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ABSTRACT (online version) 
The significance of geographic information systems (GIS) for environmental 

managment and resource planning has increased in recent years. Current ecological 
theory, in particular ecosystem theoy, is characteriyed by a new better understanding of 
ecosystem patterns and dynamics. This paper describes some of the basic application 
methods using GIS in connection with ecological factors constrained by relief in Ţarcu 
Mountains, Southern Carpathians. 
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 INTRODUCTION 
 The Geographical Informational Systems (GIS) represent packages 

of programes created especially for the acquisition, preservation, analysis 

and visualisation of spatial, geo-referential data of the real world (Haidu, 

1998). They are the only programes capable of working with spatial 

databases, as they are, in fact, informational media for spatial analysis. The 

GIS applications in ecology are extremely numerous, from the analysis of 

the factors responsible for the repartition of ecosystems to shaping and 

simulation. 

 The data used in ecology have two distinct characteristics, which 

demonstrate their compatibility with the Geographical Informational 

Systems, namely the specific location and the variability. The usefulness of 

GIS in the ecological research has been proved by the evolution of he 

ecological models: the first ones simulated the changes that occurred in time 

for only one site or for a small area at the most, while in the last 20 years – a 

period of time in which computers and the GIS have started to be used in 

ecology, as well – ecological models applicable to wider geographical areas 

have been conceived and developed (Hunsaker et al., 1993). Unlike the 
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classical methods, which did not place the stress on spatiality, today the 

analysis of the spatial distribution of species in relation with other species or 

with the physical-geographical conditions may offer interesting answers to 

the problem regarding the repartition and evolution of ecosystems. 

 Given the fact that the relief, with its characteristics, has a great, 

direct or indirect, influence on all physical-geographical processes and also 

plays a direct role in the repartition of ecosystems, it is one of the first 

elements analysed in an ecological study. Within GIS, the morphological 

analysis of the relief is done with the help of the digital elevation models 

(DEM) – also known as the digital terrain models (DTM). At the same time, 

DTM are used in the processes of spatial analysis and mathematical shaping 

(specific methods of GIS), in order to solve theoretical and practical 

problems that occur within ecology. 

 The term “digital terrain model” was used for the first time in 1958 

by Miller and Laflamme (cited in Stocks and Heywood, 1994), who defined 

it as “a statistical representation of the continuous surface of the terrain, 

which uses a great number of points whose horizontal coordinates (x, y) and 

altitude (z) are known, the representation being materialized in an arbitrary 

system of coordinates.” The altitudinal values are homogeneously disposed 

and form a matrix represented by a net of cells with regular forms, 

rectangular most frequently and sometimes triangular and hexagonal. 

Although this representation, known as raster structure, “breaks” that 

surface into identically large cells, it is considered that the data form a 

continuos surface. It is, in fact, a bi-dimensional “matrix” of the terrain’s 

altitude, the values belonging to equally distant points on the terrestrial 

surface. 

 In the present paper, our goal is to determine – for the subalpine 

domain of the Ţarcu peak (2190 m) – with the help of  GIS, the most 

important abiotic factors that play a role in the distribution of ecosystems 

and, at the same time, to draw some digital maps of the distribution of these 

factors, both being imperative elements in the subsequent ecological 

analysis. At the same time, we will exploit the fiability of these programs in 

the processing of remotely sensed images, in order to obtain up-to-date maps 

of the vegetation, thus making possible an evolutionary approach of 

ecosystems. 

 
 THE STUDY AREA 
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 The Ţarcu mountain has been chosen for this study for various 

reasons: its height (2190 m) leads to the vertical zonation of the climatic 

conditions and to the appearance of the vegetation levels from the beech 

forests to the alpine level; the subalpine and alpine levels, considered to be 

extremely fragile and with a fast reaction to the climatic changes; the 

existence of three weather points that made a lot of observations and whose 

altitudinal position permits the analysis of the specific conditions of the low 

regions (Caransebeş meteorological station, 200 m), the average regions 

(Cuntu meteorological station, 1460 m) and of the subalpine regions (Ţarcu 

meteorological station, 2190 m); the existence of chalets and meteorological 

stations, which can be taken as fulcrums in the terrain work; the existence of 

a relatively high antropic pressure, demonstrated by the pastures, lumber 

stations, hydrotechnical damming, tourism, the laying out of roads, the 

building of meteorological stations, all of the above having major 

implications on the mountain environment. 

 The Ţarcu Massif, together with the Baicu Massif (2123 m), Bloju 

(2162 m) and Muntele Mic (1802 m), forms the highest level of the Ţarcu 

mountains. It lies in the western part of these mountains and its boundaries 

are the superior water courses of the rivers  Râul Rece, Şcheieu, Şuculeţul, 

Olteana and Râul Lung. The characteristic landscape is given by the high 

altitude plateau represented by the flat surfaces of the sculptural complex 

Borăscu, which are situated around the peaks Ţarcu (2190 m), Bodea (2169 

m) and Căleanu (2190 m). The plateau is limited by a series of glacial 

cirques: Groapa Căleanului and Căldarea Şuculeţului, to the north; Seiul and 

Căldarea Izvorului to the south-east, Mutătoarea, Groapa, Oboroace şi 

Gropiţa in the western part (Niculescu, 1990), characterized by abrupt rocky 

slopes, avalanche passages and scree - slopes. The peaks that unite with 

Muntele Mic and Godeanu Mountains have lower heights (approx. 1400 – 

1600 m), are generally wooded and have the traces of the Miocene shaping 

that gave birth to the sculptural complex Râu Şes. 

 The vegetation of the examined zone – which displays betwwen 700 

m and 2190 m – consists of beech, mixed forests and spruce, which are 

followed by the subalpine and alpine vegetation. Although the average 

multiannual temperature of the air on the highest peaks does not reach the 

value – 1° C, which is
 
considered to be the theoretical limit that separates 

the subalpine level from the alpine level (the temperature at the Ţarcu 
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weather point is – 0,5° C), some authors (Boşcaiu, 1971) accept the 

existence of an alpine level on the highest peaks, relying on the presence of 

authentically alpine oligothermic vegetation, of the Cetrario – Loiseleurion 

type. 

 
 THE PRODUCTION OF DTM, OF THE MODELS OF SLOPES, ASPECT 
AND NATURAL ILLUMINATION FOR THE ŢARCU MASSIF 

The production of a digital terrain model and its subsequent 

application presuppose that the following stages be covered: the generation 

of DTM (the acquisition of the data and the building of the model); the 

manipulation of DTM (the correction of errors and possibly the 

actualisation of the model, filtering operations etc.); the interpretation of 

DTM (the analysis of the model and the extraction of the useful 

information); the visualisation of DTM (the graphical rendering of DTM ), 

a stage closely related to the preceding one; the exploatation of DTM (the 

developping of applications specific for the desired domain). 

 The source of acquisition of data necessary for the production of 

DTM was the topographical map; we extracted the altitudinal data by the 

manual digitization of the isolines. The following cartographic sources have 

been used: 

- the topographic map, scale 1: 100000 (the Deva 3, Deva 4, Orşova 1 

and Orşova 2 sheets), the 1996 edition – for the production of a DTM for the 

entire mountain group; 

- the topographc maps, scale 1: 25000 (the L-34-A-a, L-34-A-b, L-34-

A-c sheets), the 1977 edition – for the production of a detailed DTM for the 

Ţarcu Massif. 

The first stage consists in the scanning of the topographic maps to a 

high enough resolution, so that it can allow, later, a first-class enlargement, 

which is necessary in the process of digitization on the screen. The second 

stage consists in the georeferentiation of the scanned maps, a process that 

consists in the recording, in a set of data, of the information regarding the 

position on the terrestrial surface of the objects described by the data. It is 

necessary to choose the referential ellipsoid, followed by the choosing of the 

desired cartographic projection. 

The Romanian topographic maps, scale 1: 25000 and 1: 100000 are 

drawn up in Gauss-Krüger projection, following the parameters of the 

Krasovski ellipsoid, in the 1942 system of coordinates and the Baltic Sea 
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altimetric referential system; that is why we chose this system for a first 

georeferentiation of the scanned maps. Due to the use of GPS (Global 
Positioning System), for the introduction of the supplementary data the maps 

have also been georeferentiated in latitude longitude system, using the 

WGS84 ellipsoid, a system which allows the real time transfer of data from 

GPS to the computer. The program CartaLinx was used for the 

georeferentiation and the digitization of topographic maps. 

 The proper models have been obtained in the third stage, of the 

interpolation of the values of the isolines, opting for a Delauney 

interpolation, with constraint and with the option of eliminating the 

“bridge” and “tunnel” effects, which are nothing more than interpolation 

errors, generated by the insufficient altitude data. Thus we obtained a 

representation of the relief, using a network of irregular triangles, known as 

TIN representation (Triangular Irregular Network). This was later 

transformed into a raster model, the Digital Terrain Model (DTM) with a 

resolution of 10 m being thus obtained (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIG. 1. The DTM of the Ţarcu massif – 3D representation 

 

The analysis of the altitudes is very easily done; it is possible to 

calculate the minimal, the maximal and the average altitude for a certain 

zone or for the entire region, the surfaces on levels of altitude, it is possible 

to make the hipsometric map, the histograms etc. 
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Beside the heights analysis using DTM a series of morphological 

parametres can be extracted, the essential topographic factors involved in 

the repartition of ecosystems being, by far, declivity and the exposure of 

surfaces to the solar radiation. 

Thus, we made the digital map of the slopes, in which, for each pixel 

on the map (the equivalent of a square with a 10 m side on the terrain), we 

know the value of the slope. 

 By a reclassification of this map, the declivity of the surfaces can 

also be presented on value classes (Fig. 2), making possible the fast 

calculation of surfaces with different degrees of declivity or the “extraction” 

of the surfaces of the slope with certain values. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 2. The Ţarcu Massif – the digital model of the slopes. 

 
In order to make the digital model of the exposure of the surfaces we 

have to calculate, first, the aspect, starting from the DTM and from the 

values of the slopes. This represents, for every pixel taken separately, the 

direction in which he slope is maximal. It is expressed in degrees from 0 

(north direction) to 360 degrees (north as well), the horizontal surfaces 

receiving the value – 1. By the reclassification of this map, we obtain the 

model of the surfaces’ exposure on 8, 16 or 32 directions (Fig. 3). 
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FIG. 3. The Ţarcu Massif – the exposure of the surfaces on 8 directions 
 

 Beside the exposure of the surfaces, a great importance is given, in 

the ecological studies, to the potential quantity of solar radiation received by 

a certain zone. For this, it is possible to draw maps of the relative natural 

illumination, using the analytical shading of the surfaces, procedure through 

which we perform an artificial illumination of the relief for a certain altitude 

of the Sun above the horizon and for a certain azimuth.  

 

 
 
 
 
 
 
 
 
 
 
 
 

FIG. 4. The analytical shading for January 2002, 12 o’clock. 

 
The values of the altitude and of the azimuth of the Sun can be 

obtained, for any date and for any hour, from the US Naval Astronomical 
Observatory site, this making possible the drawing of maps ofnatural 
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illumination for any moment. Moreover, from these maps we can extract 

layers with surfaces with a certain degree of illumination for certain 

moments or for a longer period of time (season, year etc) (Fig. 4).  

 
THE EMPLOYMENT OF CLIMATIC MODELS AND OF THE 

SATELLITE IMAGES IN THE ANALYSIS OF VEGETATION LEVELS 
The present vegetation levels in the Ţarcu massif presents a series of 

particular features that are due to the transformations created by the antropic 

factor especially. This is mainly about the changing of the natural 

boundaries of the forest zones, a fact that favoured the considerable 

extension of grassy vegetation, thus worsening the determination of the 

authentic boundaries of the vegetation levels (Boşcaiu, 1971). These 

situations are frequent near the superior boundary of the forest, where the 

clearings performed in order to extend the pasture zones affected both the 

subalpine level, by destroying especially the rarely wooded forests and the 

juniperus, and the boreal level, by reducing the spruce fir. Due to the 

particular climatic conditions, the spruce fir constitute a narrow strap, of 

maximum 2 km, which is discontinuous and is frequently mixed with the 

beech and which is situated around the subalpine meadows. It is better 

represented on the norhern slopes, while on the southern slopes the beeches 

form the upper boundary of the forest. In this situation, the difficulty of 

establishing the real boundaries of the subalpine level is obvious. 

The extension of the forest domain is restricted by the extince of two 

climatic boundaries, a thermal one and a humudity one (Chiriţă, 1981), both 

being considered theoretical boundaries. Due to the many rainfalls, with 

values between 750 and almost 1300 mm/year, we can speak, in the case of 

the examined area, of a thermal boundary only. For the upper boundary of 

the forest, this is represented by the 3°C isotherm (Chiriţă, 1981; 

Voiculescu, 2002). In order to establish this theoretical boundary and in 

order to compare it with the present situation, it was necessary to build a 

model of the multianual average temperature of the air. In a first stage, using 

the data from the 1970-2001 period, we made the linear regression between 

the altitude (X) and the temperature of air (Y) at the Caransebeş, Cuntu and 

Ţarcu weather points and we obtained the following equation of variation of 

air temperature with altitude: 

 

Y= - 0.005656 * X + 12.065121 (correlation coefficient r = -0,9964) 
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Within GIS, it is possible to perform mathematical operations with maps, so, 

by replacing in the above formula X with DTM, we obtained the digital 

model of the air temperature for the examined zone (fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

 
FIG. 5. The model of the annual average temperature of the air. 

 

Through a simple reclassification of the above model, we established 

the area with temperatures lower than 3°C (Fig. 6), area that theoretically 

represents the subalpine and alpine level and which has a 30,35 km2 surface. 

The 3°C isotherm is situated at a 1600 m altitude. 

In order to compare this with the real situation, we obtained a 

vegetation map by manually digitizing the topographic maps. Because of the 

weak differentiation of the vegetation types on the topographic map, we 

could establish only three categories: alpine and subalpine meadows, forests 

and clearings (Fig. 6).  

The great altitudinal difference, of more than 330 m, between the 

theoretical and the real boundaries of the forest can be noticed, the latter 

being situated at a minimal altitude of 1264 m, which corresponds to a 

thermal value of 4,9°C and proves the artificial character of this boundary. 

The surface occupied by the subalpine and alpine domain is 40,48 km2, that 

is 1,3 times bigger than the theoretical one. This should not surprise us, if 

we take into consideration the intense and continuous pastoral activity – the 

name Ţarcu itself acknowledges this reality (Niculescu, Călin, 1990) – an 

activity which is confirmed by the presence of 21 sheepfolds, with a density 

of one sheepfold to 1,9 km
2
.  
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FIG. 6. The Ţarcu Massif - the vegetation map, density of sheepfolds and the area with 

annual average temperatures lower than 3°C. 

 

Due to the fact that the vegetation map renders the situation existing 

in 1977 (the year when the topographic maps we used were edited), we tried 

to obtain an up-to-date map, using Landsat satellite images (resolution 30 

m), taken in August 2000. After the corrections necessary for the elimination 

of the topographic effect (of shadowing), we made an unassisted 

classification (cluster) of the satellite images and we obtain a “rough” 

vegetation map which will later be improved with the help of the terrain 

examination, followed by procedures of assisted classification (Fig. 7). 

Unlike the preceding map, in this case a better delimitation of the vegetation 

types is possible,clearly distinguishing both the mixed forests with the 

spruce fir and the beech. 

We can also notice the weak development and the discontinuous 

character of the coniferous forests and mixt forests. In the superior part, we 

can observe thepresence of numerous grassy surfaces of small dimensions, 

which enter the spruce fir. It has been calculated that the grassy vegetation 

surfaces extended with 6,18 km2 to the forests’ detriment, which proves that 

the antropic pressure on the forest was continuous in all this period of time. 
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FIG. 7 The Ţarcu  Massif - the vegetation map obtained through processing 

the Landsat satellite images. 
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