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Abstract. Droughts in Europe are becoming increasingly
frequent and severe, with the 2022 drought surpassing pre-
vious records and causing widespread socio-economic im-
pacts. Using a Europe-wide survey (n =481 across 30 coun-
tries) combined with hydroclimatic data (i.e., Standardized
Precipitation Evapotranspiration Index; SPEI), we quantify
how forecasting systems and Drought Management Plans
(DMPs) affected response timing and perceived effective-
ness. It specifically assesses the role of forecasting systems
and Drought Management Plans (DMPs) in improving pre-
paredness and in facilitating more effective and timely re-
sponses. Our findings show that organisations with forecast-
ing systems or DMPs in place implemented drought response
measures on average two and one months earlier respec-
tively than those without, and rated their effectiveness higher.
Additionally, the study investigates how drought manage-
ment practices and awareness have evolved as a consequence
of the 2018 European drought and how recent experiences
shape water managers’ perceptions, with 35 % of the respon-
dents indicating introducing or updating their DMPs after
the 2018 drought. The findings emphasize the necessity of
a standardized, continent-wide drought risk management co-
ordination to address the multifaceted nature of drought risk
by integrating climatic and societal factors, and advocates for
a Drought Directive as a means to achieve this. This research
aims to inform policy development towards sustainable and
holistic drought risk management, highlighting the crucial
roles of preparedness, awareness, and adaptive strategies in
mitigating future drought impacts.

This study and its companion paper The 2022 drought
needs to be a turning point for European drought risk man-
agement are the result of a study carried out by the Drought
in the Anthropocene (DitA) network, an IAHS initiative.

1 Introduction
1.1 Context of the 2022 European drought

Drought is an escalating phenomenon in Europe, with in-
creasing frequencies and intensities across many countries
(Faranda et al., 2023; Markonis et al., 2021; Rakovec et al.,
2022). Most of Europe-wide extreme drought events in the
past 75 years have occurred within the last two decades (van
Daalen et al., 2022; Biella et al., 2024). These conditions led
to the unprecedented drought of 2022, which exceeded the
severity of earlier major droughts like 2003, 2015-2016, and
2018-2019 (Rakovec et al., 2022; Biella et al., 2024).
Following a dry winter and spring (2021/2022) combined
with unusually early heatwaves (Tripathy and Mishra, 2023),
the summer temperatures and rainfall deficits in 2022 soared
to unprecedented levels. The severely diminished soil mois-
ture and river flow (Toreti et al., 2022) led to reduced crop
yields, elevated wildfire risks, salt intrusions, algal blooms,
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fish kills, transport disruptions, damage to human health,
water restrictions and reductions in hydro- and thermoelec-
tric power production (Toreti et al., 2022; Montanari et al.,
2023; Bonaldo et al., 2023; Serrano-Notivoli et al., 2023; Ro-
drigues et al., 2023; Sodoge et al., 2024; Barker et al., 2024),
resulting in a continent-wide crisis (Faranda et al., 2023)
that incurred USD 26 billion in insured losses (Gallagher Re,
2023), making it the second most expensive weather disaster
in Europe, surpassed only by the 2021 floods in Germany and
Belgium (~ EUR 46 billion). These consequences highlight
the profound impacts of droughts, and the risks they pose
to our societies, highlighting the importance of preparedness
for droughts in Europe.

“Drought risk” is a complex concept that depends not only
on the severity of the drought (i.e., the hazard) but also on the
exposure and vulnerability of society (UNDRR, 2021). Ex-
posure refers to the exposed entities, such as people, infras-
tructure, ecosystems, or industries (e.g., forestry or agricul-
ture), whereas vulnerability describes the predisposition of
an exposed element or system to be harmed by the drought
(Fussel, 2007). Vulnerability depends on society’s coping
capacity, sensitivity (susceptibility), and adaptive capacity
(Chen et al., 2021). Consequently, increasing drought risk
can stem from both a changing climate that intensifies the
drought hazard (Ionita et al., 2022; Schumacher et al., 2024;
Serrano-Notivoli et al., 2023), as well as societal shifts (e.g.,
population increase, economic growth, increasing water de-
mand), which increase exposure or vulnerability (Gregoric¢
and Susnik, 2010).

Drought risk is rising throughout Europe, affecting not
only the typically arid Mediterranean and southern areas but
also extending into the usually wetter northern parts of the
continent (Spinoni et al., 2018; Caloiero et al., 2018, 2021;
Richardson et al., 2022; Rossi et. al., 2023). This pattern
is projected to amplify in the future, especially over the
Mediterranean region and large parts of central and north-
ern Europe (Balting et al., 2021; Rossi et. al., 2023). This
underscores the urgent need for comprehensive drought risk
management strategies that consider both climatic and soci-
etal dimensions to mitigate future impacts effectively.

1.2 European drought risk management frameworks

The European Union (EU) has the potential to play a lead-
ing role in coordinating and mainstreaming drought man-
agement, given its governance structure that represents most
European states. However, this potential has yet to be fully
explored. Within the EU, drought risk is addressed through
a multifaceted set of European Commission (EC) direc-
tives and policy communications (European Commission et
al., 2015; Hervas-Gdamez and Delgado-Ramos, 2019; Rossi,
2009; Stein et al., 2016). While the Water Framework Direc-
tive (WFD) of 2000 (2000/60/EC) offers a binding set of reg-
ulations on water management, it does not directly address
drought risk management. It mentions droughts only together

https://doi.org/10.5194/nhess-26-955-2026



R. Biella et al.: Preparedness during the 2022 European drought 957

with floods, without giving a proper definition of drought or
water scarcity (Stein et al., 2016; Biella et al., 2025).

A crucial aspect of effective drought management is
a clear and operational definition of drought. Commonly,
drought is understood as “a lack of water compared to nor-
mal conditions” during a period in a specific area (Funk and
Shukla, 2020; Van Loon et al., 2016). This broad defini-
tion aims to encompass the multifaceted nature of drought
from both conceptual and operational standpoints to con-
vey the overarching concept while describing drought in
terms of time, space, onset, duration, termination, and sever-
ity (Mukherjee et al., 2018). Operational definitions typically
rely on drought indicators that quantify drought conditions,
which are essential for monitoring and early warning sys-
tems (WMO Handbook of Drought Indicators; Bachmair et
al., 2016). Blauhut et al. (2022) found that 55 % of survey
participants working in water resources management in Eu-
rope either lacked an operational drought definition or were
unaware of one within their organizations. Among those with
an operational definition, 20 % relied on a single drought type
index (such as meteorological drought), while 15 % used two
and 10 % used three different indices to capture the complex-
ity of drought conditions (Blauhut et al., 2022). This under-
scores the heterogeneity in drought management practices
across Europe and the need for standardized directives that
extend beyond considering droughts as mere force-majeure
events to justify non-compliance with environmental quality
standards (DIRECTIVE 2000/60/EC, Articles 4.6 and 11.5).

The WFD is followed up by several non-binding commu-
nications from the EC addressing the challenges of water
scarcity and droughts in the European Union in 2007, the
Blueprint to Safeguard Europe’s Water Resources in 2012,
and the EC Water Resilience Strategy of 2025. However, the
WEFD remains the only legally binding document provided
by the EC and does not address drought directly (Biella et
al., 2025). Thus, drought risk management is instead left to
individual countries, resulting in large variations in national
legislations, management strategies, definitions of drought
and institutional responsibilities (Publications Office of the
European Union, 2023). Within the EU, 19 out of 27 mem-
ber states have drought legislations in place, which differ in
their level of detail and approach to drought risk management
(Publications Office of the European Union, 2023), while
even fewer European countries (e.g., Czech Republic, Ger-
many, UK) have an operational drought monitoring and fore-
casting systems (Prudhomme et al., 2024). The legal require-
ment to introduce Drought risk Management Plans (DMPs)
is present in only 13 member states, mainly in the Mediter-
ranean region (Publications Office of the European Union,
2023). Other European countries outside the EU, such as
Switzerland, Ukraine, Norway and the UK, manage drought
risk independently, despite having transboundary waterways
and interdependent economies and ecological systems with
EU countries. These issues are particularly accentuated in the
Balkan region (FAO, 2018).
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1.3 Drought preparedness

DMPs are frameworks designed to mitigate drought impacts
within and across administrative levels and sectors (UNDP,
2011). They can either be responsive (short-term), providing
directions to follow when a drought is detected, or strategic
(long-term), involving a combination of measures aimed at
reducing water demand, increasing water-use efficiency, en-
hancing water storage capacity, and improving drought mon-
itoring and early warning systems (Tokarczyk et al., 2015;
UNDP, 2011). Organizations often have both types of DMPs,
or a single DMP that covers both responsive and strategic as-
pects of drought risk management (Tokarczyk et al., 2015;
UNDP, 2011).

While DMPs specify how to act before, during and after
a drought, monitoring/forecasting systems are vital for pro-
viding early warning and timely information about the on-
set, duration, intensity, and termination of drought conditions
(Morid et al., 2007; Sutanto et al., 2020a), thus determining
the time for action. Forecasting can range from short-term
(weeks ahead) to long-term (months ahead), with the accu-
racy of forecasts generally decreasing with increasing lead
times (Lavaysse et al., 2015; Sutanto et al., 2020b). The fore-
cast lead time and duration should be adapted to regional
needs, such as long-term forecasts for agriculture and shorter
lead times for water-borne transport (Lavaysse et al., 2015).
Together, DMPs and monitoring/forecasting systems play a
crucial role in improving drought preparedness, effectiveness
and timeliness (Cai et al., 2017; Wilhite, 1996, 2009), al-
lowing societies to reduce their vulnerability to droughts and
lower the overall drought risk.

Awareness of drought risk has been growing across Eu-
rope (Biella et al., 2024), particularly following significant
events that captured public attention and prompt change
(Teutschbein et al., 2023). Studies indicate that post-drought
periods are ideal for mainstreaming preparedness (Caval-
cante et al.,, 2023), as disasters frequently prompt a re-
evaluation of the existing governance systems (Lumbroso
and Vinet, 2012; November et al., 2007; Raikes et al., 2019).
This often initiates a governance learning process (Brody et
al., 2009), leading to the implementation of corrective mea-
sures that facilitate a shift from crisis management to risk
reduction (Raikes et al., 2019). Enhancing drought prepared-
ness is likely to play a key role. Notably, many EU coun-
tries have introduced drought legislation and guidelines for
DMPs after the 2018 drought (Publications Office of the
European Union, 2023). Consequently, the 2022 European
drought must serve as a critical wake-up call for the EU
to introduce a Drought Directive Framework (Biella et al.,
2024). Such a directive would provide a unified framework
for drought risk management, ensuring consistency across all
member states. Research on the topic should therefore strive
to guide policy towards an integrated, sustainable, and holis-
tic approach to drought risk management through exploring
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the interactions between preparedness, vulnerability, and risk
reduction.

1.4 Contribution of this study

In this study, we examine the state of drought prepared-
ness across Europe using a novel dataset collected through
a continent-wide survey of water managers carried out dur-
ing the 2022 European Drought. To understand the current
state of drought preparedness across Europe and to provide
insights that could inform the proposed Drought Directive,
we hypothesize that:

1. Preparedness, effectiveness, and timeliness of drought
management are scattered and vary considerably across
regions and organizations, leading to inconsistent pat-
terns of drought management across Europe.

2. Organizations operating in areas severely affected by
past drought events may be more inclined to rely on
forecast systems and DMPs, thereby better prepared for
future droughts.

3. The sense of management (i.e., preparedness, effective-
ness and timeliness) is shaped by recent experiences
(i.e., a cognitive bias exists), meaning that recent events
such as the 2022 drought can disproportionately influ-
ence individuals’ or organizations’ judgement.

4. Utilizing forecasting systems and implementing DMPs
improve drought preparedness and lead to more effec-
tive and timely drought responses.

5. Drought management practices and awareness are shift-
ing over time, as they are influenced by both the occur-
rence of recent drought events and the implementation
of preparedness measures.

To test these five hypotheses, we devised a methodology built
around a continent-wide survey to water managers involved
in the management of the 2022 event (Sect. 2.1), enriched
with climate information (Sect. 2.2). The dataset is then anal-
ysed using statistical methods (Sect. 2.3). The findings from
the analysis of the dataset examine the presence and use
of forecasting systems and DMPs as preparedness measures
(Sect. 3.1), the perceived effectiveness (Sect. 3.2) and time-
liness of responses to the 2022 drought (Sect. 3.3), as well as
the evolution of drought management over time (Sect. 3.4).
The paper concludes with a discussion of the current state
of drought risk management in Europe focussing on our 5
hypotheses (Sect. 4) and a plea for including preparedness
relate-guidance in an EU Drought Directive (Sect. 5).

This study was conducted under the Drought in the An-
thropocene (DitA) network, an initiative affiliated with the
International Association of Hydrological Sciences (IAHS)
and contributing to the HELPING scientific decade. It is fol-
lowed by a companion paper based on the same survey and
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titled The 2022 drought needs to be a turning point for Eu-
ropean drought risk management (Biella et al., 2024). The
companion paper examines how the physical drivers of the
2022 European drought relate to its impacts and the manage-
ment responses implemented.

2 Methods and data

2.1 Data collection: preparedness and drought
management perception

2.1.1 Survey design

An online survey, delivered through a web-based question-
naire, served as the primary method for data collection. It
was directed at water managers who played a role in ad-
dressing the 2022 drought (see Supplement, Sect. S1). The
questionnaire was developed by a multidisciplinary research
team with expertise in drought risk management. Its purpose
was to gather comprehensive information on sector-specific
drought impacts, the occurrence of simultaneous or com-
pounding hazards, the actions taken by the respondents’ or-
ganizations, the availability and application of preparedness
strategies, and recent changes in drought risk management
practices across Europe. To study preparedness and drought
risk a subset of relevant questions from the survey was se-
lected, namely:

— Question 5.b. Does your organization use a forecasting
system?

— Responses included: Yes, seasonal forecast (1-7
months); Yes, sub-seasonal (0-5 weeks); Yes, both
seasonal and sub-seasonal; No; and I don’t know.

— Question 9.a. When were the impacts first seen
(month)? [by sector]

— Responses included every month between March
and September 2022, including an option for Be-
fore March 2022, and After September 2022.

— Question 12. What were the main measures taken by
your organization?

— Question 14. How effective were the measures taken?

— Respondents permitted to rate from 1 “not effec-
tive” to 5 “very effective”.

— Question 15. Does your organization have a DMP or a
contingency plan for droughts?

— Responses included: Yes, both short-term response
and long-term management plans; Yes, only short-
term; response plan; Yes, only long-term manage-
ment plan; No, we do not have either; and I don’t
know. Additionally, a description of the definition
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of short-term response and long-term management
plans was given just before the question to avoid
confusion.

— Question 16. Has your organization introduced or up-
dated its DMPs since 2018?

— Responses included: Both plans since 2018; Only
management plan since 2018; Only contingency
plan since 2018; Both plans were already in place
before 2018; We do not have any plan; and I don’t
know.

— Question 17. The respondents were invited to fill in the
“...” with one of three options for three sub-questions
regarding awareness, preparedness, and effectiveness in
the response in 2022 compared to the 2018 drought. The
three options were More, Same, and Less. The three
sub-questions were:

— Question 17a. Compared to the 2018-2019
drought, your organization was... Aware;

— Question 17b. Compared to the 2018-2019
drought, your organization was. .. Prepared;

— Question 17c. Compared to the 2018-2019
drought, your organization was. .. Effective in re-
sponse.

It also included:

— Question 1. What type of organization do you belong
to?

— Question 2. At which level does your organization op-
erate?

— Question 3. In which country is your organization lo-
cated?

— Question 6. Which sectors does your organization oper-
ate in?

To reduce potential misinterpretation, each relevant sec-
tion of the questionnaire began with a glossary defining
key terms like “drought risk management”, “drought risk”,
and “drought risk management plans”. The questionnaire
was translated into 19 different languages (Supplement,
Sect. S1.2), and disseminated in the period between March
and October 2023. The sampling strategy leveraged the net-
work of collaborations of the members of the IAHS “Drought
in the Anthropocene” group (https://iahs.info/, last access: 24
February 2026). The questionnaire was then distributed via a
combination of systematic targeting and snowball sampling
(i.e. non-probability sampling where respondents recruit oth-
ers through their network). Where possible, a systematic dis-
semination approach was used. For example, this was the
case in in Sweden, where the survey was sent to all munic-
ipalities, and Spain and Italy where it was sent to all basin

https://doi.org/10.5194/nhess-26-955-2026

authorities. Also, key contacts in each country allowed us to
reach the practitioners, experts, and academics through their
personal connections. Web searches were also used to fill in
gaps in countries where either method did not yield sufficient
responses. The questionnaire did not collect any personal in-
formation from the respondents and did not constitute a vi-
olation of the European General Data Protection Regulation
(GDPR) policy.

For many of the questions, respondents could select either
the option “I don’t know” or instead skip the question. To
manage incomplete responses (i.e., respondents that skipped
one or several questions) in the survey analysis, we em-
ployed a deletion-based available-case (also known as pair-
wise deletion) analysis (Xu et al., 2022). This means that re-
spondents who did not answer a particular question and did
not select the “I don’t know” option, were excluded only
from analyses involving that particular question. This al-
lowed us to use more of the collected data across different
analyses, but each computed statistic may be based on a dis-
tinct subset of cases.

Responders were required to classify DMPs and fore-
casting systems used by type. Short-term plans (i.e., con-
tingency or emergency plans) and sub-seasonal forecasting
(0-5 weeks) were recognized as responsive preparedness,
while long-term management and seasonal forecasting (1-7
months) were categorized as strategic preparedness. Organi-
zations could report having one or both types of either pre-
paredness item. This distinction allowed to explore whether
strategic and responsive preparedness measures had distinct
relationships with effectiveness and timeliness of drought re-
sponse.

2.1.2 Dataset description

The survey collected 487 individual responses from 30 Euro-
pean countries, 481 of which were considered valid (invalid
responses were either empty, exact duplicates, or responses
from outside of Europe). The same data set, described in
more detail in Biella et al. (2025), underpins both studies.
While that paper provides an overview of drought impacts
and management, here we analyse the responses specifically
related to institutional preparedness, planning instruments,
and early action mechanisms.

2.1.3 Limitations of the dataset

The dataset presents limitations primarily due to its survey-
based nature. Firstly, due to the challenges in conducting
such a large-scale survey, where systematic targeting could
not be performed, snowball sampling was deemed the most
effective strategy. This approach may reduce the represen-
tativeness of the data, particularly when analysing smaller
sub-groups (e.g., by country or organization type). As a re-
sult, the study treats these sub-samples as indicative of their
broader populations. Additionally, the responses capture in-
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dividual perceptions, meaning that indicators like response
effectiveness or drought risk awareness should be understood
as perceived rather than objective measures.

Due to the non-probability, snowball-based sampling
method used to collect some of the responses, the find-
ings presented in this study mean that generalization to the
broader population of European water managers should be
made cautiously. While the survey provides valuable insights
into the perceived preparedness and response effectiveness
across a diverse range of regions and organizations, the re-
sults should be interpreted as descriptive. Sub-samples by re-
gion or organization type may not proportionally reflect the
actual distribution of views within institutions or practices
across Europe.

2.2 Hydroclimatic drought conditions

To relate the respondents’ perceptions to the actual drought
hazards, we also analysed the 2022 drought event from a
hydroclimatic perspective by including an assessment of
the multiscalar standardized precipitation-evaporation index
(SPEI) (Vicente-Serrano et al., 2010). The SPEI represents
the standardized monthly difference between precipitation
and potential evapotranspiration, providing a dimensionless
anomaly from normal conditions (WMO and GWP, 2016).
Positive SPEI values indicate wetter-than-normal conditions,
while negative values signify drier-than-normal conditions.
The SPEI is a widely used index for quantifying the climatic
water balance. It becomes more robust with longer aggre-
gation periods (e.g., six months or more), as longer periods
better represent the response times of streamflow, reservoirs,
and groundwater, reflecting drought conditions in hydrologi-
cal systems (WMO, 2012). Data for the SPEI were obtained
from the publicly available Global SPEI Database v2.9, pro-
vided by the Climatology and Climate Services Laboratory
(https://spei.csic.es/database.html#p7, last access: 12 Febru-
ary 2026). At the time of access, the database included SPEI
values for various aggregation periods (1 to 48 months) from
January 1901 to December 2022, with a spatial resolution
of 0.5° and a monthly time resolution. To represent drought
conditions in the summer of 2022, we selected the SPEI-6
index for August 2022 (the drought peak), which reflected
the water balance anomalies during the warmer 6-month
growing season from March to August 2022. Although a
6-month aggregation period may not fully capture intense
short-term drought events, it is widely used for assessing sea-
sonal drought impacts, particularly hydrological droughts,
such as deficits in streamflow or groundwater levels (Stagge
et al., 2017, 2015). By smoothing out short-term variabil-
ity, it provides a more stable indicator of persistent water
deficits and their cumulative effects on water management
decisions, including for instance reservoir operations or irri-
gation planning. The gridded SPEI-6 data were extracted and
averaged for each country using the administrative bound-
aries provided by EuroGeographics (https://ec.europa.eu/
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eurostat/web/gisco/geodata/administrative-units, last access:
12 February 2026). To test our hypothesis 2 (organizations
operating in areas that have experienced more severe drought
conditions during previous drought events might be more
inclined to rely on forecast systems and drought manage-
ment plans), we also extracted the SPEI-6 index for Septem-
ber 2018, which represents the peak of the 2018 European
drought.

2.3 Statistical analysis

The responses were analysed by using descriptive statistics
to capture the respondents’ perception of their drought pre-
paredness as well as their effectiveness and timeliness in
drought management (hypothesis 1). Timeliness refers to the
calendar month in which respondents reported implementing
response measures, regardless of when the drought began.
Responses were categorized by calendar month (e.g., March,
April, etc.), with “Before March 2022” coded as February
(month 2) and “After September 2022 as October (month
10). This allowed for an approximate quantification of early
and late responses while acknowledging some simplification.
Given the truncated and categorical nature of the data, and
the potential for skewed distributions, we used the median
as the preferred measure of central tendency, as it provides
a more robust representation of central timing trends and is
less sensitive to outliers or non-normality. To compute rela-
tive timeliness for each country, we compared the reported
month in which a response was carried out with the reported
drought onset (Question 9a — When was the impact first
seen?) and calculated Response (month) — Impact (month).
A negative value indicates how many months before the start
of the drought an organization took measures. Due to the con-
struction of the survey, relative timeliness could only be esti-
mated at the sectorial level.

For each question, only valid responses were considered,
excluding respondents who skipped the question and in-
cluding only those who selected one of the provided re-
ply options. For a more in-depth regional analysis, all re-
sponses were categorized as representing one out of seven
different regions (cf. Supplement, Sect. S2): north-western
(NW), north-eastern (NE), western (W), central (C), east-
ern (E), south-western (SW) and south-eastern (SE) Europe.
Responses were also analysed by their type of organization
and organizational scale (cf. Fig. S1b in the Supplement).
Additionally, when comparisons at the country level were
carried out, only countries with 10 or more responses were
considered, as fewer than 10 responses were considered non-
sufficient to make generalization at the country level.

To unravel the link between two past drought experiences
(i.e., 2018 and 2022) and perceived drought preparedness
and effectiveness of the management measures (hypotheses
2 and 3), we computed the non-parametric Spearman’s rank
correlation coefficient ps (Spearman, 1904) between SPEI-
6 (for August 2022 and September 2018 respectively) and
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factors, such as preparedness, effectiveness, timeliness and
awareness. Spearman rank correlation was chosen over lin-
ear Pearson product-moment correlation (Pearson, 1895), be-
cause Spearman assumes only monotonicity without making
prior assumptions about the nature of the relationships (e.g.,
linear or logarithmic). We assume that perceived effective-
ness of the response should reflect the organization’s level
of preparedness (such as forecasting capabilities, and man-
agement plans) rather than the severity of a specific drought
event.

The Wilcoxon rank sum test for non-paired samples
(Wilcoxon, 1945; Mann and Whitney, 1947) was utilized to
assess whether the presence of preparedness measures af-
fects the effectiveness and timeliness of the response, as well
as the variety of measures implemented (hypothesis 4). This
analysis assumed that the Likert scale from 1 to 5 used in the
survey for effectiveness maintains consistent meaning and
equal intervals between the values throughout (Likert, 1932).

To evaluate if preparedness influences the direction of
drought management and to test whether this direction is
positive (hypothesis 5), a Chi-Square test was used (Pear-
son, 1900), utilizing the responses from questions 16 and
17. We tested three different null hypotheses: (1) Organiza-
tions utilizing any type of drought forecasting systems show
more increased awareness, preparedness and effectiveness in
drought management compared to those without, (2) Orga-
nizations with any type of DMPs indicate more increased
awareness, preparedness and effectiveness in drought man-
agement compared to those without, and (3) Organizations
that introduced or updated their DMPs since 2018 demon-
strate more increased awareness, preparedness and effective-
ness in drought management compared to those that did not.
The responses were categorized accordingly into with/with-
out forecasting, with/without DMP, and with/without intro-
duction or update since 2018. Responses indicating a similar
or lower awareness level as compared to 2018 were catego-
rized as “not more aware”, thereby resulting in two categories
(i.e., more aware/not more aware). This facilitated the cre-
ation of a series of 2 x 2 matrices (e.g., with DMP/without
DMP versus more aware/not more aware) for the Chi-square
test.

3 Results
3.1 Overview of preparedness
3.1.1 Regional patterns in preparedness

Many respondents (42 %) reported that their organizations
use some form of drought forecasting in their operations
(Fig. 1a, top). This comprises 21 % using both seasonal (1-7
months) and sub-seasonal (1-5 weeks) forecasts, 14 % with
only sub-seasonal, 14 % with only seasonal, and 3 % with
other forms of forecasting. Drought forecasting has the high-
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est implementation rate in western (60 %), central (51 %) and
south-eastern (51 %) Europe (Fig. la, centre). Conversely,
45 % of respondents do not use any drought forecasting, with
this issue being more pronounced in eastern (54 %), north-
western (53 %), and south-western (52 %) (Fig. la, centre).
Among countries with 10 or more valid responses (Fig. 1a,
bottom), the highest percentages of respondents not using a
forecasting system are in Ukraine (67 %), Romania (57 %),
Italy (56 %), Hungary (55 %), Germany (54 %), and Sweden
(54 %). In contrast, Turkey (70 %), the Netherlands (64 %),
Switzerland (63 %), Serbia (59 %), and Spain (58 %) have
the highest use of forecasting as a preparedness tool.

The majority of respondents (47 %) indicated that their or-
ganizations have either a long-term DMP (7 %), a short-term
response plan (12 %), or both (28 %), while 46 % do not have
such plans (Fig. 1b, top). DMPs are most frequently imple-
mented in western (84 %), south-western (53 %) and north-
western (47 %) Europe, and the least often (23 %) in north-
eastern Europe (Fig. 1b, centre). Countries with the high-
est reliance on DMPs include the Netherlands (89 %), Spain
(79 %), and France (73 %) (Fig. 1b, bottom). On the other
hand, the highest percentages of respondents not using DMPs
are in Poland (67 %), Ukraine (61 %), and Sweden (59 %).
Except for France, Croatia and Poland, most countries with
10 or more responses preferred short-term over long-term
plans (Fig. 1b, bottom). The highest prevalence of short-term
response plans was in Switzerland (25 %), the Netherlands
(22 %), and Serbia (19 %).

When asked about the introduction or updating of DMPs
in their organizations, 35 % of the respondents reported that
plans were introduced or updated after 2018 (i.e., after the
previous large-scale European drought), while only 13 % had
a DMP in place before 2018 (Fig. 1c, top). Specifically, 17 %
reported the introduction or update of both plans, 11 % of
solely short-term DMPs, and 7 % of only long-term DMPs.
However, a considerable percentage of respondents either did
not know how to answer (27 %) or did not have a DMP im-
plemented (25 %). Notably, 19 % of all survey respondents
skipped this question, compared to a 5 %—10 % skipping rate
for previous questions. By far, the country with the highest
share of non-valid responses was Sweden (75 %).

Regions with the highest share of DMPs introduced prior
to 2018 are eastern (45 %), north-eastern (32 %), and north-
western (24 %) Europe, while western Europe has the high-
est percentage (64 %) of DMPs introduced or updated after
the 2018 drought (Fig. 1c, centre). Large fractions of respon-
dents in the Netherlands (73 %), Switzerland (67 %), Hun-
gary (56 %), Spain (53 %), France (50 %) and Turkey (50 %)
have updated or introduced their plans after 2018 (Fig. lc,
bottom). In contrast, the countries where most plans were al-
ready in place before 2018 and have not been introduced or
updated since are Ukraine (62 %) and Sweden (36 %), the
United Kingdom (21 %), Italy (21 %) and Spain (20 %).
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Figure 1. Presence of preparedness factors, i.e., (a) forecasting systems, (b) drought management plans (DMPs), and (c) their introductions
across Europe (top), regions (centre) — including responses from all countries within each region, including those with few responses — and
countries with 10 or more responses to each question (bottom). The regions are denoted as SE (Southeast), SW (Southwest), E (East), C
(Central), W (West), N (North), NW (Northwest), and NE (Northeast), with countries identified by their two-letter ISO 3166 codes.

3.1.2 Organizational differences in perceived
preparedness

Different types of organizations and operational levels
showed varying degrees of preparedness (Sect. S3.1.2).
Private organizations utilize forecasting systems most fre-
quently (47 %), while other organizations use them less of-
ten (41 %—42 %). DMPs are most frequently implemented
by NGOs (63 %), followed by public/governmental, (48 %),
private (39 %), and other organizations (36 %). Respondents
from NGOs also reported a higher reliance on a combina-
tion of short- and long-term DMPs (42 %) than other organi-
zations (12 %-28 %). In contrast, private and public/govern-
mental organizations rely more on short-term DMPs (11 %

~—
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and 14 %, respectively) compared to 4 %-5 % in other orga-
nizations. Respondents from public/governmental organiza-
tions indicated that most of their DMPs were introduced after
2018 (38 %), followed by NGOs (35 %) and other organiza-
tions (33 %). Notably, only 25 % of respondents from private
organizations reported introducing or updating their plans af-
ter 2018.

Preparedness also varied with the operational level of
the organizations. Respondents from regional organizations
more frequently reported not utilizing forecasting (52 %)
compared to national (35 %) and international organizations
(25 %). Conversely, 67 % of respondents from international
organizations indicated using some type of forecasting, while
this number dropped to 52 % at the national and 42 % at the
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Table 1. Spearman rank correlation between drought severity (ex-
pressed as SPEI6 during the peak drought months of 2018 and 2022)
and preparedness. The central column depicts the correlation of pre-
paredness factors with drought severity in 2018, the right column
with drought severity in 2022. Significant values (p-value < 0.1) are
highlighted in bold font.

SPEI-6 — SPEI-6 —

September 2018  August 2022

Forecasting system +0.14 +0.05
DMP —0.02 —0.18
Only short-term DMP —0.61 —-0.33
Long-term DMP +0.19 —0.08
Introduction of DMP after 2018 —0.06 +0.26

regional level. A similar, but less distinct, pattern emerged
for implementing DMPs. International organizations had a
higher rate of DMP implementation (55 %), particularly for
combined short- and long-term DMPs (39 %). National and
regional organizations implemented DMPs less often (45 %—
47 %) and relied much less on combined short- and long-
term DMPs (26 %28 %), favouring short-term plans instead
(11 %-12 %), compared to only 6 % of international organi-
zations. Regarding the timing of DMP introduction or up-
dates, no clear differences were apparent across the oper-
ational levels. At all levels, 12 %—14 % of respondents in-
dicated having a DMP in place before 2018, while 34 %
of international, 31 % of national, and 37 % of regional re-
spondents reported introducing or updating their DMPs after
2018.

3.1.3 Link between drought severity and preparedness

To evaluate our hypothesis that organizations operating in
countries that were severely affected by past drought events
are more likely to rely on forecast systems and DMPs (hy-
pothesis 2), we compared the drought severity of the 2018
event (measured by SPEI-6 for September 2018) with the
preparedness measures reported by respondents (Table 1).
Our analysis revealed no correlation between the use of fore-
casting systems and the severity of the 2018 drought (Ta-
ble 1, central column). Similarly, we found no significant
correlation between the general existence of DMPs, the im-
plementation of long-term DMPs, and the updating of DMPs
(Table 1, central column). However, a strong and significant
correlation was identified between the severity of the 2018
drought and the existence of short-term DMPs (Table 1, bold
value), indicating that respondents from countries experienc-
ing more severe drought conditions in 2018 were more likely
to rely on short-term DMPs.

To test whether recent experiences influenced perceptions
of preparedness, we also compared the drought severity of
the 2022 event (measured by SPEI-6 for August 2022) with
the reported preparedness measures (Table 1, right column).
No significant correlation was found between the severity
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of the 2022 drought and the use of forecasting systems, nor
the implementation or updating of short- or long-term DMPs
(Table 1, right column).

3.2 Preparedness of a driver of effectiveness
3.2.1 Regional patterns in perceived effectiveness

The respondents perceived effectiveness was divided, with
roughly the same amount of valid (i.e., excluding “don’t
know” or “not relevant”) responses indicating low or medium
effectiveness compared to those indicating high effective-
ness. Detailed analyses of organizational and regional dif-
ferences in perceived effectiveness are presented in Biella et
al. (2025).

Considering the reported effectiveness as ordinal values
with equal spacing, the reported mean effectiveness for Eu-
rope was 3.4 (Fig. 2a), with the lowest in eastern Europe
(2.9) and the highest in north-eastern Europe (3.8) (Fig. 2b).
Among countries with 10 or more valid responses (Fig. 2c),
the perceived effectiveness ranged from 2.7 to 4.0, with the
highest scores in Sweden (4.0), France (3.7), the Netherlands
(3.7), Switzerland (3.7), Spain (3.7) and Italy (3.6). The low-
est effectiveness ratings were reported by respondents from
Germany (3.0) and Croatia (3.0).

3.2.2 Organizational differences in perceived
effectiveness

The analysis of perceived effectiveness by type of organiza-
tion revealed that NGOs generally considered their effort to
be the least effective in managing drought risk. Half of the
respondents from NGOs assessed their responses as ineffec-
tive (either 1 or 2), and 29 % rated them as neutral. Only
21 % of NGOs rated their responses as effective (4 or 5), re-
sulting in the lowest overall mean effectiveness score of 2.6
(Sect. S4.2). In comparison, respondents from both private
and public/governmental organizations judged their response
effectiveness on average as 3.5, with 51 %—54 % rating their
responses as effective (4 or 5).

The differences across the operational levels were rela-
tively small, with a perceived mean effectiveness of 3.6 for
international organizations, 3.5 for regional, and 3.3 for na-
tional. Overall, respondents working in international organi-
zations were the most confident, with 60 % indicating effec-
tive drought responses (rated as 4 or 5), followed by regional
(51 %) and national levels (43 %). These findings are gener-
ally consistent with the overall European values.

Notably, a significant number of respondents (21 %) re-
ported that their measures were irrelevant. This response cat-
egory was intended for organizations whose activities, such
as monitoring, research, or data collection, do not directly
influence drought management, as well as for those that did
not implement any measures. By examining the actions taken
by respondents who selected “not relevant” (based on ques-
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Adapted from Biella et al. (2025).

tion 12 of the questionnaire, see Supplement, Fig. S2), it is
apparent that the vast majority took no measures (26 %) or
skipped the question on measures (24 %). A substantial num-
ber of “not relevant” responses came from Swedish respon-
dents (31 %), who, on average, took significantly fewer mea-
sures than those from other countries and mostly relied on
monitoring.

3.2.3 Link between drought severity and effectiveness

To test our hypothesis that recent drought events can dispro-
portionately influence individuals’ or organizations’ judge-
ments (hypothesis 3), we analysed the relationship between
drought severity (of both the previous 2018 European event
and the most recent 2022 drought) and perceived effective-
ness (Fig. 3). We found no correlation between perceived
effectiveness during the 2022 drought and drought severity
in 2018 (Fig. 3a). However, a strong and significant positive
correlation (p-value < 0.1) was observed between perceived
effectiveness and drought severity in 2022 (Fig. 3b). Coun-
tries that experienced more severe drought conditions in 2022
(e.g., the Netherlands, Germany, Croatia, and Italy) tended
to perceive their drought management measures as less ef-
fective, while less affected countries like Sweden perceived
higher effectiveness.

3.2.4 Influence of preparedness on effectiveness

Organizations that utilized a forecasting system considered
themselves significantly more effective than those without
one (Fig. 4a). On average, respondents using some type of
forecasting rated their effectiveness as 3.6, compared to 3.3
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Figure 3. Relationship between average perceived effectiveness (y-
axis) and the drought severity in (a) 2018 and (b) 2022 (x-axis, ex-
pressed as the SPEI-6 at the drought peak month) for the countries
(circles) with 10 or more responses. The more negative the SPEI-6
values, the more severe the drought conditions. Spearman rank cor-
relation coefficient “rho” and the corresponding p-value are shown
in each panel’s lower left corner. Countries are indicated using their
two-letter country code (ISO 3166).

for those without forecasting (p-value = 0.03). Among fore-
casting methods, respondents relying only on seasonal fore-
casting rated their effectiveness the highest at 3.7 (Fig. 4b),
followed by those using combined seasonal and sub-seasonal
at 3.5, only sub-seasonal at 3.5, and other types of forecast at
3.4 (p-value = 0.026).

Similarly, measures implemented by organizations with
DMPs were perceived as significantly more effective than
those taken by organizations without (Fig. 4c). We found
that organizations with a DMP rated their effectiveness on
average at 3.6, compared to 3.1 for those without DMPs (p-
value = 0.0003). Notably, the effect of DMPs on effective-
ness was larger and more significant than that of forecasting
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Figure 4. Histograms of perceived effectiveness regarding the (a) utilization of forecasting systems, (b) type of forecasting system, (c) im-
plementation of DMPs, and (d) type of DMP. The mean values of each subgroup are displayed on the graph, as well as the p-value resulting

from the tests.

systems. Further analysis revealed that organizations with a
combination of short- and long-term DMPs perceived their
responses as most effective, rating them at 3.8 (Fig. 4d). This
was followed by organizations with only short-term plans at
3.6 and those with only long-term plans at 3.1. However, this
difference was not statistically significant (p-value = 0.49).

The same tests were conducted across various spatial and
organizational sub-classes of respondents (Sect. S4.3), re-
vealing that respondents with forecasting systems and/or
DMPs have been more effective in their responses than those
without, across most sub-classes. While not all of these dif-
ferences were statistically significant, the general pattern re-
mained consistent. Additionally, all significant differences
featured higher effectiveness in groups with preparedness
measures implemented, with the effect being stronger at the
local level and within the public sector.

Preparedness, in the form of forecasting systems or DMPs,
also significantly influenced the variety of measures organi-
zations took in response to the drought. Respondents utiliz-
ing forecasting systems implemented an average of 1.5 dif-
ferent types of measures, compared to 1.1 types by those
without such systems. Similarly, organizations with DMPs
implemented an average of 1.5 different types of measures,
while those without DMPs implemented 1.2 types. In both
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cases, the differences between groups (with and without pre-
paredness measure) were statistically significant (p-values
0.0003 and 0.0004, respectively).

We also found a clear positive correlation between per-
ceived effectiveness and the variety of measures taken
(Spearman’s rank correlation coefficient ps =0.9). Respon-
dents rating their effectiveness as 1 or 2 implemented an av-
erage of 1.1 and 1.3 types of measures, respectively. In con-
trast, those rating their effectiveness as 3, 4 or 5 implemented
an average of 1.5, 1.5 and 1.7 types of measures, respectively.

3.3 Preparedness as driver of timeliness in the response
3.3.1 Regional patterns in the timeliness

The timing of drought measures across Europe spanned the
entire spring and summer season of 2022, with the average
response month being May (Fig. 5a). A considerable num-
ber of respondents had already taken measures before March
2022, including those at the European level (Fig. 5a), as
well as in western, central, and southern Europe (Fig. 5b). In
several individual countries such as Spain (38 %), Germany
(35 %), and Romania (33 %), early actions were also noted
(Fig. 5¢). By May 2022, roughly half or more of the respon-
dents in many countries had already implemented measures
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(Fig. 5¢). However, some countries responded much later.
For instance, 45 % of respondents in Ukraine and 50 % in
Great Britain reported acting in July. Similarly, in Romania
and Croatia, 13 %—15 % of respondents acted after Septem-
ber. Interestingly, Spain exhibited one of the highest early re-
sponse rates, with many measures taken before March 2022,
while the highest fraction of respondents took late measures
after September 2022 (19 %).

North-western and eastern Europe responded on average
later, i.e., in June and July, compared to the rest of Europe
(Fig. 5b). The median response month also varied across the
countries with 10 or more respondents, ranging from May
in the Netherlands, Germany, Romania, and Italy, to July in
Ukraine (Fig. 5¢).

3.3.2 Organizational differences in the timeliness

An assessment of the relationship between organization type
and the timing of drought responses revealed variations in
timeliness across organizations (Sect. S5.2). Respondents
from “other organizations” reported the quickest responses,
averaging in early April. NGOs and private organizations
were the next fastest, responding on average in early May.
In contrast, public/governmental organizations reported later
responses, averaging in late May, while scientific organiza-
tions were the slowest, with responses averaging in early
June.

The highest fraction of respondents who implemented
measures already before March were from “other organiza-
tions” (47 %), followed by NGOs (35 %), private organiza-
tions (31 %), and both public/governmental and scientific or-
ganizations (24 % each). Notably, NGO’s/Charity and private
organizations also had the highest fraction of respondents re-
porting measures taken after September (10 % and 12 %, re-
spectively).

At the operational level, differences in the timeliness of
responses were minimal, with all levels averaging mid-May.
Across all levels, 26 %—27 % of respondents took action be-
fore March, and 49 %—54 % acted before June. However,
there were differences in the proportion of organizations re-
sponding after September: 15 % of national-level organiza-
tions, compared to 9 % at the international level and 6 % at
the regional level, implemented measures later in the year.

3.3.3 Link between drought severity and timeliness

To investigate whether recent drought events disproportion-
ately impact individuals’ or organizations’ judgments, we
analysed the relationship between drought severity of the
2018 and 2022 European with the perceived timeliness
(Fig. 6). Positive correlations were observed in both instances
(Fig. 6a, b), with respondents from countries experiencing
more severe drought both in 2018 and in 2022 (i.e., more
negative SPEI-6 values) introducing measures earlier. While
the correlation of timeliness with the 2018 drought was not
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found to be significant, that with the SPEI6 of the 2022
drought was significant (with a p-value of 0.04).

3.3.4 Influence of preparedness on timeliness

Respondents with a forecasting system or a DMP in place
demonstrated significantly earlier responses (Fig. 7a and
¢). The median timeliness of the response of the respon-
dents using forecasting systems was 2 months faster (p-
value =0.002), and those with DMPs responded 1 month
faster (p-value =0.04) than those without these measures.
The effect of utilizing a forecasting system was more pro-
nounced than that of implementing DMPs.

Respondents’ timeliness did not differ with respect to the
type of forecasting used, with all types of forecasting leading
to the same median response timeliness of May. The only
exception were the respondents who stated using “other”
types of forecasting systems which responded faster (April).
Nonetheless, this difference was statistically not significant
(p-value =0.23). We also found that organizations relying
solely on long-term DMPs had a median response time 1
month slower (Fig. 7d) (month 6, June) compared to orga-
nizations with short-term DMPs (5, late May) or with a com-
bination of both types of DMPs (5, May). This difference was
also statistically insignificant (p-value =0.95).

In terms of relative timeliness, organizations utilizing fore-
casting systems or DMPs implemented measures in 15 out
of the 16 surveyed sectors before drought impacts emerged
(Sect. S5.3). In contrast, organizations without forecasting
systems or DMPs managed to respond proactively in only
3 and 4 out of 16 sectors, respectively. On average, orga-
nizations with a forecasting system or DMP responded one
month before the reported impacts, whereas those without
these preparedness measures responded 0.1 months after the
impacts were observed (Sect. S5.3, Table S13).

3.4 Shifting drought management through institutional
preparedness

3.4.1 Regional differences in management shifts

Question 17a—c of the survey allowed us to examine the
shift in awareness, preparedness, and effectiveness in the re-
sponse, comparing 2018 and 2022 droughts. Overall, clear
positive trends in awareness (Fig. 8a), preparedness (Fig. 8b)
and effectiveness (Fig. 8c) could be observed across respon-
dents in Europe (Fig. 8, top), with most respondents indicat-
ing being more aware (54 %), prepared (35 %), and effective
in the response (33 %) than in 2018, or just as aware, pre-
pared and effective (32 %, 39 %, and 38 %, respectively) as
in 2018. Only a small minority of respondents indicated be-
ing less aware (3 %), prepared (5 %), and effective (6 %).
Considering the reported shifts in awareness as ordinal
values with equal spacing, where “less aware” corresponds
to —1, “same awareness” to 0, and “more aware” to +1 units
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change, the reported weighted average shift for Europe was
+-0.6 for awareness, +0.4 for preparedness, and +0.3 for ef-
fectiveness. Noticeably, the respondents perceived a larger
positive shift in awareness than preparedness and effective-
ness.

The largest portion of respondents perceiving a decrease
in awareness, preparedness, and effectiveness was found in
eastern Europe, while western Europe showed the largest in-
crease (Fig. 8, centre). Specifically, countries like Sweden,
Turkey, and Poland stood out for showing strong increases
in awareness (1.0, 0.7 and 0.4, respectively), but nearly stag-
nating shifts in preparedness and effectiveness, with Sweden
even featuring an overall negative trend. In fact, Sweden was
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the only country reporting a negative shift in preparedness,
while respondents from both Ukraine and Sweden perceived
a negative trend in effectiveness. Other countries such as the
Netherlands, Spain, Germany or Italy showed more consis-
tent shifts across all three dimensions (Fig. 8, bottom). A sig-
nificant number of respondents also chose the option “I don’t
know”, especially for preparedness (21 %) and effectiveness
(23 %).

3.4.2 Organizational differences in management shifts

Among organizational types, NGOs had the highest por-
tion of respondents reporting a positive trend in awareness
(63 %), but also exhibited the largest gap between awareness
and preparedness, with only 33 % reporting an increase in
preparedness (cf. Sect. S6.2). In contrast, private, public/gov-
ernmental, and scientific organizations showed similar pro-
portions of respondents perceiving an increase in awareness
(52 %—53 %). Private organizations experienced a consider-
able drop from awareness (53 % reporting an increase) to
preparedness (30 % reporting an increase), compared to the
smaller drop observed in public/governmental (35 % report-
ing an increase) and scientific organizations (32 % report-
ing an increase). Private organizations also consistently had
the largest share of respondents indicating that their levels
of awareness, preparedness, and effectiveness remained the
same in 2022 compared to 2018.

Overall, a minor proportion of organizations indicated a
negative trend in drought risk management, with 0 %-5 % for
awareness and 0 %—7 % for preparedness and effectiveness.
The largest negative trend was found among NGOs, with 7 %
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resulting from the respective tests.

reporting a decrease in preparedness and effectiveness, but
none indicated a decrease in awareness compared to 2018.

Differences in management shifts across operational lev-
els were much less pronounced (Sect. S6.2). Most respon-
dents from all levels (50 %—54 %) reported increased aware-
ness, and roughly one-third reported increased preparedness
(32 %35 %). International organizations stood out slightly,
with 43 % of respondents perceiving their effectiveness as
improved, compared to 34 %-35 % of respondents from na-
tional and regional organizations.

International organizations also consistently had the high-
est number of respondents indicating no change in their per-
spectives, with 47 % reporting the same level of awareness
(compared to 32 % at regional and national levels), 65 % re-
porting the same level of preparedness (compared to 34 %—
43 %), and 54 % reporting the same level of effectiveness
(compared to 34 %—42 %). Notably, no respondent from an
international organization reported a negative trend, com-
pared to 3 %—7 % at other operational levels.
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3.4.3 Link between drought severity and management
shifts

To assess whether recent drought events in 2018 and 2022
have shaped perceptions of drought management and are
linked to the observed shifts in awareness, preparedness and
effectiveness, we studied the relationship between drought
severity during these events and the corresponding shifts.
Slight negative relationships were detected between all ob-
served shifts and the 2018 drought event (Fig. 9a, c, e), in-
dicating that respondents from countries experiencing more
severe drought conditions in 2018 saw somewhat stronger
shifts in drought management practices. However, none of
these correlations were statistically significant.

In contrast, substantially stronger and partly signifi-
cant negative correlations were found when comparing the
2022 drought severity with shifts in perceived preparedness
(Fig. 9d) and effectiveness (Fig. 9f). This suggests that in-
creased drought severity (more negative SPEI-6 values) is
linked to enhanced preparedness and effectiveness.
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Figure 8. Perceived shifts in (a) awareness, (b) preparedness, and (c) effectiveness from 2018 to 2022 across Europe (top), regions (centre)
— including responses from all countries within each region, even from those with few responses — and countries with 10 or more responses
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(Northeast), with countries identified by their two-letter ISO 3166 codes. Adapted from Biella et al. (2025).

3.4.4 Influence of preparedness on perceived
management shifts

Respondents who had implemented any drought-
preparedness measures reported notably higher levels
of perceived improvement in awareness, preparedness, and
effectiveness since 2018 than those without such measures
(Sect. S6.3). In line with broader European findings that
many organizations felt more effective in 2022 (Biella et al.,
2024), our analysis shows that these positive perceptions
were especially pronounced among institutions equipped
with forecasting systems (Fig. 10a). A similar pattern was
observed for organizations with DMPs. Those with any
form of DMP perceived stronger gains in awareness and
preparedness than those lacking a plan (Fig. 10b).
Respondents from organizations that introduced or up-
dated their plans after 2018 (Fig. 10c) showed the most sig-
nificant increases in awareness (67 %), preparedness (55 %),
and effectiveness (50 %) compared to 2018 across all tested
categories (Fig. 10). In comparison, those who updated their
plans before 2018 or had no plans were less frequently more
aware (53 % and 42 %), more prepared (37 % and 30 %), and
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more effective (37 % and 27 %). However, the differences
between plans introduced before and after the 2018 drought
were not statistically significant (p-values ranging from 0.15
to 0.65).

Regardless of the type of plans introduced, organizations
that implemented a plan since 2018 perceived themselves as
more aware, prepared, and effective than those without a plan
(Sect. S6.3, Table S16). This was most evident in organiza-
tions that introduced both short-term and long-term plans af-
ter 2018, as they considered themselves significantly more
effective compared to 2018 than those without a plan. The
only exception was effectiveness, where organizations that
introduced only long-term plans were just as effective as
those without any plan. Compared to the mere presence of
plans, the differences in awareness, preparedness, and effec-
tiveness were smaller among organizations that introduced
both types of plans (N =45, 39, and 40, respectively).
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4 Discussion

4.1 Variability in drought management practices
across Europe

The findings of this study support the initial hypothesis that
preparedness, effectiveness, and timeliness of drought man-
agement are indeed scattered and vary across regions and
organizations (hypothesis 1), leading to inconsistent pat-
terns of drought management across Europe. The adop-
tion of drought forecasting systems and DMPs is unevenly
distributed, with notable regional and organizational differ-
ences. More than half of the surveyed organizations are not
employing or are uncertain about the employment of drought
forecasting tools or DMPs, which are critical for proac-
tive drought management (Bonaccorso et al., 2022; Tsakiris,
2016). The disparity is more pronounced in certain regions,
particularly in eastern and north-western Europe, where most
respondents reported not using any form of drought forecast-
ing. In these regions, respondents also rated their effective-
ness and timeliness the lowest, suggesting potential delays in
recognizing and acting upon drought threats. The high imple-
mentation rates of DMPs in western and south-western Eu-
rope — particularly in countries like the Netherlands, Spain,
and France — suggests a more advanced and proactive level
of preparedness in these regions, which is also reflected in
their high perceived effectiveness and timeliness. This may
be attributed to these countries’ historical experiences with
drought (Spinoni et al., 2016) and a stronger institutional
framework for water management. Conversely, countries like
Poland, Ukraine, and Sweden exhibit lower adoption rates
of DMPs, possibly indicating gaps in institutional capacity
(e.g., in the case of Ukraine as a consequence of ongoing
conflict) or low drought risk perception (Teutschbein et al.,
2023). In particular, regions such as north-eastern Europe lag
behind the rest of the continent, possibly due to infrequent or
less historically severe droughts (Spinoni et al., 2016), lead-
ing to a lower prioritization of drought preparedness.

The introduction or updating of DMPs is a common re-
sponse to the 2018 drought event, particularly in western Eu-
rope. This reactive approach underscores the importance of
adaptive management in response to climate variability (UN-
DRR, 2021). However, the substantial percentage of respon-
dents unaware of their organization’s DMP status or skip-
ping the question altogether highlights a potential communi-
cation and knowledge dissemination issue within organiza-
tions (Wilhite et al., 2007).

The organizational differences in perceived preparedness
further illustrate the varying levels of engagement with
drought preparedness tools. Private organizations are more
inclined to utilize forecasting systems and respond more
quickly, possibly due to the direct economic impact of
drought on their operations (Berkhout, 2012). NGOs show
higher implementation rates of DMPs, possibly reflecting
their focus on community resilience and long-term sustain-

https://doi.org/10.5194/nhess-26-955-2026

ability. It is worth noting that despite being responsible
for implementing most of the on-the-ground measures, only
51 % of public/governmental respondents considered them to
be effective or very effective. These organizations also show
later response times, likely due to the bureaucratic processes
and the need for comprehensive data analysis (Takeda and
Helms, 2006). Operational level also plays a significant role
in preparedness. International organizations exhibit higher
engagement with both forecasting systems and DMPs, pos-
sibly due to their broader mandate and greater access to re-
sources. In contrast, regional organizations, which may face
more localized challenges and resource constraints, show
lower utilization rates. This pattern suggests a need for en-
hanced support and capacity-building at the regional level to
improve drought preparedness comprehensively, and in a co-
hesive manner.

4.2 TImpacts of past drought events on preparedness

Our research hypothesis 2 posited that countries severely af-
fected by past droughts are more inclined to rely on fore-
cast systems and DMPs, thereby being better prepared for
future droughts. However, the lack of a significant correla-
tion between the severity of the 2018 drought and the use
of forecasting systems or the general existence and updating
of DMPs suggests that severe drought conditions do not uni-
formly drive countries to increase preparedness. This find-
ing could imply that other factors, such as economic ca-
pacity, institutional frameworks, or prior experience with
drought management, play a more critical role in determining
whether a country invests in and utilizes forecasting systems
and DMPs.

The strong and significant correlation between the severity
of the 2018 drought and the reliance on short-term DMPs nu-
anced responses with countries experiencing severe droughts
in 2018 appearing more likely to implement immediate,
short-term management plans. This finding suggests a reac-
tive approach to drought management, where immediate past
experiences with severe droughts prompt short-term adapta-
tions rather than long-term strategic planning. However, this
is in contrast with the research on drought, which shows that
droughts are long-lasting events that can span over several
seasons and their impact can trickle across different aspects
of socio-ecological systems (e.g., depletion of the water sup-
ply lasting for years, delayed impacts on forestry sectors, and
governance responses taking years to materialize), and re-
quire long-term perspective in their management (Van Loon
et al., 2024; Hagenlocher et al., 2023; Biella et al., 2024).
Additionally, research suggests that reliance on short-term
information can hinder transformative adaptation (Biella et
al., 2024; Boon et al., 2021).
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4.3 Influence of recent drought experiences on
management perception

Our study also aimed to test the hypothesis that recent ex-
periences with droughts shape perceptions of drought man-
agement, highlighting the potential for cognitive biases to in-
fluence judgement (hypothesis 3). Contrary to our hypothe-
sis, we found no correlation between the severity of the 2018
drought and perceived preparedness (i.e., use of forecasting
systems or the general existence and updating of DMPs). Un-
affected preparedness suggests that a single drought event
might not directly influence long-term preparedness mea-
sures, which corroborates previous conclusions that previous
experience with severe droughts does not necessarily result
in long-term strategic planning (hypothesis 2). However, our
findings on perceived effectiveness offer support to hypothe-
sis 5 (i.e., drought management practices and awareness are
shifting over time, as they are influenced by both the occur-
rence of recent droughts and the implementation of prepared-
ness measures). While there was no correlation between per-
ceived effectiveness and the severity of the 2018 drought,
the significant positive correlation observed with the 2022
drought suggests that more recent severe events heavily influ-
ence perceptions of effectiveness. Countries experiencing se-
vere drought conditions in 2022 tended to view their drought
management measures as less effective, indicating a possible
recency bias where recent negative experiences overshadow
past efforts and achievements (Comes, 2016).

Similarly, the analysis of perceived timeliness revealed
positive correlations for both 2018 and 2022 events, with the
2022 one being significant. This indicates that recent severe
droughts generally lead to perception of delayed manage-
ment responses. While these correlations are not enough to
confirm a definitive influence, the consistency in the direc-
tion of the correlation and the significance of the 2022 case
suggest that more severe conditions, especially of the ongo-
ing droughts, are associated with more timely interventions,
possibly due to earlier signs of droughts in severely affected
regions. While previous drought experiences (i.e. the 2018
event) might also lead to faster response, this was not con-
firmed by our findings.

The comparison of shifts in perceived preparedness and ef-
fectiveness between the 2018 and 2022 droughts further un-
derscores the impact of recent experiences. The significant
negative correlations found with the 2022 drought severity,
in contrast to the non-significant correlations for 2018, high-
light that recent severe events can disproportionately shape
individuals’ or organizations’ judgments, potentially lead-
ing to cognitive biases in evaluating management practices.
This highlights the importance of considering cognitive bi-
ases when assessing drought management practices and un-
derscores the need for continuous evaluation and adaptation
to ensure effective and timely responses to future droughts.
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4.4 Importance of drought preparedness

Our results unequivocally support our hypothesis 4 that
utilizing forecasting systems and implementing DMPs im-
proves drought preparedness and is associated with more
effective and timely drought responses. Organizations that
utilized a forecasting system considered themselves signif-
icantly more effective than those without one, which aligns
with previous studies that emphasize the importance of accu-
rate and reliable drought forecasting in enhancing prepared-
ness and enabling timely and proactive responses to drought
conditions (Buonaccorso et al., 2022). Similarly, implement-
ing DMPs was associated with higher effectiveness ratings
among organizations, indicating that structured and strategic
management plans contributed to robust responses. This ef-
fect was even more pronounced than that of forecasting sys-
tems alone, suggesting that comprehensive planning is cru-
cial for effective drought management (Wilhite et al., 2007).
Our findings also revealed that organizations with a combina-
tion of short- and long-term DMPs perceived their responses
most effective. This highlights the importance of integrating
both immediate and future-oriented strategies to address the
multifaceted challenges posed by droughts, and supports cur-
rent research showing the need for Europe to develop toward
a long-term and systemic approach to drought risk manage-
ment (Blauhut et al., 2022; Hagenlocher et al., 2023). Cru-
cial here is also the diversity of different drought measures,
which, as we have shown in this study, depends heavily on
preparedness measures. Organisations with forecasting sys-
tems or DMPs deployed a wider range of measures, high-
lighting the impact of preparedness on the diversity of re-
sponses. This finding is consistent with the notion that bet-
ter prepared organisations are better able to deploy a vari-
ety of strategies (Teutschbein et al., 2023), thereby increas-
ing their overall effectiveness and reducing their vulnerabil-
ity to drought (Garrote et al., 2007). Respondents with ei-
ther a forecasting system or a DMP in place also demon-
strated significantly earlier responses to drought conditions.
They implemented measures in most surveyed sectors before
the drought impacts emerged, whereas those without these
preparedness measures often responded reactively, after the
impacts were observed. This proactive approach facilitated
by forecasting and planning is essential for effective drought
management as it allows for timely interventions that can re-
duce potential damage (Wilhite et al., 2007; Wilhite, 2009).
Thus, our results underscore the need for widespread adop-
tion of these tools across different sectors and regions.
While this study offers a detailed snapshot of institutional
perceptions and drought preparedness measures during the
2022 drought, it is essential to acknowledge its limitations.
The snowball sampling strategy used in some countries does
not allow for probability-based inference, meaning that the
patterns observed cannot be assumed to reflect all water man-
agement organizations in Europe. Instead, the study provides
exploratory, descriptive insights into the role that prepared-

https://doi.org/10.5194/nhess-26-955-2026



R. Biella et al.: Preparedness during the 2022 European drought 973

ness plays in drought risk management in Europe, high-
lighting areas for future research efforts. Despite the limita-
tions of the dataset, the consistency of the patterns observed
lends a degree of trust in the findings of this study. Addi-
tionally, while we identified trends based on the presence of
DMPs, a more detailed distinction between strategic (long-
term) and responsive (short-term), many organizations im-
plemented both plan types simultaneously. As the survey did
not capture how each was operationalized during the 2022
drought, this nuance remains unexplored. Similarly, the pres-
ence and quality of forecasting systems vary substantially be-
tween countries, and not all states have operational national-
level systems. This uneven institutional landscape compli-
cates cross-country comparisons and may influence the in-
terpretation of preparedness-related findings.

4.5 Evolution of drought management practices over
time

The positive trends observed in awareness, preparedness, and
effectiveness across Europe suggest that recent experiences
with droughts and subsequent preparedness efforts have con-
tributed to enhanced drought management capabilities. One
key observation is the regional variability in the perceived
shifts for these three parameters, as indicated by the respon-
dents. In western and north-eastern Europe, particularly in
countries like Sweden and the Netherlands, significant in-
creases in awareness were noted from 2018 to 2022, with
respondents being more informed about drought risks. How-
ever, this heightened awareness did not always translate into
equally strong improvements in preparedness and effective-
ness. This indicates that while awareness campaigns and in-
formational resources have been effective, there may be gaps
in translating this awareness into concrete preparedness ac-
tions and effective response strategies.

Our results also emphasize the critical role of prepared-
ness measures, such as the implementation of DMPs and
forecasting systems in enhancing perceived awareness, pre-
paredness, and effectiveness. Organizations with such mea-
sures reported significantly higher improvements than those
without. This highlights the role of proactive planning and
systematic preparedness frameworks. Notably, organizations
that introduced or updated their plans after 2018 perceived
the most significant gains, indicating that recent updates and
the incorporation of lessons learned from past droughts are
crucial for effective drought management.

Furthermore, organizations with preparedness measures,
particularly DMPs, exhibited a smaller gap between the
trends in awareness and preparedness/effectiveness. This
suggests that DMPs are essential in translating awareness
into preparedness actions. The difference between drought
risk awareness and preparedness, also highlighted by Biella
et al. (2025), indicates a window of opportunity generated by
the 2022 drought. Periods following crises can be instrumen-
tal for integrating risk reduction measures (Cavalcante et al.,
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2023), and this research demonstrates that the current time
is ripe for mainstreaming drought risk preparedness across
Europe (Biella et al., 2025).

It is important to note that the link between the 2022
drought severity and shifts in preparedness and effectiveness
shown in this study might imply a self-enhancement (Gosling
et al., 1998) or recency bias (Comes, 2016). The immedi-
ate experience of a severe drought often compels more ur-
gent and substantial action. The absence of significant cor-
relations with the 2018 drought suggests that the impact of
drought severity on management may diminish over time,
emphasizing the need for continuous reinforcement of pre-
paredness measures, even in the absence of further severe
events. To this end, regular updates of the preparedness mea-
sures have to be legally stipulated.

5 Embedding preparedness in European drought risk
governance

The research supports the conclusion of Biella et al. (2025)
underscoring the necessity for cohesive, European-wide co-
ordination in addressing drought risk, as droughts do not
respect national borders. Biella et al. (2025) advocate for
amending the WFD to include clear drought risk manage-
ment principles, as well as the creation of an EC Drought
Directive, similar to the existing Floods Directive (Direc-
tive 2007/60/EC). We further add that the proposed Drought
Directive should guide the development and introduction
of DMPs, setting out principles of drought risk manage-
ment, providing coordination, and offering guidance at the
EU level. Implementation should occur at the Member State
(MS) level, tailored to the local context, and operationalized
at the local level (implying establishment of legal and insti-
tutional framework, and defining roles and responsibilities of
the authorities involved).

A key aspect in the development of a Drought Directive
is setting out clear guidelines for creating DMPs across the
Union, as this research demonstrates their importance. The
directive should guide the development, update, and stan-
dardization of DMPs across Europe by:

1. Laying the ground-work for the expansion of DMPs, in-
cluding

a. Developing a set of standards that national and lo-
cal DMPs adhere to, reflecting the principles of
drought risk management.

b. Mandating the development, update, and standard-
ization of drought risk assessment and drought risk
maps at the national and local levels, similarly to
the implementation of the Flood Directive.

c. Providing metrics for defining drought while en-
couraging MSs to tailor this definition to their na-
tional and local contexts. This includes defining a
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list of drought-related terms such as meteorological
drought, socio-economic drought, or water scarcity.

d. Providing guidelines for cross-border DMPs by
leveraging the river-basin principle defined by the
WED.

2. Supporting the European Drought Observatory (EDO)
and national agencies in providing effective, timely, and
accurate drought forecasts and drought-relevant climate
projections at various time-frames.

3. Defining responsibilities for developing and implemen-
tation of DMPs.

4. Providing binding deadlines for drought risk assessment
and the development of the DMPS.

6 Conclusion

This study presents a comprehensive analysis of drought pre-
paredness, response effectiveness, and timeliness across Eu-
rope during the 2022 drought, while also evaluating the evo-
lution of perceptions among water managers since the 2018
drought. Our findings underscore the crucial role of pre-
paredness measures, such as drought forecasting systems and
drought management plans (DMPs), in enhancing the effec-
tiveness and timeliness of drought responses. Despite their
importance, glaring disparities in drought risk preparedness
exist across Europe, highlighting the need for coordinated
management efforts.

This study supports the calls of its companion paper
(Biella et al., 2025) for amending the WFD to include prin-
ciples of systemic drought risk management and implement-
ing a European Drought Directive to address these disparities
and improve drought risk management continent-wide. Such
a directive should guide the development and standardiza-
tion of DMPs, promote proactive planning, and ensure sys-
tematic preparedness frameworks. Moreover, a dedicated di-
rective would strengthen the EU’s response to the growing
threat of climate change and ensure a more comprehensive
and coordinated approach across the continent and across
different affected sectors. The directive should also include
clear guidelines for drought definition, cross-border coordi-
nation, and the adoption of both short- and long-term man-
agement strategies.

Key insights from the research include:

1. Regional Variability: There are marked differences in
drought preparedness and effectiveness across regions.
Western and south-western Europe show higher levels
of preparedness and effectiveness, likely due to their
historical experiences with drought and stronger in-
stitutional frameworks. In contrast, eastern and north-
western Europe lag behind, suggesting a need for
improved institutional capacity and prioritization of
drought preparedness.
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2. Influence of Recent Droughts: Recent severe droughts,
particularly the 2022 event, significantly influence per-
ceptions of effectiveness and timeliness, leading to cog-
nitive biases. This emphasizes the importance of contin-
uous evaluation and adaptation of drought management
practices to mitigate these biases.

3. Importance of Preparedness Measures: The utilization
of forecasting systems and DMPs is associated with
higher effectiveness and earlier responses to drought
conditions, as well as with increasing awareness. Or-
ganizations that integrated both short- and long-term
DMPs perceived their responses as most effective, un-
derscoring the necessity of comprehensive planning.

4. Mainstreaming Window for Drought Risk Manage-
ment: There is a positive shift in drought risk manage-
ment across Europe, with drought risk awareness grow-
ing at a faster rate than the effectiveness of drought re-
sponses. This indicates an opportune moment for main-
streaming drought policy. Additionally, DMPs play a
crucial role in translating awareness into effective pre-
paredness and response measures.

There is a clear need to raise awareness and strengthen sup-
port for the implementation of forecasting and management
tools, particularly in regions and organizations that are cur-
rently behind. By adopting a cohesive European-wide ap-
proach to drought risk management, facilitated by a legally
binding Drought Directive, Europe can address this need
effectively and enhance its resilience to droughts, ensuring
more robust and proactive responses to future climate chal-
lenges, and thereby contributing toward the Sustainable De-
velopment Goals (United Nations, 2015).
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