
820

  

 
CLIMATE TRENDS IN OLTENIA. 

CASE STUDY: DĂBULENI WINE CENTRE 
 

Cristian MĂRĂCINEANU1, Maria BĂJENARU2, Aurelia DIACONU2,  
Nicolae GIUGEA1, Ramona CĂPRUCIU1 

 
1University of Craiova, Faculty of Horticulture, 13. A. I. Cuza Str, Craiova, Romania 

2Research and Development Station for Plant Culture on Sandy Soils Dăbuleni, Romania 
 

Corresponding author email: mariaciuca92@yahoo.ro 
 
Abstract  
 
The Dăbuleni viticultural centre differs from other centres in Oltenia by the nature of the ecological factors. Located 
near the extreme south of Romania, it is characterized by sandy soils, high temperatures and a reduced rainfall regime. 
Under these conditions, viticulture acquires a series of particularities about culture technology and the choice of 
varieties for planting. All of these can be influenced by climate change. Meteorological data provided by the Research 
and Development Station for Plant Culture on sandy soils in Dăbuleni (Romania) for 10 years were interpreted to show 
the current viticultural climate and its trend.  For this, several statistical indices were calculated (e.g. arithmetic mean, 
standard deviation, coefficient of variation), the Martonne aridity index was calculated, and the climagram of the 
period was made. The results were included in tables and represented graphically and show the evolution of the climate 
that characterizes viticulture on sands, in the Oltenia region (Romania). 
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INTRODUCTION  
 
Climate change directly or indirectly affects 
society, with significant risks for state or 
private enterprises; most targeted are the 
tourism, energy, agriculture, and food sectors, 
with direct repercussions on the national and 
global economy (Cheval et al., 2022; Falcescu 
et al., 2024). The annual instability of 
agricultural production due to climate change 
may threaten local and global food security 
(Lesk et al., 2016; Piticar et al., 2024). The 
yield of agricultural products would be higher 
if climate change had not intensified over the 
last decade, climate factors being the main 
environmental elements influencing the 
evolution and productivity of crops (Popescu et 
al., 2023).  In 2018, Northern and Eastern 
Europe experienced high crop losses associated 
with extremely low rainfall and high 
temperatures between March and August 
(Brillouin et al., 2020). For example, low or 
erratic rainfall during the tuber development 
phase can lead to yield losses (Oseni & 
Masarirambi, 2011).  
Understanding the regional dynamics of 
terrestrial water resources depends on several 
factors: snow phenology (timing of snow onset 

and snow melt) studied by Amihăesei et al., 
2024, shows different dynamics between 
altitude bands and Koeppen-Geiger climatic 
regions in Romania with impact on water 
resources distribution and hydrological cycle, 
precipitation regime, orography complexity 
(Necula et al., 2024). 
In the Oltenia region, there is a clear altitudinal 
zonation of vegetation as altitudes increase 
from south (about 3 m) to north (2519 m), 
which means a decrease in temperatures and, to 
some extent, an increase in precipitation 
(Vlăduț et al., 2017). Climate change in recent 
years in southern Romania stands out as 
persistent heat waves and prolonged droughts. 
Heat waves are extreme phenomena amplified 
by climate change, with critical implications for 
the human and environmental systems they 
affect (Pardo & Paredes-Fortuny, 2024). 
Changes in precipitation, evapotranspiration, 
and thus changes in the climatic water balance, 
are imminent effects of climate warming 
(Prăvălie et al., 2019). 
Average temperatures in Romania have 
increased by more than 1.5ºC in the last thirty 
years, with industrial pollutants being the main 
driving causes (Șmuleac et al., 2020; Ciornei et 
al., 2023; van Daalen et al., 2024). The 
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European Union (EU) is taking significant 
measures to face these challenges. The Green 
Deal Association aims to reduce greenhouse 
gas emissions in the EU by 55% by 2030 and 
achieve carbon neutrality by 2050 (Rant, 2024). 
If global temperatures reach +2°C, Central and 
Northern Europe will also become more prone 
to vegetation fires during droughts (El 
Garroussi et al., 2024). In particular, fire 
seasons are hypothesized to become more 
extreme and extend into more temperate 
northern latitude regions (Miller et al., 2024).  
Changes in global temperature and wind speed 
have varied in different months during 1989-
2021, with their average rates of change being 
about 0.34℃/10a and 0.02 m/(s⋅10a), but they 
are much larger in some local regions (Vitasse 
et al., 2021; Fei et al., 2023). With growth rates 
of 0.003, 0.5°C and 5.5 mm per year, 
respectively, the interannual variation of NDVI 
(normalized difference vegetation index), 
temperature and precipitation showed a visible 
increasing trend (Nasiri et al., 2024). To assess 
the current climate, a large ensemble of multi-
decadal simulations is needed to adequately 
sample internal climate variability, robustly 
identify model deficiencies, and convincingly 
demonstrate progress between climate model 
generations (Barbu et al., 2016; Jain et al., 
2023). This variability stems from processes 
within the ocean-atmosphere-cryosphere-
atmosphere-earth-biosphere system and 
external influences such as solar and orbital 
cycles, volcanic eruptions, and anthropogenic 
greenhouse gas emissions (Deser & Phillips, 
2023).  
The changes in Romania's hydropneumatic 
regime since 1960 have been more or less 
significant regarding the annual flow regime.  
Thus, increasing trends in winter correlated 
with the increase in air temperature and liquid 
precipitation at the expense of snowfall, 
decreasing trends in summer based on general 
warming increased evaporation and increasing 
trends in fall flow (Zaharia et al., 2020). To 
identify the anomalies and trends associated 
with high (annual and seasonal) flows of rivers 
in eastern Romania, two methods are applied: 
quantile perturbation method (QPM) and partial 
perturbation trend method (PMT) (Minea et 
Chelariu, 2021). The use of interpolation 
techniques and statistical tools in the 

determination of various climatic data 
(temperature, precipitation and reference 
evapotranspiration) to explore the impact of 
climate change on Romanian forests after 1987 
was fast by Prăvălie et al., 2022, the results 
highlighting the general trends of forest 
greening at the national level.  
Many studies have linked climate change to 
urban development over the last century: rising 
urban air temperature, energy consumption 
rates, increased use of raw materials, pollution 
and waste generation, conversion of 
agricultural land to developed land, loss of 
biodiversity and water scarcity (Shahmohamadi 
et al., 2011). An analysis of the effects of 
temperature change on heating and cooling 
demand in Europe up to 2050 is carried out by 
Larsen et al., 2020, investigating trend changes 
(10-year average) and extremes (10-year 
min./max.). And the results of Micu et al., 
2021, show a significant warming trend, well 
characterized by a sharp decrease in frost days 
and a significant increase in absolute maximum 
temperatures, summer days and the duration of 
drought periods. The impact of climate change 
on offshore wind resources in Northern Europe 
in the 21st century is analyzed based on the 
latest societal development and land use 
scenarios, with results showing that reducing 
emissions as shown by current climate targets 
would mitigate the declining trend and also 
lead to a more stable resource (Martinez et al., 
2023). 
The increasing intensity and fecundity of 
extreme weather events in recent years are 
increasing the risks of multiple crop losses at 
regional, national or global levels (Tigchelaar 
et al., 2018; Furtak & Wolińska, 2023). Hydric 
and thermal stress in the context of climate 
change affects the agricultural and horticultural 
sectors, and an in-depth knowledge of the 
phenomenon is topical. Increasing evidence on 
the significant impacts of climate change on 
viticulture (Alikadic et al., 2019; Cichi et al., 
2021; Costea & Capruciu, 2022; Keller, 2023; 
Andrade et al, 2024), pomiculture (Cosmulescu 
et al; 2010; Milošević & Milošević, 2023; 
Jamal et al, 2024), vegetable growing 
(Mekonnen et al., 2022; Dumitru et al., 2023; 
Soare et al., 2024), etc., requires scientific 
research to investigate the evolution of these 
effects and the measures that can be taken 



822

 
shortly (Droulia et al., 2021). Establishing the 
relationship between climatic resources, soil 
and vine variety, and the biochemical processes 
occurring under their influence confirms the 
viticultural vocation of the area (Căpruciu et 
al., 2023). 
The impact of climate change on crop pathogen 
biogeography, disease incidence and severity, 
and their effects on natural ecosystems, 
agriculture and food production are topical 
studies (Trebicki et al., 2020; Singh et al., 
2023).  
Climate change mitigation strategies, such as 
afforestation, reforestation, and sustainable 
forest management, offer promising solutions 
for climate change mitigation while yielding 
substantial co-benefits for human health (van 
den Bosch et al., 2024).  
In this study, meteorological data from the last 
10 years in the Dăbuleni area were interpreted 
to characterize sandy sands viticulture in the 
context of current climate change.  
 
MATERIALS AND METHODS  
 
The analysis of climate trends in recent years 
indicates steady warming at the global and 
world levels with clear repercussions on quality 
in the wine sector and beyond.  Although the 
vine is highly adaptable to different 
environmental conditions, extremely high 
temperatures (over 35°C) in recent years or 
heat waves often associated with drought can 
affect vine physiology and yield. The increase 
in average temperatures in Romania (more than 
1.5°C in the last thirty years, Ciornei et al., 
2023) is unfavourable from an industrial point 
of view, and the wine sector is also being 
affected. This study aims to assess the current 
climate that characterizes sandy soil viticulture 
in Oltenia (Romania), the viticultural centre of 
Dăbuleni (Figure 1), using some climatic 
indicators relevant to viticulture (Martonne 
aridity index, Dantin-Ravenga index, other 
climatic indicators). They were calculated 
based on meteorological data recorded by 
RDSPCSS Dăbuleni in the period 2012-2023 
and were interpreted by the information in the 
literature (Mărăcineanu et al., 2011; Patriche, 
2009; Satmari, 2010). A series of statistical 
indices (arithmetic mean, amplitude, relative 
amplitude, standard deviation, coefficient of 

deviance) were calculated and graphs were 
realized to highlight the trend of the studied 
climatic factors.  
 

 
Figure 1. Location of the wine-growing center Dăbuleni  

(Achim et al., 2012) 
 

The Excel program ensured fast and correct 
processing of meteorological data. 
 
RESULTS AND DISCUSSIONS 
 
Oltenia, a region located in the south-west of 
Romania, is important from an agricultural 
point of view due to the crops established 
(cereals, vines, vegetables), the climate 
evolution being defined for the quality of these 
crops (Mărăcineanu et al., 2021).  
From a thermal point of view, the 2012-2023 
period is characterized by a continuous upward 
trend in mean annual temperature. The 
maximum was recorded in 2020 with a value of 
13.6oC, and the minimum in 2012 with a value 
of 11.6oC. The annual average calculated based 
on the 12 values indicates 12.7°C, which 
classifies the viticultural centre in the temperate 
type climate. A decreasing trend in the annual 
temperature amplitude values was observed 
(Figure 2). Basically, the difference between 
the annual maximum and minimum 
temperature has narrowed over the years of the 
study, due to warmer winter temperatures. 
Climatic observations also show a high number 
of tropical days (tmax ≥ 30oC), on average 79. 
In terms of mean temperature in July, values 
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are high, averaging 24.9°C, with extremes of 
26.8°C (2012) and 23.1°C (2014), but 
dominant values fall between 25 and 26°C. 
 

 
Figure 2. Annual mean temperature and amplitude 

evolution 2012-2023 
 

 Based on the excess heat factor and Antonescu 
et al. (2023) assess climate change for the near 
future 2021-2050, using the historical range 
1971-2000 as a reference, the result of the 
study indicates that human exposure to heat 
waves will increase soon. The average 
temperature in July is a climatic indicator that 
orients the viticultural centre towards 
producing quality wines regarding 
carbohydrate accumulation. This is confirmed 
by interpreting the temperature and humidity 
values regarding the Seleaninov hydrothermal 
coefficient, the average for the period being 1. 
However, the quality of the wine must be 
proven by biochemical and organoleptic 
analysis, since excessive temperatures can 
negatively affect the quality indices of grape 
production and the wines. The evolution of 
another indicator, the overall heat balance, 
confirms the trend of increasing temperatures 
in this viticultural centre (Figure 3).  
 

 
Figure 3. Heat Balance Evolution 2012-2023 

 
A similar collection of information to that 
conducted in the study in relation to the extent 

to which organizations use climate services, 
their perception of the benefits of using the 
services, the technical characteristics of the 
services and the future needs of stakeholders 
was conducted in Romania by Falcescu et al., 
2024. 
Existing Mediterranean viticultural areas have 
been found to respond to these climatic changes 
by redistributing vine-growing areas, probably 
as a result of a progressive shift towards the 
NNV from their original areas, concluding that 
increased warming and drought will most likely 
lead in the future to an eventual overall loss of 
viticultural suitability in the Mediterranean 
climate zones of southern Europe. In contrast, 
warming in central and northern Europe will 
potentially benefit vine growth (Droulia & 
Charalampopoulos, 2021). 
Another limiting factor is soil. In terms of 
annual precipitation, it averages 649 l/m2. From 
a climatic point of view, this value corresponds 
to the temperate climate, but there are 
exceptions, such as 2012 and 2013, when the 
recorded precipitation fell below 500 l/m2 (dry 
climate). During the growing season, an 
average of 331.8 l/m2 is distributed, but the 
trend is decreasing (Figure 4). 
 

 
Figure 4. Annual Precipitation Evolution 2012-2023 

 
As a result, the water supply to the vines is 
satisfied with a minimum of 250 l/m2, but there 
are also situations when the precipitation 
volume falls below this critical value. 
Sometimes it reaches values below 150 l/m2 
(e.g. 2019 and 2021). Therefore, these sandy 
soils must monitor soil moisture status and 
supplement the water deficit.  
The integration of the two important factors for 
the climatic characterization of a region 
resulted in Dăbuleni, the average of the 12 
values of the Martonne aridity index, having a 
value of 28.6 (semi-humid climate). The 
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distribution of values indicates 2 years with a 
semi-arid climate, 5 years with a semi-humid 
climate and 5 years with a humid climate 
(Table 1). The climate characterization using 
the Dantin-Ravenga index confirms the name 
of Oltenia Sahara given to this area with sandy 
soil. Thus, 6 out of 12 years are semi-arid, 1 
year is arid, and the rest have a humid climate.  
 

Table 1. Evolution of climatic indicators  
in the wine-growing centre Dăbuleni 

Martonne 
aridity 
index 

Climate  Dantin-
Ravenga 

index 

Climate 

17.8 semi-arid 3.02 Arid 
19.6 semi-arid 2.88 semi-arid 
44.4 humid 1.25 Humid 
32.3 humid 1.74 Humid 
30.8 humid 1.85 Humid 
33.4 humid 1.64 Humid 
41.6 humid 1.32 Humid 
23.2 semi-humid 2.43 semi-arid 
24.7 semi-humid 2.33 semi-arid 
24.2 semi-humid 2.30 semi-arid 
24.1 semi-humid 2.32 semi-arid 
27.0 semi-humid 2.12 semi-arid 

Average 
28.6 

semi-humid Average 
1.96 

Humid 

 
The mean value (1.96) is close to the value 
indicating a semi-arid climate. The values 
confirm the conclusion provided by the 
precipitation analysis regarding the danger of 
water deficit in sandy soil conditions. 
The climatogram for 2012-2023 shows a period 
of drought between summer and fall. Moderate 
drought during this period is useful from this 
point of view. This corresponds to the stage of 
grapes scorching and ripening (Figure 5). 
The statistical analysis of the main climatic 
parameters recorded in the Dăbuleni viticultural 
centre (Table 2) shows a more pronounced 
precipitation volume variation than the mean 
annual temperature. For this, the calculated 
coefficient of variation shows a homogeneous 
series with a small variation.  
The situation is different if we refer to the 
annual precipitation amount, whose variation 
coefficient indicates a highly variable 
parameter. The amount of precipitation during 
the growing season has the highest value of the 
coefficient of variation, the series is 
heterogeneous. And Fonseca et al. (2024) 
conclude that understanding the spatial 

variability of microclimate is essential for 
sustainable and optimized grape production 
within vineyard plots. The impact on the wine 
sector of warmer climatic conditions, with a 
higher frequency of extreme temperatures and a 
decreasing trend in precipitation, in recent 
years has been assessed by Faralli et al, 2024.  
The viticultural sector of the viticultural centre 
of Dăbuleni, one of southern Oltenia's most 
profitable agricultural sectors, is significantly 
affected by the ongoing climate changes 
(excessive temperature); the sandy soil is also a 
limiting factor.  
 

 
Figure 5. Dăbuleni Climagram (2012-2023) 

 
Table 2. Statistical results on the main climatic 

parameters recorded at Dăbuleni 

Climate 
parameter 

Statistical 
indicator 

Annual 
average 

temperature 
(oC) 

Annual 
precipitation 

(l/m2) 

Precipitation 
during the 

growing season 
(l/m2) 

Arithmetic 
average 

12.7 
 

649.0 
 

331.8 
 

Absolute 
amplitude 

2.0 610.5 518 

Relative 
amplitude (%) 

15.7 94.1 156.1 

Standard 
deviation 

0.57 182.12 
 

139.74 
 

Coefficient of 
variation (%) 

4.52 
 

28.06 
 

42.11 
 

 
CONCLUSIONS 
 
The ecological offer that characterizes the 
Dăbuleni viticultural centre has evolved in the 
last 12 years in the sense of increasing average 
annual temperature. Also, the higher 
temperatures in winter have steadily reduced 
the annual thermal amplitude and the amount of 
precipitation during the growing period of the 
vines has a decreasing trend. In this area, the 
limiting factors for vine-growing are water 
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scarcity, excessive temperatures and sandy, 
permeable soil with low fertility. Under these 
conditions, economically positive results can be 
obtained using a technology adapted to the 
existing ecological conditions.  
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