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EU area affected by drought in the last 30 years

1990

1991

-~ 1/3 of EU27 Territory

2003

1989

In the last 30 — 35 years Europe

has repeatedly been affected by

1' major droughts

Over the last decade about 15% of the EU territory and 17% of the EU
population have been affected on an annual basis

The economic impacts have been estimated to at least 100 billion
Euros over the last 30 years

Environmental impacts are difficult to quantify

Source: European Commission, 2007 (WS&D, 2™ Interim Report)




Droughts affect

all of Europe
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» Major concern in the Mediterranean region
(already water stressed)

> However, many other parts of Europe have
been seriously affected

» Key issues:
> Past & Future Trends
» Monitoring, Forecasting & Prediction
» Impact Assessment

» Mitigation

‘ Droughts affect large areas and extensive populations
and therefore require international efforts




> 1/3 of EU Territory

> Population of > 100 million affected

> Together with a sevre heat wave

> Costs estimated to be > 8.6 billion Euros

> Serious impacts:

2003

Drought and Heat Wave
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Crop losses

Forest fires

Navigation problems

Reduction of energy production

High water temperatures -> fish death
Damage to buildings (subsistence)

mmmm) Drought on the European Agenda .



Policy Response

European Commission: Water Framework Directive (2000)

Major piece of legislation asking for the reform of water management in the EU. Demands for

River Basin Management Plans, supplemented by Drought Management Plans in areas of
drought hazard/risk.

European Commission: Communication on Water Scarcity and Drought (2007)

Asks for the establishment of a European Drought Observatory (EDO) that will integrate relevant
data and research results, drought monitoring, detection and forecasting on different spatial scales,

from local and regional activities to a continental overview at EU level, and will make it possible to
evaluate future events.

European Parliament: Report on the EC Communication “Towards a Stronger
European Disaster Response” (2011)

... reiterates, ...,the importance of establishing the European Drought Observatory, which would
be responsible for studying, mitigating and monitoring the effects of drought.

European Commission: “Blueprint to Safeguard Europe’s Water
Resources” (2012)
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The European Drought

Observatory (EDO)

| Sitemap | Legal notice | Contact | Search
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EDOHOME | CURRENTDROUGHTS | DATA&TOOLS |

Welcome to the European Drought Observatory!

The EDO pages contain drought-relevant information such as maps of indicators derived from different data sources
(e.g., precipitation measurements, satellite measurements, modelled soil moisture content).

en

EDO:

¢ Internet-based tool

e provides different types
of information and tools

e at multiple scales

Different tools, like Graphs and Compare Indicators, allow for displaying and analysing the information and irregularly‘. % clllfellt
published "Drought News" give an overview of the situation in case of imminent droughts. . ' H
: : ~ DROUGHT ° rou muitipie
Please note that due to the shut-down of the SPOT/Vegetation satellite sensor in May 2014 we now derive fAPAR maps N
from MODIS data. The MODIS-derived fAPAR and fAPAR anomaly are now available starting from January 2014.

Updating of the Combined Drought Indicator (CDI) is still ongoing; we will inform you as soon as the CDI maps will be
resumed in full.

information

= situation of Combined Drought Indicator in Europe - 1t ten-day period of September 2014
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Current Droughts| Factsheets

Data Availability | MapVi
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Latest news.
;. about drought

In the Media
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indicators, including high
level indicators targeted

to decision makers

last UPDATES related PROJECTSER

Drought News in Europe: Situation in
August 2014

Drought News in Europe: Situation in
March 2012

Drought News in Europe: Situation in May.
2011

Drought News in Europe: Situation in April
2011

Compare Indicators

Compare different drought indicators at the
same date and sketch areas of interest on

map

=

- http://edoljrc.ec.europa.eu

MapGenerator




EDO Concepts

Web-based Platform for detection, monitoring, forecasting
and information exchange
» commonly agreed products (e.g. drought indices)
exchange of knowledge & information
direct up- and downscaling

real-time monitoring and forecasting (early warning,
preparedness)

Y V V

Multi-scale approach, integrating

» EU / continental level Interoperable
> MS level Data
Infrastructure

> Regional / river basin level

Subsidiarity principle

» European level information + platform (JRC)
> National datasets managed at MS level

» Regional information processed by river basin /
regional environmental authorities

» De-central data holding



Multi-Indicator Approach
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Natural Climate Variability

Precipitation Deficiency " High temp, high winds, low |
amount, intensity, timing relative humidity, geater ©
= sunshine, less cloud cover Eo_é
Reduced infiltration, runoff I : o §
deep percolation, and Increased evaporation §Q
ground water recharge and t"?“SP“’aUO" g
———————————————— I_q
. Soil Water Deficiency | g :é
5 |32
Plant water stress, reduced 2P
‘; biomass and yield 4’ ?Q
Reduced streamflow, inflow to T%E
reservoirs, lakes, and ponds X050
reduced wetlands °3
wildlife habitat 0
L Ay
_____ E—————

Economic Impacts

Social Impacts || Environmental Impacts

Source: National Drought Mitigation Center, University of Nebraska-Lincoln, USA
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Continental Scale

Standardized
Precipitation Index

Standardized
Snowpack Indicator

Soil Moisture Anomaly

Vegetation Response

To add:

* Low-flow Indicator



EDO Standardized

Precipitation Index (SPI)

JOINT RESEARCH CENTRE
ommission EDO - European Drought Observatory
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Compare Indicators Timeseries Factsheets of EDO Indicators Auvailability of Maps in Archive
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3-month Standardized Precipitation Index (SPI-3
February to April 2011, rainfall deviation from no
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EDO Daily Soil Moisture

Information
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25 May 2011 25 May 2011 Until 01 June 2011

1.82.22.6 3.0 3.4 3.8 4.2 4.65.0 -4 -3 -2 -1 0 1 2 3 4 4 -3 -2 -1 0 1 2 3 4

very wet very dry wetter normal drier wetter normal drier
Soil Moisture Soil Moisture Anomaly Forecast
(soil suction) Anomaly (7 days)

Modeled on 5 x 5 km grid
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Photosynthetic

Activity (FAPAR)

0O > Data & Tools > EDO MapViewer
uUGHTS | DATA&TOOLS |

Date C i S phs & Ti ies F of EDO i S ilability of Maps in Archive

Remote Sensing Data -
updated every 10 days
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Multi-Scale Approach

& Catalogue
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& European Drought Products

Drought Metadata Catalogue user Password (Gatoom
Ten-day period: | 2014-09, 1st|w)] = o
[“Juse map B
) i Combined Drought 9 Results list
@ Indlcaér Results 1 to 5 from 5
;Rczﬁg:;:pﬁt: ) :Md?;:d;wedmmswmpv:wemwm(ﬂmsn
roug Vatory)©  epiljedo. 120) and
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CHE Hydro Index WMS Eﬂ%%ﬁ§mmﬁﬁﬁ,g 5 Q) &
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. Vegetation response uoht | B4 JI drought CHE Hydro Index WFS ;-:nwﬂwmm lm:w::;:‘wfu‘o‘m&w“g R F
TYPE A} .
Soil moisture af | sevees - o @
PROVIDER B!
-
Drought-related products - 9 DROUGHT VOCABULARY B
+ Drought =
v GPCC data [
i Hydrology
From Drought Metadata Catalogue| s s
RE Remote sensing
o st
- - Statistics -
& National / International s e =
- -1) o =
Drought Information N - &)
France (BRGM)
Southeastern Europe (DMCSEE)
— Q1 Monthly water stored in
LB  reservors fl7
- Q i 12 month average water
ar B ctored in reservoirs
Q1 5 years average water s
- stored in reservoirs
& Regional / Local

Drought Information

Ebro river basin (CHE)
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Available Indicators

Continental Level
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Precipitation (SYNOP, GPCC)
v'SPI (1, 3, 6,9, 12, 24, 48 months )
v'Standardized Snow Pack (10 & 30 days)
v'SPI since 1973, SSPI since 2013
v'Resolution: 0.25 to 1.0 degree

Soil Moisture (modelled, LISFLOOD)
v Daily & 10-day soil moisture
v'Daily & 10-day soil moisture anomaly
v'7-day forecasted soil moisture anomaly
v'Since 1994 (1990)
v'Resolution 5 km

Vegetation Status (VEGETATION, MODIS)
v fAPAR 10-day composites.
v fAPAR anomalies
v'Since 2002 (1999)
v'Resolution 1.2 km

Joint
Research
Centre




Combined Drought

Indicator (CDI)

Precipitation Anomalies (SPI)

« reflects the statistically expected frequency (i.e.
probability) of a given event

* is obtained monthly , calculated over different
rainfall accumulation periods

* is obtained from the interpolation of observed
meteorological point data + Gridded GPCC data

» reference period: 1981 - 2010

European
Commission

Soil Moisture Anomalies

* is obtained daily with the hydrological model
LISFLOOD & aggregated to 10 days.

» the meteorological input information is derived
from observed meteorological point data

* is presented as anomalies (statistical deviation
from the long-term mean)

« reference period: 1990-2010

fAPAR Anomalies

4

 is aremote sensing derived indicator available
at intervals of 10 days

* Is presented as anomalies (statistical deviation
from the long-term mean)

* the available time-series is still short (from 1997)

* The indicator is derived from SPOT-VEGETATION
and MODIS (reference period: 1999-2011)

Combined Drought Indicator (CDI)
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ombined Drought Indicator:

Conceptual Framework
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1st Combined Drought Indicator (CDI)
(Agricultural Drought)

Cause-effect relationships and related warning levels

Precipitation Shortage

Soil Moisture deficit

WATCH WARNING

Time

—

Normal precipitation

conditions Normal Vegetation Production
conditions
Sepulcre-Canto, G., S. Horion, A. Singleton, H. Carrao, J.V. Vogt
(2012): Development of a Combined Drought Indicator to detect FULL RECOVERY
agricultural drought in Europe. Natural Hazards and Earth System OF VEGETATION

Science, 12 (11), 3519-3531. T
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Impact

Watch:
rainfall deficit

Warning:
soil moisture deficit

Alert:

vegetation stress
following rainfall/soil
moisture deficit

Impact

Partial Recovery
of Vegetation:

normal condition of rainfall
still vegetation stress

Full Recovery
of Vegetation:

normal condition of rainfall
normal condition of
vegetation productivity

Level

13

14

ssauhuq Buiseaiou|

A1aA003Yy Buiseauou|
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Combined Drought

Indicator (CDI)

CDI, 1-10 June 2014



CDI
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Ten-day steps —

10 April 2011 10 May 2011

10 June 2011 20 June 2011
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Map Viewer
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EDO - European Drought Observatory :

% Tools > MapViewer

/% 2014
'S | DATA & TOOLS |

Map W 75 » 06
23 A[B@® = =S =B @Hep

ey 2 : 4 *
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Heat Wave Layer

Monitoring ” Forecast ” Timeseries 1 S |
# Combined Drought Indicator eal A ’3’ == %= il @""b @ 8-
5 oo +] (1) Select a point on the map

{07 vear strongest heatwave for a station - 2010

Low heatwaves, 0 ¢ HWMI < 1
Normal heatwaves, 1 ¢ HWMI < 2
@ Moderate heatwaves, 2 ¢ HWMI < 3
Severe heatwaves, 3 ¢ HWMI < 4
Extreme heatwaves, 4 < HWMI < 8

‘Very extreme heatwaves, 8 < HWMI < 16

© Super extrema haatwavac 1A < LHWMT -~ 29 : 5
Identify x|
Identify can be applied only to the following 2 queryable layers visible at the moment.

O Last he| | Please note that layers are in general queryable if they are displayed in the map and their group is open in the layer tree.
@ Soil Moisture Only layers marked with * are always queryable.
@ Vegetation Respo
@ Regional, Nationall | Coordinates of dicked point (lon,lat): 35.07 , 54.31 .
3 oot (3) Display graph
&) Base Layers AIDrought Indicators®

[ Year strongest heatwave for a station (2) (2) I nte rcepted h eatwaves

Circle radius i

¥ Iip: right clj | Found 2results for this layer at the dicked point [ 90th percentie Dai Theshold, @
‘Weather station Suhinici o
1135743107 HEATWAVE THRESHOLD | HIGHEST | AVERAGE HwmI 11386 T —
o Eﬁ ) e T
Duration 35days 38
1/2 2010 Suhinid (Russia) 203m 11,346 .Very extreme heatwave 2010-07-15 35 days 8.7°C 9.1 M || eean 2010-07-15
End 2010-08-19
2/2 2010 VjazMa (Russia) 253m  5.835 Extreme heatwave 2010-07-09 21days 28.5°C 38.1°C 89°C ih Heatwave 30 0f 33 * -n
Event nr.
— . since 1981-06-22
Ranking = } “
(O Warning: select the dtes you want to visuaize n the layer tree on the eft et N
a al in this weather station 1
— | / v
‘ 0severs (4:-/.)I .
B 1 very oreme (26 %)
4[
’ Vorrgy Vot oy, Vosg,, Voogy,  Vosg,, Vs,
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European & Russian

* Kk

Heat Waves

European Heat Wave 2003

*
g K

European
Commission

Monitoring | Forecast. | Timeseries | Map

Ba
@ Combined Drought indicator A0 == B = B 9w
@ Preciptation E e
(= Temperature

uYear strongest heatwave for a station - 2003

Low heatwaves, 0 ¢ HWMI < 1
Normal heatwaves, 1 < HWMI < 2
@ Moderate heatwaves, 2 ¢ HWMI < 3
Severe heatwaves, 3 ¢ HWMI < 4
Extreme heatwaves, 4 < HWMI < 8
@ Very extreme heatwaves, 8 < HWMI < 16

[ ] Super extreme heatwaves, 16 ¢ HWMI < 32
Circle radius is proportional to the value of HWM!

a Last heatwaves in selected year per station
Soil Moisture
3 Vegetation Response
# Regional, National, Local Products
4 Geographic Background
() Base Layers

yii

4 Tip: right click on layer name to access layer menu

v

1:35742107

@ &

Monitoring ” Forecast ” Timeseries ]
@ Combined Drought Indicator

@ Precipitation
(= Temperature

(D7) ear strongest heatwave for a station - 2010

Map

 Low heatwaves, 0 ¢ HWMI < 1
Normal heatwaves, 1 < HWMI < 2
@ Moderate heatwaves, 2 ¢ HWMI < 3

Severe heatwaves, 3 ¢ HWMI < 4

Extreme heatwaves, 4 < HWMI < 8
@ very extreme heatwaves, 8 < HWMI < 16

[ ) Super extreme heatwaves, 16 ¢ HWMI < 32
Circle radius is proportional to the value of HWMI

a Last heatwaves in selected year per station
# Soil Moisture
[© Vegetation Response
3 Regional, National, Local Products
(1 Geographic Background
(#) Base Layers

¥ Tip: night click on layer name to access layer menu

1:35743107 7

Joint
Research
Centre



Drought Events

Database

3.0
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Drought Database

X-3 | Longest months| Most Severe score| Widest ~area X-12 | Longest months|Most Severe score| Widest area 2 1 BIGGEST EVENTS

» 0 - | | 0/ .
AEG | 1989 9 1989 55 |Apr89 97.70% | | AEG [200509 58 | 200509 104 octo1 80.20% Ind Period Drought Macro-Area
BE 199192 12 | 2005 44 May95 9330% BE 200507 24 | 200507 118|Aug05 97.00%
X-3;X-12| 1950-52 pan-European
mA |2006-08 16 | 200002 6 |Jul-03 94.00% mA |1997-02 63 | 199702 163 | Apr02 9140%
BIK (200000 12 | 1952 54 |Feb-o0 99.00% | | Bk [2002-09 26 | 201112 125|Mar-89 93.40% X-3;X-12] 1953-54 pan-European
EAST | 1990 10 | 200001 29 |Mar89 9280% | | EAST 199295 36 | 198991 7 [Augs2 s4s0% X-3:X-12| 1955-56 Northern Europe

RUS |1955-56 12 1950-51 5.1 |Feb-51 81.80% RUS ]1950-56 69 1950-56  16.7 | Jun-56  69.80%
FBLX [1989-90 16 1976 5.7 | Nov-78  95.40% FBLX 12009-12 41 1989-92 10 |Jun-76 87.00%

X-3; X-12] 1959-60 North-Central-Eastern Europe

ex-USR[1953-54 17 | 1953-54 5 |Dec53 93.00% | |ex-USR|1963-65 24 | 1953-55 14.1|Jun-64 95.80% X3;X12) 1964 North-Central-Eastern Europe
CEN | 2003 11 | 2003 43 |Dec53 98.60% | | CEN |1971-74 37 | 195960 8.7 |Aug-76 93.80% X-3 1969 UK-Scandinavia
BRIT [1975-76 16 | 197576 5 |Aug95 99.40% | | BRI |1971-74 28 | 197576 8 |Sep-59 96.00% X-3:x-12| 1972-74 pan-European

FEN [1959-60 14 1959-60 2.9 |May-60 82.00% FEN |1955-57 27 1959-61 8.6 |May-60 76.40%
BLC |2005-08 47 2005-08  16.5| Jul-06 100.00% BLC ]2005-09 48 2005-09 28 |Aug-06 99.00%

X-3; X-12 1976 Central Europe and British Islands

ICE [1950-51 19 | 195051 176) Apr-50 10000%| | 1ce [1962.68 69 | 196268 294 [mars1 10000% X3 1983 Eastern Europe
X-3 1985 Southern Europe
X-3; X-12| 1989-91 Southern Europe, Mediterranean
j::c B - - X-12 1992 Central Europe
e FEN - = mm m = w ' - X-3 1994 North-Eastern Europe
:z:: -_ - : _- : -_ ' N _- : B - X-12 1995 Southern Europe
mem@X-USR | == m= = - - -- - = X-12 1996-97 Central and Northern Europe
e | __ . - D X-3 ; X-12| 1999-2001 Southern // Eastern EU
==EAST | == = - - — - - . X-3; X-12 2003 European heat-wave
:?T':( .-_-_ . C _- -_ _-: __ : X-3; X-12| 2004-05 Iberian Peninsula
—';EG - . - rrmm ome= = X-3;X-12| 2005-07 Baltic Republics
RN DR B BN R R8N R832388Y X3;%12) 2007-08 Aegean countries

Joint X-3; X-12 2011 France, England, Central Europe
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Linking drought

to impacts

Deriving Damage Functions:

« Analysis per country

- Different economical sectors

Sectors

v

Example:

Water
Transportation

Drought severity vs reduction in
hydropower generation



Frequency

events/decade

Severity

score/decade

Duration
months/decade

Spinoni, J., G Naumann, J Vogt, P Barbosa: European drought climatologies
E-OBS grids (v.10), 0.25°x0.25" resolution Joint and trends based on a multi-indicator approach. Global and Planetary Change,

e submitted




Analyzing Trends

FREQUENCY

Linear Trend
(events/10years)

DURATION

Linear Trend
(total months in drought/10years)

Dots: trends significant at =295%.

. Joint . . . .
. —_ Research Spinoni, J., G Naumann, J Vogt, P Barbosa: European drought climatologies and
Pe i Od ' 1 9 5 1 2 O 1 0 Centre trends based on a multi-indicator approach. Global and Planetary Change, submitted




Drought Forecasting
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Objectives:
» Testing monthly drought forecasting (using SPI-1)
+» Assessment of the uncertainties

» Validation of drought forecasting vs. E-OBS

. . — - SPI-1
» Production of a robust index (e.g., based on 51 SPIs) Forecast x 51
—>» (00206March2014)
Analyses
Hindcast x 5
=3 (00Z06March2013)
=3 (00Z06March2012) -
o —)EoozosMarchzougg %Zie’:;?
. [V : » 00Z06March2010 g 1 s
Methodology: A, 3 Gozommaraoes) | [ |- /
« ECMWF Ensemble 32-days precipitation forecast, L
once per week > 4

- =3 (00206March1994)

* Hindcasts: 5 members, for the last 20 years, once
per week (reference to calculate the SPI-1)

* Forecasts: 51 members, Nov 2012 - Nov 2013

« Resolution 1.0 degree

Joint
Research
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Correlation forecasted - observed SPI-1 Observed vs. forecasted SPI-1

Nov. 1992 - Nov. 2012 Nov. 1992 - Nov. 2012
h :
TN ;
. o SPI observed
= ° Droughtﬁ
60N : : .'E S 0
- n: Floods 1
55N : : : ~— M 2
: é}: ‘: ©
S & ; Q0 . _
50N : : : o~ 3 : B >
: : : : i < : < : |
E 9
45N - n ~ -
. Ka]
| o _ |
- | 2-15-1-05 005 1 15 2
) B S <R il i .
5W 20w 15W 10W 5W 0 5E 10E 15E 20E 25E 30E 35E 40E 45E 50E Forecasted SPI
0.1 0.25 0.35 0.45 0.55 0.65 0.8 Ratio: Observed/theoretically expected

Forecasted: ensemble mean

» Approx. 1/3 of drought events correctly forecasted 1 month in advance

> An index based on the ~30% driest ENS members performs best
(prob. of detection and percent correct)

» No significant spatial or seasonal differences



European

DROUGHT FREQUENCY S

Drought Events/10years Event Duration (months)

Scenario: A1B
Model: Racmo, v2.2, KNMI
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Probability Changes for Future Dry and Wet

Extremes, based on SPI Periods
Europe_aq
Extreme Dry " Extreme Wet
Mid Century End Century Mid Century End Century

- -

-100 -50 -159 -6.7 -2.3 0 23 67 159 50 100 -100 -50 -159 -6.7 -23 0 23 67 159 50 100

Probability Difference . o
Russo, S., A. Dosio, A. Sterl, P. Barbosa, J. Vogt (2013): Projection of
i Occurrence of extreme dry-wet years and seasons in Europe with
Joint
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Future Streamflow
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Accounting for WATER USE

» strong increase in droughts in southern Europe
» intensive water consumption intensifies drought conditions

ot Forzieri, G. L. Feyen, R. Rojas, M. Florke, F.Wimmer, and A. Bianchi (2014):
Rosearch Ensemble projections of future streamflow droughts in Europe, Hydrol. Earth
(G Syst. Sci., 18, 85-108.




Take-Away Points

« EDO is based on multiple, commonly agreed indicators

* It is implemented as a multi-scale distributed system based on
interoperable map servers

« Core indicators are complemented by regionally relevant indicators
* Includes a 7-day forecast of soil moisture

* Database of past events
mmmm) http://edoljrc.ec.europa.eu

Ongoing:

» Analysis of impacts and derivation of impact functions

» Testing of options for medium to long-range forecasting
« Analysis of hazard, vulnerability & risk (current & future)

* Further development as part of a multi-hazard platform and as input
to the Global Drought Information System
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