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Abstract       The development of landscape ecology as a science led the 
scientists to give another look at ecosystem study, in order to fully understand 
the complex relations between the structural landscape elements. The 
landscape structure indices were a very sinthetic way to quantify the 
landscape complexity and the main data source were the land cover maps of 
the areas. The article presents a study on landscape structure quantification 
on digital aerial images of two representative sites in Neamt and Suceava 
counties, in the North Eastern part of Romania. The study showed the 
differences between the two areas  in regards to landscape fragmentation, 
shape complexity and landscape level diversity. The Neamt site showed lower 
fragmentation and shape complexity than Suceava, with landcover classes 
grouped in large areas located different parts of the landscape. The 
landscape diversity reached its maximum in Neamt site, with a double value 
of the Shannon diversity index than in the case of Suceava target area. This 
difference in diversity is given by the increased number of land cover classes 
in Neamt  on one hand and the higher evennes of area distribution found in 
this area. The landscape structure elements could become very useful when 
correlated with the values of species diversity and richness, obtained by 
detailed ecological studies, further integrated at landscape level.   
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Landscape ecology is a rather new research 

domain that deals with landscapes and all that is linked 

to them, namely composition, configuration, dynamics. 

In order to find the details of each landscape element, 

landscape ecology research has to reveal the landscape 

structures most fine characteristics. Before 

understanding the links between pattern and process 

we have to indentify and quantify the landscape 

structure [13].  

Landscape structure implies spatial 

heterogeneity which is a combination of configuration 

and composition [8] and refers to the spatial 

relationship among distinctive ecosystems or landscape 

“elements” – more specifically, the distribution of 

energy, materials and species in relation to the size, 

shapes, numbers, kinds and configurations of the 

ecosystems [7]. The quantification of landscape 

structure requires a way to describe and represent 

variability in space and time [4] and is a necessary 

condition for the study of landscape function and 

change [7]. 

Researches in landscape quantification began 

since 1980 but because of the easier spatial data 

acquiring ability the testing and application on the 

landscape metrics was possible in a more thorough 

manner. The analysis on landscape structure are based 

on land use and land cover data, which can be 

extracted from aerial photography [9,7], satellite 

remote sensing [1,2,6,11] and published data and 

censuses [4,6,12]. Gustafson [4] groups the methods of 

spatial structure quantification in categorical maps in 

which system properties are represented qualitatively 

(rarely quantitatively) and point data analysis which is 

applied to data collected by sampling. 

The quantification is done by means of the 

landscape metrics, empirical tools that describe the 

spatial structure of a landscape at a certain time scale 

and which are the tools for transforming an image that 

corresponds to a landscape into numbers that make the 

understanding of broad scale processes more thorough.  

Landscape indexes have been used and 

researched for a long time in order to quantify 

landscape pattern [4,5,7,9,12] and pattern dynamics 

[14], landscape heterogeneity and fragmentation land – 

use [11] and land cover changes  in order to make 

future predictions regarding the changes in landscape 

[3] most of the results of these studies being used for 

landscape management and planning [12].  

The aim of the researches presented in this 

paper was to identify the optimum raster resolution for 

landscape indices computation and the landscape 
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structure comparison between two study areas, 

representative for the Neamt and Suceava counties. 

 

Study area  
The study areas which fragmentation is 

quantified by means of Fragstats were chosen from the 

north east of the country – Neamt and Suceava County 

because of their heterogenous landscape and their 

different historical and management backgrounds 

which led to a fragmented landscape mosaic. The study 

area comprises 34832 hectares form which 60.42% is 

covered by forest, represented mainly by spruce mixed 

in a small percentage with beech and other broadleaved 

species. 

These regions are covered by a mixture of 

broadleaved and coniferous with a high percentage of 

Silver fir in Neamt and of Norway spruce in Suceava 

which form the landscape mosaic together with patches 

of arable land, pastures, water beds which are disturbed 

by a wide range of factors as: illegal loggings, 

windthrowns, land ownership change, bark beettle, 

landslides, erosion. All these factors could be gathered 

under the name of human impact which is the main 

driver of change here thing proved by the presence of 

the built areas patches. 

The research area is composed only by the most 

representative regions of the two counties, namely 

Vatra Moldovitei, Campulung Moldovenesc, Vama – 

Suceava County and Grumazesti, Balțătești, 

Grumăzești – Neamț County which are also the oldest 

regions in the county since they appear on the oldest 

maps of the region and are certificated as villages 

beginning with 1400.  

 

 
 

Fig. 1. Study location 

Materials and Methods 

 

The metrics calculations were done based on 

maps resulted from processing color othophotos, taken 

in 2005, at 0.5 m resolution, in the visible spectral 

range. The orthophotos were already georeferenced 

and orthorectified (fig.1). The mapping was done using 

ArcGIS 9.3, in the module ArcMAP, by visual 

photointerpretation according to field data and image 

texture. 

There were drawn polygons using the Editor 

tool and to each polygon there was allotted a land 

cover class. As a result of the field work, seven land 

cover classes were chosen, namely forest vegetation, 
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pastures, constructed areas, riverbeds, roads, orchards, 

arable lands. The land cover classes were chosen after 

some descriptive standards derived from the field work 

(tab.1).The landscape is formed thus from a mosaic of 

very diverse patches (fig.2) 

The resulted map was converted into raster and 

then into ASCII file and processed in Fragstats. 

FRAGSTATS was chosen for this study because of its 

processing capabilities and the most complex range of 

indexes included. 

The input data was the ASCII file and the 

indexes were computed for a grid on a 8 cell rule for 

neighboring patches. The resulted indexes are 

converted from notepad into Microsoft Excel format in 

order to be easier to analyze and process. 

A correlation analysis was performed on the 

landscape metrics in order to identify the 

multicolinearity trends, given the similarity between 

the indexes. For representativity purposes, the 

computation was applied on portions of the landscape 

obtained by dividing the Suceava area in four and 

Neamț in five smaller rasters. In each case, five 

different spatial resolutions were applied at raster 

conversion, ranging from 1 m to 5 m, in order to 

delineate the effect of cell size on spatial pattern. 

 

 

Table 1  

Descriptive standards of the landcover classes 

No. Land cover 

class 

Characteristics 

1. Forest Areas of land covered by forest vegetation comprising trees which reach 2-5 metres at 

maturity and trees of various storeys and undergrowth, young natural stands which have to 

reach a crown density of 10-30 per cent and also areas which are regenerating after the impact 

of human intervention or natural causes. [FCCC/CP/2001/13/Add.1] 

2. Pasture Areas of land covered by herbaceous vegetation, used for grazing 

3. Roads Stripes of land especially managed for travelling, consisting of managed roads as well as 

countryside roads 

4. Riverbeds A prolonged concavity on the surface of the terrain ensuring the natural flow with the free 

surface of the water coming from rain, snow and ice melting or from underground drainage 

(Rădoane et.al, 2001) 

5. Settlements Areas covered mostly by villages grouped along riverbeds, typically mountainous 

settlements. 

6.  Arrable land Areas covered by crops (wheat, corn,etc) 

 

 

         
 

Fig.2 Patch mosaic from the study areas (Neamţ-left and Suceava-right) 
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Results and Disscussions 

 
The results of the land cover classes mapping 

are two land cover maps for each study area, drawn in 

the Stereographic 70 projection, as a vector thematic 

map, overlaid on the localities found in the areas (fig. 

3). As the FRAGSTATS software uses raster based 

maps, the vector maps were converted to ArcGIS raster 

format and then to ASCII format. 

After the FRAGSTATS index computation, a 

group of representative indices were chosen according 

to their significance, after eliminating the redundancies 

on the base of Pearson correlation coefficient. 

Regarding the spatial resolution of the maps, a possible 

start point was represented by the resolution of the 

images used in the mapping of the land cover (0,5), but 

in this case the raster processing in the FRAGSTATS 

takes too long (even ten hours) and is not justified by 

the accuracy of the computation. The analysis of 

resolution effect on metrics computation showed that 

there are no significant differences between 0,5 and 

3 m resolution, substantiating an optimum spatial 

resolution of 3 m in the computation of final indices 

values (data not shown). 

There are certain indices that have significantly 

different values in the cases of the two study areas. The 

highest difference can be noticed in the case of the 

patch density and landscape shape index. In Neamț 

target area, the patch density is three times lower than 

in Suceava, which showed the higher fragmentation of 

the landscape in the above mentioned area.  

The Landscape Shape index, which is a measure 

of shape complexity and relies edge density and patch 

area, is also significantly different: 25.88 in Neamț and 

39.99 in Suceava, showing that not only is the 

landscape divided into smaller patches (thus more 

fragmented) in Suceava, but also the length of the edge 

areas and the complexity of the patch shapes are 

significantly higher. 

Another important element for a good 

interpretation is choosing a relatively small number of 

classes since when a bigger number of patches are 

created when there are more classes chosen and the 

fragmentation will increase, while, decreasing the 

number of classes the rare patches will be lost and the 

fragmentation will decrease [10,13]. 

In the beginning there were analyzed all the 

indexes eliminating the ones which proved 

redundancy. The more important indexes in such an 

evaluation are the ones of landscape composition, 

shape and configuration, especially linked to the area, 

patch, largest patch index, mean patch size, 

perimeter/area ratios, etc. 

The studied area lies on 56408 m
2
 in Neamt 

County and 35834m
2
 in Suceava.  Neamt has a larger 

area to be analyzed because the research was extended 

more in order to comprise an area of a high 

demographic pressure where the main disturbance 

element is the illegal logging. Here the forest structure 

is highly degraded.  

Analyzing the metrics of the landscape 

composition in the two areas it could be noticed that 

the number of patches is larger in Suceava than in 

Neamt although Suceava study area extends on a 

smaller surface. 

 

Table 2 

Landscape level metrics computed for Suceava and Neamț study area 

 

Landscape level metrics FRAGSTATS 

code 

U.M. Suceava Neamţ 

2005 2005 

Patch density PD Nr/ha 7,685 2,824 

Largest patch index LPI ha 20,431 21,311 

Landscape shape index LSI - 39,996 25,880 

Mean patch area AREA_MN ha 12,648 28,724 

Mean fractal dimension FRAC_MN - 1,132 1,139 

Proximity index PROX_MN m
2
/m 35366,7 26108,0 

Contagion CONTAG % 70,115 61,926 

Conectivity CONNECT - 0,409 0,681 

Division DIVISION - 0,914 0,944 

Split index SPLIT - 11,582 17,901 

Shannon diversity index SHDI - 0,888 1,617 

Agregation index AI % 98,738 99,229 
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Fig. 3. Land cover map for Neamt study area 

 
The large number of patches in both areas is a 

clear statement of the presence of fragmentation but it 

could also mean that Neamt patches are more 

aggregated since Neamt extends on a larger area and 

has less patches. The cohesion index which measures 

the patches aggregation and derives from the patch 

area, perimeter indexes reveals aggregation for both 

study areas. When the value of this index reaches 100 

it means aggregation and the values of the study are 

99.229 for Neamt and 98.738 for Suceava. 

The patches in the two counties also differ in 

the degree of connectivity. Neamt patches are 

connected in a percentage of 0.98%, unlike Suceava 

which are connected only in a percentage of 0.41. 

On the other hand when analyzing the landscape 

shape index (LSI), Suceava patches prove to be more 

dissagregated. McGarigal states that when the value of 

LSI increases more than 1 the landscape is more 

disaggregated so the values of 39.53 for Suceava as 

opposed to Neamt 22.32   prove that the patches in the 

composition of both counties are dissagregated but 

more in Suceava than in Neamt [8]. This index also 

reveals the facts that the patches shape are very diverse 

this also being an element inducing fragmentation. 

These diverse patches tend to be denser in Suceava 

(7.87) than in Neamt (2.51).  The largest patch covers 

20.39% of the landscape in Suceava and its represented 

by forest as well as in Neamt where it covers only 

4.87% of the landscape. Together with the patches 

covered by forest which is the most important land 

cover type in these regions, also, the number of patches 

covered by roads and water beds reveal the degree of 

the study area fragmentation. In Neamt the road patch 

density is 337 and 286 in Suceava, but Suceava has 

more patches covered by river beds than Neamt thus 

proving that both counties are fragmented but from 

different types of classes. Also the patches covered by 

pastures and arable land are other types of land cover 

that contribute to the fragmentation and diversity of 

patches. These resides also in the activities of the 

region; Neamt being based more on agriculture while 

in Suceava is based more on wood processing and this 

is normal since  Neamt relief is more one of a hilly 

region while Suceava is  more mountainous. 
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Fig. 4. Land cover map for Suceava study area 

 

Although the area of the Suceava study area is 

smaller the demographic pressure here is bigger the 

patch density covered by buildings being 2.26 here as 

opposed to Neamt where it is 0.41, with a number of 

810 patches in the first area and 234 in the second one. 

As stated before, the landscape in both areas is 

very diverse, and this is proved by analyzing Shannon 

and Simpsons indexes. Shannon index is a combination 

of richness index (PR-number of classes) which is 7 

and 5 for the two landscape and increases as the 

number of classes increases and of evenness (the areal 

distribution of classes). In this situation Neamt (1.617) 

comprises a higher diversity of patches better 

distributed on the area. Patch richness density though is 

the same in both cases (0.01%) with very small 

differences. 

 

 

Conclusions 

 
The use of digital aerial images in the 

computation of landscape structure indices is 

substantiated by their high spatial resolution, which 

makes them appropriate for an accurate positioning of 

land cover classes and a good visual interpretation 

opportunity. The most efficient resolution of the raster 

used in FRAGSTATS was 3 m, resolution that did not 

affect significantly the result of the computation, but in 

the same time, assured a good processing rate on an 

average computer. 

As to the differences between the two study 

areas, differences can be drawn regarding both 

fragmentation, patch and landscape shapes and 

landscape diversity. The Neamt target area is less 

fragmented and the land cover classes are more 

dispersed on the landscape, with forest cover grouped 



 181 

in the Western and Eastern part, with the arable lands 

and pastures in the middle. In Suceava study area the 

land cover fragmentation is significantly higher (about 

4 times) and the shape complexity is almost double. 

The landscape diversity indices showed 

multicolinearity and the most significance was noticed 

in the case of Shannon diversity index, which had 

double values in the case of Neamt study area than in 

Suceava. 

The significance of the landscape indices is best 

shown by correlating their values with other functional 

diversity elements, such as plant diversity, birds and 

mammals’ population density and animal behavior and 

movement maps. This could be a next point in the 

further development of the research. 
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