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Abstract
This report summarizes the establishment of a pan-European inventory of drought impact reports for the
purpose of cross-disciplinary research on drought vulnerability and risk. The report gives a detailed
description of the database structure and standardized input interface developed within the DROUGHTR&SPI project and presents the current status of the inventory. The initial, and only short period of data
collection focused mainly on the project partners’ countries and on a few priority events. Impacts of the
2003 summer drought in Europe and the 2004-2007 multi-year drought on the Iberian Peninsula, for
example, are already well documented. The inventory reveals a large variety of diverse drought impacts
and response measures, and although not yet statistically representative, the initial analysis suggests
some geographical differences across Europe that may be important to EU policy development. The
inventory will be populated with more data throughout the project duration and aims to become an
online source to the public later on.

Technical Report No. 3

- iii -

Author contributions/Preface
The establishment of the European Drought Impact Report Inventory is a major collaborative effort
within Work Package (WP) 3 of the DROUGHT-R&SPI project. All co-authors contributed by finding and
selecting suitable impact reports from their own and neighbouring countries. Thanks to their effort, a
large collection of text records from many different European countries has already come together within
only a short period of data collection. All co-authors have commented on and approved a draft version
of this report.
I would like to name some co-authors’ key contributions to the main steps of this work: (i) the design of a
new database structure and standardized input interface, (ii) the physical entry of data (impact reports),
and (iii) the preliminary analysis of the data.
Design and structure of the inventory was initially developed by Irene Kohn and myself. The
classification system of impact categories and types was discussed in detail with Vanda Acácio and
Susana Dias from ISA and harmonized with the classification used within case study activities (WP2);
the classification of measures was adapted to the one developed by Julia Urquijo and Lucia De Stefano
from UCM (originally also for WP2). During an initial test phase and at the first project meeting in
Valencia, Spain in March 2012, meeting participants made valuable comments about the structure. Veit
Blauhut and Irene Kohn then implemented the structure into a standardized input interface for an MS
Access database. Physical data entry was completed by Lieke Melsen (WU), Susana Dias (ISA), Julio
Urquijo (UCM), Trine Jahr Hegdahl (UiO), Eleni Kampragou (NTUA), Dario Musolino (UB CerTe),
Barbara Frielingsdorf, Daniel Eilertz, Veit Blauhut, Irene Kohn (all ALU-FR). Veit Blauhut carried out the
preliminary GIS analyses and created the tables, maps and graphics we present in this report.
The initial database allows a first glimpse at the great potential of an inventory of drought impact reports
across Europe. I hope that it will provide an incentive for further contributions. Any interested individual
or group are welcomed at any time: now, while the inventory is still in the phase of structural
improvement and refinement of the concept, and later, when it will hopefully become an online resource
to the public.

Kerstin Stahl
(Work Package 3 leader), Freiburg, 25 Oct. 2012
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1.

Introduction

Recent droughts, such as the 2003 event in central Europe, have prompted news coverage, warnings
from governments and stakeholders, and detailed analyses by water authorities as well as scientific
studies. One objective within the DROUGHT-R&SPI project is to compile knowledge on major recent
drought events and their impacts from such analyses, reports, and a variety of other information sources
(Annex 1). In the USA, Dieker et al. (2008) correlated the National Drought Monitor indicator with the
Drought Impact Reporter. Elsewhere, including in Europe, few studies have tested how commonly used
drought hazard indices, such as the Standardized Precipitation Index (SPI), relate to drought impacts
and vulnerability across larger regions. Improved knowledge on this relation in different geoclimatic
regions across Europe would aid a regional or sector specific interpretation of these indices, which are
commonly used for monitoring and early warning. A crucial step towards this aim is the establishment of
a database or ‘inventory’ of drought impacts, i.e. reported records of a variety of drought impacts. The
inventory is an important deliverable of the project that later will be used by all DROUGHT-R&SPI
partners to find and test the relevance of different measured or modelled physical drought indicators
based on precipitation, streamflow, soil moisture, etc. in different geo-climatic regions and to determine
critical thresholds across Europe.
The main steps towards the development of the drought impact report inventory were:
• Development of a simple impact reporting form for systematic collection of drought impact reports
across Europe, modelled broadly after the US Drought Impact Reporter (UNL, 2012) and requiring
information on time and location of the impact, the impact category and the type of report (Oct 2011Dec 2012).
• Test of the reporting form on a collection of over 300 impact reports, mostly from Germany on the
drought of the year 2003 (Dec 2011 - Mar 2012).
• Adaptation and refinement of the initial classification systems underlying the form, incl. (Mar-June
2012):
o A list of pre-defined impact categories and types, the classification of which was
coordinated and harmonized with partners from ISA, who lead the respective tasks in WP 2.
o Geographical reference maps, which were included to improve Pan-European mapping and
analysis opportunities within a Geographical Information System (GIS).
o A list of pre-defined types of drought response measures, adapted from a classification
developed for the case studies in WP 2 (Urquijo et al., forthcoming).
• Implementation of the form as a standardized interface to a MS Access database that allows
selections from the pre-defined lists and facilitates multiple entries by all project partners (Mar-June
2012).
• Entering of impact report data (June-Aug 2012)
This report first provides an overview of the database design and the standardized entry interface. It
then summarizes the current status of the inventory based on the collection of reports during the first,
and rather short period for data entry. Based on this preliminary content, a summary of the knowledge
gained about selected major drought events across Europe and their impacts is given. Finally, some
outstanding challenges and the way forward are discussed.
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2.

The European Drought Impact Inventory (EDII): design and
structure

Entries into the European Drought Impact Inventory (EDII) are based on reports of drought impacts.
Therefore, the type of source (Table A1.1) and a reference with author, year, title, weblink (where
applicable), etc. is a required information to be entered into the database. Information on the impact
entering the database should reflect closely the content of this source.
Each drought impact cited in the database must contain the first three pieces of information, with the
fourth providing optional supplemental information:
1. Location of reported impact with options to refer to different levels of geographical regions including
the European Union NUTS (The Nomenclature of Territorial Units for Statistics) regions standard.
2. Time of reported impact (at least the year) and its link to a major known drought event.
3. Impact category according to the classification in Table A1.2 and short text description.
4. Associated secondary impacts, response and mitigation measures (Table A1.3), and other relevant
information that may be available.
The MS Access database “EDII Version 1.0” provides a standardized interface to enter such impact
information based on the collected reports. The interface should be user-friendly and time efficient, its
structure self-explanatory and easy to transfer from its initial desktop implementation to a web-based
interface and database later. Therefore EDII 1.0 was built in MS Access, compatible from Access 2003
onwards (Figure 1). Help text is available for most database fields. A ReadMe and Guidelines file as
well as kmz files for Google Earth extensions that allow finding NUTS (NUTS-1, 2, and 3) region
numbers interactively complement the package.

Figure 1: EDII start screen.
The “Edit & Show” group enables edit and display of previous entries. Furthermore the opportunity to
edit selection lists of rivers and lakes is given. To keep an overview, references, impact categories and
impacts themselves can be displayed. A summary report of all entries can be generated for data export.
As the EDII database is an initial version that will be improved throughout the project, feedback
opportunities, contact information and the project website link are given at the bottom.
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Annex 2 shows a model of all relations within EDII. The structure of an entry and the information content
can be illustrated with an example from a government report published by the German Federal Institute
of Hydrology, the “Bundesanstalt für Gewässerkunde”. The report contains a description of the low flow
situation during the European summer Drought in 2003. It contains analyses of hydrometric data as well
as descriptions of drought impacts such as on river navigation, the use of river water for cooling
purposes, etc.. In the example shown below, an entry was made for the River Spree for the month of
June 2003 (Figure 2). The entry’s unique ID consists of the contributor’s initials, the Julian date when
the entry was made and the running number of entries by the same contributor. The impact was a
violation of the minimum flow requirement at a particular gauging station(impact category and type no.
9.8 according to Table A1.2). A short description in English summarizes important details on the impact.

Figure 2: Example of an EDII entry for the river Spree in Germany.
Technical Report No. 3

-3-

For this particular impact, a response measure was taken, whereby the flooding of a nearby reservoir
was stopped for some time to allow the water to be used to augment low flow upstream of the reported
minimum flow requirement violation. This measure was classified as ‘demand management’ according
to the drought response measure classification scheme (Table A1.3), as the regional government
changed prioritization and allocated water to low flow augmentation instead of continuing to fill an old
open pit mine. The governance level was selected to be ‘regional/national’. Similar to many other cases,
the decision for one of the pre-defined levels and selections here is a bit difficult as the measure itself
happened at a more local scale and includes aspects of other types of measures, e.g supply
management and environmental protection as well.
Each entry is geo-referenced at the country or NUTS level, river/ stream or lake/reservoir and/or by
longitude and latitude information. This facilitates the link to a Geo Information System (GIS). Figure 3
schematically shows the database entries connected via geo-referencing to a GIS using longitude and
latitude data or NUTS regions. In this case an allocation was made also to a predefined river.
Unfortunately, a complete database of river names wasn’t available to be included with the system, but
an extensive list of river names has now been assembled from different sources and users can add
additional names. The same applies to lakes and reservoirs.

Figure 3: Example of an impact report entry geo-referenced to NUTS-1,2,3 regions and to a river.
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3.

Status of the inventory

3.1. Number and distribution of entries
Data collection and entry is a continuous activity throughout the project. The current content of the
inventory only reflects data entries made by ALU-FR throughout the the first year of the DROUGHTR&SPI project and entries made by partners (ISA, NTUA, UB- CERTeT, UCM, UiO, and WU) during
only a 3-month period from June 2012 until the end of August 2012, when all separate database files
were merged and analyzed for the purpose of this report.
Overall, 858 entries of drought impacts have been added to the database. As classifications are not
mutually exclusive, i.e. the selection of several impact types within the same impact category is allowed,
the total numbers reported in graphs and tables below can be larger than the total number of entry ID’s,
depending on the particular characteristic of interest.
Many different types of information sources have been used (Figure 4), although the largest source was
government issued reports. Such reports from national or regional agencies often summarize different
types of drought impacts following a severe event. They provide a reliable source with multiple layers of
information. Newspaper articles make up the second most used source, followed by river basin
organisation reports and scientific articles.
Report (private sector)

11

1
17

59

Governmental Report (national and
regional agencies/organistation)

14

(Other) Government Document
Thesis

150

Pamphlet
Web Page

426
Scientific Article

56

Newspaper Article

28

Press Release by stakeholders or
agencies
River Basin Organization Report

41
38

Database
Other

Figure 4 Distribution of information sources of EDII entries (Status 31 Aug. 2012).
As presented in Figure 5, currently about 350 database entries relate to drought impacts in Germany,
followed by Portugal with 244, the Netherlands with 187, Spain with 135 entries, and a number of other
countries with up to about 40 entries. The distribution of entries in this preliminary database is not
representative of a country’s exposure or vulnerability to drought. The collection of reports with suitable
information depends on many different aspects including availability of sources, reporting priorities of
water authorities, news media, and other potential sources, and priorities and allocated time contribution
to data collection within this project. In this first phase of testing the inventory structure and data entry,
most partners concentrated their efforts on collecting impact reports in their own and in some cases in
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neighbouring countries and they focused on reports in their native language. Brief English summaries
are included as part of the data entry (Figure 2) thus making the information available to an international
audience. Throughout the project period, data collection will subsequently expand to additional
countries and sources, including existing international databases and other sources not yet heavily
exploited at this stage.
All impact categories have already been used, whereas some impact types in the classification system
(Table A1.2) have not yet been selected, despite anecdotal evidence that these impacts exist. Overall,
the reported impacts span a wide range of categories of which “Agriculture”, “ Water quality”,
“ Freshwater ecosystems”, and “Water Supply” currently comprise the largest fractions (Figure 5). The
distribution of impact categories and types entered into the inventory so far will reflect availability and
accessibility, as well as different interests of the used report sources (government, media, research,
etc.).
Agriculture and Livestockfarming
Freshwater Aquaculture and Fisheries

1
16 4

40

33

Forestry

7
238

Energy and Industry

116
Waterborne transportation
Tourism and Recreation

59

137

Water supply / water industries

3
64
96

19

Water quality

21
Freshwater ecosystems: habitats, plants
and wildlife
Terrestrial ecosystems: habitats, plants
and wildlife
Soil system
Wildfires
Air quality

Figure 5: Distribution of impact categories of EDII entries (Status 31 Aug. 2012)
The distribution of impact categories also varies by country. Among countries with >50 entries, the
category “Agriculture and Livestock farming” always has the largest proportion of reported impacts (2431%), with the majority of these impacts attributed to a “Reduced productivity of crop cultivation” (166
entries), followed by “Increased cost for agriculture production” (78 entries). Water Quality impacts were
also reported in all countries (3%-30% of all entries). Of these, 62 impacts were attributed to “Increased
temperature in surface waters”, 56 to general “Water quality deterioration”. Freshwater Ecosystem
impacts such as “Increased mortality of aquatic species” (42 entries) and potentially EU Water
Framework Directive related “Impairments of ecological status of surface waters“ were also reported
frequently. Over 30 impacts on water supply and rivers were attributed to each “Drying-up of reservoirs”
and to “Regional/region-wide water supply shortage/problems”.
Currently, 123 entries could not be assigned to a pre-defined impact type in the provided selection and
were hence classified with “other”. All entries include text explanations about the drought impact in the
description field and hence provide the possibility for later reclassification. The pre-defined list could be
expanded, in case additional impact types frequently appear in the collected data.
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3.2. Geographical reference and distribution of entries
Every entry requires a geographical reference to identify the location of impact. The standardized input
interface allows an assignment to multiple levels (e.g. a NUTS-2 and several NUTS-3 regions, a NUTS1 region and a river, etc.). Figure 6 illustrates the distribution of the impacts geo-referenced to the three
different NUTS levels in Europe. So far in the inventory, 682 entries were related to a NUTS-1 region,
542 to a NUTS-2, and 521 to a NUTS-3 region. It can be seen that most contributors used the
opportunity to distinguish between impacts that were more local or affected a larger region or a country.

Figure 6 Number of entries by NUTS region (left: NUTS-3, upper right: Nuts-1, lower right: NUTS-2)
Several entries (44) used the option of specifying geographical coordinates to define the exact location
of the reported impact, 108 used river or lake/reservoir names, and over 700 described the location with
a geographical detail (not shown). At the moment, Figure 6 only shows the direct input made into the
database. Within a GIS, all smaller units given (coordinates, river, NUTS-3) can also be assigned to the
larger units they belong to (e.g. NUTS-2 or -1).
Based on the geographical reference, the distribution of entries across the impact categories can be
mapped for each country (Figure 7). With the existing preliminary dataset, it is not yet possible to test,
which areas are more prone to specific impacts or which impacts are specific to different European geoclimatic regions. Nevertheless, some differences in relevance already emerge from the map, e.g. a
greater proportion of water supply related impacts in Southern Europe, where water is scarce, and a
greater proportion of reported impacts on ecology and river flow in Central and Northern Europe where
perennial rivers tend to be used more for fishing, hydropower generation, navigation, etc..
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Figure 7: Proportion of impact categories reported by country (Status 31 Aug. 2012).

3.3. Entries of associated impacts and response measures
The optional feature of the database, i.e. information on associated impacts and drought response
measures (Table A1.3), was not often used, possibly because few sources provide this type of
information or the additional effort required to find and enter information on these aspects. Out of 858
entries only 86 selected one of the three pre-defined choices for associated impacts: in 30 cases each,
“Economic consequences beyond the event” and “Lasting environmental impacts” were noted, while
“Expansive effects on social life/public health” were noted only in 5 cases. Only for half of those an
explicit text description was provided. These associated impacts, however, relate to nine different
drought events. Overall, 138 entries have documented a type of drought response measure and 109
entries selected a pre-defined level of governance for these measures.
The majority of entries relate to only two large-scale events, the central European summer drought 2003
and the 2004-2007 multi-year drought on the Iberian Peninsula (Figure 8). Both events appeared to
have prompted a wide variety of response measures (Table A1.3, Figure 8), with “environmental
protection measures” being the most commonly reported measure in the 2003 event and “strategic
measure” being the most reported type of measure in the 2004-2007 event. Overall, “recovery
measures” are the most frequently reported drought response measures currently registered in the
database.
As summarized in Figure 8, the vast majority, about two thirds of all reported response measures, were
made at the “regional or national level”. About one third of the measures were reported as “local
activities”, whereas “international aid” was rare and reported in only 3 cases.
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Figure 8 Number of documented entries for reported types of drought response measures (upper panel),
and their level of governance (lower panel) (Status 31 Aug. 2012).
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4 Impacts of selected major European drought events
4.1 Timeline of major events
Before the start of impact report collection, project partners agreed to focus initially on selected major
drought events in eight regions or countries of investigation (i.e. Scandinavia, Netherlands, Germany,
Switzerland, Italy, Spain, Portugal, Greece), some of them subject of or related to the DROUGHT
R&SPI project’s case studies (WP 2). These ten priority drought events were:
•
•
•
•
•
•
•
•
•
•

1976 across major parts of Europe
1992 to 1995 in Spain
1991-1995 in Portugal
1999 to 2000 in Greece
2003 in central Europe
2004-2007 on the Iberian Peninsula
2006/2007 in the Po River Basin in Italy
2007 on the Island of Syros
2011 during the spring season in Switzerland
2011 during the autumn season in Switzerland

The impact report search initially focused on these events and regions. However, as the data collection
has expanded, entries have been made related to many more drought events ranging from the 1930s to
the year 2012. Overall, 63 “drought events” have been defined by the contributors. Figure 9 shows a
timeline of the 16 (out of the 63 events), which have more than 5 impact entries in the database. The
earliest of those events was the 1976 summer drought in Western Europe, for which many reports exist
across France, Germany and the UK and likely more impact information will be added to the inventory
over the next year. This event is followed by several events in the 1990s, with one of the most notable
droughts in Spain and Portugal during the first half of the decade. Again, more impact information may
be available for this event (incl. from neighbouring countries) that has not yet been included. Overall,
contributors have experienced that the further in the past an event happened, the more difficult it is to
find information on specific drought impacts.

Figure 9. Timeline of drought events to which > 5 entries are related. Darker colour denotes a larger
number of related entries (Status 31 Aug. 2012).
The largest number of impact entries was made for the 2003 summer drought event that affected large
parts of Europe and for the 2004-2007 multi-year drought event on the Iberian Peninsula. Therefore,
these two events are used in the following to illustrate further possible event based analyses on the
frequencies of particular impact characteristics and their geographical distribution.
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4.1 Impacts of two selected major events
Figure 10 shows the spatial extent of drought impacts reported for the two events. Impacts of the
European drought of 2003 extended over Central, Western Europe and the Mediterranean while
impacts of the 2004-2007 event were reported only for the Iberian Peninsula.

Figure 10 Extent of reported impacts for two major European drought events (Status 31. Aug. 2012).
The distribution of reported impact categories for the major events (Figure 11) is similar to the
distribution of impact categories for all events (Figure 5) as these two major events constitute about 2/3
of all reported drought impacts at this stage. “Agriculture and Livestock Farming” impacts and
“Freshwater Ecosystems” impacts were the most frequently reported impacts common to both events.
Impacts on “Water Quality” made up a larger proportion of impacts in the 2003 drought, whereas
impacts on “Water Supply” constituted a larger proportion in the 2004-2007 event. Impacts on “energy
and industry” were also common to both events, with a considerable number of entries.
One emerging difference between the impacts of the two events is the stronger relevance of surface
water quality in 2003 versus water supply in 2004-2007. This difference may reflect the different
temporal characteristics, as well as inherent differences in water availability and hence water use in the
different European climatic regions. The summer drought in 2003 impacted water quality more than
quantity, which may have been partly due to the accompanying heat wave, but also due the time, which
was too short to deplete larger reservoirs, aquifers, etc. to have severe impacts on water supply. Also
this event affected the mid-latitudes, where surface water (rivers and lakes) are perennial and hence
used heavily for a number of activities that require high water quality standards (e.g. fishing, recreation).
The 2004-2007 event, on the contrary, was long enough to deplete all natural and artificial storage, thus
causing severe water supply impacts even in Spain and Portugal, where multi-year storage in reservoirs
is common. A larger and more representative sample of data covering more drought events, however,
will be necessary to confirm these patterns.
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Figure 10 Distribution of reported impact categories related to the 2003 drought event in Europe (left)
and the 2004-2007 event on the Iberian Peninsula (right).

4.1 Impact chronology during one major event in one country
To illustrate the analysis potential of the EDII database, an impact chronology was created based on
impact reports with a defined time frame. Table 1 shows such a chronology for drought impacts in
Germany in 2003. The entries reveal that the first impacts were reported as early as March and April
2003, when forest fires and dried out soils were reported from the Federal States of Bavaria and Hessen.
In May, the first impacts on river flows were noticed, soon followed by impacts on water quality and the
first restrictions to waterborne transportation in June.
In July, reservoirs were required to make management changes to provide low flow augmentation to
rivers with deteriorating water quality, including high water temperature. Nevertheless, where such
response measures weren’t possible, dying fish, oxygen depletion, etc. was reported. The drought did
not even spare alpine rivers that usually have their annual maximum in early summer. Agricultural
losses and early forest foliage changes were also reported throughout Germany during July and August.
In August, the combination of depleted river flows with extreme temperatures (heat wave) caused a
variety of impacts to energy production, including run-off-the-river hydropower but mostly due to cooling
water issues. Impacts on forests and rivers continued into September and reports stated that reservoir
levels had still not fully recovered by the end of 2003 despite increasing rainfall during autumn.
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Table 1: Selected chronological drought impacts in Germany in 2003
Impact start Impact end
month
month
3
5
3
4
4
4
5
8
5

7

6

9

6

9

6

6

7

7

7
7

8

7
7
7

7
8
10

8

8

8

8

8

8

8

8

8

8

9

9
12

Location
Text description (edited)
Forests in Hessen
Rivers in Bavaria
Forests in Bavaria.
River Danube in Niederbayern

Impact
Text description (edited and shortened from original entry)
22 hectares of forest burned.
Soils in Bavaria are dried out
Increased risk of wildfires
Strong day-night variations of oxygen saturation in the Danube river; water
temperature 2-3 °C higher than in preceeding years.
River Havel in Brandenburg
Gauge in Ketzin (upstream of the lock) dropped below the minimum flow
requirement (10 m³/s) already in May and (permanently) deceeded it over the
following summer months....
River Elbe near Schmilka
High concentrations of coliform bacteria in the section of the Elbe river near
Schmilka.
River Main
Load reduction required for navigation on river Main from km 3.3 to km174.5 increase of costs due to 18.5% less transport
Forests in Bavaria.
In consequence of high solar radiation and extreme temperatures broadleaved
woody plants were damaged.
Förmitz Reservoir on River
Because of the low inflow water level of the Förmitztalsperre (reservoir) dropped
Saale
by 4.5 m; 4.18 million m³ were discharged for low flow mitigation to the river
Saale...
River Jagst
fish died because of cut-off meanders behind dam sites; mass fish kill of eels
(population depleted by 60-80%)...
Alpine River Lech
High stream water temperatures close to the lethal temperatures for species
adapted to cool stream habitats
State of Niedersachsen
Second cut of green fodder production not done due to wilted graslands
Germany
Successive reports on crop losses: grain, sugar beets, and many other
22 forest inverstigation sites in Early foliage loss (first beech, then oak)...
Bavaria.
Reservoir Pirk
Bathing ban/recreational use restrictions of reservoir Pirk because of mass algal
bloom
Management area of EnBW
Critical situation for regional security of energy supply: high consumption during
(Energy)
the heat wave and the low flow problems at their river water dependent power
plants caused the regional power supplier EnBW a) to request emergency
exemptions from environmental legislation for reasons of the security of supply, b)
to issue an energy conservation call to customers via a press release.
Nuclear power plant Brokdorf Power production reduction by 3% at nuclear power plant Brokdorf due low
on river Elbe
flow/water temperature (cooling water use)
Nuclear power plant Isar/Ohu River water temperatures downstream of nuclear power plant were close to the
critical level (25°C). Emergency excemptions from environmental legislation were
granted (permitting discharges up to a mixing water temperature (downstrema
discharge) of 27 °C. The power plant KKI 1 (Ohu) could only be operated in the
cooling- water circuit mode thus the power production was reduced by 40 %.
Finally the river water temperature did not exceed 25 °C in this period.
Forests in Hessen.
Despite increasing precipitation and sinking temperatures, authorities summed up,
that in the period between the 6th and the 15th of August 90 small wildfires
occurred.
River Rhein at St.
Passenger ship "Loreley" stranded in the Rhine near St. Goarshausen (famous
Goarshausen
rock Loreley) , 45 passengers were hurt.
Reservoirs managed by the
Critical depletion of 6 reservoirs ... in the Western part of the Harz Mountains used
Harzwasserwerke GmbH
for the water supply to the region between cities Bremen, Göttingen and
Wolfsburg. Although the seasonal maximum volume after ther winter period
2003/2003 was (slightly) above-average the reservoirs were depleted to only 38%
of the total volume in December 2003.

Important questions for further research include whether different regions in Europe had similar
chronologies and whether different drought events had similar chronologies. The timeline of emerging
impacts also suggests that different drought indices or different thresholds may be required to identify
the risk for particular impacts.
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5 Discussion
The collection of impact data and the establishment of a standardized interface for data entry has
provided an excellent learning experience about the variety of drought impacts, sources of reports, etc.
across Europe. A key to the adopted approach was the joint development of a common impact
categorization between Work Package 3, which focuses on Pan-European drought analysis, with Work
Package 2, which focuses on case studies. The classification system has proven very useful for
analysis purposes. Only very few impact reports could not be classified with the system. Furthermore,
the inclusion of an adapted scheme to classify drought response measures as suggested for the case
studies has provided some interesting insights, though unfortunately relatively few entries were made as
information on response measure were not often available in the impact reports. Both classification
schemes have resulted in interesting information on drought impacts and responses, but potential minor
revisions may be useful in the future and need to be discussed.
The objectives of the DROUGHT R&SPI project also include a pan-European view on drought
vulnerability beyond the case studies. Therefore the ability of geographic referencing of all drought
impacts across Europe is an important aspect that provides some challenges. The spatial extents of
commonly used NUTS regions, which refer to national-defined administrative districts (and these to
population density), vary significantly from country to country. The difference can be illustrated using
Germany and Norway, which have a similar areal extent (DE: ca. 360,000 km2, NO: 385,000 km2), but a
20-fold difference in population. Norway has only one NUTS-1 region while Germany is divided into 16
regions. This difference continues for the NUTS-2 classification (DE: 39 regions, NO 7) and the NUTS-3
classification (DE: 429, NO 19). At the same time, the administrative regions in both countries don’t
follow geo-climatic regions that differ in climate, land cover, etc., nor do they follow river basins or other
units possibly more useful for water management. Therefore, meaningful aggregation and
disaggregation solutions need to be found for the envisioned analysis of the link between impacts and
hydro-meteorologic drought characteristics.
The collection of impact reports currently covers only a few distinct events in the 1970s and 1980s and
very few earlier events, although we know that severe droughts occurred for example in the 1940s.
Since the mid 1990s, however, it appears that drought impacts have been reported almost every
second or third year in some region in Europe. Whether this trend reflects the increasing awareness and
availability of reports rather than an increasing exposure or an increasing vulnerability to drought is
difficult to judge. Nevertheless, the emerging trend will provide interesting research questions for future
analysis with the impact inventory data.
The a priori definition of a few major large-scale European drought events to which an impact entry
could be related was a pragmatic solution to focus the initial data search on a few selected events.
While all contributors will acknowledge that it is easier to find records of drought impacts by searching
with reference to a particular event or, at least to a specific year, it appears that for the purpose of a
European inventory this strategy as well as the list of pre-defined events needs to be revised based on
the gained knowledge. At the moment, more events than years have been added, duplicating events
with slightly diverging terminology as well as adding events that covered only very small areas and very
short time periods and hence may not be called ‘major European events’. With increasing scope and
scale such issues of terminology and classification will increase. Therefore, a discussion of the
suitability and way forward to linking drought impacts to pre-defined drought events and a consolidation
of these will be necessary.
Nevertheless, the list of related major European drought events illustrates that drought events in
Southern Europe are mostly recognized as events with a multi-year duration (e.g. 2004-2007 Iberian
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Peninsula). In central and northern Europe drought impacts appear more seasonal (e.g. 2003 drought in
central Europe with reported impacts mainly between May and Sep 2003) or multi-seasonal (e.g.
Scandinavia 2002/2003 with impacts on hydropower production from late summer and autumn 2002
throughout the winter and until summer 2003 in some areas).
Some similarities, such as a large percentage of impacts reported in agriculture, but also some
differences in impacts reported for these two major events have already emerged. Interesting questions
include, whether agriculture is indeed the commonly most sensitive or most affected sector. The 2003
summer drought in Europe prompted a large proportion of environmental and water quality impacts
whereas a larger proportion of the impacts in Spain and Portugal related to water supply and quantity.
The reported drought response measures also reflect these differences. This initial database does not
yet allow conclusions to be drawn, linking inherent differences in exposure (such as the short and long
duration) to specific impacts, nor does it allow conclusions with respect to the different vulnerability and
risk. However, it can already help to phrase some hypotheses for the coming research tasks.
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6 Conclusions
This report summarizes the establishment of a European inventory of drought impact reports for the
purpose of cross-disciplinary drought research within the EU Project DROUGHT-R&SPI. It gives a
detailed description of the database and current status of the inventory. The initial, and only short period
of data collection focused mainly on the project partners’ countries and on a few priority events. For a
few selected major drought events, particularly the 2003 summer drought in Europe and the 2004-2007
multi-year drought on the Iberian Peninsula, impacts are therefore already rather well documented in the
database. The variety of drought impacts and response measures for both events goes well beyond the
most commonly cited drought impact on agricultural losses and suggests some geographical differences
that may be important to EU policy development. The inventory illustrates the large variety of impacts
that make the natural hazard of drought interesting to study, but also so difficult to define and mitigate.
Even if in the current state, a quantitative comparison of European geographic regions or of different
drought events may not yet be statistically representative, the maps and graphs shown in this report
illustrate the wide opportunities of such an inventory.
Modelling and mapping of drought vulnerability and risk requires identification of thresholds for droughtrelevant variables of water availability. Globally unique, the US Drought Monitor (UNL, 2012) is a webbased drought monitoring and early warning system that uses expert knowledge and impact information
to establish its thresholds. Similar applications don’t exist in Europe and automatic media monitoring of
drought impacts has only started recently for example by the European Drought Observatory (JRC,
2012) and other outlets, all focusing on real time monitoring. The presented collation of European
drought impact reports in a database, however, is a first step towards the analysis of links between
drought event characteristics and their impacts in the recent past. This knowledge will provide a basis to
better understand drought vulnerability in different geo-climatic regions in Europe and may later
contribute to the development of more robust and impact-specific warning systems using real time
information.
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Annex 1 Input Selection Lists in EDII
Table A1.1 Information source types for drought impact information to enter EDII
Type of source (selection)
Journal Article
Book
Newspaper Article
Government Report
(Other) Government Document
River Basin Organisation Report
Report by NGO
Report by private sector
Press Release
Thesis
Pamphlet
Personal Observation
URL (WWWeb Page)
Map
Other
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Explanation/Examples
Article in scientific or professional journals
Book, edited volume or book chapter/section
Article in any newspaper or magazine in the popular press
Reports by national and regional water/environment agencies etc.
Other government issued sources
Reports by river basin organisations
Reports by environmental, social justice, and other organisations
Report e.g. by insurance company, water/energy industry
Press releases by stakeholders or agencies
Academic work
e.g. information note by water supply company, city, etc
Personal observation by contributor or contact (e.g. from
interview/stakeholder workshops)
Internet resources not published in official reports
Maps
Any other information source
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Table A 1.2 Classification of impact categories and types
Impact Category

Agriculture and
Livestockfarming

Forestry

Impact Explanation
Type and
ID
1.1

Reduced productivity of annual crop cultivation: crop losses, damage to crop
quality or crop failure due to dieback, premature ripening, drought-induced pest
infestations or diseases etc.

1.2

Reduced productivity of permanent crop cultivation

1.3

Reduction of cultivated areas due to a lack of irrigation water

1.4

Reduced productivity of livestock farming (e.g. reduced yields or quality of milk,
reduced stock weights)

1.5

Forced reduction of stock (early selling/slaughtering)

1.6

other

1.7

Regional shortage of feed/water for livestock

1.8
2.1
2.2

Increased costs / economic losses
Reduced tree growth and vitality
Decrease in annual non-timber products from forest trees (e.g. cork, pine nuts,
etc) (please specify which kind of product)
Increased occurrence of water stress indicators and damage symptoms (e.g.
premature ripening, seasoning checks, defoliation, worsened crown conditions
etc.) (please specify forest type/ tree species in the description field!)
Increase of pest / disease attacks on trees (please specify species in the
description field!)
Increased dieback of trees (please specify tree species in the description field!)
Increased dieback of trees (please specify tree species in the description field!)
Damage to short rotation forestry plantations (energy forestry)
other
Increased costs / economic losses
Reduced (freshwater) fishery production (please specify fish species in the
description field)
Reduced aquaculture production (please specify fish species in the description
field)
other
Increased costs / economic losses
Reduced hydropower production
Impaired production / shut down of thermal/ nuclear power plants (due to a lack
of cooling water and/or environmental legislation for discharges into streams)
Restriction / disruption of industrial production process (due to a lack of process
water and/or environmental legislation/restrictions for discharges into streams)
other
Increased costs / economic losses
Impaired navigability of streams (reduction of load, increased need of interim
storage of goods at ports)
Stream closed for navigation
other
Increased costs / economic losses
Reduced number of short-stay-tourists
Reduced number of long-stay-tourists
Sport / recreation facilities affected by a lack of water

2.3

2.4

Freshwater
Aquaculture and
Fisheries

Energy and
Industry

2.5
2.6
2.7
2.8
2.9
3.1
3.2
3.3
3.4
4.1
4.2
4.3

Waterborne
transportation

Tourism and
Recreation

4.4
4.5
5.1
5.2
5.3
5.4
6.1
6.2
6.3
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6.4

Water supply /
water industries

6.5
6.6
7.1
7.2
7.3
7.4

7.5

Water quality

7.6
7.7
8.1
8.2

8.3
8.4
8.5
8.6
8.7
8.8

Freshwater
ecosystems:
habitats, plants
and wildlife

8.9
8.10
8.11
8.12
8.13
9.1

9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10
9.11
9.12
9.13
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Impaired use / navigability of surface waters for water sport activities (including
bans)
other
Increased costs / economic losses
Local water supply shortage/problems -drying up of local springs/wells
Regional/region-wide water supply shortage/problems
Drying up of reservoirs
Limitations in water supply to households in rural areas (including bans on
domestic water use, supply cuts, need to ensure water supply by means of
water transfers or bottled water)
Limitations in water supply to households in urban areas (including bans on
domestic water use, supply cuts, need to ensure water supply by means of
water transfers or bottled water)
other
Increased costs / economic losses
Increased temperature in surface waters (close to or exceeding critical values)
(Temporary) water quality deterioration/problems of surface waters(natural &
manmade); e.g. significant change of physio-chemical indicators, increased
concentrations of pollutants, decreased oxygen saturation levels,
eutrophication, algal bloom)
(Temporary) impairment of ecological status of surface waters (according to EU
Water Framework Directive)
(Temporary) impairment of chemical status of surface waters (according to EU
Water Framework Directive)
Increased salinity of surface waters (saltwater intrusion and estuarine effects)
Problems with groundwater quality
Increased salinity of groundwater
Problems with drinking water quality (e.g., increased treatment, violoation of
standards)
Problems with bathing water quality
Problems with irrigation water quality
Problems with water quality for use in industrial production processes
other
Increased costs / economic losses
Increased mortality of aquatic species (specify species (latin term) and state
whether a rare/endangered/protected species is concerned in the description
field)
Increased species concentration near water
Migration and concentration (loss of wildlife in some areas and too many in
others)
Increased populations of invasive (exotic) aquatic species
Observation of adverse impacts on populations of rare/endangered (protected)
riparian species
Observation of adverse impacts on populations of rare/endangered (protected)
species of wetlands
Loss of biodiversity (decrease in species diversity)
Violation of environmental /minimum flow threshold
Drying up of shallow water areas, weed growth or algae bloom
Drying up of perennial stream sections
Drying up of lakes and reservoirs (which have a habitat function)
(Mid-/Long-term) deterioration of wetlands
Irreversible deterioration/loss of wetlands
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Terrestrial
ecosystems:
habitats, plants
and wildlife

Soil system

Wildfires

Air quality

Human health

Conflicts

9.14
9.15
10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
10.10
10.11
10.12
11.1
11.2
11.3
11.4
11.5
12.1
12.2
12.3
12.4
12.5
13.1
13.2
13.3
14.1
14.2
14.3
14.4
14.5
15.1
15.2
15.3
15.4
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other
Increased costs / economic losses
Increased species mortality (specify species (latin term) and state whether a
rare / endangered / protected species is concerned)
Changes in species biology/ecology
Loss of biodiversity (decrease in species diversity)
Shift in species composition
Reduced plant growth
(Mid-/Long-term) deterioration of habitats
Irreversible deterioration/loss of habitats
Lack of feed / water for terrestrial wildlife
Increased attacks of pests and diseases
Increased contact of wild animals under stress (shortage / lack of feed and
water) with humans/ human settlements
other
Increased costs / economic losses
Drought-related erosion processes (loss of soil fertility)
Structural damage to private property due to soil subsidence/shrinkage
Structural damages on infrastructures due to soil subsidence/shrinkage
other
Increased costs / economic losses
Increased burned area
Increased number of wildfires
Increased severity of wildfires
other
Increased costs / economic losses
Air quality pollution effects / problems (dust bowl effect, wildfires, substitution of
hydropower production by fossil energy)
other
Increased costs / economic losses
Heat stress problems (if drought is associated with a heatwave)
Increased respiratory ailments (heat wave and air quality)
Excess mortality during heat waves
other
Increased costs / economic losses
Water allocation conflicts - international
Regional/local user conflicts
other
Increased costs / economic losses
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Table A1.3 Drought response measures*
Type of measure
Strategic measures

Demand management

Supply management

Education campaigns
Environmental protection
Recovery measures
Other

Explanation/Examples
Planning activities such as studies, research and pilot projects, or the development
of Drought Risk Management Plans (DRMP); information management incl.
development of drought information systems, environmental monitoring, data
sharing; monitoring and evaluation such as public participation promotion etc.
Strategic improvement of water efficiency use, water saving measures in different
sectors, enhancing water metering, reduction of losses in distribution networks;
During event priorization, reductions and restrictions of uses; water rights markets or
schemes to facilitate water reallocation, etc.
Strategic storage and recharge improvement, infrastructure management, reduction/
management of groundwater abstraction, promotion of rainwater harvesting,
increase waste water reuse, development of desalination plants, development of
water transfer schemes
Education and awareness campaigns
Environmental protection and conservation measures
Compensations schemes (insurance, subsidies, credits)
Ecosystem restoration
Any measure that doesn’t fit the above types

*adapted and simplified from Urquijo et al. (forthcoming): the classification by Urquijo et al. uses a first level categorization
into strategic, operational and recovery measures and then specifies types of measures within these. This classification was
collapsed and simplified to the types for the purpose of EDII to allow for a time efficient data entry.
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Annex 2 Structure of EDII

Figure A2.1 Relations within EDII
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