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USING THE PARCEL SHAPE INDEX
TO DETERMINE ARABLE LAND
DIVISION TYPES

Mojca Foski
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The shapes or individual parcels are often well distinguished in the landscape.
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Using the parcel shape index to determine arable land division types

ABSTRACT: This paper presents a new index for determining the shape of land parcels. Parcel shapes are
usually represented descriptively (i.e. ribbon-shaped, rectangular, irregularly shaped), which is useless for
automated distinguishing between parcel shapes or for determining and distinguishing between the patterns
formed by parcels. Thus, we developed a Parcel Shape Index (IOP) to describe parcel shape characteristics,
and then tested it in the test area of Gorenje pri Divaci to analyse selected fields — as irregular blocks, enclo-
sures, continuous strips, and furlongs. We found that IOP allows for a differentiation of parcels according
to their shape as well as parcel patterns formed due to the individual types of dividing arable land.

KEY WORDS: agricultural land, parcels, Parcel Shape Index, parcel shape, descriptive statistics, hierarchical
clustering, Slovenia

Uporaba indeksa oblike parcel (IOP) za dolocanje tipa poljske razdelitve

POVZETEK: V prispevku predstavljamo nov indeks za doloc¢anje oblike parcel. Obliko parcel najpogosteje
podajamo opisno (trakasta, pravokotna, nepravilnih oblik), kar je neuporabno za avtomatizirano razlo-
Cevanje parcel po obliki in ugotavljanje ali razlo¢evanje vzorcev, ki jih tvorijo parcele. Za opis oblikovnih
znacilnosti parcel smo izdelali indeks oblike parcele (IOP), ga preverili na testnem obmoc¢ju Gorenja pri
Divadi ter z njim analizirali izbrana polja v grudah, celkih, sklenjenih progah in delcih. Ugotovili smo, da
IOP omogoca razlikovanje parcel po obliki, kakor tudi razlikovanje parcelnih vzorcev, ki jih tvorijo parcele
v posameznem tipu poljske razdelitve.

KLJUCNE BESEDE: kmetijska zemlji§¢a, parcele, indeks oblike parcel, oblika parcel, opisna statistika,

hierarhi¢na analiza, Slovenija
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1 Introduction

The shape describes the geometric form of two- or three-dimensional spatial objects (MacEachren 1985),
while according to The Standard Slovene Dictionary (Slovar slovenskega knjiznega jezika 2000) it is the
appearance of a phenomenon in space. The shape is one of the most important characteristics of a spa-
tial element and is usually represented descriptively, i.e. the lake is elongated, the parcel is rectangular, the
city is irregularly shaped. People perceive standard shapes (round, rectangular, triangular) similarly; how-
ever, it is difficult to represent irregular shapes in such a way that people perceive them similarly, i.e. in
a unified manner. It is even more difficult to compare irregularly-shaped spatial phenomena with each other
and observe their changing over time.

The process of defining shape was particularly of relevance to geographical study in the 1960s (Boyce
and Clark 1964). Already in 1822, Ritter compared the area of a geographical phenomenon to that of the
smallest circumscribing circle (Frolov 1975). The usefulness of knowing and determining shapes in geog-
raphy was described in detail by Wentz (2000); for economic geography purposes Simons (1974)
determined the shape of cities. In ecology (Eason 1992; Gutzwiller and Anderson 1992; Comber, Birnie
and Hodgson 2003) topics such as the impact of territory shape in habitats on the distribution of plant
and animal species are addressed; in landscape planning the impact of the shape of landscape structures
on landscape appearance (hereinafter: landscape) is investigated (Krummel et al. 1987; Milne 1991;
Rutledge 2003; McGarigal and Marks 1995; McGarigal 2013, 2015). The distinguishing between various
shapes of spatial phenomena is relevant in remote sensing (Zhang et al. 2006). The shape of a phenome-
non is significant in computer sciences (Sagiv, Reps and Wilhelm 2003) both in terms of visualisation or
interpretation, i.e. computer geometry. The detection and distinguishing between shapes attracted the inter-
est of psychology (Landau, Smith and Jones 1988).

Land parcels are an important spatial phenomenon. They reflect the diversity of natural conditions
and human adaptation to the landscape (Kladnik 1999). In agricultural, forest, and built-up areas, parcels
are distinguished by shape. Based on the parcel shape and the parcel pattern we can draw conclusions about
natural geographic features of space, such as relief shapes, gradient, and altitude (Fialkowski and Bitner 2008).
Accordingly, Ilesi¢ (1950) considered parcel shape to be the key factor for field pattern classification. A field
is a continuous area of arable land in a settlement (Slovar slovenskega knjiznega jezika 2000).

The shape of field parcels is the consequence of settlement, land cultivation methods (plough, ploughshare),
and the agricultural regime (Ile$i¢ 1950; Blaznik 1970). The changing of parcel shapes at the contact of agri-
cultural and built-up spaces points to the pressures of urban growth (Irwin and Bockstael 2004). The shape
of parcels is important for agriculture as it influences the economic viability of machining operations (Coelho,
Pinto and Silva 2001; Tourifo et al. 2003; Gonzalez, Alvarez and Crecente 2004; Gonzales, Marey and
Alvarez 2007; Aslan, Gundogdu and Arici 2007; Amiama, Bueno and Alvarez 2008; Libecap and Lueck 2009;
Zondonadi et al. 2013). Bielecka and Gasiorowski (2014) drew conclusions about land fragmentation in
relation to parcel shapes. Oksanen (2013) studied land parcel shapes in Finland in relation to the automa-
tion of agricultural processes, and Demetriou, Stellwell and See (2012), Demetriou, See and Stellwell (2013),
and Demetriou (2013, 2014) studied parcel shapes when developing an application for land consolidation
planning in Cyprus.

In studying the parcel shape it is essential that the shape is changed into a numerical value - index of
shape (Wentz 2000). This way we can compare and observe the changing of parcel shapes and parcel pat-
terns formed by the parcels.

Shape indices fall into two classes: indices with one variable (single-parameter indices), which give
avalue for only one property, and indices with several variables (multiple parameter indices), which describe
the characteristics of a shape with the use of more complex mathematical functions. Shape is usually too
complex to be described using a single parameter (Ehler, Cowen and Mackey 1996; Wentz 2000), or rather
several independent single-parameter indices are needed to describe a complex shape (Oksanen 2013;
Demetriou 2014), and these indices should meet certain criteria (Lee and Sallee 1970; Wentz 1997; Wentz 2000;
Demetriou, See and Stillwell 2013):

o different numerical values must be ascribed to different shapes,

o similar shapes must have similar values,

« indices must be useful both with concave and convex phenomena,
« indices must identify holes in polygons,
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« indices must be independent of the size of phenomena,

« indices must be independent of movements, rotations, and scale,

o the input data must be prepared simply,

« indices must be easy to understand and the results easy to interpret,

o indices must have a value range (as a rule, the value increases from 0 to 1) and it must be determined
which shape has the value of 1, and

o the values obtained must reflect human perception of a spatial phenomenon.

In terms of the shape feature that we want to describe, we distinguish between indices describing the
perimeter, plane characteristics, and geometry (Zhang and Lu 2004; Chaudhuri 2013).

The basic hypothesis is that using a numerical value - the shape index — we describe the shape of a spa-
tial phenomenon, such as a parcel. Accordingly, we developed a Parcel Shape Index (IOP). The study was
narrowed down to those parcels that are in fields. Ilesi¢ (1950) proposed a system of dividing arable land
based, in fact, on parcel shape; he divided Slovenian fields into basic types (irregular blocks, furlongs, con-
tinuous strips, and enclosures) and transitional types (transitional shapes between irregular blocks and
furlongs, division into irregular or block furlongs, combination of continuous strips and regular furlongs).
Accordingly, parcels in areas with blocks and enclosures have distinctly irregular shapes, while parcels in
areas with furlongs are generally rectangular, with a side ratio up to 1: 10, while continuous strips are dis-
tinctly belt-like or rectangular with a side ratio even up to 1:100. The index’s adequacy was checked against
the basic arable land types, while their applicability was checked in the classification of various types of
arable and division.

2 Methods

The method consists of four steps:

o IOP determination,

« testing of IOP on a sample case of the field at Gorenje pri Divaci (hereinafter: Gorenje),

o determination of IOP for parcels of basic types of arable land division and statistical processing of IOP
values, and

o hierarchical clustering of fields.

IOP determination was based on the literature and characteristics of arable land parcel shapes in Slovenia,
using several single-parameter indices: indices for perimeter, plane, and parcel geometry description. The
indices were standardised using a value function (Beinat 1997; Malczewski 1999, 2011; Sharifi, Herwijnen
and Toorn 2004). A rectangular parcel with a 1:2 side ratio was selected as the reference parcel shape. This
side ratio is the first whole side ratio value that distinguishes a rectangle from a square.

We selected 22 test fields among fields as irregular blocks, furlongs, continuous strips, and enclosures
(Table 2). The areas of these fields were determined using Ile$i¢’s original classification (1950) (e.g. Arja vas,
Predoslje, Kokra, Bitnje and Zabnica, Zatolmin) and/or the data from the Franciscan Cadastre (Internet 1),
digital orthophotos, and land cadastre data acquired through the Surveying and Mapping Authority of
the Republic of Slovenia in 2015, whereby various landscape types were considered (Perko, Hrvatin
and Cigli¢ 2015; Figure 1). The field divisions were based on geographical dividing lines (to the stream,
road, forest, and village) or the cadastral municipality boundary. The fields were named after the closest
settlement (e.g. Arja vas) or a geographical area (e.g. Tr8ka gora).

The data from the land cadastre depiction, based on which the IOP was calculated, were organised by
excluding all parcels designated as built-up or related land or body of water according to the Register of
Existing Agricultural and Forest Land Use (Internet 2). In cases of agricultural buildings (e.g. a granary
or a hayrack) with land under the building (parcel), this land was aggregated with the neighbouring parcel.

IOP was calculated for 13,725 land parcels in all test fields. Indicators of descriptive statistics were
calculated for all test fields (Table 2): number of parcels in a field (N), minimum value (MIN), maximum
value (MAX), average value (AVG), median (Me), mode (Mo), standard deviation (o), asymmetry coef-
ficient (y,), and coefficient of kurtosis (y,). The obtained IOP values were shown on histograms (10 classes,
class width 0.1). Statistical values were demonstrated using a box-and-whiskers plot (Figure 8).

Figure 1: Distribution of test fields by various landscape types of Slovenia. »
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In the last step, we classified the fields into groups using Ward’s hierarchical clustering method (Breskvar
Zaucer and Kosmelj 2006; Basti¢ 2006; Figure 9). Indicators of descriptive statistics were used for the clus-
ter analysis, and Euclidian distance was used as cluster criterion.

Statistical data processing and depiction using histograms and box-and-whiskers plots demonstrated
whether IOP reflected the parcel shapes concerned and whether the parcel shape was, in fact, characteristic
for the various types of arable land division according to Ilesic.

The analysis was based on the data from the land cadastre depiction by the Surveying and Mapping
Authority of the Republic in Slovenia, acquired in 2015, in ArcGis 10.3; Microsoft Excel 2010 and IBM SPSS 23
software were used for calculations and statistical processing.

2.1 I0OP determination and its verification on the sample case of Gorenje

2.1.1 Indices for describing plane characteristics: compactness index /I,

In this group we typically use indices describing the ratio between area (A) and perimeter (P) (Santiago

and Bribiesca 2009; Li, Goodchild and Church 2013), which are often referred to as compactness indices.
Besides the initially produced factor P/A proposed by Ritter (Frolov 1975) other indices are also

used, e.g. indices of ratios 4A/P? (Miller 1953), A/P? (Gonzalez, Alvarez and Crecente 2004), P/2\RA

(Aslan, Gundogdu and Arici 2007) and JA/0.282-P (Chan and So 2006). The most frequently used
compactness index was developed by Osserman (1978) and is also used here; it is described by the equation

_4mA
kom — P2

The equation’s advantage is that 7 shifts the value area of the initial indices in the range of 0 to 1.
The value of 1 describes the most compact phenomenon - the circle. Wentz (2000) found that this index
is not the most appropriate for very diversified phenomena, but it is insensitive to scale, displacement,
and rotation variations, independent of the size of the phenomenon, and applicable to both raster and
vector data (Sonka, Hlavac and Boyle 1993; Santiago and Bribiesca 2009; Oksanen 2013; Bielecka and
Gasiorowski 2014).

Indices from this group also have some shortcomings. In particular, they do not reflect the charac-
teristics of a shape, but rather compactness according to a comparable geometric shape, i.e. a circle in
our case (MacEachren 1985; Angel, Parent and Civco 2010). They cannot be used to measure features such
as the presence of holes, expansion, or fragmentation. Parcel shapes should not be described using only
these indices as they only take into account the area and perimeter characteristics (Demetriou, See and
Stillwell 2013).

I, was standardised to determine parcel compactness, because the parcels were, of course, not round.
In determining the value function sixth degree polynomial was used (Demetriou 2014), while the function
was determined so that for the parcels with a side ratio (of 1:2) whose I’ _equals 0.70, the value I, = 0.99
was assumed, while for the parcels with I’ less than 0.33 (side ratio 1:8) the value of I =0 was assumed
(Figures 2 and 3). Other values were determined using the value function (Figure 2):

I =V(

kom kom

=-372.614(1, )*+1319.19( )7 ~1820.87(I,  )!+]

1227.22(1, )>-414.436(1, )>+66.207(1, ) —3.908

kom )

The value function is determined so that all parcels with a side ratio up to 1:4 get a higher compact-
ness index, which allows for differentiation from longer parcels (with side ratio over 1:8) (Figure 3). The
compactness index was calculated for the test case of Gorenje and graphically shown (Figure 5 A) in 10 equal
classes with a degree of 0.1.
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2.1.2 Indices of the special characteristics of the geometry of the phenomenon: Perforation Index/I, ,

Some characteristics of phenomena cannot be described using the compactness index, so we used Wentz’s
perforation index (2000), by subtracting it from 1:

B,
=172

where B, is the total area of all holes in object i and A, is the total area of object i.

The parcels without holes were ascribed the maximum value of 1, while the value of 0 could not be
reached. In the Gorenje test area (Figure 5 B) we only showed parcels with an I, other than 1, and due
to reasons of clarity the parcels with the perforation index of 1 were not coloured.

I

2.1.3 Indices for perimeter description

Index of Edge Roughness/I

These indices describe the roughness of the edge of a geographical object. On the basis of the ratio between
an object and its corresponding convex hull, they are most frequently used to describe the perimeter char-
acteristics. The amplitude index ((P-P,)/P) considers the ratio between the perimeter of an object (P)
and the perimeter of the convex hull (P, ), while the convexity index ((A, - A) / A,) considers the ratio between
the area of object A and the area of the convex hull (A,) (Brinkhoff et al. 1998). Chan in So (2006) used
the comparable surface area ratio, livarinen et al. (1997), Angel, Parent and Civco (2010), and Zondonali
etal. (2013) used the ratio between the perimeter of object P and its convex polygon P,, which was also
used here; the edge roughness index was written as:

The index has the value of 1 if the parcel is convex. With the value nearing 0, diameter roughness increas-
es. The value of 1 is ascribed to all convex parcels, while the value of 0 is unattainable. The calculation of
I_,,in the test field of Gorenje is shown in ten equal classes with a rate of 0.1 (Figure 5 C), red shades indi-
cating jagged-edged parcels, while the darkness of the blue indicates smoother edges.

RV
Ny AN

N AN

V(x)
—

Figure 4: Value function for standardising the number of vertices (1, ).

Figure 5: Compactness Index (A), Perforation Index (B), Index of Vertices (C), and Edge Roughness Index (D) for Gorenje. »
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Index of Vertices (Iogl)

Indices of the number of perimeter vertices are frequently used to describe the characteristics of a parcel
perimeter (Brinkhoff et al. 1998; Demetriou, Stellwell and See 2012). The reference parcel has four ver-
tices; by increasing the number of vertices, the deviation from a rectangle increases. Parcels with three vertices
also considerably deviate from a rectangle. The standardisation of the number of vertices in a value range
from 0 to 1 was made using a value function after Demetriou (2014) (Figure 4), where x, is the number
of vertices:

407.76 + 4280.97  20959.323 + 49141.25 45677.80

x2 x3 x4
1 1 1

I,=V(x,)=1445— :
i Xi
All parcels with more than 10 vertices were ascribed the value of 0. The index of vertices was calcu-
lated for Gorenje. We showed the parcels with Log other than 0 (Figure 5 D).

2.2 Parcel Shape Index (IOP)

The parcel shape index can be written using the equation:

n
szWj
op="1__
n

where I is one of the aforementioned indices and W. is the index weight. If the indices are equally weighted
(with a value of 1), then for each parcel i IOP is calculated as the arithmetic mean of four single-parameter
indices:

I + Inaz+ Iluk-'— Iogl

kom

I10P=

The Pearson correlation coefficient between the indices of compactness, roughness, perforation, and
vertices for the 722 parcels in Gorenje is low (Table 1), indicating the indices’ mutual independence, which
satisfies one of the basic criteria for combining single-parameter indices.

Table 1: The Pearson correlation coefficient between the indices for Gorenje.

Correlation coefficient Lo . Iog‘ L
Lo 0.24 -0.19 0.045
(. -0.30 0.20
Iog‘ —0.25

|

IOP is in the range of 0 to 1. Given the value functions in the standardisation procedure, the value of
1 is ascribed to the parcels with a side ratio of 1: 2, without holes, with four vertices, and with a completely
smooth edge. The depiction of IOP in the four value classes (Figure 6 below) shows that the parcels with
distinctly irregular shapes (jaggedness, holes) are in the lowest class, while rectangular parcels with a low
side ratio are in the highest class. The parcels within a class are visually similar (Figure 6); IOP is applic-
able both in convex and concave parcels, independent of parcel size, insensitive to scale and rotation variations,
and easy to calculate, and thus meets all the criteria for determining indices.

Figure 6: 10P in 10 classes with a rate of 0.1 (page 93) and in four classes with a rate of 0.25 (page 94) for Gorenje. » p. 93—94
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3 IOP results in the selected test cases

IOP was calculated for 22 selected fields (Table 2, Figure 1) in irregular blocks, furlongs, continuous strips,
and enclosures. For each test field we calculated the indicators of descriptive statistics for IOP, while the
distribution of IOP values was shown on histograms (Table 2) and box-and-whiskers plots (Figure 7). The
statistical values were compared and it was determined whether IOP reflected the actual characteristics
of a parcel shape and if the parcel shape was, in fact, characteristic for the various types of arable land divi-
sion according to Ilesi¢. Using the hierarchical clustering method, the fields were clustered into groups,
and the results were depicted using a dendrogram (Figure 8).

We used descriptive statistics, histograms (Table 2), a comparison of box-and-whiskers plots (Figure 7),
and depiction of hierarchical clustering (Figure 8) to try to establish similarities between parcel shapes and
the patterns formed by the parcels. The IOP distribution in fields as furlongs and fields as irregular blocks
is very similar (with the exceptions of Vinjole and Trska gora), where two modes are observed (0.35 and 0.75).
This was also confirmed by the classification into the same group using the hierarchical clustering method.

The parcel shapes in areas of continuous strips also show great similarity. The mode class is 0.3-0.4
or 0.4-0.5. The narrowest is the second quartile (maximum densification of parcels), while the asymme-
try coefficient (y,) is positive in all test fields (asymmetry to the right). The fields are classified as continuous
strips, except for Klece and Podgora. The fields of Buje and Zerovnica also belong to this group, even though
Ilesi¢ classified them as furlongs (belt-like furlongs), while their parcel shape was distinctly belt-like, which
is characteristic for parcels in continuous strips.

The analysed fields as furlongs can be classified into two groups (Figure 8). The first group is Arja vas,
Predoslje, Klece, and Podgora, and the second group is Trska gora, Strzisce, Sovjak, Sedlarjevo, and Vinjole.
The groups are combined in the next aggregation. Ilesi¢ classified Vinjole and Trska gora as winegrowing blocks,
while in terms of parcel shape (rectangular with a small side ratio) the fields are comparable to furlongs.

Table 2: Descriptive statistics and I0P histograms for all fields considered.
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Figure 7: Box-and-whiskers plots for I0Ps for all selected test fields shown on the same graph for fields as irreqular blocks, furlongs, continuous strips,
and enclosures.
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Figure 8: Dendrogram of the hierarchical clustering of fields into groups using Ward's method.
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4 Discussion

IOP is the arithmetic mean of four mutually independent single-parameter indices that also consider
the holes in parcels, which was not found with other authors (Tourino et al. 2003; Aslan, Gundogdu and
Arici 2007; Amiama, Bueno and Alvarez 2008; Zondonadi et al. 2013; Demetriou 2014; Bielecka and
Gasiorowski 2014). In Slovenia, parcels with holes are the consequence of natural geographic features and
specifics of the Franciscan Cadastre, where for each type of land use a separate parcel was determined,
even though neighbouring parcels belonged to the same proprietor (Ferlan 2005). In cases where a field
was in the middle of a meadow or a at the bottom of a sink hole there are holes in parcels preserved to the
present day. In Slovenia, holes are present mostly in irregular blocks and enclosures, and exceptionally also
in areas of continuous strips (Bitnje), so we feel that this feature should be taken into account in IOP. A hole
in a parcel decreases IOP, while the proportion of parcels with lower IOP increases in the pattern, which
is characteristic for irregular blocks and enclosures.

Some authors determined parcel shape only by using the compactness index (Bielecka and Gasiorowski
2014; Oksanen 2013; Zondonadi et al. 2013), which has several shortcomings (Demetriou, See, and
Stillwell 2013). The values were standardised to a reference parcel shape only by Demetriou (2014). This
standardisation to a reference parcel shape is necessary, even though the determination of a reference par-
cel varies depending on the study purpose. Using this standardisation we delineated the rectangles with
a more favourable side ratio (up to 1:8) from distinctly elongated rectangles (belts).

The IOP calculation for the Gorenje test area demonstrated (Figure 6) that parcels in the individual
classes are visually similar. But then over a larger sample (all 22 fields, 13,725 parcels) it became evident
that the IOP value for long and narrow parcels in the area of continuous strips was similar to the values
of irregular parcels in the areas of irregular blocks, i.e. between 0.30 and 0.45 (Figure 10). Future work should
include an index to improve the determination of the characteristics of very long and narrow parcels (e.g. ratio
between the shortest and the longest diagonal of a parcel).

Despite this deficiency, the statistical data analysis of various types of arable land division (Figure 7)
and hierarchical clustering (Figure 8) demonstrated that IOP allows for distinguishing between fields as
continuous strips from other types of fields mostly because these two types of parcel shapes usually do
not occur together. In Slovenia, continuous strips are more frequent in plains, in particular in Sorko polje
(Tlesi¢ 1950), and are a reflection of systematic settlement (Blaznik 1970), while irregular blocks are char-
acteristic of a more diverse terrain and are classified as the oldest type of arable field division (Blaznik 1970).

A: Irregular blocks B: Continuous strips C: Enclosures

Figure 9: Sections from the land cadastre depiction (Geodetska uprava RS 2015; above) and sections from the Franciscan Cadastre (Arhiv RS; below)
with cases of holes in irregular blocks (Zatolmin, A), continuous strips (Bitnje, B), and enclosures (Pernice, C).
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Figure 10: The case of similar IOP values for two parcels different in shape.

This arable land division analysis is mostly based on the study results by Ilesi¢ from 1950. His study
remains the only study for the area of the entire Slovenia and to date has not been systematically revised.
This is why there are deviations between Ile$i¢’s definition of the individual arable land types and the results
indicated by the IOP analysis in parcels from 2015.

IOP allows for the classification of fields and even the exclusion and aggregation of fields that stand
out according to their parcel shape characteristics. The fields with a proportion of IOP above 0.7 (Vinjole,
Sedlarjevo, Sovjak, Strzi¢e and Trska gora), which were classified either as irregular blocks or furlongs
according to Ilesi¢, should be classified into a new group.

We noticed deviations in the classification of fields based on parcel shapes with furlongs and contin-
uous strips. Ilesi¢ classified the fields of Kle¢e and Podgora as continuous strips, while according to IOP they
were classified as furlongs due to the shorter strips. Buje and Zerovnica were classified as furlongs because
of short strips.

Based on the statistical differences between fields we can identify some new groups and propose improve-
ments upon Ilesi¢’s field classification. This is the case with winegrowing areas, which are either considered
irregular blocks or furlongs. This way we confirmed the working hypothesis about the possibility of pro-
ducing a numerical index for describing parcel shapes to be used to determine and classify fields.

The use of the Parcel Shape Index has a wide ranging applicability. Parcel shape is important in agri-
culture in terms of the rational use of individual parcels (Zondonadi et al. 2013), while in Slovenia parcel
shape should be included in identifying protected farmsteads and used in the analysis of GERK (Graphical
Unit of Agricultural Land) and RABA (Register of Existing Agricultural and Forest Land Use) data kept
by the ministry responsible for agriculture.

The parcel shape is, of course, not the only criterion for determining arable land division types, so
it would be advisable to determine indices for other field characteristics, such as land distribution
(Simmons 1964; Januszewski 1968; Igbozurike 1974; Gosar 1978; Razpotnik Viskovi¢ 2012) and land use
diversity (McGarigal in Marks 1995; McGarigal 2013, 2015).

5 Conclusions

The paper shows that IOP values and statistical indicators vary among fields as irregular blocks, enclo-
sures, continuous strips, and furlongs. Ilesi¢’s classification of fields in the selected test fields was mostly
confirmed. Out of 22 fields 17 were classified in line with Ile$i¢’s system. But because Ilesic¢ also included
other indicators in the determination of arable land division types, such as land fragmentation, the num-
ber of indices considered should be increased. Using the hierarchical clustering method and based on IOP
fields can be classified into classes, which allows for confirmation and improvement upon the existing typ-
ification. Even though it is very difficult to describe all the visual characteristics of a spatial object using shape
indices (Williams and Wentz 2008), doing so nonetheless limits an individual’s subjectivity. Furthermore the
transformation of a shape’s characteristics to numerical values allows for easier processing and comparison
of data. IOP could help us to observe the changing of parcel shapes (e.g. in a field). This would be partic-
ularly applicable where agricultural and built-up land meet, where the transformation of the shape of a parcel

into (as a rule) a square indicates the purpose of transforming agricultural land into built-up land.
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