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CLIMATE ISSUES ON ARIDITY TRENDS OF SOUTHERN OLTENIA  
IN THE LAST FIVE DECADES 

Remus Prăvălie1  

Abstract 
Climate aridity in Romania, in the context of global climate change, represent an actual issue 
at national level. The present study attempts to quantify the trend of climate aridisation of 
southern Oltenia  in the last five decades (from 1961 to 2009) based on analysis of climate 
data on temperature, precipitations and potential evapotranspiration. These meteorological 
parameters were used to create specific climate indexes to assess the temporal trend of aridity 
(De Martonne Aridity Index, UNEP Aridity Index and Water Deficit Index), which are among 
the most representative of the analyzed phenomenon. The obtained results showed that during 
the five decades analyzed, the aridity trend is pronounced, occurring especially after 1980 
year. This threshold of growing aridity phenomenon are mainly due to the changes of climatic 
parameters such as: the lowering of the average annual rainfall, the rising of mean annual 
temperatures and the increasing of potential evapotranspiration as a result of the annual 
thermal regime change after 1980 year. 
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1. INTRODUCTION 

According to the IPCC report (2007), scenarios on climate changes in Central 
Europe (which correspond for Romania), indicate dramatic changes in the evolution of 
averages temperatures and precipitations. It is expected that average annual rainfalls will 
increase in the winter season, but will decrease in summer season and average temperatures 
will increase in the summer, creating the potential to enhance the frequency and intensity of 
drought phenomenon. Also, the solid shape precipitation will decrease, shortening the 
season of snow and its average thickness. Due to the increase in average temperatures, the 
report draws attention to the changes of the balance of water from soil, with serious 
consequences in terms of climate, ecological and social. 

In the context of the current policies of the European Union, Romania is classified as 
country with risk of desertification (PDESP, 2009). However, nationwide speciality studies 
often use the notion of aridity, considered to be more appropriate for the magnitude of the 
climate changes that affected the country to the actual state (Păltineanu et al., 2007; 2009). 
This aridity phenomenon from Romania was directly or indirectly extensively studied over 
the last decades in various specialized works (Cernescu, 1961; Berbecel et al., 1970; 
Canarache, 1990; Păltineanu, 2005 et al.). 

Currently, the southern Oltenia is directly affected by climate changes, 
corresponding to an obvious trend of aridity (Dumitraşcu, 2006; Vlăduţ, 2010; Achim et al., 
2012), along with other representative areas in Romania, as Bărăgan Plain and Dobrogea 
Plateau (Păltineanu et al., 2009). 

The context of climatic changes, and local climatic peculiarities such as non-
periodic variability of rainfalls, frequent advections of warm air, dry and drought frequents 
phenomena, are the main causes of climate aridisation of southern Oltenia. 
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Also, political and social changes after 1990 year, led to important changes in the 
land use (destruction of irrigation systems, deforestation of forest ecosystems with 
consequences for the reactivation of deflation phenomenon, abandoning the agricultural 
lands, some of them with key role in maintaining moisture, such rice fields) are other 
associated causes with the amplification role of the studied phenomenon (Dumitraşu, 2006; 
Prăvălie & Sîrodoev, 2013; Prăvălie, 2013). 

This paper aims to quantify the trend of climate aridity of southern Oltenia, based on 
temporal variation of meteorological parameters such as temperature, precipitations and 
potential evapotranspiration, these parameters being analyzed as De  Martonne, UNEP 
aridity indexes, and Water Deficit Index. 

 
2. DATA AND METHODS 

To capture the quantification of the aridity trend, in a first stage were downloaded 
climate data (average annual temperature and precipitations) from the European Data 
Platform ECAD (European Climate Assessment & Dataset), for a period of 49 years (1961 
- 2009). 

For the analyzed territory, southern Oltenia (Fig. 1), were chosen the most 
representative weather stations, limited to available data: Drobeta Turnu Severin, Craiova 
and Turnu Măgurele (Fig. 1). Since meteorological station Craiova was the only with 
continuous string of data, eventual missing data from Drobeta Turnu Severin and Turnu 
Măgurele stations were obtained by linear regression using values from Craiova station. 
While there may be some differences in local climate influences in the three weather 
stations, overall, the geographical conditions in which they are located are relatively 
similar, issue confirmed by close correlation of linear regression (correlation coefficient r is 
approximately 0.9). 

Mean annual values of potential evapotranspiration were obtained based on annual 
mean temperatures, using Thornthwaite methodology (Thornthwaite, 1948). While there 
are many methodologies for estimating potential evapotranspiration (Bandoc, 2012), the 
reasons for which this methodology was chosen are related to the fact that it is the most 
widely used and most representative for Romania (Păltineanu et al., 2007) and is relatively 
easy to calculate, based only on mean values of temperature. The calculation of potential 
evapotranspiration was based on Thorntwaite formula which expression is: 
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where: t - average monthly temperature (° C) 

I - annual heat index calculated from the formula: 
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𝑎 = 6,75 ∗ 10−7 ∗ 𝐼3 − 7,71 ∗ 10−5 ∗ 𝐼2 + 1,79 ∗ 10−2 ∗ 𝐼 + 0,49 

F (λ) – correction term depending on latitude and month of the year. 
 
Received and processed data have been used in the development of specific aridity 

indexes namely de Martonne Aridity Index, UNEP Aridity Index and Water deficit index. 
De Martonne Aridity Index (I ar-DM) was calculated using the connection formula between 
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temperature and precipitations (De Martonne, 1926): I ar-DM = P / (T +10), where P and T 
represent the rainfalls (mm) respectively mean annual temperatures (°C). UNEP Aridity 
Index (Iar-P/PET), originally proposed in 1979 as UNESCO Aridity Index (which takes into 
account the relation between rainfalls and potential evpotranspiration calculated by Penman 
method) (UNESCO, 1979), was accepted in 1992 by the United Nations Environment 
Programme. It is calculated using the formula: Iar-P/PET = P / PET, where P represents the 
average annual rainfalls (mm) and PET is potential evapotranspiration (mm), calculated 
based on Thornthwaite methodology (UNEP, 1992). 

Water Deficit Index, calculated as the numerical difference between rainfalls amount 
and potential evapotranspiration, highlights synthetically the moisture balance and is 
commonly used in the specialty literature (Păltineanu et al., 2007; Bussay et al., 2012). 

Finally, to confirm the effects of aridity trends on environment (hydrological 
component), a correlation was made between the obtained values of aridity indexes and 
hydrological data (mean annual flows) obtained from the Water Basin Jiu Administration. 
This is about average annual flows (1961-2009 period) of Desnăţui river, at Dragoia 
hydrological station (Fig. 1) correlated with the values of the three indexes of aridity 
obtained from Craiova meteorological station. These stations were considered 
representatives for the analysis of the correlation between climatic conditions and surface 
drainage, as they are located at close distances and hydrological data obtained cover the 
whole analyzed period of the last five decades. 

 
3. RESULTS AND DISCUSSIONS 

In the current stage, in Romania there are approximately 3.75 million hectares of 
lands affected by drought, the most affected regions being the Romanian Plain, the southern 
part of Moldavian Plateau and Dobrogea Plateau (Fig. 1). 

 

 
Fig. 1. The location of the study area and affected areas by drought in Romania.  

(adapted from Achim et al., 2012) 
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The drought plays an esential role in the increasing of intensity of aridity 
phenomenon, along with other important factors such as lands degradation, inappropriate 
land use (Liu et al., 2008), reduction of water resources (Chamchati & Bahir, 2011), etc. 
Southern Oltenia, delimited by administrative criteria (113 territorial-administrative units), 
corresponds in major part to Oltenia Plain and overlaps over 90% to areas affected by 
drought in Romania, areas delimited according to specialized studies (Achim et al., 2012) 
(Fig. 1). 

The analysis of the aridity indexes De Martonne, UNEP and Water Deficit Index 
captures local climate changes, with the direct effects in increasing the aridity phenomenon 
in the last five decades. The aridity index De Martonne (Fig. 2) shows a significant 
variation in the analyzed period, its values having a clear trend of decreasing. According to 
the specialty literature (De Martonne, 1926), the more lower are the values, the more 
excessive is the aridization. The most obvious downward trend of De Martonne Index 
values in the analyzed period is recorded after 1982 year when the values start to oscillate 
frequently in the interval 15-20, interval that characterizes the dry steppe zone according to 
De Martonne classification. It is interesting to note that De Martonne Aridity Index 
recorded minimum values in 1992 year (11.7 mm/°C at Craiova station and 14.6 mm/°C at 
Turnu Măgurele station) and in 2000 when are recorded minimum record values (11.9 mm/ 
ºC at Craiova station, 12.2 mm/°C at Drobeta Turnu Severin station and 12 mm/°C at Turnu 
Măgurele) (Fig. 2), values were filled in the gap 10-15, corresponding to semi-arid regions. 

In terms of trends, in the case of Drobeta Turnu Severin station it is observed the 
highest tendency of decreasing of De Martonne Index values (the a coefficient of the linear 
equation has the value -0.119 in comparison to -0.082 and -0.065 values of Craiova station 
and Turnu Măgurele station). Although the station has a high potential for precipitations 
due to local peculiarities (proximity to the mountains with the role of orographic barrier, 
slopes with southern orientation towards tropical air circulation) (Vlăduţ, 2004), the sharp 
decline in De Martonne Index values is due to changes encountered at the average annual 
temperatures level. In the three analyzed weather stations, the largest increase in average 
annual temperatures during 1961-2009 was recorded at Drobeta Turnu Severin station, with 
an a coefficient of the linear equation equal to 0.022 value, compared to Craiova and Turnu 
Măgurele stations where the coefficients reached the values of 0.021, respectively 0.016. 

 

 
Fig. 2. The annual dynamics of De Martonne Aridity Index and linear trend at Craiova, Drobeta  

Turnu Severin and Turnu Măgurele meteorological stations (1961-2009). 
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De Martonne Index is very representative and for growing season period 
(Dumitraşcu, 2006). Thus, in seasonal conditions (April-October), the decreasing trends are 
significantly attenuated (Fig. 3) the a coefficient of the linear equation ranging from -0.026 
(Drobeta Turnu Severin) to -0.001 for Turnu Măgurele and Craiova stations. The mean of 
the De Martonne Index values ranges from 14.1 mm/°C at Drobeta Turnu Severin to 12.3 
mm/°C at Craiova station and 12 mm/°C at Turnu Măgurele station, which correspond to 
10.1-15 gap, range which for the period of the growing season characterizes dry steppe 
zone (Dumitraşcu, 2006, 156 p). Interestingly, in the period 1980-2000 were frequently 
recorded values below 10 mm/°C (valid situation for all three stations), characteristic for a 
semi-arid areas. 

  

 
Fig. 3. The dynamics of De Martonne Aridity Index values during growing season period.  

(April-October) and linear trend from Craiova, Drobeta Turnu Severin and 
Turnu Măgurele meteorological stations (1961-2009). 

 
UNEP Aridity Index case is similar, with clear trends of decreasing values (Fig. 4). 

In this case also, the climate is more arid with both values are lower. Thus, could be noticed 
that after 1985 year, the index values fluctuate frequently in the gap 0.2 - 0.5, the gap that, 
according to UNEP Index, characterizes the existence of a semiarid climate (UNEP, 1992).  

  

 
Fig. 4. The annual dynamics of UNEP Aridity Index and linear trend from Craiova, Drobeta  

Turnu Severin and Turnu Măgurele weather stations (1961-2009). 
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Minimum values were recorded in the same years, 1992 and 2000, when at the three 
stations were obtained values between 0.4 - 0.6 mm/mm. Downward trends recorded values 
of the a coefficient from -0.003 in the case of Drobeta Turnu Severin station to -0.002 for 
the other two stations. 

In the growing season is observed also significant attenuations (Fig. 5), the a 
coefficient having values of  -0.002 at Drobeta Turnu Severin station and -0.001 for 
Craiova and Turnu Măgurele stations. Minimum values correspond to the 1985 year (the 
minimum value of 0.2 mm/mm at Craiova and Turnu Măgurele stations), 1992 and 2000 
years (values of 0.3 - 0.4 mm/mm at all three stations). 

  

 
Fig. 5. The dynamics of UNEP Aridity Index values during the growing season period  

(April-October) and linear trend from Craiova, Drobeta Turnu Severin and 
Turnu Măgurele weather stations (1961-2009). 

 

 
Fig. 6. The annual dynamics of Water Deficit Index and linear trend from Craiova, Drobeta  

Turnu Severin and Turnu Măgurele weather stations (1961-2009). 
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Water Deficit Index is another way of assessing synthetically the climatic conditions 
of a territory.  The analysis of its variation in the three analyzed stations captures important 
temporal changes in both annual and seasonal regime. 

In annual regime, the maximum values of moisture deficit were recorded in the 
years 1985 (-408 mm Turnu Măgurele, -393.5 mm Craiova), 1992 (-443.4 mm Craiova, -
399.9 mm Turnu Măgurele, -320.3 mm Drobeta Turnu Severin ) and 2000 (-487.4 mm 
Turnu Măgurele, -481.1 mm Drobeta Turnu Severin, -471.2 mm Craiova) (Fig. 6).  

 Downward trends during the analyzed period are evident for all three stations, 
existing small differences between Drobeta Turnu Severin station and Craiova and Turnu 
Măgurele stations(the a coefficient of linear equation being -2.853 for Drobeta Turnu 
Severin and -2.019, respectively -1.693 for Craiova and Turnu Măgurele stations). 

The growing season period (Fig. 7) was marked by peaks value of moisture deficit, 
but in this case they were achieved in 1985 year (- 537.6 mm Turnu Măgurele, -521.4 mm 
Craiova) and 2000 (-541 mm Turnu Măgurele, -535.3 mm Drobeta Turnu Severin, -523.2 
mm Craiova). Decreasing trends registered the values for the a coefficient of -1.226 
(Drobeta Turnu Severin), -0.462 (Craiova) and -0.460 (Turnu Măgurele). 

  
 

 
Fig. 7. Fig. 7 The dynamics of Water Deficit Index values during the growing season  

(April-October) and linear trend from Craiova, Drobeta Turnu Severin and 
Turnu Măgurele weather stations (1961-2009). 
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evapotranspiration shows the major advantage of requiring minimal data and provide 
satisfactory results, the disadvantages are related to the fact that, according to the findings 
of the specialty literature, it underestimates the evapotranspiration in summer period and 
overestimate during winter period (Carrega, 1994). Also, evapotranspiration potential real 
fluctuations largely depend on other factors such as saturation deficit and wind speed, 
factors not considered. Therefore, the obtained results in annual and seasonal regime are 
influenced by these issues. 

The aridization of southern Oltenia, amplified in the last two decades, caused major 
disruptions and to other environmental components. Among the most important direct 
effects is noticed the reduction of water resources at the local level, mainly due to changes 
of  local rivers drain system (Savin, 2008). To capture the impact of aridisation on temporal 
variability of surface drainage, were corelated the obtained values of the three aridity 
indexes at Craiova meteorological station with average annual flows values at  Dragoia 
hydrometric station on Desnăţui river. The obtained results showed that there is a 
connection between the two environment variables due to correlation coefficients of 0.61 
and 0.62 (Fig. 8). So, during the last five decades, there is a direct connection between 
aridization of climatic conditions and diminushes the surface drain regime in southern 
Oltenia, at least in analyzed situation. 

 
     

  

  
Fig. 8. The variation of average annual flows (1961-2009) at Dragoia hydrometric station on  

Desnăţui river(a). Polynomial correlations of second degree between average annual flows 
and annual values of indicators: De Martonne (b), UNEP (c) and Water Deficit Index (d). 
 
 
 

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6

W
at

er
 fl

ow
 (m

³/s
) Desnatui (Dragoia)

Linear (Desnatui (Dragoia))

a) 

y = 0.000x2 - 0.002x + 0.17 
R² = 0.38 R=0.62 

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6

0.0 10.0 20.0 30.0 40.0 50.0

W
at

er
 fl

ow
 (m

²/s
) 

De Martonne Aridity Index (mm/°C) 

b) 

y = 0.518x2 - 0.012x + 0.146 
R² = 0.37 R=0.61 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

0.0 0.5 1.0 1.5

W
at

er
 fl

ow
 (m

³/s
) 

UNEP Aridity Index (mm/mm) 

c) 

y = 1E-06x2 + 0.001x + 0.656 
R² = 0.38 R=0.62 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

-600 -400 -200 0 200 400

W
at

er
 fl

ow
 (m

³/s
) 

Water Deficit Index (mm) 

d) 



78 

4. CONCLUSIONS 

The climatic factor is one of the most important components of the aridity 
phenomenon, but it should be noted that locally there are others essential factors with 
aridity amplifying role (dune landscape with wind deflation role, misuse of land use, the 
cutting of forest ecosystems etc.). So,  synergistic context of severe weather conditions and 
of local narrowly factors represent the direct consequence of aridity phenomenon, a 
phenomenon amplified in a first stage after1980 year, concomitant with the tightening of 
climatic conditions in a global context, and in the second stage, after political transition 
1990 year, when it appear a series of failures in the land use. 

Aridity indexes are a good methodology for synthetic quantifying the severe climatic 
conditions of a territory. Thus, based on the analysis of the dynamics of the three indexes of 
aridity, it can be concluded that the year 1980 marks a turning point in the trend of aridity 
of southern Oltenia, after this time the installation of a semi-arid climate becomes 
increasingly more evident. 

 
Acknowledgments: 
This paper has been financed through the contract POSDRU/86/1.2/S/57462, strategic 
project “Education and professional training in support of the economic growth and the 
development of the knowledge-based society”, “Quality in the higher education”, co-
financed by the European Social Fund, through the Sectoral Operational Programme for the 
Human Resources Development 2007-2013. 

 
R E F E R E N C E S 
Achim E., Manea G., Vijulie I., Cocoș O., Tîrlă L., (2012). Ecological reconstruction of the plain 

areas prone to climate aridity through forest protection belts. Case study: Dăbuleni town, 
Oltenia Plain, Romania, Procedia Environmental Sciences 14, 154 – 163. 

Bandoc G., (2012). Estimation of the Annual and Interannual Variation of Potential 
Evapotranspiration, Evapotranspiration - Remote Sensing and Modeling, ISBN 978-953-307-
808-3, 514p, Publisher: InTech. 

Berbecel O., Stancu M., Ciovică N., Jianu V., Apetroaei St., Socor Elena, Rogodjan I., Eftimescu M., 
(1970). Agrometeorologia, Editura Ceres, Bucureşti, p.93-117. 

Bussay A., Toth T., Juskeviciu V., Seguini L., (2012) Evaluation of Aridity Indices Using SPOT 
Normalized Difference Vegetation Index Values Calculated Over Different Time Frames on 
Iberian Rain-Fed Arable Land, Arid Land Research and Management, 26:271–284. 

Canarache A., (1990). Fizica solurilor agricole, Editura Ceres, 268 p. 
Carrega P., (1994). Topoclimatologie et habitat, Universite de Nice-Sophia Antipolis, France. 
Cernescu N., (1961). Clasificarea solurilor cu exces de umiditate, Cercetări de pedologie, Editura 

Academiei R.P.R., Bucureşti, p. 223-250. 
Chamchati H., Bahir M., (2008). Contribution of climate change on water resources in semi-aride 

areas; example of the Essaouita Basin (Morocco). Geographia Technica, No. 1, 2011, pp. 1 to 
8. 

Dumitrașcu M., (2006). Modificări ale peisajului în Câmpia Olteniei, Editura Academiei Române, 
București. 

IPCC, (2007). Climate Change 2007: The Physical Science Basis. Contribution of Working Group I 
to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, chapter 
11, (accessed 25.02.2013 on http://www.ipcc.ch/pdf/ assessment-report/ar4/wg1/ar4-wg1-
chapter11.pdf). 



Remus Prăvălie / CLIMATE ISSUES ON ARIDITY TRENDS ... 79 

Liu M., Tian H., Chen G., Ren W., Zhang C., Liu J., (2008). Effects of land-use and land-cover 
change on evapotranspiration and water yield in China during 1900-2000, Journal of the 
American Water Resources Association, Vol. 44, No. 5., 1193-1207. 

Păltineanu C., (2005). Comparison between experimental and estimated crop evapotranspiration in 
Romania, Int. Agrophysics, 19, 159-164 

Păltineanu C., Mihăilescu I.F., Prefac Z., Dragotă C.S., Vasenciuc F., Nicola C., (2009). Combining 
the standardised precipitation index and climatic water deficit in characterising droughts: a 
case study in Romania, Theoretical and Applied Climatology, Springer Verlag Vienna, 
Volume 97, pp. 219-233. 

Păltineanu C., Mihăilescu I.F., Seceleanu I., Dragotă C.S., Vasenciuc F., (2007). Using aridity 
indexes to describe some climate and soil features in Eastern Europe: a Romanian case study, 
Theoretical and Applied Climatology, Springer Verlag Vienna, Volume 90, pp. 263-274. 

Prăvălie R., Sîrodoev I., (2013). Land use change in Southern Oltenia in the last two decades: 
evidences from Corine Land Cover, (in press) Geographica Timisiensis, Timișoara. 

Prăvălie R.,( 2013). Spatio-temporal changes of forest and vineyard surfaces in areas with sandy soils 
from Southern Oltenia (in press). Analele Universității din Suceava, Seria Geografie. 

Savin C., (2008). Râurile din Oltenia - monografie hidrologica – volumul I (Dinamica scurgerii apei). 
Editura Sitech, Craiova. 

Thornthwaite C.W., (1948). An approach toward a rational classification of climate, The 
Geographical Rev 38(1):55–94. 

Vlăduț A., (2004). Deficitul de precipitaţii în Câmpia Olteniei în perioada 1961-2000, Revista Forum 
Geografic – Studii şi cercetări de geografie şi protecţia mediului, Anul 3, Nr. 3, pag. 99 – 104. 

Vlăduț A., (2010). Ecoclimatic indexes within the Oltenia Plain, Forum geografic. Studii și cercetări 
de geografie și protecția mediuluiYear 9, No. 9/ 2010, pp. 49-56 49. 

*** PDESP, (2009). Land Degradation and Desertification, (Policy Department Economic and 
Scientific Policy).European Parliament's Committee on the Environment, Public Health and 
Food Safety (accessed 27.02.2013 on http://www.ieep.eu/assets/431/ land_degdesert.pdf). 

*** UNEP, (1992). World Atlas of Desertification, Edward Arnold, London, UK. 
*** UNESCO, (1979). Map of the world distribution of arid regions: Explanatory note. MAP 

Technical Notes 7. UNESCO, Paris, 54 ppþmap. 
*** European Climate Assessment & Dataset (http://eca.knmi.nl/dailydata/ customquery.php). 
*** Water Basin Jiu Administration. 
 


