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Abstract       Remote sensing is an easy way to analyze vegetation in terms 
of structure, the degree of development and health, biomass production, 
providing information for decision making in real time. The purpose of this 
study is creating a spectral analysis of arboreal vegetation in Dendrological 
Park Bazoș, Romania. The survey is based on Landsat 8 satellite images, 
over a period of 258 days including inactive and active growing time periods. 
From the analysis of satellite images we obtained the spectral bands R, G, B 
and IR (NIR, MIR) based on which the indices NDVI, NDBR and NDMI were 
calculated used in the characterization of the arboreal vegetation. Indices 
NDVI, NDBR and NDMI have recorded minimum values during the inactive 
vegetation periods and they had an ascending distribution in the early stages 
of active vegetation, over the course of March and April. They recorded 
maximum values in the month of May (NDBR and NDMI) and in June-July for 
NDVI, and then beginning with August –September there has been a 
descending distribution of vegetation indices characterization. Indices 
distribution regarding the duration in days for the study period was described 
in polynomial function of 4

th
 range, in terms of statistical certainty (NDVI: R

2
 = 

0.953, p<0.01; NDBR: R
2
 = 0.965, p<0.01; NDMI: R

2
 = 0.926, p<0.01). Based 

on the spectral data from NIR band the prediction of the studied indices was 
done with high statistical certainty: NDVI vs NIR (R

2
 = 0.896, p=0.13; 

F=24.97; RMSEP = 0.0379); NDBR vs NIR (R
2
 = 0.922, p=0.015; F=82.59; 

RMSEP = 0.0166); NDMI vs NIR (R
2
 = 0.984, p=0.016; F=24.68; RMSEP = 

0.0138). The report of the indices NDVI:NDBR reveal subunit values (0.702 – 
0.858) in the inactive vegetation period and over-unity values (1.015 – 1.181) 
in the active arboreal vegetation periods for the studied area. Multivariate 
analysis facilitated the grouping of the variables into two distinct clusters with 
three sub-clusters regarding the spectral properties of arboreal vegetation, 
cophenetic index value is 0.776.   
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Since the 1970s, multispectral satellite images 

were used to assess land cover and vegetation, remote 

sensing and GIS-based methods (Dimen et al., 2013) 

being increasingly promoted in recent times due to the 

facilities offered such as accuracy and speed of work, 

quality of information, support real-time decision 

making.. 

Forests serve multiple roles of environmental 

purposes, economic and social so there is a growing 

need for high real-time information on the spatial and 

temporal distribution, health status and biomass 

production of arboreal vegetation for the management 

of these resources. 

In this sense, remote sensing is a method used 

for analysing different aspects as land cover 

classification and land use (Löhnertz et al., 2006; 

Torahi and Rai, 2011; Begue et al., 2014, Herbei et al., 

2015a), mapping of forest (Chaudchary et al., 2003; 

Ingram et al., 2005; Potapov et al., 2008; Kempeneers 

et al., 2012), evaluating the stage of development or 

forest degradation (Azizi et al., 2008; Miettinen et al., 

2014), forest health evaluation (Bonneau et al., 1999), 

mapping forest biomass (Zheng et al., 2007; Potter et 

al., 2013; Du et al., 2014), forest monitoring (Wimmer 

et al., 2000; Nunes and Caetano, 2006) with the 

advantages of providing information for decision 

making in real time. 

Lu (2005) and Lu et al. (2008) have evaluated 

the possibility of integration of vegetation inventory 

data and Landsat TM image for vegetation 

mailto:mihai_herbei@yahoo.com
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classification in the western Brazilian Amazon. They 

managed a vegetation classification method with 

accuracy between 61-89% (up to 89%). 

Beguet et al. (2012) used an automated 

method based on satellite images to study the 

variability structure of forest areas through the 7 

typical variables for the forest structure (age, tree 

height, crown diameter, diameter at breast height, basal 

area, density and tree spacing) obtaining for the most 

of the results with statistical accuracy (the correlation 

coefficient R
2 
between 0.89 – 0.97). 

Various other aspects of forest ecosystems in 

relation to biotic or abiotic factors were studied by 

satellite techniques. Vikhamar and Solberg (2000) have 

proposed a method for snow-cover mapping of forests 

by optical remote sensing and McDermid et al. (2009) 

have used remote sensing and forest inventory for 

wildlife habitat assessment.  

Interest in the study of national parks and 

protected areas based on satellite images and 

techniques were also found in other research, the 

importance of these types of areas taking advantage of 

satellite techniques of investigation. Basson et al. 

(2007) communicated the results of their study on 

monitoring resources based on satellite images in 

Fremont-Winema National Forest and Yosemite 

National Park. Necsoiu et al. (2013) used multi-

temporal image analysis of historical aerial 

photographs and satellite images to characterize the 

water surface and morphology of the land in Kobuk 

Valley National Park, Alaska. Osberger et al. (2013) 

used techniques based on satellite images for assessing 

forest areas in Kalkalpen National Park (Austria) 

affected by stress factors, like storms and bark beetle 

attacks. Herbei and Sala (2014) have presented and 

analysis of Cheile Nerei Beusnița National Park, 

Romania where a classification of the territory was 

achieved based on two algorithms ISO DATA and K 

Means (unsupervised classification) with a high 

accuracy of class classification in the studied area. 

Given the interest in investigation methods 

based on satellite images and their benefits, this study 

aimed to study the dynamics of arboreal vegetation in 

Bazos Dendrological Park, Romania, based on satellite 

images. 

 

Material and Methods 
 

This study aimed to characterize the dynamics 

of wood vegetation in the Dendrological Park Bazoş, 

Timis County, Romania, based on spectral information 

obtained from Landsat 8 satellite images. 

Dendrological Park Bazoș has an area of 

approx. 60 ha. It is located in Bazoşul Nou village area, 

Timis County, Romania and its territory lay between 

the rivers Timiș - Bega, figure 1. The park includes a 

collection of about 400 species of exotic trees and 

shrubs of different origins: Europa, North America, 

Africa, Far East, etc. 

There are over 20 species of oaks (Quercus), 

the collection of caria (Carya nucet, C. ovata, C. 

glauca), the collection of magnolias (Magnolia ssp.), 

tartarian maple (Acer tataricum), red maple (Acer 

rubrum), chestnut (Castanea dentata and Castanea 

pumila), American plane (Platanus occidentalis), 

catalpa (Catalpa bognonioides) etc. Since 1994 it has 

the status of a protected area for protecting 

biodiversity, genetic fund and ecofund.

 

 

 
 

Fig. 1. The framing area of the Dendrological Park Bazoș, Timis County, Romania studied in terms of arboreal 

vegetation dynamics based on satellite images Landsat 8 
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Satellite images used to characterize the 

arboreal vegetation in the Dendrological Park Bazos 

were taken in the period January-October 2014 (within 

258 days) from the sites: http://earthexplorer.usgs.gov/ 

and www.landsat.gsfc.nasa.gov. 

 For processing and analysis of satellite images 

ArcGIS 10 software was used. For the proposed study, 

there were extracted spectral information through 

bands R, G, B, NIR and later the indices NDMI, 

NDBR and NDVI were calculated based on relations 

(1), (2), (3) to characterize arboreal vegetation. Due to 

the fact that invisible reflectance is very low, it was 

found to be more relevant to this study the vegetation 

characterization based on spectral bands R and IR 

medium and near, the contrast was obvious between 

the reflectance in "Red" (ρR) and reflectance in Near 

Infra Red (ρIRA) (Huang et al., 2013). 

 

   NDMI NIR IR / NIR IR      

     (1) 

   NDBR NIR IR / NIR IRM M     

     (2) 

   NDVI NIR R / NIR R      

     (3) 

 

In terms of statistical accuracy of the 

experimental data analysis, it was carried out by 

appropriate mathematical and statistical methods (p, 

R
2
, test F). To assess interdependencies between 

certain spectral bands and indices used to characterize 

the arboreal vegetation in the studied area, the 

regression analysis was used from which resulted 

polynomial functions with the related accuracy 

parameters. 

 

Results and Discussions 
 

Evolution of the arboreal vegetation from 

Dendrological Park Bazoș, Timis County, Romania 

was characterized on the basis of spectral information 

resulted from satellite images Landsat 8 through 

spectral bands R,G,B,NIR and indices NDVI, NDBR 

and NDMI determined. 

Analyzing the respective indices obtained 

within 258 days during the growing cycle, there was a 

correlated distribution of the indices values NDVI, 

NDBR and NDMI with stages of inactive and active 

vegetation growing season, results are presented in 

Table 1, Figure 2. 

 

Table 1 

The distribution of spectral bands and indices calculated for Dendrological Park Bazoș, Timis County, Romania 

Period 
Time 

(days)
*
 

R G B NIR NDVI NDBR NDMI 

Jan 16 9286.48 9202.92 9995.72 10372.68 0.05428 0.07672 0.12657 

Feb 48 9544.53 9610.43 10620.94 10972.29 0.06971 0.12014 0.1544 

Mar 96 7351.97 7591.78 8247.85 11374.34 0.21037 0.24929 0.18445 

April 128 6538.61 6987.30 8274.24 14231.61 0.23573 0.33567 0.21805 

May 160 8133.36 9407.89 10043.83 24005.10 0.49310 0.48562 0.32134 

June 175 7173.91 8342.94 8980.95 22118.26 0.50804 0.47237 0.28702 

July 213 6967.95 7992.15 8672.17 19586.57 0.50804 0.43451 0.26151 

August 255 6761.99 7641.37 8363.39 17054.87 0.46859 0.39660 0.23599 

Sept 287 7368.18 7965.14 8677.28 15994.57 0.42915 0.37312 0.19487 

Oct 319 7360.69 7893.83 8684.86 10973.34 0.19780 0.23060 0.12808 
*
 Time in days during the year, starting from 1 January 

 

Studies on multi-temporal behavior of the 

spectral response - interference in satellite images of 

the areas selected - simulated in forest Amazon, 

considering the relations spectral red / infrared were 

also made by Graça et al., (2015). 

NDVI index, used to characterize vegetation 

based on multispectral satellite image (Rouse et al., 

1973), had medium values between 0.05428 – 0.50804 

in the condition of this study. NDVI index recorded 

minimum values during the inactive period and had an 

ascending trend the beginning of the growing season 

and it achieved maximum values in June-July followed 

by a descending trend by the end of the growing 

season. NDVI index variation connected to the time 

period, over the range studied, has been described by 

equation (4) in terms of statistical accuracy (R
2
 = 

0.953, p<0.01), the particular distribution of the data is 

shown in Figure 2. 

 

144.01725.009.00105.00003.0 234  xxxxNDVI

     (4) 

 
where: x – time (days during the determinations)

http://earthexplorer.usgs.gov/
http://www.landsat.gsfc.nasa.gov/
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Fig.2. Spectral distribution of indices NDVI, NDBR and NDMI in the study period for the Dendrological Park Bazoș, 

Timis County, Romania - selective presentation 

 

 
Fig. 3. Particular distribution of NDVI values during the study period of arboreal vegetation of the  

Dendrological Park Bazoș, Timis County, Romania 

 

 
NDBR index used to assess the burning 

potential based on multispectral satellite data (Key and 

Benson, 1999; Cocke et al., 2005; Escuin et al., 2008) 

had values between 0.07672 - 0.48562 in the 

conditions of this study. Minimum values for NDBR 

index were recorded during the inactive vegetation 

period of the trees.  

NDBR registered an upward trend at the 

beginning of the growing season to achieve maximum 

values in May followed by a downward trend by the 

end of the vegetation period studied. NDBR index 

variation regarding the time period, over the range 

studied, has been described by equation (5) in terms of 

statistical accuracy (R
2
 = 0.965, p <0.01) the particular 

distribution of the data is shown in Figure 3. 

0968.00944.00778.00114.00005.0 234  xxxxNDBR

    (5) 
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where: x – time (days during the determinations) 

 

 
 

Fig. 4. The particular distribution of NDBR values during the study of arboreal vegetation from the  

Dendrological Park Bazoș, Timis County, Romania 

 

NDMI index used to assess the level of 

moisture in the soil and vegetation cover based on 

multispectral satellite had values between 0.12657 - 

0.32134. Low levels of NDMI index values were 

recorded in January - February and in October when 

the evapotranspiration of vegetation was reduced 

associated with specific stages for those periods. 

NDMI Index registered an upward trend at the 

beginning of the growing season, achieving maximum 

values in May followed by a downward trend by the 

end of the vegetation period studied. NDMI index 

variation reported to the time period, over the range 

studied, has been described by equation (6) in terms of 

statistical accuracy (R
2
 = 0.926, p <0.01) the particular 

distribution of the data is shown in Figure 4. 

 

1785.00951.00528.00075.00003.0 234  xxxxNDMI

     (6) 

 
where: x – time (days during the determinations) 

 

 
Fig. 5. The particular distribution of NDMI values during the study of arboreal vegetation from the  

Dendrological Park Bazoș, Timis County, Romania 
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Statistical correlations analysis revealed the 

level of correlations between spectral bands R, G, B, 

NIR and NDVI, NDBR and NDMI indices calculated 

for arboreal vegetation of the Dendrological Park 

Bazoș, Timis County, Romania. High correlations were 

identified of NDVI, NDBR and NDMI with NIR 

spectral band and a lower level of correlation with R 

band, Table 2, the relations of these indices with some 

spectral bands being highlighted in other studies 

(Herbei et al., 2015b). 

 

 

Table 2 

Matrix table of correlations between spectral bands and the calculated indices for arboreal vegetation from the 

Dendrological Park Bazoș, Timis County, Romania 

  R G B NIR NDVI NDBR NDMI 

R 1       

G 0.893 1      

B 0.921 0.971 1     

NIR -0.358 0.082 -0.022 1    

NDVI -0.618 -0.226 -0.358 0.904 1   

NDBR -0.681 -0.295 -0.391 0.917 0.965 1  

NDMI -0.420 -0.016 -0.096 0.964 0.862 0.914 1 

 

Given the high level of correlations between 

NIR band and indices determined, the regression 

analysis was used to evaluate the predictive relation of 

each index based on spectral values from NIR band. 

The prediction for NDVI values, based on 

recorded spectral data in the NIR band, was possible 

with high statistical accuracy (R
2
 = 0.896, p = 0.13; F = 

24.97; RMSEP = 0.0379), equation (7), and the 

particular distribution of NDVI values in relation with 

NIR band is shown in Figure 5. 

 

7005.0041092 2  xExENDVIP
  

     (7) 

 
where: NDVIP – predicted NDVI; x - NIR. 

 

 
 

Fig. 6 Relation of dependence between NDVI - NIR for the study of arboreal vegetation from  

Dendrological Park Bazoș, Timis County, Romania 
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The predictive relations of NDBR values, 

based on spectral data recorded in the NIR band was 

also possible with high statistical accuracy (R
2
 = 0.922, 

p = 0.015; F = 82.59; RMSEP = 0.0166), equation (8), 

the particular distribution of NDBR values in relation 

with the NIR band is shown in Figure 6. 

 

6201.0059092 2  xExENDBRP
  

     (8) 

 
where: NDBRP – predicted NDBR; x – NIR values 

  

The predictive relation of NDMI based on 

spectral data recorded in the NIR band was possible 

with high statistical accuracy (R
2
 = 0.984, p = 0.016; F 

= 24.68; RMSEP = 0.0138), equation (9), the particular 

distribution of NDMI values in relation with the NIR 

band is shown in Figure 7. 

 

0717.0052103 2  xExENDMIP
  

     (9) 

 
where: NDMIP – predicted NDMI; x – NIR values 

 

 

 
Fig. 7 The relation of dependence between NDBR - NIR for the study of arboreal vegetation from Dendrological Park 

Bazoș, Timis County, Romania 

 

Analysis of the relation between NDVI and 

NDBR indices, as expression of reflectance, 

respectively the burning capacity of vegetation, it was 

found that during the inactive arboreal vegetation the 

report NDVI:NDBR has subunit values between 0.702-

0.858 and values above during the active growing 

season when leaves are developed, with values in the 

present study between 1.015-1.181. 

Multivariate analysis facilitated the grouping 

of the results based on Euclidean distances, Figure 8, 

with a high statistical accuracy, cophenetic index value 

being 0.776. Depending on the values of spectral bands 

R, G, B, NIR and indices NDVI, NDBR and NDMI 

calculated, based on the spectral information 

expressing arboreal vegetation properties during the 

study period, results were recorded in two large 

clusters. 

First cluster includes two subclusters with low 

values (periods January-February, March - October) 

and medium (periods April and August-September) of 

indices NDVI, NDBR and NDMI. A second cluster 

includes the data of May and June-July, characterized 

by the maximum amplitude of the values for indices 

NDVI, NDBR and NDMI studied.
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Fig. 8 The relation of dependence between NDBR - NIR for the study of arboreal vegetation from Dendrological Park 

Bazoș, Timis County, Romania 
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Fig. 9 Distribution of clusters based on Euclidean distances of variables resulted from spectral bands and calculated 

indices for characterization of arboreal vegetation in Dendrological Park Bazoș, Timis County, Romania 
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Conclusions 

 
The study facilitated the characterization of 

arboreal vegetation from Dendrological Park Bazoș, 

Timiș County, Romania based on indices NDVI, 

NDBR și NDMI. 

During the study period, indices NDVI, 

NDMI and NDBR had minimum values in dormant 

trees period and maximum values in May (NDBR, 

NDMI) and June-July (NDVI). Polynomial functions 

(4
th

 range) have described with high accuracy the 

distribution of index values regarding the time in days, 

for the studied period. 

 A new indicator for the characterization for 

arboreal vegetation was identified through the relation 

NDVI: NDBR which recorded subunit values (0.702-

0.858) during inactive vegetation period and supraunit 

values (1.015-1.181) during the active growing season. 

Through multivariate analysis, a cluster 

grouping was obtained for the results grouped in two 

distinct clusters with three subclusters, with a high 

degree of accuracy, cophenetic coefficient having the 

value of 0.776. 
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