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Abstract Land surface temperature is one of the most impor-
tant parameters related to global warming. It depends mainly
on soil type, discontinuous vegetation cover, or lack of pre-
cipitation. The main purpose of this paper is to investigate the
relationship between high LST, synoptic conditions and air
masses trajectories, vegetation cover, and soil type in one of
the driest region in Romania. In order to calculate the land
surface temperature and normalized difference vegetation in-
dex, five satellite images of LANDSAT missions 5 and 7,
covering a period of 26 years (1986–2011), were selected,
all of them collected in the month of June. The areas with
low vegetation density were derived from normalized differ-
ence vegetation index, while soil types have been extracted
from Corine Land Cover database. HYSPLIT application was
employed to identify the air masses origin based on their
backward trajectories for each of the five study cases.
Pearson, logarithmic, and quadratic correlations were used to
detect the relationships between land surface temperature and
observed ground temperatures, as well as between land sur-
face temperature and normalized difference vegetation index.

The most important findings are: strong correlation between
land surface temperature derived from satellite images and
maximum ground temperature recorded in a weather station
located in the area, as well as between areas with land surface
temperature equal to or higher than 40.0 °C and those with
lack of vegetation; the sandy soils are the most prone to high
land surface temperature and lack of vegetation, followed by
the chernozems and brown soils; extremely severe drought
events may occur in the region.

1 Introduction

Land surface temperature (LST) is one of the most important
key parameters related to global warming directly (Sekertekin
et al. 2016). It depends mainly on discontinuous vegetation
cover that is affected by high temperature or lack of precipi-
tation and significantly increases the vegetation phenology.
The vegetation cover is affected by drought phenomenon that
is present in the study area with high frequency. In terms of
quantitative analysis of drought, it is largely demonstrated that
it is a complex issue and it is difficult to develop a definition to
describe or an index to measure it (Radinović and Ćurić 2009;
Ćurić 2012). Many quantitative indices have been developed
so far along tens of years (De Martonne 1926; Palmer 1965;
McKee et al. 1993; Ćurić 2012; Radinović and Ćurić 2009,
2013; Vicente-Serrano et al. 2010).

Vegetation phenology is often used as a measurement tool
for short- or long-term impact of climate variability. The im-
pact of climate change on vegetation can be found in many
research papers (Zhou et al. 2001; Bunn et al. 2005; White
et al. 2005; Meng et al. 2011; Ćurić and Živanović 2013; Lei
et al. 2014).

Normalized difference vegetation index (NDVI) is a com-
monly and efficiently used method to detect the vegetation
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properties, including light absorption capacity and photosyn-
thetic potential. A strong relationship between LST and vege-
tation indices has been found in many research studies con-
ducted in different regions of the world (Anderson et al. 2004;
Amiri et al. 2009; Chakraborthy and Sehgal 2010; Sruthi and
Mohammed Aslam 2015). The climate variability affects veg-
etation in various ways due to a great diversity of crops and
soil types. Soil type and land use change are important con-
tributors to values of LSTand NDVI. The two satellite derived
products are used in this study to highlight the influence on the
reflectance for different soil types and crops.

LST can highlight the local climate effects trough their
changes. Usually, high LST values are closely related to lack
of vegetation because combined with high air temperature,
different soil types, under no irrigation conditions, significant-
ly increase the impact on vegetation.

A commonly used method to determine the origin of an air
mass is to follow its backward trajectory. Air Resources
Laboratory (ARL) of NOAA’s Office of Oceanic and
Atmospheric Research has developed the Hybrid Single
Particle Lagrangian Integrated Trajectory (HYSPLIT) model,
which is a complete system for computing simple air parcel
trajectories, as well as transport, dispersion, and deposition
simulations. HYSPLIT has been widely used in climatic or
meteorological studies (Kassomenos et al. 2010; Katarzyna
2013; Tošić and Unkašević 2013; Soltani et al. 2014;
Bogawski and Bednorz 2016), for calculating air mass paths
from one region to another in studies related to environmental
issues (Poissant 1999; Hsu et al. 2003; Sjöstrom and Welker
2009; Djordjević et al. 2010), as well as in air pollution appli-
cations (Borge et al. 2007; Adame et al. 2015).

The main purpose of this paper is to investigate the rela-
tionship between high LST, its generating synoptic conditions
and air masses origin, vegetation cover, and soil type in one of
the driest region in Romania, based on five summertime case
studies.

2 Study area

The study area is part of the Romanian Plain and is located in
Southwestern Romania. It covers an area of 3904 km2 and
extends between 44° 20′ 01″–43° 41′ 40″ of Northern latitude
and between 23° 01′ 44″–24° 32′ 33″ of Eastern longitude
(Fig. 1). Usually named BRomanian Sahara^, this territory
has been chosen as study area because of its socioeconomic
and especially climatic fragile balance.

Agricultural landscapes are prevailing, but the specificity is
given by the presence of numerous sand dunes of different
type: fixed, mobile, or semi-mobile. Their genesis is attributed
to the Danube and Jiu Rivers in early Quaternary and more
than 51 % of the considered area is covered by sandy soils
(Irimus 2003).

In terms of climate, the temperate continental climate is
dominant, but quite frequent the Mediterranean climate influ-
ences are present in the Southwestern Romania (Sandu et al.
2008). High values of monthly absolute maximum air temper-
ature in the summer, measured in standard weather station
conditions (35.0–43.0 °C), reference evapotranspiration
higher than precipitation rate (550–700mm/vegetation period,
100–235 mm/summer), and low precipitation over the entire
year, but especially in summer (less than 549.6 mm/year, and
173.3 mm/summer season) lead to frequent drought episodes.
They occur especially in the summertime when they are asso-
ciated to heat waves (Roşca 2012; Croitoru et al. 2013, 2015;
Burada 2013), stress the crops, and make from this area one of
the most fragile in terms of agriculture use. Both temperature
and reference evapotranspiration as mean multiannual value
reach their highest level in the south of the region, and they
decrease northward.

Climate change analysis over a 53-year period (1961–
2013) revealed upward trends of air temperature and ref-
erence evapotranspiration, while rainfall indicated no sig-
nificant change (Roşca 2013; Croitoru et al. 2013).
Compared to the period 1961–1991, over the period
1992–2013, the highest increase in temperature as net
values was detected for summer months (1.1–1.4 °C for
June and 1.7–1.8 °C in August).

In terms of anthropogenic factors, over the last
30 years, in Southern Romania, there have been major
changes in land use, some of them are due to the geo-
politic context, while some other have been associated to
climate variability. Thus, in the very next year after the
communism collapse (December 1989), the legislation
changed and imposed a transfer of land from common
property of the state to individuals and private companies.
Under these circumstances, the land division in areas
smaller than 10 ha (the largest area that could be returned
to one owner, according to the law) has been a long and a
very time-consuming process.

Under existing natural (soil and precipitation) condi-
tions, it is impossible to develop a sustainable and com-
petitive agriculture without irrigation in the region.
Because it is an aridity prone area, in the mid-1970s,
some vegetal windbreakers were planted to protect against
the moving sands and heavy blizzards, and an irrigation
system was implemented in order to improve the agricul-
ture yields and variety.

At the end of the 1990s, the high cost for operating and
maintenance on the one hand, and the impossibility of indi-
vidual owners to pay for water supply for plants on the other
hand, led to discontinuous use of the irrigation system and
then, to its gradually degradation and destruction.

Moreover, in less than one decade (2003–2010), the forested
area diminished by 22.6 % (559.47 ha), while only 3.02 % of
the region (64.26 ha) were afforested (Roşca and Petrea 2014).
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Under these circumstances, we considered necessary to
investigate the connections between high LST, synoptic
conditions, air masses movement, soil type, drought con-
ditions, and natural vegetation and crops land cover area
extention.

3 Data and methods

Landsat satellite data is one of the most employed satellite
products for environmental monitoring studies. The role of
remote sensing and GIS to establish the changes detected in
agriculture dominated areas has become essential nowadays.

3.1 Data used

The study covers a period of 26 years (1986–2011) and the
satellite imagery recorded in month of June for 5 years (1986,

1991, 2000, 2007, and 2011) have been used. We have chosen
the month of June because it is part of the critical period, when
the water requirement of plants is higher than normal. The
satellite data has been acquired from U.S. Geological Survey
(http//:glovis.usgs.gov). Two satellite scenes have been used
to cover the entire territory. They were recorded by the
Landsat missions 5 and 7, and they can be identified as
WRS 2-Path 184/Row 29 (44.6 N, 23.9 E) and WRS 2-Path
184/Row 30 (43.2 N, 23.4 E), respectively. The details for the
satellite data are presented in Table 1.

For the satellite images captured in 2007 and 2011, the
scenes cover totally the area, while for scenes collected in
1986, 1991, and 2000, a small part of the area under study is
not covered by the data (less than 2%); for further calculations
and analysis for the three study cases, the total area of the
region considered has been diminished by the percentage of
data uncovered area. Creating a mosaic dataset for the entire
study area was not possible for the images collected in 1986,

Fig. 1 Location of study area

Factors generating high LST in southwestern Romania 777

http://usgs.gov


1991, and 2000 because adjacent satellite scenes from the
same day were not available.

The soil type map has been provided by Corine Land
Cover 2006 project (www.geospatial.org) and daily mean
and maximum ground temperatures (TGmean and TGmax,
respectively) recorded in Caracal weather station (WMO
code 15469) by National Meteorological Administration
(Oltenia Regional Meteorological Center) in Romania.

For synoptic analysis, the Europe’s maps with spatial distri-
bution of air pressure at sea level and geopotential at 500 hPa
level from Karlsruhe Weather Center e-archive (www.
wetterzentrale.de) have been used, for the same day and at
the nearest term when the Landsat images have been captured.

For monthly SPEI index calculation, precipitation and dai-
ly values of maximum and minimum air temperature recorded
in Caracal weather station over a period of 55 years (1961–
2015) have been used.

3.2 Methods

3.2.1 Satellite data processing

The algorithm to calculate LST used is based on a procedure
developed in few steps by different authors (Markham and
Barker 1986; Xie et al. 2012; Imbroane et al. 2014; Herbel
et al. 2015). The methodology provides the mathematical op-
erations applied to Landsat satellite imagery by using the
ArcMap 10.2 software for map design and ENVI 5.1 software
to calculate the LST for the agricultural region located in
Southwestern Romania. The Seamless Mosaic tool of ENVI
software has been employed to join the two satellite scenes
that we used. The general scheme of processing satellite data
is presented in Fig. 2.

Step 1. Conversion of digital number (DN) in spectral
radiance.

Because the thermal radiation received by the satellite is
affected by the atmosphere, an accurate temperature cannot be
obtained directly from the sensors. The TM and ETM+ sen-
sors of Landsat missions store the spectral response of objects
in the thermal infrared region (10.4–12.5 μm for band 6) as
digital numbers (DNs) with values ranging from 0 to 255 and

a radiometric resolution of eight bits. Therefore, the calibrated
digital numbers have to be converted to radiance values. In
this model, we used the equation developed by Markham and
Barker (1986) to calculate the spectral radiance (1).

Lλ ¼ Lmin λð Þ þ Lmax λð Þ−Lmin λð Þ
� �

Qdn=Qmax ð1Þ

where Lλ is the spectral radiance for wavelength λ; Qdn is the
gray level of each pixel; Qmax is the maximum numerical
value of the pixel; Lmax(λ) and Lmin(λ), respectively, are the
minimum and maximum spectral radiance for Qdn = 0 and
Qdn = 255. The Lmax(λ) and Lmin(λ) values vary for each
Landsat scene. These specific values can be found in the meta-
data file downloaded with the images.

Step 2. Conversion of radiance to temperature

The next step is to convert the spectral radiance into satel-
lite brightness temperature. We used a simplified procedure to
compute the blackbody temperature adapted for Landsat sat-
ellites imagery by Markham and Barker (1986). Assuming
surface emissivity being equal to that of the black body, the
formula for conversion is similar to Plank’s equation calculat-
ed based on two free parameters (Xie et al. 2012), as in (2):

Tb ¼ K2

ln K1=Lλ þ 1ð Þ ð2Þ

where Tb is the blackbody temperature (in Kelvin); Lλ is the
spectral radiance derived above; and K1 and K2 are the cali-
bration constants (given by the sensors producer):

i. for Landsat 5:K1 = 607.76watts/(meter squared × ster ×μm)
and K2 = 1260.56 K

ii. for Landsat 7: K1 = 666.09 watts/(meter squared
×ster × μm) and K2 = 1282.71 K

Step 3. Extraction of vegetation coverage

We have calculated NDVI in order to determine the raster
emissivity and after that to determine the LST. The reflectance
in red and near infra-red has been combined to get the relation-
ship between the radiometric response of the crops and their
vegetative structure. Thus, NDVI has been calculated as in (3):

NDVI ¼ B4−B3
B4þ B3

ð3Þ

where NDVI is the normalized difference vegetation index; B3 is
the band 3 (red) of Landsat TM (for 1986, 1991, 2007, and 2011)
and ETM+ (2000); and B4 is the band 4 (near infra-red) of
Landsat TM (for 1986, 1991, 2007, and 2011) and ETM+ (2000).

Table 1 Landsat imagery data used in this paper

Sensor Acquisition date Acquisition Hour Cloudiness (%)

TM 14.06.1986 08:29:46 0.00

T M 28.06.1991 08:32:24 0.00

ETM+ 28.06.2000 09:00:59 0.00

TM 24.06.2007 09:03:12 0.00

TM 19.06.2011 08:58:37 0.00
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Based on this procedure, raster data ranging from −1 to 1
are issued. Positive values indicate areas with vegetation,
while negative values indicate areas without vegetation such
as bare soil, human settlements, or water. NDVI also provides
information about the health of vegetation.

Step 4. Calculation of the proportion of vegetation

Furthermore, based on NDVI values, the method proposed
by Carlson and Ripley (1997) has been employed to calculate
the proportion of vegetation for every pixel in the study area,
as in (4).

Pv ¼ NDVI−NDVIminð Þ= NDVImax−NDVIminð Þ½ �2 ð4Þ

where Pv is the vegetation proportion; NDVImin is the NDVI
values for bare soil pixels; and NDVImax is the NDVI values
for fully vegetated pixels.

Step 5. Calculation of the land surface emissivity (LSE)

The calculation of land surface emissivity (LSE) is an im-
portant step to get LST, and the final emissivity raster has been
obtained according to procedure developed by Sobrino et al.
(2004) (5):

ε ¼ 0:004Pvþ 0:986 ð5Þ

where ε is the LSE values of the pixel and Pv is the vegetation
proportion from (4).

Step 6. Calculation of LST

The LST in the study area was then computed by
performing emissivity corrections on the brightness tempera-
ture obtained from (2). The method used for scaling the black-
body temperature was the one developed by Artis and
Carnahan (1982) and recently used by Feizizadeh and
Blaschke (2013), as shown in (6).

LST ¼ Tb

1þ λTb=ρð Þlnε ð6Þ

where Tb is the black body temperature; Ρ is the h × c/σ
(1.438 × 10−2mK); H is the Plank’s constant (6.626 × 10−34 J s);
Σ is the Boltzman’s constant (1.38 × 1023 J/K); c is the light
velocity (2.998 × 108 m/s); λ is the wavelength of emitted
radiance (11.4 μm for Landsat TM and ETM+ bands); and
ε is the LSE.

Step 7. LST conversion from Kelvin to Celsius degrees

Since the LST value obtained in (6) is given in Kelvin, the
final step for LST retrieval is to convert LST from Kelvin to
Celsius degrees (7).

LSTC ¼ LST−273:15 ð7Þ

where LSTC is the temperature in °C and LST is the tempera-
ture in K.

Fig. 2 Algorithm for satellite data processing
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For further analysis in the BResults and Discussions^ sec-
tion as well as in the BConclusions^ section, the LST will be
given in Celsius, although the LST acronym will be used in-
stead of LSTC.

Step 8. Reclassification based on NDVI, LST values, and
soil types

After obtaining the raster results for NDVI, LST, and soil
types, reclassifications have been performed for each
parameter.

Thus, for NDVI, three classes have been established:

i. High density vegetation (NDVI values from 0.6 to 1.0);
ii. Low density vegetation (NDVI values from −0.5 to 0.5);
iii. Lack of vegetation class (NDVI values from −1.0 to

−0.6), which was considered the most appropriate to be
used for this study.

The LST values have been divided into two classes:

i. High-temperature class (LST≥ 40.0 °C);
ii. Low-temperature class (LST < 40.0 °C).

The soil types have also been reclassified in four main
classes:

i. Sandy soils;
ii. Brown soils;
iii. Chernozems;
iv. Other soil types

On the maps, we identified a class of waterbodies.
For further analysis, one class has been retained both for

NDVI and LST (lack of vegetation class and high-temperature
class, respectively), as well as all soil classes.

Step 9. Intersection of polygons derived from NDVI, LST,
and soil categories reclassification

A transformation from raster to vector files was followed in
the algorithm, in order to calculate the area of polygons with
high-temperature and lack of vegetation for different soil
class. First, the intersection of high-temperature and lack of
vegetation polygons has been performed and further on the
resulting polygons have been intersected by those resulted
from soil reclassification.

3.2.2 Air particle backward trajectories

After getting the remote sensing results, we have performed a
specific analysis based on the origin of the air particles that

caused the atmospheric conditions in the five study cases con-
sidered for this paper.

To detect the source areas of the air masses, the atmospher-
ic backward trajectories of the air particles have been simulat-
ed by employing the online version of HYSPLIT model Real-
time Environmental Application and Display sYstem
(READY), developed by National Oceanic and Atmospheric
Administration (NOAA) (Rolph 2011, 2016; Draxler and
Rolph 2011; Stein et al. 2015).

We have used, for this paper, backward trajectories detect-
ed at three levels, from near-ground level (200 m above
ground level—AGL) up to mid-troposphere (2000 and
5000 m AGL, respectively). These levels have been chosen
in order to allow the identification of possible different source-
region of air masses and the existence of different air masses
in low and middle troposphere, respectively, over the consid-
ered region.

The backward trajectories have been run for 72 h, ending at
09.00 UTC (i.e., 12.00 Romanian Summer Time—RST).
Before choosing the time-span to run the trajectories, we have
performed few trials, but finally we have retained the time-
span of 72 h before the ending point. We have found it long
enough to allow the identification of the air masses origin,
especially in higher altitude where the velocity of the air flow
is much higher compared to that of near-ground level.

The vertical transport has been modeled at every 6 h, by
employing the vertical velocity option of HYSPLIT applica-
tion, and thus five maps have been derived, with source point
in Caracal city, Romania (44.10 N, 24.34 E), located approx-
imately in the middle of the region. The ending time is very
close to the satellite image capture and thus our analysis could
provide useful information on the air masses generating the
highest LST in the considered region. The changes in the air
parcel height, along its trajectory, have also been investigated.
This type of analysis has provided useful information that
helped to explain some temperature variation.

The meteorological input for the trajectory model has been
the reanalysis dataset, freely provided by NCEP/NCAR
Reanalysis (available at http://rda.ucar.edu/). HYSPLIT
application uses archived three-dimensional meteorological
fields generated from observations and short-term forecasts
(Stein et al. 2015).

3.2.3 Correlation methods

The scaterogram analysis indicates that the most appropriate
correlation for the data available for this paper is a linear one.
Under these circumstances and in order to get more accurate
results, we have decided to use more than one correlation type
for analysis of correlation between different pairs of variables
considered: area without vegetation and area with
LST ≥ 40.0 °C; LST and ground level temperature,
TGmean, and TGmax). Thus, Pearson product moment
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correlation coefficient, logarithmic, and quadratic correlation
coefficients have been calculated. All of them are methods of
correlation between two variables (x and y) largely used in
climatic and environmental studies (Dada et al. 2016; Trigo
et al. 2016; Ma et al. 2016; Pan 2016; Van de Griend and Owe
1993; Carabaño et al. 2016; Nasri et al. 2016).

The data have been processed by using SPSS statistical
software, version 19.0.0.

3.2.4 Drought conditions assessment method

The measure of drought and wet conditions is a complex is-
sue, but the wide fields of activities affected and the different
scales they operate on make it difficult to develop both a
definition to describe and an index to measure them. Some
of the indices developed so far consider that the drought is
cumulative, so the intensity of drought during the current pe-
riod is dependent on the current precipitation plus the cumu-
lative precipitation of the previous period. When applied to
longer periods of time, this function denotes dry and wet pe-
riods and shows some other climate characteristics. This ap-
proach has been implemented in many drought indices (stan-
dard precipitation index, surplus and deficit of precipitation,
standard precipitation and evapotranspiration index, etc.) for
different time scales (1month, 3months, 6months, 12months,
etc.), as the information obtained could be useful in different
domains (Radinović and Ćurić 2009).

In order to assess the water availability conditions of the
area in the period when the Landsat images were collected
(month of June), we used the Standardized Precipitation and
Evapotranspiration Index (SPEI), developed by Vicente-
Serrano et al. (2010), for three time steps (1, 3, and 6 months)
calculated for Caracal weather station.

4 Results and discussion

Solar radiation is the most important factor generating high
temperature followed by air circulation as the secondary.
Combined with lack of precipitation, high temperature results
in dryness or severe drought episodes. Both atmospherical and
pedological droughts have a negative impact on plants tran-
spiration and photosynthesis. The stressing environmental
factors influence plants causing physiological adjustments
and changes in phenology. Water scarcity in the absence of
irrigation results in wilted plants, and this is a more and more
frequent situation in the last two decades in the area under
study. In general, plants density decreases when more or less
severe drought events occur, especially generated by dramat-
ically decreasing rainfall and increasing temperature.

At the beginning of the period considered, an intensive
agriculture with cereals crops, fruit trees, and vineyard (the
last two were cultivated especially on sandy soils) developed

based on rational use of fertilizers and by supplementing the
water deficit through an irrigation system.

Currently, the lack of irrigation system has made from the
area under research an improper environment for such inten-
sive agriculture. In the next sub-chapters, five situations will
be analyzed in order to establish the relationships among LST,
air circulation, (lack of) vegetation, and soil type.

4.1 Correlation between measured and estimated ground
temperature

The Romanian national network of weather stations is not
dense enough to cover the necessity of information, especially
in agriculture fields. Thus, the first analysis we performed in
terms of correlation was to find the relationship between
ground temperature measured in a weather station (Caracal)
and the LST derived from satellite images for the pixel where
the weather station is located. Caracal is the only weather
stations in the region with recordings of soil temperature avail-
able (Table 2). Under these circumstances, we considered use-
ful to calculate the correlation coefficient between temperature
derived from satellite images and ground level measured tem-
perature in order to assess the potential of using satellite im-
ages derived temperature for the areas without direct
observations.

The best correlation was found between LST and TGmax
(0.788 for all coefficients); for TGmean, the correlation was
much lower, between 0.453 and 0.709. One can see that cor-
relation values got for measured and estimated ground tem-
perature are similar in case of all coefficients for TGmax,
while for correlation between estimated LST and TGmean,
the quadratic function showed a considerably higher value
than Pearson and logarithmic, respectively (Table 3). Also, it
should be mentioned that correlation between LST and
TGmean is somehow irrelevant, since the mean temperature
is calculated from four values recorded over a 24-h period,
while LST is a momentum temperature.

4.2 Correlation between high LST and low NDVI areas

High temperature and low precipitation amounts in summer
months have a great impact on vegetation, due to frequent
drought events with different intensity, which are specific in
the area under the influence of Mediterranean climate
conditions.

The high temperature of this period can become dangerous
to plants growth when over passing some specific values.
Thus, when the temperature exceeds 35.0 °C, the intensity
of photosynthesis drops close to lower limit, while in case of
temperature higher than 45.0 °C, the photosynthesis process
stops. Under these circumstances, an imbalance appears be-
tween absorption and transpiration processes followed by

Factors generating high LST in southwestern Romania 781



leaves dehydration and chlorophyll decomposition (Martin
1968).

The second correlation in this study has been performed
between high LST areas and surfaces without vegetation (low
NDVI class) (Table 3).

A strong correlation (0.981–0.987) has been found be-
tween the total area with LST equal or higher than 40 °C
and the total area uncovered by vegetation when considered
all study cases: the area with lack of vegetation derived from
NDVI values increases with the increase of the area with high-
temperature class detected based on LST values (Table 3).

4.3 Analysis of study cases

4.3.1 June 1986

The first valid satellite image captured for the area under study
is from 14th of June 1986. The air circulation detected based
on HYSPLIT model indicated an east-northeast advection in
the 72 h before the moment of the satellite image capture
(Fig. 3a), but based on the synoptic map analysis (Fig. 4a),
the advection of the air mass occurred on the front branch of a
warm high-altitude ridge originating in Atlantic Ocean and
crossing Western and Central Europe at mid-latitude. At sea
level, an extended anticyclone was active all over the Europe.

Under these conditions, both in higher altitude and near the
ground level, the trajectories are similar. The Boriginal^ oce-
anic air became drier and warmer while crossing the whole
continent until reaching Eastern Europe and generated high
temperature at ground level in the area under study.

The satellite image processing revealed the area with LST
equal to or higher than 40.0 °C covering almost 10 % of the
total surface in the considered region (Fig. 5a, b).

Furthermore, we identified the impact of such high temper-
atures on vegetation cover. Analysis based on satellite image
indicated an area without vegetation of 15 % from the whole
considered surface (Table 2 and Fig. 5c, d). However, the
dense vegetation cover, compared to other situations that are
to be presented in the following sub-chapters, is supposed to
be determined by the presence of irrigation system that was in
action at that time, as well as by near normal SPEI value for
the month of June 1986, for all time steps (Table 4). Another
anthropogenic factor to be mentioned is that in the period
under discussion, all the fields were cultivated as they were
property of the state and an intensive agriculture development
was the main aim of the decision makers of that time.

When overlap the soil types map, it has to be emphasized
that most of surfaces with high LST and lack of vegetation are
located in southwestern part of the region, where sandy soils
are dominant (Fig. 5e, f). They are followed by classes of
Bother types^ soils and chernozems (Table 5).

4.3.2 June 1991

The second valid satellite image was captured on the 28th of
June 1991.

The backward trajectories of air particles analysis revealed
that in the previous 3 days, in the higher levels, a western air
flux was dominant at higher levels considered (2000 and
5000 m) (Fig. 3b). In the middle troposphere, the air particles
crossed the Northern Iberian Peninsula, Northern
Mediterranean and Adriatic Seas, Northern Italy and Balkan
Peninsula. Up to 200 m, the air mass was characterized by a
slow velocity which allowed a radiative warming. Under the

Table 2 LST and areas without
vegetation detected from satellite
image and ground temperature
recorded in Caracal Weather
Station

Date Time of
satellite
image

LST (°C) Area without
vegetation
(%)

Area with
LST ≥
40.0 °C (%)

Interval of
measurement

Ground temperature
in Caracal (°C)

TGmean TGmax

06/14/1986 08:29:46 25.9 15.60 9.94 00:06–18:00 26.0 38.6

06/28/1991 08:32:24 31.1 40.60 30.32 00:06–18:00 33.1 56.0

06/28/2000 09:00:59 42.4 71.45 59.65 00:06–18:00 30.3 61.0

06/24/2007 09:03:12 33.6 33.03 17.20 00:06–18:00 28.9 42.2

06/19/2011 08:58:37 27.8 11.21 8.58 00:06–18:00 28.3 42.3

The time is given in UTC

Table 3 Correlation values calculated between LST and different
parameters in the area

Correlation
value between:

LSTa in the
pixel of Caracal
weather station
and TGmax

LST in the pixel of
Caracal weather
station and
TGmean

Areab without
vegetation and
area with
LST ≥ 40.0 °C

Correlation
type

Pearson 0.788 0.453 0.981

Logarithmic 0.788 0.494 0.984

Quadratic 0.788 0.709 0.987

a Both LST and mean/maximum ground temperature are given in °C
b The areas are given in % of the total area of the region
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Fig. 3 Backward trajectories of air particles for the interval of 72 h before satellite image capture time, based on NOAA HYSPLIT Model
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influence of a small tropical ridge at 500 hPa level (572–
576 damg), blocked in its movement northward by a cut-off
nucleus extended over Northern Germany, Western Poland
and Denmark (Fig. 4b), the air temperature continuously

increased in the 3 days before the satellite image capture,
slowly in the upper levels, and more pronounced at near
ground level. At sea level, below normal air pressure was
dominant over the entire continent. The data recorded at

Fig. 4 Sea level air pressure and geopotential at 500 hPa level over Europe
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Caracal weather station located in the area under study indi-
cated a mean ground temperature of the day higher than
33.0 °C, while the maximum value reached 56.0 °C
(Table 2). The monthly SPEI value was near normal for one-
month time step.

Under these circumstances, the area with LST equal to or
higher than 40.0 °C coveredmore than 30% of the total region
(Fig. 6a, b), and the impact of high temperature recorded in the
air and soil on vegetation was much more consistent com-
pared to the situation in June 1986: the area without vegetation
was even larger than the one with high LST and reached more
than 40 % of the entire region (Table 2, Fig. 6c, d).

In order to identify the most prone soil types to high LST
and lack of vegetation, we have overlapped the polygons
without vegetation, high LST polygons (Fig. 6e), and soil
types polygons. Finally, we found that the most exposed soil

type to high LST and lack of vegetation are the sandy soils
(more than 27 %), followed by brown soils (more than 14 %),
and chernozems (more than 11 %) (Fig. 6f).

4.3.3 June 2000

The third valid satellite image for the month of June was
captured on the 28th of June 2000.

The backward trajectories analysis revealed that in the
3 days before the time of the satellite image capture, an air
mass coming through a ridge extended over North Atlantic
from Azores High, was identified in higher layers (2000 and
5000 m AGL, respectively) (Figs. 3c and 4c). In the three
previous days, the air masses at lower level (200 m AGL),
characterized by a considerably slower velocity toward south-
east, warmed significantly under clear sky and high solar

Fig. 5 LST, NDVI, and soil types on the 14th of June 1986 (a LST; b polygons with LST ≥ 40.0 °C (%); cNDVI; d polygons with lack of vegetation; e
polygons with intersection between lack of vegetation and LST ≥ 40.0 °C; f polygons with intersection of (e) and soil categories)

Table 4 SPEI values and
conditions calculated for Caracal
weather station for three time
steps (classes have been
assimilated to conditions given by
Abdullah, 2014)

Year One-month time step Three-months time step Six-months time step

Value Class Value Class Value Class

1986 0.88 NN −0.9 NN 0.49 NN

1991 0.07 NN 1.6 SW 0.89 NN

2000 −1.77 SD −2.1 ED −1.90 SD

2007 −0.61 NN −1.4 MD −1.33 MD

2011 0.69 NN 0.20 NN 0.29 NN

NN near normal, MD moderately drought, SD severe drought, ED extremely drought, MW moderately wet, SW
severe wet
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radiation amount conditions over Central and South-Eastern
Europe which was dominated by a weak anticyclone (Fig. 4c).
Therefore, at the moment when the air mass arrived at the final
point it was warmer compared to its origin point.

The situation in June 2000 seems to be the most dramatic
one among all considered for this study. Recognized as one of
the warmest and driest years of the last century (Marinică
2006), the maximum air temperature recorded in the south-
west of the region was 39.8 °C, the rainfall was about 20 mm
for the entire month of June (representing less than 25% of the
mean multiannual amount), and the mean monthly relative
humidity was about 59 % (Roşca 2012), resulting in SPEI
values indicating severe drought conditions for 1- and 6-
month time steps, while extremely drought conditions were
calculated for the 3-month time step (Table 4). The maximum
soil temperature recorded in Caracal weather station for 28th
of June was 61.0 °C (Table 2), which is supposed to have been
recorded few hours later, in the afternoon, after satellite image

capture. The LST derived from the satellite image rose tomore
than 42.0 °C, at 9:00 am, in the pixel where the weather station
is located. Those conditions were specific to a severe drought
event, which began in May and lasted for few months after-
wards. Under these circumstances, by the end of June, the total
area with LST equal or higher than 40.0 °C reached almost
60 % (Fig. 7a, b, Table 2), while the lack of vegetation area
extended over more than 71 % of the region (Fig. 7c, d,
Table 2).

When high LST values, lack of vegetation and soil type
polygons were overlapped (Fig. 7e, f), we found that about half
of areas or even more in case of some main soil categories was
characterized by lack of vegetation and high LST. The most
affected was vegetation on brown soils, followed by those on
sandy soils and chernozems (Table 5). It worth mention that the
disastrous situation may be due also to lack of irrigation in the
region, since at that period the irrigation systemwas completely
damaged and out of work.

4.3.4 June 2007

For the June 2007 case study, all trajectories indicated a
western-southwestern air flux, with more rapid high trajectories
(2000 and 5000 m AGL) crossing the European continent from
the Atlantic Ocean eastward to the region considered, while at
near-ground level, the air particle had a slower movement (orig-
inal location in Northern Italy) (Fig. 3d). Synoptic map analysis
reveals a northward moving ridge originated in Northern Africa

Table 5 Areas of polygons with LST equal to or higher than 40.0 °C,
low vegetation cover, and soil types (%)

Soil type Area covered (%) 1986 1991 2000 2007 2011

Sandy soils 51.8 4.1 27.2 54.2 22.0 5.5

Brown soils 18.5 0.1 14.2 65.9 2.7 0.1

Chernozems 15.2 1.7 11.3 49.6 19.2 1.7

Other soil types 11.4 2.1 5.4 4.7 3.8 1.4

Waterbodies 3.1 2.0 10.8 18.4 2.8 2.0

Fig. 6 LST, NDVI, and soil types on the 28th of June 1991 (a LST; b polygons with LST ≥ 40.0 °C (%); cNDVI; d polygons with lack of vegetation; e
polygons with intersection between lack of vegetation and LST ≥ 40.0 °C; f polygons with intersection of (e) and soil categories)
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and Southern Mediterranean in mid-troposphere, while at sea
level, a weak anticyclone extended over the most part of
Southern and Central Europe was dominant (Fig. 4d).

From agricultural point of view, weather conditions in
spring of the year 2007 were critical, due to lack of precipita-
tion recorded in the two weather stations in the area (Bechet
and Caracal), during the germination period of the crops, es-
pecially in April. The combined impact of low precipitation
and high temperature on crops continued in May and June,
when SPEI index conditions indicated moderate drought for
3- and 6-month time steps, respectively (Table 4). Under those
conditions in the considered region, low values of NDVI were
recorded as well as high ground and air temperatures by the
end of June. Thus, from the entire area, polygons with LST
equal or higher than 40.0 °C covered more than 17 % of the
area (Fig. 8a, b). It worth mention that this situation may be
also explained by the presence of a heat wave occurred over
the period 18–27.06.2007 in Southwestern Romania, with the
highest temperature in the air of 38.6 °C (Croitoru 2014). The
polygons without vegetation covered more than 33 % of the
region (Fig. 8c, d). Area with LST equal or higher than
40.0 °C and without vegetation covered 22 % of the sandy
soils area and 19.2 % of the chernozems area (Fig.8e, f,
Table 5).

4.3.5 Analysis of situation on June 2011

The general circulation in the middle troposphere before
19th of June 2011 was quite similar to that recorded for

June 2007, having its origin in the Atlantic Ocean and
was characterized by a general trajectory eastward
(Fig. 3e). The air mass near the ground, present on the
19th of June 2011 in the area of interest, was affected in
the three previous days by a weak counter-clockwise ro-
tation from the Adriatic Sea shoreline. This movement
could be influenced by the back branch of a ridge devel-
oped over Eastern Europe in mid-troposphere and by the
weak cyclone developed behind it at the ground level
(Fig. 4e).

The variability of air temperature for each month of June
considered in this study depends especially on the circulation
fluxes. Due to western advection in middle troposphere bring-
ing important precipitation, the month of June 2011 was char-
acterized as having almost optimum weather conditions for
crops growth, proved by near normal conditions given by
SPEI index (Table 4). Few rainy days associated to the pas-
sage of a warm front occurred before the day when the satellite
image was taken.

Under these circumstances, the area covered by high LST
was much smaller (less than 9 %) compared to previous situ-
ations (Fig. 9a, b), especially due to evapotranspiration pro-
cess which considerably diminished the LST values. At the
same time, the area without vegetation was the smallest
among all study cases considered and extended over less than
12 % of the entire region (Fig. 9c, d). The highest values of
LSTwere specific in the south of region where the sandy soils
that favored rapid infiltration of rainfall water are dominant
(Fig. 9e, f).

Fig. 7 LST, NDVI, and soil types on the 28th of June 2000 (a LST; b polygons with LST ≥ 40.0 °C (%); cNDVI; d polygons with lack of vegetation; e
polygons with intersection between lack of vegetation and LST ≥ 40.0 °C; f polygons with intersection of (e) and soil categories)

Factors generating high LST in southwestern Romania 787



Fig. 9 LST, NDVI, and soil types on the 19th of June 2011 (a LST; b polygons with LST ≥ 40.0 °C (%); cNDVI; d polygons with lack of vegetation; e
polygons with intersection between lack of vegetation and LST ≥ 40.0 °C; f polygons with intersection of (e) and soil categories)

Fig. 8 LST, NDVI, and soil types on the 24th of June 2007 (a LST; b polygons with LST ≥ 40.0 °C (%); cNDVI; d. polygons with lack of vegetation; e
polygons with intersection between lack of vegetation and LST ≥ 40.0 °C; f polygons with intersection of (e) and soil categories)
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5 Conclusions

Satellite images recorded in the month of June, but in different
years along a 26-year period, revealed that climatic and non-
climatic factors definitely influence LSTand vegetation cover.
Among the climatic factors, solar radiation is the most impor-
tant one, which in anticyclone conditions developed at ground
level under ridges in mid-troposphere, leads to maximum
ground temperature values, bothmeasured and estimated from
satellite images.

The air mass trajectories analysis is more relevant when
performed together with synoptic analysis, because they can
give more useful information on extremely hot spells occur-
ring conditions. Soil types and changes in the land use, some
of them due the geo-politic context or socioeconomic condi-
tions (the irrigation system destruction, land abandonment,
and low income in the region), are the most important non-
climatic factors identified.

Transition from an intensive agriculture coordinated exclu-
sively by state institutions to the situation coordinated by in-
dividual owners with small properties could partially explain
the results of NDVI values and distribution over the period
1986–2011.

As a general overview of the study cases, we can conclude
that the impact of LST equal or higher than 40 °C on vegeta-
tion cover, detected by using NDVI, is very high as we found a
very strong correlation between areas with lack of vegetation
and those with high LST.

Also, we identified, for the study region, the sandy soils as
the most prone soil types to high LST and lack of vegetation
cover, followed by the chernozems and brown soils. It is re-
markable that most of the areas with high LST and lack of
vegetation are located on sandy soils in southwestern part of
the region.

It worth mentioning that the region may be affected by
severe drought events, as that in 2000, when more than
70 % of the total surface was affected by lack of vegetation.
Under these circumstances, local and central authorities
should adopt the most appropriate measures in order to avoid
the negative impact of such events.
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