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Introduction

• 170,000 geo-tagged tweets from 2016 till 2021, filtered using relevant hashtags

• Tweets are in English, German, Dutch, Spanish, Italian and French

• PostgreSQL server on virtual machine to store raw and HyperLogLog data

• Python 3.9 for analysis and exploration : Temporal, Spatial and Topical facets according to 

Dunkel et al. (2019)

• Python 3.9, QGIS and ArcGIS Pro for visualization
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Objectives

• How can the HyperLogLog data format be used for exploring spatio-temporal patterns?

• How to visualize the results concisely and clearly?

• How does public reactions vary across geographic space and time?
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Background: HyperLogLog(HLL)

• Probabilistic algorithm to count cardinality

• Forms the basis to develop the privacy aware data structure 

• Allows quantitative estimations with error rates of 2% (Flajolet P. et al. 

2007)
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Background: Facets of LBSN

• Used to characterize reactions of an event (Dunkel et. al 2019) 

• Spatial : The where of the post

• Temporal : The when of the post

• Social: The who of the post

• Topical: The what of the post
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Background: Typicality (Hauthal et. al., 2021)
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Background: Opinion Analysis with Social 
Media Data

• Hauthal et al. (2019) used hashtags for opinion analysis on the Brexit 

referendum

• This work however has a different case study
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Background: Visualizations

• Kumar et al. (2014) suggests using trendlines, word clouds and heat maps 

for twitter data visualization

• Interactive visualizations used to mitigate contextual information loss (Heer

et al.2008)

• They also improve cognition for complex datasets (Dix and Ellis 1998)
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Objective 1 : HLL Workflow
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Raw Data Processing

PGSQL ServerJupyter Notebooks



Objective 1 : HLL

HLL Twitter Data

Normal Twitter Data 16



HLL – Union and Intersection
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USER_HLL – Union and Intersection
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Geo-hashing

• Space is subdivided into two halves 

over and over until required precision 

is reached

• Used for storing large number of co-

ordinates

• The lack of precision can be used to 

protect privacy 19



Geo-hashing : Grids

• Grids of 250 km x 250 km size

• Geo-hashed points are assigned to 

grids. 

• Acts as an HLL alternative to KDE
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Geo-hashed Grids Post Count and User Count
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• Robust at safeguarding the privacy of the users

• Very reliable quantitative estimations 

• Flexibility for qualitative analysis with union and intersection functions 

• Cumbersome to setup and work with (steep learning curve)

• Facets of LBSN are disconnected, unlike normal Twitter data 
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Objective 1 :Final Thoughts
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Objective 2: 
How does 
public 
reaction 
vary across 
time and 
space? 
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Objective 2: 
How does 
public 
reaction 
vary across 
time and 
space in 
2017? 
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Objective 2: Number 
of tweets during 
every month of 2017
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Objective 2: Temporal, Spatial and Topical

• Spatial : Country Specific

• Temporal : Months of 2017

• Topical : Hashtags used during the 

peaks
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Final Visualization: Dashboard with Streamlit

• Python library to make simple dashboards

• Supports various kinds of visualization

• Allows for interactivity 

• Supports high-level mapping libraries for interactive maps
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Objective 2 : Final Thoughts

• Twitter data is not sufficient for a complete narrative visualization

• Strict definition and designing based on a user group

• User evaluation to gauge the effectiveness of such a visualization
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Objective 3 : Methodology

• Use hashtags to filter relevant tweets from database

• Second step of filtering to remove semantically non relevant tweets

• Final dataset
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Objective 3 : Non-relevant hashtags/tweets

• asyl (German) picked up easylike (English) 

•moria picked up moriarty
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Objective 3 : Hashtags and Events

35

muslimban



Objective 3 : Co-occurring hashtags
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Objective 3 : Hashtags and Events
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refugeeswelcome(rw)



Co-occurrence of rw in entire dataset
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Co-occurrence of rw in 2016, Germany
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Objective 3: Co-occurrence and opinion 

40rapefugees



Objective 3: Ambiguity
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Objective 3: Final thoughts

• Using hashtags for opinion analysis is simple

• Very helpful for multi-lingual datasets

• Making interpretations require case by case discretion and caution
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Conclusion: The refugee crisis on Twitter

• Difficult to make conclusive remarks because of the broad nature of the 

crisis

• Reactions tied to events in the political landscape of the country

• Needs further sources of data to place the tweets in context
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