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Abstract: Nowadays, Southwestern Romania faces a large-scale aridization of the climate, 
revealed by the rise of temperatures and the decline of the amount of precipitations, with 
negative effects visible, among others, in the desiccation of forest vegetation. The present 
study means to identify the changes that occurred, quality-wise, in the past two decades 
(1990–2011) in forest vegetation in Southwestern Romania, and to establish the link between 
those changes and extant thermal stress in the region, whose particular features are high 
average annual and seasonal temperatures. In order to capture the evolution in time of cli-
mate aridization, a first step consisted in using climate data, the temperature and precipitation 
parameters from three weather stations; these parameters were analyzed both individually 
and as aridity indexes (De Martonne and UNEP). In order to quantify the changes in forest 
vegetation, NDVI indexes were used and analyzed, starting off from Landsat satellite images, 
acquired at three distinct moments in time, 1990, 2000 and 2011. In order to identify the link 
between the changes of NDVI index values and regional thermal stress, a yardstick of climate 
changes, statistical correlations were established between the peak values of average annual 
temperatures, represented in space, and negative changes in the NDVI index, as revealed by 
the change-detection analysis. The results obtained indicated there is an obvious (statistically 
significant) connection between thermal stress and the desiccation (degradation) of forest 
species in the analyzed area, with false acacia (Robinia Pseudoacacia) the main species to 
be impacted. 
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1  Introduction 

The rise of temperature and the drop of the average annual precipitations in numerous re-
gions of the world are the main climate changes, which have accelerated predominantly in 
the past three decades (IPCC, 2007), which have brought to bear important pressure on for-
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est ecosystems. Preserving the quality of forest ecosystems in an optimal environmental 
balance is of paramount importance, in the context where they fulfill a series of key func-
tions such as climate regularization, hydrological functions, protection against soil erosion, 
pollution control, a scenic function and others (forest.jrc.ec.europa.eu). Forest ecosystems 
have captured the attention of scientists ever more often in the past few decades, in the con-
text where the ecosystems have undergone important transformations against the back-
ground of global climate changes (Hanson and Weltzin, 2000; Dale et al., 2001; Keller et al., 
2002; Archaux and Wolters, 2006; Iverson et al., 2007).  

Nowadays, remote sensing analyses of forest ecosystem quality are some of the most fre-
quently used instruments because they provide a series of benefits linked to being able to span 
large areas and providing rapid and high-resolution images, among others, although there are 
also certain problems linked to the compatibility, calibration, geometry and the continuity of the 
data (Deshayes et al., 2006). Temporal change detection analysis by means of the NDVI index is 
a remote-sensing method frequently used in current specialized analyses on the fluctuation of the 
quality of forest ecosystems or private vegetation overall (Gao and Dennis, 2001; Wang et al., 
2003; Lee et al., 2008; Wang et al., 2008; Virtanen et al., 2010; Cui and Shi, 2010; Meng et al., 
2011; Yang et al., 2011; Vogelmann et al., 2012). At the same time, the NDVI index is frequently 
used in the case of regions across the world that are suffering from desertifica-
tion/aridization/drought, where the vegetation is permanently subject to severe climate conditions 
(thermal stress, high humidity deficit) (Li et al., 2004; Anyamba and Tucker, 2005; Barbosa et al., 
2006; Sternberg et al., 2011; Liu et al., 2012). 

The analyzed region, Southwestern Romania, is nowadays impacted by large-scale aridi-
zation, enhanced, particularly in the past two decades, by the synergic context of the global 
climate changes and soil deterioration, as a result of the flawed human administration of the 
land (Păltineanu et al., 2007; Peptenatu et al., 2013; Prăvălie, 2013a, 2013b, 2013c). The 
drop in the amount of precipitation and the rise of average annual temperatures have brought 
about important changes in the quality of forest ecosystems, as they have been suffering 
from drought across large areas in the past two or three decades. Therefore, desiccation may 
be seen as deterioration of forest ecosystems that, alongside changes brought about by an-
thropic pressure (deforestation), may create the conditions for a significant drop in the qual-
ity of ecosystem services (Prăvălie et al., 2013b). Preserving the quality of forest ecosystems 
is vitally important, as they fulfill key functions in that region, such as alleviating the nega-
tive effects of climate change, preserving optimal soil humidity, stabilization of the sand 
dunes in the region, fighting wind erosion, and agri-environmental functions by means of the 
forest belts, among others. 

The present study means to detect the changes that occurred at the level of forest ecosys-
tems by means of the NDVI index, as well as to establish a direct link between those 
changes and regional thermal stress, on the rise in the past few decades in the context of the 
global climate changes. 

2  Data and methods 

2.1  Study area 

The study area coincides with Romania’s Southwestern corner, spanning 113 administrative 
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units. It is bordered by the Danube River (to the south and west), the Olt River (to the east), 
the Getic Plateau (to the northwest) and the Romanian Plain (to the northeast), with the 
western and eastern borders conditioned by the contour of the satellite scenes used as the 
source of the satellite images. It covers 736,723 hactares and most of it coincides with the 
Oltenia Plain (with the exception of the northwestern part, covering a small section of the 
Getic Plateau), a subdivision of the Romanian Plain.  

As far as the climate parameters are concerned, the average annual temperatures and pre-
cipitations are characterized by a significant diversity across regions. According to the data 
available from three weather stations (Figure 1), the average annual temperatures stand at 

12.2℃ in Drobeta Turnu Severin, 11.3℃ in Craiova and 11.9℃ in Turnu Măgurele, while 

the average annual precipitations stand at 667.5 mm in Drobeta Turnu Severin, 514.1 mm in 
Craiova and 528.6 mm in Turnu Măgurele (1961–2009). 

 

Figure 1  Location of the study area in Romania 

 
From the point of view of the forest vegetation, it covers a total area of 56,330 hectares 

and it mainly consists of false acacia (Robinia pseudoacacia), downy oak (Q. pubescens), 
Turkey oak (Q. cerris), Hungarian oak (Q. frainetto), and pedunculate oak (Q. pedunculi-
flora) (Pătroescu, 2005). The biggest part of the forest ecosystem consists of acacia forests, 
as they were planted on very large surfaces in the past century with the goal of stabilizing 
the sandy soil (Traci, 1985; Dumitraşcu, 2006) that covers large areas in the southwestern 
part of the study area, as well as areas located west of the Blahnita and east of the Jiu rivers 
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(Figure 1).  
Planting false acacia in the region was meant as a strategic way of stabilizing the sandy 

soils, covering very large surfaces (116,000 ha, or 35% of the total 330,000 ha of sandy-soil 
areas in Romania), which had acted as a factor impacting on the local communities by way 
of the wind erosion. False acacia is a forest species that has adapted to severe environmental 
conditions, first of all thanks to its root system, well adapted to low-humidity conditions and 
able to reach down to high-depth groundwater, as a result of its considerable length. Another 
important feature concerns the very high nitrogen-fixation capacity, which allows the plant 
to grow normally even on sandy soils, lacking in nutritive elements (Holle et al., 2006; 
Moshki and Lamersdorf, 2011). From the point of view of the connection between climate 
conditions and false acacia’s environmental needs, the optimal development of this forest 

species requires, in general, average annual temperatures in the 9–11℃ range and precipita-

tions above 400–500 mm a year (Calafat, Poiana Mare, Jiana forestry-planning documents). 
In the past few decades, false-acacia forests have experienced important changes linked to 

deterioration (against the background of the intensification of drought and aridization, in the 
context of global climate change), and to aggressive anthropic interventions (deforestation), 
which led to the loss of important tracts of forested land, especially in the sandy-soil regions 
(Prăvălie et al., 2013b). 

2.2  Climate data 

The present study used monthly climate data, year-on-year, with a view to quantifying the 
climate’s temporal fluctuation over a time span of five decades. Therefore, we obtained and 
processed average monthly temperature and precipitation data from the ECA&D (European 
Climate Assessment & Dataset) climate platform. The data originate from three weather sta-
tions located close to the study area (Drobeta Turnu Severin, Craiova and Turnu Măgurele) 
(Figure 1), and the analysis time span covers 49 years (1961–2009). Most of the data avail-
able encompassed the entire time span analyzed, with the exception of a few monthly re-
cords missing (at the Drobeta Turnu Severin and Turnu Măgurele stations) which were arti-
ficially extrapolated using the data available throughout from the Craiova station. In most 
cases, the determination quotient (R²) exceeded 0.8, and the correlation quotient (r) came 
close to 1 (above 0.9), so that the data artificially obtained that way were relevant as a result 
of the high correlation of the common set of data.  

The data were processed on a monthly basis, year-on-year, using the vectorized-grid rep-
resentation method (Cheval et al., 2003). This method, modified for the purposes of the pre-
sent study, consists of the presence of a grid of parallel dots, arranged in 12 columns (the 
number of months) and 49 rows (the number of years in the time span analyzed, 1961–2009), 
each dot representing the value of the climate parameter matching the intersection of the row 
and column. For viewing, analysis and interpretation, the grid values (in shapefile format) 
were inserted in the GIS software, by means of ArcGIS 10.1 software’s Spline method of 
insertion. At the same time, an analysis was conducted of the fluctuation of average monthly 
temperatures during the season of peak biological activity (May–August), a very useful as-
pect when assessing thermal stress on the vegetation. In this case, the Mann-Kendall statis-
tical-relevance test was used in order to verify the relevance of the linear trends of the sets of 
data obtained from the three weather stations (Salmi et al., 2002). 



Remus PRAVALIE et al.: Detecting climate change effects on forest ecosystems in Southwestern Romania 819 

 

 

Two aridity indexes were also used in order to put the evolution of aridity in the study 
area into a context: the De Martonne aridity index ((calculated as I ar-DM = P/(T+10), 

where P and T stand for precipitations (mm), and average annual temperatures (℃), respec-

tively)) (De Martonne, 1926) and UNEP ((I ar-UNEP = P/PET, where P stands for average 
annual precipitations (mm), and PET stands for potential evapotranspiration (mm) calculated 
by means of the Thornthwaite method)) (Thornthwaite, 1948).  

In addition, in order to analyze the direct link between climate (thermal) stress and 
changes at forest level, the WorldClim.org database was used to spatially represent average 
annual temperatures (calculated over a time span of 50 years, i.e. 1950–2000) against 
1-km-sized cells (the highest resolution available from the respective data platform). The 
climate data on that global platform are similar, for the biggest part, to the data available 
from ECA&D (for instance, an analysis of the values of the pixels around the three weather 
stations – representing the multi-annual mean average of temperatures – indicates that there 
is a similarity to the multi-annual mean average of ECA&D values at the respective weather 
stations), considering that WorldClim data are obtained by way of measurements conducted 
at weather stations and matched against the digital elevation model (SRTM). 

Starting from the assumption that, in the area analyzed, average annual temperatures 

above 11.5℃ cause thermal stress to the forest vegetation, we attempted to establish con-

nections between the number of pixels of the average temperatures above that value and the 
number of pixels that registered a loss in vegetation density, as obtained by change-detection 
analysis in the two time spans analyzed (taking into consideration the entire time span ana-
lyzed, 1990–2011). The respective threshold was selected because it represents a limit-factor 
in terms of the environmental needs of false acacia (the main forest species in the study area, 
the reason why the analysis of that thermal threshold value was generalized to span the en-
tire study area), as the favorable-climate (thermal) conditions for that species stand roughly 

in the 9–11.5℃ range (Calafat, Poiana Mare, Jiana forestry-planning documents).  

The limited precipitation may be another climate variable that may influence for-
est-vegetation desiccation, but in this scenario the probability was discarded as a result of 
the fact that in the study area the lowest multi-annual precipitation mean values (1950–2000) 
stand at 563 mm, significantly higher than the 400 mm mean, the minimal value before dis-
turbances tended to rise in the optimal functioning of false-acacia forest ecosystems. 

In order to calibrate the data, the average-temperature spatial-data cells were resized to 30 
m, equivalent to the size of the NDVI index cells obtained from the Landsat satellite images. 
The entire analysis of the two variables encompassed 361 patches of forest, spanning the 
study area.  

2.3  NDVI data 

The NDVI index was calculated using Landsat 5 TM (Landsat 7 TM for the case of the year 
2000) satellite images (path 184, rows 029 and 030), acquired from the glovis.usgs.gov 
platform. Thematic Mapper sensor was preferred thanks to its spatial resolution, which is 
much more appropriate to study relatively small territories, such as our study area. Unlike 
MODIS, which has much coarser spatial resolution, Landsat images represent a perfect bal-
ance between accessibility, spectral and spatial resolution. The images were acquired during 
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the vegetation season, i.e. on July 11, 1990, June 28, 2000 and August 22, 2011, depending 
on their availability as determined by cloud presence. Although there is a certain gap in time 
between the satellite data acquired, caused by the synoptical conditions, the satellite images 
were taken during the peak season of vegetation growth, so that the possible differences in 
phenology of the forest ecosystems are small – during that time span – and the results ob-
tained may be deemed viable. The satellite images were processed according to the standard 
radiometric-calibration and atmospheric-correction procedures for Landsat 5 TM satellite 
images, used by the U.S. Geological Survey (Chander et al., 2007). 

Selection of temporal interval is very important. The year of 1990 marks a bifurcation 
point in the historical evolution of the area. Before this landmark point the area had been 
evaluated within the conditions of deep agricultural and forestry control under communist 
regime. After 1990, the area was left to the mercy of fate: forestry and irrigation works were 
abandoned. Without land-improvement works, the impact of natural factors on the forests 
became much more significant and visible, while conservation works were almost ceased. 
Thus, without neglecting the importance of the ante-1990 period, we consider that post-1990 
period is most suitable to study the effects of climate change in this area. 

The NDVI index, calculated relatively simply by means of spectral bands 3 and 4 (NDVI 
= NIR – red/NIR + red), is highly useful in the analysis of vegetation quality. In theory, its 
values range from –1 to +1, but in practice the actual values range from approximately –0.8 
to +0.9. The negative values mean barren areas (no vegetation), with sand, barren rock or 
water, while positive values mean areas covered with vegetation. In general, positive values 
up to 0.1 mean low- and very-low-density vegetation, while values in the 0.11 – 0.2 and 0.21 
– 0.3 ranges mean vegetation with average and relatively high density. Although, in general, 
values above 0.3 mean vegetation with very high density, forest ecosystems match values 
around 0.6, at least as far as the temperate region is concerned (earthobservatory.nasa.gov). 

In order to eliminate possible errors in the demarcation of forest ecosystems in terms of 
the NDVI index thresholds, the change-detection analysis was narrowed down to the limits 
of the patches of forests demarcated by the Corine Land Cover, 2006 edition (CLC, 2006), 
with their borders brought up to date by means of aerial scale photos, 2008 edition 
(NACREA, 2008). Another benefit of an analysis using the limits of the patches of forest is 
that, as the spatial data on the limits of forests are relatively up to date, it eliminates for the 
most part instances of human intervention (deforestation) which would have otherwise in-
fluenced the results obtained by means of the NDVI index, thus establishing a direct link 
between climate conditions and the change-detection analysis. 

2.4  Thermal stress 

The impact of thermal stress on NDVI was quantified using correlation and regression 
analyses. In the wake of spatial representation of the average annual temperature data 

(worldclim.org), one notices that they fall in the 10.1–12℃ range. The highest values are 

registered in the southern part of the analyzed area, as well as along valleys (such as the ob-
vious example of the Jiu River valley) (Figure 2), where there are frequent intrusions of 
warm-air masses coming in from the south, predominantly from Northern Africa, especially 
during the summer months (Ciulache, 2005). Taking into account that most of the forest 
ecosystems in the analyzed area consist of acacia species (Robinia pseudoacacia), an at-
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tempt was made to establish correlations between the average annual temperature values that 
impact on the normal development of that species, and the change-detection analysis of the 
NDVI index. According to the studies drawn as part of the local forest-administration ser-
vices’ reports (concerning acacia’s environmental needs), the average annual temperatures 

above 11.5℃ can be a problem for acacia forest species, and values above that limit act as 

an overall source of thermal stress for the patches of forest (Calafat, Poiana Mare, Jiana, 
Şimian forestry-planning documents). These values are predominantly found in the southern 
part of the area analyzed (the Oltenia Plain, Danube River meadow areas and the Jiu River 
meadow), spatially matching, for the most part, the changes in NDVI indexes (1990 and 
2011). Thus, out of the total number of forest bodies found in our study area, just 191 fall 
within the area concerned (with temperatures above the threshold), which represented our 
target group. 

 

Figure 2  Spatial representation of average annual temperatures (1950–2000) in the analyzed area (a); spatial 
representation of threshold-values selected among average annual temperatures (b) (processed WorldClim.org 
data) 

 

Thermal stress impacts the quality of forest biomass: it becomes less green, which is re-
flected in lowering NDVI values. We are concerned about what happened with the most 
dense forest vegetation. Have the NDVI declined in the past two decades? Does this decline 
relate to the temperature? In order to answer this question we recorded the number of pixels, 
in each of the forest bodies, for two cases: pixels having in 1990 NDVI values more than 0.5, 
and more than 0.55, respectively, which diminished their values by 2011. We used these data 
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as dependent variable. As independent variable, we recorded the number of pixels, within 

each forest body, with the temperature higher than 11.5℃. 

The distribution of the raw data, NDVI and temperature, is not normal (see Figure 3a, for 
example). Regression analysis requires normally distributed data. Standardization included 
removing outliers (zeros for NDVI values) and log-transformations.  

 

Figure 3  Example of data distribution (NDVI > 0.5) before (a) and after (b) standardization 

 
In addition, square root was extracted from log-transformed temperature data. Thus, all 

the variables fit normal distribution (see Figure 3b, for example), complying with the criteria 
of Shapiro and Wilk's test for normality (Royston, 1982). The final data sets (entries in the 
models) included 176 observations for NDVI > 0.5 case and 157 observations for NDVI > 
0.55 case. 

3  Results 

3.1  Climate fluctuation 

From the point of view of climate fluctuation, during the time span analyzed (1961–2009) 
there stand out changes in climate conditions, predominantly in the past two-three decades. 
According to the results obtained by means of the vectorized grid method (Cheval et al., 
2003), one notices a pronounced rise in average monthly temperatures, predominantly after 
1990, in general at the beginning and the end of the vegetation season (April and October), 
but also during the season of peak biological activity (May through August) (Figure 4). 

In the case of the average monthly precipitations, one notices a drop starting 1980, in gen-
eral during the vegetation-season months (April–October). Thermal stress during the time of 
maximal biological activity (May–August) was analyzed so as to ensure better com-
prehension of the trends of climate fluctuation and the impact on vegetation (Figure 5). 
Subsequently, one can notice a clear upwards trend in average monthly temperatures during 
May–August, with the trends growing particularly sharper in the past three decades. Ac-
cording to the Mann-Kendall statistical-relevance test (Salmi et al., 2002), the linear trends 
are relevant for very high relevance landmarks, that is for α = 0.001 (the maximal relevance 
value) in the case of the Drobeta and Turnu Măgurele weather stations, and α = 0.01 in the 
case of the Craiova weather station. 
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Figure 4  Annual fluctuation of the average monthly temperatures and precipitations (1961–2009), at the 
Drobeta Turnu Severin (a, b), Craiova (c, d) and Turnu Măgurele (e, f) weather stations 

 

 
Figure 5  Annual fluctuation (1961–2009) of average monthly temperatures, during the time of peak biological 
activity (May–August) 
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Looking at the overall situation, the analysis of the De Martonne and UNEP aridity in-
dexes (Figures 6a and b) reveals the increasing trend of climate aridization in the past few 
decades. The De Martonne aridity index offers a downtrend in values, which means heavier 
aridization (De Martonne, 1926). The most visible downtrend in De Martonne index values 
occurs after 1980 when values start fluctuating in the 10–15 and 15–20 ranges, ranges typi-
cal of semi-arid and dry steppe climate conditions, according to the De Martonne classifica-
tion.  

 

Figure 6  Multi-annual fluctuation of the De Martonne (a) and UNEP (b) aridity indexes and linear trends at the 
Craiova, Drobeta Turnu Severin and Turnu Magurele weather stations (1961–2009) 

 
The values of the UNEP aridity index also register a downtrend (in a similar manner, the 

lower the values, the drier the climate). Starting with the 1980s, the index values frequently 
fall in the 0.2–0.5 range, a range typical for the presence of a semi-arid climate (UNEP, 
1992). 

3.2  NDVI change detection 

Change-detection analysis of the forest ecosystems in the past two decades is very important 
because, in general, that period coincided with accelerated changes at the level of the cli-
mate parameters. The NDVI index is a viable method of assessing the changes that occur at 
the level of the vegetation’s spectrum response, and it offers opportunities for the analysis of 
the vegetation in terms of its development. Because the values below 0.3 are typical of less 
developed vegetation, the analysis focused on values above 0.3, typical of very-high-density 
vegetation, and, to a certain extent, of forest ecosystems (earthobservatory.nasa.gov).  

Thus, the comparative analysis of 1990 and 2011 reveals a 20% decrease in the size of the 
high-density-vegetation areas, i.e. from 459,460 ha (62% of the total area under study) by 
1990 to around 299,450 ha (40%) by 2011 (Figure 7). However, the values above 0.3 only 
match forest ecosystems to a certain extent, as it is deemed that values around 0.6 would be 
adequate to use to demarcate forests in terms of the NDVI index, in the case of temperate 
areas (earthobservatory.nasa.gov). 

In this situation, the change-detection analysis at the level of the patches of forest was 
conducted at values above 0.5 and 0.55, deemed more suitable, since using 0.6 would have 
limited the consistence of forest vegetation a lot. In this respect, the analyses were con-
ducted for three distinct time periods: for 1990–2000, for 2000–2011 and for all of 
1990–2011. Therefore, an analysis of the state of changes during 1990–2000, for the 0.5 
threshold, reveals a 13.5% decline in the consistency of forest vegetation (7620 ha); in case  
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Figure 7  Spatio-temporal evolution of the NDVI index during 1990–2011 
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Figure 8  Change-detection analysis in terms of the NDVI index during 1990–2011 
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of the 0.55 threshold, the loss amounts to 14% (7869 ha) (Figure 8). Significant differences 
emerge in the 2000–2011 period, too, that is a 21.5% drop (12,109 ha) in the case of the 0.5 
threshold and 26.3% (14,843 ha) in case of the 0.55 threshold. 

The entire time span analyzed, 1990–2011, reveals a loss of 12,230 ha (for 0.5 NDVI in-
dex), which means almost 22% of the total forest surface (Figure 8). At a higher value (0.55), 
the index values’ losses in surface rise to about 23%, a percentage equal to an area of 12,803 
ha. Location-wise, the steepest drops in NDVI index values during 1990–2011 occurred in 
the southern part of the area analyzed (south of the town of Calafat, areas in the Danube 
River meadow), but also in the western part (west of the Drincea River) and in the northeast 
(east of the Jiu River) (Figure 8).  

On the other hand, mention must be made there have also been positive changes in the 
NDVI index value, predominantly in the northern part of the region, in that part of the Getic 
Plateau that is included in the study area. Quantity-wise, during 1990–2000 the gains 
amounted to 7467 ha (13.3%), and 12,867 ha (22.8%), respectively, for the 0.5 and 0.55 
thresholds, while during the 2000–2011 period the values registered for the two thresholds 
stand at 4544 ha (8.1%) and 3925 ha (7%), respectively. For the entire time span analyzed, 
the gains amount to a surface of 4493 ha (8%) for values above 0.5, while for values of 0.55 
the gains rise by 35% (2424 ha), amounting to a total 6917 ha (12.3% of the total surface of 
the forests) (Figure 8). 

3.3  The influence of climate stress on changes in the NDVI index values 

Correlation analysis, applied on the standardized data showing the number of pixels with 

NDVI loss and temperature above 11.5℃, shows quite a moderate, significant though, posi-

tive correlation between the variables (Table 1). Positive correlation supports our hypothesis 
that the larger the area with high temperatures, the more extended the decline of NDVI val-
ues within the forest bodies.  

 
Table 1  Output of NDVI vs. temperature linear regression models for two cases: NDVI > 0.5 and NDVI > 0.55 

Case Correlation coefficients Intercept Slope 95% confidence interval for slope 

NDVI > 0.5 0.625 –6.45 4.51 [3.99; 5.04] 

NDVI > 0.55 0.618 –7.40 4.81 [4.25; 5.38] 

 
Linear regression models (Figure 9) result in two quite similar equations. Slope coeffi-

cient for the case NDVI > 0.55 (Figure 9b) is bigger than for NDVI > 0.5 (Figure 9a) that 
might suggest higher sensitivity of more dense vegetation to thermal stress.  

Their variability depending on sampling was assessed using ordinary nonparametric 
bootstrap simulation with 1000 replicates (Davison, Hinkley, 1997). It shows that slope co-
efficients for each of the two cases can vary within about +/– 0.52, +/– 0.56 respectively, 
with 95% probability (Table 1). The models were validated using 10-fold cross-validation. 
The resulted root mean square error of prediction of all the folds is 1.45 pixels for NDVI > 
0.5 and 1.6 pixels for NDVI > 0.55.  

The results of statistical modeling definitely point to the fact that thermal stress nega-
tively impacts the quality and spatial distribution of forest biomass. 
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Figure 9  NDVI vs. temperature (>11.5℃) (both measured in number of pixels per forest body): a) for NDVI > 
0.5; b) for NDVI > 0.55. Legend: blue points – observations; red line – regular regression line; gray array – re-
gression lines for each of 1000 bootstrap replicates  

4  Discussion 

The climate analysis work in the present study, concerning the year-on-year fluctuation of 
average annual temperatures and precipitations, has indicated that the general trend is one of 
the rising temperatures and declining precipitations, and that the direct effects are visible in 
the ecological quality of the forest ecosystems. The relatively high values of the correlation 

quotients (r=0.62) between average annual temperatures above the 11.5℃ threshold (a 

threshold deemed to cause thermal stress on the main forest species, the acacia) and the 
changes at the level of NDVI indexes, establish a direct link between the current climate 
stress and the deterioration of forest quality. 

Therefore, thermal stress, amplified during the vegetation season, is the determining the-
cause for the desiccation (degradation) of forest species, and it is the direct effect of the 
aridization of the climate in the area analyzed. Climate aridization has particularly intensi-
fied during the past few decades (Dumitraşcu, 2006; Prăvălie et al., 2013b; Prăvălie et al., 
2013b) and it is connected to the quasi-natural global causes (climate change) (IPCC, 2007), 
but also to the local climatic particularities. These particularities mainly consist of an ir-
regular fluctuation of the precipitations and frequent warm-air advections (typically from 

Northern Africa), especially during summertime (which causes temperatures to rise to 40℃ 

and higher), all of these combining to cause aridity and drought in the plains regions (Ciu-
lache, 2005), and the ensuing destruction of forest species. In general, the high temperature 
levels also have other indirect effects that impact on the bigger ecosystem, upon the rise of 
the evapotranspiration rates (Bandoc and Golumbeanu, 2010; Bandoc, 2012).  

Nevertheless, there are also related reasons for the deterioration of forests, a deterioration 
that consists of the desiccation of forest species on sizeable tracts of land. In the regions lo-
cated in the western part of the area analyzed (west of the Blahnita River) the decline of the 
local base level, as a result of the construction of the Portile de Fier II hydro-power plant 
upriver on the Danube, is one important cause for the desiccation of the acacia and poplar 
species (Jiana, Şimian forestry-planning documents). At the same time, the soil’s weak hu-
midity retention, in the sand interdune, semi-endoreic areas (the sandy-soil regions) is yet 
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another cause for the desiccation of forest species. 
Sandy soils, located on a total 116,000 ha (16% of the total study area) in the southern, 

western and central-eastern regions, are yet another factor limiting the extent of the patches 
of forest. During June-September, as a result of the frequent hot days (temperatures above 

30℃), the temperature of the uppermost sand layer rises to around 60–70℃, with disastrous 

effects, especially on saplings (Calafat, Poiana Mare, Şimian, Jiana forestry-planning docu-
ments). 

Mention must be made that the positive changes in the NDVI index values match a rela-
tive improvement in quality of the forest ecosystems, but this situation is limited to small 
areas in the central northwestern region of the study area. This situation is mainly due to the 
geographical conditions, different from those elsewhere in the analyzed area, conditions 
caused by the high altitude (up to 240 m) of the plateau landforms (the Getic Plateau), com-
pared to the plains region (the Oltenia Plain). This particularity has brought about, in that 
region, the presence of ecological conditions more favorable to forest ecosystems, its main 

features being lower average annual temperatures (below 11℃), more precipitations (up to 

640 mm/year) and a lower evapotranspiration rate than elsewhere in the analyzed area. 
Mention should also be made that other forest species, such as Canadian poplar (Populus 

Canadensis), found on sizeable areas, may be even more vulnerable to desiccation (degrada-
tion), considering that their favorable environmental conditions from the point of view of 

average annual temperatures fall approximately in the 9.5–10.5℃ range. Thus, it is very 

likely that Canadian poplar forests located in the areas with the highest multi-annual average 

temperatures (up to 12℃), may have been even more severely impacted by thermal stress 

over the past few decades. 
One should also point out that aridization is a phenomenon that must be approached in a 

multidimensional manner, as aridization also contributes to the weakening of other envi-
ronmental/territorial systems, by multiplying the negative environmental, economic and so-
cial effects. Research into the causes that contribute to the amplification of the effects is one 
of the priorities of contemporary society, and the results can not be overlooked when draft-
ing territorial management strategies, that should contribute to alleviating the negative ef-
fects (Peptenatu et al., 2011; Ianoș et al., 2012).  

5  Conclusions 

Climate aridization in Southwestern Romania is a topical phenomenon in specialized re-
search works, as it has major negative environmental and social effects. The rise of average 
annual temperatures, and especially the rise of summertime temperatures, has caused im-
portant damages to forest ecosystems, particularly endangering their bioproductivity. The 
analysis of the connections between climate stress and the modifications that emerged at 
forest level in the past two decades has revealed that there is a strong link between the two 
environment variables, at least as far as the time span analyzed is concerned. Change-   
detection analysis of the forest vegetation, by means of the NDVI index, has revealed that 
thermal stress is the main cause for the deterioration/desiccation of the forest species, (par-
ticularly acacia, the predominant forest species), mainly in the southern part of the study 
area. The deterioration of the forest ecosystems in the western and northeastern regions was 
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partly due to other related causes, too, such as changes in the local base level and the pres-
ence of sandy soils, causes that acted in a distinct manner, but with the same result, the des-
iccation of forest species. 

Considering that the demarcation of the forest borders used the most up-to-date informa-
tion available, and the entire change-detection analysis was conducted within the forest’s 
spatial borders, climate stress remains the main cause responsible for the changes at the level 
of the NDVI indexes in the two time spans, as human-intervention causes were for the most 
part disregarded. Therefore, starting from the premise that the forest boundaries reflect the 
existing zoning context and scale, and that potential anthropogenic pressures (deforestation) 
were minimal after 2008, heat stress can be considered to be the main cause for forest eco-
system quality shifts, although the human factor can not be excluded completely.  

At the same time, it was considered that among climate factors temperature is the main 
climate parameter to have impacted on the optimal functioning of forest ecosystems, be-
cause other important factors, such as precipitations, fulfill the environmental needs of most 
forest species. Those needs consist of at least 400–500 mm/year (according to the reports of 
the local forest-administration services), and, according to the WorldClim database, average 
annual precipitation in the region including the study area range from 563 to 639 mm.  

Therefore, the causes of the global climate changes, as well as some local changes, have 
acted unidirectionally to disrupt forest ecosystems. Under these conditions, steps to redress 
the situation are necessary, at least as far as local factors are concerned, as the phenomenon 
of global climate changes is an unpredictable one and almost impossible to control. 
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