18 aS 18 k 6T 18
L"5 |

A simplified form of above notation expressed following formula:
[C;1=[allk]+[8,] (6)

where:
[C,] — vector of unit transaction prices,
[a] — rectangular matrix build of ones in first column and market character-
istics in subsequent columns,
[k] — vector of weight fractions of market characteristics,
[6,] — vector of random deviations model.

Solution of equations (6) according to method smallest sum squares, leads to
following dependence [1]:

[k]=([a] [a]) '[a]'[C, ] @)
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Respectively large sample property allowed for the establishment of indepen-
dent weight factors adopted characteristics market, called § weight, which also in-
cluded the shape factor (Fs = a,). This approach defines the influence of one exog-
enous variable (attribute real estate) on endogenous variable (transaction price) at
parallel deprivation impact of others independent variables. Weight 3 were realized
based on following formula:

®)

©)

(10)

The purpose of unambiguous identification impact of shape factor (Fs) on unit
transaction prices, weight fractions where processed normalization, by which the
sum of standardized p weight was 100%. The results of the accounting processes are
summarized in Table 3.

Table 3. Summary model estimates and autonomous f} weights

Characteristic market Sign Estimator Weight (3 [%] Normalized weight f [%]
Intercept model c, -78.14 - -
Location and surroundings 121 48.92 43 31
Shape factor (Fs) k, 82.07 37 26
Media k, 12.77 15 10
Access k, 16.43 18 13
Investment opportunities 125 28.71 28 20

Based on the results listed above clarified high impact shape factor on unit pric-
es. This is a consequence precision assigned elongation factor (Fe) and compactness
factor (Fi) properties from a representative sample. There is no issue here also quan-
tified assessment, which raises a risk assessment of relatively similar objects in ex-
tremely different scales.
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The model estimation weigh fraction of the characteristic market allows you to
analyze the accuracy of structural parameters. After implementation to scheme (6)

vector estimators [k], vector of random deviations model [5 ] expressed according
to form [2]:

[8,1=IC,1-[al[k] (11)

Variance-covariance matrix cov(k) estimated parameters expressed by the for-
mula:

cov(k) = o2 -([a] [a])" (12)

Wherein o; is variance of random residues designated by exercising the follow-
ing model:

&= 5, 1'15,1 [13]
n—R[a]
where:

n — number of observations (real estate) in a representative sample,
R[a] - government matrix [a].

Square roots diagonal elements of a matrix variance-covariance, represent stan-
dard deviation model estimators. They are summarized in Table 4.

Table 4. List of model estimates and their standard deviations

Market characteristic Sign Estimator Star}de}rd
deviation
Intercept model . -78.14 24.79
Location and surroundings ];1 48.92 8.37
Shape factor (Fs) k, 82.07 17.49
Media k, 12.77 8.20
Access k, 16.43 8.58
Investment opportunities I;S 28.71 8.10

Based on the analysis of the results listed in Table 4, it is considered the sta-
tistical significance of all analyzed characteristics market. Standard deviations for
absolute values do not exceed estimates model. Thus, they may form the basis for
estimating market value (W) property land, according to following scheme:

W =[a][k] [14]
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wherein vector attributes [] for a representative subject valuation takes values:
[a]=[1 3 153 3 3 3].

Taking into account that vector and structural parameters model, unit market
value of representative property was set at W = 367.93 PLN/m?. The variance of es-
timated value property should be determined taking into account variance-covari-
ance matrix (12), so by implementing the following formula:

*(W)=[a]-covk-[a]" (15)

In the case at variance estimated value is (W) = 3557.9169, reflecting standard
deviation which is equal to (W) = 59.65 PLN/m?.

4. Conclusions

Proposed in pages of this paper algorithm autonomous assessment geometric
configuration of property land faithfully reproduces compactness factor (Fi) calcu-
lated as ratio surface area of cadastral parcel to area of minimum bounding box.
The determined value this parameter is significant for plots land of any run border.
More complex is the interpretation of the elongation factor (Fe), because returned
algorithm values can interfere in specific cases (e.g. with triangular land plots) with
subjective, quantified rating by real estate appraiser.

In the context of all characteristic market stratification elongation and compact-
ness factor may lead to conclusion for their statistical insignificance. Therefore, it
is proposed that a summary of indicators and include them as a measure real to
process estimation weight fractions of characteristics markets. It is also proposed
to influence pricing factors set in each case based on (3 weight. Such an approach
clarifies the uniformity of the features of the adopted market. Estimation model pa-
rameters by Gauss-Markov model allows complete analysis variance and answer
to the question of statistical significance structural parameters model by estimating
stochastic parameters. Positive verification vector estimators to estimate market or
cadastral value based on a model that takes into account both parameterized assess-
ment shape, by copyright concept, and quantified evaluation others market charac-
teristics.

In repetition emphasizes, that proposed methodology for assessing shape of
property land almost completely eliminates the human factor as discretionary, sub-
jective evaluation by real estate appraisal. His role because it is imported to obtain
plane coordinates border points, set in local or national orthogonal system. There-
fore, it is assumed, that shape factor (Fs) is an autonomous measure of geometrical
configuration property land or parcels.
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