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Addressing the connectivity in large-scale 
freshwater geospatial workflows

• Complex geo-spatial data processing 

• Integration of connectivity and routing

• Large amount of data

• Scalability across large spatio-temporal scales



How to address these limitations?

Support scientific communities with

• scalable processing workflows

• easy-to-use-tools for geospatial data processing
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The Hydrography90m dataset

• 1.6 million drainage basins
• 726 million unique stream 

segments and sub-catchments

Amatulli, G., Garcia Marquez, J., Sethi, T., Kiesel, J., Grigoropoulou, A., Üblacker, M., Shen, L. & Domisch, S. (2022) 

Hydrography90m: A new high-resolution global hydrographic dataset. Earth System Science Data 14(10), 4525-4550

https://hydrography.org/

https://hydrography.org/


The Hydrography90m dataset

• 1.6 million drainage basins
• 726 million unique stream 

segments and sub-catchments
• 42 stream topographic variables
• Only open-source tools!

https://hydrography.org/

Amatulli, G., Garcia Marquez, J., Sethi, T., Kiesel, J., Grigoropoulou, A., Üblacker, M., Shen, L. & Domisch, S. (2022) 

Hydrography90m: A new high-resolution global hydrographic dataset. Earth System Science Data 14(10), 4525-4550
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https://hydrography.org/


Open-source toolbox
Scalable, command-line tools Scientific communities

?



Open-source toolbox
Scalable, command-line tools

hydrographr

• Wrapper functions
• Scalability
• R language

Scientific communities

Üblacker, M., Grigoropoulou,. A., Garcia Marquez, J., Torres Cambas, Y., Tomiczek, T., Floury, M., Bremerich, V., Schürz, C. Amatulli, G., Grossart, 

H-P., Domisch, S. hydrographr: an R package for scalable hydrographic data processing. Methods in Ecology and Evolution (2023)



Features of the hydrographr package

• Supports freshwater geospatial data processing

• Raster, vector, graph, data.table

• Hydrography90m dataset (hydrography.org)

• Data processing outside R --> allows scalable analyses, handles massive data

• Currently 24 functions for 

• downloading

• data processing

• reading & extracting data

• distance & connectivity

• network structure

• Parallelization within / outside R

8 Üblacker, M., Grigoropoulou,. A., Garcia Marquez, J., Torres Cambas, Y., Tomiczek, T., Floury, M., Bremerich, V., Schürz, C. Amatulli, G., Grossart, 

H-P., Domisch, S. hydrographr: an R package for scalable hydrographic data processing. Methods in Ecology and Evolution (2023)



hydrographr functions – Downloading data

9/12/20249

• Helper functions for downloading Hydrography90m data

• Start with e.g. species point data to automatically derive the corresponding network data

https://github.com/glowabio/hydrographr 

download_test_data()

download_tiles()



hydrographr functions – Downloading data
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• Helper functions for downloading Hydrography90m data

• Start with e.g. species point data to automatically derive the corresponding network data

https://github.com/glowabio/hydrographr 

get_tile_id()

get_regional_unit_id()
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merge_tiles() snap_to_subc_segment()

set_no_data()crop_to_extent()

snap_to_network() reclass_raster()

Heavy data processing is done outside R, allowing to address large study areas

hydrographr functions – Data processing

https://github.com/glowabio/hydrographr 
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extract_ids()

report_no_data()

extract_zonal_stat()

read_geopackage()

get_upstream_catchment()

Reading & extracting large amounts of data

hydrographr functions – Reading & extracting data

https://github.com/glowabio/hydrographr 
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get_distance() get_catchment_graph()

get_segment_neighbours() get_pfafstetter_basins()

Assess point distances along the network & use graphs to analyse the network

hydrographr functions – Distance & connectivity

https://github.com/glowabio/hydrographr 

get_centrality()



Connectivity & network structure

Across large spatial scales, assess the 

• impact of dams on network structure 

• longest-possible network distances

(“free-flowing rivers”) 

• degree of fragmentation

• estimated impact of new dams, or dam 

removal?

• effects on species populations & 

distributions

• …
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HarmonicEdge betweenness

Closeness

HIGH

LOW

Centrality indices

?



github.com/glowabio/hydrographr



github.com/glowabio/hydrographr
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One-time installation of the software

https://github.com/glowabio/hydrographr 

glowabio.github.io/hydrographr/



18

Data processing with open-source tools

Linux environment

Icon sources: https://linuxiac.com/windows-subsystem-for-linux-explained-wsl-wsl2/; https://de.m.wikipedia.org/wiki/Datei:Windows_logo_-_2012.svg; 

https://stock.adobe.com/de/search?k=laptop+icon; https://www.creativefabrica.com/de/product/computer-cpu-icon-vector/

Linux OS

https://linuxiac.com/windows-subsystem-for-linux-explained-wsl-wsl2/
https://de.m.wikipedia.org/wiki/Datei:Windows_logo_-_2012.svg
https://stock.adobe.com/de/search?k=laptop+icon
https://www.creativefabrica.com/de/product/computer-cpu-icon-vector/
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Windows Subsystem for Linux (WSL)

Data processing with open-source tools

Icon sources: https://linuxiac.com/windows-subsystem-for-linux-explained-wsl-wsl2/; https://de.m.wikipedia.org/wiki/Datei:Windows_logo_-_2012.svg; 

https://stock.adobe.com/de/search?k=laptop+icon; https://www.creativefabrica.com/de/product/computer-cpu-icon-vector/

Windows OS

https://linuxiac.com/windows-subsystem-for-linux-explained-wsl-wsl2/
https://de.m.wikipedia.org/wiki/Datei:Windows_logo_-_2012.svg
https://stock.adobe.com/de/search?k=laptop+icon
https://www.creativefabrica.com/de/product/computer-cpu-icon-vector/
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hydrographr vignettes – example workflows

https://glowabio.github.io/hydrographr/

Species distribution modelling



22

hydrographr vignettes – example workflows

https://glowabio.github.io/hydrographr/

Species distribution modelling Free-flowing rivers Conorhynchos conirostris

© Paulo Henrique Fiote



New online platform – geofresh.org

Scalable database

Allows
• spatial queries
• filtering
• aggregation
• downloading

Scientific communities

https://geofresh.org/
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geofresh.org
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geofresh.org
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geofresh.org
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geofresh.org
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• Connectivity as a default instead of a feature

• Address standing water bodies (NASA SWOT data)

• Research reproducibility  (Virtual Research Environments)

New online platform – geofresh.org
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Comparison with 
the terra package

31

• merging

cropping

re-classification

zonal statistics

• hydrographr shows high 

performance

• RAM-efficient processing

glowabio.github.io/hydrographr/articles/benchmark.html
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