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Housekeeping

• Please note that the meeting is being recorded. 

• Please, keep your mic off. 

• Feel free to post your questions in the chat (bottom of the 
screen) or raise your hand to talk
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This work was funded by the European Union. Its contents are the sole responsibility of the authors and do not necessarily reflect the views of the European Union.
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Meeting agenda

✔ 10:30-10:35 Welcome & introduction to the webinar 

✔ 10:35-10:45 Introduction to the Relative Drought workflow
• Speaker: Silvia Artuso (IIASA) 

✔ 10:45-11:15 Regional experience
• Municipality of District 12 of Budapest, Hungary - Speaker: Emese Décsi
• Region of Crete, Greece - Speaker: Aris Koutroulis

✔ 11:15-11:45 Panel discussion and Q&A 
• Moderators: Fulvio Biddau, Lisa Ferrari and Majid Niazkar (CMCC)

✔ 11:45-11:55 Regional assessment
• Speaker: Fulvio Biddau (CMCC)

✔ 11:55-12:00 Closing remarks
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Moving forward in CLIMAAX CoP 
from:

• Thematic webinars and 
workshops connecting 
science, policy and practice to 
support CRAs using the 
CLIMAAX Framework and 
Toolbox

• Demo & co-design sessions 
for refining and fostering 
usability of CLIMAAX 
outcomes



NEW HAZARD- AND WORKFLOW-

FOCUSED SERIES



Introduction to 
Relative Drought Workflow

Silvia Artuso
International Institute for 

Applied Systems Analysis

(IIASA)



RELATIVE 
DROUGHT 
WORKFLOW

Silvia Artuso, Dor Fridman

International Institute of Applied System Analysis (IIASA)

Community of Practice webinar – Relative Drought 

Risk Assessment: Learning from Regions

14.05.2026



What is a drought?

Simply stated, drought is ‘the extreme persistence of precipitation deficit
over a specific region for a specific period of time’.

Drought event

↓

Drought risk is a measure for quantifying the likelihood of a 

meaningful impact from drought-event(s)

Who/what is exposed?

↓

How vulnerable is the region?
↓

However, drought risk is not only about rainfall deficits. It depends on
where the drought happens and who or what is affected.



How do we assess drought risk?

This workflow quantifies drought risk as the product of drought hazard, exposure and
vulnerability.



The workflow compares regions relative to each other, not in absolute terms.

“Which regions are more at risk compared with other regions in the same country?”

High risk = high compared with other 

regions in the same analysis

What does “relative drought” 

mean?



What data does the workflow require?

• Hazard data and methods

• Exposure data and methods

• Vulnerability data and methods



The drought risk workflow is applied at national scale (NUTS2) and a NUTS3 resolution. 

Input: monthly precipitation for each 

NUTS3 region. 

Method: We use the weighted 

anomaly of standardized 

precipitation (WASP) index to 

define the severity of precipitation 

deficit. 

Hazard

Output: drought hazard per region and 

time period, i.e. probability of exceeding 

the median severe precipitation deficits 

of its country for the considered time 

period.

Our drought risk framework follows the methodology developed by Carrão et al. 2016. Global Environmental Change 39, 108-124.



Vulnerability

GDP per capita (current US dollar)

Rural population

Other locally relevant indicators can be added

Exposure

Cropland

Livestock density

Water stress / competition for water

Population / human direct need

Exposure and vulnerability

Our drought risk framework follows the methodology developed by Carrão et al. 2016. Global Environmental Change 39, 108-124.

Exposure and vulnerability indicators are normalized and then combined into one exposure score and 

one vulnerability score. 



Risk scores

Our drought risk framework follows the methodology developed by Carrão et al. 2016. Global Environmental Change 39, 108-124.

The workflows takes each risk determinant (i.e. hazard, exposure and vulnerability) and normalised it taking 

into account its maximum and minimum values across all sub-national administrative regions.

Regional drought risk scores are on a scale of 0 to 1, with 0 representing the lowest risk and 1 the highest. 

Regions are then compared using 5 risk categories, with 1 representing the lowest risk and 5 the highest.



The workflow contains precalculated results, which can be explored in the visualization

workflow. Users inputs is optional and can be fed into the hazard workflow, risk workflow (e.g.,

exposure, and/or vulnerability), or both. User inputs should cover the all NUTS3 in a (NUT2)

country.

How to use this workflow?

Exposure 
and 

vulnerability



What are the main outputs?

• Hazard index

• Drought risk index



• How will the absolute drought hazard for the NUTS3 regions of the 
selected country change in the future?

Main outputs for drought hazard



• What is the relative 
drought risk in each 
NUTS3 region of the 
selected country within 
a given historical 
period?

• How will the relative 
drought risk between 
NUTS3 regions change 
in the future?

Main outputs for relative drought risk



• Model and scenario uncertainty.

• Risk level is relative, not absolute. 

Limitations and key takeaway

However:

The drought hazard is absolute and comparable among datasets

• Users are encouraged to carefully select exposure and vulnerability 

indicators, adapting them to their regional context and data availability.

• This workflow needs to be run at the country level (NUTS2) for comparing 

among NUTS3 level.



THANK YOU 
FOR 
LISTENING

Dr. Silvia Artuso

artuso@iiasa.ac.at

Dr. Dor Fridman



Regional experiences

Emese 
Décsi

Municipality of District
12 of Budapest

Region of Crete

Aris 
Koutroulis



CRETE 

Climate Resilient CreTE 

Aris Koutroulis 
Technical University of Crete

CLIMAAX Community of Practice
Relative Drought Risk Assessment: Learning from 

regions, Thursday, 14 May 2026

Relative Drought Risk Assessment for Crete



Who are we? 

Dr. Marinos KRITSOTAKIS  

Region of Crete

Director General 
General Directorate for Sustainable 

Development

Anna KAGIAMPAKI
Deputy Head of Environment & Spatial 
Planning Department

Evgenia STYLIANOY
Head of the Independent Directorate 

of Climate Change

Dr. Maria STRATIGAKI
Research scientist

Elena KARGAKI
Deputy Head the Independent 
Directorate of Climate Change

Aristeidis KOUTROULIS
Associate Professor

Applied Hydrology and Hydraulic Engineering
Technical University of Crete

Mikaela PAPA
Environmental Engineer  
School of Chemical & Environmental Engineering, 
Technical University of Crete

Technical university  of Crete

Irini KOUTSOGIANNAKI
Geologist, MSc Env Engineering

School of Chemical & Environmental Engineering, 
Technical University of Crete

Evgenia GALANOPOULOU
Environmental Engineer  
School of Chemical and Environmental Engineering, 
Technical University of Crete



Experience in CRAWho are we? 

2003



Regional Profile and Context

Debris and damaged cars are seen on a flooded seaside road during heavy rainfall at the village of Gournes on the 

island of Crete, Greece, Nov. 10, 2020. (photo: VOA News)



Regional Profile and Context

*Aposelemis reservoir, the main domestic water source of Heraklion town at its lower 

historical level Nov 2025



Regional Profile and Context

Location-size
largest Greek island and the fifth-largest 

island in the Mediterranean (8,336 km²) 

Population 624,408 residents, 2021

Regional 

economy

Gross Value Added in 2023 was ~€10 

billion, representing 5.1% of Greece’s GVA.

Economic 

figures
2023

Tourism = €3.5 billion of GVA, by far the 

largest sector in Crete. 
Agriculture, forestry and fishing = €1 billion.

Tourism arrivals
Crete recorded 5.6 million international air 

arrivals in 2025, +5.5% compared with 
2024. 

Increasing exposure

Existing Adaptation Strategies
• National Climate Law
• Regional Adaptation Action Plan (RAAP)

– update every 6yrs
• Action Plan for Combating Drought &

Water Scarcity



Climate Risk Assessment Framework experience

a. Scoping
b. Risk Exploration – 92 individual responses
c. Regionalized Risk Analysis

d. Key Risk Assessment

Urgent High priority Strategic

Scoping

Risk ID



Climate Risk Assessment Framework experience

a. Scoping
b. Risk Exploration – 92 individual responses
c. Regionalized Risk Analysis

d. Key Risk Assessment

Scoping

Risk 

Analysis

Key Risk 

Assessment

Monitoring
Evaluation

Projections evaluated under SSP1-2.6, SSP3-7.0, and SSP5-8.5



Risk analysis using the CLIMAAX Toolbox Scoping

Hazard

CHELSA BIOCLIM+ (1km),(Brun et al., 2022)

o BIO1 (Annual Mean Temperature)

o BIO5 (Max Temperature Warmest 

Month)

o BIO12 (Annual Precipitation)

ISIMIP3b precipitation:

o WASP drought index
Carrão et al., (2016) 



Risk analysis using the CLIMAAX Toolbox Scoping

Exposure
o GCAM/Demeter 

cropland fractions 

(Chen et al., 2020), 

o SSP population 

projections (Wang et al., 

2022)

o Tourism exposure 

datasets (Koutroulis et al., 

2018) 



Risk analysis using the CLIMAAX Toolbox Scoping

Vulnerability
o GDP per capita (Wang and Sun, 2022)

o Groundwater-access indicators

o Irrigated area fraction GAEZ v5 (2020) 

o Planned water infrastructure



Our CRA results Scoping

Risk



Risk analysis using the CLIMAAX Toolbox ScopingDecide on Risk Priority

Stakeholder-based evaluation of:
• Severity
• Urgency

• Resilience capacity

Participation from:
- Regional directorates
- Civil protection

- Environment & water authorities
- Technical services

Higher urgency due to:
• Consecutive dry years
• Reservoir depletion

• Rising water demand



Support to Risk evaluation and management Scoping



Phase 3: A roadmap for an operational drought monitoring system for Crete 

9 Basin Groups

23 Operational Measures



Phase 3: A roadmap for an operational drought monitoring system for Crete 

3rd December 2025



Phase 3: A roadmap for an operational drought monitoring system for Crete 



Thanks



The overlooked survivors of cities

Relative drought climate risk assessment of 
urban green spaces

Municiplaity of District 12 of Budapest
Budapest, 14 May 2026Emese Décsi, project manager



Who are we? 



Regional Profile and Context



Regional Profile and Context 

• Climate hazards: heavy rainfall, heatwaves, 
relative drought

• Vulnerable groups impacted by drought: the
ecosystems of 

o forests
o urban parks and gardens
o tree rows
o flower beds, green strips, bee 

pastures, lawns
o private green areas

• Shock of the extreme drought in 2022



Regional Profile and Context

• Challenges:
o Urban tissue
o Double-government system – complicated

responsibilities
o Legal background and clashing interests
o Extreme use and heavy visitation rates
o Communication with the residents

• Leverages:
o Relating local projects and programmes
o Collaborations with researchers
o Changing political context

• Local Environment Protection Programme, Climate
Strategy, Rainwater Management Action Plan



Relative Drought CRA experience

Accomplished:
• Scoping
• Risk exploration
• Risk analysis
• Key Risk Assessment

Remaining tasks:
• Fine-tuning Key Risk Assessment
• Overall Monitoring and Evaluation
• Risk Management Action Plan



Relative Drought CRA experience

Preliminary in-house understanding and outlines

Stakeholder involvement - defining aspects and 
indicators in workshops

Data collection – purchases and partnerships

Citizens involvement connecting to other
projects – sharing experiences



Risk analysis using the CLIMAAX Toolbox

Relative drought (urban green
areas)

Hazard CMIP6 global climate models -
WASP index, SSP3-7.0 and SSP5-
8.5, near future
+ local NDVI-based component

Exposure LANDSAT surface temperature, 
mobility

Vulnerability Land cover, tree density

Landcover
(5cm precision)

Mobility
(50m resolution)

Trees
(5cm precision)

NDVI variations
(10m resolution)



Risk analysis using the CLIMAAX Toolbox

Data processing:
• Spatial scale: urban blocks and streets
• 1-10 scores
• Weights
• Risk = Hazard x Exposure x Vulnerability

Lack of data:
• Plant species
• Maintenance practices
• Long-term effect of drought



Our CRA results and conclusions

img

• Risk is lower in larger green areas
• Risk is higher in downtown
• Heavily visited forests are also at risk!
• Private areas are extremely impacted

• Protection, preservation, development
• Climate-adaptive green space maintenance practices
• Trees as basic utilities?
• Public awareness, private gardening practices
• Influence tourism and traffic trends



Key Risk assessment

Risk evaluation and management

imageRisk Workflow Severity Urgency Capacity

Risk 

Priority

C F
Resilience/

CRM

Relative drought moderate substantial
immediate and 

sustained action
medium Very high



Spatial coherence with heatwaves and heavy rainfall
CRA results -> co-management of climate risks!

Targeting climate adaptation and risk management 
measures:

• Sectors 
• Spatial location
• Priority, timing

Building connections with other developments –
coherent municipal strategies!

Mobilizing stakeholders (and residents) to take action

image

Risk evaluation and management



• Challenge of downscaling the methodology to local scale

• Various local data formats -> altering the workflows

• Interpreting the climate scenarios

• Next steps:
o Fine-tuning Key Risk Assessment
o Current risk management evaluation
o Risk Management Action Plan
o Stakeholder consultations
o Pilot: incorporating tree cadastre data
o Communication of the results
o Building connections with other projects

Reflections on using CLIMAAX toolbox and next steps

image



Thank you for your
attention!

Emese Décsi
Municipality of District 12 of Budapest
decsi.emese@hegyvidek.hu



Panel discussion and Q&A session

Emese 
Décsi

Municipality of 
District 12 of 

Budapest

Region of 
Crete

Aris 
Koutroulis

Silvia Artuso

International 
Institute for

Applied Systems Analysis
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Upcoming events

• 21 May 2026 10.30 CET

To register:
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How to engage in the Community of practice

• Join our LinkedIn group and 
community forum

• Take our surveys

• Subscribe to the CoP to receive 
communication of further updates

!! Scan this !!
https://www.climaax.eu/community-of-
practice/



Thank you and see you 

next time!

cop@climaax.eu
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