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Introduction
The investigation of spatial and temporal state of the forest 
ecosystems will contribute for a better understanding the 
structure and the functional processes, occurring in them, 
and will make possible forecasting of future changes in the 
spatial variation of the woodlands (Manes et all., 1997). The 
joint use of aerospace technologies and modeling in GIS en-
vironment has been demonstrated in research works of many 
authors (Carleerand et al., 2004; Kuzera K. et al. 2005, Chen 
et Fraser 2009, Spruce et al. 2011, Saudani et al. 2012, Da-
nilova et al., 2012 and others). Similar combined approach 
allowed a comparative spatial analysis of the ecological sta-
tus and the dynamics of forest vegetation by years to be ac-
complish. The obtained spatial models give possibility not 
only for tracking changes in the areas and habitats of forest 
vegetation types, but also for monitoring the alteration in the 
structure of these areas according to the elements of the re-
lief on the background of climatic factors variations, i.e. for a 
prediction of the common modification in the structure and 
distribution of forest vegetation in a particular geographical 
region (Roumenina et al. 2003; Lyubenova et al. 2002, 2011 
and 2012 and others).

Although the use of remotely sensed data in forestry, forest 
ecology and monitoring of forest health has a long history 
(Reich and Price 1999, Bergen et al. 2000, Olson and We-
ber, 2000 and others) the application of these methods is not 
uniform. The application of aerospace information technolo-
gies is connected with the use of different type aerospace 
data with different spectral, spatial and temporal resolution. 
Due to the diverse conditions of aerospace data registration, 
there are some differences in the spectral reflectance charac-
teristics on the same forest vegetation type. Therefore, the 
verification of aerospace data with the help of ground data is 
crucial for the adequacy of the obtained models.

The main purpose of the current research is the creation of 
spatial patterns of xerothermic oak ecosystems in SCI “Za-
padna Stara Planina i Predbalkan”, Bulgaria in 1977, 1992 
and 2007 for comparative analysis of the distribution and 
the ecological status of these ecosystems and delineation of 
trends in alteration of the size and structure of the occupied 
areas.

The xerothermic oak ecosystems as part of the potential 
xerothermic forest vegetation of Bulgaria and Southeastern 
Europe (Bondev 1991) have expressed environmental, eco-
nomic and social importance for their region of distribution. 
A large part from their territory of these forests has been de-
stroyed in ancient times. Occupying altitudinal belt of roll-
ing plains and foothills, i.e. near settlements, the oak forests 
are subjected to intensive exploitation that continues up to 
nowadays. The xerothermic oak forests in Bulgaria are mainly 
coppices and with degraded ecological and economic func-
tions. The main task standing in front of forestry guild even 
back in the last century is the gradual transformation of these 
sprouts forests in seeds ones. For the time being, there are 
no results from the measures taken. Parts of the still pre-
served xerothermic oak forests in Bulgaria are included in the 
protected areas “Natura 2000” to ensure their preservation 
and improvement of the future perspectives. The national 
evaluation of the habitat area 91M0 Pannonian-Balkanic 
turkey oak-sessile oak forests in the protected zones of the 
country is 7.5 x 105 ha, as for the past 5 years this area has 
decreased by 20.9% (D-30-38/21.03.2011-2013 “Mapping 
and determining the conservation status of natural habitats 
and species - Phase I”).

On the base of the reflection characteristics of the studied 
forest vegetation, the occupied areas by altitude, exposure, 
slope, soil type and bedrocks in three years are modeled. 
The characterization of communities’ ecological status is 
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also made by calculating the state vector and output factors 
that have the greatest weight to the established state are 
determined. The spatial patterns are obtained by process-
ing satellite, aerial (orthophoto), GPS and ground data us-
ing aerospace technology and modeling in GIS environment. 
Through comparative analysis of the size of occupied areas, 
the spatial distribution of these areas according to the oro-
graphic and soil factors and ecological status of communities 
in the three years are outlined the trends of changes. The 
relationship between the observed trends in the distribution 
and the climatic fluctuations, characterized by variation of de 
Marton index is investigated.

The created space models are applicable for the forest eco-
systems monitoring, for the forest flora and vegetation con-
servation, for the forest areas sustainable management, as 
well as for the xerothermic oak forest in other regions and 
protected zones.

Object and Methods
The xerothermic oak ecosystems are related to the habitat 
G1.768 Moesio-Danubiantermophilus oak forest according 
to the EUNIS classification (Davies et al. 2004) and 91M0 
Pannonian-Balkanic Turkey oak-sessile oak forests according 
to Natura 2000 classification (Kavrakova et al. 2005). Accord-
ing to the assessment (D-30-38/21.03.2011 “Mapping and 
determining the conservation status of habitats and species 
- Phase I”) - they participate with 2.8% in the area of the pro-
tected zone (SCI) “Zapadna Stara Planina and Predbalkan” 
(2,2* 10-5 ha). The vegetation in the protected zone refers 
to the Illyrian province of the European deciduous forests 
(Bondev 2002). The climate in the study region is character-
ized as moderate continental, with two dry periods - early 
spring and late autumn (Velev 2002). According to the di-
vided into districts soil zones of Bulgaria the territory is a 
part of the Carpatho-Danuvian soil areas and the soils found 
are mainly Cambisols, Luvisols, Rendzinas (Ninov 2002). The 
studied territory is with a geographical coordinates of the 
northeast point N 43045’22”; E 22027’25”; low right soothes 
point N 42057’02”; E 23010’39” (Fig. 1). 

Fig. 1. Object of investigations: А. Quercus frainetto-cer-
ris forest; B. Orthophoto, 2011 C. Satellite data, 2007

          (A)

           (B) 

    (C)

            (A)
              

            (B)

            (C)
 
As an input data for the modeling of spatial distribution of 
the xerothermic oak ecosystems are used satellite compos-
ite images from different time periods - LandSat MSS 1977, 
LandSat 5TM 1992, LandSat 7ETM 2007; aerofoto images 
(recording 2011); terrestrial data (Forest Management Plan, 
FMP, of Forestry states “Govejda” and “Chuprene”); Vegeta-
tion Map of Bulgaria M 1:600 000; Map of the forests in Bul-
garia M 1:1 000 000; CLC 2006; Soil map of Bulgaria M 1:400 
000; Geological map of Bulgaria 1:100 000; DEM (step sec-
tion 24 m); GPS data from communities field studies and data 
from climatic stations of the towns of Varshetz, Belogradchik 
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and Iskrets. The used composite satellite images are in the 
following spectral bands: LandSat MSS, resolution 57 – 342 
m (3VNIR – 0.7-0.8 µm, 4SWIR – 0.8-1.1 µm, 2VNIR-0.6-0.7 
µm); LandSat 5TM, resolution 30 m and LandSat 7ETM, reso-
lution 30 – 453 m (4VNIR- 0.78-0.9 µm, 5SWIR – 1.55-1.75 
µm, 3VNIR – 0.63-0.69 µm) - Tab. 1 (NASA, 2013). The choice 
of these satellite data inputs is associated with the vegeta-
tion spectral characteristics -within these spectral diapasons 
a dominating role have the chlorophyll, the structure of the 
foliage leaf cells and the water content.

Tabl.1. Parameters of used composite satellite images

LandSat 
MSS 
22.08.1977

GSD 
57

3VNIR
– 0.7-0.8 µm

4SWIR 
– 0.8-1.1 µm

2VNIR
-0.6-0.7 µm

LandSat 
5TM
01.08.1992

GSD 
30

4VNIR
- 0.78-0.9 µm

5SWIR 
– 1.55-1.75 µm

3VNIR 
– 0.63-0.69 µm

LandSat 
7ETM 
18.07.2007

GSD 
30

4VNIR
- 0.78-0.9 µm

5SWIR 
– 1.55-1.75 µm

3VNIR
– 0.63-0.69 µm

 
The methodology, including a number of consecutive itera-
tions, has been applied for the satellite data analysis. At first a 
controlled classification is realized using the maximum likelihood. 
The comparable (in size and location) areas with the polygons 
from FMP are used as training sets. These training sets are se-
lected on those areas of the images, where the density distri-
bution of the studied forest communities is highest and with a 
homogeneous distribution of the brightness in different spectral 
ranges. In this case, the probability for recognition is the high-
est, and the classification error is the lowest.  Parallel to this was 
made visual photointerpretation and revision of the obtained 
results after classification. In case of errors the corrections in train-
ing classes are plotted. For achievement of high accuracy of the 
final results the several consecutive iterations of classification after 
visual photointerpretation and revision are realized. Each iteration 
is a comparative analysis of the results of the visual interpretation 
and manageable classification in order to minimize the errors. 
The classification is verified by travel over the studied field and 
capture of GPS coordinates, and also by comparing it with vec-
tored polygons of Vegetation map of Bulgaria 1:600 000 (Bondev 
1991) and Corine Land Cover (CLC’06). After verification a 95% 
accuracy for the xerothermic forest vegetation classifications in 
the zone has been achieved. In GIS environment the analysis and 
processing of the input data is made, using various operations 
that include: vectorization, converting vector data to raster and 
vice versa, for the area of polygons, exposure, slope, altitude, 
soil cover and foundation rock. The obtained results are used for 
quantitative and statistical analysis.

Index of drought of the climate de Marton have been cal-
culated (  where Ρ  is the amount of precipitation in mm 
and Τ - temperature in С0 (De Martonne 1926) and vegetation 
index of oak forests ( , where is the numerical 
value of the brightness of pixels in the image in NIR [LandSat 
MSS, Band 3; LandSat 5TM/7ETM, Band 4], - the numeri-
cal value of the brightness of the pixels in the image in the 
RED [LandSat MSS, Band 2; LandSat 5TM/7ETM, Band 3] 
(Rouse et al. 1974). 

The ecological status of the studied vegetation is character-
ized by a state vector (VC). Formally, the state vector is repre-
sented by the equation: 

 
where: S and NDVI are the components that reflect the pa-
rameters of the ecosystem, and the components - J, Alt., 
Asp., Slope, Soil, Rock are those, reflecting the factors of the 
environment. 

The modulus of the state vector has the appearance:

 

where: 

•	 S	is	the	total	area	occupied	by	the	oak	forests	of	the	cor-
responding year; 

•	 NDVI	–	the	average	vegetation	index	for	the	given	year;	
•	 J	–	de	Marton	drought	index	(average	per	each	year	by	

months for the three meteorological stations); 
•	 Alt.	-	the	predominant	altitude	of	the	occupied	area	for	

the correspondent year; 
•	 Asp.	-	the	overall	exposure	of	the	occupied	area	for	the	

correspondent year; 
•	 Soil	 -	 the	predominant	 soil	 type	of	 the	occupied	areas	

for the correspondent year and Rock - the prevailing soil 
formed rocks of occupied areas for the corresponding 
year.

 
State vector expresses the condition of forest ecosystems 
at a given time. It includes the occupied area, NDVI, index 
deMarton as variables numeric values. The characteristics 
- altitude, exposure, slope, soil type and bedrock are pre-
sented as relative indices for each of the three years. These 
indices are calculated as the ratio between the area, occu-
pied within the boundaries of the dominant characteristic 
of the parameter and the total area of the studied forests 
in the protected area. The determination of the dominant 
characteristics was performed in GIS environment as for each 
of them is entered numeric codes. And the varying of forest 
area within each of the dominant characteristics for the years 
of survey has been defined.

The used values of the quantities entering in the state vector 
are calculated by processing the satellite and terrestrial data 
in GIS environment. The real areas of the components were 
converted into relative units by their referring to the total oc-
cupied surface area in a particular year and thus way are ob-
tained comparable values with a numerical value from 0 to 1. 
For example, instead of 1977forestS  – area of xerothermic oak 
ecosystems for 1977, the ratio:  is used, where SCIS  
– the sum of the area in SCI „Zapadna Stara Planina i Predbal-
kan” for he studied years; instead of 1977.kAltS  - an area of the 
oak forests at a certain altitude, Alt.k (k = 1-7) for 1977 year, 
the ratio 10

1977

1977. ≤≤
forest

kAlt

S
S is used.

As components of the state vector from the indices of the en-
vironment, only those values that dominate for the whole ter-
ritory are included (e.g. for a type of exposure is selected only 
the value of the predominant for the territory north exposure).

The factors with the greatest influence on the state vector 
in the studied years are derived by calculating the angle of 
their deviation from VC. The factors having greater diver-
gence from VC are the most important for the values of VC. 
Also the component analyses have been made as the data 
were compared for each factor in the years with its absolute 
value. Tracking of quantitative changes in environmental fac-
tors and used oak ecosystems characteristics was done for a 
time interval of 30 years - 1977, 1992 and 2007. 

By means of one-way ANOVA (variance analysis), the differ-
ences between arithmetic average values of the three years 
for all seven presented variables (altitude, exposure, slope, 
soil, rock type, area and NVDI index) were tested. Addition-
ally the average values of air temperature and precipitation 
for each of the three years were compared by non-paramet-
ric Wilcoxon paired test. Finally the PCA including all above 
enumerated variables recorded from 37 localities of each 
year (a total of 111 samples for the three years) was carried 
out. All mentioned analyses were carried out by PAST statisti-
cal package according to Hammer et al. (2001). 

Results
The performed spectral analysis of the composite satellite 
images - averaged spectral reflectance characteristics for the 
10th polygons with the largest area of the xerothermic oak 
vegetation for the studied years, is shown in Fig. 2. 
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a restricted area from the studied region are presented as large-
scale samples. These samples demonstrate the change in loca-
tion, size and contour of the forest polygons, as a result of the 
occurred alterations in structure and quality characteristics of 
the forest ecosystems (Table 2). The performed statistical analy-
sis confirms the determine differences in the spatial distribution 
of the studied oak vegetation among the three years (Fig.4). 

Fig.4. PCA biplot analysis between first and fourth main 
axes with data samples (total n=111) from year 1977 
(n=37, +), year 1992 (n=37, ▲) year 2007 (n=37, □) and 
variables area, aspect, rock, relief, slope, NDVI and soil

The 1st axis on the Figure is composed mainly from vectors 
of slope and rock, while aspect and soil contribute to the 
formation of the fourth main axis. The variables relief and 
NDVI index contributed strongly and approximately equally 
to both axes. The biplot of 1st and 4th axes seems to separate 
samples of year 1977 from 2007 more clearly than the combi-
nation of 1st and 2nd axes while the year 1992 is a transitional 
between them.

The length of state vector varies during the different years as 
follows: 0.34, 0.28 and 0.36 respectively for 1977, 1992 and 
2007. The alterations of the state vector by years are due to 
fluctuations in the values of the eight components, which are 
used for its calculation (Table 2 and Fig. 5 A).

Fig. 2. Studied vegetation relative reflectance (%) at the 
ranges: RED (0.63-0.69 µm) and NIR (0.78-0.9 µm) for 1977 
(x =1-10), 1992 (x=11-20) и 2007 (x=21-30)

The reflection of solar electromagnetic energy from the leaf 
surface of the xerothermic oak forests in RED range gradually 
decreased from 1977 to 2007, which can be described by a 
linear function. During 2007 year is observed the lowest re-
flection characteristics that are due to the higher quantity of 
pigments in the leaf bulk and the higher absorption of radia-
tion. In NIR range the reflection ability of the vegetation in 
1977 and 2007 years are relatively high and close by value 
which probably is a result of a higher content of water in the 
leaf cells.

The obtained results for the vegetation classification by using 
the satellite image for 2007, are presented in Fig. 3.

Fig. 3. Spatial distribution of xerothermal oak forests in 
2007 and observed changes for the part of  territory in 
1977 and 1992

The spatial distribution of the forests in the different years within 

Table 2. Average values alteration of the VC components 

Year Total area m2 NDVI J

Area of prevailing habitat characteristics, m2

Altitude,
251-350 m

Exposure, N
Slope, 0-50 Soil type

(luvisols)
Rock
(limestones)

1977 10226,3 0,44 53,1 1203,08 1134,57 1936,32 7288,58 3170,15

1992 5537,4 0,52 29,4 919,65 696,08 1298,67 4339,24 1882,72

2007 6445,7 0,71 48,2 1024,98 966,65 1562,34 4970,95 2707,19

%

1977 0,47 0,44 0,53 0,12 0,11 0,19 0,71 0,31

1992 0,25 0,52 0,29 0,17 0,13 0,23 0,78 0,34

2007 0,29 0,71 0,48 0,16 0,15 0,24 0,77 0,42
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Fig. 5. Amendment of the differences of VC components 
relative average values 
(A) and of occupied territories (B) for 1977, 1992 and 
2007

 
The components with the highest impact on the VC and 
therefore the greatest angle of divergence from the vector 
are as follows: the area of the polygons of the oak forests (for 
1977 - 400, for 1992 - 80, for 2007 - 330), NDVI index (1977 
-150, 1992-430, 2007-490) and the de Marton drought index 
(1977-440, 1992-420, 2007-90).

The total area of the forest polygons of the xerothermic oak 
ecosystems is greatest for 1977 and lowest for 1992 as for 
2007 about 0.5% increase in the areas were observed. A 
general trend observed for the all three studied years is the 
decrease of the areas of the oak vegetation in the zone, de-
scribed by a logarithmic function (Fig. 5 B).

For all the three years the change in the structure of this area 
in relation to the factors of relief are also observed. 

The altitudinal distribution range of oak forests in the zone is 170-
550 m. The change in spreading of the forest polygons according 
to altitude is estimated by polygons with the greatest area in the 
zone and altitude range to which they fall. The alteration by years 
on that index is negligible and it is in within the scope of a domi-
nant altitude class (251-300 m). In 1992, when the area of the 
habitat in the zone is the lowest, the predominant altitude class 
is retained. The percentage distribution of the areas in the other 
high-altitude classes are slightly amended in 1992 year – the ar-
eas occurring in the higher-class from 300-351 m are increasing, 
while for 1977 and 2007 the polygons are uniformly distributed 
around the average height class and values of the areas at 300-
351 m are comparable to those at 200-251 m. The alteration of 
the spatial distribution of the areas in altitude over the three years 
can be described by a polynomial of the fifth degree

Fig. 6. Amendment of altitude (A) and exposure of oc-
cupied territories for 1977, 
1992 and 2007

 
(Fig. 6 A). There is also observed a slight shift of vegetation 
from the lowland, the northeastern, southern and southwest-
ern exposures in comparison with 1977 and increasing in the 
areas of west, northwest and north exposures (Fig. 6 B). 

The amendment in the forest areas structure according to 
the exposure is less in 2007 in comparison to 1977. The 
areas located on 0-50 slopes are reduced and those on the 
larger slope 15-200 are increased (Fig. 7). In 1992 was ob-
served increasing of polygons occupying more gentle slopes 
and appear polygons with alluvial soils that are not typical 

for the distribution of xerothermal oak forests in investigated 
region. The predominant soil type is gray forest soils. In 1977 
is larger the percentage of the polygons located on brown 
soils (15%) in comparison to 1992 (8%) and in 2007 (4%), it 
reduces by half compared to the previous year considered. 
In 2007 the reduction of areas located on sand and limestone 
as bedrocks and increase of those on volcanic rocks is also 
established (Fig. 7).
 
Fig. 7. Amendment of slope and rocks of occupied ter-
ritories for 1977, 1992 and 2007

The settle peculiarities in the areas structure of the investi-
gated vegetation could be due to the great extend to the 
special features in regional forest management and the an-
thropogenic loading on the territory. 

The average values of NDVI for 1977 ranged in the limits 0.39-
0.65; in 1992 the lower and upper boundary of variation is in-
creased - 0.62 and 0.80 and in 2007 they are 0.33 to 0.55. The 
alteration of the averages of NDVI for the studied 10 polygons 
in 1977, 1992 and 2007 years quite clearly reflect the observed 
trend in reflectance ability of the vegetation for the period, 
namely the gradually increase in the values of the index from 
1977 to 2007. The amendment of NDVI for the three inspected 
years is well described by a second order polynomial (Fig. 8).

Fig. 8. Variation of xerothermal oak forests NDVI values 
for studied years

 
The amendments of the averages annual temperatures 
among the examined years: 1977, 1992, 2007 and 2012 
showed common tendency of temperatures increase that is 
preserved up to this day. However, only two statistically sig-
nificant differences were proven by Wilcoxon paired test, i.e. 
2007>1977 and 2012>1977 (Fig. 9A). 

Fig.9. Average values and standard errors of temperatures 
(B) per year for three climat- i c 
stations: Belogradchik, 545 m; 
Vurshets, 398 m and Iskrets, 
527 m

B
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            A           B
 
The alteration in precipitations is much more dynamic (Fig. 
9B). 
Statistically significant difference in the values quantities 
is proven between 1977, 1992 and 2007, as in 1992 the 
precipitations were lowest (Fig. 9A). It is interesting to 
analyze the combined influence of the both regimes, in 
the conditions that the existence of the examined forest 
vegetation is realized through the index. The variation 
in drought index values de Marton is quite similar in the 
separate years for the three meteorological stations (Fig. 
10).
 
Fig. 10. Seasonal variation of the de Marton index studied  
for climatic stations: Belogradchik, 545 m; Varshetz, 398 
m; Iskretz, 527 m

 
Between the three years, however, there are differences in 
the seasonal dynamics of the index, which indicates pro-
nounced fluctuation of climatic parameters. In 1992, the av-
erage index values were lowest for the three stations, as in-
creasing the number of months with J <20 (severe drought) 
and J <30 (drought) - Table 3, Alexandrov (2005). In 2007 the 
average index values in most cases are increased and the 
number of the months with drought reduced, but the sea-
sonal dynamics of the index sharply differs from that in 1977 
and 1992. 

Table 3. Values of the de Marton index for the three sta-
tion in 1977, 1992 and 2007

Year/Station
J<20 J<30 J av.

J av. months, n J av. months, n

1977

Belogradchik 12.1 2 27.2 4 45.1

Varshetz 12.3 1 23.1 2 52.6

Iskrets 1.5 2 29.2 1 43.5

1992

Belogradchik 9.0 4 23.1 4 29.8

Varshetz 10.5 3 24.5 6 34.2

Iskrets 11.7 5 22.5 3 24.1

2007

Belogradchik 1.5 2 22.4 1 44.1

Varshetz 6.2 2 26.0 1 60.5

Iskrets 7.4 2 0.0 0 54.8

Discussion

In the rationalization of the established reflection character-
istics of the oak vegetation and the absorption of the sun ra-
diation many parameters should be taken into account such 
as the volume of leaf bulk as well as and its moment condi-
tion – the content of chlorophyll and water, also the length of 
vegetation season, the tree age and probably the number of 
rotations of those sprout forests. 

The values of the state vector are close for 1977 and 2007, 
but they are significantly higher from the value in 1992, which 
is demonstrated and from the alterations of the components 
of VC. The curves for 1977 and 2007 have one and the same 
character, but because of changes in area and the structure 
of polygons the three curves are shifted from one another 
(Fig. 4 A). 

The area of the oak forest polygons, NDVI index and the de 
Marton drought index reflect the vegetation peculiarities 
and the complex of the influencing climatic factors in the 
region, i.e. by their alteration can be judged for the quick 
and significant for the forest ecosystems changes. Those 
are also the components that have determined the highest 
influence on VC. The established general trend of reducing 
the occupied area of the studied forests is not statistically 
proven, i.e. no statistically significant differences between 
years (One-way ANOVA variance analysis: F=1.992, p=0.14). 
The identified changes in the area are most likely due to 
anthropogenic impacts associated with logging part of the 
forest communities’ polygons and subsequent regeneration 
or reforestation. According to the FMP data of Forestry state 
“Govejda” and “Chuprene” from previous periods (1985 
and 2007) Q. frainetto in the research area has decreased 
from 4.1% to 2.7%, and Q. cerris marks a slight increase in 
the area from 1.2% to 1.5%. The reason for this is also the 
observed withered of Turky oak trees in the early 90s, which 
led to the implementation of clear cutting in some of the 
polygons. According to the assessment for 5 years the area 
of the habitat in the zone has decreased by 13.8% (D-30-
38/21.03.2011 “Mapping and determining the conservation 
status of habitats and species - Phase I”).

The observed differences between the three years in the 
structure of the occupied areas on their altitude (F = 2.204, p 
= 0.11), exposition (F = 2.70, p = 0.07), soil type (F = 0.263, 
p = 0.77) and underground scale (F = 0.342, p = 0.71) were 
not statistically significant according to a one-way variance 
analysis. On the other hand the changes between years of 
the slope of the monitored territories of forest assemblages 
showed that the most common degree range (0-50) revealed 
statistically significant increase from 1997 towards the years 
1992 and 2007 (Fig. 11 A). 

Fig.11. One-way ANOVA 
(variance) analysis of the 
slope of occupied territories 
(A) and of the NDVI varia- t ion 
(B) between studied years

        A                                B
A tendency of NDVI index increase from 1977 to 2007 was 
statistically significantly proven for all of the compared three 
years (one way ANOVA, Fig.11B). 

The amendment in the vegetation index is indicative for the 
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environmental condition of the forests for a given year, as 
it is better in 2007 than in 1977. NDVI values for 2007 are 
close to the seasonal dynamics of the index quoted by other 
authors, which further again confirms the correctness of the 
performed classification of xerothermal oak forests (Benedet-
ti et al, 1994; Bauer et al., 1994; Achard and Estraguil, 1995; 
Stagakis, 2007).

Conclusion 
The conditions of the xerothermic oak ecosystems are 
amended over the years, as this alterations is most strongly 
expressed between 1977 and 2007, and 1992 occupies an 
intermediate position. In 1977, the VC has the highest value 
that decreases in 1992 and manifest a trend of improving for 
2007. The fluctuations in the VC over the years are mainly 
due to the oak forests ecological status, estimated by the 
values of NDVI index, the climatic conditions expressed by 
the de Marton drought index, and the occupied forest area. 
There was established a trend of increasing of NDVI index 
from 1977 to 2007, which is statistically proven. The study of 
climatic factors showed a gradual increase in the tempera-
tures for the period and the precipitations increase in 2007 
compared to 1992, as well as the drought periods increasing 
in 1992, which changes follow the trend of alteration of the 
VC. According to the estimated assessments the occupied 
area of the studied oak forests decreased in this period, but 
the differences in the area during the three years are not sta-
tistically proven.

For the period under review, the changes in the spatial dis-
tribution of forest communities according to the orographic 
factors, soil ground covering and bedrock base were ob-

served, that are however not statistically proven with excep-
tion of the spread toward slope of terrene. Therefore, in as-
sessing the gravity of the factors for the values of the VC can 
be concluded that they practically do not affect the status of 
oak ecosystems in the studied area. 

The identified changes in the occupied areas of oak ecosys-
tems and their spatial distribution are probably due to the 
drier climate in 1992, but the parallel anthropogenic impacts 
modified the natural influences and lowered their statistical 
reliability.

The identified spectral peculiarities of the studied vegeta-
tion, the demonstration of the applied integrated approach 
to study the changes in the structure and the quality of the 
forest areas, as well as the obtained results can be used in 
next investigations and monitoring of oak ecosystems and 
forest vegetation with similar ecological specificities. 
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