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The utility of some metrics in developing a landscape diagnosis. Case 
study: Botoroaga commune, Teleorman County, Romania.  
 

Mihai Mustățea 

 
 

Utilitatea unor indicatori în elaborarea unui diagnostic al peisajului. Studiu 
de caz: comuna Botoroaga, județul Teleorman, România. Principalul aspect 
analizat în lucrarea de față este reprezentat de către capacitatea zonelor rurale de 
a susține impactul agresiv al expansiunii rezidențiale, fenomen ce aduce cu sine 
implicații puternice asupra structurii și funcțiilor peisajelor adiacente. Acest 
proces de dezvoltare a spațiului rezidențial este unul aglutinant, fără a se 
fundamenta pe o strategie concretă de planificare spațială durabilă, și fără o 
diagnoză preliminară a  multiplicării funcțiilor și relațiilor caracteristice 
peisajului în cauză. Scopul lucrării constă în determinarea „stării de sănătate” a 
ecosistemelor ce alcătuiesc peisajul comunei Botoroaga din județul Teleorman, 
printr-o analiză ce identifică funcțiile nealterate cât mai ales disfuncționalitățile și 
conflictele spațiale. Analiza a fost realizată prin utilizarea a zece metrici 
prelucrați cu ajutorului aplicației software FRAGSTATS. Rezultatele relevă 
prezența unor clase de utilizare cu suprafețe mari, forme compacte și un grad 
înalt de extindere și proximitate spațială, dar și a unor suprafețe reduse, puternic 
fragmentate cu forme complexe geometric. Importanța acestei analize este 
reprezentată de utilitatea practică a rezultatelor sale ce pot fi folosite ca suport 
pentru formularea unei strategii de planificare durabilă,  pentru menținerea 
relațiilor echilibrate între tipurile de peisaje, dar pentru și minimizarea 
conflictelor funcționale din cadrul ecosistemelor.  
 
Cuvinte cheie: peisaj, funcții, structură, compoziție, comuna Botoroaga 
 
The utility of some metrics in developing a landscape diagnosis. Case study: 
Botoroaga commune, Teleorman County, Romania. The major concern of this 
paper is represented by the capacity of rural areas to support residential sprawl, 
feature which generates strong implications on the structure and functions of the 
adjacent landscape. The process of residential sprawl is an aggressive one, 
without having a clear strategy of sustainable spatial planning, and without a 
preliminary diagnosis of multiplication functions and relations characteristic of 
the landscape in question. The main goal of this paper is to establish the „health 
condition” of the ecosystems which compose the rural landscape of Botoroaga 
commune, from Teleorman County, in the south-central part of the Romanian 
Plain, through an analysis which identifies features unaltered but especially 
malfunctions and spatial conflicts. The analysis was performed using ten metrics 
processed using FRAGSTATS software. The results revealed the presence of large 
surface classes, with a high level of connectivity, proximity and compact 
geometrical shapes, but also some small areas classes, characterized by low levels 
of connectivity and a high degree of spatial isolation. The importance of this 
analysis is the practical usefulness of its results that can be used to support the 
formulation of a strategy for sustainable planning, in order to maintain balanced 
building relationships between land cover classes within a landscape, and to 
minimize functional conflicts within ecosystems. 
  
Keywords: landscape, functions, structure, composition, Botoroaga commune 
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1. INTRODUCTION 

Landscape ecology is based on the idea that spatial patterns strongly influence 

the ecological processes within a landscape (Turner, 1988). Practically, if altered by 

anthropogenic factors, the landscapes structure will affect their functionality, and could 

adversely trouble the existence of communities of organisms, and the overall degree of 

ecosystems stability (Turner et al, 1993).  

This awareness has led to significant development of methods for quantifying 

landscape structure based on hundreds of landscape metrics to better understand the 

relationships between spatial patterns and ecological processes. Yet the very concept of 

landscape is still heavily debated in cultural geography, and there is a rich palette of 

definitions and ideas that makes it difficult to standardize (McGarigal and Marks, 1994). 

Despite this, there are some common elements, such as an area of land that includes a 

variety of items. Some authors consider the landscape as a heterogeneous area in terms 

of at least one element of interest (Turner et al, 2001). Others, define the landscape as an 

interacting mosaic of patches relevant to the phenomenon under consideration (at any 

scale) (McGarigal and Marks, 1994). Cultural geographers consider the landscape as a 

complex multidimensional structure, composed of a physical reality, a social reality and 

even an emotional reality (Kosian, 2008).  

Of course, the most obvious is the physical reality of the landscape. A physical 

landscape is made up of several spatial components. It is considered particularly useful 

the patch-corridor-matrix model (mosaic of patches) as a technique to conceptualize 

landscape elements (Forman, 1995). A patch is defined as a land area of different spatial 

features if compared with its surroundings (Turner et al, 2001). A matrix is considered a 

type of land use that due to vast expansion and connectivity plays a crucial role in the 

functioning of the landscape in question (Botequilha, 2006). The corridor is defined as 

being a class of land use particularly narrow, which vary through the neighbourhood of 

at least a factor of interest, and ensures or stops moving the environmental flows 

(Botequilha, 2006). A class of land use (LCT) is a type of ground coverage (natural 

classes such as forests, waters, marshes or human classes, such as arable land, pastures, 

residential areas, industrial areas, roads etc.) with different characteristics, depending 

on the feature of interest. One class comprises several parcels of the same type. In 

landscape ecology metrics are mathematical algorithms that quantify the spatial 

characteristics of the patches, classes or the entire landscape while indicators are 

variables use to indicate the status or condition of a system (Botequilha, 2006).  

The main achievements in the field of landscape ecology by applying landscape 

metrics in the universal literature belong to American researchers, who designed the 

fundamental software of computing landscape metrics FRAGSTATS (McGarigal and 

Marks, 1994). In Romanian literature, some of the most important contributions are 
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based on the use of landscape metrics in the analysis of temporal and spatial landscape 

dynamics (Pătroescu, 1982, Pătru-Stupariu et al, 2009, Vijulie, 2010, Niculae, 2011). This 

paper aims to evaluate the prospective functionality of the rural landscape of Botoroaga 

commune through a wide variety of landscape metrics reflecting complex spatial 

features. Based on the stated purpose, the main objectives are: quantifying the spatial 

models of the land use classes within the landscape of Botoroaga commune; setting 

relations between the structure of land use classes and the abiotic, biotic, and cultural 

resources within the classes; identifying the classes with potential good functionality, 

and also the ones with possible ecological disruptions, both now and in the future; and 

formulation of recommendations on future management. Therefore notions of 

landscape, human and natural land use classes, patch, metrics and indicators are key 

words in question.   

 

2. STUDY AREA 

In virgin or pristine landscapes, landscape function indicates the analysis of 

interconnections between of a multitude of elements: relief, climate, hydrogeology, soil, 

flora, fauna etc. Anthropogenic effects generate brutal changes on landscapes, taking the 

understanding of their functionality at a new level of difficulty (Csorba and Szabó, 2012).  

Due to its rural features, characterized by a powerful human impact on the 

natural elements, the area of Botoroaga commune is particularly interesting to study 

through the application of ecological principles and landscape metrics for designing a 

landscape diagnosis. Botoroaga commune has an area of 11797.77 hectares, being 

located in the eastern part of the County of Teleorman, in the south-central part of 

Romania (Figure 1). From a geomorphological point of view, the village of Botoroaga is 

located in the southern Câlniştea plain, a part of the larger Găvanu-Burdea plain, which 

is the eastern part of the Teleorman plain, and thus in the center of the Great Romanian 

Plain (Posea et al., 2005). Also in terms of morphohydrography, the village is situated in 

the Câlniştea river basin, part of the Argeș basin (Tufescu and Mocanu, 1985). In terms 

of biogeography, climate and altitude, the commune is characterized by the presence of a 

temperate continental transition climate and low altitudes (between 70 and 100 

meters), which favors the development of an individualized latitudinal vegetation. The 

northern part of the Câlniştea valley was the domain of the once huge and compact oak 

forests, while the south was once dominated by grasslands and isolated patches of dry 

oak forests (Călinescu, 1969).  

The landscape of the Romanian Plain, was dominated by forest until the 

nineteenth century (1829), when agricultural activities became dominant (Vijulie, 

2010). Until then, human settlements where nearly non-existent, most of the population 

being concentrated in mountain and hill areas (Vărzaru, 1984). Soon, the once compact 
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dominated forest landscape was converted into arable land. After the collapse of the 

socialist regime in 1989, much of the farmland has been abandoned, and industrial units, 

were left as derelict sites (Tudose, 2007). Currently, arable land is entirely reused by 

individual families or associations and the industrial units are valued only partially by 

foreign investors, while a small percentage is used by shepherds as shelters for their 

animals.  

Figure 1. The location of the Botoroaga commune in the County of Teleorman, Romania 

Data sources: A.N.C.P.I. (2006) 

3. DATA AND METHODS 

To conduct this work, we used a wide range of quantitative data and methods, 

whose collection and implementation enrol in a logical order to achieve the set goal 

(Niculae, 2011).  

The first step was establishing of the area of interest. We selected the 

administrative area of Botoroaga commune, from Teleorman County in southern 

Romania, because it possesses the characteristics of a landscape affected by a 

particularly intense human pressure and also it has got a relatively small area, which is 

well suited for conducting landscape micro-analyses. For this, a feature class shapefile 

layer of Botoroaga commune’s administrative boundaries was used (A.N.C.P.I., 2006). 

The second step was the establishment and identification of land use classes 

within the landscape of interest: forests, rivers, swamps, residential areas, industrial 

areas, open areas (pastures, vineyards, arable land) and roads. The cartographic basis is 

represented by ortophotos (with a spatial resolution of 0.5 meters) (A.N.C.P.I., 2006). 

Also, a very important role was played by several observations during multiple field 
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campaigns of the author. Based on these issues we designed a vector geo database and 

mapped the several landscape classes which compose the landscape of Botoroaga 

commune (Figure 2).  

Quantifying spatial patterns of each class to determine the spatial and functional 

dynamics was accomplished through statistical methods. The geographic database was 

designed using Esri ArcGIS. The development of a landscape diagnosis was based on the 

evaluation results of ten landscape ecology metrics, used for measuring the composition 

and configuration of landscapes. These were calculated using FRAGSTATS application 

software. The metrics are used in the research of landscape structure to compute the 

level of heterogeneity in order to establish their ecological functionality (Csorba and 

Szabó, 2012). For this evaluation we adopted the core set of ten landscape metrics (two 

composition metrics and eight configuration metrics), with the specification that some 

minor technical limitations hindered us from using ECON (edge contrast) (Botequilha, 

2006). Also, for a deeper perspective, we adopted another metric, PD (patch density), as 

a complementary metric for PN (patch number). The other configuration metrics are: 

AREA MN (mean patch size), AREA AM (area weighted mean patch size), SHAPE AM 

(area weighted mean patch shape index), Gyrate AM (area weighted mean patch 

extensiveness or compaction), PROX AM (area weighted mean proximity index) and 

ENND AM (Euclidean nearest neighbour distance area weighted mean). The two 

complementary composition metrics are: CAP (class area proportion) and CA (class 

area) (Botequilha, 2006). The metrics can be classified as class level metrics (Table 1) 

and class level area wighted metrics (Table 2).  

The functions of the landscape were defined as relations between the structure of 

classes and the specific resources to each class of land use in part and therefore, based 

on quantifying structural features of the landscape classes through the ten indicators we 

could determine the functionality of the classes, by applying the principle: "patch and 

class functionality is largely determined by the shape and surface" (Botequilha, 2006).   
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Figure 2. The seven land cover classes which compose the landscape of Botoroaga commune  

from Teleorman County: water, open spaces and farmland, roads, industrial areas,  

residential spaces, wetlands and forests 

 Data sources: A.N.C.P.I. (2006) 

 

 

Table 1. The 5 class level metrics computed for the analyises using FRAGSTATS 

Metric Equation Calculation 

Units/ 

Range of 

Values 

1. CA  

(Class Area) 

𝐶𝐴 = 

∑𝑎𝑖𝑗

𝑛

𝑗=1

 

Where : 

aij =Area (m2) of patch j for 

the ith LCT. 

Hectares  

or m2/>0 

2. CAP (Class 

Area 

Proportion) 

𝐶𝐴𝑃𝑖 = 

∑ 𝑎𝑖𝑗
𝑛
𝑗=1

𝐴
 

Where : 

aij = Area (m2) of patchij; 

ni = number of patches in the 

landscape of classi. 

None/ 

0<CAP≤1 

3. PN  

(Patch Number) 

𝑃𝑁 = 

∑𝑃𝑖

𝑛

𝑖=1

 

Where : 

aij = Area (m2) of patch j for 

the ithLCT; 

A= total landscape area  

(m2). 

None 

(Number)/  

≥ 1 
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4. PD  

(Patch Density) 

𝑃𝐷 = 
𝑛𝑖
𝐴
× (10,000 × (100) 

Where : 

Pi = patch of type i. 

 

Number/ 

100 

hectares/ 

>0 

5. AREA MN 

(Mean Patch 

Size) 

𝐴𝑅𝐸𝐴𝑀𝑁 = 

∑ 𝑎𝑖𝑗
𝑛
𝑗=1

𝑛𝑖
 

Where : 

ni = patches of classi from 

the landscape; 

A= total landscape area 

(m2). 

Hectares  

or m2/>0 

 

Table 2. The 5 class level area wighted metrics computed for the analyises using FRAGSTATS 

Metric Equation Calculation 

Units/ 

Range 

of 

values 

1. AREA AM 

(Area Weighted 

Mean Patch 

Size) 

𝐴𝑅𝐸𝐴𝐴𝑀 = 

∑[𝑎𝑖𝑗 (
𝑎𝑖𝑗

∑ 𝑎𝑖𝑗
𝑛
𝑗=1

)]

𝑛

𝑗=1

 

Where : 

aij = Area (m2) of patchij; 

ni= number of patches in the 

landscape of classi. 

m2/> 0 

2. GYRATE AM 

(Area Weighted 

Mean Patch 

Extensiveness) 

𝐺𝑌𝑅𝐴𝑇𝐸𝐴𝑀 = 

∑[∑(
ℎ𝑖𝑗𝑟

𝑧
)(

𝑎𝑖𝑗
∑ 𝑎𝑖𝑗
𝑛
𝑗=1

)

𝑧′

𝑟=1

]

𝑛

𝑗=1

 

Where: 

hijr= distance between cell ijr 

(of patch ij) and the center of 

patch ij, based on cell center 

to cell center distance; 

 z= number of cells of patch ij. 

m/≥ 0 

3. SHAPE AM 

(Area Weighted 

Mean Shape 

Index) 

𝑆𝐻𝐴𝑃𝐸𝐴𝑀 = 

∑[
𝑃𝑖𝑗

𝑚𝑖𝑛𝑃𝑖𝑗
(

𝑎𝑖𝑗
∑ 𝑎𝑖𝑗
𝑛
𝑗=1

)]

𝑛

𝑗=1

 

Where:  

pij =, perimeter of patch ij;  

min pij= minimum perimeter 

of patch ij in terms of number 

of cell edges. 

None/ 

≥ 1 

4. ENND AM 

(Euclidean 

Nearest 

Neighbour 

Distance Area 

Weighted Mean) 

𝐸𝑁𝑁𝐴𝑀 = 

∑[ℎ𝑖𝑗 (
𝑎𝑖𝑗

∑ 𝑎𝑖𝑗
𝑛
𝑗=1

)]

𝑛

𝑗=1

 

Where : 

hij = the distance to the 

nearest neighboring patch of 

the 

same type i for the specific 

patch j, based on the shortest 

distance between 

patch edges. 

m/> 0 

5. PROX AM 

(Area Weighted 

Mean Patch 

Proximity 

Index) 

𝑃𝑅𝑂𝑋𝐴𝑀 = 

∑[(∑
𝑎𝑖𝑗𝑠

𝑏𝑖𝑗𝑠
2

𝑛

𝑗=1

)(
𝑎𝑖𝑗

∑ 𝑎𝑖𝑗
𝑛
𝑗=1

)]

𝑛

𝑗=1

 

Where:  

aijs = the area of the sth? 

patch within the specified 

search radius of patch ij; 

 hijs = the distance from patch 

ij to the sth? 

neighboring patch of the 

same type, based upon edge-

to-edge distance. 

None/ 

> 0 

Data sources: Botequilha (2006) 
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4. RESULTS 

CA and CAP reveals the overwhelming dominance of open spaces and farmland. 

They account for about 87% of the total landscape area, representing a huge share, if 

compared to other classes which have insignificant shares (3.67% residential areas, 

3.13% forests, 2.96% roads, negatively culminating with the industrial spaces which 

hold only 0.34 % of the total landscape area) (Figure 3A, B).  

PN as well as PD reveals again the absolute dominance of open spaces and 

farmland (Figure 3C, D). They also hold the largest number of patches (422) and the 

highest patch density (3.57 patches/ 100 hectares). Residential areas also record high 

values: PN= 254, PD = 2.35 patches/ 100 hectares). The remaining classes poses 

insignificant values, lows being recorded by roads, which are composed of only 4 

patches.  

AREA MN and AREA AM proves the absolute dominance of roads. That is because 

they are the class with the highest power of fragmentation (cannot be fragmented by 

any other class), and therefore have the largest median size of patches, both average (87 

hectares) and weighted average (340 hectares). The remaining classes have extremely 

low values; the smallest being touched by residential spaces, with an average size of 1.7 

hectares and a weighted average size of 2.6 hectares. However, higher values are 

registered by open spaces, which have an average size of patches of 24 hectares and a 

weighted average size of 92 hectares (Figure 3E, F).  

SHAPE AM also reaches high values for roads (134), while the remaining classes 

have extremely low values, with a minimum being found at the open spaces and 

farmland (only 1.5) (Figure 4G). Gyrate AM reveals extremely high values for roads 

(about 4 kilometers), while the remaining classes have insignificant values, the lowest 

being those of the residential spaces (85 meters) (Figure 4H). 

ENND AM reaches high values for the industrial areas (almost 100 meters on 

average), while the remaining classes have relatively modest values, culminating with 

the forests (only 4.8 meters on average the straight distance between the nearest 

patches) (Figure 4I). PROX AM indicates high values for open spaces and farmland (76 

694), while the remaining classes have extremely low values, with the roads yielding the 

lowest (1.4). Higher values are recorded also by forests (11 513) (Figure 4J). 
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Figure 3. The results of the first six metrics computed over the seven land cover classes which compose 

the landscape of Botoroaga commune: CA (A), CAP (B), PN (C), PD (D), AREA MN (E) and AREA 

AM (F) Data source: A.N.C.P.I. (2006) 
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Figure 4. The results of the last four metrics computed over the seven land cover classes 

which compose the landscape of Botoroaga commune:  

SHAPE AM (G), GYRATE AM (H), ENND AM (I) and PROX AM (J) 

Data source: A.N.C.P.I. (2006) 

 

5. STUDY LIMITATIONS 

 By the application of many landscape metrics in order to complete the purpose 

proposed, we encountered a number of errors or difficulties, some of which will be 

presented, explained in detail and accompanied by recommendations.  

The resolution of the date included in the analysis is another crucial issue (the 

grain size of the raster map) (Csorba and Szabó, 2012). It is important to choose a 

proper data resolution to represent the landscape elements that may have relevant 

ecological implications on the investigation in question (Corry and Nassauer, 2005). It is 

possible that in the moment of converting a vector data set into a raster one (to enable 

quantifying the patches, classes or the landscapes spatial features in FRAGSTATS), some 
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disjoint patches can merge or separate, resulting in numerous patches with the size of a 

unit or one cell (error encountered when converting the vector data set for roads to a 

raster date set). The error occurs when the size of the selected cell entering the process 

of rasterization is too large compared to the minimum size of the narrowest patch from 

the vector image. It is recommended to use a cell size less than half the size of the 

narrowest patch of the vector image (Botequilha, 2006). Linear classes such as roads or 

water are particularly vulnerable in this process. On the other hand, assigning a very 

small cell size to a raster image may result in extending the process of converting the 

vector data set into a raster one (Corry and Nassauer, 2005). In the process of 

converting a vector data set into a raster image using GIS software, at the heading 

Assignment Cell Type, it is strongly recommended to select Maximum Cell Area. Cell 

Assignment Type determines the value taken by a raster cell in the moment of 

conversion, when it overlaps two different classes within the vector data set, like roads 

and swamps. Maximum Area determines that the value to be taken by the raster cell 

belongs to the class in the vector data set superimposed to a greater extent by the raster 

cell. I also recommend prioritizing linear classes (assign higher values in a new field, 

which will then be selected under the heading priority field) to achieve the conversion 

process. In this way, linear classes will have priority over other classes when assigning a 

value to a cell in the new raster data set.  

However, the conversion of roads from a vector data set to a raster data set in 

this paper presents an error. The class is still fragmented into at least two patches. 

However, this is not quite true (because in reality the roads hold the greatest power of 

fragmentation, being the class that theoretical splits all other classes), which is why 

some indicators will show questionable values. This error will be the subject of future 

informing, but for the moment, there is no impediment to carrying out the present 

research.  

 

6. DISCUSSION 

Open spaces and farmland occupy a large area, and are characterized by a great 

degree of fragmentation. Also, the patches have a small average size, low level of 

expansion and compact shapes, being close one to each other. Because the patches are 

very small in area, but numerous and close one to each other, it results a great degree of 

proximity (Figure 5A).  

Area MN and AM, along with patch density represent conventional measures of 

subdivision and are extremely sensitive to the omission or addition of very small 

patches (Zomeni and Vogiatzakis, 2014). The high level of subdivision is explained by 

the fact that the farmland is composed by a sizable number of very large patches and 

extremely small patches located near the residential areas. Still, since open spaces and 
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farmland exceed 50% of the total area of the landscape, we can consider farmland as 

being the landscape matrix (the class with the highest level of functionality) (Neel et al., 

2004). Because not all species require that suitable habitat to be present in 1 contiguous 

patch, the huge area of farmland may be a great example of habitat for adaptable species 

(McGarigal and Marks, 1994).  

It seems that open spaces are characterized by a high potential of providing 

habitat for animals and food production for humans, potentially resulting in a good 

ecological functionality of this anthropogenic class currently. The future intensification 

of agricultural activities can lead to negative consequences on wildlife habitats 

(pollution with pesticides, noise from heavy machinery etc.) (Botequilha, 2006). It is 

therefore recommended to maintain the intensive agriculture at the low current levels.  

Roads occupy a small area, being characterized by a reduced level of 

fragmentation. The patches have a large average size, high level of expansion and 

complex geometrical shapes. Even if there are close one to each other, because there are 

few patches, it results a high degree of spatial isolation (Figure 5B).  

At the moment the high level of extensiveness generates a potential malfunction 

of this class from an ecological point of view. Roads represent the major cause for 

habitat fragmentation, facilitating penetration by people and pollution. Also, the roads 

represent the source for car pollution or erosion. Occasionally, the roads can increase 

run-off and concentration times (Botequilha and Ahern, 2002).  

The potential future expansion of the class, represents a threat for natural 

ecosystems. It is crucial to understand the aspects of ecological effects associated with 

road systems, in the hope of developing practical solutions for transportation policy, as 

well as effective conservation delivery (Zomeni and Vogiatzakis, 2014). For the moment, 

it is recommended to maintain roads at current levels.  

Forest, swamps and waters occupy a small area and are characterized by a 

reduced level of fragmentation. The patches have a small average size, low levels of 

expansion, are close one to each other and have compact shape. Because the patches are 

small and close together, but few in number, there are characterized by a high degree of 

spatial isolation (Figure 5C).  

In terms of ecology, the compact shape classes have less eco-tone than other 

classes of a similar size and they are more stable ecologically (Csorba and Szabó, 2012). 

These classes are characterized by less edge effects, such as nest predation by outside 

predators on interior species (Schmiegelow and Monkkonen, 2002). On the other hand, 

the small area occupied by forest and wetlands does not allow efficient surface runoff 

filtering while the low level of expansion does not allow efficient animal movement 

(Carone and Simoniello, 2006). The decreased patch size may have negative effects of on 

the occurrence of species with large home ranges (Schmiegelow and Monkkonen, 2002).  
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These characteristics are aspects that can be translated in terms of providing low 

environmental services (filtration, infiltration, water cycle adjustment, timber, 

recreation, aesthetics etc.) (Botequilha and Ahern, 2002). The expansion of residential 

areas and transport infrastructure will increase fragmentation and reduction of these 

classes. We advise extending forest plantations in the form of buffers along 

watercourses and wetlands. 

The residential and industrial areas are characterised by various structural and 

functional features. High values for CA and CAP indicates that residential spaces occupy 

a small area, high values for PN and PD point out that the class is characterized by a 

great degree of fragmentation, low values for Area MA and Area MN implies that the 

patches have a small average size, low values for GYRATE AM tell us that the patches 

have a reduce level of extension, and low values for ENND AM indicates that the patches 

are close one to each other. Low values for Shape AM signify that patches have compact 

shapes, while low values for PROX AM designates that although the patches are 

numerous and close together, because they are very small, they become very isolated 

(Figure 5D). The industrial areas have the same spatial features, except the fact that 

there are characterized by a reduced degree of fragmentation and the patches are 

distant one from each other.  

Theoretically, settlements represent a superior physical barrier than roads, 

because there are wider (Csorba and Szabó, 2012). On the other hand, because of their 

compact structure, small area, and reduced level of expansion,  impact on natural classes 

is potentially less aggressive than it seems (creation of impervious areas, water 

pollution, noise, littering, habitat destruction etc.) resulting in a good ecological 

functionality of residential and industrial areas today (Botequilha, 2006). We 

recommend that in the future residential and industrial areas must be maintained at 

present levels or reduce their expansion into more compact structures, in order to avoid 

the fragmentation of open spaces.   

 

7. CONCLUSIONS 

For the moment, Botoroaga commune is characterized by a landscape composed 

of  potentially good functionality classes (residential areas, industrial areas, open spaces 

and agricultural land) and classes with potential for malfunction (forest, rivers, swamps 

and roads).  

On one hand, because of their compact structure, small area, and reduce level of 

expansion, residential and industrial areas are characterized by low impacts on natural 

classes while open spaces and agricultural land represent the landscapes matrix, being 

characterized by the highest level of functionality.  
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Figure 5. The distribution of the landcover classes composing the landscape of Botoroaga 

commune: open spaces and farmland (A), roads (B), forest, water and wetlands (C), residential and 

industrial areas (D) Data source: A.N.C.P.I. (2006) 

 

On the other hand, because of their high level of extensiveness, roads could 

generate potential ecological malfunctions while forests, swamps and waters occupy a 

reduce area, poses small average size patches, low level of expansion and high degree of 

spatial isolation, potentially providing low environmental services. In the future, all 

classes are vulnerable in the face of the potential sprawl which characterizes the 

residential and industrial spaces, and also the roads.  

Therefore, it is recommended to maintain the current low levels of extensiveness 

and compact structure of the industrial and residential areas or to promote the 

expansion in structures as compact and as less extended as possible. Also, we 

recommend expanding the forest in the form of buffers along rivers, for a better 

protection of the abiotic resources against human activities. The roads must be 

maintained at the present levels of extensiveness, in order to avoid the future 



Cinq Continents Volume 7, Numéro 15, 2017, p. 42-58 

 

fragmentation of open spaces and farmland ecosystems. We suggest exploring the 

practical usefulness of the results that can be used to support the formulation of a 

strategy for sustainable planning. 
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