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Abstract 

In recent decades, climate change is mainly associated with an increase in air temperature and a more uneven distribution 

of precipitation. In many areas hydrothermal stress caused a variety of interrelated problems for agriculture, wetlands 

and biodiversity. The main aim of the study is to strengthen knowledge of drought processes by analysis of the spatial-

temporal changes in average seasonal air temperature and precipitation in Southern Dobrudzha over the period 2015–

2025. The statistical processing and spatial modelling of Copernicus climate data in a geo-information environment is 

used. The results show, an intensification of drought processes under the combined influence of the climatic variables 

and the specific geological and geomorphological conditions of the study area. The obtained results contribute a better 

understanding of drought mechanisms in one of the most vulnerable regions of Bulgaria and serve as a well-grounded 

starting point for future research and applied analyses. The recommendations support further development of climate 

adaptation approaches in agriculture. 
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INTTRODUCTION 

In recent decades, climate change, viewed as a consequence of global warming, has taken on an increasingly central role 

in scientific research and public debate. It became obvious primarily through an increase in average air temperature and 

changes in the pattern, intensity, and spatial distribution of precipitation, leading to an increasing frequency and intensity 

of extreme weather events (Intergovernmental panel on climate change, IPCC, 2021, 2023; Giorgi & Lionello, 2008). In 

this context, drought stands out as one of the most significant climate risks, negatively impacting natural ecosystems, 

agriculture, and water resources. On a regional scale, drought is a complex physico-geographical process caused by the 

interaction of climatic, hydrological, and lithogenic factors, which determine its intensity and spatial variation (Wilhite 

& Glantz, 1985). Uneven distribution of precipitation and increasing temperatures, leads to hydrothermal stress, which 

directly affects river runoff, soil moisture, and ecosystem resilience (Vicente-Serrano et al., 2010). Currently, serious 

attention is being paid to droughts and their negative impact on agriculture in many countries of the Balkan Peninsula 

(Lushaj et al., 2024; Dobri et al., 2021; Bezdan et al., 2011). Droughts are within the characteristic features of Bulgaria’s 

climate (Koleva and Alexandrov 2008; Raev et al. 2003, Velev 1997, 2010). According to Velev (2010), dry periods (at 

least ten consecutive days without precipitation) occur at least 5 to 12 times a year, and there are 3 to 5 dry months every 

year. According to the same author, droughts lasting more than one month in the Danube Plain occur once every 3–5 

years, most often in late summer and early autumn.  

Recently, in specific regions of Bulgaria there are increasing number of studies focused on various issues related to 

drought (Marinova and Bocheva 2023; Nikolova et al. 2012; Nikolova 2024; Popova et al. 2015; Radeva et al., 2018; 

Radeva and Nikolova 2020; Yordanova et al. 2022) and these studies are using different standardized indices for drought 

assessment. Many regional and national studies pointed out that eastern parts of the Danube Plain are within the most 

vulnerable to drought agricultural areas in the country (Alexandrov et al. 2014; Kazandjiev et al. 2022). 

There are also several authors (Marinova & Bocheva (2023), Nojarov (2025) and National Institute for Meteorology and 

Hidrology (NIMH), confirming that by the late 1980s, temperature anomalies had shifted from predominantly negative 

to consistently positive. According to some studies (Ivanov et al., 2025), the Danube Plain region is characterized with 

warm hotspot, such as the rate of warming over the last twenty years have accelerating increase with 0.60°C –0.85°C per 
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decade. That is twice higher as the long-term decadal rate for the period of time 1954–2025. That is why, the studies 

focusing on droughts in the Danube Plain region over the past decade are of particular importance. 

The aim of this study is to analyse the spatial-temporal variations in average seasonal air temperature and total 

precipitation in the Southern Dobrudzha region for the period 2015–2025. The results will contribute better understanding 

of drought processes in north-eastern Bulgaria through the application of spatial modelling and statistical analysis in a 

geographic information system (GIS) environment. The authors expectations are that the results to complement measures 

for both adaptation of the agriculture to the climate changes and the conservation of wetlands in these areas. 

RESEARCH AREA  

The study area includes Southern Dobrudzha, located in the north-eastern Bulgaria (Fig. 1). The region is particularly 

vulnerable to processes of drought. The area is characterized by a plain relief and specific geological and 

geomorphological conditions. The presence of loess and highly karstified limestones causes rapid drainage of 

precipitation, a lack of permanent surface runoff, and many dry riverbeds. A distinctive climate feature is seen in rapid 

changes in climate conditions observed at close distances, particularly regarding the precipitation regime. In relation to 

that, according to Velev (2002, 2010), from west to east, there is a shift from a temperate continental climate to a 

transitional and Continental-Mediterranean climate. The regions in north-eastern Bulgaria are within those with the most 

pronounced seasonal temperature ranges. Winter season is generally cold, with average air temperatures in January ranged 

from –2.3°C to –1°C, and summers are hot, with average temperatures in July ranging from 21°C to 25°C (Marinova et 

al., 2017). 

DATA AND METHODS 

Sources of information  

Data on average monthly air temperature and precipitation amounts were obtained from the ERA5-Land reanalysis, 

developed by the European Centre for Medium-Range Weather Forecasts, with a spatial resolution of 0.1° × 0.1° 

(approximately 9 × 11 km). The study area is represented by 83 spatial cells (Fig. 1). Monthly values are aggregated into 

seasonal averages for the period 2015–2025, with seasons defined as follows: winter (DJF - December, January, 

February), spring (MAM - March, April, May), summer (JJA - June, July, August), and autumn (SON - September, 

October, November.  

 

Figure 1. Map of research area, Southern Dobrudzha  

Preliminary data processing  

The data are processed in a geographic information system (GIS), which enables their spatial integration and analysis 

using ArcGIS Pro (version 3.5.1., ESRI), including the possibilities for extraction of values for the study area and 

aggregation by season. 
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Statistical and Spatial Analysis 

The assessment of trends in seasonal air temperature and precipitation is based on the combined application of the 

nonparametric Mann-Kendall test (Mann, 1945; Kendall, 1975) for determination of statistical significance and Sen’s 

method (Sen, 1968) for determination of the direction of changes. Results are considered as statistically significant at p < 

0.05 and marginally significant at 0.05 ≤ p < 0.1. The direction of the trend is determined by the slope sign, with positive 

values (slope > 0) indicates increase and negative values (slope < 0) indicates decrease. If p ≥ 0.1, no statistically 

significant trend is observed. 

The spatial distribution of seasonal air temperature and precipitation values, as well as the identified trends, is analyzed 

through mapping, with the spatial representation performed using kriging interpolation in a GIS environment. 

Standardized anomalies (z-scores) for precipitation are used for an additional assessment of variability (Salehi&Oral, 

2023). Kriging interpolation is based on data, related to the centroids, presented on Figure 1. That modeling algorithm is 

applied and presented in Figures 3, 4, 5, 6, 7 and 8.  

The values for seasonal temperatures and precipitation calculated had been used for spatial modelling of hydrothermal 

conditions. The analysis had been conducted at both the regional and local levels, allowing for an interpretation of the 

spatial differentiation of the drought processes. Similar studies using highly correlated re-analysis data provide reliable 

results and are widely applied by a number of authors (Hoffmann et al., 2022; Tarek et al., 2020; Cornes et al., 2019). 

Limitations of the study 

The limitations of the study are related to the spatial resolution of the climate data used, as well as to the relatively short 

period analysed (2015–2025), which does not allow reliable identification of long-term climate trends to be achieved. 

Thus, the results obtained should be considered as indicative for current drought processes in Southern Dobrudzha. 

Considering the fact that the study is a pilot component of a furthermore comprehensive and long-term study of drought 

in the Danube Plain, by application of other indices such as Standardized Precipitation Index (SPI) and Standardized 

Precipitation-Evapotranspiration Index (SPEI), such limitations are going to be minimized. 

RESULTS  

Annual and seasonal variability and spatial distribution of the variables 

The inter-annual variability of the average seasonal air temperature during the 2015–2025 period shows distinct seasonal 

differences. In spring, the temperatures are characterized by relatively limited fluctuations in the range of 10–13°C. In 

summer, values range between 22 and 25°C, with an upward trend in the end of the period. The temperatures in the 

autumn show moderate fluctuations in the range of 12–16°C, without a clearly defined trend. The most obvious 

fluctuations are observed in winter, with temperature variations ranging from about −1°C to 5°C, and with clearly defined 

sharp fluctuations between different years (Fig. 2).  

a) b) 
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c) d) 

Figure 2. Inter-annual variability of mean seasonal air temperature and precipitation totals in Southern Dobrudzha  

a) spring; b) summer; c) autumn; d) winter 

The inter-annual variability of precipitation shows significant fluctuations during the study period (2015–2025), with 

distinct differences between different seasons. Spring precipitations are characterized by relative stability, ranging from 

110 to 200 mm. The greatest variability occurred during the summer season with ranges from 50 to 240 mm. Autumn 

precipitation is distinguished by the smallest variations and a clearly pronounced increase toward the end of the period, 

when values reach over 200 mm. A significant change is also observed in winter precipitation, with a noticeable decline 

after 2019–2020, ranging from 200 mm to about 50 mm during the second half of the period (Fig. 2). 

There is a clear territorial differentiation in the spatial distribution of average air temperatures during the winter and 

summer seasons for the period 2015–2025 (Fig. 3). The approximate ranges for temperatures in winter are between 2°C 

and 5.5°C. The highest values had been observed in the eastern parts of the region, including the coastal zone, while in 

the south-western periphery lower temperatures prevailed. In summer, higher temperatures are recorded in the north-

western parts, while the coastal and central regions are characterized by more moderate values. This reflects the influence 

of the Black Sea and the higher elevation, respectively. 

 a)  b) 

Figure 3. Average seasonal temperatures: a) winter; b) summer 

The spatial distribution of precipitation in Southern Dobrudzha shows a clearly defined seasonal variability (Fig.4). 

During the summer, there is a gradient from northwest to southeast, with the lowest amounts (below 110 mm) 

characteristic for the eastern and northern parts. In the southern and south-eastern regions precipitations increased by over 

150–160 mm. In the central regions, a transition zone with intermediate values is forming. In contrast, a reverse spatial 

trend is observed in winter, with the lowest seasonal precipitation amounts recorded in the north-western regions, while 

a marked increase is observed in the southern and eastern regions, due to the influence of elevation and the Black Sea. 

This seasonal shift in the precipitation gradient highlights the role of regional physical-geographical factors and is key to 

the formation of the water balance in the studied territory. 
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 a)  b) 

Figure 4. Average seasonal precipitation totals: a) summer, b) winter 

Spatial analysis of seasonal trends in climate variables 

Spring  

In the spring, a decrease in precipitation was observed primarily in the central and northern parts of the region (26% of 

the study area, of which 8% showed a statistically significant decline and 18% a slight decline), while no trend was 

observed in the remaining, predominant part of the region. No statistically significant trend was observed for temperatures 

(Fig. 5). 

  

Figure 5. Spatial distribution of the statistical assessment for changes during spring: a) temperature, b) precipitation 

Summer 

In summer temperatures there is a clear increasing trend across the entire study area. The increase is statistically significant 

in 90% of cases and only slightly noticeable in the remaining 10%. At the same time, a decrease in summer precipitation 

is observed in 55% of the study area, of which 30% show a statistically significant decline and 25% a slight one, while 

no trend is observed in 45% (Fig. 6). The decrease in precipitation shows spatial heterogeneity, with a more noticeable 

trend observed in the northern and north-western parts of the region, while trends are less pronounced in the central areas 

and absent in the southern and eastern parts. 

  

Figure 6. Spatial distribution of the statistical assessment for changes during summer: a) temperature, b) precipitation 

In the autumn, no statistically significant trend was observed for either precipitation or temperature. In 100% of the study 

area, there is no clear trend for both variables (Fig. 7). 
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Figure 7. Spatial distribution of the statistical assessment for changes during autumn: a) temperature, b) precipitation 

Winter 

There is clear decline in precipitation, such as for 86% of the study area, this decline is statistically significant, and for r 

10% it is slight decline, accompanied by a slight increase in temperatures in 83% of the area (Fig. 8.). The total proportion 

of the area with decreased precipitation reaches 96%, indicating that this trend is widespread. The zones with a statistically 

significant decrease in precipitation and those with a slight increase in temperatures are overlapping to a significant extent, 

defining a consistent pattern of winter drought. 

  

Figure 8. Spatial distribution of the statistical assessment for changes during winter: a) temperature, b) precipitation) 

DISCUSSION  

The results obtained from the spatial and temporal analysis of temperature and precipitation patterns in Southern 

Dobrudzha for the period 2015–2025, had shown clear sign of climate instability–increasing seasonal contrasts and spatial 

variation.  

The absence of statistically significant trends in spring temperatures is an indicator for relative neutrality and limited role 

of the temperature factor in the development of drought at the beginning of the growing season. Precipitation shows 

spatially distinct, weak to clearly noticeable decreasing trends, mainly in the central and northern parts of the region. The 

relative stability of temperatures in the spring and the weak decreasing trend in precipitation during this season limit the 

role of the season in the development of drought.  

The summer is characterized by a clear, widespread rise in temperatures, which is a key indicator of regional warming. 

The years 2022–2024 had shown the highest summer temperatures within the study period. This tendency leads to 

increased evaporation and is also a prerequisite for reduction of soil moisture, thereby leading to significant increase of 

hydrothermal stress. Additional factor for strengthening this negative effect in the northern and northwestern parts of the 

region is the spatially limited, statistically significant decrease in precipitation there. The combined effect and spatial 

overlap of rising temperatures and decreasing or unstable precipitation, particularly in the northern and western parts of 

Southern Dobrudzha, create conditions for the formation of zones with an increased risk of drought. The results obtained 

are consistent with other studies on Northern Bulgaria, which identify a relatively homogeneous spatial distribution of 

drought and an increased frequency of extreme categories during the warm half-year (Radeva & Nikolova, 2020; Nikolova 

et al., 2022; Zhelezov, 2016).  

The absence of statistically significant trends during the autumn season indicates stable climatic conditions and the lack 

of a distinct regional pattern in both temperatures and precipitation. This neutrality limits the role of autumn as a 
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compensatory season in terms of the water balance, especially following the unfavorable summer conditions. As a result, 

there is no effective compensation for the summer hydrothermal stress, which creates preconditions for the water deficit 

accumulation. In the context of drought, this seasonally determined lack of compensation contributes to the continuation 

of unfavorable conditions into subsequent periods.  

Analysis of winter temperatures shows a clear warming trend in recent years and more particularly after 2019. Warmer 

winters lead to a weakening of traditional cold periods, which has significant implications for the hydrological regime. 

The reduced duration and intensity of winter cold restrict the accumulation and retention of snow cover, which in turn 

affects soil moisture replenishment and river runoff in the spring. The statistically significant decrease in winter 

precipitation, particularly noticeable in the last five years of the study period, is a precursor not only to meteorological 

and agrometeorological drought but also to cumulative hydrological drought affecting groundwater recharge. For a region 

such as Dobrudzha, where groundwater is a vital resource, the emerging long-term drought has a much greater impact on 

water reserves than shorter intense droughts (Orehova and Pavlova, 2014).  

Unlike temperatures, precipitation shows greater inter-annual variability by season and marked spatial heterogeneity, as 

the downward trends are more evident in the northern and north-western parts of the region. Such heterogeneity is typical 

for the eastern parts of Bulgaria and is consistent with the established regional climatic features (Velev, 2010). This 

precipitation gradient, combined with rising temperatures, plays a significant role in the spatial distribution of 

hydrothermal stress, especially in the north-western part, where conditions are favorable for the formation of local areas 

with an increased risk of drought. 

CONCLUSSION  

This study presents a comprehensive assessment of the spatiotemporal variations in average seasonal air temperatures 

and precipitation totals in the Southern Dobrudzha region for the period 2015–2025, based on the application of statistical 

methods in a geographic information system (GIS) environment. The results reveal varying trends toward rising 

temperatures in summer and winter, as well as seasonal heterogeneity and strong spatial differentiation in precipitation 

patterns, the combined effect of which plays a key role in the formation and development of drought processes in the 

region. Thus, this cumulative effect plays a key role in the formation and development of drought processes in the region.  

The most distinct and statistically significant trend is observed during the summer season, when a spatially homogeneous 

rise in air temperature is accompanied by spatially heterogeneous precipitations, that decrease in certain areas. Summer 

emerges as the primary period for the development and intensification of drought processes. These findings positioned 

Southern Dobrudzha as a region where the changes observed reflect broader climatic trends which are manifested 

specifically depending on the natural-geographical conditions and the structure of the water balance. In a European 

context, the findings regarding drier summer conditions in recent years are consistent with results for an increasing 

frequency and severity of droughts in parts of Europe and the Mediterranean (Spinoni et al., 2018; Giorgi & Lionello, 

2008). This trend is consistent with other studies for Bulgaria, which have found an increasing frequency of hot summer 

seasons and an intensification of temperature extremes (Pophristov et al., 2024; Nikolova, 2024; Stoyanova, 2022).  

Unlike the summer season, the transitional seasons – spring and fall – are characterized by a lack of statistically significant 

trends in temperature and in precipitation to a large extent. That further limits the possibilities for compensating for the 

summer deficit. The widespread statistically significant decrease in precipitation during the winter, combined with a slight 

warming trend, contributes to the existence and intensification of drought processes on an annual basis. It is proved that 

the western and northern parts of the region are the most vulnerable. These spatial patterns are closely linked to the 

region’s physical-geographical characteristics – plain terrain, loess cover, and a poorly developed hydrographic network, 

which amplify sensitivity to short-term climate fluctuations.  

The results obtained contribute to a better understanding of the mechanisms of drought in one of Bulgaria’s most valuable 

and vulnerable agricultural regions and provide a scientifically solid basis for future research and applied analyses related 

to the adaptation of agriculture to climate change. 
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