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Decision support using social media
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Geo-social media as a data source for supporting decision-
making in disaster management

mitigation recovery

responsepreparedness disaster

Information for 
decision support



Challenges of multimodality
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Multimodal nature of geo-social media posts:
• Space and Time

• Hotspot analysis, peak detection, “humans as sensors”
• Semantics 

• Topic modelling (LDA, BERTopic), semantic classification
• Sentiment/Emotion 

• Sentiment classification (BERT)



Sequential workflows
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Step A
(e.g. topic 
modelling)

Step C
(Interpretation)

Step B
(e.g. spatio-

temporal analysis)

Typical workflow so far:



Beyond sequential workflows
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Multimodal geo-social media analysis 
beyond sequential workflows?



What we propose

Unstructured 
Twitter/X data
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API

Data

Feature engineering

Clustering (Geo-GSOM)

Information extraction
(statistics, LLMs)

Methods Results

Local clusters with a 
topic, sentiment, location 
and temporal reference

Relevant information for 
emergency responders



Theoretical background
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• Text embeddings: High-dimensional numeric text embeddings 
(e.g. Sentence-BERT, USE)

• Sentiment classification: Probabilities from logits
• Self-Organising Maps (SOMs) and variants

• Geo-SOM: Geographic SOM
• GSOM: (Dynamically) Growing SOM



Methodology in detail
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Step (1): Feature engineering
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Joint feature vector for each post:
• 5 dimensions for semantics 

(SBERT + UMAP)
• 3 dimension for sentiment 

distribution (RoBERTa)
• 2 dimensions for location 

(projected & normalised 
coordinates)

• 1 dimension for time (normalised)



Step (2): Clustering
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Geo-GSOM: Geographic Growing Self-Organising Map

Spatially explicit BMU search and node growth

BMU
New nodes

Initial state



Step (3): Information extraction
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Post sample

Feature vectors



Case Study: Ahr Valley Flood
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11,177 geo-referenced tweets 
posted in the Ahr Valley region 
in July 2021 Guardian, 2021

Photo: Sascha Steinbach/EPA

https://www.theguardian.com/world/2021/jul/21/germany-floods-one-hundred-fifty-five-still-missing-hope-further-rescue-fade


Model setup for multilingual data

• Semantic embedding using multilingual SBERT
• Sentiment classification using Twitter-XLM-RoBERTa
• CRS: ESRI:102031
• Parameterisation with high emphasis on location and 

semantics

Model output: 92 clusters, 13 potentially disaster-related
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Multimodal topic map
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Mapped clusters 
with convex hulls



Keywords, tweets and labels
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Exemplary label mappings 
computed by Llama2-70B by 
cluster ID



Emergency-relevant information
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Emergency-relevant information 
extracted by Llama2-70B by 
cluster ID



Summary

Three-step workflow:
1. (Multimodal) feature engineering
2. Clustering
3. Information extraction

Vast reduction of information complexity!
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Future work and limitations

• Follow-up study regarding the generalisability of the 
presented method and the SOM variant

• Additional study examining the clustering approach for pure 
topic-sentiment modelling1

• Further evaluation with disaster managers
• Data availability, LLM bias
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1Hanny, D., & Resch, B. (2024). Clustering-Based Joint Topic-Sentiment Modeling of Social Media Data: 
A Neural Networks Approach. Information, 15(4), Article 4.
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Further information

Research group website: https://geosocial.at/

https://geosocial.at/
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