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Drought 
Characteristics

Drought 
Characteristics

About 15% of the EU territory and 17% of the EU population affected annually

Economic impacts in the EU are estimated to be 3 billion Euros/year on average

With climate change impacts are likely to increase by a factor 5 to 10 by 2100

Environmental impacts are difficult to quantify and not included!

• Slow onset, “creeping” phenomenon

• Affects all compartments of the hydrological cycle (rainfall, soil 
moisture, groundwater, reservoirs, river flows)

• Impacts are non-structural, spread over large areas and long time 
periods (direct and indirect), affect many people, and depend on the 
societal and environmental vulnerability
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European Drought Impact 
report Inventory (EDII)
European Drought Impact 
report Inventory (EDII)

Source: Drought R&SPI Project (FP7)

Reported Drought Impacts 
in Europe

Reported Drought Impacts 
in Europe



2. Policy Framework, History & International Links



Policy FrameworkPolicy Framework

European Commission: Communication on Water Scarcity and Drought (2007)
Asks for … a European Drought Observatory (EDO) that will integrate 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: Water Framework Directive (2000)
… Demands for River Basin Management Plans, supplemented by Drought Management 
Plans in areas of drought hazard/risk. Water Scarcity and Drought Expert Group

Decision 1313/2013/EU on a Union Civil Protection Mechanism (2013)
Asks for … the development and better integration of transnational detection and early warning 
and alert systems of European interest in order to enable a rapid response ….
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Policy FrameworkPolicy Framework

Post Hyogo Framework for Action: Managing risks to achieve resilience (2014)
The council stresses the importance of disaster risk management across policies… . Invites the 
Commission to: (a) identify and share good practise examples of risk management …; (b) promote 
synergies and exchange of experiences with int. organisations …; (c) promote … cost effective 
transnational risk assessment initiatives … ; (e) encourage development of systems, models … for 
collecting and exchanging data on ways to assess the economic impact of disasters …

Sendai Framework for Disaster Risk Reduction 2015-2030
Strengthen technical and scientific capacity to … assess disaster risks, vulnerabilities and 
exposure to all hazards. … Enhance the development and dissemination of science-based 
methodologies and tools to record and share disaster losses …, as well as to strengthen disaster 
risk modelling, assessment, mapping, monitoring and multi-hazard early warning systems. 

UN Sustainable Development Goals
Strengthen resilience and adaptive capacity to climate-related hazards & natural disasters …



• Develop transnational monitoring and early warning 
 including a combination of different scales

• Develop forecasting for different time horizons

• Move from a reactive to a proactive approach 
 Risk management (analyze & monitor hazard, exposure, vulnerability, impacts)
 Move from forecasting hazards to forecasting impacts  

• Move from single to multi hazard EWS
 Integrate different hazards into a multi-hazard EWS
 Harmonize risk information between different hazards (how?)
 Analyze interactions between different hazards (e.g. droughts and heat waves)

• Adapt to the future
 Analyze expected changes in a changing climate and how to adapt to them

ChallengesChallenges



2008 
Indicator Maps 
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EDO
Development

2011
First Portal

Improved Map Viewer
First Drought News

2009
EDO Map Viewer

2010
Interoperable Map Viewer

Metadata Catalogue

2012 -2017
Improved Portal

New Functionalities
CDI, LFI

Example of 
EFFIS

2018
Copernicus 

Emergency Management Service
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WFD CIS: Water Scarcity & Drought Expert Group (2005-2012)

• Member State and River Basin Experts, EC, EEA, Eurostat, Industry Representatives, …
• Discussed on User needs, Indicators, and best practices & implementation issues

• Developed Fact Sheets for Indicators and tested them
 SPI, snow pack, soil moisture, low flows, groundwater levels, vegetation response, water exploitation index (water 

scarcity)   

• Forwarded proposal to EU Water Directors for endorsement

COPERNICUS User Forum & Committee (2017 - ….)

• Member States, Commission DGs, ECMWF, EUMETSAT, ESA, SATCEN, ….
• Discussion and approval of EMS progress and work programme

EDO User & Expert Meeting (2017 - ….)

Involved  
Expert Groups

Involved  
Expert Groups



Global 
Drought Observatories

Global 
Drought Observatories

GEO: Global Drought Information System (GDIS)

• Hosted by NOAA

• Collaboration of partners from institutions and universities 
to combine global information and continental drought 
observatories into a global overview 

• More research oriented

Global Drought Observatory (GDO)

• JRC development for Emergency Response Coordination 
Centre (ERCC) at DG ECHO

• Targeted monitoring, forecasting and impact assessment 
for different sectors 

• Based on sectorial risk assessment (hazard, exposure, 
vulnerability)

Likelihood of Drought Impact

http://edo.jrc.ec.europa.eu/gdo

https://www.drought.gov/gdm



Integrated Drought Management 
Programme (IDMP)

with the aim to foster a pro-active 
risk management

http://www.droughtmanagement.info/

available in English, French, Arabic, …

IDMPIDMP



3. Current Status & Ongoing Developments 
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The European Drought 
Observatory (EDO)

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

Web-based Platform
 commonly agreed products (e.g. drought indices)
 exchange of knowledge & information
 real-time monitoring and forecasting (early warning, 

preparedness)

Multi-scale approach, integrating 
 EU / continental level
 Member State level
 Regional / River Basin level
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Source: National Drought Mitigation Center, University of Nebraska-Lincoln, USA

Multi-Indicator ApproachMulti-Indicator Approach
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Vegetation Response
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Snowpack Indicator

Low Flows



EDO
Indicators and Scales

EDO
Indicators and Scales

http://edo/jrc.ec.europa.eu



EDO
CDI and Low Flows

EDO
CDI and Low Flows

2015-08

2015-09

2015-10

Cammalleri et al. (2017), Hydr. Sci. Journal



Indicator FactsheetsIndicator Factsheets



Precipitation Shortage

WATCH

Soil Moisture deficit

WARNING

Reduced Vegetation Production

ALERT
Time

Combined Drought Indicator (CDI) 
for Agricultural/Ecosystem Drought 

Combined Drought Indicator: 
Conceptual Framework

Combined Drought Indicator: 
Conceptual Framework

Normal precipitation
conditions

PARTIAL RECOVERY
OF VEGETATION

Normal Vegetation Production
conditions

FULL RECOVERY
OF VEGETATION

fAPAR 
Anomalies

fAPAR 
Anomalies

Soil Moisture 
Anomalies

Soil Moisture 
Anomalies

Precipitation 
Anomalies (SPI)

Precipitation 
Anomalies (SPI)



Combined Drought 
Indicator (CDI)

Combined Drought 
Indicator (CDI)

CDI, 1-10 June 2014
In

c
re

a
sin

g
 D

ryn
e

ss

Impact  Level 

1 

2 

Watch: 
rainfall deficit 

3 

1 

2 

Warning: 
soil moisture deficit 

3 

1 

2 

3 

Alert:   
vegetation stress 
following rainfall/soil 
moisture deficit 

4 

2

1

3

5

4

6

8

7

9

10

In
c

re
a

sin
g

 R
e

c
o

ve
ry

12

11
Partial Recovery
of Vegetation:

normal condition of rainfall
still vegetation stress

Impact Level

13

14
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of Vegetation:

normal condition of rainfall
normal condition of 
vegetation productivity

Sepulcre-Cantò et al. (2012), NHESS



Meteorological
Drought Events
Meteorological

Drought Events

E-OBS grids (v.10), 0.25˚x0.25˚ resolution

Drought Area (%)

Spinoni et al. (2015), J. of Hydrology: Regional Studies

Database 1950 to 2012
• Start and End 
• Duration 
• Intensity and Severity
• Peak month and Intensity
• Average Area involved
• Area involved at peak month



DROUGHT 
FREQUENCY

Period: 1951–2010

Meteorological Drought
- Trends 1950 to 2010 -

Meteorological Drought
- Trends 1950 to 2010 -

DROUGHT 
DURATION

Combined indicator SPI,SPEI,RDI

Linear Trend
(events/10years)

Linear Trend
(total months in 

drought/10years)

Spinoni et al. (2015), Global and Planetary Change



DROUGHT FREQUENCY

Scenario: A1B
Model: Racmo, v2.2, KNMI

Drought Projections
(expected changes)

Drought Projections
(expected changes)

DROUGHT DURATION

2041-70
vs

1981-10

2071-00
vs

1981-10

SPI-12 SPEI-12

(drought events/10years) (event duration (months))

SPI-12 SPEI-12

Spinoni et al. (2015), Adv. in Sci. & Res.



Correlation forecasted - observed SPI-1
Nov. 1992 – Nov. 2012

Observed vs. forecasted SPI-1
Nov. 1992 – Nov. 2012

Ratio: Observed/theoretically expected 

Forecasted: ensemble mean

0.1           0.25    0.35    0.45    0.55    0.65           0.8

Forecasted SPI       
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 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)

Testing 
Ensemble Forecasts 

Testing 
Ensemble Forecasts 

Lavaysse et al. (2015), Hydrol. Earth Syst. Sci..



Deriving Damage Functions:

• Analysis per country

• Different economical sectors

Damage  ≈  S

(S: drought severity) 

Linking drought 
to impacts

Linking drought 
to impacts

Sectors

Crop
production

Water 
Transportation

…

Hydropower
generation

Example:
Drought severity vs reduction in 
hydropower generation

Naumann et al. (2015), Env. Res. Let.



4. Towards a Global System of 

Dynamic Drought Risk Monitoring



Global Drought 
Observatory (GDO)

Global Drought 
Observatory (GDO)

Hierarchical 

list of 

affected 

countries

(visible on 

the map)

Select 
a dateLikelihood of Drought Impact

http://edo/jrc.ec.europa.eu/gdo



Detailed 
Indicator Information

Detailed 
Indicator Information

Impact 
menu 
hidden

Layer 
tree 
menu 
open



What is behind the 
Likelihood of Impact? 

What is behind the 
Likelihood of Impact? 

(A) Hazard
• Rainfall Anomalies
• Vegetation Vigor
• Temperatures

• Soil Moisture Anomalies
• Low Flows

Rainfall Anomalies

Vegetation Vigor

Population Density

(B) Exposure
• Population density & Distribution
• Waterways, Reservoirs, Power plants, etc.

(C) Societal Vulnerability
• Social Indicators (Age, Poverty, Infant Mortality, etc.)
• Economic Indicators (GDP, Energy Consumption, etc.)
• Infrastructural Indicators (Irrigation, Road Density, etc.) 

Carrão et al., 2016, Global Env. Change 



Hazard Exposure

Vulnerability Risk

Example of GDO
Drought Risk Evaluation

Example of GDO
Drought Risk Evaluation

All input variables are normalized. The result is relative to the area and sector analyzed!



Forecast 
menu 
open

Probabilistic 
forecast of 
SPI-3 for 
July 2016

Testing 
Probabilistic Forecasting

Testing 
Probabilistic Forecasting

Based on ECMWF S4 seasonal forecast



Linking to
Media News

Linking to
Media News



+ selectable pie charts on land 
cover types and other surface 
characteristics in the affected areas 

Report GenerationReport Generation



Analytical 
Reports

Analytical 
Reports



Take away Points Take away Points 

• EDO is implemented as a multi-scale distributed system.

• Core indicators (SPI, snow pack, soil moisture, fAPAR, low flows, 
temperature) are complemented by regionally relevant indicators.

• A Combined Drought Indicator (CDI) for agricultural/ecosystem impacts 
has been implemented.

• More combined indicators for different sectors to be developed.

• Probabilistic monthly to seasonal forecasting to be implemented.

• Close links exist to global activities (e.g., IDMP, GDIS) 

• At global level a similar system (GDO), including a dynamic drought 
risk assessment for the agricultural sector has been implemented for 
the ERCC. 

• Similar assessments for other sectors (e.g. public water supply, energy 
production, inland water transportation) are under development. 
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