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1. Evaluation of Environmental Factors

Scenic value is an important determinant of real estate value, and it is the critical
factor as regards the price of recreational and residential property. The significance
of this factor is often marginalized in favor of location. Nonetheless, location and,
to be more precise, its quality, is largely determined by the esthetic value of the sur-
rounding space. Scenic features significantly contribute to the prices quoted on local
property markets. The presence of greenery, forests, water and the arrangement of
those spatial features directly affect buyer attitudes and the value of property.

There are various methods for representing scenic value and its influence on
the remaining spatial phenomena. The most convenient method are isolines which
connect points of equal numeric value.

Maps of esthetic values which present the existing condition of the landscape as
the vector sum of all scenic components are rarely developed. Most analyses inves-
tigate constituent elements (water, forest, land elevation, etc.), and landscape maps
which are land cover maps are created based on photographs (aerial, satellite), and
they do not account for field observations. Scenic attractiveness is determined by
one or more natural elements because the spontaneous presence of all desired fea-
tures is sporadically noted. It should be stressed than not all landscape functions are
represented at a given place and time.

2. Methodology

The correlation between scenic value and real estate function has an obvious
effect on property prices. A varied landscape with elevation differences, a high share
of forests and lakes is the preferred setting for residential and recreational areas.
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In this study, the effect of environmental factors on property value was deter-
mined using statistical and geostatistical methods. We set out to validate the theory
that a sound knowledge of correlations between landscape features and transaction
prices supports the development of land value maps based not only on information
about prices but also scenic attributes.

Our methodological approach consisted of the following stages:

1. preparation of source data and space valuation,

2. analysis of spatial structure and spatial interpolation of selected environ-

mental attributes,

3. analysis of spatial structure and spatial interpolation of transaction prices,

4. development of models describing the correlations between prices and envi-

ronmental attributes,

5. compilation of value maps by cokriging.

For the needs of our analysis, we identified three sets of environmental attri-
butes that influence property value:

— forest cover — was determined as the share of forests in the area of evaluation
units;

— the presence of surface water bodies — this factor was determined as the share
of surface water bodies and water courses in the area of evaluation units;

— land elevation — this attribute was determined as the number of contour lines
intersecting the evaluation unit and its bisectors.

The above elements were identified during field studies and analyses of themat-
ic maps. The assessment method was point valuation, and environmental quality
was adapted as a variable in statistical analyses (Tab. 1).

Table 1. Valuation table for assessing landscape attractiveness

Evaluated attributes Classification
land elevation forest cover surface water
sum of landscape
area of values attractiveness
number of value | forestarea | value water value [points] categor
intersections | [points] [%] [points] bodies [%] [points] P oty
0
<25 1 none 0 none 0 <7 (V) .
unattractive
26-50 2 <25 2 <20 4 g-qq | (D) relatively
unattractive
51-75 3 25-50 4 20-80 8 12-16 (1) attractive
>75 4 >50 6 >80 12 >17 (D highly
attractive

Source: own study based on [5]
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The studied area was divided into a grid of 425 evaluation units which were
squares with a side length of 500 m. The area of an evaluation unit was a compro-
mise between the range of information that can be acquired from a single area and
the possibility of generalizing the obtained data.

Basic evaluation units were classified in view of their scenic appeal. None of
the units were graded in the highest attractiveness category I. The above can be
attributed to the presence of large water bodies which significantly limit elevation
differences, a key determinant of landscape attractiveness. Territories classified as
attractive (category II) occupied less than 15% of the surveyed sites.

An analysis of the indicators of spatial variability involves the determination
of the empirical value of differences between variables, measured at two different
points, as a function of distance between those points, and modeling the resulting
correlations. In the modeling process, spatial variability is described by a mathemat-
ical function where the argument is the vector of distance between data points [7].

The spatial structure of environmental factors and transactional prices may be
analyzed based on the correlations presented in the form of semivariograms. An em-
pirical semivariogram can be calculated using the following formula [4, 9, 13, 14, 16]:

N(h)

7 (k)= 2Nl(h) > [2(x,+h)-2(x)]

where:
Z(x,) — value of data,
X, — location of sites where measurements were performed,
N(h) — number of pairs of points (x, x, + h) separated by distance h.

The semivariogram function indicates the rate at which the mutual relations
between variables decrease with an increase in distance. The spatial correlation be-
tween environmental attributes and property prices in different locations is deter-
mined mainly by similarities in location features, such as availability, neighborhood
and surroundings. Therefore, we can make an a priori assumption that a real estate
market is characterized by a spatial autocorrelation of transaction prices because
the similarity of location also implies the convergence of key price-forming factors.
According to Bourassa, Cantoni and Hoesli [2], the spatial structure of prices can be
investigated with the use of the appropriate variogram models.

In principle, environmental attributes can be evaluated only in selected points
of measurement (e.g. in the centroid of an evaluation unit). Therefore, if we assume
that the adopted values of environmental attributes have a continuous character,
spatial interpolation can be performed with the use of deterministic or geostatistical
methods. In our study, we used ordinary kriging methods which rely on previously
defined regularities in the form of a semivariogram. Kriging is a group of geosta-
tistical estimation methods which produce linear unbiased value estimators of the
analyzed regionalized variable. The value estimated by kriging is a weighted linear
combination of regionalized random values.
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The kriging estimator represented by random function Z(s) takes on the follow-
ing value:

where w, are kriging weights. Those weights are calculated on the assumption of
minimized error variance. In ordinary kriging, the sum of weights is constrained to
be one.

Kriging and its technical and scientific applications are widely discussed in lit-
erature, and the possibilities offered by kriging methods are the subject of an ongo-
ing debate [1, 3, 8, 10, 16]. The use of kriging in spatial analysis of property transac-
tion prices has also been described in detail by various authors [2, 12, 15].

If the main variable, in this case — the transaction price, is significantly correlat-
ed with additional variables, i.e. environmental attributes, cokriging methods can
be applied to integrate data and develop a land value map. The use of cokriging is
justified when the main variable can be measured (or read) only at selected points,
but additional variables are easy to measure at any point. In this study, cokriging
can be used to forecast values at points where very few or no transactions have been
registered. The ordinary kriging estimator is a linear combination of weights and
data representing variables at sample points in the vicinity of estimated point s;:

N n .
7 (5)= 335017, (5)
j=1i=
where N is the number of additional variables. Weights are selected in such a way as
to minimize error variance. Detailed information about the theory of kriging and its
practical applications can be found in literature [6, 11, 17]

3. Object of the Study and Source Data

The study investigating the impact of environmental attributes on the prices
and value of real estate was performed in a selected area in north-eastern Poland
which is characterized by high natural and scenic value. The investigated territory
was a rural municipality situated around 10 km from Olsztyn, the region’s capital
city with a population of 180,000. The examined site’s attractiveness can be attribut-
ed to the proximity of a large agglomeration (capital city of the region) and, above
all, its high scenic appeal resulting from the presence of lakes usable for recreational
purposes, large forest complexes, and post-glacial landscape which is characteristic
of this part of Poland.

The main sources of information about environmental factors in the analyzed area
were topographic maps and field observations. Real estate data comprised transactions
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in undeveloped land plots zoned for residential or recreational development. After pre-
liminary selection, 127 transactions conducted in the previous five years were adopted
for the needs of this study. The unit prices of the analyzed real estates ranged from
nearly PLN 50/m? to more than PLN 150/m? with an average of PLN 90/m?

4. Results

In our study, special emphasis was placed on three key environmental attri-
butes: the presence of surface water bodies such as lakes, ponds and watercourses,
forest cover and land elevation. The investigated areas were analyzed based on eval-
uation units which were squares with a side length of 500 m. The presence of lakes,
forests and land surface features was assessed independently in each evaluation
unit. A section of the map of the analyzed area with a division into evaluation units
and the location of property transactions is presented in figure 1.
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Fig. 1. Map of the analyzed area with a division into evaluation units
and the location of property transactions

The spatial structure of the analyzed environmental attributes was expressed in
the form of variograms and maps developed by ordinary kriging. The investigated
factors were characterized by spatial autocorrelation (Fig. 2).
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Fig. 2. Spatial structure of the analyzed environmental attributes
expressed in the form of semivariograms

The range of semivariograms insignificantly exceeded 3 km, and the above dis-
tance mapped the spatial similarity of the analyzed attributes. Spatial autocorrela-
tion measured by Moran'’s I revealed significant spatial correlations and continuous
variability of environmental attributes.

A spatial structure analysis indicates that kriging interpolation is the most ef-
fective method for the cartographic representation of variability in the analyzed en-
vironmental attributes in space. A map of environmental attributes as the sum of
numerical values assigned to every attribute is presented in figure 3.

As a result of a spatial analysis of environmental attributes, the location of ev-
ery transacted property was assigned numerical values indicative of the proximity
of water bodies, forest cover and land elevation. Additional characteristics of every
analyzed transactions were thus obtained, and they were used to investigate cor-
relations between land prices and environmental attributes. The spatial structure
of transaction prices was also presented in the form of a semivariogram (Fig. 4).
A spherical model with a nugget effect was also applied in this case. Fitting the dis-
tribution to a theoretical model produced less congruent results. The semivariogram
had the range of around 1700 m. It could be hypothesized that this was the limit of
locational similarity which was represented by the variability of unit prices.

The empirical distribution of unit prices is characterized by rightward skewness
which is characteristic of the real estate market (predominance of below average
prices).
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Fig. 3. Map of environmental attributes
(as a sum of numerical values assigned to every attribute)
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Fig. 4. Spatial structure of transaction prices
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The results presented in the form of a multiple regression model suggests that
the presence of water bodies and forests has a significant impact on transaction pric-
es (Tab. 2). Elevation is also a crucial determinant of environmental attractiveness,
but its low impact on land prices can be explained by the fact that high differences
in elevation are not a desirable feature in housing construction. The studied area
was characterized by an abundance of water bodies, therefore, its elevation was not
highly diversified.

Table 2. Multiple regression analysis results

Regression summary for dependent variable: price
R?*=0.33 F=6.29 p <0.0005
variable B std. error 3 t p-level
Intercept 72.409 11.796 6.138 0.000
Water 5.015 1.547 3.240 0.001
Forests 4.376 1.527 2.865 0.004
Elevation 3.724 5.733 0.649 0.517

The information about correlations between transaction prices and environ-
mental attributes can be used to develop land value maps, in particular in areas
where transaction price data are in short supply or are unavailable. Ordinary cokrig-
ing methods were used where the main variable was the transaction price, whereas
additional variables included the proximity and access to water bodies and forest
cover. The results in the form of a land value map are presented in figure 5.
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Fig. 5. Land value map in the analyzed area developed by cokriging
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The land value map was developed based on transaction prices as well as the
spatial structure of main environmental attributes that affect those prices. The above
implies that in areas of high environmental value, the forecast prices are higher than
in regions with a lower scenic attractiveness rating.

5. Conclusions

The proposed method for analyzing the impact of environmental attributes on
the value and prices of property may be a helpful tool in real estate management and
spatial planning. It is particularly useful in areas of high scenic value which have
been zoned for recreational and residential development. Cokriging supports the
development of land value maps when prices are correlated with variables that are
easy to measure based on the existing sources of data. The discussed methods can
be deployed not only in environmentally valuable areas, but also in regions where
market data are available and the spatial structure of environmental attributes that
shape transaction prices is known.
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