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MAPPING SPATIAL DISTRIBUTION OF CHOSEN
ENVIRONMENTAL CHARACTERISTICS FOR
AGRICULTURAL USE IN LOWER SILESIA
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Wroctaw University of Environmental and Life Sciences

Abstract. Spatial statistics allows to assess geographic distribution of phenomena — its
concentration, magnitude and orientation of dispersion as well regularity or trends in oc-
currence within a space. The paper presents adaptation of point-based methods to measure
spatial distribution of areal phenomena that concern agriculture: area of agricultural land,
area of fertile agricultural land and soil pH. The source data in a form of chorochromatic
maps (e.g. a vector soil map) are processed to 1 x 1 km grid data with use of the algorithm
created in Model Builder.

The research area — Lower Silesia — characterizes various environmental conditions that
results in changeability of agricultural land productivity. Spatial statistics performed for
a whole region would bring only global information on spatial distribution. Hence the Au-
thors propose to conduct analysis within subareas that depict local changeability of studied
phenomena. As the research is conducted in agricultural context, the subareas of similar
agricultural land areas are created regarding the administrative units. Spatial distribution
is described by: mean centre, standard distance and standard deviational ellipse. All three
measures are weighted by a variable (i.e. the intensity of the phenomenon) as spatial dis-
tribution is not only about location, but the value of the phenomenon in particular location
is important.

Measures of spatial distribution drawn on a map yields clear and usually easy to interpret
information on spatial character of a phenomenon. In some cases it may be useful to present
these qualitative characteristics complemented with another type of cartographic visualiza-
tion (e.g. a choropleth map. This paper presents maps about the application of spatial distri-
bution measures into assessment of agricultural land productivity in the research.
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INTRODUCTION

The visual analysis of phenomena presented on maps allow for general assessment of
geographic distribution. To discover patterns in spatial relationships and local charac-
teristics of phenomenon intensity one requires quantitative measures. Implementation of
statistical analysis of spatial data in GIS software allow — besides calculating the meas-
ures — to visualize the outcomes. Various spatial statistics techniques to assess geographic
distribution of phenomena are available in the literature [Anselin 1999, Cliff and Ord
1981, 1992, Earickson and Harlin 1994, Ebdon 1985, Jazdzewska 2003, Magnuszewski
1999, Miller 2004, Urbanski 2008]. However, the majority of them is used for distribu-
tion measurements of point data [Longley et al. 2006]. The paper presents adaptation of
point-based methods to measure spatial distribution of areal phenomena connected with
agriculture. The research area — Lower Silesia region (Fig. 1) — characterizes various en-
vironmental conditions that results in changeability of agricultural land productivity. It is
located in south-western Poland and comprises of lowlands of high potential agricultural
use as well as mountainous areas representing less-favoured areas for agricultural produc-
tion. The relief variability translates also on soil, water and climate conditions.

Spatial statistics analysis for a whole region would bring only global information on
geographic distribution. Hence it is proposed to conduct analysis within subareas that
depict local changeability of studied phenomena. As the research is conducted in agri-
cultural context, the subareas of similar agricultural land areas are proposed (Fig. 1). The
boundaries are created regarding the administrative borders of the counties.
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Fig. 1. Subareas of similar agricultural land area against the background of agricultural land
Rys. 1. Podobszary o zblizonej powierzchni uzytkéw rolnych na tle uzytkow rolnych
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SOURCE DATA AND ITS PROCESSING

In this study chosen phenomena that affects agricultural productivity are taken under con-
sideration: area of agricultural land, area of fertile agricultural land and soil pH. The agri-
cultural land are extracted from vector soil map of Lower Silesia in a scale of 1 : 25 000
(source: Regional Centre of Geodetic and Cartographic Documentation (WODGIK)).
The map contains also information on land potential productivity discerned as 13 types
on arable lands and 3 types on meadow and grass-land. Determination of the types is
based on soil type, its physical and chemical parameters, relief, climate and water condi-
tions [Witek 1993]. The index of quality and agricultural productivity of land describes
each type and ranges from 18 to 94 points within arable lands and from 20 to 80 points
within meadows and grasslands [Stuczynski et al. 2007]. The fertile agricultural land are
determined based on the index values and detailed description of each type [Stuczynski et
al. 2007]: over 64 points for arable lands and 80 points for meadows and grasslands. The
distribution of fertile land on against the agricultural land is presented in Figure 2.
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Fig. 2. Distribution of high fertile agricultural land on the background of agricultural land
Fig. 2. Rozmieszczenie gleb zakwalifikowanych jako dobre na tle uzytkow rolnych

Information on soil pH is derived from the map presenting physical and chemical
parameters of agriculturally used soils in the scale of 1 : 25 000 [Stuczynski et al. 2007].
Figure 3 shows the distribution of soil pH within the research area. pH of soil, which is
optimal for crop production (5.5-7.2) is under consideration in the further research.
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Fig. 3. Distribution of soil pH
Rys. 3. Rozmieszczenie odczynu gleby

Measuring spatial distribution requires transformation from qualitative approach
(nominal scale) to quantitative scale. The continuous or semi-continuous phenomena
(e.g. agricultural land; soil pH) are changed into discrete data using grid of 1 x 1 km.
The geometric reference units are created according to division of Poland in TEMKART
system [Podlacha 1986]. The size of grid is adopted to the study area and impacts on the
accuracy of analysis that has been an issue in the separate research [Klimczak at el. 2006].
The constructed algorithm of data geoprocessing has been created in ModelBuilder in
ArcGIS (Fig. 4). It enables automatic conversion of qualitative data presented on choro-
chromatic map (e.g. a soil map) into a database composed of grid units with qualitative
attributes. The model has several parameters (letter p in a scheme) that make it useful for
any source data, any study area and any reference unit.

Fig. 4. Algorithm of data processing from qualitative to quantitative approach
Fig. 4. Algorytm przetwarzania danych wyrazonych w skali jakosciowej na ilo§ciowa

Acta Sci. Pol.



Mapping spatial distribution of chosen ... 33

The Lower Silesia covers 20 936 reference units of size 1 x 1 km (i.e. database fea-
tures). The three characteristics calculated as the result of geoprocessing (see Fig. 4)
are the percentage share of: agricultural land areas, high fertile agricultural land areas,
optimal soil pH areas in the reference unit. The number of features considered in the an-
alysis varies depending on a phenomena: 14 705 (agricultural land), 12 306 (high fertile
agricultural land areas), 10 659 (optimal soil pH areas).

Methodology

Spatial distribution is not only about location, but the intensity of the phenomenon in
particular location is important. The spatial measure that regards the attributes’ values of
the features is weighted mean centre. The weighted mean centre called also a geographic
centre is two-dimensional average weighted by a variable and it is calculated according
to the following formula [Magnuszewski 1999]:
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where ., ; — centre (centroid), w, — value of a variable (attribute value) x, y, — coordin-
ates of a feature, n — number of features.

The measure basically relates to the concentration of points (x and y coordinates). In
the paper, the centrographic method is adopted to polygon features with the assumption
that the centroid’s coordinates of reference units are taken into account.

The information on geographic centre of the phenomenon is complemented with
measure of its dispersion from a mean centre expressed by a standard distance. It is a two-
dimensional equivalent to standard deviation and is calculated as follows [Jazdzewska
2003]:
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where x, y — centre (centroid), w, — value of a variable (a phenomenon) x, y,, — coordin-
ates of a feature, n — number of features.

Determination of weighted mean centres and standard distances within subareas and
their visualization on a map allow for analysing local trends in spatial distribution. More-
over, the utility of the mean centre is for comparing spatial distribution of different phe-
nomena and may bring information on correlation between them.
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The aforementioned spatial measures yields information on magnitude of dispersion,
but not its directions. In order to assess the directional trends the standard deviational el-
lipse is used. The angle of rotation of an ellipse is given as [Ebdon 1985]:
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The axes of the ellipse are defined as the standard deviation of the x coordinates and
y coordinates from the mean centre:
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It should be noticed that the standard deviational ellipse may be calculated using either
the locations of the features or using the locations influenced by an attribute value associ-
ated with the features (w). In the research, the latter one — weighted standard deviational
ellipse — is used and allows to see whether the distribution of the phenomena is elongated
and hence has a particular orientation.

RESULTS

Measures of spatial distribution drawn on a map yields clear and usually easy to interpret
information on spatial character of a phenomenon. In some cases it may be useful to
present these qualitative characteristics complemented with another type of cartographic
visualization. Figure 5 shows the localization of mean centres and standard distances
calculated for high fertile agricultural lands on the background of the choropleth map
presenting percentage share of these lands in a reference unit. The essential concentration
of high fertile agricultural lands may be noticed in eight of fifteen subareas: 6, 7, 8, 9,
10, 12, 13, 14. Whereas the biggest dispersion characterizes subareas number: 2, 3 and 5
located in the northern part of Lower Silesia. What should be stressed out that mapping
spatial statistical measures delivers additional information which may be different from
visual assessment of studied phenomenon based on a choropleth map. One may notice
similar intensity of the high fertile agricultural lands in 2 and 8 subareas, however only
the location of the mean centre shows the place where the phenomenon is concentrated
and standard distance points that the fertile lands are more condensed in the 8" subarca
than in the 2.
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Fig. 5. Spatial distribution measures for high fertile agricultural land
Fig. 5. Miary rozktadu przestrzennego dla gleb zakwalifikowanych jako dobre

The standard distance shows the degree of dispersion of the phenomenon. In order to
see the directions of dispersion which are also valuable characteristics of spatial distribu-
tion, the standard deviational ellipse is considered. The figure 6 presents the ellipses for
agricultural lands calculated in subareas.

It should be stressed out that due to that fact that parameters of the standard deviation-
al ellipses are related to the size and shape of the subareas, the better solution is to analyse
the data within subareas of the similar shape and size. The example of such subareas is
proposed in a form of squares of 27 x 27 km created based on the 1 x 1 km grid reference
units (Fig. 8). The assumption is to cover the whole Lower Silesia not overestimating the
area. However, the choice of size, shape and location of these subareas should be an issue
of a further research.

The Authors notice that analysis in subareas — regardless its size and shape — is ap-
propriate and useful for comparing a few phenomena. That is important especially in
application studies such as agricultural use of land when various factors are taken into
consideration. Presenting a few phenomena on one map delivers information on the pos-
sible correlation between them. In order to investigate the correlation in spatial distribu-
tion of agricultural lands and the soil conditions, the centroids and standard deviational
ellipses are determined for: agricultural land, fertile agricultural land and optimal soil pH

(Fig. 7).
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Fig. 6. Spatial distribution measures for agricultural land
Fig. 6. Miary rozktadu przestrzennego dla uzytkéw rolnych
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Fig. 7. Comparison of spatial distribution measures for the three phenomena
in subareas of similar agricultural land area
Rys. 7. Poréwnanie miar rozktadu przestrzennego trzech zjawisk
w podobszarach o zblizonej powierzchni uzytkéw rolnych
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The visual analysis of the outcomes (Fig. 7) leads to conclusion that in some sub-
areas (e.g. 7, 10, 12) "geographic centre" (centroid) of agricultural land and favourable
conditions for agriculture are corresponding to each other, as well the dispersion and its
directions are overlapping. There are also regions where the variability of phenomena
within a space is bigger. For instance, 9" subarea — the agricultural land occur within the
whole area, while the fertile agricultural land and soil of optimal pH are concentrated in
its northern part. Moreover, the directions of dispersion are different: north-east for fertile
agricultural land and south-west for optimal soil pH. Similar situation can be observed
in the 8" subarea where the concentration of favourable conditions for agriculture are
located in the northern part. The 15" subarea is characterized by high fertility of all agri-
cultural land (the ellipses of agricultural land and high fertile agricultural land are nearly
overlapping), but the soil conditions are located in the north-west.
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Fig. 8. Comparison of spatial distribution measures
for the three phenomena in subareas of equal size and shape
Rys. 8. Porownanie miar rozktadu przestrzennego trzech zjawisk
w podobszarach o takim samym ksztalcie i rownej powierzchni

The analysis of the same conditions in equal subareas (Fig. 8) confirmed the observa-
tions that the most favourable conditions of agricultural land are located in the central
part of Lower Silesia (the all three centroids and ellipses are overlapping). There are dif-
ferences in spatial distribution in the outer subareas, mainly in direction of dispersion of
high fertile agricultural land.

Geodesia et Descriptio Terrarum 12 (2) 2013



38 K. Kopanczyk, H. Klimczak

CONCLUSION

In analysing the spatial distribution — its concentration or dispersion and their directions
— it is essential to map the outcomes. The visualization of location of the "geographic
centre" and orientation of the distribution brings additional and useful information on the
studied phenomena. The paper presents the application of spatial distribution measures
(weighted mean centre, standard distance, deviational ellipse) into assessment of agri-
cultural land productivity in Lower Silesia. In order to analyse the local changeability of
the phenomena, the subareas of similar agricultural land area are proposed. The Authors
notice that these subareas are more relevant to comparison of different phenomena within
the same subarea, than to analyse a phenomenon in a global scale (within whole region).
That is due to the fact that the standard deviational ellipse parameters relates to the shape
and size of the subarea. The example of equal subareas is presented, however the choice
of their size, shape and location should be an issue of a further research.

Mapping spatial distribution of the three factors (agricultural land, high fertile agri-
cultural land and optimal soil pH) brings the conclusion that the central part of Lower
Silesia is the most favourable region for agricultural use, especially in subareas where the
standard deviational ellipses and centroids are nearly overlapping (subareas 7%, 10, 12')
which means that the best soil conditions and fertile land are within all agricultural lands.
These areas constitute nearly 20% of agricultural land in Lower Silesia and embraces
most of the area within Silesian Lowlands. The research revealed also the regions where
the distribution of the favourable conditions are located in a specific places of agricultural
land (subarea 8", 9 15%). That relates to the south-western part of Lower Silesia.

WIZUALIZACJA ROZKEADU PRZESTRZENNEGO WYBRANYCH
ELEMENTOW SRODOWISKA PRZYRODNICZEGO ZWIAZANYCH
Z GOSPODARKA ROLNA W WOJEWODZTWIE DOLNOSLASKIM

Streszczenie: Statystyki przestrzenne pozwalaja opisac i oceni¢ zjawisko pod katem jego
przestrzennych charakterystyk takich jak: koncentracja, wielko$¢ i ukierunkowanie rozpro-
szenia, wystgpowanie regularnosci lub trendow w przestrzeni. W artykule zaprezentowano
adaptacje metod stosowanych dla zjawisk punktowych do oceny rozktadu przestrzennego
zjawisk powierzchniowych zwiazanych z gospodarka rolna: powierzchnia uzytkow rol-
nych, powierzchnia gleb zakwalifikowanych jako dobre, powierzchnia gleb o danym od-
czynie. Mapy zasiggdw tych zjawisk (np. mapa glebowo-rolnicza w postaci wektorowej)
jako jakosciowe dane wejSciowe zostaty przetworzone na dane ilo$ciowe odniesione do
siatki o wymiarach 1 x 1 km za pomoca algorytmu stworzonego w $rodowisku Model
Builder.

Obszarem badan jest wojewddztwo dolnoslaskie charakteryzujace si¢ réznorodnoscia wa-
runkow przyrodniczych, co wplywa na zmiennos$¢ przydatnosci rolniczej badanego terenu.
Statystyki przestrzenne wyznaczone dla catego obszaru dostarczaja tylko ogdlnej informacji
o rozktadzie przestrzennym, stad tez w pracy przeprowadzono analizy w podobszarach, co
pozwolito na zbadanie lokalnej zmienno$ci wybranych warunkéw przyrodniczych. Z uwa-
gi na rolniczy aspekt badan zaproponowano podobszary o rownej powierzchni uzytkow
rolnych, uwzgledniajac granice administracyjne. Rozktad przestrzenny opisuja takie miary
jak: srodek cigzkosci, odlegtos¢ standardowa, elipsa odchylen standardowych. Uwzgled-
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niaja one nie tylko lokalizacj¢ obiektu, ale rowniez warto$¢ zjawiska. Wizualizacja miar
rozktadu przestrzennego na mapie dostarcza jasnej i zwykle tatwej w interpretacji informa-
cji o strukturze przestrzennej badanego zjawiska. Prezentacja tych ilo§ciowych charaktery-
styk na tle zjawiska przedstawionego inna metoda kartograficzna (np. metoda kartogramu)
moze wnosi¢ dodatkowe informacje, w tym przypadku dotyczace przydatnosci warunkow
przyrodniczych dla gospodarki rolne;j.

Stowa kluczowe: rozktad przestrzenny, metoda centrograficzna, srodek cigzkosci, odlegtosé
standardowa, elipsa odchylen standardowych
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