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Abstract

This report presents the structure and status of the online European Drought Reference (EDR)
database. This website provides detailed historical information regarding major historical European
drought events. Each drought event is summarized using climatological drought indices, hydrological
drought indices, and user-generated drought impacts. The database currently highlights 11 drought
events, from 1959 to 2007. In addition, an online tool is provided to query and view climatological
drought indices for any day in the available historical record. The EDR database is tool designed to
compile drought statistics in a usable manner and will continually improve as more data becomes
available. It is our hope that the EDR database can become a standard reference tool which improve
public awareness of drought issues and stimulate data collection, sharing, and analysis.
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1. Introduction

Drought is an extreme, but temporary water shortage relative to the average (natural) condition of a
region. It can be defined as a “a sustained and regional extensive occurrence of below average natural
water availability” (Tallaksen & van Lanen, 2004). Deviations or anomalies are part of the natural
variability in the climatic system on various spatial and temporal scales. Accordingly, drought can occur
in any hydroclimatological region and at any time of the year, and its characteristics and impacts may
vary considerably between regions in Europe depending on climate as well as properties of the land
surface.

The climate in the middle and north of Europe is influenced by the Westerlies of the mid-latitudes during
the whole year, whereas the Mediterranean region lies in a transitional climate zone, influenced by the
Subtropical High Pressure Belt during summer and the mid-latitude Westerlies during winter. Hence,
three main climate regions can be distinguished: a temperate climate with a dry summer season in the
Mediterranean, and a temperate and a cold climate without any dry season in the middle and north of
Europe, respectively. The climate of these regions is further modified by numerous other factors such as
soil moisture content, oceanic currents and topography. In the Mediterranean region, with its seasonal
climate, severe droughts can for instance be caused by longer than usual influence of the subtropical
high-pressure belt. Droughts can accordingly last several weeks or even months. In the more humid
mid-latitudes of western and northern Europe, “atmospheric blockings” are the major atmospheric
anomalies causing extended dry weather periods. Here already a few weeks or months with low rainfall
may constitute a severe drought. The blocking high-pressure system (anticyclones) diverts the moisture
bringing pressure systems of the Westerlies away from the affected region to either lower or higher
latitudes.

The primary cause of a drought is the lack of precipitation over a large area and for an extensive period
of time, called a meteorological drought (Tallaksen & van Lanen, 2004). The water deficit propagates
through the hydrological cycle and gives rise to different types of drought. Combined with high
evaporation rates a soil water deficiency may cause a soil moisture drought to develop. Subsequently,
groundwater recharge and streamflow will be reduced and a hydrological drought may develop. A
reduced recharge leads to lower groundwater heads and storage and finally to low river flows or even
dried up river. Thus, drought has a wide range of impacts depending on the scale of the event and
which components of the hydrological cycle are most severely affected. These include major social,
economic and environmental impacts as listed by Stahl et al. (2012), who classify the impacts into nine
categories and corresponding types.

A suite of drought indicators is normally recommended for drought studies given the diversity of the
studied phenomenon. Commonly, the deviation from a long-term (hydroclimatological) statistics is being
used, expressed as e.g. a value from the empirical (percentile-based index) or fitted distribution. This
includes indices like the Standardized Precipitation Index (SPI), the SPEI, soil moisture percentiles or
runoff anomalies for different time resolutions. As drought is a slowly developing phenomenon, both the
onset and recovery of a drought event are considered, accounting for varying persistence (memory) in
the natural system. Different parts of the terrestrial system will impacted by the drought depending on
the duration of the drought event and the persistence of the system, e.g. agricultural drought (typically
months) or hydropower drought (typically years).

A prerequisite to mitigate the wide range of drought impacts is to establish a good understanding of the
drought generating mechanisms from their initiation as a meteorological drought through to their
development as agricultural (soil moisture) and hydrological drought. Droughts are regional by nature,
typically covering large areas, and should preferably be studied at the pan-European scale to

Technical Report No. 12 -1-



consistently address the dynamic nature of drought (i.e. spatial and temporal characteristics) and
drought-generating processes across Europe. In particular, potential links to climate drivers and studies
of large-scale impacts such as heat waves, forest fires and vegetation stress, require a large-scale
approach. On the other hand, the high spatial variability found within a drought-affected region is
caused by a combination of catchment and land surface properties, together with small-scale climate
variability, thus local-scale studies should be seen as a complementary and necessary part of any large-
scale assessment for the purpose of local mitigation strategies and risk assessments.
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2. Objective and Organization

The online European Drought Reference (EDR) database was created as part of the Drought R&SPI
Task 1.1, to create “a concise reference dataset of historical droughts, their climatological cause and
major impacts...”. The EDR database introduced in this document achieves this goal, consolidating
information on major large-scale droughts in Europe in a single location available to the public online
through the European Drought Centre (EDC) website. The EDC website is already an active European
drought resource, with over 275 members representing 55 countries, and provides a useful platform to

launch this new drought reference database.

The EDC website will also house the European Drought Impact Report Inventory (EDII), which is part of
Deliverable 3.2 and is outlined in Stahl et al. (2012). Housing the EDR database and the EDII database
within the same website provides the public with a simple, yet comprehensive location to learn about
droughts. Additionally, it allows for direct links between the databases. Within each detailed drought
event summary in the EDR database is a reported drought impact section, which presents all relevant
impacts from the EDII. The summary of reported drought impacts is updated automatically, meaning
that its data and coverage will improve throughout the course of the project as the EDII grows and
improves.

European researchers have significant information and expertise regarding droughts; however, this
expertise is distributed across many countries and too often is not combined. The EDR database has
great potential to consolidate this knowledge on droughts into a single resource, analogous to the US
Drought Monitor. It is our hope that the EDR database can become a standard reference tool which will
grow with time and stimulate data collection, sharing, and analysis.
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3. Data and Methods
3.1 Historical climate

All historical climate estimates in the EDR database were based on the Watch Forcing Dataset (WFD),
a gridded historical climate dataset based on ERA-40 reanalysis with 0.5° x 0.5° resolution (Weedon et
al., 2010). The WFD consists of subdaily forcing data spanning the time period 1/1/1958 to 12/31/2001
and employs bias-correction for temperature and precipitation based on CRU-TS2.1 and GPCCv4
observations. For the purpose of this research, the European extent is defined as the region between
34°-72° N latitude and -13°-32° E longitude, resulting in 3,950 land grid cells that follow the CRU land
surface mask. Climate variables used for climatological drought indices include rainfall, snowfall,
temperature, and wind speed. Climatic indices are always based on precipitation, calculated as the sum
of rainfall and snowfall.

The Watch Forcing Dataset — ERA-Interim (WFDEI) was used to extend climatic coverage to include
events which occurred after 2001. This climate set was prepared using nearly identical procedures as
the WFD, although using an updated re-analysis model (ERA-Interim, Dee et al. 2011) and updated
observations for bias-correction (CRU-TS3.1, Mitchell & Jones, 2005 and GPCCv5, Rudolf et al., 2011).
For the purposes of the online EDR database, it is assumed that the WFDEI and WFD form a
continuous time series, with no detectable bias between the two datasets. This is currently being
confirmed by the creators of the climate data and initial results have shown that this is a reasonable
assumption when compiling summary statistics over a large area, such as Europe (Weedon, personal
communication).

3.2 Historical modelled runoff

Historical gridded runoff was simulated using a suite of nine large-scale models at the same 0.5° x 0.5°
resolution and forced by the WFD to maintain consistency (Haddeland et al 2011a). Technical details of
the hydrologic models are summarized in Table 1 and described in great detail by several methodology
and validation studies (Haddeland et al. 2011a, Gudmundsson 2012a, Gudmundsson 2012b).
Simulated runoff was available for the period 1963-2001, as the first 5 years of the WFD were used as a
model spin-up period. Despite large differences in how runoff is calculated, all models simulate Qs
(water leaving the surface of a grid cell) and Qsb (water leaving the grid cell below the surface), allowing
Qtot, the total amount of water discharged by a cell to be calculated as Qs + Qsb. All models assume
“naturalized” conditions, ignoring direct anthropogenic effects such as dams and water abstraction. The
large-scale hydrological models have not simulated runoff using the WFDEI and therefore no
hydrological drought statistics are available for major drought events after 2001.

Comparison of the nine large-scale models with observations suggests that the multi-model ensemble
mean is a more consistent predictor of runoff than any single large-scale model (Gudmundsson 2012b) .
Given this finding, all estimates of hydrologic drought within the drought event database were based on
the multi-model ensemble (MME). To calculate the MME, each model was processed and normalized
individually and combined when calculating summary statistics. More detail is provided in Section 3.4 —
Hydrological Drought Indices.
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Table 1: Overview of the large-scale hydrological models, adapted from Haddeland et al. 2011a and
Gudmundsson et al. 2012a.

Model Runoff Scheme Energy Evapo - Reference(s)
name Balance  Transpiration
GWAVA Saturation excess/beta function No Penman-Monteith ~ Meigh et al. 1999
HO8 Saturation excess/beta function Yes Bulk approach Hanasaki et al. 2008
HTESSEL Infiltration excess/Darcy Yes Penman-Monteith ~ Balsamo et al. 2009
JULES Infiltration excess/Darcy Yes Penman-Monteith gg())(;t al. 1999 Essery etal.
LPJmL Saturation excess No Preistley-Taylor Slog%%?;u etal. 2007 ; Rost et
MATSIRO Infiltration and saturation Yes Bulk approach Takata et al. 2003; Koirala
excess/groundwater 2010
MPI-HM Saturation excess/beta function No Thornthwaite Hagemann and G§tes 2.003;
Hagemann and Diimenil 1998
ORCHIDEE  Saturation excess Yes Bulk approach De Rosnay and Polcher 1998
WaterGAP  Beta function No Preistley-Taylor Alcamo et al. 2003

3.3 Climatological Drought Indices — SPI and SPEI

Within the EDR database, the Standardized Precipitation Index (SPI) and the Standardized
Precipitation-Evapotranspiration Index (SPEI) were used to objectively quantify and compare drought
severity, duration, and extent across the varied climatic regions in Europe. SPI is recommended as a
key meteorological drought indictor by the World Meteorological Organization (WMO, 2006) and the
Lincoln Declaration on Drought (Hayes et al., 2011). The newer SPEI was developed to incorporate
other climatic factors such as temperature and wind speed, which affect evapotranspiration and thereby
water balance, while maintaining the same understandable statistical methodology as the SPI (Vicente-
Serrano et al. 2010). Because SPEI includes climatological factors other than precipitation, the term
‘climatological drought” is used for the remainder of this study, rather than “meteorological drought”.

SPl is typically computed by summing precipitation over k months, termed accumulation periods, and
fitting these accumulated precipitation values to a parametric statistical distribution from which non-
exceedance probabilities are transformed to the standard normal distribution (=0, o=1) (Guttman,
1999; Lloyd-Hughes & Saunders, 2002; McKee et al., 1993). SPEI is calculated in a similar fashion, but
instead uses accumulated climatic water balance, defined as the difference between precipitation and
PET (Vicente-Serrano et al. 2010). In this way, SPI and SPEI values are easily statistically interpretable,
representing the number of standard deviations from typical accumulated precipitation, or climatic water
balance, for a given location and time of year.

For the drought event database, SPI and SPEI were calculated at a daily temporal resolution.
Accumulation periods considered in this study are the commonly used periods: 1, 2, 3, 6, 9, 12, and 24
months, which are considered equivalent to 31, 61, 91, 183, 274, 365, and 730 days, respectively. All
normalization was performed relative to the reference period 1970-1999, in accordance with WMO
standard reference periods. Selection of a common reference period allows for consistency with
hydrological drought indices and provides a consistent baseline as new data becomes available in the
future. SPI was normalized using the 2-parameter gamma distribution, while SPEI was normalized using
the Generalized Extreme Value distribution, in accordance with recommendations from Stagge et al.
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(2013a, b). SPI and SPEI values were limited to the range between -3 and 3 to ensure reasonableness
(Stagge et al. 2013a).

When calculating SPEI, potential evapotranspiration was calculated using the Penman-Montieth
equation with the Hargreaves-Samani modification (Hargreaves and Samani, 1985) as described in the
FAO-56 (Allen et al., 1998) and as recommended by Stagge et al. (2014 ). The Penman-Montieth
equation is the standard for accurately calculating PET and is recommended by both the WMO (WMO,
2006) and the FAO-UN (Allen et al., 1998). The modified form of the Penman-Montieth equation uses
the daily difference between Tmax and Tmin as a proxy to estimate net radiation (Hargreaves & Samani,
1985), which retains the physical foundation of the Penman-Montieth equation, while also largely
avoiding concerns with mixing bias corrected WFD temperature and precipitation with non-bias
corrected radiation (Haddeland et al., 2011b).

For the purpose of the EDR database, a grid cell was considered to be in climatological drought when
the given index (SPI or SPEI) for the cell was below the 20% nonexceedance percentile, calculated from
the reference period (1970-1999). In the context of SPI and SPEI, this percentile is equivalent to an
SPI/SPEI of -0.842. Climatological drought extent was estimated using the SPI-6, a normalized measure
of accumulated precipitation during the previous 6 months. This accumulation period was chosen as a
reasonable measure of medium-duration, seasonal drought typical of Europe (Van Loon and Van Lanen
2012) and is correlated with hydrological droughts in both headwaters and downstream reaches (Lopez-
Moreno et al. 2013). Drought extent was calculated as the percent area with SPI-6 below -0.842, or the
20th percentile.

3.4 Hydrological Drought Indices

Hydrological droughts were defined using a threshold method (Zelenhasic and Salvai 1987), similar to
that used for SPI and SPEI. For each grid cell and each of the nine hydrologic models, total runoff was
derived as the sum of subsurface and surface runoff. Flows were then smoothed, using a five day
moving average, to remove the effect of transient storm events and focus on baseflow as recommended
by Tallaksen et al. (1997). Using the five day smoothed flows, daily varying drought thresholds were
calculated using the 20% nonexceedance frequency, as in the SPI and SPEI analysis. For consistency,
these thresholds were calculated using the same 30 year reference period (1970-1999).

Thresholds and daily percentiles were calculated separately for each of the hydrologic models and then
combined to determine the daily mean ensemble flow percentile. Droughts were then defined as any
day when this mean ensemble percentile fell below the 20th percentile. Hydrological drought index
availability is limited to the period 1963-2001 because these models were not run for the WFDEI climate
forcing data.

3.5 Selection of Major Drought Events

In total, 11 major European drought events within the European region were chosen to be detailed in
the EDR database. Dates and location of these events are summarized in Table 2. Selection of these
events was primarily based on those years with the highest mean annual hydrological drought extents.
This preliminary list was updated based on meteorological drought indices to include drought events
outside the hydrological data range (prior to 1963 and after 2001). Major drought events were then
confirmed through drought impact reports submitted to the drought impact inventory.
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Table 2: Major European drought events during the period 1958-2009.

Year

Location

Duration
(approximate)

1959
1972
1973
1975-1976
1989-1990
1991-1995
1996-1997
2000
2003
2004-2007
2007

Northern Europe
Northern/Eastern Europe
Central Europe

Europe

Mediterranean
Mediterranean

Northern Europe
East/Southeastern Europe
Europe

Iberian Peninsula

Eastern Europe

5/1959 - 2/1960
12/1971 - 711972
111973 - 711973
11/1975 - 211977
2/1989 - 10/1990
2/1992 - 10/1994
4/1995 - 7/1996
1/2001 - 3/2001
4/2003 - 11/2003
7/2004 - 6/2007
2/2007 - 8/2007
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4. Structure and Status

The online drought event database is organized into three sections: an overview of major drought
events, individual drought event pages with greater detail, and an application that allows the user to
query drought conditions (SPI-6) on any day in the available historical record. Each of these sections
are outlined in this report, using the 1975-1976 drought event as an example. Individual drought event
pages for all 11 events are provided in Annex 1.

4.1 Major Drought Event Overview

The drought event overview page (Figure 1) is the starting page for investigating the major drought
events included in the drought event database. This page provides a short outline of the purpose and
content of the drought event database, while also providing a link to this document for additional detail
regarding the underlying data and calculation methods.

The primary feature of the drought event overview page is a sortable table with summary statistics of the
11 major drought events identified in Table 2. Apart from the year and a subjective description of the
region affected, the table provides an approximate duration for each event. Start and end dates for the
drought duration are determined based on the date when total area in drought exceeds 30% and
remains as such. A 2 month buffer is applied to both the start and end dates in this definition to account
for drought development and decline.

Technical Report No. 12 -8-



FurOPEAN
DrouGHT
(CENTRE

European Drought Reference (EDR) Database

summary of Major European Droughts

The EDR database was compiled as part of the EU funded DROUGHT RS t. The database is designed to provide a single. publically
ts in Europe. For sdditional infarmstion on this project and dasts

Major European droughts identified by the EU fund oject are listed below. Links pravide detzlled metearologic and
hydralcgic drought indices. 3= well as information cisl. snd environments| impacts

Major European Drought Events

Climatological (SPLG)

Approx. Area
Duration Peak Date (%)

51355-2/1360 17/18/1959 | 52.6

1271971-7/1972 | 25/3/1972 | 576 2 20/31972Z

11197371973 20/2/1973 7 30 18/11/1973 502
11F1975-211977 27471976 ] 52 147r1976
2/1985-10/1530  23/2/1985 38 2 11451550
2/1992-10/1994 | 11/6/1993 5.5 3373 5/5/1993
Ar1955-7/1956 317371996 9.4 4/371596
1/2001-3/2001 23/1/2001 0.5 2261 26/6/2000 5.
4720031 12/2/2003

7/2004-6/2007 25/2/2006

2/2007-8/2007 30/4/2007 21.3

Figure 1. Screenshot of the major drought event overview page.

In addition, the date of peak drought extent and the associated maximum drought area (percent and
absolute area) are presented for both climatological and hydrological drought. As described in Sections
3.3 and 3.4, measures of meteorological and hydrological drought extent are based on the 20%
nonexceedance percentile for SPI-6 and the multi-model ensemble mean, respectively. Hydrological
drought statistics are not provided for the 1959 (Northern Europe), 2003 (Europe), 2004-2007 (Iberian
Peninsula), and 2007 (Europe) events because output is not available from the nine hydrological
models outside the original WFD timescale.

The drought event overview table is completely sortable, allowing the online user to easily rank drought
events by maximum areal extent, either based on climatological or hydrological droughts. The table also
allows a quick comparison within each event with regard to hydrological and climatological drought.
Each event in the table is clickable and the hyperlink connects directly to the detailed individual drought
event page described in Section 4.2.

4.2 Individual Drought Event Details

The individual drought event pages are accessible via the drought event overview page and provide
greater detail and context for each of the 11 major drought events. Each drought event page contains
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an event summary, climatological drought data, hydrological drought data, and information regarding
available drought impact reports.

4.2.1 Drought Event Summary and Background

The drought event summary (Figure 2) consists of a text overview, describing in detail how the drought
event began, developed, and eventually returned to normal climatic conditions. Within this summary is
information regarding large-scale climatic drivers, drought impacts, mitigation efforts, and all other
pertinent data. Wherever applicable, these statements are cited, with a list of references provided at the
bottom of the web page. Each drought event also includes a summary box, mirroring the information
provided in the drought overview page.

r UrROPEAN 7
E d DroucHT '
edac (ENTRE

Drought of 1975-1976

Central and Morthern Europe

Drought Event Summary
Drought Statistics

The 1975-1576 rought about by a relatively dry. mild

d

Approx. duration: 11/1575-2/1977

Date of SPL6 min: 7/27/1576

consistency is seen among the m e o Kl sk samic 70 TTH
commeon forcing and a relizble re:
who found the maximum extent for daily streamflow drought to cecur on 7 July. Affected regions: C=ntral 2nd

Narthern Europe

Figure 2: Screenshot of the drought event summary and background section for the 1975-1976
drought event.

4.2.2 Climatological Droughts

The climatological drought section (Figure 3) displays details regarding the progression, location and
severity of the particularly drought event with respect to the climatological drought index, SPI-6. Each
climatological drought section contains a text overview, highlighting important climatological features of
the drought event and briefly describing large-scale climatic drivers that control the drought when this
information is available.

Two figures are also presented for each drought event, showing: (1) daily snapshots of SPI-6 severity
and (2) the percent area in climatological drought by date. The first figure, presenting the daily spatial
distribution of SPI-6 indices, shows abnormally dry regions (negative SPI-6) in progressive shades of
red and abnormally wet regions (positive SPI-6) in shades of blue. This figure is interactive, allowing the
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user to view the progression of climatological drought as a movie, to select individual dates within the
drought event, or to scroll through the event manually. The second figure shows the progression of the
entire drought event, plotting percent area in drought against time. This figure clearly shows the speed
of onset, progression, and end of the event, while also highlighting the maximum drought extent. The
1975-1976 drought event (Fig. 3) was a distinct, singular event, but this figure is also useful for
identifying secondary peaks or temporary recover periods, which could otherwise be overlooked in
summary statistics.

Currently the climatological drought section only presents information regarding the SPI-6 for ease of
understanding and readability. However, data and figures have been generated for all major
accumulation periods (1, 2, 3, 6, 9, 12, and 24 months) of the SPI and SPEI, but have not been
uploaded to the site. This information may be added to the climatological drought section in the future if
it improves understanding of each event.

Narthern Europe
Abniormally het, dry conditions continued until celd air was advected over
Scandinavia in August, bresking the pattern and forming a large. pressure area over

the Continent.

Climatological Drought

A precipitation deficit was already evident in the Iate fall and winter of 1975 for Scandinavia and eastern Europe. As spring progressed. this area
of drought expanded to Include more of central Eurape, By the climatological drought peak in late July. nearly all areas of Europe except for the
Mediterranean and coastal Narway were experiencad markedly below average rainfall. Conditions returned to nermal for much of Europe in late

fall and early winter of 1576,

Progression of climatological (SPLG) dreught. Climstological drought is defined by the SPIE, which sums precipitation over the previous &
manths and transforms this value to the standard normal distribution. Negative SPI values {shown in red) represent dry conditions. meastred in

standard deviations from typical conditions, Percent area in drought i calculsted by summing all cells lass than the 20th percantile (SPI < -0.84)

1875-11-01

BREBEELEE

SPLE Drought (% Aréa)

owd @

14175 010278 010578 O1OBTE 011178 010277 01OSTT

5Pl Date

Figure 3: Screenshot of the climatological drought section for the 1975-1976 drought event.

4.2.3 Hydrological Droughts

The hydrological drought section of the online EDR database (Figure 4) focuses entirely on hydrological
drought as estimated by the nine large-scale hydrological models. Each hydrological drought section
contains a text summary of low flow patterns in addition to two figures showing the spatial pattern of
drought at the hydrological drought peak and the corresponding location of the drought centre for each
of the hydrological models. The hydrological drought section is not available for drought events outside
the WFD coverage (1959, 2003, 2004-2007, and 2007).

The spatial figure showing hydrological drought is based on the MME mean flow percentile, as
described in Section 3.4. All grid cells with runoff (surface + subsurface) below the 20% non-
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exceedance percentile is shaded as a location in drought. Conditions at the hydrological drought peak
are shown as a static figure, but may be improved to an interactive figure, similar to the climatological
drought section as the website is improved. The second, drought centre figure displays the drought
centroid and indicates the drought area by a circle scaled to the total area covered on the particular day.
This allows plotting all models and the ensemble median (grey colour) in one map for comparison.

Hydrological Drought

The hydralogical draught pesk occurred an July(7) 1. 1576 and covared the majority of temperate Europe. extending from the UK and France in the

Peak hydrological drought. wi

ine larze-scale hydrological models. Viewsd spatially {|eft). areas with

runoff belo: nge and yellow, respsctively. The cluster centre {right) shows the centroid from

Nhmedion: 1976-7-1 b ] 1976-07-01

Figure 4: Screenshot of the hydrological drought section for the 1975-1976 drought event.

4.2.4 Reported Drought Impacts

For all major droughts, the drought impact section (Figure 9) lists those drought impacts reported in the
European Drought Impact Report Inventory (EDII) outlined in Stahl et al. (2012). This database is
housed online and is queried automatically each time the page is loaded. Therefore, the reported
drought impact section will improve throughout the course of this project and following its completion as
the EDII increases in scope and detail. Currently, the EDII has differing levels of coverage, both spatially
throughout Europe and temporally, with more attention focussed on the most recent drought events.
The drought impact section consists of a text summary, an interactive map showing the location of all
relevant drought impact reports, and a sortable table listing all pertinent details for the drought reports.

The drought impact map shows all drought impacts at the country level, with increasingly darker colors
representing greater numbers of reported drought impacts in the EDII. Drought impact reports with exact
locations (latitude/longitude) are shown as unique points. Online users can scroll over each country to
access a short summary, showing the name of the country, number of impacts, and description of
impact in the case of point reports. The map can also be zoomed and moved to show greater detail.
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Figure 5: Screenshot of the reported drought impacts section, showing the text summary and impact
locations for the 1975-1976 drought event.

The drought impact table provides complete details on all drought impact reports shown in the impact
map. This includes location (country and NUTS region), start and end dates, impact category and
description, and the reference for the provided information. All information in this table follows the format
provided in Stahl et al. (2013) including impact types and categories. The table is interactive, allowing
the user to sort by any column, to increase the number of records shown per page or to do a text search
within the records. The search function is particularly useful if the user wishes only to see a particular
impact type or particular region. References with URLs are shown as clickable links, which will take the
user directly to the drought impact reference.
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Figure 6: Screenshot of the reported drought impacts section, showing the impact table and
references for the 1975-1976 drought event.

4.3 Climatological Drought (SPI) By Date

In addition to information on the 11 major drought events, the EDR database allows the user to query
the SPI database for any available date range (1959-2009) and view its progression as an interactive
movie (Figure 7). Currently this page only provides data for SPI-6, as used in all major drought events,
but the data exists to extend this functionality to any available drought index. The period from 2001 to
2009 is based on the WFDEI dataset and is considered experimental data subject to verification.

The generated SPI maps follow an identical format to those presented in the climatological drought
section of the individual drought event pages and contain the same functionality. SPI figures may be
viewed as a movie, scrolled frame-by-frame manually, or paused to view an individual date in the
historical record.
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Figure 7. Screenshot of the climatological drought query by date.
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5. Availability and Proposed Improvements

The online EDR database is fully functional, but will continue to improve throughout the Drought R&SPI
project. As of September 2013, it is only accessible to Drought R&SPI project members for internal
testing and feedback. It will be made available to a larger test audience, i.e. the EDC members by
November 2013, and made completely public in June 2014. The reason for this stepwise procedure is to
insure ample testing with continual improvements to the site and its data. The content and formatting of
the website will be continuously updated with additional tools and findings added as they become
available.

One such anticipated improvement is the inclusion of a large-scale climate driver section for each
drought event. Research on the climate drivers of drought is ongoing within the Drought R&SPI project
(Kingston et al. 2013) and is tied to deliverable Task 1.3 (MS 15). As results from climate driver studies
become available, summary statistics and figures will be included in this section. Figure 8 shows the
mean geopotential height anomaly preceding the drought of 1976 and is typical of what would be
included in this section.

Additionally, the WFDEI is being updated on a regular basis. The newest set of climate data will be
released within the year and will include the years 2010-2012. This data will be incorporated into the
EDR database to expand the temporal coverage. There is potential to add simulated runoff from future
model runs (large-scale model ensemble forced by the WFDEI) once provided by the modelling
community.

Technical improvements to the online EDR database are also proposed. Most notably, these
improvements include expanding the SPI search functionality to include SPEI and hydrological drought
snapshots. Similarly, the hydrological drought section will be improved to include an interactive daily
drought progression, similar to those for climatological drought (SPI-6).
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Figure 8: Mean geopotential height anomaly prior to the drought of 1976. Reproduced from Kingston
etal (2013).
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6. Conclusions

The EDR database was designed to provide a single, publically available site to disseminate detailed
information about historical drought events in Europe. The current site provides the user with
comparisons between events, in the form of an overview table, and detailed information about each of
the 11 identified major European drought events in individual pages. In addition, an application is
provided that allows the user to view meteorological drought conditions on any date in the available
historical record.

This website is a first step towards creating a repository where drought information can be compiled and
easily distributed throughout Europe. It has great potential to increase awareness of European
droughts as well as provide a platform for future study. In its current state, the EDR database is an
effective tool, but it is designed to be flexible, improving as new information is made available. Along
with the EDII, this site will improve throughout the Drought R&SPI project and hopefully continue to
provide important drought information after the project is complete.
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Annex 1 Major Drought Event Screenshots
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Analysis of tree ring width samples of oak from Central Germany identified
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March and April. By Europe had recovered, while Date of SPI-6 min: 25/3/1972

eastern Europe and Scandinavia continued to have dry conditions.
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Climatological Drought
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pressure over eastern Europe and high pressure over central Europe and Britain shifted the region affected by streamflow deficiency farther west into France
and the UK.
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g to Bradford 1972 affected p: ly the USSR
with extreme low river levels. @lesund and other areas in Norway were
affected by water use restrictions because of water shortage in 1972
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Database T
Following this, a more isolated drought developed, afecting Scandinavia in late summer ecte ":“’"* Sl
DROUGHT and early fall. Because of this, the maximum extent of climatological drought occurred in eriog) sncocandingvia Gammer)
IMPACT March 1973, differing from the meteorological drought peak, which occurred the following
INVENTORY November in Scandinavia.
Overview
Drought
Impact Climatological Drought
Databse
o In winter of 1973, a high pressure ridge stretched east-west across Europe causing low precipitation in central Europe. By March this ridge had shifted
ubmit an
; towards the British Isles, producing the most severe h re. This blocking effect continued, resulting in low rainfall across a wide region
mpact
» of central Europe by April 1973.
References
J— g of cli i drought. C droughtis defined by the SPI-6, which sums precipitation over the previous 6 months and
N transforms this value to the standard normal distribution. Negative SP| values (shown in red) represent dry conditions, measured in standard deviations from
Everes. typical conditions. Percent area in drought is calculated by summing all cells less than the 20th percentile (SPI < -0.84).
Projects.
Network
s 1973.01-04
ORGANISATION T
o
Core-Group i =
g
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2
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Hydrological Drought

Peak drought. wich Hy drought s based on output nine larg
below the 10,20, and 30th percenties are shown in red, orange and yellow, respectively. The cluster centre (right) shows the centroid from each of the

Viewed

hydrological models during the drought peak.

The hydrological drought peak occured in November, T
i han the This
fall hydrological drought was centered in Scandinavia and

eastern Europe.

Drought Impacts

According to Bradford (2000), in 1973 countries in North and Central Europe
(UK, Austria, Germany and Czechoslovakia) were affected by drought
conditions. @lesund and other areas in Norway were affected by water use
restrictions because of water shortage in 1972 (Aftenposten 1972:03-07).

g o Cole & Marsh summer 197210
late 1973 affected the most of England and Wales but became not critical in
most areas; notable deficiencies were observed for spring-fed rivers and
aquifers and streams in Chalk areas but summer flows were mostly not
extreme. (No documentary evidence of impact could be found by Cole &
Marsh).

Location of drought impact reports. Darker colors refer o more
reported impacts in the EDIL. Scroll over each country to see more detail.

Impact Detail Table

10 [z] records per page Search:
saart . Impact
Drought Event Country Date EndDate  Impact Category Impact Description [y

No data available in table
»

<

Showing 00 0 of 0 entries —Previous | Next—
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droughts in England and Wales from 1800 and evidence of impact.
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Drought of 1975-1976

Central and Northern Europe

Drought Event Summary

Drought Statistics
The 1975-1976 event was brought about by a relatively dry, mild winter with below
average precipitation. This precipitation deficit developed during spring and summer over Approx. durations 11/1975-211577
Western Europe centering in NW France to SE England. Only the Mediterranean and the
north-west (Norway) were unaffected. Throughout May and June, the drought spread north
and eastward resulting in a strongly contiguous cluster centred over Central Europe that
peaked on July 1st, when also a high consistency is seen among the models, suggesting a
strong influence of the common forcing and a reliable result. This is confirmed by Zaidman
etal (2001) who found the maximum extent for daily streamflow drought to occur on 7 July.

Date of SPI-6 min: 7/27/1976
Date of hydrological min: 7/1/1976

Affected regions: Central and Northern
Abnormally hot, dry conditions continued until cold air was advected over Scandinavia in Europe

August, breaking the pattern and forming a large, pressure area over the Continent.

Climatological Drought
A precipiation deficit was already evidentin the lace fall and winter of 1975 for Scandinavia and eastern Europe. As spring progressed, this area of drought

expanded to include more of central Europe. By the climatological drought peak in late July, nearly all areas of Europe except for the Mediterranean and
coastal Norway were experienced markedly below average rainfall. Conditions returned to normal for much of Europe in late fall and early winter of 1976.

of i i drought. C| drought s defined by the SPI-6, which sums precipitation over the previous 6 months and

transforms this value to the standard normal distribution. Negative SPI values (shown in red) represent dry conditions, measured in standard deviations from

typical conditions. Percent area in drought s calculated by summing all cells less than the 20th percentile (SPI <-0.84).

1975-11-01

SP1-6 Drought (% Area)

011175 010276 010576 010876 011176 010277 010577
Date

Hydrological Drought

The hydrological drought peak occurred on July(7) 1, 1976 and covered the majority of temperate Europe, extending from the UK and France in th

Russia n the east. The Mediterranean region was largely unaffected.

h runoff

Peak hydrological drought. with Hydrological drought s based on output nine large-scale hydrological models. Viewed spaially (lef), areas w
below the 10,20, and 30th percentiles are shown in red, orange and yellow, respectively. The cluster centre (right) shows the centroid from each of the

hydrological models during the drought peak.

ion: 1976-7-1 3 1976-07-01
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Drought Impacts

Inparts & Iready the growing (Mayo

Seprember) of 1975 y ly fall.

Bylune had been imp¢ West ]
England and  England and Wales during ]
the. g &Marsh, 2011).

record number of forest, heath and field fires in Denmark and adjacent i’
Northern Germany as well as shortage of fodder in Eastern parts of Norway

leading to West.

Then, s June/July
particularly hit France and the UK but resulted in widespread socio-economic

and

extensively affected. Due to insufficient grazing availability and low hay and

fodder crop yields | k and especially ly

from feed shortages during the hot weather period. This caused early
slaughter of livestock at @unprecedented rates (EIR, 1976). Particularly
d

France, them having faced drought
diti ly In parts of
d the saline
@ &Marsh, 2011; M: 1., 2013).
ply :
potatoes and fresh vegetables together with the loss of their own garden
produce (Courvoisier et al. 1977; Dornkamp et al. 1980; Rodda & Marsh, 0 i Dark -
2011). EDIL. Scroll over each 10 see more detail.
The pply lly.In England and Wales pply d longed droug!
2 major problem; despite diverse mitigation 2 period from beginning be appl over one
i (Rodda & Marsh, 2011; Dornk: 1., 980). In upply affected urban and rural particular in the East,

in Brittany and in touristic areas at ¥ of the summer (Brochex, 1977). While the need for a
reduction in demand, including sometimes also outdoor water use restrictions (hosepipe bans), was given also in large parts of the Rhine basin, critical
regional water shortages and failures of supply remained limited mainly to rural pply by trucks
and even helicopters (Gerhard e al. 1983).

Because e -duced hydropower prod i duction of thermal and nuclear power pl t
gy -, Further, inland the Rhi d ily until into 1977 (van der Heijde,
1978; Gerhard et al. 1983; RIZA, 2005). According to RIZA (2005) p five ye loss for igation sector in the
Netherlands (ranked fifth after the years 1921, 1949, 1949 and 1959). of ithe d Eé England land ona
scale i leading etal., 1980).
Among P f the drought 1976 are impacts. sy i of
quality (mainly i algal blooms, depletion of di e
massive proportions of sewage effluent, sali ions, fish kill i © i i drying up of
stream ffects on aquatic igratory fish (Dornk: I 3 etal, 1983; Rodda & Marsh, 2011). In the
Dutch delta area an outbreak of avian d: ibuted to the levels, q ty I
igt g ( etal, 1983). had a p: P
igotropl habitats Heijde, 1978; Sykora, 1979). Noted (detrimental) effects of the drought on sites of nature
in Br by Hearn & Gilbert (1977 in Dornk: 1., 1980). Devastating pread in the summer
of 1976, again Southern England (up to 40 fold number of fires than in 1974, Dornkamp et al., 1980) and regions in Northern France (three fold area burnt
compared to a reference year, Brochet et al,, 1977) were severely affected. fire damage, European from the
prolonged d i i di h as the Dutch elm disease, in par dieback of beech
observed (Courvoisier et al.,, 1977, van der Heijde 1977, Dornkamp et al. 1980; Gibbs & Greig, 1977).
Impact Detail Table
10 [z] records per page Search:
Drought start, End i
Event Country Date  Date Impact NUTS 1
1976 Nederland 5/1976  9/1976 If the drought of 1976 would £
summer ‘occur at this time in the
drought, Netherlands, the economic
Europe loss/damage would be 2100
million euros, of which 31
million euros caused by salt
damage.
1976 Deutschland 6/1976 71976 The oxygen content in the Bayern;
summer river Main at Kahl was 0 mg/l
drought, for weeks and at Wipfeld was
Europe the dayly average about 1
mg/l. At some barrages, a
special programm was used
for extra ventilation.
1976 Nederland 6/1976 101976 1.1 Reduced pi ty Noord-
summer areas with
drought, losses,
Europe or crop failure due to dieback,  10.7% was irrigated area;
p ipening, drought-  56% was used,
as% Crop
diseases etc. losses were highest in sandy
areas; 40-50%. In polder
areas 20-30%. Areas that
were notirrigated even had
10 to 20% higher loss.
1976 Nederland 5/1976 10/11976 1.9 Increased costs/economic Estimated is a total loss due
summer losses tothe droughtin the
drought, agricultural sector of around
Europe 1780 million euros. The loss.
in a drought year is often ol
| . J »
Showing 1 to 10 of 74 entries « Previous 1 2 3 4 S Next —
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1989-1990 Drought Event

FUroPEAN
DroucHT
(CENTRE

Drought of 1989-1990

Mediterranean

Drought

RESOURCES:

Europe Today

World Today
EDC Archive
R Drought Event Summary -
Drought Statistics
Software “The 1989/90 drought was less severe but heralded the onset of a series of drought
il svents in Europe that | through much of the early 1990s"(Bradford, 2000). This eve
ks events in Europe that lasted through much of the early 1990s"(Bradford, 2000). This event Approx. duration: 2/1989-10/1990
had two peaks, inthe western (Spain and P
DROUGHT the spring on 1989 and a more severe drought event that occurred in the western ’ —
DATABASE Mediterranean during the summer of 1990. This western Mediterranean drought D P
Ove e eventually expanded north and west to affect regions as far away as southern France.
Date of hydrological min: 11/5/1990
Drought
Database
Affected regions: Iberian peninsula
DROUGHT (1989), eastern Mediterranean (1990)
IMPACT
INVENTORY
Overview
Drought . .
s, Climatological Drought
Databse
The 1989-1990 drought event originated with rainfall deficiencies across much of the Mediterranean during the winter and spring of 1989, with the maximum
SHIT affected area occurring in February 1989, Drought conditions began to recede during the summer of 1989 due to occasional, short wet periods in most of
R Europe except for Turkey where the drought remained severe.
References
PR Precipitation shortages began to occur again during the winter of 1989, This shorcage eventually produced a severe drought n inlate spring and summer for
much of the eastern Mediterranean region.
Events
Projects gressi i i drought. C drought is defined by the SPI-6, which sums precipitation over the previous 6 months and
Ny transforms this value to the standard normal distribution. Negative SPI values (shown in red) represent dry conditions, measured in standard deviations from
Groups typical conditions. Percent area in drought is calculated by summing all cells less than the 20th percentile (SPI < -0.84).

ORGANISATION
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Affected regions: lberian peninsula
DROUGHT (1989), eastern Medicerranean (1990)
IMPACT
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a9 o 1 2, 3
tne winter ano mé'Syaroiogiar arougft peaxed’in may Fhen it
affected most of southern and central Europe.

Bylate summer, the drought centre had shifted back towards
Europe. din the
eastern Mediterranean for several months, while stremaflow

returned to normal in central Europe.

P drought. with gh
based on output nine large-scale hydrological models. Viewed

spatially (above), areas with runoff below the 10,20, and 30th
percentiles are shown in red, orange and yellow, respectively.

Drought Impacts

Two consecutive years with low precipitation impacted the eastern
Mediterranean most severely. In Greece, there were reductions in
agricultural production as well as shortages of ground and surface warer.

lied Ath hed ly in

October 1990

Location of drought impact reports. Darker colors refer to more.
reported impacts in the EDII. Scroll over each country to see more detail.

Impact Detail Table

10 [z] records per page Search:
Start | End a
Drought Event Country ~ Date  Date  Impact Impact Category Impact Description
1989 Norway Norge 1989 1989 Summer drought has been a significant stress facto -

for Norways ce in southeast Norway during the 14
years of forest monitoring. Dry and warm summers;
were followed by increases in
defoliation,discolouration of foliage, cone formation
i M

likely, defoliation resulted from increased needlefal
the autumn after dry summers.During the monitoril
periode 1988-2001, southeast Norway was repeate
affected by summer drought,in particulary in the

early 1990s.
1989, Greece Ellada 1989 1990 13 Reduced productivity of | Reduction in agricultural production and in irrigated|
permanent crop area.
cultivation
1989, Greece Ellada, 1989 1990 14 Reduction of cultivated  Reduction in agricultural production and in irigated|

sressduetoalackof  area.
irrigation water

Ellada 1989 1990 7.2 Shortage of - Water
water supply flow in Pineios river and its tributaries was
shortage/problems significantly reduced. Water supply from lake Plasti
(drying up of for irrigation was reduced by 70%. The area irrigate|
springs/wels, with surface water was reduced by 90%.

reservoirs, streams)

1990, Greece Ellada. 1989 72 Decline inthe supplyl 3
water supply Indicative case: On October, 1990, Athens had wat
shortage/problems for only 56 days.

(drying up of -

springs/wells,

< i — »

Showing 10 5 of 5 entries —Previous | 1 | Next—
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1991-1995 Drought Event

FuroPEAN

Drought of 1991-1995

Drought
Mediterranean
RESOURCES:
Europe Today
World Today
EDC Archive
N Drought Event Summary o
Drought Statistics
Software The period between 1991 and 1992 was characterized by frequent and prolonged
Links droughts across the Mediterranean, both in the Iberian peninsula and the western S Tou N lortsos
Mediterranean. Sheffield and Wood (2011) note that “The period from 1992 to 1995 was
DROUGHT one of the driest in the century for the Iberian Peninsula, and especially for Spain.” )
DATABASE Date of SPI-6 min: 11/6/1993
Overview Several peaks occurred during this time, with the most intense between 1994 and 1995. o
Date of hydrological min: 5/5/1593
Drought
Database
Affected regions: Mediterranean
DROUGHT
MPACT
INVENTORY
Overview
Drought Climatological Drought
Impact
Databee The entire period between 1991 and 1995 was characterized by a lack of precipitation in southern Europe. The first significant deficit occurred during the
spring of 1992, covering Spain, Portugal and France in the west and southern Italy, Greece, and the Balkans in the eastern Mediterranean. By late summer of
SEERLECE 1992, these regions had recovered to normal conditions.
Impact
References The summer of 1993 also had significant rainfall deficits in southern Europe.
ACTIVITIES
B The summer of 1994 was also characterized by a lack of rainfall, particulariy for Spain and Portugal.
vents
Projecrs gressi i i 6) drought. C| drought is defined by the SPI-6, which sums precipitation over the previous 6 months and
Network transforms this value to the standard normal distribution. Negative SPI values (shown in red) represent dry conditions, measured in standard deviations from
Groups typical conditions. Percent area in drought s calculated by summing all cellsless than the 20th percentile (S < -0.84).
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Drought Impacts

The de in the early 1995) affected
nearly the whole Iberian Peninsula but had by far the largest social impact in
its Southern par, .e. in the Guadalquivir basin in Andalusia and in the
Portuguese Alentejo region. Millions of domestic consumers in the South-
Western corner of Spain including especially urban areas such as those of *

Seville, Cadiz and Paima di Mallorca suffered water cuts and water quality
problems. In autumn of 1995, just before the abrupt end of the drought
event, 15% of the Spanish populati h d
another 15% ing pply (¢ & Remos,
2000; Liamas, 2000; Mestre, 2010). Also most municipalities located in the
Alentejo region of Portugal experienced reduced water supply and
interruptions for more than 12 hours a day (Santos, 1998 in Massarutto et
al., 2013). Overall the water shortage situation led to conflcts. In particular
water d general h

Y
of the Tagus river initiated renewed water hostiltiesé between several
Spanish Autonomous Communities, but were also again the cause of political
tension between Spain and Portugal (Llamas, 2000; see also L@pez-Moreno
etal., 2009). In 2000 a new bilateral agreement (termed Albufeira

C tion) g the shared by both Iberian

countries came into force.

Location of drought impact reports. Darker colors refer to more
reported impacts in the EDIL. Scroll over each country to see more detail.

Alarge part of economic losses due ibutabl ural damag ffected both, rain-fed and irrigated farming, but losses were

far more remarkable in the latter one in the case of the ido & G , 2000; Igle 1, 2003):

here, where ly irrig: for 75% of . about 500 000 ha of irrigated land were affected by water shortages, in fact
lly lable for irrigation all during the growing seasons of 1994 and 1995. This resulted in total economic losses over 3 billion

Euros according to farmers4p representatives. Further 20,000 jobs were lostin agriculture due to the fallowing of the irrigated area (EMASESA, 1997 in
Iglesias, 2003). Generally, across Spain strong restrictions had to be placed on irrigation during the
total national production of corn, cotton and rice and from 1994 onwards permanent crops, i.e. vineyards, olives and citrus fruits were increasingly affected as
well (Mestre, 2010). Within Portugal g Algarve region 1., 2013). In both hydr

producti the drought. ing to EC (2007) Spain esti incurred costs in the agriculture and the energy production
sector at about 1,800 and 210 million, respectively (period 1990-95), while Portugal reported costs of 241 million Euros in agriculture and costs of 426 million
Euros for energy production. According to EurAqua (2004) the minimurm economic costs of the drought in Spain were 3,700 million Euros. The international
disaster database EM-DAT registered in Spain with an ©of 4,500 billion US Dollars.

The situation in 1992 had forced the Spanish adopta 4 at reducing water d exploitation

of new water by providing aswell mitigating the drought effects on the agricultural sector (Mestre, 2010);
according to Liamas (2000) the toral cost of these various emergency measures to the Spanish treasury amounted to about 600 million Euros. Structural
measures, which were ially d rded ing urgent pr g the drought, plants,
and water carriers. However, apparently hardly any of these projects began to supply e the end of the & G@mez-Ramos, 2000).
In consequence of the severe restrictions in the supply of Seville a plan for building a new dam g became an ly issue
once the drought finished (Garrido & G@mez-Ramos, 2000). Also the National Water Authority of Portugal had decided to construct a new reservoir in the
Alentejo region (completed in 1999).
Regarding the impact on there is little q (through detailed ) available, yet
increased mortality was observed for fish in dam reservoirs and birds in the interior wetlands. The water shortage situation especially in agricultural
production led to ly . resulted in in coastal aq
South East and adverse effects on wetlands in the Centre of Spain (M , 2010). Besides i t , the pr drought
damaged the forested areas in Southern and Central Spain (Pe@uelas et al., 2001; Mestre, 2010; Carnicer et al,, 2011).
Impact Detail Table
10 [z] records per page Search:
Start a End a
Drought Event Country Date  Date  Impact Impact Category Impact Description NUTS 1 NUTSZ
1992 drought, Danmark 51992 7/1992 Late spring and first half of Danmark =
Scandinavia summer of 1992 Denmark
experienced its longest drought
episode since nationwide
measurements began in 1874.
Combined with incredible sunny
weather and relatively strong
dry winds must this drought
described as the longest and
the worst ever.
1992 drought, Sverige 51992 71992 1.4 Reduced p y Perhaps the Sverige
Scandinavia annual crop cultivation: of early summer droughtin
crop losses, damage t Sweden over the last 100 years
crop quality or crop in 1992, In parts of Gétaland
failure due to dieback, was no or insignificant with rain
premature ripening, during the time May 13 to July
drought-induced pest 11. Ungskar in southeastern
infestations or diseases  Blekinge received no
etc. measurable rainfall at all during
this 60-day period. The
vegetation was inhibited
strongly and parts of Gétaland
received only normal harvest of
spring-sown crops. Many.
smaller streams in the
southeastern parts of the
country dried out. In the severe
drought had several major
forest fires. Although the
drought was alleviated
somewhatin mid-July rainfall in
south-eastern Gétaland far too
small for it to be any significant -
<« m J »
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Drought of 1995-1996

Northern Europe

Drought Event Summary

The drought of 1996-1997 was characterized by meteorological shortages in Great Britain,
[ i nmark/

ollowed by an ever expanding drought in southern Scandinavia and Denmark/northern Approx. duration: 4/1995.7/1996
Germany. This drought event began with a dry winter, beginning in 1995 and continuing

into 1996. This continued into the spring of 1996, reducing available water for northern

- Date of SPI-6 min: 31/3/1996
urope in the early spring.

i : 372
Hydrological drought lagged behind meteorological drought during the 19951997 event Date ol byskolopical e S

because winter precipitation deficits in northern latitudes are related to snowfall, which

Affected regions: Northern Europe

has a more delayed effect than rainfall deficits.

Climatological Drought

Fall of 1975 showed the remnants of precipitation deficit in Great Britain and Spain. With time, the deficitin Great Britain intensified and led to an even

stronger winter deficit in Scandinavia and northern Germany.
This precipitation deficit grew in late spring 1996, reaching it peak in late March and April. Conditions gradually returned to normal by mid-summer.

i i &) d

. drought s defined by the SPI-6, which sums precipitation over the previous 6 months and

g gt
transforms this value to the standard normal distribution. Negative SPI values (shown in red) represent dry conditions, measured in standard deviations from

typical conditions. Percent area in drought s calculated by summing all cellsless than the 20th percentile (5P < -0.84).
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s

power p . navigation,
f d forestand Belgium and the
i istorically = e recorded
across the dingtoa
newspaper article in April. Analysis of tree ring width samples of oak from ek
Central y (growing ) of 1996 (with 1934

nd 1959) among the driestin the period AD 996-2005 (B@nrgen etal.,
2010). The effect of 1996 and other dry seasons in the 1990s s also visible in
for sp in Norway g, 2004).

Location of drought impact reports. Darker colors refer o more.
reported impacts in the EDIL. Scroll over each country to see more detail.

Impact Detail Table

10 [z] records per page Search:
start | End i
DroughtEvent  Country  Date  Date  Impact Impact Category Impact Description
1996 drought Sverige 11996 1011996 Inflow to the hydropower system in the Nordic
scandinavia

countries was overall 7.8% lower than normal in

2002. By comparison, the total inflow in the Nordic

countries were 21.3% lower than normal in 1996.
2002 2 special year,

inflow in the second half, and that the inflow was 3 |=

record lowin all the Nordic countries simultaneousl,
In weeks 31-52, total inflow to the Nordic countries
only 50% of the average for the past 20 years.
Historically, there has been a positive correlation in
the inflow, but an extreme year in one country has
nevertheless often been partally offset by less

extreme inflow in the other. Based on the profile of
the historical material (including 2002), we estimate
probability of gewing as low as or lower inflows in th
weeks 31-52 for Norway isolated to 1.0%. The
probability of getting as low or lower inflow in the

period in the ies,
be less than 0.5%.

1996 drought Norge 11996 1011996 Inflow to the hydropower system in the Nordic

scandinavia countries was overall 7.8% lower than normal in
2002. By comparison, the total inflow in the Nordic
countries were 21.3% lower than normal in 1996.
What makes 2002 a special year, was extremely low
inflow in the second half, and that the inflow was a
record low in all the Nordic countries simultaneoust
In weeks 31-52, total inflow to the Nordic countries
only 50% of the average for the past 20 years.
Historically, there has been a positive correlation in
the inflow, but an extreme year in one country has
nevertheless often been partially offset by less
‘extreme inflow in the other. Based on the profile of
the historical material (including 2002), we estimate ~

] »

< m
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Drought of 2000

East and southeast Europe

Drought Event Summary

From spring to summer in 2000 drought conditions persisted particularly in the eastern
nd southeastern European countries, which severely aff riculture, and in -

and southeastern European countries, which severely affected agriculture, and Approx. duration: 472000272001
particularly early crops (Sepulcre-Canto et al., 2012).

Date of SPI-6 min: 23/1/2001

Date of hydrological min: 26/6/2000

Affected regions: East and
southeastern Europe.

Climatological Drought

Precipitation deficits during the drought of 2000 occurred almost exclusively in southeastern Europe. Drought peaks shift to portions of Romania, Greece,
Turkey and the Balkan countries. Additionally, a winter drought occurred along the western coast of Scandinavia, though this did not produce 3 significant

hydrological drought.

i i drought. C| drought s defined by the SPI-6, which sums precipitation over the previous 6 months and

transforms this value to the standard normal distribution. Negative SPI values (shown in red) represent dry conditions, measured in standard deviations from
typical conditions. Percent area in drought s calculated by summing all cells less than the 20th percentile (SPI <-0.84).
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Drought Impacts

From spring to summer in 2000 drought conditions persisted particularly in
the eastern and southeastern European countries, which severely affected
). The

agriculture, and in particularly early crops (Sepulcre-Canto et al., 2
year 2000 was also identified among the major drought years of the period
1969-2009 in the South Eastern Eurooean rezions by Hercea (2012) using an .~
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Drought Impacts

From spring to summer in 2000 drought conditions persisted particularly in
the eastern and southeastern European countries, which severely affected
agriculture, and in particularly early crops (Sepulere-Canto et al., 2012). The
year 2000 '8 the major droug}  the period

South Eastern 2 (2012) using an
adapted Palf: leural w

most affected according to Glinni et al. (2001 in Sepulcre-Canto et al., 2012).

Drought disasters were registered by EM-DAT in Romania, Moldova and in
Bosnia-Hercegovnia. Other regions affected include Bulgaria, Czech
Republic, Eastern Germany, Greece, Hungary, Poland, Romania, Turkey,
Slovenia and the Western Balkans (Demuth, 2009, AUA, 2011). Alarge area
was y Bulgaria. Natwral declaredin
many regions of Croatia reporting problems to fresh water fishery,
hydropower production and tourism as well as dried up streams and wells
(AUA, 2011). However more detailed information particularly on non-
agricultural drought impacts is needed.

ion of drought Dark more

reported impacts in the EDIL. Scroll over each country to see more detail.

Impact Detail Table
10 [3] records per page Search:
Start, End . Impact
Drought Event Country Date Date Impact Category Impact Description NUTS 1 NUTS 2 )
1999-2002 Greece Ellada 2000 11 Reduced Reduction in crop Voreia Ellada; Kentriki 2
productivityof  productivity of grains Makedoni
annual crop
cultivation: crop
losses, damage.
to crop quality or
crop failure due.
o dieback,
premature
ripening,
drought-induced
pest infestations
or diseases etc.
2000 droughe, Deutschland 2000 1.1 Reduced An extreme drought in
Germany productivityof 2000 leads especially in
annual crop eastern, Germany and
cultivation: crop  East-Lower Saxony to
losses, dsmage  crop damage. The most
to crop qualityor  affected crops were com
cropfailure due  and potatoes. The
to dieback, ‘economic loss was about
premature 326 mio. € and affected
ripening, 1 mio. ha land.
drought-induced
pestinfestations
or diseases etc.
2000 drough, Deutschland 2000 11 Reduced . losses by drought for Brandenburg:
Germany crops, corn
annual crop Vorpommern;
cultivation: crop Niedersachsen;
losses, damage. Sachsen;
to crop quality or -
<« o, J »
Showing 1to 9 of 9 entries —Previous | 1 | Nex—
References
1. AUA - Agricultural University of Athens (2011): Archive of i d based on historical records. Deliverable
WP4/4.1, DMCSEE (Drought entre for South Proj
2. Demuth S 2009: Learning to live with drought in Europe, A World of Science, 7(3), 18-20.
3. EM-DAT: The OFDA/CRED Di . © 9 Louvain, Brussels. @ Belgium. www.emdat.be
4. Glinni AF, Sival . Wilhite DA.: Drough d © WMO perspective, paper presented at MITCH (Mitigation of Climate

Induced Natural Hazards).
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Drought of 2003

Europe

Drought Event Summary
Drought Statistics
The 2003 drought event is considered exceptional for Europe, combining significant
precipitation deficits with record-setting heat extremes, which increased Approx. duration: 4/2003-11/2003
evapotranspiration. At its peak, nearly all of Europe was in drought, except for the Iberian
peninsula and the far eastern Mediterranean. As a consequence, large losses in crop yield .
’ Date of SPI-6 min: 12/8/2003
and extremely low discharge levels of rivers were reported in large parts of Europe

Affected regions: Europe

Climatological Drought
The 2003 drought event began with a precipitation deficit in Scandinavia in early spring. This precipitation deficit expanded until in June 2003 the centre was

located in Poland. Climatological drought remained moderate through June until July, when the extent and severity of the precipitation deficit rapidly expanded
to cover most of Europe. This rapid expansion of drought was caused by a persistent blocking high-pressure pattern that lingered over western Europe.

The most severe precipitation deficits, which occurred in July and August of 2003, were accompanied by the warmest temperatures ever recorded in Europe

atthat point. This greatly increased evapotranspiration, reducing available water.

The meteorological drought began to quickly recede in late September and October, with drought conditions only remaining in northern lealy and southern

France.

i i drought.C drought s defined by the SPI-6, which sums precipitation over the previous 6 months and

transforms this value to the standard normal distribution. Negative SPI values (shown in red) represent dry conditions, measured in standard deviations from

typical conditions. Percent area in drought s calculated by summing all cells less than the 20th percentile (SPI < -0.84).

SPI-6 Drought (% Area)
8

01,0403 010703 011003 010104
Date

Drought Impacts

Interms of impacts the European drought of 2003 affected an area
spreading from Portugal to Romania and Bulgaria (Demuth, 2009; EEA,

20101 lewas characrerized by diverse and for reaching effecs resuling from 8
an exceptonal aifal deficc combined with extended heacwave condidons

(EurAqua, 2004). , I

Agriculture was particularly affected in Southern and Central Europe: French,
Iealian, German, Austrian, Swiss, Slovakian, Spanish and Portuguese
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Drought Impacts

Interms of impacts the European drought of 2003 affected an area
spreading from Portugal to Romania and Bulgaria (Demuth, 2009; EEA,
2010). by diverse and far from
an exceptional rainfall tended he di
(EurAqua, 2004).

larly affected in Southern and Central Europe: X
Kalian, German, Austrian, Swiss, Slovakian, Spanish and Portuguese

= so E: have b the frected
by the drought and the heat wave in 2003 (COPA-COGECA, 2004; Swiss Re,
2004). In many of the 3 . like

Hungary, Slovenia, Croatia, Serbia and Montenegro 2003 was among the
major agr gl years (AUA, 2011). The

Disaster EM-DAT in 2003 in Bosnia-
Herzegovina, Croatia and Hungary. Significant decreases in yields compared

in

©p . e region.
‘According to COPA-COGECA (2004), European livestock farmers were worst
hit due to the big impact on green fodder supply. Agricultural losses were
estimated to amount to more than 10 billion Euros (COPA-COGECA, 2004,
Swiss Re, 2004). Governmental measures to mitigate the effects for the

farmers were taken in several countries and also by the European
Commission.
Location of drought impact reports. Darker colors refer o more
reported impacts in the EDI. Scroll over each country to see more detail.

Locallimitations and serious shortage problems in public water supply were reported for some rural mountainous areas in laly, Austria, Switzerland, France
and Germany. A few communities and single farms, which had depended ly use of local spring « P ) had to be

supplied by emergency actions. However, i 'g the hot period, use and abstraction and a strong
depletion of resources, i. dried up springs and boreholes, extremely lo evels and re: 3 across Europe. In Eastern
Austria authoriti d th of add large scale) water supp! qua, 2004, see also Bogner, 2004).

Atmost rivers extreme low flows and, during the heat wave, al igh water ded. Thus, the energy sector was challenged

by a reduced potential of hydropower production, widespread problems with cooling of nuclear and thermal power plants as well as unusually high demands.
Thermal

power plant had to operate even shut down due to the high river water temperatures. In

August y exemp g granted for several power plants in France, the Netherlands and Germany in order to
ensure security of supply (avoid disruptions). The situations of power supply in kaly (Cassardo et al. 2007; IReR, 2007) and France (e.g., EC, 2007; UNEP, 2004;
1. 2005) were probably the most Aseries ie national French supplier EDF during the heat
pisode requested temporary exemp one third of its nuclear park (Poumad@re et al. 2005). Already at the beginning of June there were some
unexpected (sometimes long-lasting) blackouts in Italy, due to the increase of electric energy demand above the threshold of productivity, which caused
eR, 2007).

several d knock-on losses in industrial g steel do et al., 200

For months inland navigation was heavily impaired by extreme low flows and water levels of most large rivers in 2003, That affected rivers like the Po, the Elbe

or the Oder, ig  butin p ‘major European transport routes in the Danube and Rhine basins
(EurAqua, 2004; EC/CCR, 2005; onkeren et al,, 2007; ICPDR; AUA, 2011; Massarutto et al., 2013).

In France, the Netherlands and in Southern England structural damage due to soil shrink: d subsids , 2004;
Marsh et al., 2004; Corti et al., 2009). the collapse of two jtha raised
safety concerns (Ministerie van Verkeer en Waterstaat, 2004; Massarutto et al., 2013).

Freshwater ecosystems were put under exceptional stress, oy 3 (EurAqua, 2004). Rep dried up stream
sections, violation of minimur porary quality deterioration and limited to critical
dissolved oxygen concentrations, increased pollution loads, increased mortality and mass killof fish M 1., 2013; ICPR,

2004; Lange, 2009; Marsh et al., 2004; BUWAL et al., 2004; EC, 2007). Also several hundreds of death diving ducks in the Netherlands (RIZA et al., 2005) and
mass kill of invasive mussel species in German rivers (ICPR, 2004; LfU, 2004) were among the spectacular events attributed to the drought in 2003. In many

regions of Il as in parts of horities released bans on water abstraction from small streams for irrigation purposes
during the low flow period in led Il as illegal abstractions (M: 1., 2013; BUWAL et al., 2004;
LfU, 2004; LW, 2004).

Drought stress to forest ecosystems in 2003 is considered to be a major explanation for th defoliation b in 2004
especially in Central Europe and particularly pronounced for common beech (UNECE, 2005). Increased dieback and susceptibility to pest infestations were
also frequently reported (Rouault et al., 2006). In Southern Europe the summer of 2003 was one of the most severe forest fire seasons experienced during the
last decades with the greatest severity mostly concentrated in Portugal and France (EC, 2004). In toral the yand di fted i
over 25,000 reported heath and fores fires from Portugal to Ireland and Finland (EurAqua, 2004).

Impact Detail Table

10 [z] records per page Search:

Drought start | End &

Event Country Date Date Impact Impact ipti NUTS 1
2003 Deutschland 772003 | 2003 Critical oxygen conditions Rheinland-
summer (deceeding 4mg/l occured inthe  Pfalz
drought, Saar, which s a river

Europe characterized by a general quite

high organic pollution. Instable
oxygen conditions are a regular
problem in the Saar and a concept
for mitigation measures had
already been established before
the year 2003. However, while
there seemed to be  declining
trend of both the occurrence of
critical situations and the volume

of mitigation efforts in the
preceeding years, the situation
worsened again in 2003, At
Mettach the oxygen concentration
was repeatedly close to and
upstream of the weir deceeded
the fish critical concentration (4
mg/l). The absolute minimum was

17 mgh.
2003 France 82003 Special stream ecological Est
summer monitoring in the context of the

drought, emergency excemption for the

Europe power planc La Maxe from

amdrnnmansal lasiclarian
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2004-2007 Drought Event
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Drought of 2004-2007

Iberian Peninsula

Drought

RESOURCES:
Europe Today

World Today

EDC Archive

Drought Event Summary

Downloads

Software 2004 and 2005 were charactes
Links particularly the Iberian peninsula. This period is considered the most severe drought in the

d by dry conditions affecting most of western Europe, but

Approx. duration: 7/2004-6/2007
hydrologic record of both Portugal and Spain, primarily in the central and southern

DROUGHT regions.

DATABASE Date of SPI-6 min: 25/2/2006

Overview Dry conditions remained after drought peaks of July and October of 2005, reoccurring to a -
lesser extent in the summer of 2006. 2006 also produced 3 moderate droughtn the Baltc Affected regions: loerian peninsula

Droughe
Databese region, though this i not the focus of this analysis.
DROUGHT
IMPACT
INVENTORY Climatological Drought
Overview
e Drought conditions began during the summer of 2004, with a severe meteorological drought centered in Portugal. Drought conditions returned closer to
rought .
; oue! normal in the Iberian peninsula during the fall of 2004, though precipitation in Italy was significantly lower than typical during this period as well.
impact
Databse
8y February 2005, cimatological drought conditions returned to the Iberian peninsula. This lack of rainfall increased to an extreme in July 2005 and again in
SR October. D were in Spain and Portugal, with the rest of Europe experiencing typical conditions.
Impact
ESEES g i ) drought. C| drought is defined by the SPI6, which sums precipitation over the previous 6 months and
R transforms this value to the standard normal distribution. Negative 5Pl values (shown in red) represent dry conditions, measured in standard deviations from
typical conditions. Percent area in droughtis calculated by summing all cells less than the 20th percentile (571 <-0.84).
Events
Projects
Network
Groups.
o
o5
ORGANISATION .-
8 s
Core-Group 22
s
% s
Joining R
8 =
Contact ® 20
z 15
& 10
H
010704 0101105 0110705 01,0100 010708 010107 010707
Date

Technical Report No. 12



Yet, for Portugal and Spain this drought episode, evolving from the winter of -

2 to be one of the recent

hydropower and crop production (Garc@a-Herrera et al, 2007; Massarutto
etal., 2013; EC, 2006; EC, 2007). In 2005 Portugal declared a calamity status
at national level and a temporary “Drought Commissi

According to EM-DAT the drought disaster from 2004-2005 in Portugal had
an estimated economic cost of more than 1.3 billion US-Dollars.

Location of drought impact reports. Darker colors refer to more
reported impacts in the EDII. Scroll over each country to see more detail.

Due to the exceptional dry conditions in the hydrological year 2004-05 agriculture suffered from extreme yield losses and even complete failure for virtwally
all kind of crops, but especially in rain-fed farming (Comiss@o para a seca, 2005; USDA-Foreign Agricultural Service, 2005, Garc@a-Herrera et al., 2007;

Gouveia et al,, 2009). Cereal production (of both Iberian i 0 only 60% of a-H exal., 2007) and, in particular there was
a severe shortage 1., 2009). In the South was most affected by 2005 @ in a region, which due to
its semi-arid characteristics is generally dominated by rainfed agriculture, and with the Alentejo region alone being responsible for more than 80% of the total
of wheat production in Portugal (Gouveia et al., 2009). Extremely poor pasture conditions, premature cutting and problems with availability of water in the field

farmers. This an increased number of abortions of ruminants in Portugal in 2005 (Comiss@o para a seca, 2005). The
costsincurred due inthe agri in 2004-2005 in Portugal and Spain were q 1 0.5 billon and 2-3 bilion Euros,

pectively in EC (2007). In both rather strict f i y the growing season in
2005 and also g years. In many areas ige . On the other hand, the prolonged drought episode

pparently g access gr irrigation in Spain (WWF, 2008).
Due to low stream Peninsula many of th reservoirs had been ly depleted at the end of the
summer in 2005; and led to large political and social unrest (Garc@a-Herrera et al., 2007). The low water
ity was also a major p and ighting when Portugal faced again e efforts, the summer

of 2005 was the second wors (afcer 2003) in recorded wildfire history with 325,000 ha burned (Massarutto et al., 2013). In terms of water resources, Algarve
was at that time the most affected region in Portugal, with two capacity I inits most
important aquifer (EC, 2006; Comisso para a seca, 2005). In late bout 100,000 people
in water supply (Comiss@o para a seca, 2005; EC, 2006). There was a th: of He d had been

related to the use of alternative (emergency) water supply systems (Comiss@o para a seca, 2005). Portugal spent in total 23 million Euros on drought
mitigation measures regarding only water supply (EC, 2007). Also 118 illag y ng water restrictions during the summer of
2005 and supply by cistern trucks was necessary for 60 villages (Ministerio de Medio Ambiente, Medio Rural y Marino, 2008) as well as for several cities within
the Douro basin in Central Spain (Confederaci®n Hidrogr@fica del Duero, 2007).

The extremely low river flows between December 2004 and June 2005 directly affected Iberian hydropower production which in 2005 decreased t only 40%
of the d forced to

P
etal,, 2007). Portugal had to use additional fossil fuel worth 182 million Euros with another expense of about 28 million Euros for annual CO2 emissions
licenses in 2005 (EEA, 2010). Due to drought impacts in the Energy sector in 2004-2005 Portugal and Spain incurred costs of 261 and 713 million Euros,
respectively (in EC, 2007).

Reported i in Portugal include i ter quality, increased algal bloom and eutrophication of surface waters, and increased
salinity including sigs intrusion in the Alg: M 1.,2013). In some streams, fish populations were

ly inthe year of 2005 (Comiss@x seca, 2005).In particular, increased
mortality and likely of and e Guadiana observed (Cardoso & Carrapato,

2007 in Massarutto et al,, 2013). Fish kil was also observed in Spain (Ministerio de Medio Ambiente, Medio Rural y Marino, 2008). It seems that the reduced
freshwater flows also had effects on estuarine fish species (Dolbeth et al 2008, Martinho et al 2007). Further, there are some indications of adverse effects on
land and wetland 1., 2013). Carnicer et al. (2011) studied i ion and ree i r

Southern Iberian forests over the last two decades in relation to the two severe drought episodes (1990-1995 and 2005-06).

c the clear peak of in the summer of 2005, the of recorded h y
specifically to 2005. However, a few notable incidents in the following years were reported. Those concern mostly water management issues and drought
impacts on freshwater Spain (see Ambiente, Medio Rural y Marino, 2007), like e.g. fish kill and
hosepipe bans, but also local cuts in domestic supply. Due to important ystem in the
Tagus basin ither in 2005 nor in 2006 able to satisfy 3 igated to reduce
flow t0 both the Tagus River and the depended water transfer system to the Jcar and Segura basins; this, like in previous droughts, resulted in conflicts and
political ramifications at the national level (Lorenzo-Lacruz et al, 2010). Finally, just before rains in spring 2008 brought significant relief for most of the
country, Barcelona had taken the unprecedented step of importing a tanker of emergency water from Marseilles (WWF, 2008; Demuth, 2009; EEA, 2010). In
addition, promp ion of a from the Ebro river to Barcelona (WWF, 2008).

Impact Detail Table

10 [z records per page Search:

start | End .
Drought Event  Country Date Date Impact  Impact Category Impact Description NU
2004 -2007 Espafia 1/2005 10/2005 Increased of 20% of the number of =
Iberian Peninsula forestiires compare to the average of last

decada( (8571 out of 7.156). Forestry area
burned affected 161.155 ha, 43% more
than the average of the previous decada

(112.680 ha burned)
2004-2007 Espafia 1012005 In the river Corbones 500 kg of dead fish 5|
Iberian Peninsula were found in october 2005
2004-2007 Espaiia 1012005 In the river Guadalete more than 1000 S
Iberian Peninsula dead fish were found in october 2005
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Drought of 2007

Eastern Europe

Drought Event Summary

Drought Statistics
Beginning in the winter of 2007, a drought developed in southeastern Europe, continuing
into the summer. The primary areas affected are those countries that surround the Black TR
Sea and central ltaly.

Date of SPI-6 min: 30/4/2007
The 2007 event was not particularly extensive, with regard to area affected, but was quite

severe in these localized regions.

Affected regions: astern Europe

Climatological Drought

A precipitation deficit developed during the winter of 2007 across most of eastern Europe. By late spring and early summer this deficit was confined to

southeastern Europe, in Romania, Ukraine, Bulgaria, and Turkey.

d drought developed in central and northern ltaly, reaching a maximun in late June .

i i drought. C droughtis defined by the SPI-6, which sums precipitation over the previous 6 months and

transforms this value to the standard normal distribution. Negative SPI values (shown in red) represent dry conditions, measured in standard deviations from
typical conditions. Percent area in drought s calculated by summing all cells less than the 20th percentile (SPI <-0.84).

SPI-6 Drought (% Area)

010207 010507 010807 o7
Date

Drought Impacts

In the year 2007 drought impacts were reported in several parts of Europe,
Killin Norway and forest fires in Sweden. Also

some regions had already experienced drought conditions during 2006, what

apples sis0 0 the Pobasin, Because th flow of the Po had reached a e
historically low level in due to drought in 2006 and deficient winter
precipitation, the Italian government declared a state of emergency in April »

007 b thanke rn shava-saraca rainfalle fimw wa in tha narmal rance
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Drought Impacts

Inthe year 2007 drought impacts were reported in several parts of Europe,
including fish kill in Norway and Netherlands or forest fires in Sweden. Also
some regions had already experienced drought conditions during 2006, what
applies also to the Po basin. Because the flow of the Po had reached a
ly low level in due to drought in 2006 i

the lalian a state of emergency in April
2007, but thanks to above-average rainfalls flow was in the normal range
again in June (R&SPI Po basin Case study fiyer; Sepulcre-Canto et al, 2012).
However, like with the 2000 event, the South-Eastern European region
seems particularly hit by the drought in 2007 with estimated economic costs
of atleast 1.5 billion Euros (Demuth, 2009). The year 2007 was also identified
a5 one of the major drought years in the period 1969-2009 in the South

Eastern European regions by Herceg (2012) using an adapted Palfai-index
(H fural A

particularly for Moldova by EM-DAT. Specific non-agricultural drought
impacts reported: Hydropower production of the Fierza plant, being the
second largest hydropower plant in Albania, was only 3% of average
production and in Croatia inland navigation ceased compleely (AUA, 2011).

Impact Detail Table
10  [z] records per page

start | End

a
Drought Event Country Date  Date  Impact

2004 -2007 Iberian Espaiia 172007 | 2007
Peninsula

2006 summer drought,  Nederland  7/2007 | 8/2007 14
northern Europe

2007 drought, Europe  Deutschland  4/2007 11

2007 drought, Europe | Nederland | 5/2007 52007 | 1.

Location of drought impact reports. Darker colors refer to more.

reported impacs in the EDIL. Scroll over each country to see more detail.

Search:
Impact Category Impact Description NUTS 1
Consortium supply systemto  Noresi
Bilbao-Vizcaya, that supplies
water to 90% of Vizcaya

Reduced productivity of annual
crop cultivation: crop losses,
damage to crop quality or crop
failure due to dieback,

inhabitants, were below 40% of
its capacity so some resriction
in use were registered

The potato yield in Sout-East  Noord|
Drenthe is damaged by the Neder,
drought. At least 25% of the

yield is lost, but this might

p ipening, drought- the drought
i continues. Pc very
diseases etc. sensitive for heat.
Reduced p yofannual  An droughtin april
. 2007
damage p quality or crop

failure due to dieback,
premature ripening, drought-

Germany to damage at crops
and oil-bearing seed. One

diseases etc.

Reduced productivity of annual
crop cultivation: crop losses,

a5 the low amount of
Precipitation (4 mm/mA2
average of Germany). The
economic loss was about 450

mio. € and affected 1.3 mio ha
land.

Some fields hove tobe sown  Oost-h
again because the seeds did

damage to crop quality or crop
failure due to dieback,
premature ripening, drought-

drought
Especially the onions are
sensitive for drought, also the

or

< I

Showing 1 t0 10 of 26 entries
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