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Abstract. Droughts are among the major challenges facing
Europe and pose a significant threat to food security on a
continental scale. The shifting of climatic zones is forcing
societies to adopt measures to cope with climate extremes.
However, the pace of adaptation is much slower than the rate
of change observed over the past decade. The most developed
economies in Europe are already progressing toward imple-
menting strategies aligned with the Sustainable Development
Goals. One of the key scientific objectives is to support this
adaptation by providing data-driven decision-making tools at
both regional and national levels. At the same time, in some
European countries, the understanding of drought remains
uncertain. Even basic hazard assessments lack coherence,
and methodologically sound and systematic vulnerability as-
sessments are often entirely absent. This paper aims to un-
cover the drought research landscape over the past ten years
for nine countries in Southeast Europe. Using a structured
query in the SCOPUS database, we attempted to system-
atize scientific knowledge on drought exposure in the region
and identify “white spots” and gaps in knowledge at both
country and regional levels. Our findings show a significant
increase in the number of research papers focused on vari-
ous aspects of drought in these nine countries over the last
decade. However, for Montenegro, Albania, Slovenia, and
North Macedonia, only one or two papers were found. On
the other hand, due to the complexity of drought phenomena
– including the wide range of indicators, seasonality, method-
ologies, and aspects studied – it is extremely difficult to form
a comprehensive picture for well-represented countries like
Romania and Serbia. To enhance understanding of drought
trends in the region over the past ten years, our review incor-
porates the Combined Drought Indicator (CDI) assessment.

The CDI v4 dataset, provided by the Copernicus Drought
Observatory, serves as the main unified tool for drought mon-
itoring across Europe. The analysis revealed similar tempo-
ral patterns across the region, with some differences in out-
liers, such as historical droughts. As additional context, we
included drought impact data gathered from the newly pub-
lished European Drought Impact Database (EDID) database.
This supplementary information helps us understand the “in-
heritance” of drought impacts along major rivers and their
variability.

1 Introduction

Droughts are one of the most dangerous natural disasters in
terms of losses, due to their magnitude, duration and spa-
tial extent, together with a lack of short-term and rapidly
deployable prevention measures. Compared to floods, which
are predominantly localized or subregional, the most large-
scale and devastating droughts cover entire continents and
are associated with major anomalies in atmospheric dynam-
ics. Every year up to 55 million people experience the im-
pacts of droughts worldwide (Toreti et al., 2024). Drought
has delivered a crushing blow to the global economy, cost-
ing USD 128 billion in reported losses between 2000 and
2019. Critically, the UNCCD warns this is a major under-
estimation, suggesting the real financial toll is dramatically
higher (Naumann et al., 2021; Thomas et al., 2024). While
drought inflicts an annual economic blow of USD 307 billion
(UNCCD), the investment required to implement drought
and resilience measures globally is significantly less: a to-
tal of just USD 210 billion through 2030. This investment
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unlocks a colossal opportunity: a shift to a nature-positive
economy could generate an annual business value of up to
USD 10.1 trillion and create 395 million jobs within this
decade (Thomas et al., 2024). A nature-positive economy is a
regenerative economic system that shifts from exploiting nat-
ural resources to protecting and restoring ecosystems, hence
integrates nature into business through sustainable manag-
ing.

The complexity of drought lay in its nature as holistic, both
socio-economic and nature-driven hazard, cutting across sec-
tors and systems. Drought impacts go far beyond losses in
particular sectors of economy like agriculture, water man-
agement, navigation and trade or hydropower production for
one year. Therefore, long-term and all-embracing effects of
droughts could led to significant changes in human migration
patterns, enhance instability in rural and urban communities,
ruin ecosystems health and services and even pose a threat to
food security in small low-income economies (Toreti et al.,
2024; Walker and Van Loon, 2023; Biella et al., 2026).

Driven by high demand and a great number of challenges
associated with drought research, the number of publications
focused on droughts is increasing dramatically while the hot
topics are shifting greatly (Fig. 1). However, there are still
debates in the scientific community even about the defini-
tion of drought, the classification of droughts and their new
forms (Crausbay et al., 2020; Walker and Van Loon, 2023).
During the first decade of the 21st century drought was gen-
erally considered a long and slowly developing hazard, start-
ing from lack of precipitation, followed by drying in the soil
and stress in vegetation and finally ended up with depletion in
water levels in surface and groundwater bodies (Walker and
Van Loon, 2023). Novel emerging forms of droughts, such as
flash, ecological or anthropogenic droughts (AghaKouchak
et al., 2021), appear due to influence of climate change, land
use and land cover transformations, increasing water use and
stress to ecosystems (Crausbay et al., 2020).

The major group of papers focused on new theoretical ap-
proaches that arose. Interference of human adaptation and
ecosystem feedback loops pose challenges to practitioners,
policymakers and scientists, cast doubt on drought monitor-
ing and early warning systems and threaten recovery capaci-
ties (Van Loon et al., 2024). The research introduces a pow-
erful conceptual shift: moving beyond the outdated event-
based view of drought to embrace a hydro-eco-social contin-
uum. This systems approach is critical, concentrating on the
role of “memory” – the lingering effects and stored impacts
– which dictates complex feedback loops and interdepen-
dencies among water, ecological, and societal components
over time. At the same time, physically based conception of
the “system of systems” widely developed by the Perdigão
(2021) considered the basis of universal laws of information
and system theory (Hall and Perdigão, 2021). The ground-
breaking Earth System Dynamic Intelligence (ESDI) frame-
work, pioneered by Perdigão and Hall (2022), revolutionizes
multi-hazard management. This framework delivers high-

Figure 1. Current domains in the hottest topics of the drought re-
search landscape (based on keyword analyses of 2023–2025 publi-
cations, position of that paper marked with a star).

resolution spatiotemporal early detection, high-performance
forecasting, and robust decision support, enabling users to
navigate the complex, dynamical interplay that defines multi-
hazard events. Somehow it is more evident now that irre-
versible shifts in ecosystems could accelerate drought im-
pacts and increase uncertainty in pathways to more resilient
societies (Stefanski et al., 2025; Yuan et al, 2023).

Compound droughts and heat waves events are investi-
gated in several papers with different focus (Tripathy et al.,
2023; Hagenlocher et al., 2023; Matanó et al., 2024; Baren-
drecht et al., 2024; Götte and Brunner, 2024). In general, it
is shown that roughly by the late 21st century up to 20 %
of global land areas will likely observe two of 25 d duration
events per year in the case of the high-end scenario (Tripathy
et al., 2023). Based on global datasets for 8255 catchments
worldwide in Matanó et al. (2024) it is shown that 24 % of
floods globally are preceded by, or happen during, drought
conditions.

The next, widely covered with highly cited studies, fo-
cuses on “one year” showcases usually associated not only
with spatial analyses but with societal aspects, climate justice
and spatial variability across particular regions or continents
as well (Van Lanen et al., 2016; Spinoni et al., 2015, 2018;
Toreti et al., 2019; Biella et al, 2026).

The third group of publications emphasise applied mul-
tidisciplinary studies based on impact assessments with re-
mote sensing techniques and impact-based modelling (Cro-
cetti et al., 2020; West et al., 2019; Bucur et al., 2018; Veettil
and Mishra, 2023; Shyrokaya et al., 2024). The shift of the
paradigm from physical forecasts of droughts toward impact-
based forecasting and modelling characterises the latest ad-
vances in drought research and early warning (Shyrokaya et
al., 2024; Biella et al., 2025; Sutanto et al., 2024).
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And finally, the last group of studies focused on the partic-
ular region or country scaled are the most classical topic for
drought research (Županić et al., 2021; Crocetti et al., 2020;
Bucur et al., 2018). This paper is attributed to the four groups.

Europe wide context and SEE region position. Currently,
the EU faces estimated direct annual drought losses of EUR 9
billion (Naumann et al., 2021). However, failure to mitigate
climate change – leading to a 4 °C warming scenario by 2100
– will escalate these losses to a crippling EUR 65 billion per
year (Naumann et al., 2021; Rossi et al., 2023). This projec-
tion demands immediate, decisive climate action. Research
indicates that climate change has intensified and extended
meteorological droughts across parts of Europe, with south-
ern European regions experiencing particularly severe im-
pacts (IPCC, 2021). Central and Northern Europe as well as
the European part of the Mediterranean region, which expe-
rienced meteorological drought hazards in the past (Spinoni
et al., 2015), are on the front lines of twenty-first-century risk
(Spinoni et al., 2018).

The IPCC’s Sixth Assessment Report (IPCC, 2021) con-
firms a definitive increase in the frequency and intensity
of agricultural droughts across the Mediterranean, Western,
and Central Europe, evidenced by observed drops in total
soil moisture. Furthermore, the future is dire: agricultural
droughts are projected to be at least twice as likely with just
1.5 °C of global warming. It is alarming that this level of
warming was already reached in the year 2024 (Copernicus
Climate Change Service, 2025). Climate change threatens to
deplete our soils. With 4 °C of global warming, we face an es-
timated loss of up to one-quarter (25 %) of the annual mean
total column soil moisture. Significant parts of the Danube
River Basin (DRB), including 19 European countries, have
been affected by drought recently – notably in 2003, 2007,
2012, 2015, and 2017. The frequency of droughts is projected
to rise in the period 2041–2070, with low water levels be-
coming increasingly common, especially in the southeastern
regions of the DRB. The spatial extent of drought-affected
areas is expected to expand from the southeast toward the
northwest. However, at the political level, drought remains a
low-priority issue in the DRB region. Institutional responses
are typically reactive, initiated only when drought intensity
reaches alarming levels. The legal and institutional landscape
is fractured: existing legislation and stakeholder responsibili-
ties are often unclear and confusing, creating major systemic
bottlenecks (GAR, 2021).

If for the Central Europe and Mediterranean region the
tendencies in drought frequency and severity are quite clear
meanwhile for SEE it is still under the question if the com-
mon trends exists or not. Spatial extent of drought expo-
sure varies greatly across Europe. Until 2012, the greatest
drought events in the SEE region were noticed in 2002, 2003,
2011, 2012 (European Environmental Agency, 2012). More
accurate calculations by regions are provided in Spinoni
et al. (2015) where 2007–2009 and 2011–2012 events are
identified as the longest and the most severe droughts for

Balkans. The vast drought that hit Central Europe in 2015
was only partially observed in the SEE region (Van Lanen,
2016) and not caused vast damage in the region. In Bezak
and Mikoš (2020) it is shown that multiple hotspots of com-
pound drought and extreme heat conditions could be iden-
tified in Europe during 1961–2018. Among others, Balkan
Peninsula is typically a hot spot on the maps especially for
2000, 2007, 2012. Surprisingly after 2018 there are not that
many publications focused on drought prone on the continen-
tal scale. In Toreti et al. (2019) the showcase of exceptional
water seesaw of 2018 is under discussion. In the paper both
positive and negative anomalies are considered. While Cen-
tral and Northern Europe suffered devastating spring/sum-
mer drought losses, with main crop yields plummeting by up
to 50 %, Southern Europe simultaneously experienced yield
gains of up to 34 % due to extremely wet conditions (Toreti
et al., 2019). This stark contrast highlights a system under
severe, geographically polarized stress. Županić et al. (2021)
deliver a critical, comprehensive analysis of the agriculture-
climate nexus in the Western Balkans. Their work establishes
the status, mitigation strategies, and future perspectives on
agricultural causality, directly assessing the region’s expo-
sure and vulnerability to natural hazards within the strate-
gic framework of the European Green Deal. The devastat-
ing 2022 drought served as a continental stress test (Biella
et al., 2025), revealing a crucial failure in governance. The
widespread impact underscored that preparedness is highly
inconsistent, with profound regional disparities in drought
risk management capacity existing among various European
nations. Currently the main tool for spatio-temporal variabil-
ity analyses is the European Drought Observatory (EDO),
operated by the European Commission’s Joint Research Cen-
tre, provides comprehensive European drought monitoring
(Cammalleri et al., 2021).

In this review paper, we pose three key research questions
to enhance the understanding of drought-related issues in the
South East Region of Europe:

– How well is the topic of drought in SEE countries cov-
ered within the existing scientific literature published in
the last 10 years?

– What are the tendencies in drought dynamics and are
they common across SEE?

– What is the socio-economic impact of drought in the
region?

2 Methodology

The paper consists of three main parts, each corresponding
to a specific research question. The first part focuses on a
regional overview of published studies that examine vari-
ous aspects of drought-related issues, but mostly on drought
hazard, to investigate how well it is presented in scien-
tific literature. These publications were collected from nine
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countries commonly grouped into the SEE region – Alba-
nia, Bosnia and Herzegovina, Bulgaria, Croatia, Montenegro,
North Macedonia, Romania, Serbia and Slovenia. Generally,
the focus is on studies published in the last decade (2015–
2025). Our search was performed in the official SCOPUS
database for the indicated period. As a main search request,
we used keywords “drought” and “country name” for article
keywords and title, so all publications mentioning the partic-
ular country were identified. An example of the exact query
was the following: (KEY(“drought” AND “Serbia”) OR TI-
TLE(“drought” AND “Serbia”)) AND PUBYEAR > 2014.
For the resulting list of papers, the abstract was read. The
papers dealing with too specific topics like forestry, potamol-
ogy, genetics etc or being out of scope defined by the research
questions, e.g. dealing with the climate projections, were ex-
cluded. Selected scientific literature consisted of journal pa-
pers, book chapters and full text conference papers.

Due to the heterogeneous time periods of analysis, differ-
ing methodologies, and the wide variety of drought parame-
ters used by authors in describing drought tendencies, it was
not possible to consolidate the findings of these publications
into a unified overview map. The seasonal nature of drought
and the commonly used methods for calculating drought in-
dices make it very difficult to compare spatial and temporal
patterns in drought hazard dynamics, even among neighbor-
ing countries. Thus, the regional overview is structured at the
country level.

The inability to summarize published results into a joint
output necessitates the use of additional sources of informa-
tion. Another reason for that lies in fact that searched lit-
erature does not describe the most recent drought cases in
the studied region, and their socio-economic impact. Since
the primary tool for drought dynamics analysis is the EDO
portal, we decided to use the CDI v4.0 dataset to under-
stand drought dynamics in the studied region over the last 12
years, which are not as well covered as the previous period
from 1950 to 2012 (Spinoni et al., 2015). The CDI dataset
was downloaded from the EDO portal (https://drought.
emergency.copernicus.eu/tumbo/edo/download/, last access:
22 April 2025). The Combined Drought Indicator (CDI) is
used to monitor drought and its impact on vegetation and
crops across Europe. Full details regarding the CDI calcu-
lation procedure can be found in the EDO indicator factsheet
(2024). The dataset used provides information about CDI
version 4.0.0, which is implemented in the Copernicus Emer-
gency Management System (CEMS) European Drought Ob-
servatory (EDO) (EDO indicator factsheet, 2024). The CDI
data have a temporal resolution of 10 d and a spatial reso-
lution of 1/24 decimal degrees (approximately 5 km at the
Equator). CDI maps are available from 2012 to the present
and are updated every 10 d. This resolution appears reason-
able for monitoring crop stress assessment. Based on the
dataset for each 10 d period, the total number of pixels in
each of the six classes was calculated for each country. Sev-
eral metrics were then derived: (a) The total number of pixels

classified under the third class “Alert” per country annually.
(b) The timing and maximum area covered by the “Alert”
class (percentage of the total) for each country during the pe-
riod from 2012 to 2024. (c) The longest temporal coverage
of drought events, determined by counting consecutive 10 d
periods in which most of the country was under the “Alert”
classification (with a threshold of 50 % of the country’s terri-
tory classified as CDI class 3). (d) The highest percentage of
the country’s area classified under class 2 (“Warning”) and
its timing, representing hydrological droughts with a longer
duration, including non-vegetation periods. These statistics
were selected to identify general trends and provide an over-
all picture, helping to focus attention on the most severe
droughts in the region from an impact perspective.

The impacts of the most severe droughts were collected
from the newly launched European Drought Impact Database
(EDID), available on the Copernicus portal (https://drought.
emergency.copernicus.eu/tumbo/edid, last access: 4 May
2025), and supported by the Drought Team of the European
Commission Joint Research Center. Impacts were gathered at
the country level and categorized by sectors according to the
EDID structure. Due to the fragmented nature of the database
for the full period from 2012 to 2024, it was decided to focus
on the most severe drought events identified by CDI analyses
– specifically, the years 2012, 2020, 2022. Unfortunately, the
2024 impacts aren’t downloaded into EDID until the time of
writing this review.

3 Results

3.1 Regional overview of the drought

3.1.1 Romania

Romania is the most covered by scientific publications coun-
try in the SEE region. The total number of publications
gained via structured query and further selection described in
methodology is 21. According to a huge number of publica-
tions all selected papers were grouped into three categories:
(a) focused on a drought hazard, (b) drought risk, manage-
ment and vulnerability, (c) applications of remote sensing
techniques in the drought research.

Hazard. A landmark five-decade country-scale analysis
by Ionita et al. (2016) quantified the temporal and spatial
volatility of droughts. Using the Standardized Precipitation
Index (SPI) across 3-, 6-, and 12-month scales, the research
definitively identified the 2000–2001 episode as the most
catastrophic drought event on record. This unprecedented
event saw a staggering 60 % of the country gripped by ex-
treme drought for over 10 consecutive months. In Mares et
al. (2016) was shown that huge weather anomalies in Ro-
mania are connected to Greenland-Balkan Oscillation Index
(GBOI), which have a greater influence on southeastern Eu-
rope, including Romania, than the North Atlantic Oscillation
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Index (NAOI). In Ontel and Vladut (2015) based on the agro-
databases of winter wheat, maize and sunflower and mete-
orological data the SPI and De Martonne Index were eval-
uated for the period 1971–2013. While drought years were
recurrent (1983–1985, 1993, 2000, 2002, 2007, 2012), the
lowest production years clustered disastrously in the latter
half of the period (1993, 1996, 2000, 2002, 2007, 2012).
Crucially, the statistical link between drought and yield was
not significant initially but became statistically significant
in the later period. This catastrophic shift is directly at-
tributable to the post-’89 collapse of the political system
and the gradual degradation of the irrigation infrastructure,
which amplified dependence on erratic climatic conditions.
The drought hazard investigation was continued in Minea et
al. (2022). A comprehensive, multi-scalar analysis uncovers
the chain of drought causality in Eastern Romania. Utiliz-
ing standardized indices (SPI, SPEI, SDI, SGI) across me-
teorological, hydrological, and critical hydrogeological do-
mains, the study confirms a close and inescapable connec-
tion: meteorological drought rapidly cascades into hydro-
logical drought, which in turn tightly links to groundwater
drought across all seven analyzed groundwater bodies. In
the study Abu Arra et al. (2024), the Innovative Periodic
Innovative Polygon Trend Analysis (P-IPTA) is suggested
and applied to analyze the stream flow (Danube River, Ro-
mania) series. Drought frequency is escalating, while wet
events are simultaneously declining across the study areas.
Serban and Maftei (2025a) confirm this alarming trend by
developing a cutting-edge, high-resolution (1 km) Composite
Drought Index (CDI) dataset for the Dobrogea region (2001–
2021). Their analysis reveals a stark increase in drought fre-
quency, directly attributable to high temperatures and below-
normal rainfall. The worst events – 2011, 2012, and 2020
– saw the region buckle under severe land surface tempera-
ture stress. The full update on the drought hazard was carried
out in Ionita et al. (2025). Authors have created a 172-year
drought catalogue for Romania (1852–2023) by combining
long-term meteorological records, documentary sources and
two drought indices: SPI and SPEI. The results of the paper
correlate with the previous investigations. The SPEI analy-
sis highlights increasing dryness, especially in southern and
eastern areas, driven by higher potential evapotranspiration
and rising air temperatures since the 1990s, whereas SPI
shows little change in precipitation-based droughts. Five ma-
jor drought-rich periods emerged – 1866–1867, 1918–1920,
1947–1948, 2000–2001 and 2019–2022 – with the first and
last being the most severe. These events exhibit notable re-
gional differences, largely shaped by the Carpathian Moun-
tains, as stations in the south and east endure longer and more
intense droughts. Documentary evidence further contextual-
izes these episodes, revealing their social and economic im-
pacts.

Drought risk, management and vulnerability. Roşu and
Zăgan (2017) provide a definitive review of Romania’s wa-
ter crisis governance. Their work meticulously details the na-

tion’s applied policies, implemented steps, and core concepts
for both drought and flood management, serving as a critical
policy blueprint. In several papers published in 2018–2024
regional aspects of risk and different types of vulnerability
are discussed. One of the most vulnerable regions is Olte-
nia (Dumitrascu et al., 2018). At the same time, it is one of
the most sensitive and important agricultural regions in Ro-
mania. Authors performed a multi-criteria vulnerability as-
sessment on the regional scale and showed that areas of high
and very high socio-economic vulnerability largely overlap
the areas of high and very high exposure to drought. Dry-
ness and drought in the Constanta region are intensified by
the convergence of human and natural drivers. Both human-
made interventions and natural forces actively contribute to
triggering and exacerbating regional water risks. In Maftei et
al. (2024) full risk assessment based on de Martonne aridity
index is obtained. Drought is intensifying in Constanţa, man-
ifested by a wide volatility in event duration – from minor,
3-month episodes to a devastating, nearly six-year duration
of 71 months. Crucially, despite statistical complexity (M-K
test), the underlying climate crisis is clear: the region shows
a confirmed, accelerating trend toward aridity, with a positive
Sen’s slope of 0.09048.

The hydrological vulnerability for NE Romania is consid-
ered in Albulescu et al. (2022). The convergence of socioeco-
nomic factors and inadequate hydrotechnical infrastructure
intensifies the region’s vulnerability to drought. This threat is
geographically unequal, easing only along the East-West pro-
gression toward the Carpathian heights. Utilizing key pluvio-
metric indicators (SPI, Hellmann’s, and Topor aridity index),
Corduneanu et al. (2016) warn that severe autumn droughts
have a high probability of extending across winter and deci-
mating the subsequent growing season. This has already re-
sulted in a severe hydrological collapse: Moldavian Plain
droughts have caused runoff to plummet, directly leading to
the drying-up of the middle Prut River basin. In Minea et
al. (2021) various aspects of natural and social vulnerability
are considered in the specific to Romania context. Chis et al.
(2023) provides clear evidence of stratified climate percep-
tion in Timiş County. Their 14-question online survey pin-
points key demographic segments – specifically age, resi-
dency (urban/rural), and educational level – as the primary
factors dictating how the public understands and internalizes
climate change. To conclude, the most part of the publication
highlights the increasing trend in different aspects of vulner-
ability to droughts in Romania.

Remote sensing and impacts. The impressive number of
the drought related publications for Romania are based on
the satellite data. Due to regional interpretation of satellite-
based indexes most of them are focused on some region.
A foundational study by Mihai et al. (2016) pioneered the
validation of drought indicators in the Caracal plain, Roma-
nia. The authors successfully integrated in-situ reflectance,
satellite imagery, and agro-meteorological data to analyze
high-precision indices during the critical germination pe-
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riod. Their results definitively proved that these correlated
in-situ and satellite metrics are robust and reliable indicators
of drought-induced vegetation stress.

In Angearu et al. (2020) remote sensing techniques were
used to investigate drought prone areas and impacts across
Romania. The Dobri et al. (2021) analysis provides defini-
tive evidence of Romania’s uneven drought risk. By analyz-
ing the DSI and NDDI using nearly two decades of MODIS
products, the research confirms that agricultural areas in the
Baragan and Oltenia Plains were disproportionately devas-
tated compared to the Banat Plain. This geographical dispar-
ity translated into catastrophic national losses: the negative
effects are proven by monumental yield reductions, includ-
ing a 62.4 % drop in maize production in 2007 and a 55.6 %
collapse in wheat production in 2003 (NIS data). While the
NDDI analysis for the growing season (March–September)
highlights 2003 as a catastrophic peak, affecting over a quar-
ter (25.6 %) of arable land, the crisis does not blanket the
entire region every year. Nevertheless, a persistent, core vul-
nerability exists: 11.7 % of arable land is constantly afflicted
by severe or extreme drought.

Ontel et al. (2021) rigorously validated the utility of
satellite-derived soil moisture. The study precisely assessed
the sensitivity of the Soil Moisture Anomaly (SMA) from
the Metop ASCAT Soil Water Index (SWI) product, confirm-
ing its accuracy against high-quality ISMN in-situ measure-
ments (2015–2020). Crucially, the research established sig-
nificant correlations between SMA and key climate indices
(SPI, LST anomaly, and NDVI anomaly) during the latter
half of the warm season (July–September).

Serban and Maftei (2025b) leveraged a sophisticated
multi-index framework (VHI and SPEI) to track the spa-
tiotemporal dynamics of drought in Dobrogea region be-
tween 2001 and 2021, documenting severe-to-extreme events
in seven different years. While regional trends are non-
uniform, the sheer scale of the crisis – with 71 % area cov-
erage in 2020 – highlights the catastrophic risk. The study
pinpoints the central, southern, and northwestern zones as
highly vulnerable areas demanding targeted, rather than gen-
eralized, mitigation strategies.

Tautan et al. (2024) utilize satellite time series for a precise
assessment of drought impacts on vegetation in the dryland
Constanţa County. Meanwhile, Crişu et al. (2025) confirm
that the Central Oltenia plain has experienced episodes of
extreme drought since the 1990s (based on SPI-CDF-ISND
values), although these crises do not yet show a continuous
or converging trend toward the present.

3.1.2 Bulgaria

Drought hazard and vulnerability, drought management.
Drought assessment in Bulgaria is the topic of several stud-
ies performed in many regions. Due to various geographical
conditions across the country, the tendencies are quite differ-
ent. In Radeva et al. (2018) meteorological drought is ana-

lyzed with the Standardized Precipitation Index (SPI), and
hydrologic drought is defined by the Streamflow Drought
Index (SDI) over the 1993–2009 period. This research was
continued in Radeva and Nikolova (2020). While the analy-
sis of long-term indices (SPI, SPEI, SDI, 1961–2012) con-
firmed a homogeneous distribution and low overall Drought
Hazard Index (DHI), the region’s Drought Vulnerability In-
dex (DVI) is dangerously high. This extreme vulnerability is
driven entirely by human demand, fueled by intensive water
consumption from industry, municipal services, and exten-
sive agricultural lands. Similar research was conducted for
the southwest Bulgaria in Stoyanova and Nikolova (2022). A
six-decade analysis (1961–2020) using SPI-1 and SPI-3 re-
veals a critical seasonal paradox: while drought events occur
most frequently during the spring and summer, the most ex-
treme and devastating drought episodes are overwhelmingly
concentrated in the winter and autumn months. Nikolova et
al. (2024), employing the highly sensitive SPEI index, doc-
umented a clear, severe spike in drought frequency in the
last three decades (1991–2020) compared to the previous pe-
riod (1961–1990). Evgeniev et al. (2023) confirms the 2019–
2020 drought as Bulgaria’s most significant recent crisis.
The study analyzing the 2014–2022 period reveals this sin-
gle event catastrophically impacted 60 %–80 % of the coun-
try’s territory during its peak, effectively overwhelming and
affecting almost all watersheds in Bulgaria. In Ilcheva et al.
(2022) the system of drought indicators developed in NIMH
and its improvement at River Basin level are proposed. Dur-
ing drought prone periods immediate actions are required to
identify and isolate critical “hot spots”. This process targets
reservoirs, watersheds, and river basins where drought indi-
cators are already flashing red, or where declining regula-
tory capabilities pose an imminent, severe risk in the event
of prolonged drought. Stoyanova et al. (2023) provided crit-
ical scientific validation for satellite-based drought monitor-
ing. Their work rigorously assessed the capacity of evapo-
transpiration data from geostationary meteorological satel-
lites by comparing constructed indices (ETDI, ESR) against
soil moisture availability (SMA) from a SVAT model over a
decade (2011–2021). The resulting analysis definitively con-
firmed the consistency in the behaviour of vegetation water-
stress indexes and soil moisture availability. In Sori et al.
(2024) the oceanic and terrestrial sources of moisture for
Bulgaria were identified through the Lagrangian model. The
results show that 57 % of the total moisture loss over Bulgaria
occurs on air masses from oceanic origin, standing out the
Mediterranean Sea and the land region encompassing Cen-
tral and Eastern Europe as the most significant suppliers. The
conditional probability of drought in Bulgaria given similar
deficits in contributions from the sources, also revealed the
major influence of oceanic origin precipitation.

Drought impacts and remote sensing. Unfortunately, there
are just a few publications focused on drought impacts in
Bulgaria. Influence of droughts on the maize yield is inves-
tigated in Popova et al. (2015). Long-term experimental data
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precisely quantifies the economic tipping point for Bulgar-
ian maize production. Our water balance and yield compu-
tations reveal that catastrophic economic losses are triggered
when the peak growing season (July–August) SPI-2 drops
below specific thresholds that vary wildly across the coun-
try. These critical risk thresholds range from a mere +0.2
in Sandanski to a severe −0.90 in Sofia, and even plum-
met to −1.5 at Pleven in Northern Bulgaria, underscoring
profound regional vulnerability. The study of meteorological
drought (precipitation anomalies, drought indices SPI and De
Martonne) found that massive yield decreases – including
those for maize and sunflower in 2001, and wheat and bar-
ley in 2005 and 2009 – were temporally aligned with peri-
ods of severe drought identified across the region. Crucially,
the worst general decline coincided directly with the severe
spring drought of 2007 and intense summer droughts (2003,
2007, 2008). Avetisyan et al. (2021) introduced a pioneering,
experimental methodology for evaluating vegetation drought
stress in complex systems and tested it for Bulgaria. This in-
novative approach integrates remote sensing with a systems
perspective, significantly enhanced by normalization coeffi-
cients (for elevation and land cover). The resulting Drought
Coefficient (DC) provides unprecedented clarity, mapping
the precise temporal, spatial, and interspecific differences in
how vegetation responds to drought stress across heteroge-
neous territories.

3.1.3 North Macedonia

There are no local studies published in scientific literature
that are found by our query. In the one existing paper it is ex-
plained that drought in the country is investigated and mon-
itored through agrometeorological services provided by the
hydrometeorological service of the Republic of North Mace-
donia, and that relevant information can be found at the of-
ficial channels of the service (Stevkova and Alcinova Mon-
evska, 2019).

3.1.4 Albania

Gjoni et al. (2024) investigated how drought dynamics vary
across Albania’s diverse climate. Analysing drought using
hydrothermal and xerothermic indices, and also analysing
synoptic conditions suitable for drought events, they revealed
regional variability across Albania. Countrywide’s precipi-
tation analysis reveals a dangerous imbalance: Rainfall ex-
hibits a pronounced seasonality, with the bulk occurring
outside the growing season (October–April). This structural
deficit significantly amplifies dry conditions, locking the re-
gion into severe summer vulnerability.

3.1.5 Croatia

Drought hazard and spatiotemporal distribution. Based on
observations from the dense national rain gauge network,
Marinović et al. (2021) found an increasing trend of the max-

imum seasonal dry spells (DS) in the warm part of the year
(both the spring and summer), where DS are defined as con-
secutive sequences of days with daily precipitation less than
5 mm. On the other hand, the 50-year analysis by Cindrić
Kalin and Pasarić (2022) clearly indicated that while eastern-
most Croatia suffers its most prolonged drought spells dur-
ing the winter, the southern Adriatic faces its maximum vul-
nerability during the summer. A group of authors used the
CarpatClim database for the period 1960–2010 and inves-
tigated drought tendencies in the Carpathians. Considering
air temperature and evapotranspiration they identified east-
ern Croatia as one of the most sensitive areas to drought in
the region (Szabó et al., 2019). Pandžić et al. (2020) showed
a stronger long-term negative trend of the monthly Palmer
Drought Severity Index (PDSI) than the SPI using the data
for the Zagreb-Grič Observatory, during the long-term period
1862–2012. The SPEI is commonly used for drought mon-
itoring in Croatia. With temperature and precipitation data
from 13 meteorological stations in continental Croatia for the
period 1981–2018, Tadić et al. (2019) calculated SPEI, indi-
cating inhomogeneity across the study area and concluding
that drought occurrence was influenced more strongly by in-
creasing trends in air temperature as compared with increas-
ing or decreasing precipitation trends. Leveraging 72 years of
E-OBS data, Santos et al. (2023) precisely segmented con-
tinental Croatia’s drought risk. Through the application of
robust SPEI calculations combined with powerful statistical
tools (PCA and K-means clustering), the study demonstrated
that the region is composed of three clear, separate zones –
central northern, eastern, and southern – each requiring a dis-
tinct approach due to their specific drought signatures. In hy-
drological drought assessment, based on groundwater levels
from 1987 to 2018 for a small catchment area in Croatia, Br-
leković and Tadić (2022) showed that correlation between
the SPI and standardized groundwater index (SGI) of dif-
ferent time scales (1, 3, 6, 12, 24 and 48 months) varied a
lot, but the highest value was in the longest time scale of
48 months, for all observation wells. On the other hand, the
SPI and groundwater levels (GW) correlation showed results
more related to physical catchment characteristics.

Impact. Marinović and Kalin (2021), leveraging decades
of media data (1981–2019) within the DriDanube project,
definitively quantified the economic impact of drought across
Continental and Adriatic Croatia. The analysis confirmed
that the crisis overwhelmingly centers on agriculture (man-
ifesting as severe monetary losses and market price hikes)
and water management (leading to local supply failures).
Crucially, the study exposed a major blind spot: impacts
on forests, soil, and wildfires were significantly underrepre-
sented in public reporting. The main consequences drought is
having in the agricultural sector. Based on the period 1981–
2018 and using the self-calibrating 10 d PDSI and the SPI,
Pandžić et al. (2022) proved 2018 to be a “normal year,”
while 2017 experienced a “mild to moderate drought,” which
resulted in a 13 % reduction in maize grain yield at eight ex-
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perimental locations in the Pannonian part of Croatia, com-
pared to 2018. Severe atmospheric blocking has consistently
driven catastrophic droughts in Croatia, primarily causing
yield collapse through insufficient grain filling. The extreme
2011/2012 drought, characterized by its prolonged continen-
tal duration (SPI-based), was directly caused by intense Eu-
ropean blocking that starved the region of rainfall in crucial
months (Cindrić et al., 2016). Crucially, the subsequent 2022
crisis confirmed a critical monitoring need: Lončar-Petrinjak
et al. (2024) found that the SPEI index definitively detects
drought earlier than the SPI, revealing that the massive spa-
tial extent of the 2022 event was fueled by persistent air tem-
perature excesses.

3.1.6 Bosnia and Herzegovina

Čadro et al. (2024b) stated that Bosnia and Herzegovina
lacks adequate information and analysis of extreme climate
events, especially regarding their timing, intensity, duration
and spatial extent. Hence, the authors used SPEI for the six
stations across the country and identified that dry years were
1961, 1971, 1983, 1990, 2000, 2003, 2007, 2011, 2012, and
2020. The longest drought with the largest spatial extent was
observed from August 2011 to July 2013. Similarly, Čadro et
al. (2024a) calculated average and peak values of SPEI sep-
arately for the periods 1961–1990 and 1991–2020, focusing
on October and August, where SPEI-2 August indicated ex-
tremely dry seasons in 2012 (−2.35) and 2017 (−2.25).

Sabljić et al. (2024) explored remote sensing techniques
to identify drought within the Sana River basin area. They
calculated SPI using the Climate Hazards Group InfraRed
Precipitation with Station Data (CHIRPS) and compared the
years 2016 and 2017 with the 42-year reference period 1981–
2023. The period with reduced precipitation, i.e. meteorolog-
ical drought, during 2016 and 2017 coincided with decreas-
ing water levels in the mainstream of the Sana River, i.e. hy-
drological drought. Additionally, they calculated temperature
condition index (TCI), vegetation condition index (VCI), and
vegetation health index (VHI) using MODIS satellite data
and observed agricultural drought in 2017 that resulted with
extreme decrease in yields of wheat, barley, maize, potatoes,
pears and plums. Ðidelija et al. (2023) calculated normalized
difference vegetation index (NDVI) and normalized moisture
index (NMI) using Landsat images for Sarajevo Canton and
showed that these two are suitable for drought monitoring in
August.

3.1.7 Montenegro

Calculating SPI and SPEI, Burić et al. (2024) analysed
drought dynamics in Montenegro from 1961–2020, seeking
to identify trends, tipping points, and the influence of tele-
connection patterns on drought occurrences. The analysis re-
vealed a negative trend in both SPI and SPEI, with a sig-
nificant increase in drought frequency after 1991. The most

severe drought impacts were observed in summer, including
water shortages, vegetation loss and frequent fires.

Using data from 18 meteorological stations, Luković et al.
(2024) analysed drought in Montenegro by calculating three
aridity indices: De Martonne Aridity Index (IDM), Lang’s
Rain Factor (RF), and Pinna Combinative Index (IP), and the
Aridity Index (AI) from ERA5-Land datasets. The study as-
sessed spatial and temporal trends in aridity from 1961 to
2020, comparing the first and second half of this period.
Analysis showed that Montenegro’s climate ranges from hu-
mid to extremely humid, with winter, autumn, and spring be-
ing very to extremely humid, while summer exhibits semi-
arid conditions, especially in coastal areas.

3.1.8 Serbia

Drought hazard and spatiotemporal distribution. A study
by Amiri and Gocić (2023) analyzed multiple precipita-
tion indices: SPI, Standardized Anomaly Index (SAI), Rain-
fall Anomaly Index (RAI), Percent of Normal Precipitation
(PNP), China Z Index (CZI), and Modified China Z Index
(MCZI), using Serbian weather stations data from 1946–
2019. Their research shows RAI performs similarly to SPI,
making it an effective tool for drought monitoring in Serbia.
Using SPEI, Ðurd̄ević et al. (2024) analyzed the spatiotem-
poral variations in drought in Serbia over recent decades.
For the first time, this research identified extreme droughts
in Serbia, occurring at the beginning of the 1950s and af-
ter 2000, using high-resolution daily gridded data. Also, they
indicated that drought changes over recent years in Serbia
may be driven by the combined effects of persistent warm-
ing and broader atmospheric circulation patterns. In the re-
search Filipović et al. (2025) spatial and temporal charac-
teristics of drought in Serbia were analysed using SPI and
SPEI index for 10 meteorological stations. Within the pe-
riod 1961–2020 they detected several long-term droughts:
1961–1963, 1971–1972, 1987–1993, 2000–2003 and 2011.
The 1972 drought affected nearly all parts of Serbia, with
greater intensity in the northern regions. The most prolonged
drought in Loznica, recorded with the SPEI-12 index, lasted
21 months from June 2011 to February 2013, with a severity
of −37.5. They found that with rising temperatures in Ser-
bia, the SPEI is more suitable than the SPI for analyzing
drought characteristics in warming conditions. In the study
Zeleňáková et al. (2023) long-term meteorological drought at
five synoptic stations in northern Serbia were analysed using
the 12-month SPI for the period 1946–2021. They found that
the most severe droughts occurred in 1948 and 2001, with an
average return period of 11.8 years, varying by station. With
monthly precipitation data from 28 synoptic stations in Ser-
bia for the period 1946–2017 and rainfall variability index,
Gocić et al. (2020) analysed precipitation and drought in Ser-
bia at the country level and for three sub-regions. Analysis
revealed that during the period 2000–2017, 16 % of years ex-
perienced drought conditions, with 4 % classified as extreme
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drought. The years 2000 and 2011 were identified as Serbia’s
driest, with extreme drought impacting most of the country.
Dimkić et al. (2022) analysed Serbia’s 1949–2016 drought
trends using the De Martonne Aridity and Ped Drought in-
dices, revealing increasing drought areas, less severe than in
the Mediterranean, with a pattern shift from west-southeast
to north-south due to altitude and human water use impacts.
Drought in the Vojvodina region, the main agricultural region
in Serbia, was analysed in the study Leščešen et al. (2019) by
using SPI from a 1956–2016 database of monthly precipita-
tion at nine meteorological stations. Applying K-means clus-
tering on 12-month SPI values they identified four distinct
drought regions in Vojvodina. When it comes to hydrolog-
ical drought, research Leščešen et al. (2020) analyzed hy-
drological drought along the Tisza River (1964–2018) us-
ing the Streamflow Drought Index (SDI) at four gauging
stations. Two drought periods were identified: a moderate
event (1983–1993), and a more intense drought (2011–2015),
strongly impacting Vásárosnamény and Szolnok. The Mann-
Kendall test showed no significant long-term drying trend.
Study Urošev et al. (2016) analyzed hydrological droughts
in the Južna Morava Basin using Q90 threshold. The longest
droughts occurred on the Visočica and Vlasina Rivers, while
the shortest were at upstream Južna Morava stations. Drought
deficits correlated with catchment size and discharge, and
standardized deficits matched drought duration patterns.

Impact. What consequences drought can have on crop
yield were investigated in research by Mimić et al. (2022).
For that purpose, they used maize and sunflower yield data
for the specific parcels in the Bačka region of Vojvodina
Province (Serbia) for the period 2017–2020 to quantify the
level of moisture stress in crops during the summer period.
This research introduces the newly developed Crop Mois-
ture Stress (CMS) index, derived from July NDMI values,
which can effectively predict maize and sunflower yields dur-
ing the growing season and evaluate drought impacts at the
field level.

3.1.9 Slovenia

As water scarcity becomes an increasing issue in Slovenia,
Zalokar et al. (2021) examined the spatial and temporal vari-
ability of hydrological drought in the country using monthly
data from 46 gauging stations for the 1961–2016 period and
calculating the Standardized Streamflow Index (SSI). They
found that the frequency and intensity of droughts have risen
in recent decades, with spring and summer identified as crit-
ical periods for water deficits.

Using the SPI index and HISTALP data, Brenčič (2016)
identified several long-term extreme drought events in Slove-
nia, spanning from the 19th century to the present. The study
revealed that after the second half of the 20th century, the
frequency of shorter, extreme drought events increased.

Table 1. The largest spatial extent of the drought for each country
with the percentage of the country area having CDI of class 3, i.e.,
being under the “Alert” and the period of occurrence.

Country Maximum area with Period of
“Alert” (%) occurrence

Albania 48.3 2012-04-01
Bosnia and Herzegovina 84.8 2022-08-21
Bulgaria 62.0 2024-07-21
Croatia 72.9 2022-08-21
Montenegro 79.3 2022-08-21
North Macedonia 56.0 2012-04-11
Romania 64.3 2022-08-11
Serbia 70.8 2022-08-11
Slovenia 79.2 2022-08-21

3.2 Drought tendencies in SEE region during
2012–2024 according to EDO

Table 1 represents the largest spatial extent of the drought for
each country with the percentage of the country area having
CDI of class 3, i.e., being under the “Alert”. The period of
occurrence is given as a starting date of a corresponding 10 d
period. For most of the countries it is the same drought event
that happened in the summer of 2022, excluding Albania
and North Macedonia (spring 2012), and Bulgaria (summer
2024). Since the “Alert” is referring to the negative anomaly
of vegetation growth, it can be observed in the warm half of
the year, overlapping with the vegetative period. Thus, it is
mainly related to the agricultural drought and forest fire dan-
ger.

Additionally, we examined the longest temporal coverage
of the drought events by counting the consecutive 10 d peri-
ods being under the “Alert” in most of the country, defining
the criterium that CDI class 3 is covering more than 50 % of
the country’s territory. The results coincide with the period of
occurrence given in Table 1 for all the countries but Serbia,
where the longest temporal coverage is observed in the late
summer of 2024 while the largest spatial extent is observed
in August 2012.

However, in the cold half of the year, with no vegetation,
soil moisture deficit across a wider region potentially can
have a negative hydrological impact. Table 3 represents the
highest value of a percentage of the country area belonging
to class 2, i.e., being under the “Warning”. The period of oc-
currence is given as a starting date of a corresponding 10 d
period. For BIH, Croatia and Serbia very high values are re-
ferring to the same date (11 January 2012), while for Roma-
nia, Montenegro and Slovenia the results are referring to the
consecutive periods in the spring of 2020, and for the rest
of the countries they are referring to the autumn of different
years; Albania – 2017, Bulgaria – 2023 and North Macedo-
nia – 2019.
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Table 2. The consecutive 10 d periods being under the “Alert” in
most of the country, (with CDI class 3 is covering more than 50 %
of the country’s territory threshold).

Country Count Start period

Albania 0 –
Bosnia and Herzegovina 7 2022-08-01
Bulgaria 7 2024-07-11
Croatia 6 2022-08-01
Montenegro 3 2022-08-11
North Macedonia 2 2012-04-01
Romania 4 2012-03-21
Serbia 4 2024-08-21
Slovenia 6 2022-08-11

Table 3. The highest value of a percentage of the country area be-
longing to class 2 (“Warning”).

Country Maximum area with Period of
“Warning” (%) occurrence

Albania 84.8 2017-10-21
Bosnia and Herzegovina 97.2 2012-01-11
Bulgaria 91.0 2023-11-01
Croatia 93.1 2012-01-11
Montenegro 95.1 2020-05-01
North Macedonia 96.4 2019-10-21
Romania 87.9 2020-04-21
Serbia 96.1 2012-01-11
Slovenia 95.1 2020-05-11

3.3 Socio-economic impact of severe drought in the
region during the least fifteen years (2010–2025)

To assess the socio-economic impacts of severe droughts
in the region, we utilized the European Drought Impact
Database (EDID), a platform developed under the Coperni-
cus Programme. EDID serves as a centralized repository for
documented drought impacts across Europe, aiming to en-
hance our understanding of how droughts affect society, the
environment, and the economy. In this study, we highlight
the value of such a tool for systematic data collection and
also emphasize the need for improved reporting at the na-
tional level. For the SEE region, a total of 97 reports for se-
vere droughts were available across all countries during the
research period. Notably, countries like Romania, Croatia,
Slovenia, and Serbia are well-represented in the database,
whereas Albania, North Macedonia, and Montenegro have
only limited reporting. Furthermore, Bosnia and Herzegov-
ina and Bulgaria lack any recorded reports of severe drought
impacts during the study period. Given these disparities, the
assessment of socio-economic impacts in SEE will be based
on all available sources to provide the most comprehensive
overview possible.

3.3.1 The period 2011–2012

The SEE region faced a severe drought in winter 2011 and
spring 2012. EDID reports were obtained for this multiyear
drought. Then in summer, low precipitation and additionally
high temperatures characterized the weather conditions from
mid-June until mid-August. Inadequate water supplies have
inflicted irreversible agricultural damages, forcing a prema-
ture and accelerated harvest of winter cereals. Concurrently,
the crisis has paralyzed critical infrastructure: hydropower
supplies have plummeted across almost the entire region,
with air temperatures routinely surging above 40 °C during
late-summer dry spells.

Serbia endured its hottest summer since 1887, with tem-
peratures surging past 35 °C for over 50 d, triggering an im-
mediate national crisis. This extreme heat is projected to
slash the national maize yield in half. The epicenter of the
disaster is the northern province of Vojvodina, where cereal
production is expected to plummet to just 50 % of normal.
With over one million hectares – predominantly maize and
soy – affected, preliminary damage estimates already exceed
EUR 130 million.

Croatia suffered its worst drought in 50 years, forcing the
declaration of a natural disaster in five counties. The agricul-
tural sector faced a catastrophic blow, decimating key crops
– maize, wheat, sunflower, vegetables, and viticulture (lead-
ing to one of the earliest grape harvests on record). Re-
ports from Slavonia confirmed near-total destruction, with
spring-planted crop losses estimated between 60 % and a full
100 %. The total damage inflicted by this disaster will exceed
EUR 130 million.

Eastern and southern regions of Romania were highly af-
fected by drought which significantly reduced crop yields,
with maize, sunflower, soy, wheat, and potatoes being the
most affected. In 2012, an exceptionally harsh winter fol-
lowed by a summer drought led to a reduced harvest, causing
an increase in the prices of essential food items such as pota-
toes and flour. Reports indicate that losses for maize alone
could reach 50 %, leading to a substantial drop in overall
agricultural output. In Transylvania, fruit exporters have suf-
fered severe setbacks, with small-scale farmers losing up to
90 % of their expected production, making it nearly impossi-
ble to meet export quotas for Western European markets.

When it comes to North Macedonia, this country reports
20 % reduced harvest than normal. In addition to agricul-
tural production, the drought also had a major impact on wa-
ter resources, water supply, and the ecosystem. Some of the
lakes in Northern Serbia were artificially filled with water
from rivers to save fish and ecological systems. During this
period water restrictions were reported from Serbia, Croatia
and North Macedonia.

The public water supply in Croatia was strongly affected
and due to that the state of the natural disaster was declared
in all counties in Continental Croatia. Wells, bars, ponds,
springs have been drained causing residents to supply with
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water from different sources such as hydrants and car cis-
terns. There were 227 transports of drinking water to the pop-
ulation to which regular water supply sources (wells) were
drowned because of droughts. As one of the measures to mit-
igate the situation, it was forbidden to wash streets and wa-
tering football fields and similar surfaces. When it comes to
aquatic ecosystems, some mountain streams have dried up,
staying without water and oxygen and causing fish to die.

In eastern Romania, some rivers dried up entirely and oth-
ers reached historic low streamflow. Additionally, reduced
water levels, which have decreased to 30 %–50 % of the an-
nual average, have disrupted transport, severely impacting
the shipment of grain and maize. In response to the crisis, the
Romanian government has allocated 25 million euros to sup-
port affected farmers and has reduced irrigation water costs
by 20 % to mitigate losses. Due to this drought event, offi-
cials in North Macedonia have warned that the drinking wa-
ter supply may be at risk.

3.3.2 The year 2020

During 2020, drought severely affected the entire area of
Slovenia, with the most significant damage occurring in the
Littoral region of western and southwestern Slovenia, where
the lack of rainfall was worsened by strong winds – partic-
ularly the bora – which further dried out the soil. Drought
damage was evident in spring cereals, clover, oilseed rape,
and winter cereals. Vegetables without irrigation and early
potatoes failed to sprout, while asparagus yields dropped. Or-
chards, especially apple trees, and hop plantations also suf-
fered. The Vipava Valley in western Slovenia experienced ex-
treme soil dryness. Permanent meadows and grasslands were
also affected, threatening livestock feed.

Prolonged drought during winter and spring led to a hydro-
logical drought. In the first half of the year low water content
was noted on 80 % of water measuring stations, while 10 %
recorded completely dry conditions, especially in southern
Slovenia. Water scarcity reached critical levels: surface wa-
ter supplies were failing, with streams and small rivers dry-
ing out, while northwestern aquifers showed critically low,
continually declining groundwater levels. The need for wa-
ter deliveries increased significantly during this period, with
nearly twice as many deliveries recorded by mid-April com-
pared to the entire month during the previous year.

The 2020 drought triggered a catastrophic agricultural fail-
ure in Romania. The crisis overwhelmingly hit eastern and
southern regions, where more than half of the country’s
USD 2.9 million sown hectares were devastated by unrelent-
ing winter and spring drought. Wheat, maize, and sunflower
were in danger the most. In the Harghita region in central
Romania, rain deficit raised concerns over massive losses in
potato yield. The negative impacts were most evident in mar-
ket prices for cereals, which had already become more ex-
pensive due to the prolonged drought conditions that affected
much of the country. In relation to that, potatoes were being

sold for almost double the price compared to the same period
a year before. For some cereals such as wheat, authorities de-
cided to ban the export of wheat to destinations other than
the EU for a week. As water demand for irrigation peaked,
the severely diminished flows of the Danube and Siret rivers
incapacitated functional pumping stations, paralyzing the ca-
pacity to deliver water.

The prolonged drought created problems for livestock
farmers, as dried-up grasslands left them with no suitable ar-
eas for grazing their animals.

The drought triggered a hydrological drought, drying up
95 % of Lake Nuntaşu and 60 % of Lake Soleşti. Addition-
ally, salt levels in Lake Techirghiol rose, threatening the de-
struction of its flora and fauna.

The drought also impacted on the water supply in several
communes across the country. In some parts of southwest-
ern Romania, tap water was available only at specific times.
While some used it for agricultural activities, there was not
enough water for basic needs like food and personal hygiene.
Due to that, authorities had to make a schedule of water sup-
ply for some municipalities.

3.3.3 The year 2022

Experts say that the 2022 drought was not only meteorologi-
cal, but also an agricultural or soil drought and hydrological
(low water levels, dried up rivers). Extreme weather condi-
tions and intense heat caused a decline in agricultural pro-
duction in Croatia. The prolonged drought has led to sig-
nificant agricultural losses, with potato yields declining by
50 %–60 %. This substantial reduction threatens both local
supply and market stability. Wheat, maize, fruits, and vegeta-
bles have also been heavily impacted. Poor conditions have
reduced olive quality, leading to higher olive oil prices. Sun-
flower crops suffered as well, with worsened yield quality
due to drought, raising concerns about future production and
market stability. To mitigate this, the Ministry of Agricul-
ture announced an extraordinary measure for farmers worth
around EUR 26 million.

The drought triggered a catastrophic setback to Serbia’s
key cash crops. Yields for maize, soybeans, and sunflower
were so poor that production could only guarantee domes-
tic consumption, resulting in an export volume far below the
country’s normal, massive grain output.

That year’s drought has severely impacted Romania’s agri-
cultural sector, causing losses exceeding EUR 1 billion. Of
the country’s 5.4 million hectares of crops, 800 000 ha have
suffered significant damage. The drought was particularly se-
vere in the south, where rainfall has been scarce since the fall
of 2021, leading to the complete destruction of maize har-
vests in several municipalities. The crisis extended across the
country, with 75 % of Romania’s land experiencing extreme
temperatures and drought conditions.

As the second-largest European producer of maize and
oilseeds, Romania faced its lowest maize harvest since 2007,
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Figure 2. Number of publications focused on droughts in a pentad
by country.

with losses estimated at 40 %–50 % compared to previous
years. Romania’s wheat harvest in 2022 reached 9 million
tons, a significant decline from the record 11.3 million tons
harvested in 2021. Potato production has also been affected,
especially in central Romania, a key growing region. In Ro-
mania, water usage was highly restricted on essential needs.

Severe drought affected water courses in Eastern Europe.
Drought affects water levels in large rivers such as the
Danube and Sava. At the border between Romania and Bul-
garia, the water level of the Danube dropped so dramatically
that dozens of sand islands formed.

Together with the Sava River, the Danube River is vital
for grain exports and coal imports. Ships from Bulgaria and
Romania reduced capacity, affecting navigation and fishing.
This low level of water in those main rivers disrupted the
supply of crude oil, diesel, and other derivatives in Bulgaria.
A blocked Danube disrupted the logistics chain in Romania
and beyond, leading to delays that ultimately increased prices
for end consumers.

Serbia faced a systemic hydrological collapse, with water
levels in most river courses plummeting near the biological
minimum. The crisis was acute on the Sava River, and hydro-
logical warnings were rapidly extended to the Danube, driven
by critically low upstream levels. The severity was starkly
visible: the Drina River was so shallow in places it could be
crossed on foot. This national failure fueled an ecological
disaster in Vojvodina, where insufficient rainfall led to the
dwindling of Conopljan Lake and resulted in the grim dis-
covery of mass dead fish. The collapsing ecosystem forced
fish relocation to the Danube-Tisa-Danube canal. With ex-
treme water shortages, irrigation was banned in parts of Vo-
jvodina as reservoir levels, including Moravica and Sava, hit
record lows.

The low water levels in rivers also led to a reduction
in electricity production. According to Electricity company
Serbia (EPS), the hydrological situation in 2022 was the
worst in the past 100 years, causing hydropower plants on
the Danube, Drina, and Lim to produce minimal electric-
ity. As a result, the 16 main hydroelectric power plants in

Serbia, which generate 38 % of the nation’s electricity, re-
duced their output by a third. During this year, the largest
hydroelectric power plant – Ðerdap, faced a decrease in out-
put of at least 30 %. The situation was not so good in Mon-
tenegro either. The Electric Power Company of Montenegro
operates two hydropower plants with over 50 % of energy
coming from hydro sources. The simultaneous pressures of
drought-induced low water levels and surging tourist-season
consumption forced the emergency importation of 294 GWh,
creating a swift financial liability of approximately EUR 100
million.

The drought has inflicted a crippling blow to Slovenia’s
hydropower capacity. Production on the Soča River has
plummeted by 45 %, the Drava by 31 %, and the lower Sava
by 39 %, severely undercutting the five-year average. This
crisis culminated in the first operational shutdown since 2003
for the Solkan Hydroelectric Power Plant due to the Soča
River’s extremely low flow. Late June of 2022 was also crit-
ical when it comes to supply of drinking water. Hydrolog-
ical drought was putting even groundwater levels at risk of
drying up causing the first water consumption bans for non-
essential purposes in some parts of the country. The pro-
longed drought, causing very low water levels in rivers, im-
pacted fishing tourism and other activities. Fishing was sus-
pended in several rivers in the Alpine northwest, including
Soča, Sava Bohinjka, and Mostnica, to protect fish stocks.
This drought also affected river tourism in the Julian Alps,
with limitations or bans due to low water levels.

Due to low water levels in rivers like the Neretva, seawater
entered the river, making it unsuitable for irrigating agricul-
tural crops. Additionally, water scarcity extended to deeper
soil layers along the Adriatic, where drought conditions led
to smaller olive fruits.

4 Discussion

General statistics and regional overview results. Overall, dur-
ing the collection stage in the SEE region, we gathered
62 publications from national and joint international teams.
However, the distribution of these publications is uneven.
Romania, Croatia, Serbia, and Bulgaria lead the list, with
21, 11 and 10 publications over the past 15 years. In con-
trast, Montenegro, Albania, Bosnia and Herzegovina (BIH),
and Slovenia are underrepresented in the scientific literature
focusing on drought. While Slovenia is well represented in
research concerning the Danube and Pannonian Basin, Mon-
tenegro, Albania, and North Macedonia are largely excluded
from regional studies. As a result, these three countries rank
at the bottom of the distribution and are significantly less
covered by national drought research (Fig. 2). In Croatia,
Serbia, and Romania, a significant increase in the number of
publications over the past five years has been observed. Un-
doubtedly, drought-related topics are a major focus in these
countries, driven by high level of vulnerability, sensitivity to
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Figure 3. Total number of pixels per country under the 3rd class “Alert” of CDI for 2012–2024 according to EDO.

drought economies and quite strong national scientific teams
specializing in natural hazards, particularly droughts.

Among the last twelve years generally the 2011/2012
drought is the worst in the region according to the total num-
ber of pixels under the 3D class of CDI (Fig. 3) and the col-
lection of impacts from the EDID database (Fig. 4). After
the 2012 historical event for all countries a slight tendency
of increasing in total number of pixels under the 3d class of
CDI is observed until the next 2022 vast drought. Curiously,
the 2020 event struck Slovenia and Romania, according to
EDID. In Fig. 3 it is seen that this event is not associated
with a big area under “Alert” class but in Table 2 it appeared
for Slovenia, Romania and Montenegro with 95 %, 88 % and
95 % of the country area coverage respectively. Thus, less
severe but longer and more spatially extended events caused
higher impacts in these countries.

During the summer 2022 west part of the SEE region was
more exposed to drought than the east. For Montenegro, BIH,
Croatia and Slovenia the area under “Alert” class achieved
the maximum for the last 12 years, but the impact for the
2012 event is higher and struck more sectors of the economy.

The 2024 drought has a high percentage under 3d class
only for the east part of SEE region and it is not present on
the west – in Albania, Montenegro, BIH, Croatia and Slove-
nia. However, the impacts for this event are probably not still
available in the EDID database.

The other impact databases (EDII database from European
Drought Center and Climate Change Knowledge Portal from
World Bank) do not have data about the drought impacts after
2014 and could be considered as outdated.

5 Conclusions and way forward

Overall, we found a great disbalance in the scientific liter-
ature for drought topics between the countries in SEE. Un-
derestimated countries with one or two scientific publica-
tions are – Albania, N. Macedonia, Montenegro, Slovenia.
On the opposite side – EU countries (Romania and Bulgaria)
and Serbia with more than 10 publications for the last 10
years. Generally, the literature review suggests that the SEE
countries can be categorized into three main groups based on
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Figure 4. Socio-economic impact of drought from EDID database (if there is extensive information on agriculture losses for the worst event
it is shown as donut diagram).

trends in drought hazard dynamics. The first group, which
includes Slovenia, Croatia, Bosnia and Herzegovina (BIH),
and Montenegro, is characterized by statistically significant
negative trends in drought indexes and positive trends in the
duration of drought spells. However, there are exceptions and
additional factors influencing drought dynamics, particularly
the humid climate and higher average precipitation levels.
The second group, consisting of Serbia, Albania, and North
Macedonia, experiences greater exposure to droughts, but
the literature does not present a coherent picture of drought
trends. Most authors identify increased drought impacts over
the last two decades. However, recent drought variations in
this group may be driven by a combination of persistent
warming and broader shifts in atmospheric circulation pat-
terns. Since Albania and North Macedonia are not well cov-
ered in scientific publications, identifying the causes and pat-
terns of change in this group remains challenging. The third
group, including Romania and Bulgaria, exhibits significant
variability in drought dynamics due to the large geographic
size of these countries and seasonal differences in drought
patterns. For example, in Romania, statistically significant

trends can only be observed during winter and spring and
highly depend on the analyses period.

Transformative change is urgently needed to mitigate
drought impacts in South-East Europe through co-created
disruptive solutions and strategic planning at national and
regional levels. For example, integration of Nature-based
Solutions (NbS) into natural resource management meeting
national, European (Natura 2000, Habitats Directive, Eu-
ropean Green Deal, Europe’s 2020 Biodiversity strategy)
and international biodiversity and carbon targets – 30 %
of land protected by 2030 and zero emissions by 2050
(CBD, SDGs) presents a promising, cost-effective frame-
work. NbS are essential, efficient tools for building cli-
mate resilience and sustainable adaptation. Research projects
are critical in advancing NbS implementation. For exam-
ple, in Serbia, the SONATA project leads efforts to main-
stream NbS into sustainable land management by leveraging
data-driven decision-making and stakeholder collaboration.
Complementing SONATA, ADOPT 2.0 builds on its success
by expanding NbS knowledge among decision-makers and
communities, supporting NbS integration aligned with the
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Green Agenda for the Western Balkans (GAWB), and con-
tributes to strategic efforts like the Western Balkans Forest
Landscape Restoration Plan.

The Nordic Council of Ministers has allocated DKK 26
million to a four-year (2021–2024) programme to boost re-
gional cooperation on nature-based solutions (NbS), aim-
ing to make the Nordic Region the most sustainable in
the world by 2030. This initiative serves as an excellent
example of how coordinated regional efforts, backed by
clear projects and sustained funding, can effectively advance
knowledge, policy, and practical implementation of NbS.
The programme’s structured approach promotes collabora-
tion across countries, enhances policy alignment, and sup-
ports sustainable environmental management. The Western
Balkans could greatly benefit from adopting a similar model
to strengthen regional cooperation, streamline NbS integra-
tion into policies, and mobilize resources for long-term sus-
tainable development and climate resilience.
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Cindrić Kalin, K. and Pasarić, Z.: Regional patterns of dry
spell durations in Croatia, Int. J. Climatol., 42 , 5503–5519,
https://doi.org/10.1002/joc.7545, 2022.

Copernicus Climate Change Service: Global climate highlight
2024, https://climate.copernicus.eu/copernicus-2024-first-year-
exceed-15degc-above-pre-industrial-level (last access: 20 Jan-
uary 2025), 2025.

Corduneanu, F., Vintu, V., Bucur, D., Balan, I., and Crenganis, L.
L.: Impact of drought on water resources in north – Eastern Ro-
mania. Case study – The Prut river, Environ. Eng. Manag. J., 15,
1213–1222, https://doi.org/10.30638/eemj.2016.133, 2016.

Crausbay, S. D., Betancourt, J., Bradford, J., Cartwright, J., Den-
nison, W. C., Dunham, J., Enquist, C. A. F., Frazier, A. G.,
Hall, K. R., Littell, J. S., Luce, C. H., Palmer, R., Ramirez,
A. R., Rangwala, I., Thompson, L., Walsh, B. M., and Carter,
S.: Unfamiliar Territory: Emerging Themes for Ecological
Drought Research and Management, One Earth, 3, 337–353,
https://doi.org/10.1016/j.oneear.2020.08.019, 2020.
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Dimkić, D., And̄elković, A., and Babalj, M.: Droughts in Serbia
through the analyses of De Martonne and Ped indices, Envi-
ron. Monit. Assess., 194, 265, https://doi.org/10.1007/s10661-
022-09911-y, 2022.
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novinskih izvješca u razdoblju 1981–2019, Hrvatske Vode, 29,
93–102, 2021 (in Croatian).
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Županić, F. Ž., Radić, D., and Podbregar, I.: Climate change and
agriculture management: Western Balkan region analysis, En-
erg. Sustain. Soc., 11, 51, https://doi.org/10.1186/s13705-021-
00327-z, 2021.

https://doi.org/10.5194/nhess-26-1305-2026 Nat. Hazards Earth Syst. Sci., 26, 1305–1323, 2026

https://doi.org/10.1117/12.3035312
https://www.unccd.int/sites/default/files/2024-12/20241202_Economics-Drought-Web.pdf
https://www.unccd.int/sites/default/files/2024-12/20241202_Economics-Drought-Web.pdf
https://doi.org/10.1029/2019EF001170
https://doi.org/10.1073/pnas.2219825120
https://doi.org/10.1002/hyp.10838
https://doi.org/10.5194/nhess-24-3173-2024
https://doi.org/10.5194/nhess-24-3173-2024
https://doi.org/10.1016/j.jhydrol.2023.129966
https://doi.org/10.1126/science.adh3097
https://doi.org/10.1016/j.rse.2019.111291
https://doi.org/10.1126/science.abn6301
https://doi.org/10.3390/w13223197
https://doi.org/10.3390/engproc2023057038
https://doi.org/10.1186/s13705-021-00327-z
https://doi.org/10.1186/s13705-021-00327-z

	Abstract
	Introduction
	Methodology
	Results
	Regional overview of the drought
	Romania
	Bulgaria
	North Macedonia
	Albania
	Croatia
	Bosnia and Herzegovina
	Montenegro
	Serbia
	Slovenia

	Drought tendencies in SEE region during 2012–2024 according to EDO
	Socio-economic impact of severe drought in the region during the least fifteen years (2010–2025)
	The period 2011–2012
	The year 2020
	The year 2022


	Discussion
	Conclusions and way forward
	Data availability
	Author contributions
	Competing interests
	Disclaimer
	Acknowledgements
	Financial support
	Review statement
	References

