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ABSTRACT. The distinction among urban, periurban and rural areas represents a classical 
example of uncertainty in land classification. Satellite images, geostatistical analysis and all 
kinds of spatial data are very useful in urban sprawl studies, but it is important to define 
precise rules in combining great amounts of data to build complex knowledge about 
territory. 

Rough Set theory may be a useful method to employ in this field. It represents a different 
mathematical approach to uncertainty by capturing the indiscernibility. 

Two different phenomena can be indiscernible in some contexts and classified in the same 
way when combining available information about them. Several experiences exist in the use 
of Rough Set theory in data mining, knowledge analysis and approximate pattern 
classification, but spatial component lacks in all these research streams.  

The aim of this paper is to use Rough Set methods in geographical analyses. This approach 
has been applied in a case of study, comparing the results achieved with both Map Algebra 
technique and Spatial Rough set. The study case area, Potenza Province, is particularly 
suitable for the application of this theory, because it includes 100 municipalities with 
different number of inhabitants and morphologic features. 

KEYWORDS: Uncertainty, Spatial Rough set, Spatial Rough classification, Point Pattern 
Analysis, Periurban Fringe. 

 
 
1. Introduction 

The expression “periurban area” has been frequently used in planning 
documents. One could ask: “what does periurban area mean, exactly?”. This term is 
not fully understood from planners, because planning systems do not give a clear and 
unambiguous definition.  

The major reasons of this deficiency can be identified with the complexity of the 
phenomenon and the huge variety of contexts in which it can occur. The expression 



2     SAGEO’2007 

“periurban fringe” evokes different meanings, following the approaches of each 
discipline to the problem.  

For economists, periurban areas represent a disordered urban growth, involving 
an enormous increase of costs in service management and infrastructure 
maintenance; for ecologists, in periurban fringes natural resources have been 
irreparably damaged because of the large concentration of economic activities; 
agronomists take into account the loss of productivity, due to the increasing presence 
of settlements. 

Urban planners have two different approaches: the first one considers the 
phenomenon from a theoretical point of view, in comparison with the consolidated 
concepts of city and rural area; the other one takes into account the increase of real 
estate economic value, due to the transformation.  

These different points of view generate uncertainty in defining the exact edge of 
these zones.  Consequently Periurban fringe can be considered as an object with 
indeterminate boundaries (Burrough and Frank 1996). 

A clear definition of periurban fringe can be achieved considering this zone as an 
area with its own intrinsic organic rules, like the urban and rural ones and not as a 
transition zone from urban to rural areas. 

For instance, proximity to urban areas, contiguity to road network, presence of 
utilities and urban services, population density higher than in rural areas can generate 
a set of inclusion rules and if some of these rules are satisfied, the area can be 
included in the periurban fringe. In the same way, exclusion rules consider 
archaeological sites, heritage areas, environmental preservation areas, steep slope 
terrains, landslide areas, erosion areas. If even one of this rules is satisfied, the area 
cannot be included in the periurban fringe.  

The possibility of providing different degrees of land suitability has become 
more and more feasible in site selection by the use of geographical information 
systems combined with evaluative methods. In the literature about land 
classification, a relevant number of experiences combining GIS with multicriteria 
methods or fuzzy set approach exists (Malczewski 1999, Eastman 1999, Thill 1999, 
Leung 1988, Murgante and Las Casas 2004). Only few experiences exist in the use 
of Rough Set to compute spatial information. This approach has been tested in the 
case of study of Potenza Province. The phenomenon of urban sprawl is very 
common, despite the small number of inhabitants in the studied region.    

2. Basic concepts of rough set theory 

Rough set theory (Pawlak, 1982) is based on the hypothesis that each element is 
associated to several information in the Universe of discourse. Some objects are 
indiscernible from others if they are classified in the same way according to their 
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associated information. In other words two different elements can be indiscernible in 
some circumstances while in other contexts they may belong to different classes. 
This methodology is based on the concepts of indiscernibility relation, upper and 
lower approximation and accuracy of the approximation.    

In an Information System IS=(U,A), U is a set of defined objects U= X1, X2,…., 
Xn and A is a set of attributes A= a1, a2,…,an. U and A are non empty sets. For each 
attribute a∈A, we associate a set of values Va called domain of a. It is possible to 
define an attribute in order to classify all cases. A Decision System DS=(U,A∪d) is 
an information system in which a decision attribute, d, affects the classification. 

 

Figure 1. Boundary, Upper and Lower Approximation of a set X.  

If we consider a set of attributes B⊂A,  it is possible to define the following 
indiscernibility relation Ind(B): two elements (Xi,Xj)∈ Ind(B) are indiscernible by the 
set of attributes B in A, if b(Xi)=b(Xj) for each b⊂B. The equivalence class of 
Ind(B) is called elementary set in B. Lower and upper approximation (figure 1) are 
defined as the elements contained with certainty in the set (equation 1) and as the 
objects which probably belong to the set (equation 2), respectively. The difference 
between upper and lower approximation defines the boundary of set X (equation 3).  

[ ]{ }XxUxLX Bindii ⊂∈= )(        Lower approximation              Eq. 1 

 

[ ]{ }0)( ≠∩∈= XxUxUX Bindii   Upper approximation         Eq. 2 



4     SAGEO’2007 

 

LXUXBX −=    Boundary                            Eq. 3 

 

If BX = 0 then the set X is Crisp. The accuracy (equation 4) is defined as the 
ratio of cardinality of lower and upper approximation: 

 

)(/)()( UXcardLXcardXB =µ                                               Eq. 4 

 

The result must be included between 0 and 1. 

3. A spatial extension of rough set theory 

Geographical applications of this methodology are not much experimented. A 
first theoretical approach has been developed by Worboys and Duckham (2004) and 
Beaubouef  et al. (2007). Spatial information can be classified following two criteria: 
nature of data and information reliabilities. An ontology of uncertainty in spatial 
information is reported in figure 2.  

Geographical information can be certain or not. In the case of well defined data, 
a degree of uncertainty can be eliminated using probability theory or in the case of 
several alternatives it can be solved by adopting multicriteria methods. Poorly 
defined data have been classified in four groups.  

 

Figure 2. An ontology of uncertainty in spatial information (adapted from Murgante 
and  Las Casas, 2004). 
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Some data are said to be ambiguous if they can have at least two particular 
interpretation. Ambiguity leads to a discordance in data classification due to a 
different perception of the phenomenon. Great part of GIS functionality is based on 
Boolean operators which are founded on a two-valued logic. Vagueness takes into 
account multi-valued logic and applications of fuzzy set theory. Inaccuracy produces 
uncertainty in the case of low quality of data, due to a certain degree of error.  

It is possible to define the rough object in analogy with the experience of Cheng et 
al. (2001). Traditional objects with sharp boundaries can be defined as Crisp-Crisp 
Objects (CC-Objects). Rough objects are grouped in the following three classes:  

• Crisp-Rough Objects (CR-Objects) with well defined boundaries and 
uncertain content; 

• Rough-Crisp Objects (RC-Objects) with precise content and undefined 
spatial edge; 

• Rough-Rough Objects (RR-Objects) with uncertain both contents and 
boundaries.   

Topological relationships are defined by the well known 9-intersection model 
(Egenhofer and Herring 1991). Later on Clementini and Di Felice (2001) developed 
an extension of this model, called broad boundaries model. A broad boundary 
consists of inner and outer edges which increase the 8 cases of 9-intersection model 
to 44 cases. Also, a topological model has been developed (Wang et al., 2004) in 
rough set theory.  

 

Figure 3. Crisp-Crisp relationship (adapted from Wang et al., 2004). 
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This model (equation 5 and figures 3, 4, 5) is based on the concepts of positive 
region (Lower approximation), boundary region and negative region (Universe 
without Upper approximation). 

In the same way as for rough object formalization, it is possible to distinguish 
three kinds of rough relationships: 

• Crisp-Crisp (CC) rough relationships between crisp entities (fig. 3); 

• Rough-Crisp (RC) rough relationships between rough entities and crisp 
entities (fig. 4); 

• Rough-Rough (RR) rough relationships, between rough entities (fig. 5).   

The Crisp-Crisp relationships considering objects with sharp boundaries have the 
same formalization of the 9-intersection model.  

 

Figure 4. Rough-Crisp relationship (adapted from Wang et al., 2004). 

In Rough-Crisp relationships, A is a rough set with lower Lr(A) and upper Ur(B) 
approximation, U is the universe and B Ur(B) is a crisp set where Lr coincides with 
Ur.   
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Figure 5. Rough- Rough  relationship (adapted from Wang et al., 2004). 

In Rough-Rough relationships both A and B are rough sets with lower Lr(A) 
Lr(B) and upper Ur(A) Ur(B) approximation and U is the universe.  

The method proposed by Wang et al. can be considered as a special case of 
Clementini and Di Felice study. In the case of RC and RR relationships the number 
of possible matrices is not greater than eight as in the 9-intersection model. If spatial 
data are within the lower approximation they surely belong to the set and can’t be 
included in other kind of approximations. If geographical entities are located outside 
the upper approximation they are not in the set. It is possible to overlap only upper 
approximations with other upper approximations (figure 6). A lower approximation 
can be overlapped only with the equivalent upper approximation (Ahlqvist et al., 
1998).    

As a direct consequence: 

AB ≠∀∀=∩=∩ A        0; Lr(B)  Ur(A)  ; 0 Lr(B)  Lr(A)  
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Figure 6. Spatial Rough classification 

4. The case of study 

Potenza Province is located in Southern Italy, it has a low population density 
(400,000 inhabitants, over 650,000 hectares). 

The main town is Potenza with 70,000 inhabitants, while the other municipalities 
can be classified in three groups. Twelve towns count more or less 12,000 
inhabitants, twenty municipalities have a population of about 5,000 inhabitants, the 
population of the remaining 67 municipalities varies from 700 to 2,000 inhabitants. 

Generally urban sprawl is more common in metropolitan areas, whereas it is not 
frequent in regions with low population density. This phenomenon in small 
municipalities is generated by the abandonment of historic centres, while in bigger 
towns it is produced by high costs of flats.  

An accurate analysis of the phenomenon has been carried out using spatial 
statistic techniques. Usually, a geographical phenomenon can be analyzed in terms 
of first and second order properties. First order properties describe geographical 
events in terms of density or intensity, while second order properties analyze the 
relationships among spatial phenomena in terms of distance.  

In this study two techniques of spatial analysis have been used: kernel density 
and nearest neighbour distance. These two approaches are called first and second 
order effects and they consider the amount of events observed per unit area and the 
distance among them, respectively. 
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Kernel density is a technique of point pattern analysis, which considers each 
point as an event and the associated attributes as the intensity of the phenomenon. 

Bailey and Gatrell (1995) developed a set of spatial analysis techniques applied 
in the field of epidemics spread. These techniques are based on Waldo Tobler’s 
(1970) first law of geography: “Everything is related to everything else, but near 
things are more related than distant things”. Compared to classical statistical 
approaches, it is important to locate data, considering the events as spatial 
occurrences of the phenomenon studied. Each Li event is located in the space in an 
unambiguous way by its coordinates (xi, yi). 

An Li event (equation 6) is a function of its position and attributes characterizing 
it and quantifying its intensity: 

 )A ..,,A ,A ,y ,(xL n21iii …=                        Eq. 6 

While the simple density function considers the number of events for each 
element of the regular grid composing the study region R, kernel density takes into 
account a mobile three-dimensional surface, which weighs the events according to 
their distance from the point of intensity evaluation (Gatrell et al., 1996). 

The density of distribution in point L can be defined by the following equation: 
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where, λ(L) is the intensity of point distribution, quantified at point L; Li is ith 
event, k() represents kernel function and τ is the bandwidth. τ can be defined as the 
radius of a circle generated from the intersection between the surface and the plan 
containing the study region R. Two major factors influence the results: dimension of 
grid and bandwidth (Batty et al., 2003). Bandwidth produces a three-dimensional 
surface, more or less corresponding to the phenomenon, allowing to analyze its 
distribution at different scales. 

Bandwidth choice remarkably influences the surface of estimated density. If 
bandwidth is high, kernel density is closer to the values of simple density. With a 
narrow bandwidth, the surface will capture local events, with density close to zero 
for the elements of the grid located far from each event. The right bandwidth can be 
determined by estimating the phenomenon and, if it is important, by highlighting 
peaks of distribution or smooth spatial variations.   

In the study case all the polygons which represent buildings have been converted 
into points in order to use spatial statistic techniques. The number of flats for each 
building indicates the intensity of the event in order to achieve a continuous surface 
of spatial densities.  

In the case of study, it has been used a bandwidth value of 400 m and a grid cell 
dimension of 10 m.  



10     SAGEO’2007 

The phenomenon intensification has been evaluated calculating kernel density 
from cartographies at 2004 and 1987 and comparing the results.  

 

Figure 7. Density of scattered settlements compared to road network 

Kernel density can give further interpretations of the settlement dispersion 
phenomenon (figure 7). Growth has developed as a crown surrounding the urban 
area or along the road network and it is indiscriminately located on landslides and 
steep slopes. 

The greatest increase of urban sprawl has occurred in zones mostly situated on 
mountains, while urban growth is considered as a threat in areas with intensive 
agricultural activities. 

In the study case, kernel density has been considered according to the following 
classes: 

• it is reasonable to classify a region as rural if the presence of flats is less 
than 1/ha;  
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• from 1 to 5 flats/ha, it is possible to define the periurban class; 

• urban features are predominant beyond 5 flats/ha. 

Nearest neighbour distance is a second order property of point pattern analysis 
and describes the event distribution measuring the distance. This technique analyzes 
the distance of a point from the nearest source. The events to analyze can be points 
or cells. The distance between the events is normally defined by the following 
function:  

( ) ( )2
ji

2
ji yyxx −+−=)L,d(L ji                         Eq. 8 

If dmin(Li) is the nearest neighbour distance for an Li event, it is possible to 
consider the mean nearest neighbour distance defined by Clark and Evans (1954) as: 

n

Ld
n

1i i∑ ==
)(

d min
min                         Eq. 8 

In inclusion rules the mean nearest neighbour distance identifies the area where 
the distance among buildings is less or equal to 100 m. 

Depth of contiguity zone, for each centre, has been located using a shape index 
for the boundary of the urban area.  

Shape index is the ratio between the perimeter of the urban area and the 
perimeter of the circle that inscribes it. It is obvious that such an index can assume 
values greater than one. The more the value is greater than one, the more the shape 
of the settlement will be long, jagged and narrow.    

A good level of compactness corresponds to a shape index comprised between 1 
and 1.6, a medium level to values between 1.61 and 2.4, a low level to an index 
greater than 2.4. In table 1 the 100 municipalities of Potenza Province are grouped in 
three classes according to compactness rate. This table highlights the low level of 
compactness of urban areas of Potenza Province.  

 

 Index value Number of Centres 
Good compactness 1-1,6 12 
Medium compactness 1,61-2,4 68 
Poor compactness 2,41-4,81 20 

Table 1. Centre classes based on compactness rate 

Two criteria have been considered for contiguity: the first one is the ratio 
between area and perimeter of the urban region, the second is the ratio between area 
and perimeter of the circle inscribing the urban region. Proximity to road network 
has been calculated with the straight line distance, assigning a distance value to each 
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cell. The phenomenon of urban growth has been observed in various municipalities 
with different dimensions and this study indicates that new buildings are completely 
within a distance of 200 m from the road network. This distance has been included 
among inclusion rules. The following exclusion rules have been considered: area 
included within a distance of 150 m from rivers and streams, slope higher than 35%, 
Nature 2000 sites, hydro-geological risk zones. 

4.1 Land classification with map algebra 

Three different periurban areas have been identified by combining the previous 
rules with map algebra: 

• the first edge has been obtained considering all previous (inclusion-
exclusion) rules and first contiguity, which takes into account the ratio 
between area and perimeter of the urban region; 

• the second boundary has been achieved considering all previous rules and 
the second contiguity, which considers area and perimeter of the circle 
inscribing the urban region;  

• the third zone does not take into account any contiguity. 

 

Figure 8. Scheme of the procedure for the location of Periurban fringe. 

As expected, results are rather different according to type of periurban area. In 
most municipalities, the smallest area is achieved considering the first of cases 
mentioned above. The biggest region is yield without considering any contiguity 
rule. 
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Figure 9. Comparison among the three periurban fringes in Potenza municipality. 
The inner area (dotted hatch with bold boundary) does not consider the contiguity. 
The intermediate zone (squared hatch) adopts the first contiguity rule, the outer 
region (hatch with lines) uses the second contiguity rule. 

This trend is completely reversed in the case of Potenza municipality (figure 9). 
The periurban fringe obtained without taking into account any contiguity rule is the 
smallest one, because the kernel function captures a low density of buildings in these 
zones. This result implies that areas close to the urban region are represented by 
settlements with at most 2 flats for buildings. In confirmation of this hypothesis the 
relationship between the two periurban fringes and the two contiguity rules hold the 
same sequence.  

However, the greatest part of cases follows the order "first contiguity rule - 
second contiguity rule -without any contiguity rule". 

Considering the morphology of settlement system of Potenza Province, 
constituted in most of cases by urban areas sited on the spire of Apennine and 
scattered settlements located near the road network along the valleys, the contiguity 
rule does not entirely capture the phenomenon leading to a wrong interpretation.       
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Figure 10. Avigliano, middle size municipality, the squared hatch adopts the first 
contiguity, the hatch with lines uses the second contiguity rule and the  dotted hatch 
does not consider the contiguity. 

Considering Avigliano municipality (figure 10), the use of contiguity rules 
implies the exclusion of north-western and south-eastern settlements. From figure 10 
it is easy to understand that the transition from the first to the second contiguity rule 
does not cause a large increase of extension. In this figure a huge increase of 
periurban fringe is yield without any contiguity rule, which better represents the 
actual situation. 

In all cases, the more reliable region is the third one which is achieved without 
any contiguity rule, because it identifies the areas in which new transformations are 
more likely to occur.  

4.2 Land classification with Spatial Rough set 

Rough Set theory has been applied for the classification of different geographic 
layers. In the case of study, the whole provincial territory represents the universe 
[U]; inclusion and exclusion rules are the attributes [A] (table 2) and objects (cells of 
the grid) have been classified following previously defined rules. Indiscernibility 
relations have been calculated in [U] considering attributes, obtaining the subset [X]. 
Therefore, all the cells which satisfy at the same time exclusion and inclusion rules 
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are assumed as a subset [X], contained in [U]. The decision system in this case is 
composed by the set X, i.e. the set of  attributes where the decision variable is the 
nearest neighbour distance. 

Attributes and decision variable  Values 
B= Nature 2000 sites 0 Nature 2000 sites,  1 different from Nature 

2000 sites 
1 if the distance is less than 150 m. 

2 if the distance is included between 150 m. 
and 800 m. 

Fi= Hydrography 

3 if the distance is bigger than 800 m. 
Fr = Hydro-geological risk zones 0 classes R3 ed R4,   1 different from classes 

R3 ed R4 
1 if the slope is less than  23,6% 
2 if the slope is included between 23,6% and 
35% 

P= Slope 

3 if the slope is bigger than 35%  
1 if the density is less than 1 flats per hectare 
2 if the density is included between 1 and 5 
flats per hectare 

D= Density 

3 if the density is bigger than 5 flats per 
hectare 
1 if the distance is less than 200 m. 

2 if the distance is included between 200 and 
700m. 

V= Road Network 

3 if the distance is less than 700 m. 
C1= Real Contiguity  0, 1 
C2= Ideal Contiguity  0, 1 

1 if the minimum distance is less than 100m 

2 if the minimum distance is included 
between 100 and 200m 

Nei= Nearest neighbour distance 
(Decision Variable) 

3 if the minimum distance is bigger than 
200m 

Table 2. Attributes and decision variables for rough classification.   

Set X has been obtained according to the decision variables (NEI) in order to 
achieve its lower and upper approximation. Three classifications have been done. 
Two ones take into account the first and the second contiguity rules, respectively; the 
third one does not consider any contiguity rule. Lower and Upper approximation, 
and accuracy for NEI equal to 1 have been computed for each case. 

In the case of Real Contiguity, Lower approximation belongs to the set X and at 
the same time it is included in first contiguity belt with nei equal to 1. Upper 
approximation follows the same rules of the Lower approximation with the exception 
of Nei which can be equal to 1 or to 2 (table 3).     
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B Fi Fr D P V C1 1 2 Totale
1 2 1 2 1 1 1 103914 103914 Lw 138056
1 3 1 2 1 1 1 297750 50 297800 Up 435856
1 2 1 2 2 1 1 8946 8946 Acc 31,67%
1 3 1 2 2 1 1 25196 25196

Nei

 

Table 3. Decision Table, Lower and Upper approximation and Accuracy with Real 
Contiguity. 

As previously defined, Accuracy is the cardinality ratio between Lower and 
Upper approximation. In the case of Real Contiguity, Accuracy is equal to 31.67% 
(table 3).      

 

B Fi Fr D P V C2 1 2 Totale
1 2 1 2 1 1 1 121089 32 121121 Lw 44214
1 3 1 2 1 1 1 358388 139 358527 Up 523862
1 2 1 2 2 1 1 12127 12127 Acc 8,44%
1 3 1 2 2 1 1 32087 32087

Nei

 

Table 4. Decision Table, Lower and Upper approximation and Accuracy with Ideal 
Contiguity. 

The same procedure has been followed for the case of Ideal Contiguity. In this 
case Accuracy is equal to 8,44% (table 4). 

The last classification has been applied without considering any contiguity rule. 
In this case Accuracy is equal to 7.84% (table 5).     

      

 

B Fi Fr D P V 1 2 Totale
1 2 1 2 1 1 231461 102 231563 Lw 72857
1 3 1 2 1 1 624127 309 624436 Up 928856
1 2 1 2 2 1 20390 20390 Acc 7,84%
1 3 1 2 2 1 52467 52467

Nei

 

Table 5. Decision Table, Lower and Upper approximation and Accuracy without 
Contiguity. 
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Comparing results of the three cases, Real Contiguity rule produces the best 
results (tables 3, 4, 5)  with a better interpretation of the phenomenon (figures 11, 
12). 

5. Results and final discussion 

 

Figure 11. Comparison among the periurban fringe obtained with Map Algebra 
(dotted hatch) and Rough Set (coloured) for Lauria municipality. 

Comparison among the results achieved with Map Algebra technique and Rough 
Set method is the most interesting issue (figures 11, 12). A fundamental issue for a 
correct development of Rough Set approach to land classification is a deeper 
understanding of spatial and non-spatial relationships among dependent and 
independent geographical variables.    

Rough Set approach allows a better interpretation of the periurban phenomenon. 
This method does not produce a sharp boundary which unambiguously defines the 
periurban edge, but it allows to locate cells with the same attribute values taken into 
account for the classification in an indiscernible way. 
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Figure 12. Comparison among the periurban fringe obtained with Map Algebra 
(dotted hatch) and Rough Set (coloured) for Picerno municipality. 

The spatial extension of Rough Set theory is particularly suitable in defining the 
periurban belt because it can be included among Rough-Rough Objects (RR-
Objects), following the previous rough objects classification, since a clear definition 
lacks and so also unmistakable rules in defining the edge. The periurban 
phenomenon is a case with a high level of uncertainty, with ill defined data for the 
whole area and not much clear rules. 

Sorites paradox perfectly describes the periurban phenomenon: 

• two or three buildings do not make a town; 

• a million buildings do make a big town; 
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• if n buildings do not make a town neither do (n+1) buildings; 

• if n buildings make a town, so do (n-1) buildings. 

The first property combined with the third one implies that a million buildings do 
not make a town, in contradiction with the second property. In the same way, a 
combination of the second and fourth properties shows that two or three buildings do 
make a town, in contradiction with the first property (Fisher, 2000).  

Table 6 summarizes the results achieved in each classification method, taking 
into account cell number included in periurban fringe.     

Rough set  Map 
Algebra 

Lower Upper Accuracy 

Without Contiguity 1721768 72857 928856 7,84% 

Real Contiguity 766864 138056 435856 31,67% 

Ideal Contiguity 1208171 44214 523862 8,44% 

Table 6. Comparison among the cell  number included in periurban fringe for each 
classification method.    

Despite widely held that Rough Set evaluations are used to achieve more soft 
constraints, our results show that the classification with Map Algebra produces a 
periurban fringe with a larger extension, while rough classifications generate a 
narrower fringe. Among the rough classifications, real contiguity produces an 
acceptable accuracy and it is more close to reality. The achieved area represents in 
an indiscernible way the region where the new development areas can be located.  
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