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‘Beyond the Combined Drought Ifndicator:
‘Recent Advances in EDO/GDO Drought Monitoring

‘From our flagship drought indicator (CDI) to new Ai- and machine-
learning-based monitoring and forecasting products



Beyond the Combined Drought Indicator:
Recent Advances in EDO/GDO Drought Monitoring

The Maturation of Al in Drought Science: A Review of Trends, Pitfalls,

and Priorities, Ascenso et al. 2026. |
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https://doi.org/10.1029/2025WR041828

Recent Developments:

Meteorological drought tracking

Forecasting indicators for unusually wet/dry and warm/cool conditions
Heatwave monitoring

The European Drought Impact Database (EDID)

Al-powered drought chatbot
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Monitoring: Indicator for Meteorological
Drought Tracking
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Droughts Are
Not Snapshots:
Tracking Their

Evolution In
Space and
Time

Standardized Precipitation Index, 3-month (SPI-3). Jan-Apr 2026




CDI v4 decision table
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Droughts Are

Previous

Not Snapshots: L,
Tracking Their

Evolution In
Space and
What CDI captures

TI me @ Uses the current status of 3 indicators at time T
@ Uses the CDI class from the previous 10-day period (T-1)
@ Represents some temporal persistence and transition rules

What CDI misses

T-2 =1 T
OO @—@ LM LT —— () Temporal memory is limited to only one previous time step
\‘\j_ £ ik H i i . . . .« e o . .
| X X f,':fg'h';o”;e:,'e € No spatial proximity or connectivity between neighboring pixels
b R [EX [§c3) x| notconsidersd. © Evolution is pixel-based, not tracked as a continuous drought event
(to compute T) { o]



Detecting & tracking droughts

6 9 [] lon, lat: -56.8728, 23.0946

Layerinfo A : > - - ©) 2000 km

The new drought tracking method moves from classifying drought
conditions at each pixel and time step to tracking drought as a
connected spatiotemporal event.

CDI:

What was this same pixel
doing in the previous dekad?

Drought Tracking:
Is this drought area
connected to other drought
areas through space and
time, forming an evolving
drought event?
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Methodological innovations of the drought tracker version 2

PHASE 1

PRE-PROCESSING

- Joint SPEI-01 and SPEI-03 inputs are independently weighted by a rescaled weight function w(i ; io)

- Combined via element-wise maximum into a drought intensity {wspgp1) Wspeios)
- Spatially rescaled by a continuous Aridity Index map based on a climatological analysis

PHASE 2
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SPATIAL ANALYSIS

- 2D DBSCAN with Haversine geodesic distance at each time step

- Ellipse-based parameterisation of the search neighbourhood based in physically meaningful units (km)

WEIGHT FUNCTION ANALYSIS

== \Neight function: SPEI 01
=== Weight function: SPEI 03

-4 -3 =2 -1 0 1 2
INDEX VALUE

- Concave-hull vectorisation and re-rasterization, followed by a minimum-area filter A in km?

PHASE 3

SPATIAL-TEMPORAL ANALYSIS

- 3D DBSCAN in cylindrical equal-area projection (km) with explicit temporal scaling (days)
- Spheroid neighbourhood {g,, €,} and volume-derived minPts.,
- Outputs spatiotemporally coherent drought events

Pre-processing

Spatial Analysis

SpatiatTemporal Analysis

Schematic overview of the proposed methodological framework.
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3D DBSCAN using
Euclidean Distance
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Results
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Global Drought Observatory MAP £o | [ Gpemicus

Layers

Indicators
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1 month starting at 2026-05-01
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Global Drought Observatory

Indicators

| Forecast

Forecasts of Unusual Warm and Cool Q 0

Conditions (Multi-system)
2026-06, issued on 2026-05
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Extension of warm/cold spell monitoring using /7
Destination Earth — Extreme Digital Twin

Today
T=6 T=-4 T=-2 T=00 74 71-4a
——————————————————————————————————————————
Time (T)
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Heatwaves monitoring in urban areas with
high resolution Land surface Temperature (LST) data
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Purpose:

Heatwave monitoring in urban areas using Al/ML e o s
convolutional models for ERAS downscaling

Data used:

* Current: Landsat 8 and 9 thermal data (TIRS bands N S

10-11), providing a combined effective revisit of 0 AN

; PRGN
approximately 8 days *,{

« Future: LSTM Copernicus (50 m native thermal - -
resolution, ~1—-4 day revisit over Europe, expected V3
launch 2028)

Status: preparation of training dataset and test on Constellr LST
precision product in September (acquisition during summer 2026)
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(C;pemICUS Home European Observatory Global Observatory Risks and Impacts Data Reference




« Systematic collection of drought impact data.

* More than 13.000 georeferenced records of
drought impacts from Europe, and across different
sectors, covering a time window from 1970 to 2020.




The European Drought impact Database version 2.0

https://drought.emergency.copernicus.eu/tumbo/edid

EDID EDID-EMM
Expert Version Automatic Approach

-5

Based on retrieva!l of latest drought

information from the European
Media Monitor (EMM)

%)

EDID - Search drought impact records

From2019-01-01uné 2019-12:31

Descrption Q:Zj
Jura, Liechtenstein. Austria
Inthe Haut-Rhi fr o &
canfers. R
efer itzerlan
o1

Drought impact record 41676 X
Sector Location
Ecosystems- Terrestrial e Belgium
Soverity Luxembourg
@ eurene . Czechia
o

Timespen Currently under development

151
Bourgogne Franche-Comte, Grand Est

Affected NUTS2
Alszce, Franche-Comté, Lomraine

Affected NUTS
Heut R Jura Vosges
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https://drought.emergency.copernicus.eu/tumbo/edid
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1. Base Foundation

2. Drought Knowledge Base Creation

— [BE —

Agri-Climatology
Reports

& —_—
Satellite Data
(SMAP, NOAA)

]

DROUGHT-CHAT

Base LLM,
General Knowledge
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General
News Toxt
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Web

General Datasets

Meteorological
Records

Xy —

Hydrological
Data

_

Scientific Literature
(Drought Studies)

External Drought Data Sources

Documents

Drought-Specific

3. RAG System Integration

User Query

Knowledge Base [lmpact of 2023 drought on

Data Processing
& Ingestion

Cleaning,
Chunking,
Formatting

|

Knowledge DB

Italian maize yield?

==

Structured Drought

JV

Query Embedding

=
Dense
Retrieval
y

N

Vector Database

Retrieved
Knowledge

Augmented
Prompt

MISTRAL
*

Retrieved
Knowledge

B

Relevant

Documents/

Chunks

4. Finetuning & Development

Optional - .
Finetuning_| Domain-Specific

——3 Instruction Data
(created from the)

MISTRAL

Fine-tuning
(SFT/DPO)

DROUGHT-SPECIALIZED
LLM (Mistral-RAG)

Response Generation
% Detailed answer with
citations, mistral et....)

P Performance Metrics

lﬂ oll Accuracy, relevance,
groundedness
Deployment

@ (e.g. API for Agri-decision
support, research)

Develop an Al-powered Drought Chatbot to support users of the Copernicus European and Global Drought
Observatories (EDO and GDO) in understanding, accessing, and interpreting drought monitoring and forecasting
information through transparent, evidence-based, and user-oriented interactions.
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Thank you

© European Union 2026

Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of
elements that are not owned by the EU, permission may need to be sought directly from the respective right holders.
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