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1. Introduction: Hybrid Modeling
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1. Introduction: Drought Monitoring

Source: SPEI Global Drought Monitor 
https://spei.csic.es/map/maps.html

Step 1) Difference between 
precipitation and evapotranspiration 
(based on air temperature 2m)

Step 2) Standardization of the diff.
(based on a probabilistic approach)

Summary
● Pros: Comparable, easy to use, interpretable
● Cons: Linear, stationary, not learn real events
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2. Methodology: Overview
EM-DAT 
Drought Events

RNNECVs
Drought 
Probability

Input only at training stage
Input at training/evaluation stages

Contact: mengxue@alumni.uv.es  | Web: https://github.com/mengxue-rs · https://isp.uv.es | Twitter: @mengxue_rs · @isp_uv_es

mailto:mengxue@alumni.uv.es
https://github.com/mengxue-rs
https://isp.uv.es/
https://twitter.com/mengxue_rs
https://twitter.com/isp_uv_es


5

2. Methodology: Overview
EM-DAT 
Drought Events

Hybrid RNN

ECVs Drought 
Probability

Drought 
indices

Input only at training stage
Input at training/evaluation stages
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2. Methodology: Hybrid Recurrent Neural Network

● Blend time-series of SPEIs and ECVs as network inputs
● HRNN: Dual-branch RNN w/ lateral connections

● Lateral connections: 1D conv. + batch norm. + dropout layers
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3. Datasets

EM-DAT (2008). EM-DAT: 
The International Disaster Database
http://www.emdat.be/

2) International Disaster Database (EM-DAT)  Spatio-temporal location-level data, binary annotations

Mahecha, M. et al., 2020 
Earth system data cubes unravel global 
multivariate dynamics

1) Essential Climate Variables (ECVs)  Spatio-temporal data, 8-daily, 8 km2

Precipitation

Air Temperature 2m
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2) Feature Autocorrelation (Time-Lag Persistence) 
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3. Data Analysis
1) Label Distribution (Training and Test)
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4. Experiments: Quantitative Results
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Quantitative measures:
● ROC-AUC
● F1 score
● PR-AUC score
● ROC Curves
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4. Experiments: Quantitative Results
Quantitative measures:

● ROC-AUC
● F1 score
● PR-AUC score
● ROC Curves
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4. Experiments: Qualitative Results
● Drought Detection 

Signals 
● Drought Monitoring 

Maps

Russia

Italy

Afghanistan



4. Experiments: Qualitative Results
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● Drought Detection 
Signals 

● Drought Monitoring 
Maps
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4. Experiments: Ablation Study
● HRNN is the best hybrid model variant
● Variable standardization is the most essential step when computing SPEIs

HRNN: proposed method combining convolutional lateral connections with the last concatenation
: variant of SPEI removing the variable standardization step 
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■ Hybrid deep learning model that blends data and indices: HRNN

■ HRNN outperforms both indices and data-driven models

■ Great potential of hybrid frameworks for drought monitoring

■ Future work
● Fusion within the inner loop of a RNN cell
● SPEI as regularizer for DL models
● Indices parameterization via end-to-end optimization
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5. Conclusions and Future Work
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