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MONITORING THE ENVIRONMENTAL CHANGES IN THE 
SOUTHERN CARPATHIANS, ROMANIA, THROUGH REMOTE 

SENSING TECHNIQUES
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Abstract:Globally, the latest technological developments have driven the boundaries of environmental 
research to a richer and broader expansion than ever before. The rapid growth of industries has an important 
impact on the environment, causing several transformations that affect all stages of life on Earth. Nature’s 
ecosystems, air quality, climate changes by their complexity and importance on human life, have been 
studied through special remote sensing techniques and analysis, becoming a necessity for the new era highest 
research. Following their unique ecosystem, The Făgăraș Mountains, situated in The Southern Carpathians, 
Romania, was approached in this study by change detection techniques trying to emphasize the great impact of 
deforestations and of climate changes in the area. The natural reservations were devastated on a large scale, 
proven by numerical analysis which accurately demonstrated great transformations that may be irreversible 
for several species, already driven to extinction. Only by geographical information systems, from which we 
obtain accurate results, we could monitor these transformations and find suitable solutions in the future.
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1. Introduction
Distinguishable by the solely latest 

remains of old-growth forests in Europe, by huge 
amounts of fauna and flora species habitats, (27 
habitats, 66 species of endemic plants, numerous 
animal species, source: http://stirileprotv.ro/), 
the most representative and valuable Romanian 
mountain range of The Carpathians: Făgăraș 
Mountains, have been passing through a 
massive transformation caused by impropriate 
exploitation. A recent study, conducted for the 
last 10 years by the Greenpeace association, 
has demonstrated this fact through numerical 
analysis. 

The research in the area, has shown that in 
2005, were mapped 2575 ha of primeval forests, 
from which 38,3% (equivalent to 985 ha) have 
been destroyed lately, byillegal deforestations. The 
latest cartographical results of the study completed 
in 2016, prove the remains of only 854 ha of 
primeval forests(Source: http://padurivirgine.ro/). 

The natural heritage of virgin forests could hold 
almost 13 000 different species which carryunique 
interdependences between eachother, that 
generally, provide the natural rhythm of life and 
also a rich domain of multidisciplinary research. 
(Source: http://adevarul.ro/)

 The environment is recognised as a 
common heritage of mankind, established 
by legislation.Therefore the need for nature 
preservation becomes a priority nowadays. In this 
scientific paper, we tried to emphasize this matter 
by means of GIS technologies. The results show 
the numerical distribution of the areas which 
were most affected by deforestations that could 
have been causing major changes for ecosystems 
that need special interventions, as well astrying 
to repair the damages created. Other methodsfor 
obtaining and classifying the data were: the 
principal component analysis, the vegetation 
indexes, and the supervised classification. 
The information obtained was represented 
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cartographically and numerically in the images 
shown below with explanatory and detailed notes. 
By comparing and contrasting the advantages 
and disadvantages of the methods, as well as for  
the results obtained, has been demonstrated the 
relevance of these techniques in approaching this 
kind of research, the applicability of it, and also 
the parts that might need improvement in further 
scientificallystudies. 

2. Study Area
The Făgăraș Mountains, as part of 

Southern Carpathians, Romania, are delimited 
by 4 counties:Sibiu, Brașov, Argeș and Vâlcea 
[Fig.1.]. Nominated by the scientist Emmanuel 
de Martonne ”The Transylvania’s Alps”, they are 
associated with the highest peak of the Romania: 
Moldoveanu Crest that reaches an altitude of 
2544 m. An important characteristic of this 
mountain rangeis thenumerous glacier lakes, 
some carrying underground springs.

3.  Materials. Methods
This project was developed by the use of 

multitemporal Landsat satellite images (source 
http: //glovis.usgs.gov/.). To complete the 1986-
1994 studies, were used several images from the 
LANDSAT second generation: LANDSAT 5 TM 
(Thematic Mapper), with a spectral resolution 
of 30 m, and an orbit of 705 km altitude. This 
satellite sensor reaches 7 spectral bands: 3 bands 
in the visible spectrum (0.45 - 0.69 µm) and 4 
bands in the infrared, respectively near-infrared, 
medium and thermal (0.76 - 2.35 µm). The series 
of images downloaded from the 2002, 2007, and 
2013 are part of the third LANDSAT generation, 
named LANDSAT 7, with a resolution of 
panchromatic band reaching 15 m (Band 8 
Panchromatic (0.515 - 0.896 µm)).

To obtain the information, were used 3 
methods of processing satellite images: PCA- 
Principal Component Analysis, calculation of 
satellite indices and Supervised Classification. 
The softwares used in this study were: ERDAS 
Imagine 9.2 and ArcMap 10.3.

Fig. 1. The Făgăraș Mountains Map, Romania
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4. Results. Discussion

4.1 Principal Component Analysis (PCA)

Principal Component Analysis (PCA) is as 
a statistical method that simplifies the set of data 
by extracting the information from the 7 bands 
(Landsat 7, 8) to fewer bands; in this situation 6. 

These bands do not correspond to the initial 
data sets, the digital numbers being transformed 
(the values would be the principal component 

variations). The aim of this method is to reduce 
the data dimension. The technique preserves 
the relevant information of the original data in 
a percentage of almost90-95%. [Fig.2.]. In this 
way, the data used for further analysis becomes 
easier to approach in analysis. The component’s 
study is based on the statistical information of 
each satellite image and on the covariance matrix 
obtained from a pair of 2 images.

PC1 represents a derivative from the 
entrance bands used in the analysis that is defining 
the general changes in albedo. PC4 represents a 
derivative from band 6, and in a lower grade from 

the 4th band, contrasting in values with band 3 
and 5 and making the difference between areas 
covered by vegetation and the other ones which 
are covered by soil. To track the changes on this 
area was used the combination of 2 components 
(PC1) from the 2 years of study(1986, 2013), 
using the following mathematical formula:

 
(2013 PC1 + 2013 PC4) - (1986 PC1 + 1986 
PC4) (1), where:

The interpretation of results was possible 
by using these satellite images, mentioned above. 
By identifying the areas that have overcome 
changes on the satellite images, the results 
have been represented by a dot-cartographical 
representation, after completing the mathematical 
analysis. There have been reached the following 
conclusion:the values in between -50 and -20 
represent areas with vegetation, and the values 
greater than 90 represent areas with deforestation 
[Fig.3.] The method, has shown that this research 
following 27 years of study (period in between 

Fig. 2. The percent of eigenvalues representation (table-left: third column shows how much each of the components 
accounts  for the covariance, eg. 79.12% for band1; Could be observed  that from the 3rd component, there is not given 
much extra-information, and it might be considered slightly redundant, eg. Band 3,4:3.32%, 1.35%, etc.); (graphic-right: 
distribution of the eigenvalues of each band, showing the importance of the first 2 bands in the analysis, as demonstrated 
on the table, already explained).

Image Minimum(of the 
Normal distribution)

Maximum (of the 
Normal Distribution)

Mean (of the Normal 
Distribution)

Std. dev. (Standard 
deviation)

1986 2013 1986 2013 1986 2013 1986 2013
PC 1 43 41 329 468 111,63 89,23 37,5 35,37
PC 4 0 37 148 153 120,76 115,51 3,56 3,74

Results -216 359 35,4 25,76

Table 1. Statistical analysis of the used Principal Components 
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1986 and 2013) resulted in 167,573 ha with new 
vegetation and in 650,622 ha of deforestation. As 
long as the images resolution is 30 m, and the 
method used is one of approximation, the result 
is actually more intuitive, as the quantities are 
being estimated.

4.2 Spectral Indices
Spectral Indices, as combinations of surface 

reflectance of two or more wavelengths, indicate 

relative abundance describing the features of 
interest. Based only on numerical interpretation 
could be recognized as an unsupervised 
classification method.

For highlighting the differences between 
the vegetation indices calculated we selected the 
most representative area of deforestation [Fig.4.].

Were calculated the following satellite 
indices on all the downloaded images: DVI, RVI, 
NDVI, TVI, GEMI, and OSAVI, to highlight 

Fig. 3. Făgăraș Mountains-Results of the PCA analysis. There can be seen on the marked spaces the 
areas with deforestation (down-images), areas with new vegetation (up-images), (red-deforestation, 
green-new vegetation). Image obtained with the ArcMap, Raster Calculator function.

Fig. 4. Combination of the Bands 3, 2, 1.(Image obtained in the Erdas 9.2)
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the changes that took place in the series of time 
already mentioned above [Fig.5.].

Difference Vegetation Index (DVI) 
(Richardson and Everitt, 1992):
DVI= NIR-Red (2)

Ratio Vegetation Index (RVI) (Jordan, 1969)
RVI= NIR/Red (3)

Normalized Difference Vegetation Index (NDVI) 
(Kriegler et al 1969):

NDVI = (NIR – Red)/ (NIR + Red) (4)

The Transformed Vegetation Index (TVI) 
(Deering et al, 1975)
TVI = (NDVI + 0.5) ½(5)

Optimized Soil Adjusted Vegetation Index 
(OSAVI)(Rondeaux et al, 1996)

OSAVI = (NIR-Red)/ (NIR+Red+0.16) (6)

Global Environmental Monitoring Index (GEMI) 
(Pinty and Verstraete, 1991)
GEMI = n*(1-0.25*n)-(Red-0.125)/(1-Red) (7), 
where
n= [2*(NIR-Red) +1.5*NIR+0.5*Red]/ 
(NIR+Red+0.5) (8)

4.3 Supervised classification
 Supervised classification is the most 
accurate remote sensing method, regarding the 
delimitation of the study areas. By identifying 
some areas on the images that are common to 
all the classes of interest, named as “test zones”, 
there are enlarged on the entire surface of study. 

Through the classification method couldbe 
identified, both areas that overcome changes 
(by applying the mathematical operators on 2 
images) and areas that remained unchanged. The 
application of this method helps on quantifying 
the areas, building at the same time a multiannual 
statistic evidence of the changes. 

The supervised classification was built on 
5 years analysis. There where delimited 5 land: 
lake, greensward, temperate coniferous forest, 
temperate deciduous forest, and areas covered by 
clouds [Fig. 7.], which were also represented in 
area values bellow [Fig. 6.].

Fig. 5. Representation of the Spectral Indices Analysis 
(colours: the reddish colours-maximum values, the greenish 
colours-the minimum values).Image obtained in the Arcmap, 
Raster Calculator function.

Fig. 6. Graphical representation of the environmental 
changes in the area
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For tracking the areas marked by 
deforestation, the most suitable method remains 
the supervised classification. This isdemonstrated 
very precise highlighted changes and by 
numerical analysis which lead to very accurate 
cartographical representations [Fig. 8].

Other advantages of applying this method 
are the following: the classes identity control and 
the easier way of tracking errors.

5. Conclusions
All the remote sensing techniques applied on the 
studied area have emphasized major changes on 
the analysed time series. The essential part of this 
study’s results is highlighted in the table bellow 
[Table.2.].
 Vegetation indices, as other satellite 
indices are still a solid part of nowadays scientific 

Fig. 7. Făgăraș Mountains- classe sof interest (test-zones),that are therefore enlarged to the entire study-surface (colours 
representation: white-clouds, blue-lakes, yellowish green-meadows, dark green-coniferous forest, light green-deciduous 
forest)- satellite images for the years of 1986, 2013).Image obtained in Arcmap.

Fig. 8. Results of the Supervised Classification (red- deforestations, green-newvegetation).The marks emphasize the most 
visible changes in deforestation(left) and the most visible areas with new vegetation (right). Image obtained with ArcMap.
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research, due to unpredictable environmental 
changes, that reach a great impact on life on 
Earth.
 Another conclusion, structured on the 
image bellow [Fig.9.], compares and contrasts 
the “change detection methods”, giving examples 
through satellite images tracked recorded from 
the following time series: 1986, 1994, 2002, 
2007 and 2013.
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from different time series; 2nd table: 1st column: calculating areas with new vegetation(ArcMap), following column: 
evolution of this process through satellite images from different time series.
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