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Abstract Monitoring forest areas based on remote sensing technologies
is very useful in the context of sustainable development and their efficient and
safe management. This study aims to analyse and characterize the dynamics
during 7 years of the Domogled National Park - Cerna Valley in Caras Severin
County, based on GIS technologies and Landsat 8 images, vegetation indices
and specialized programs. Domogled National Park - Cerna Valley is a
naturally protected area located in the south-western part of Romania, on the
territories of the Caraş - Severin, Mehedinți and Gorj wetlands. Since 1932,
the Domogled Mountain Floristic and Landscape Reserve has been
established here, one of the 11 reservations in the current park. Over 58
years, in 1990, the area became Domogled - Valea Cernei National Park,
which covers an area of over 61 thousand hectares. These secular beech
forests must be preserved, in their current state, for their social and
conservative value, and not for production. Secular beeches are part of a
landscape of great cultural and natural value, in which the local community
has offered us for hundreds of years an example of living in communion with
nature and preserving the Romanian architecture and traditions in the Banat
Mountain area, which ensures an exceptional value for the national park,
attracting many tourists annually. Based on the spectral bands of the Landsat
8 system, NDMI, NDBR, NDVI, NDWI vegetation characterization indices
were calculated. The values of the vegetation indices were analysed, from the
aspect of statistical security, based on the appropriate statistical-mathematical
methods (p, R2, F-test), and to highlight a series of interdependence relations
between certain indices, regression analyzes were used. The basis of which
polynomial functions with related safety parameters have results. Based on
the values of the correlation coefficient between the studied indices,
interdependence relations were analysed in the case of indices with a good
correlation. Thus, the NDVI variation relative to NDWI was described under
conditions of R2 = 0.981, p <0.01, and the NBR variation relative to NDMI was
described under conditions of R2 = 0.854, p <0.01.

Key words

vegetation indices, forest
monitoring, Landsat 8,
NDVI, NDMI, NBR, MNDWI

Monitoring forest areas based on remote
sensing technologies is very useful in the context of
sustainable development and efficient management
[20] and their safety [11; 21]. Remote sensing methods,
techniques and technologies are increasingly used in
the study and monitoring of agricultural land [19; 1],
forest [8], vegetation or urban areas [3; 4]. Spectral
information is very useful and has a high precision in
characterizing large areas of land [9; 10]. This study
aims to analyze and characterize the dynamics over 7
years of Domogled National Park - Cerna Valley in
Caras Severin County, based on GIS technologies [16]
and Landsat 8 images, vegetation indices [6] and
specialized programs [13. Domogled National Park -
Cerna Valley is a protected natural area located in the
southwestern part of Romania, on the territories of
Caraş-Severin, Mehedinți and Gorj counties. Since

1932, the Mount Domogled Floristic and Landscape
Reserve has been established here, one of the 11
reservations in the current park. Over 58 years, in
1990, the area becomes Domogled - Valea Cernei
National Park, which covers an area of over 61
thousand hectares [23].

These secular beech forests must be preserved,
in their current state, for their social and conservative
value, and not for production. Secular beeches are part
of a landscape of great cultural and natural value, in
which the local community has offered us for hundreds
of years an example of a way of life in communion
with nature and preserving the Romanian architecture
and traditions in the Banat Mountain area, which
ensures an exceptional value for the national park,
attracting many tourists annually [23].
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Material and Method

The main purpose of this research was to
monitor the vegetation dynamics within the Domogled
Valea Cernei National Park based on remote sensing

images from the Landsat 8 system [7; 24; 25; 26; 27]..
Satellite images that were used to characterize the
arboreal vegetation were taken from the portal
www.planet.com si sunt din perioada 2013-2019 [17].

Figure 1. The combination of Red Green Blue and NIR Red Green for the studied area

In order to process these images for the 7
years analysed, the programs ArcGIS v. 10.5, Erdas
Imagine 2014, Past and Microsoft Excel were used [5].

Based on the spectral bands of the Landsat8
system, vegetation characterization indices were

calculated NDMI [12], NDBR [14; 15; 22], NDVI [18],
NDWI (with a modified formula from the initial one)
[2] relations (1), (2), (3) and (4).

(1)
(2)
(3)
(4)

Results and Discussions

Based on formulas (1) - (4), the maps of each
described index were generated, figures 2 - 5, using the

ArcGIS v. 10.5 software and the images preprocessed
with the Erdas Image 2014 software. The average
values of the studied indices, calculated for each year
are shown in table 1.
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Figure 2. The Map of NBR index

Figure 3. The Map of NDVI index
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Figure 4. The Map of NDMI index

Figure 5. The Map of NDWI index

The values of the indices for Domogled National Park, period 2013 - 2019 are presented in table 1.
Table 1

Index values NBR, NDVI, NDMI, NDWI
NDMI NDWI NDVI NBR

2013 0.251914 -0.071367 0.338173 0.400253
2014 0.282347 -0.230127 0.538072 0.464052
2015 0.248629 -0.078151 0.341907 0.387522
2016 0.250638 -0.212170 0.488711 0.427921
2017 0.197611 -0.187132 0.412765 0.356372
2018 0.225787 -0.191454 0.447544 0.398582
2019 0.279154 -0.161429 0.338173 0.447412
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The values of the vegetation indices were
analysed, from the aspect of statistical security, based
on the appropriate statistical-mathematical methods (p,
R2, test F), and to highlight a series of interdependence

relations between certain indices, regression analyses
were used (Table 2, 3) on the basis of which
polynomial functions with afferent safety parameters
have results (Figure 6, 7, 8, 9).

Table 2
ANOVA single factor

Source of Variation SS df MS F P-value F crit
Between Groups 1.547018646 3 0.515672882 162.5723285 4.46496E-16 7.554460812
Within Groups 0.076127034 24 0.00317196
Total 1.62314568 27

Table 3
Correlation table

NBR NDVI NDMI NDWI
NBR
NDVI 0.405
NDMI 0.913 0.075
NDWI -0.403 -0.858 -0.011

Based on the values of the correlation
coefficient between the studied indices,
interdependence relations were analysed in the case of
indices with a good correlation. Thus, the NDVI

variation in relation to NDWI was described by
equation (5), under conditions of R2 = 0.981, p <0.01,
and the graphical distribution is shown in figure 6.

0.9428x13.635x85.087x145.37NDVI 23  (5)
where: x – NDWI index

The variation of NBR in relation to NDMI was described by equation (6), in conditions of R2 = 0.854, p <0.01,
and the graphical distribution is shown in figure 7.

0.497x1.9578x6.4303NBR 2  (6)
where: x – NDMI index

Figure 6. The variation of NDVI based on NDWI
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Figure 7. The variation of NBR based on NDMI

The PCA analysis led to the distribution in
Figure 8, where PC1 explained 79,081% of the
variance, and PC2 explained 15,291% of the variance.
From the spectral information contained in the
analysed images, as an expression of the ground reality
studied, and the calculated index values, it was found
the differentiated grouping of the years studied, 2013,
2015 with NDWI, 2019 with NDMI and NBR, 2016
(partially 2014 and 2018) with NDVI, and the year
2017 had a relatively independent position in relation
to the studied indices.

Cluster analysis led to grouping of variants
according to time of remote sensing acquisition based
on affinity and resulted in the diagram in Figure 9
under moderate statistical accuracy (Coph.corr. =
0,791).

Conclusions

The main purpose of this study was to monitor
for 7 years - 2013 -2019 - the Domogled Valea Cernei
National Park based on remote sensing images from
the Landsat 8 system.

Mathematical functions were found that
expressed the interdependence between indices.

The PCA analysis facilitated the distribution
and association of the years of the study period in
relation to the values of the indices calculated based on
the spectral data and explained the variant in the set of
results.

The cluster analysis facilitated the grouping of
the years from the study period, based on similarity in
relation to the values of the studied indices and which
reflected the condition of the vegetal carpet in the study
area.

NBR

NDVI

NDMI

NDWI2013

2014

2015 2016

2017

2018

2019

-0.20 -0.16 -0.12 -0.08 -0.04 0.04 0.08 0.12 0.16

PC1 (79.081% variance)

-0.080

-0.064

-0.048

-0.032

-0.016

0.016

0.032

0.048

0.064

P
C

2
(1

5.
29

1%
va

ria
nc

e)

Figure 8. The graph of PCA analysis
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Figure 9. Cluster analysis chart
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