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Preface
Task 2.7 concerned Objective 5 of WP 2, which comprised the “assessment of the applicability of
drought monitoring and early warning indicators at different scales (local, river basin and national),
and the development of recommendations for their refinement to support decision‐making”.
The implementation of Task 2.7 is strongly linked to Work Packages 1 and 3 (WPs 1 and 3). These work
packages seek to define guidelines and appropriate indicators for drought monitoring and early
warning at the European scale (e.g. D1.4 and D3.6). On this regard, Task 2.7 strives to associate
monitoring guidelines and indicators proposed by WP 1 and WP 3 with monitoring requirements at
the level of the individual Case Studies. It should also suggest ways through which European drought
monitoring data can be used to produce drought monitoring indicators at the Case Study level (see
also D1.5).
In the above context, three main Activities were distinguished for Task 2.7:





Activity 1 referred to the mapping of monitoring requirements at the Case Study level, including
a review of the monitoring systems and indicators already in place;
Activity 2 referred to the screening of indicators and monitoring recommendations suggested
by WP 1 and WP 3 to identify those that are most relevant and can complement/be useful for
drought monitoring at the Case Study level;
Activity 3 referred to development of recommendations for drought early warning at the Case
Study scale, combining the outcomes of Activities 1 and 2.

The report discusses methodological aspects and proposes a roadmap for the task implementation.
Several countries/river basins have a long tradition in drought monitoring; in others, the establishment
of monitoring indicators and systems is being pursued, as a result of the increased awareness on
drought impacts.
Given the large number of available indicators, Activity 1 first reviewed the monitoring systems that
are already in place or are foreseen in forthcoming Drought Management Plans, developed as part of
the WFD implementation process. This involved the collection of data and information on:




Indicators used for drought monitoring (meteorological, hydrological and agricultural drought),
and the relevant thresholds (triggers) set to identify drought severity levels;
Information systems put in place for the collection of appropriate data;
Operational rules in place and responses foreseen according to the measured drought severity
levels.

The final outcome of the activity was a document summarizing existing monitoring schemes and
requirements for each Case Study (DROUGHT‐R&SPI Technical Report No. 6).
Activity 2 was aimed at analyzing whether the Guidelines for drought monitoring and early warning
(WP 1 output – Deliverable 1.4) and the Recommendations for indicators for monitoring and early
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warning (WP 3 – Deliverable 3.6) can support/be associated with drought monitoring at the Case Study
scale. For this purpose, the following needed to be considered:




Case Study specificities (T2.1, T2.2 and Activity 1 output), i.e. whether the proposed indicators
can address the main issues of concern in the Case Studies in terms of drought characteristics
and impacts, and whether relevant information can be linked to the existing drought monitoring
schemes.
Data requirements, i.e. whether proposed indicators can be measured or calculated in the Case
Studies.

In addition to the preliminary screening, which was performed by the local Case Study leaders in each
particular task of the project, suggested indicators also need to be discussed with local decision‐makers
and risk experts, in order to i) identify any further issues, such as human and technical capacity
constraints, and ii) judge the usefulness of the WP 1 and 3 suggestions. This latter was done through
the Case Study specific Drought Dialogue Fora.
Finally, Activity 3 was aimed at synthesizing the outcomes of Activities 1 and 2, in order to produce
recommendations for drought monitoring at the Case Study level, while linked to European‐wide
monitoring suggestions. In this regard, the final output addresses the following aspects:





Drought monitoring and early warning requirements at the Case Study scale (i.e. which type of
indicators, what type of data, ways through which information should be presented to decision‐
makers and the public);
Organizational framework requirements, in case that no drought monitoring system is in place
or system enhancement is required;
Which drought monitoring data at the European scale can be used for drought monitoring at
the Case Study level, and vice versa (depending on whether local‐scale events can be correlated
to larger scale ones).

Recommendations stemming from Activity 3, in combination with the review of existing drought
monitoring systems will form the final output of the task.
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1. Introduction
Even though Task 2.7 is a at the final confluence of other tasks included in WP1, WP2 and WP3, and
many terms and concepts related to drought definition, characterization, monitoring, early warning,
planning, management, and mitigation, as well as to vulnerability and risk, have been used through
the work developed in DROUGHT R&SPI project and reports and deliverables produced, it is necessary,
and convenient to further review and tint some of those terms and/or concepts in order to reflect the
adaptation needed in reality to produce and explore the way from research and science to policy
making, and to drought planning and management at the case study level.
In the next sections, an attempt is made to illustrate the difficulties inherent to the task of
identification of relevant indicators at Case Study (CS) scale, for monitoring, forecasting and early
warning, and relating these indicators to Pan EU indicators, and to future drought vulnerability. In
addition, an attempt is made to provide a basis for a systematic assessment that could lead to
recommendations on drought indicators for drought monitoring and early warning at the case study
scale.

1.1.

Drought, aridity, and water scarcity

Sometimes, simple concepts tend to be difficult to be framed by science and mathematics. This is
indeed the case for drought. If we look into a dictionary, we find a short description, which somehow
catches quite well the concept:
"a period of dryness especially when prolonged; specifically: one that causes extensive damage to crops
or prevents their successful growth"
But, as we try to study and characterize droughts, we find difficulties trying to address the different
types of droughts in regions with different climate, different geology, and different land uses. Also
difficult are the integration of different scales of study and the inter‐comparison of droughts in
different regions, which usually are information that policy makers at supra‐regional levels (for
instance, mid to large size countries, and EU) would like to have available in order to take decisions.
Moreover, the studies and the practices related to drought are interacted and maybe confused with
other water related concepts, such as aridity and water scarcity.
Again, simple definitions of aridity and scarcity can be found in a dictionary:
‐ "Arid: excessively dry; specifically: having insufficient rainfall to support agriculture".
‐ "Scarce: deficient in quantity or number compared with the demand: not plentiful or abundant
(Examples of Scarce: '...Food was getting scarce during the drought ...')".
From the dictionary, a drought is clearly an event (... a period of time...) with impacts, but aridity and
scarcity are features. Nevertheless, in the definition of scarcity, nothing is said about if it is permanent
or temporary. And, interestingly enough, the given example refers to scarcity during drought.
Therefore, it is not strange that general public, policy makers, and even some scientists and
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practitioners, mix up the concepts of water scarcity and drought, since it is legitimated by the use of
the language.
Having said this, many scientists like to make a distinction between those three concepts in order to
separate the time dimension, from the climate dimension, and from the human demand dimension,
as already stated in documents provided by the project.
Droughts are consequence of time (and space) variability of hydro‐meteorological elements, while
aridity is a quasi‐permanent (long term) characteristic due to climate. And the use of "water scarcity"
that is made in DROUGHT R&SPI project is also as a quasi‐permanent (long term but could also be mid‐
term) related to human activities dependent on water availability.
These distinctions are necessary, since they constitute essential characteristics of some of the cases of
study, and as shown in previous reports of the project, characteristics of droughts are different within
regions, depending on statistical characteristics such as frequency, intensity, and duration of below
normal water availability. Also, in the work and reports produced in WP 2, and particularly in Task 2.7,
and Deliverable 2.8, it is shown that, even though the three concepts can be distinguished, aridity and
water demand (and hence, water scarcity) can be tied to some characteristics of natural droughts and
to characteristics and management of socio‐economic droughts. For instance, droughts in arid and
semi‐arid regions, like some parts of Portugal, the Jucar River Basin, and Syros island cases of study
considered in DROUGHT R&SPI project, are distinguished by their long duration (up to several years),
and high intensity. In addition, their impacts are exacerbated by high water exploitation indices (i.e.,
water scarcity) (Andreu et al., 2013).
Scientific literature has traditionally classified droughts into four main categories (Wilhite and Glanz,
1985; Tallaksen and Van Lanen, 2004; Mishra and Singh, 2010) including:


Meteorological droughts, defined as abnormally low precipitation over a region for a period of
time.



Agricultural droughts occur when there is a moisture deficit in the soil to meet the growing
needs of a particular crop at any stage of growth.



Hydrological droughts, related to the decrease in water flows and storages, including also
artificial reservoirs, and groundwater, so they are not adequate to provide water resources to
established water uses.



Socio‐economic droughts occur when the water shortage affects people and economic
activities.

But, in our opinion, it is better to separate natural droughts from human related droughts in order to
give more consistency to the definition and use of drought indicators and indices, and drought
monitoring, as we explain in the following sections.
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1.2.

Drought as a natural hazard

A commonly used definition of drought relates to below average precipitation (meteorological
drought). The impacts of meteorological drought depend on spatially varying soil moisture holding
capacity and vegetation characteristics. And therefore, on river basin characteristics (Peters et al.,
2003; Mishra el al., 2011; Van Lanen et al., 2013)
As a result, meteorological drought is transformed by nature into soil moisture anomalies (soil
moisture droughts) and into hydrological droughts (below normal flows in rivers and springs, below
normal storage in natural lakes and aquifers). This can affect riparian vegetation and ecosystems
related to river, springs, lakes, or wetlands environments. So far, we can define and study all these
types of droughts (meteorological, soil moisture, and hydrological) without introducing the human
dimension. And we also can investigate about the impacts of these droughts on natural ecosystems.
But, in theory, no action is necessary from mankind, since these droughts are used by nature to shape
ecosystems.
WP 1 of DROUGHT R&SPI project has studied drought as natural hazard, and the main outcomes that
can be of interest to Task 2.7 and Deliverable 2.8 are the following (Tallaksen et al., 2015):











The two main meteorological indicators that allow comparisons across climate regimes and
seasons are the Standardized Precipitation Index (SPI; McKee et al. 1993), as a meteorological
drought index, and the Standardized Precipitation‐Evapotranspiration Index (SPEI; Vicente‐
Serrano et al., 2010), as a measure of anomalies in the climatic water balance (precipitation
minus potential evapotranspiration).
The SPEI provides an improved identification of drought in drier, southern Europe, whereas SPI
events tend to be located in wetter, northern regions where precipitation is a larger driver of
drought than temperature (Kingston et al., in press).
Event‐based composite analysis of the most widespread European droughts revealed that a
higher number are identified by the SPEI‐6 than by the SPI‐6, with SPEI‐6 drought events showing
a greater variety of locations and start dates.
Most drought events in Europe are caused by a prolonged deficit in precipitation, but in cold
climates, temperature anomalies also play a role in the development of hydrological drought
(Van Loon & Van Lanen, 2012).
Catchment properties are as important for hydrological drought development as climate
characteristics (Van Lanen et al., 2013).
Seasonal climate predictions of drought have shown significant skills over the tropics, but tend
to have less predictive power in mid‐latitudes regions, and currently no seasonal drought
forecast system of terrestrial water variables exists for Europe.

Also, relevant conclusions from WP 1 for Task 2.7 and Deliverable 2.8 are that:




More knowledge is needed on the key drivers of drought and on the application of this
knowledge to drought forecasting in different regions within Europe in order to support drought
preparedness and management.
An efficient drought monitoring and early warning system further requires clearly defined
monitoring objectives.
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The overall high uncertainty in the simulations reflects the inherent difficulty of drought
quantification and the uncertainty of drought projections, requiring further research.

In Task 2.7, and Deliverable 2.8, the current and/or the potential use of SPI and SPEI in the cases of
study is investigated, either for drought characterization, for drought monitoring, or as part of early
warning systems.

1.3.

Environmental impacts of droughts

The impacts of natural droughts in natural ecosystems are not in the main scope of Drought R&SPI
project, since, as mentioned before, in theory, no action is needed in natural droughts, and therefore,
no policy making should be needed. But, since nature is providing valuable ecosystem services, it can
be interesting to look at least at the impacts of natural droughts on the ecosystems that provide these
services.
Moreover, when a basin is providing waters services for humans, and depending on the water stress
(related to water scarcity) imposed by water use, impacts can happen (and for sure will happen in
medium to highly water stressed basins) that go beyond the environmental impacts that would be
produced in ecosystems in pristine conditions.
Therefore, in the frame of WP 3 and WP 2, the impacts of drought in the environment have been
quantified for some cases of study, as it can be seen in the Technical Report No. 9, Section 5. The
evaluation was mainly addressed by applying a descriptive approach. A further step involved modelling
the relationships between some meteorological variables associated with drought (e.g. precipitation,
temperature) and observed (quantified) impacts on some key environmental components. But the
quantification of environmental drought impacts resulted to be not straightforward since it relies on
data availability to compare the evolution of a specific aspect in a drought period and in non‐drought
situation. Such kind of data are lacking for most of the topics that were reported for all the case‐
studies. Furthermore, drought environmental impacts quantification is hampered by the fact that
impacts may persist over a period not included in the drought evaluations. The majority of the
environmental impacts shared by the case‐studies regarded direct impacts on aquatic ecosystems (e.g.
water quality reduction, fish dieback). When long‐term data are available it is possible to model the
relationship between variables or drought indicators and environmental impacts, such as area burned
by wildfires or reduction in productivity and ultimately in bird diversity in vulnerable habitats. A further
development of the models presented can be commonly applied at case‐study level to compare impact
significance and vulnerabilities.

1.4.

Human dimension and Impacts of droughts

Human dimensions of drought are introduced when any type of the previously mentioned natural
system droughts affects human activities, and also, of course, when human activities influence the
natural regime.
As a consequence of meteorological drought and soil moisture drought, a rain‐fed agricultural drought
can develop; and, as a consequence of hydrological drought, a water supply drought can develop
(affecting irrigated agriculture and/or urban supply, among others), or other types of drought
depending on the activity sector affected (for instance, a ‘‘navigation drought’’ is one of the main issues
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in the Netherlands case of study). We will either use the general term "socio‐economic droughts" for
this, or specific terms to distinguish the main issue addressed, as just mentioned.
Also, in developed water resource systems (WRS) the ability to manage water resources, makes the
impacts of drought on human demands relying not exclusively upon the flowing flows in rivers and
streams, but also on the volume of water stored in reservoirs and aquifers, this means the way in which
these reserves are managed. Hence the definition is linked to the management system. In regulated
systems, when hydrological drought lasts several months or years, occurs a significant reduction of
storage in reservoirs, causing problems to supply water to meet demands on the system. This situation
is sometimes referred as operational drought (Andreu et al, 2006). It manifests itself as a supply deficit.
This kind of drought represents the link between nature‐related droughts and the next type.
So, we can see socio‐economic droughts as running in parallel to natural droughts due to impacts on
human activity from the natural droughts, rendering anomalies in water availability, or any other
features related to water. This is why we insist on maintaining the concept of hydrological drought
separated from human activities, and keep it for the natural systems (Andreu et al, 2013).

Figure 1. Evolution of drought from natural to human related (Source: Villalobos, 2007).

Also, as mentioned in a previous section, for the purposes of Task 2.7, we find very convenient to
distinguish between different types of space divisions, either administrative of physically based, and
of different affected sectors, or even different policy and decision making levels, in order to relate
what we called "natural droughts" to their impacts on human activity.
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As found in the work performed in WP 3, the improvement of Europe’s resilience to drought impacts
requires a better understanding of impact‐relevant indicators to be monitored. But drought impacts
are more diverse and even a direct and exclusive link to the drought hazard is often difficult to make
(Ding et al., 2010).
WP 3 has addressed this need by investigating the diversity of impacts across different European
countries and geo‐climatic regions using three approaches based on a number of different data sets
and methods, including participatory techniques (stakeholder involvement), categorized data on
drought impacts derived from a variety of text sources, and quantitative drought impact data reported
by member states, such as reported and modeled annual crop yields, and area‐burned by forest fire
(Stahl et al., 2015).
Also, in WP 2, Task 2.2, the analysis of historic drought events in terms of socio‐economic impacts has
been performed for the cases of study (see Technical report No. 9), using different methodologies and
analytical tools, given the different disciplines and competencies involved, but encompassed in a
unique framework designed to identify, collect and analyse the relevant data, with the objective to
evaluate the impacts on the most relevant and sensitive economic sectors (in particular, agriculture
and energy) in monetary terms, following and applying a methodological approach based on
theoretical elements, such as the consumer surplus theory. The analysis of the economic impacts
produced in some cases relevant results, at least as regards agriculture and energy power sector.
Moreover, according to the findings, the socio‐economic costs of the drought in some case study areas
were socially differentiated: consumers and producers are affected differently by the drought events.
The first group can even earn from the drought, because of the price effects caused by the scarcity of
the goods produced; the second group always loses, because both of the quantity effect and the price
effect.
These results obtained in WP 2, Task 2.2, reported in Technical Report No. 9, confirm the findings of
WP3 about the difficulty or relating droughts ant its impacts. In fact, it seems impossible to establish
simple relationships between hazard and impacts, given the multiple dimensions and facets of the
latter. Therefore, impacts of droughts have to be described and/or assessed in multiple manners, as it
was done in WP3 of this project, in order to show the vulnerability to drought of different regions in
Europe. Up to 15 impact categories representing different sectors and related sub‐types have been
defined (“Agriculture and livestock farming” and “Public water supply” comprising the largest fraction
in most countries).
All these lead to the following conclusions reported in WP 3 relevant for Task 2.7 (Stahl et al., 2015).




The large variety of impact types and the varying relevance of particular impacts found across
Europe supports the often‐repeated concern that one drought index will not be sufficiently
useful.
Suitable impact‐related indicators for agriculture, for example, will depend whether agriculture
in the respective region is rain‐fed (short‐term deficits) or irrigated (long‐term deficits); impact‐
related indicators for energy production will depend on whether hydropower reservoirs (fill‐
season deficit) or thermal power plants requiring cooling water (including air and water
temperature) dominate (Stagge et al., in rev).
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Precipitation and soil moisture based indicators currently used in many of the continental to
global scale monitoring and early warning systems may need to be complemented by indicators
that use observations and forecasts of surface and groundwater quantity (river discharge, lake
level, snow water equivalent, groundwater levels, etc.).
In fact, for complex multi‐purpose water resources systems, with multi annual storage capacity
(i.e., reservoirs and aquifers) it has been found that specific drought indicators can be very useful
for monitoring droughts, as well as early warning systems to predict the impacts, and to define
scenarios that can trigger measures to be applied in an anticipated way in order to increase
resilience (Andreu et al., 2013).
Hence, at the scale of Europe, indices for a consistent cross‐comparison will always remain in
conflict with usefulness ‘on the ground’.
The analyses on pan‐European drought impacts, however, elucidate some of the patterns and
may thus help the decisions for the standardization of various sets of indices that perhaps have
a wider relevance than locally, while still allowing inter‐comparisons at EU level.

1.5.

Time scales and the space factor in the analysis of operative
droughts

We must draw attention to the fact that drought analysis gives different results for different scales of
time and space. For an analysis to give relevant information for the taking of decisions, the choice of
these scales is important.
In an arid or semi‐arid region, prolonged periods without rain are frequent (i.e. days or even months
without precipitation). But, both the ecosystem and the agricultural and commercial activities in these
regions have adapted themselves to these circumstances, so that to analyze a meteorological drought
on a daily or weekly scale does not usually give useful information. The scale of the analysis must be
at least monthly, and the most appropriate may even be yearly, depending on the type of drought and
on the storage capacity of the system. But, as the annual scale is not suitable for the recording of most
of the hydrological phenomena that, as we shall see, it will be necessary to model, the monthly scale
gives a compromise between the quantification of the results and the realistic recording of the
phenomena.
In a developed water resource system an action at any point in the basin may have a direct or indirect
influence at other points of the same basin, so that, apart from a few exceptions, the most appropriate
spatial scale is that of the complete basin. The analysis of individual elements of the system or sub‐
systems may give rise to erroneous conclusions due to the inter‐dependence among the sub‐systems,
both in resources (e.g. the relation between surface water and underground water) and in uses (e.g.
return of used urban water capable of being re‐used). Therefore, it is essential to consider as a whole
all sources of supply, water requirements, and any other elements that go to make up the system
existing in the basin. It could even be necessary to analyze a space larger than a basin, if there were
connections among different basins or if the supply for a certain use was to come from more than one
basin.
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1.6.

Data availability and suitability

The propagation of drought in time and within the water system will show its effects in different ways
depending on the aspect of the hydrological cycle observed. This means that, to detect the state of
drought of a system, it will be necessary to monitor an important amount of variables. But direct
measures of the variables are often not available. This complicates drought analysis and drought
monitoring.
Moreover, the effect of anthropogenic disturbances on the environment makes that the development
of droughts, or at least how they affect the system, is more difficult to detect than in undisturbed
systems. In fact, the analysis of natural hydrological droughts in disturbed systems requires the "re‐
naturalization" of flow data prior to any statistical analysis. This is done systematically in the Jucar River
Basin Case of Study.
Some of these inconveniences can be overcome by means of the use of adequately calibrated and
validated models of water balance, as done in the Jucar River Basin Case of study (Andreu et al., 2007),
as shown later in Chapter 4.
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2. Review of current drought monitoring systems and identification of
monitoring requirements
The first activity in Task 2.7 was reviewing the existing drought monitoring systems in the different
Case Studies within the DROUGHT‐R&SPI project in order to describe these monitoring systems and
indicators already in place, and identifying gaps and further monitoring requirements. Technical
Report No.6 (Assimacopoulos et al. 2013) collected the contributions of all Case Studies. Table 1,
adapted and updated from Technical Report No.6 (Assimacopoulos et al., 2013), summarizes the use
of indicators in each one of the cases of study.
Table 1. Drought monitoring and declaration in the Case Studies (adapted and updated from Assimacopoulos et al., 2013)
Public
reports on
drought
conditions
Yes (water
system
conditions)

Drought
process

declaration

Case Study

Drought
Monitoring

Indicators

Monitoring
related to
impacts

Netherlands

Yes






River discharge
Evaporation surplus
River temperature
Groundwater levels

No,
but
modeled
impacts
different
sectors

Portugal

Yes





SPI
PDSI
%
Soil
moisture
content
Regional
drought
distribution model
Streamflow,
reservoirs
water
storage
and
groundwater storage
Water
quality
parameters

No

Yes

SPI
Streamflow
percentiles
Soil
moisture
anomalies
Stored volume in
reservoirs
Piezometric levels in
aquifers
Naturalized
streamflow
Rainfall
SODI‐ Standardized
Operational Drought
Indicator based on
combination of the
above variables

No

Yes

No (each user is responsible
for
the
appropriate
interpretation
of
the
information)

Yes
(since
SODMI has
been
calibrated to
define
different
drought
scenarios,
from normal
to
emergency,
related
to
the impacts)
No

Yes

Yes

No

Yes (not official)






Switzerland

Yes





Jucar River
Basin

Yes







Syros

No
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The spatial scale and distribution of the different Case Studies across Europe makes easy to understand
that each one of them is going to use/need case‐specific drought indicators, selecting those that better
suit their needs with regard to drought awareness and risk perception.
Regarding the monitoring needs or improvement of the existing systems, Table 2 shows the final
outcomes for the DROUGHT‐R&SPI cases of study as compiled by Assimacopoulos et al. (2013) in
Technical Report No. 6.
Table 2. Recommendations for further improving drought monitoring in Case Studies (Assimacopoulos et al., 2013)

Case Study
Netherlands
Portugal

Switzerland
Jucar River Basin

Syros

Recommendations
• Definition of thresholds for drought severity levels
• Use of water quantity and quality indicators in monitoring
• Identification of the required structural measures to limit drought impacts
• Establishment of monitoring programs with well-structured information networks
(particularly for trans-boundary waters)
• Development of permanent system for drought forecasting, early-warning and monitoring
• Improvement of monitoring of on available water resources, particularly for groundwater
• Linking drought indices with drought impacts to develop a global drought indicator
• Development of a drought monitoring system (on-going consultation with stakeholders
on the development of a drought information platform)
• Review of thresholds for the Alert and Emergency scenarios
• Review of the indicator’s system (variables & weights) improve the anticipation process
• Development of special indicators for water resource systems
• Elaboration of monthly reports on the hydro-meteorological state of the basin
• Elaboration of reports of the future conditions of the water system in case of an operative
drought
• Establishment of a drought monitoring network/process that will adequately consider
water scarcity issues, groundwater storage and use.

All the cases have in common that there is a need for the development of monitoring systems, if they
did not exist (as in the recent case of Switzerland), and improving the already existing ones by solving
their gaps and limitations. It is also necessary to define, or redefine, the thresholds that indicate when
a drought event is going on. In addition, according to literature (Mishra & Singh, 2011), it is also
important to define when a drought starts and when it finishes.
Finally, there is a need for linking the monitoring results with the impacts of drought for improved
early warning.
In any case, as observed in Technical Report No. 6, the existence of at least one supporting organization
to the monitoring system is a common aspect in all the cases of study. The contribution of these
organizations may vary from providing observational data to the system to host the information for
public access.
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3. Screening of WP1 & WP3 guidelines and suggestions on drought
monitoring and early warning
Along the development of the project DROUGHT‐R&SPI, attention has been paid to drought also to the
pan‐European scale in Work packages 1 and 3, as natural hazard and its impacts respectively. Part of
the work developed in both of them was devoted to explore monitoring possibilities at the pan‐EU and
national level, something that can be easily translated to the regional or local scale. This section
summarizes the outcomes of these two work packages with regard to indicators for drought
monitoring and early warning.
Work package 1 (WP 1) studied drought as a natural hazard and, in Technical Report No. 21
(Gudmundsson et al., 2014), provided final guidelines for monitoring and early warning in Europe. It
discusses on the need of defining appropriate monitoring objectives for each case, on the variables
needed to be observed in order to achieve the objectives set and on the availability of these data, and
on the indicators and triggers available in literature. Figure 2 summarizes the discussed options in
Technical Report No.21. The main conclusions extracted from this document are that there cannot be
a general recommendation on the design of a drought monitoring system given the diversity of needs
and potential applications. Instead, according to Stähli (2013) it is recommended that stakeholders’
needs are considered in the design of a specific drought monitoring system. Figure 2 shows the three
blocks in which Gudmundsson et al. (2014) recommend observing for the development of a drought
monitoring and early warning system at the pan‐European and national scale.
On the other hand, among the objectives of Work Package 3 (WP 3) were to improve the knowledge
on links between drought indicators that can be monitored and predicted and a range of drought
impacts (incl. crop loss, water supply shortage, low flow, energy production loss, forest fire, heat
waves, user conflicts, etc.) in different geo‐climatic regions in Europe; and to provide
recommendations for impact‐related drought indicators and indices that will complement and expand
existing Pan‐European hazard assessment, vulnerability monitoring, and early warning suitable to
inform risk reduction measures in EU policies.
The final recommendations from WP 3 regarding drought monitoring and early warning are
synthetized in Deliverable 3.6 (Stahl et al., 2015a):


Drought impacts should be monitored in addition to the commonly used drought hazard
indicators. The impact information should be used routinely to test the validity and usefulness
of drought indicators, particularly when new indicators are developed.



Impact‐relevant DMEW appears most promising for a resolution at the scale of countries (for
small countries) or regions (ca. NUTS‐2) for the purpose of Pan‐European overview.



Drought indicators used in Pan‐European DMEW need to consider short (3‐6 months) as well as
long‐term (>12 months) precipitation and climatic water deficits due to their differing relevance
to different impacts (sectors).



In addition to the currently common precipitation deficits, long‐term water deficits should
ideally be based directly on hydrological variables (river flow, lakes, reservoirs and groundwater
levels), which in Europe are heavily influenced by human regulation and hence differ. Such
variables need to be monitored and made available directly.

Technical Report No. 33

- 11 -



Impact‐informed composites that are specific to different sectors can and should be developed
based on adequate data. Alternatively, a set of indicators and a customized ”menu” and
guidance to create impact‐relevant indicators could be developed to support regional research
and technical development of DMEW.

Also, according to Stahl et al. (2015b): “Indices for a consistent cross‐comparison will always remain in
conflict with usefulness ‘on the ground’. The analyses on pan‐European drought impacts, however,
elucidate some of the patterns and may thus help the decisions for the standardization of various sets
of indices that perhaps have a wider relevance than locally, while still allowing inter‐comparisons at
EU level.”

Figure 2. Drought monitoring and early warning is a trade‐off between the monitoring objective, the availability of data
and the choice of drought indicators (Gudmundsson et al., 2014)
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4. Applicability of indicators for drought monitoring, forecasting and
early warning at the basin and regional scale
In order to study the applicability of the different existing indicator for drought monitoring, forecasting
and early warning, it is necessary first to distinguish between two types of drought above the
traditional types usually addressed when talking about this hazard. The first distinction that needs to
be made is between droughts affecting natural systems and droughts affecting human influenced
systems. And the study of drought as a natural hazard, although similar in the practice, must be done
from a different perspective.
On the one hand, droughts are an intrinsic feature of natural systems and contribute to the shaping of
the system’s environment itself together with other climatic, territorial and natural characteristics.
They will not represent an impact on the system by themselves. On the other hand, human activities
modify the effects of droughts on the systems, giving these essential features of the system a character
of natural hazards. Anthropic influence distorts to a great extent the variables of the hydrological cycle.
Irrigation modifies the natural soil moisture content cycle along the year, making that there are high
amounts of water in the soil during usually dry periods. In order to augment the revenue from water
resources, men alter water storage bodies such as lakes and aquifers, and even create new one with
the construction of dams. Finally, and related to the previous, human activities also modify river flows
by stopping them at reservoirs or extracting them from their natural courses with the construction of
intakes and diversions. As a consequence of all this, humans also aggravate the impacts that droughts
have on the environment, and droughts generate impacts on human activities. Therefore, there is an
increasing interest on relating drought indices with the impacts produced by these natural events.
Unaltered variables of the hydrological cycle (precipitation, soil moisture, storage in lakes and aquifers,
and river flows) can be easily measured directly or estimated with the use of indirect measurement
methods (remote sensing) or models (water balance) when considering an unaltered system. It is
extremely important that, when considering regulated systems, the variables used for the calculation
of drought indices correspond to those that would occur in an unaltered system, making a primary
priority the estimation of all variables in the hydrological cycle in their naturalized form.
The use of standardized drought indicators (e.g. SPI, SPEI, SMAI, SGWI, SRFI) on unaltered variables
will provide valuable insight on the characteristics of drought as natural hazard and will allow
comparing them between different systems, regions and periods of time. Together with the
application of runs theory, they represent powerful tools for description and comparison. They are
even very useful for model validation, allowing us to develop stochastic models of natural variables for
later scenario definition.
Standardized indices can also be used for monitoring, since they are capable of determining the current
drought situation, although some of them may yield different results depending on the way to
determine some of the variables needed for their compilation, limiting their use for monitoring
purposes. However, most of these indices have limited use for further uses. First, there has been little
success in correlating them with the occurrence of impacts and their intensities. Some of them
correlate better than others but the overall results are far from satisfying expectative from water users
and managers. Second, because of the very standard nature of the indices, their use in different
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climatic regions (e.g. humid, arid, semi‐arid), where drought impacts may differ for a similar kind of
drought event, may difficult the comparison between them due to the apparent comparability that
will in the end be not completely real.
In addition, changes in drought management along time also introduce bias in the relationship
between indices and impacts. Impacts that occurred in a system during a certain drought period might
not occur or be as intense in a second drought episode with similar characteristics simply due to a
change in the management of both cases, and vice versa. It is also necessary to consider impacts at the
global and at the sectorial scale.
Another aspect in drought monitoring and early warning is the interest in determining how much the
measures envisaged to minimize the impacts of drought will affect the drought situation itself,
improving it or having no effect. For that, it is interesting to develop indicators that vary according to
the effectiveness of the measures defined. Here is where decision support systems shells (DSSS) and
models associated to them enter into play.
While the calculation of indices related to hydrological variables may tell us the natural situation of
drought, they cannot communicate the possible impacts nor the efficiency of the measures addressed
at minimising these. With models of the systems under study, it is possible to estimate impacts in the
sectors considered into them. The feeding variables such as precipitation or streamflows may come
from other models that use the very drought characteristics detected for the unaltered system in order
to validate the generated data, as commented above.
Therefore, for practical purposes, and in order to provide a better perception of reliability, risk,
vulnerability, and resilience in front of drought it is very convenient to use the outcomes of models
(desirably integrated in Decision Support Systems ‐ DDS). In fact, this is done in the Jucar case at two
time horizons. For long term (basin and drought planning), indicators are used to assess the
vulnerability to drought (acceptable or not acceptable) of different water uses, and therefore, to
propose long term proactive measures to lower vulnerability and increase resilience. And for the short
term (real time drought management) DSS are used to predict the short term (12 to 24 months)
impacts of the ongoing drought, in deterministic and probabilistic fashion, using flow forecasts. This
provides an excellent indicator of risk, which is used in participative meetings of the drought
commissions in order to define and refine the degree of application of the measures contemplated in
the plan for each scenario, testing their effectiveness by means of the DSS.
In this report, two cases of study, namely the Jucar River Basin and The Netherlands, are the cases
which are used to explore the applicability of suggested indicators for drought monitoring, forecasting
and early warning, given that they are the cases which have a wider background in the development
and use of indicators in close collaboration with local and national water managers, users in different
sectors, and stakeholders and with the objective to use them for policy and decision making related to
drought across scales.

4.1.

Examples of application of drought indicators at the Jucar River
Basin Case of Study

At the Jucar River basin, the use of drought indices is spread along the whole water resources planning
and management process. From the very planning phase to the real time management of the system,
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drought is considered one of the main issues to solve and different drought indices are used for
different purposes depending on the use required for their results.
4.1.1. Use of drought vulnerability criteria for water resources planning
The DROUGHT‐R&SPI project understands vulnerability to drought as: “The characteristics and
circumstances of a community, system or asset that make it susceptible to the damaging effects of the
hazard”. In the case of the Jucar River Basin Case of Study, this term has been translated as to: “The
degree to which a water resources system is unable to cope with the impacts suffered due to a drought
episode”.
As mentioned above, droughts are an essential asset of water resources planning and management in
the Jucar River basin. From the beginning of exploitation of resources in this basin, users and managers
have been concerned about the amount of situations in which the system would not be able of fulfilling
their needs. These situations were mostly related to the occurrence of drought periods in which the
amount of available resources would be dramatically decreased.
In the making of River Basin Plans, the Jucar RB stakeholders and managers have agreed to consider
that a particular demand has a LOW (Acceptable) or HIGH (Unacceptable) vulnerability to drought
using the following reliability/vulnerability criteria:




In the case of urban demands, the criterion defines the vulnerability as HIGH if:
o
The expected maximum deficit in one month exceeds 10% of the monthly demand
o
The expected maximum deficit accumulated in 10 years exceeds 8% of the annual demand
On the other hand, for agricultural demands, the vulnerability is HIGH if:
o
The expected maximum deficit in one year exceeds 50 % of annual demand
o
The expected maximum deficit in 2 consecutive years exceeds 75 % of annual demand
The expected maximum deficit of 10 consecutive years cannot exceeds 100 % of annual
o
demand
Otherwise, the demand has a LOW vulnerability.

The evaluation of the vulnerability criteria is done with the aid of simulation models of the system
management developed with Aquatool DSSS (Andreu et al., 1996). The normal procedure is feeding
the model with a set or sets of streamflow scenarios and water demand scenarios. The resulting flows
along the system will be related to its management rules and the failures of supply represented as
water shortages in the different demands will determine whether the system is capable of complying
with the vulnerability criteria or not (Figure 3).
This same procedure can be used to assess future drought vulnerability by using projected streamflow
values, or obtained from rainfall‐runoff modeling from forecasted precipitation and
evapotranspiration values as was done in Assimacopoulos et al. (2014b)

Technical Report No. 33

- 15 -

Streamflows
scenarios

Demands
scenarios

WRSM
model

Water
shortages
LOW
(Acceptable)

Vulnerability
HIGH
(Unacceptable)

Figure 3. Drought vulnerability calculation process used in the Jucar River Basin.

4.1.2. Use of standardized indices and runs theory for drought characterization
Villalobos (2007) did a probabilistic analysis, both parametric and non‐parametric, of the monthly
series of precipitation, soil moisture, streamflows and storage volumes, with the purpose of obtaining
the characterization of the different types of drought for the entire Jucar River territory, by means of
standardized indexes and percentiles to different time and space scales. He established that the two
more important droughts showed up at the beginning of eighty and ninety, respectively; being this last
one of higher intensity and duration (the last episode between 2005 and 2008 was still going on). He
showed how droughts were intense at the regional level but lost intensity and coverage as long as the
temporal and spatial aggregation increased, demonstrating that it is very unlikely that the whole area
of study shows drought conditions in a continued form.
Rainfall‐runoff simulation models were used to obtain the monthly series of the hydroclimatic
variables of interest. Also, a simulation model of the water resources system management was used
to obtain the series of storage volumes when applying a standard operation rule, fed with the results
of the hydrological model. In this investigation model PATRICAL and SimGes were used, respectively.
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Figure 4. Conceptual model of PATRICAL (adapted from Villalobos 2007).

The SPI calculation methodology as enunciated by McKee et al. (1993) was applied to all the
components of the hydrological cycle for the probabilistic characterization of the different types of
drought. The runs theory (Yevjevich, 1967) was also used to complement the results of the probabilistic
approach. In this investigation 6 values were used in the temporary scale: 1, 3, 6, 12, 24 and 48 months,
which were analysed at four different spatial scales: local, with more than 43000 data points that
correspond to the cells of the hydrological model (Figure 5); regional, using 18 regions within the Jucar
River Demarcation Territory (Figure 6); the Jucar river basin; and the complete territory of the Jucar
River Demarcation.
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Figure 5. Spatial distribution of the Jucar River Demarcation for the calculation of standardized drought indices.

Figure 6. Regional distribution of Jucar River Demarcation.

For each type of drought different severity levels were established according to the values of their
indicators: yellow level, level orange, red level and black level that correspond to the accumulated
probability of 50, 30 15 and 5 percent, respectively: incipient drought, moderate drought, severe
drought and critical drought (Table 1Table 3).
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Table 3. Percentile and SPI equivalent values to the CHJ drought status

Drought
Level/Intensity

State Index (Is)
1.00
0.50 ≤ Is < 1

Percentile

Historic maximum
Stable situation
Average value of
historic series
Caution situation
Danger situation
Alert situation
Emergency
Historic minimum

0.50
0.30 ≤ Is < 0.50
0.15 ≤ Is < 0.30
0.05 ≤ Is < 0.15
0.00 ≤ Is < 0.05
0.00

SPI
SPI ≥ 0.00

50 (median)

SPI = 0.00

30 ≤ A < 50
15 ≤ A < 30
5 ≤ A < 15
0≤A<5

‐0.524 ≤ SPI < 0.00
‐1.036 ≤ SPI < ‐0.524
‐1.645 ≤ SPI < ‐1.036
SPI < ‐1.645

The calculation of the different indices (Figure 7 through Figure 10) followed the correlation analysis
among the different types of drought (Figure 11 through Figure 13). These relationships can be good
to determine the response time of the basin or analysed region. Information that can be useful for
water resources system management, since knowing the form in that the different types of drought
are related, is possible to detect in advance the appearance of a type of drought starting from the
indicators of another type of drought and with it to make efficient management of the system reserves.
In this case the standardized precipitation index to 12 and 24 months provides valuable information
for the management of the reserves of the water resources system of the Jucar river basin in advance.
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Figure 7. Standardized drought indices for an aggregation period of 6 months in the Jucar River Basin.
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Figure 8. Standardized drought indices for an aggregation period of 12 months in the Jucar River Basin.
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Figure 9. Standardized drought indices for an aggregation period of 24 months in the Jucar River Basin.
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Figure 10. Standardized drought indices for an aggregation period of 48 months in the Jucar River Basin.
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Figure 11. Correlation coefficient between Standardized Precipitation Index (SPI) and Soil Moisture Content (SSMI)
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Figure 12. Correlation coefficient between Standardized Precipitation Index (SPI) and Streamflows (SWI).
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Figure 13. Correlation coefficient between Standardized Precipitation Index (SPI) and Water Storage (SRI)
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4.1.3. Use of the Spanish Standard Operative Drought Monitoring Indicators for the
Jucar River Basin
Since the year 2000, Spanish water law requires that basin agencies develop Special Drought Plans
(SDP) in order to turn the traditional reactive crisis management approach into a proactive one. The
SDP for CHJ territory (CHJ, 2007) includes monitoring for early drought detection, drought stages
definition, and the measures to be applied in each of the drought stages. CHJ has developed
Standardized Operative Drought Monitoring Indicators (SODMI), which are fully described in the SDP,
and also in Estrela et al. (2006). In essence, the SODMI uses real‐time information provided by the
Automatic Data Acquisition System of CHJ on the state of reservoirs, aquifers, rivers, and precipitation
to produce standardized indexes for some selected elements in the basin. These indexes then are
combined into a single standardized index for each basin.
The SODMI has essentially a hydrologic character since its practical interest lays on its ability to serve
as decision‐making instrument regarding water resources management in the basin. For each river
basin, managers select the indicators that better represent the water resources availability for the
different demand units existing in the basin among values of reservoirs storage, piezometric levels,
natural streamflows and areal precipitation.
The drought levels in the basin are defined as the weighted sum of the State Index (Ie) values of each
one of the selected indicators. The value of the State Index (Ie) has the following expression:
→

1
∙ 1
2

Eq 1

→

1
∙
2

Eq 2

with Vi the value of the indicator in the month i; Vav the average value of the indicator in the historic
series considered; and Vmax and Vmin the maximum and minimum values of the indicator in the historic
series considered.
The definition of the State Index considers the following criteria:




Arithmetic average is a robust statistic, as well as simple; so a comparison of the indicator value
with the average of the historic series considered will adjust better to the real situation of the
selected drought region. Although, it is necessary to take into account the maximum and the
minimum historic values.
It is necessary to homogenize indicators in a dimensionless numeric value capable of quantifying
the current situation with respect to the historic, and a quantitative comparison between the
different indicators selected.

Drought plans in Spain establish four different levels of drought, or scenarios: normality, pre‐alert,
alert and emergency (MMA, 2007). These levels are determined according to the values of the State
Index. The thresholds that define the different levels of the drought status of the system normally are:
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Normality (green):
Pre‐alert (yellow):
Alert (orange):
Emergency (red):

Ie≥0.5
0.5>Ie≥0.3
0.3>Ie≥0.1
0.1>Ie

For the Jucar River basin, the drought index is calculated from 12 different variables selected for their
relevance regarding the drought status (Figure 14). More information on this indicators system can be
found in DROUGHT‐R&SPI Technical Report No.6 (Assimacopoulos et al., 2013) and in the Jucar River
Basin Drought Plan (CHJ, 2007).

Figure 14. Evolution of the State Index of the Jucar River basin from October 2001 to September 2009 (source: self‐
elaboration with data provided by CHJ).

4.1.4. Drought Monitoring Maps and integration in the Spanish National Drought
Monitoring System
The SODMI is computed in CHJ not only for the Jucar River Basin itself, but also for the other 6
neighbouring basins that comprise the territory of CHJ, and displayed in maps as monitoring and early
warning system, updated every month, as illustrated in Figure 15, and also reported in Ortega et al.
(2015). Given the characteristics of these basins, already mentioned in previous sections, no more
frequent updates are needed.
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Figure 15. SODMI for the CHJ basins corresponding to March 2006, January 2007 and March 2009 (from left to right)
(Andreu et al., 2013)

And, in turn, this information is used in order to provide a National Drought Monitoring System for
Basin Water Resources Systems of Spain. In a "bottom‐up" approach, drought indicators and scenarios
are provided from the River Basin Partnerships to the General Directorate for Water in order to
compile and publish the monthly National Monitoring Report and Map, as seen in Figure 16 .

Figure 16. Spanish Drought Monitoring System maps for selected dates (Andreu et al., 2013)
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4.1.5. Use of AQUATOOL DSSS for Real Time drought management
The usefulness of the SODMI, mentioned above, is derived largely from its combination with the results
obtained from using the Aquatool DSSS (Andreu et al., 1996) and its models for simulation,
optimization, risk assessment, etc. of the Jucar River Basin Water Resources System. The water
resources system management is simulated for a large historical hydrological scenario, with current
facilities and demand scenarios, and the different situations of water supply (i.e., normality, pre‐alert,
alert, and emergency) are correlated with the values of the SODMI, obtaining a calibration of the
indices that renders them useful for early warning, risk perception, and for activating different types
of preparation and mitigation measures, according to the situation.
SODMI provides useful information for early warning and action against drought, as well as for risk
perception by the public. Yet, in order to manage droughts, a more elaborate and detailed information
system is needed to better assess the risk and the effectiveness of the measures that can be used to
modify the risks, and to mitigate the effects of the drought on both the established uses and on the
environment. This is why, in addition to the use of the SODMI to monitor the operative drought, CHJ
has gone one step further by (1) integrating long‐term planning and short‐term management and
operation into its procedures, thereby providing consistency between those two time scales; and (2)
demonstrating that DSS can be very useful for the real‐time management of basins, especially during
drought episodes and their associated conflict situations. As mentioned above, the Aquatool DSSS
allows for the development and use of real‐time management models able to assess, for instance, the
risk of drought and the efficacy of proactive and reactive measures (Capilla et al., 1998). Indeed, it is
being applied on a regular basis for the management of the Jucar basin.
In order to decide real‐time water allocation, each basin has a Water Allocation Committee (WAC) that
meets every month. Depending on the particular situation, the committee decides how much water
will be delivered from each source, and how much water will remain in reservoirs. These are
participatory committees in which users are represented and information for the decision is provided
by technicians of CHJ, including the results of the risk‐assessment models (Figure 17). Following the
methodology of drought risk and assessment depicted in Andreu and Solera (2006) (SIMRISK), the
probability distributions for all variables of interest are obtained (e.g., deficits in water demands,
volumes in reservoir storage, deficits in ecological flows) for every month over the assumed time
horizon (e.g., 12, 24, or 36 months). The hydrological inputs to this risk assessment methodology are
obtained through stochastic modeling of the observed variables, generating multiple equiprobable and
conditioned streamflow series that are later fed to the model. For this kind of modeling, the advances
presented in Ochoa‐Rivera (2002a; 2002b) are used to generate series that respect not only the basic
statistics of the historic streamflow values but also the historical drought characteristics. In addition,
the effects of climate change may be tested in the risk models by changing the parameters of the
stochastic models obtained.
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Figure 17. Scheme of the risk assessment methodology used in the Jucar River basin (SIMRISK).

The DSS can show these results in tabular or graphical form, highlighting the evolution of probabilities
and percentiles for water demand and for reservoir storage (Figure 18). Cumulative distribution
functions of any state or quality variable at any time can be obtained. Then, the WAC analyzes the
results and evaluates the situation. If the estimated risks are acceptably low, then there is no need to
undertake measures. However, if the estimated risks are seen as unacceptably high, then some
measures must be applied. In that case, alternatives with sets of measures are formulated, and the
modification of risks and the efficiency of measures are assessed. This iterative procedure can be
continued until, eventually, an acceptable value of risk is reached and the process ends. The approach
can be applied directly to any complex water resources system, thanks to the models and data
management modules included in Aquatool. In fact, it is also implemented in other Spanish basin
authorities, such as Tajo and Segura. Without the development of the DSSs, it would be very difficult,
if not impossible, to estimate risks with such a complete vision of the consequences of decisions, either
concerning management or infrastructure.
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Figure 18. Deterministic (above) and probabilistic (below) forecasts for the reservoir storage evolution in 2006 campaign
(Andreu et al., 2013).

4.1.6. Latest advances in Real Time Drought monitoring and scenario definition based
on Risk
In the Jucar River Basin District, the SODMI has provided useful information for early warning and
action against drought, as well as for risk perception by the public. Yet, in order to manage droughts,
a more elaborate and detailed information system is needed to better assess the risk and the
effectiveness of the measures that can be used to modify the risks, and to mitigate the effects of the
drought on both the established uses and on the environment.
OPTIRISK is the adaptation of the above mentioned risk assessment tool SIMRISK to the use of an
optimization model instead of a simulation one (Haro, 2014; Haro et al., 2014). The results though
show the risk associated to an optimal management of the system in the next months instead of the
results of following the established operation rules.
In the case of drought situations, literature proposes the use of different indices in terms of satisfaction
of consumptive demands or ecological requirements. These indices usually consider the meeting or
not of the requirements from the different water uses and define the state of the system with regard
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to the probability that there is a failure in supply. The problem with these indicators is that they are
only representative of one particular water use or set of uses. However, when facing an ongoing
drought situation and approaching its management from a risk minimization perspective, we are going
to need an indicator that, in some way, summarizes all of what could happen within the basin during
the operation phase considered in the risk assessment process. In regulated systems, the evolution of
storage in reservoirs is a clear reflection of the operation of the system during the previous period, and
their status defines the possibilities of use for the future. Therefore, both reservoir level state
probability and storage probability results will reveal as useful indicators of the status of the system
with regard to drought and will help in the decision making process by providing information on what
can be expected in forthcoming seasons. Figure 19 and Figure 20 show the storage probability
distributions in the Jucar River basin at the end of September. The first figure does only for one month
for a clearer reading while the second shows the evolution of the probability distribution.
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Figure 19. Water storage probability distribution for the month of September calculated from the previous October.
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Probability of reservoir storage in September
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Figure 20. Water Storage probability distributions for the month of September calculated from all the previous months
(Haro, 2014)

In addition to the calculation of the reservoir risk indicators, the risk assessment methodology also
provides risk results regarding individual demands (probability of failure per supply level and failure
with a given probability), and aquifer status (similar to reservoir results).
According to what we showed in previous paragraphs, we can enunciate a generalized methodology
for drought scenarios definition as follows:
Step 1. Analyzing the forecast curves to define a reference probability.
Step 2. Define the reservoirs volume desirable for a normality situation.
Step 3. Determine the time interval in which a situation of lack of normality should change from pre‐
alert to alert.
Step 4. Identify when the risk of failure is significant to declare the emergency scenario
Step 5. Translate the volume calculations into a 0‐1 dimensionless state index.
Step 1 relates the risk assessment results with reality. In the case of the Orbigo River basin in this
section, we can observe in previous figures how the real observed reservoir volumes were closer to
the 95% probability values of the risk results, in average. Therefore, we can use that probability value
as reference value for the calculation of the new state index. Step 2 addresses the rank of reservoir
storage values that would represent the 1‐0.5 values of a posterior state index. The same applies for
step 3, regarding the values between 0.49 and 0.3 corresponding to the pre‐alert scenario, and step 4,
for the values below 0.3 and above 0.1 representing the alert scenario and thus also the emergency
scenario. Step 5 would just mean translating the obtained volume values at the 95% probability into
the 0‐1 values of the state index.
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Figure 21. Risk based monitoring methodology (Haro, 2014).

The risk based monitoring methodology from Figure 21 was applied to the Jucar River Basin obtaining
the results from Figure 22. The SODMI oscillates between the normality and the alert zones never
reaching the emergency status. The index result of the simulated reservoir volumes reaches both 0
and 1 values due to there is only one variable involved and thus there must be 12 zeros and 12 ones
corresponding to the minimum and maximum volume value each month respectively (the SODMI does
not reach those values due to the higher amount of variables involved and the separation in time of
the different maxima and minima). Both indices reflect accurately the periods of drought suffered in
the Jucar River basin during which the volumes stored in reservoirs had to be almost depleted to attend
the different demands in the system. The beginning of the study period (1995‐1996) gathers all the
zero values due to this part of the series corresponds to the end of the 1992‐1995 drought episode in
which the reservoirs ended empty and filled with an unprecedented speed shortly after due to the
very wet series of years that followed. Afterwards, they slightly touch the alert scenario during the
short dry spells of years 1999‐2000 and 2001‐2002, and falls again during 2005 lasting in between
emergency and alert values during what was one of the worse drought episodes recorded in the basin.
It is remarkable that the CHJ index reaches the drought scenarios before than the volumes index in
year 1999 and this order changes in the entrance to 2005 drought scenario being the SODMI the slower
one. Finally, the evolution of the index as calculated with OPTIRISK shows a similar behaviour with
regard to the drought events occurred in the Jucar basin but it is a little more alarming. In general, it
anticipates the entrance to the different drought scenarios with respect to the other two indices, and
the exit is somehow slower. Additionally, it reaches the emergency scenario more assiduously than the
others. This makes of the OPTIRISK risk based monitoring a much more conservative process in the
sense that it is capable of triggering the drought scenarios earlier, together with their associated
measures.
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State index evolution in the Jucar River system
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Figure 22. Evolution of the state index in the Jucar River system calculated from the simulated volumes (blue), from
OPTIRISK results (dashed black), and official CHJ values (black), compared to the drought scenario thresholds (Haro, 2014).

The application of the risk analysis methodology shown above improves, or complements, the quality
of the information of the existing system, since it provides estimations of probability that are not
obtainable from the more classical indicators described above, complementing them.
The new calculated indicator is capable of anticipating the drought events as well as to predict worse
situations. This could be seen as bad behaviour of the indicator. However, it not only is not bad but it
is even desirable. The optimal risk assessment methodology is taking, for any given month, the possible
state of the system at the end of the ongoing hydrologic year. This future state of the system is
obtained under the basis of an optimal operation of the system for each of the multiple synthetic
streamflow series feeding the Monte Carlo process. Thus, the way to read the state index is:
“considering the previous month hydrology, the state of the system in the form of water stored in
reservoirs, and the water demands envisaged for the coming months, this will be the drought scenario
at the end of the campaign provided that the system is perfectly managed”.
With the previous lecture in mind, the manager must understand that, if the hydrologic situation does
not improve suddenly, the best scenario is the one provided by the OPTIRISK calculated index. This
should then trigger the necessary measures to prevent that situation occurs.

4.2.

Examples of application of drought indicators at the Netherlands
Case of Study

The “Water Management Centre of the Netherlands” (WMCN), under the Ministry of Infrastructure
and Environment, is the information centre for the national Dutch water system and it bundles all
monitoring and modeling products and services concerning information about water, incl. national
drought management. The WMCN provides daily information, among other on extreme situations,
including water shortages, below normal water states and fluxes, and provides forecasts to the
national and regional water authorities. The National Water Distribution Committee (LCW), which is
part of WMCN, is responsible for dealing with drought.
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Drought monitoring is relatively new in The Netherlands, although monitoring of the national, regional
and local water systems has always been important. The term drought in the Netherlands is very
closely related to fresh water supply to avoid too high chloride concentrations in the surface water
system. The 1976 drought gave rise to the first ‘drought policy’, i.e. a priority ranking of water
allocation in times of drought. Several in‐depth hydrological and impact studies (so‐called “drought
studies”), were carried out to improve understanding of drought management. The 2003 drought
boosted further development of water management under dry conditions. Figure 23 gives the national
priority ranking of water allocation.

Figure 23. Priority ranking of water allocation at the national scale in The Netherlands under drought conditions.

Rain supplies fresh water to The Netherlands, but the main fresh water sources are the rivers Rhine
and Meuse. Over the centuries an extensive water distribution has been developed (Fig. 24). This
system is primarily used to drain excess water from the Netherlands, but it is also applied to supply
river water to vast Dutch areas in the south, west and north of the country. Only some parts of the
south and east of the Netherlands cannot be supplied with fresh water (so‐called “free‐draining”
areas). Fresh water is required, for example, to prevent salt seawater inflow in the river mouths (sea
water intrusion), to supply fresh water to the polders to mix this water with the salt or brackish
groundwater to avoid too high chloride concentrations, to protect wet nature. Furthermore, old peat
dike can shrink under dry weather, which reduces dike stability and can lead to flooding of polder land.
Fresh water is also required to feed drinking water reservoirs in the western Netherlands and to
infiltrate treated river water in the dunes to provide the major cities with drinking water. Vast volumes
of river water are used for cooling energy producing plants. River water temperature cannot increase
too much to protect the river ecosystem. Clearly river water is also supplied to agriculture
(supplementary irrigation), the industry (process water, cooling and cleaning), recreation (e.g. bathing
water quality) and to maintain adequate water levels in the rivers for water‐born transportation.
Under drought conditions, surface water is first supplied to sectors dealing with safety and preventions
of irreversible damage (Fig. 23, Category 1). Reduction of (old peat) dike stability and prevention of soil
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compaction (peat soils) and impacts to wet vulnerable nature receives the highest priority. Then water
is allocated to drinking water supply and energy production (sufficient river water for cooling
purposes). Navigation, agriculture, recreation and fishery belong to the sectors with the lowest
priorities (Category 4). In the regions (RDOs) the priority ranking may deviate from the national
ranking. The priority ranking is the result from a political (importance of sectors) and technical (water
supply infrastructure) decision‐making process, which is concluded before any drought emerges and
is being implemented during an upcoming or ongoing drought.
The National Water Distribution Committee (LCW) is pro‐active and takes timely measures to optimally
distribute surface water to reduce drought impact. The Netherlands is subdivided in six regions
(Fig. 24) to supply river water from the rivers Rhine and Meuse. Different surface water supply options
exist for these regions. The LCW has meetings with these regions (Regional Drought Meetings, RDOs).

Figure 24. Surface water system in the Netherlands that is used to supply fresh water (left), and the six regions for regional
drought meetings (RDOs, right).

The LCW starts to have regular meetings when there is low water in the River Rhine or the River Meuse.
Another reason to meet is high river water temperatures. The following conditions are distinguished
to call in the LCW:

Flow of River Rhine that is expected to last longer than 3 days,
o < 1400 m3/s in May
o < 1300 m3/s in June
o < 1200 m3/s in July
o < 1100 m3/s in August
o < 1000 m3/s in September and October
•
Flow of River Meuse, lower than 25 m3/s

Temperature of the Rhine River at Lobith (where the rivers enters the country from Germany) is
above 23°C.
The indicators and indices used by the LCW to start having meetings are simple and relatively
straightforward. When the river flow is below the above‐mentioned thresholds (Fig. 25) or the river
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water temperature above, negative impacts of drought may occur. No standardised indices, such as
SPI, SGI, SRI, are used by the LCW.

Figure 25. Flow of River Rhine and the threshold that triggers LCW’ meetings.

The National Water Distribution Committee (LCW) does not issue a Drought Declaration, but
distinguishes four different alert levels:

normal water conditions (surface water, groundwater, soil water);

potential water shortages (regional, temporal);

actual water shortages (like in 2003 or 2011);

(potential) emergency situation due to water shortages.
When a (potential) drought is emerging, the LCW through the RDOs: (i) collects and communicates
information, (ii) coordinates and fine tunes regional measures, and (iii) implements the national and
regional priority ranking. The LCW, as part of the Water Management Centre of the Netherlands
(WMCN), consists of national and regional departments of the Directorate General of Public Works
and Water Management (Rijkswaterstaat), Association of Regional Water Authorities (Water Boards),
National Coordination Centre Crises Management (different ministries responsible for water and
impacts due to water shortages), Interprovincial Consultation Committee and Royal Meteorological
Institute (KNMI). The LCW operates under the authority of the Ministry of Infrastructure and
Environment; the minister of Infrastructure and Environment has the final responsibility and takes
decisions under emergency situation due to water shortages, if the LCW with the support of the
technical system is unable to identify appropriate measures.
Every time the LCW meets, the ongoing drought conditions in the Netherlands are discussed
(precipitation deficit, groundwater levels, river flow, salt concentration, river water temperature) and
the impacts reported to LCW’ participants. Figure 26B shows the precipitation deficit of the ongoing
growing season year (black line) relative to other years (5% dry year, median year, 1976 record year)
and Figure 26C the spatial distribution across the Netherlands. Groundwater levels in the current year
in representative observation wells are plotted against historic probability occurrence (blue and grey
shaded areas). Figure 26D indicated that for the well in Brummen the groundwater level is extremely
low. The map with the groundwater conditions in the Netherlands (modelling product)
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Figure 26. Monitoring and modelling products that are used by the National Water Distribution Committee (LCW): A. water
level of Lake Constance, B. precipitation deficit (reference evaporation minus precipitation, average of number of
representative meteorological stations) in the growing season (1 April onwards) and 15‐day forecast, C. map of
precipitation deficit, D. groundwater level (current year in red; grey area provides the 10‐90% probabilities), and E. map of
modelled groundwater anomalies (orange and red: groundwater levels belong to the 10% lowest, blue and purple: levels
belong to the 10% highest, green: levels are in the 25‐75% occurrence probability).
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illustrates the probability of occurrence of the groundwater levels at a particular time (Fig. 26E). The
map shows that in vast areas in the Netherlands the groundwater levels at that time (August 2013)
were extremely low (belong to the 10% lowest). Additionally for the short‐term forecast/outlook the
water stores in the basins of the River Rhine and Meuse are considered, e.g. snow pack in Switzerland,
the water level of the Lake Constance (Bodensee) (Fig. 26A). These are combined with the 15‐day
weather forecast. An ensemble forecast of the precipitation deficit is provided (grey‐shaded area in
August, Fig. 26B).

Figure 27. Procedure to manage drought in the Netherlands.

When the drought severity increases, the forecast of the weather and stores in Switzerland are fed in
the Netherlands Hydrological Instrument (NHI) (http://www.nhi.nu/nhi_uk.html). NHI is developed by
the large hydrological institutes of the Netherlands, Deltares, Alterra, the national Environmental
Assessment Agency (PBL) and the Ministry of Ministry of Infrastructure and Environment. NHI is being
used by ministries, institutes and other organisations involved in national water policy issues, such as
drought management, manure policy and climate variability. The basis of the NHI is a state‐of‐the‐art
coupling of the groundwater (MODFLOW), the unsaturated zone (metaSWAP) and the surface water
(MOZART‐DM) models. The resolution of the groundwater model is 250 m and groundwater flow is
computed on daily basis. The outcome of the hydrological model are used input for a series of national
integrated impact models (e.g. crop yield, salt concentration, navigation), which are converted into
damage numbers. The simulation with the hydrological model and the impact models is repeated a
number of time to assess the influence of different potential measures. A Decision Support System
(DSS) helps the LCW to understand the comprehensive outcome. On the basis of this information and
the priority ranking, measures are employed. Optional operational and recovery measures are listed
in Table 4. The series of actions foreseen include, e.g. restricting irrigation, washing cars, spraying
Technical Report No. 33

- 36 -

gardens; increasing water buffers; re‐directing available flow; operate reversible pumping stations,
restrict navigation, preventing water temperature getting too
Table 4. Drought‐related Measures in The Netherlands (Assimacopoulos et al., 2013)

high; supplying water to high‐value nature areas. The LCW does not operate on the basis of a “Drought
management Plan”, i.e. not a fixed plan, but applies a conglomerate of actions that are taken on basis
of real‐time drought conditions and impact of potential measures, which are discussed with
stakeholders and authorities.
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The monitoring results and some of the outlook products are also available to the public on the internet
as “drought messages”, which are published about bi‐weekly dependent on the drought development.
Such a message includes on overview of relevant information on the water system at that point in
time, incl. annexes with more detailed information for water professionals (Assimacopoulos et al.,
2013, provides an example in Appendix 1).
The system to manage ongoing droughts (Fig. 27) was also used to explore the impact of future
drought and possible adaptation measures. In the Netherlands, in two out of the four scenarios
drought will increase, which will lead to water shortages and water quality deterioration (KNMI, 2014).
This reflects the changes in precipitation and potential evaporation. Such analyses are used to improve
future drought management, e.g. priority ranking, possible measures, communication of damage to
be accepted by sectors.

A

C
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D

Figure 28. Spatial distribution of drought characteristics in August 1996 accumulated over the previous 12 months in the
province of Gelderland (the Netherlands; location upper left): A. cumulative precipitation deficit, B. Standardised
Precipitation Index SPI12, C. Standardised Precipitation and Evaporation Index SPEI12, and D. Standardised Groundwater
Index SGI12) (Ten Broek et al., 2014).

In the above‐mentioned comprehensive approach for national drought management in the
Netherlands the numbers of the real‐time state variables and fluxes are used, which usually are
associated with the probability distribution of that variable on that time and location (e.g. lower/higher
than the median, or 5% lowest value). Standardized drought characteristics (e.g. SPI, SPEI, SGI) are not
used. Associated with the DROUGHT‐R&SPI project a study was done to explore usefulness of these
standardized indices for drought management in the Netherlands (Ten Broek et al., 2014). The map of
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the Standardised Precipitation Index (SPI) and Standardised Precipitation and Evaporation Index (SPEI)
accumulated over 12 months in August 1996 (Fig. 28) show dry conditions (SPI12 and SPEI12 < ‐2),
while the Standardised Groundwater Index show both dry conditions (SGI12 < ‐2) and wet conditions
(SGI > 1). The negative SGI occurred in regions with rather shallow groundwater levels, which respond
more quickly on rainfall deficits than the areas with deep groundwater levels (still above average
levels). The outcome of the study was discussed at a DROUGHT‐R&SPI meeting in Wageningen,
10 November 2014 with participants from, among others the LCW and Water Boards. The preliminary
conclusions were that: (i) standardized meteorological indices (e.g. SPI, SPEI) might be informative as
awareness indicator, (ii) for management of drought impacts not only meteorological indices can be
used; the appropriate index depends on the impacted sector, which also include hydrological indices,
and (iii) current state variables and fluxes placed in a probability context seem to be more easily
understood. Follow‐up research was planned to investigate where standardized indices could provide
added value.
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5. Conclusions and final recommendations
The current drought monitoring systems in the different cases of study were analyzed in a previous
technical report; its conclusions are summarized here. In addition, to help developing the final
recommendations, the outcomes from WP 1 and WP 3 of DROUGHT‐R&SPI regarding monitoring and
early warning assessment were also considered, providing a summary of their conclusions here related
to Task 2.7.
In this report, two Case Studies, namely a river basin, i.e. the Jucar River Basin and a country, i.e. The
Netherlands, were used to explore the applicability of suggested indicators for drought monitoring,
forecasting and early warning, given that they are the cases which have a wider background in the
development and use of indicators in close collaboration with local water managers, users in different
sectors, and stakeholders, and with the objective to use them for policy and decision making related
to drought.
From the research performed, it can be concluded that the standardized indices like SPI (Precipitation),
SPEI (Precipitation‐Evaporation), SMA (soil moisture) and SRI (Runoff) are good for monitoring
meteorological and hydrological drought at the basin and local scale to reflect natural conditions, i.e.
natural hazard. But, it has to be remarked that the robustness of the indicator gets lower as more data,
or elaboration, are needed to produce them. Therefore, and even though their use in every local case
can be adjusted (e.g. different temporal aggregation) to provide reasonable correlation with the
impacts, their use for inter‐comparison at national, or pan‐European scales is weakened, or even
invalidated in some instances.
When we move to the human dimension of drought, we can also apply standardized indices, as for
example the Standardized Reservoir Storage Index (SRI) shown for the Jucar Basin Case Study. But, it
can also be concluded that, in order to provide a drought awareness and early warning system
intended to give a perception of risk and vulnerability to managers, users and stakeholders,
standardized indices are not always well understood. Therefore, there is a need to recur to other
indicators with a more clearly physical meaning in terms of variables, such as flows, storages, or
deficits. Therefore, in practice, percentiles, rankings, and thresholds, are preferred to be used to
provide awareness, and sometimes even to provide triggering devices to activate measures foreseen
in plans for drought preparedness.
Moreover, sometimes, and as illustrated in the Jucar case, it is desirable to design combined indicators
(so called "operational indicators"), tailored to the system, where several variables are combined, and
which are also standardized in order to provide thresholds, or levels, for the definition of different
degrees of awareness (drought scenarios) which might be tied to measures to be applied in each
situation. Even though the standardization is not strictly required to define the drought scenarios, it is
very useful for inter comparison between basins, and in order to provide a National Drought
Monitoring System for Basin Water Resources Systems, as it happens in Spain, working in a "bottom‐
up" approach (drought indicators and scenarios are provided from the River Basin Partnerships to the
General Directorate for Water in order to compile and publish the monthly National Monitoring Report
and Map).
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Finally, in order to provide a better perception of reliability, risk, vulnerability, and resilience in prior
to a drought it is very convenient to use the outcomes of models (desirably integrated in Decision
Support Systems ‐ DSS). In fact, this is done in the Jucar case at two time horizons. For long term (basin
and drought planning), indicators are used to assess the vulnerability to drought (acceptable or not
acceptable) of different water uses, and therefore, to propose long term proactive measures to lower
vulnerability and increase resilience. And for the short term (real time drought management) DSS are
used to predict the short term (12 to 24 months) impacts of the ongoing drought, in deterministic and
probabilistic fashion, using flow forecasts. This provides an excellent indicator of risk, which is used in
participative meetings of the drought commissions in order to define and refine the degree of
application of the measures contemplated in the plan for each scenario, testing their effectiveness by
means of the DSS.
It has proved to be important, according to both the experiences in the Jucar Basin and in The
Netherlands, that Decision Support System (DSS) models need to be used to homogenize the data used
for the scenario comparison, which are based upon computation of some Standardized Indices that go
beyond SPI and SPEI, since human effects on river flows, groundwater levels, and natural and artificial
surface storage are a source of heterogeneity and inconsistency. This applies strongly in mid to high
water stressed systems, while in low stressed it could be neglected, even though in theory it would be
necessary, but not doing it can obscure the desirable inter comparison function of the indices.
Concerning the DSS models, and irrespective of whatever the monitoring and early warning system is
used in a given case, it appears to be necessary to continuously review, update, and improve the model
set. Otherwise, the apparent usefulness of the system can be hindered by changes in climate, land
uses, management practices, new infrastructures, etc. not included in the original design.
A final remark is related to the experience in both Cases of Study dealt with in detail in this report. It
concerns the development of the entire drought preparedness and management system. The systems
in the Júcar and in The Netherlands have developed over time, with all relevant parties involved: the
policy‐makers, the scientists, the water managers and the stakeholders. A model‐based decision
support system, based on wisely selected indicators that are agreed by all, is required or at least useful,
but the models do not take decisions. Decisions are taken by people and sometimes such decisions are
tough, but when they are taken in full recognition of science and stakeholder perspectives and
interests, experience in practice shows that they are accepted by all involved. This is concurrent with
the results of the 4th pan‐European Drought Dialogue Forum of DROUGHT‐R&SPI, that the best working
SPIs, Science‐Policy‐Interfaces, are the ones that have the SPI‐I dimension, i.e. with a strong link with
‘Implementation’.

Summary recommendations
At the light of what has been depicted along the present document, it is possible to provide
recommendations for drought monitoring and early warning:
Recommendation 1. The use of standardized drought indices is useful and necessary at any scale of
study in order to characterize droughts and to set a general comparison framework between time
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periods and territories. Nevertheless, it is necessary to note that these indices are better calculated
from natural, or unaltered, variables.
Recommendation 2. Runs theory (or threshold theory) is a valid methodology to characterize droughts
at one point, particularly hydrologic, providing a set of variables with physical meaning (duration,
intensity, severity). It should be used to validate simulation and forecasting models, and can also be
useful for comparison between current situation and future climate change effects.
Recommendation 3. In addition to statistically based indices mentioned in recommendation 1, it is
necessary to use sets of indicators that have easier physical translation for improved communication
with stakeholders and the transmission of risk perception. Examples of these indicators are percentiles,
rankings and thresholds.
Recommendation 4. At high spatial scales (pan‐EU, national), the use of generalized combined indices
such as the ones provided by institutions like EDO (Cammalleri et al., 2015) or NDMC (Svoboda, 2015)
may be more efficient to act as a preliminary warning system. However, the combined indices require
a careful design and appropriate explanation to be able to link these to the different impacted sectors.
Recommendation 5. At low spatial scales (regional, basin, local), the use of tailored indicator systems
becomes better efficient to raise awareness about droughts and also for real time management of
events. This kind of indicators systems require of continuous improvement and updating in order to
maintain their effectiveness towards future drought episodes.
Recommendation 6. Indicators systems must also allow reflecting the effects of measures on the
drought situation. In this way, it should be possible to make real time assessment of risk reduction due
to measures as well as a better tuning of the measures to be applied.
Recommendation 7. The use of Decision Support Systems for drought management at the river scale
or national scale, as demonstrated for the Jucar and the Netherlands Case Studies, is practically
indispensable in order to accomplish an appropriate planning for drought and also an effective real‐
time decision making. This is recognized by many authors (e.g. Mishra et al., 2011), but very few
examples of application are found in reality. One of such examples is the Jucar River Basin case of
study, which in summary follows a methodology that can be generalized for possible use in other
Water Resource Systems through the following steps (Andreu et al., 2006):
1 Identification of the water resource system.
2 Definition and validation of a management model (MM) of the complete WRS.
3 Utilisation of the management model to evaluate the propensity of the WRS to operative
droughts on a long‐term time scale (Reliability and Vulnerability indicators).
4 Identification and definition of possible measures to reduce the propensity to operative
droughts (proactive measures).
5 Use of the management model to evaluate the impact of the proactive measures in the
indicators of propensity to operative droughts. Following this analysis, the stakeholders
within the river basin will select, by negotiation and consensus within the body of the Basin
Water Council, the proactive measures to be applied taking into consideration technical
criteria (including economic and environmental), as well as the social and economic
aspects.
6 Implementation of the measures considered to be the most appropriate.
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7 Design of emergency plans for drought. An important aspect is the continuous monitoring
system and definition of indicators to identify the risk of suffering an operative drought.
8 Use of the management model to determine the possibility of an operative drought in the
WRS in the near future, using the actual conditions as starting point. Statistical forecast of
flows are used, and the analysis provides probabilistic indicators that are not obtainable
from the more classical indicators described above.
9 Identification and definition of possible short‐term operative drought mitigation measures
(reactive measures).
10 Use of the management model to evaluate the impact of the reactive measures on the
effects of the prospective drought. Also, after this analysis, the stakeholders within the river
basin will select, by negotiation and consensus in the body of a Special Drought Committee
(Andreu el al., 2013) the reactive measures to be applied, taking into consideration, not
only the technical criteria (including economic and environmental) but also social and
political aspects.
The analysis and drought measures mentioned in points 3, 4, 5, 6 and 7, corresponding to the
management phase defined as planning, are put into effect and must be regularly revised to
introduce changes as they occur in the many factors over the years. With regard to this, the
Spanish water laws assume a revision of the plans for each basin every five years and the
Community Water Board every nine years.
The analysis and the measures described in points 8‐10 correspond to the management phase
defined as exploitation (in real time) and is a process that, in the semi‐arid Spanish
Mediterranean basins must be continual, theoretically every month, although in some cases a
less frequent revision would be admissible, provided that the indicators monitoring the
situation in the system (later, we will give some examples) do not make a return to the monthly
frequency advisable.
Recommendation 8. Proactive approach to droughts must be done from the basic water planning
aspects mandatory by the EWFD for the elaboration of basin plans. These plans must include long term
vulnerability and resilience indicators.
Recommendation 9. The existence of a supporting organization for the whole drought planning and
management process is a useful asset to keep control of the methodologies, data storage and
interpretation, coordination of measures activation, etc.
Recommendation 10. The involvement of stakeholders in the entire drought preparedness and
management system is essential, at various scales, ranging from the detailed spatial scales to regional
level. This is not only to support decision making during drought situations, but even more during the
planning phase and for indicators selection to ensure that they are meaningful.
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