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Dynamics as foundation for riverine biodiversity
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Introduction: the relevance of river corridors for biodiversity

Rivers are crucial for global biodiversity. At the same time, freshwaters are the most threatened habitats.

WWF, 2023Román-Palacios et al., 2022

Román-Palacios et al. (2022): The origins of global biodiversity on land, sea and freshwater. Ecology Letters 25, 1376-1386.
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Introduction: river corridors as complex adaptive systems
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Study area: Aral Sea basin in Central Asia

Betz et al. (in revision): Towards system scale understanding of the processes controlling ecosystem functioning and services in river corridors: A case study from the 
Aral Sea basin, Central Asia. Earth Surface Processes and Landforms.

• 1.2 Million km² basin 
area

• Ca. 15.000 km of river 
network
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Towards analyzing river dynamics at the system scale

Leveraging the Landsat archive: 
82,000 scenes over 40 Years

Betz et al. (in revision): Towards system scale understanding of the processes controlling ecosystem functioning and services in river corridors: A case study from the 
Aral Sea basin, Central Asia. Earth Surface Processes and Landforms.

Looking into the interaction of hydro-morphologic 
dynamics and vegetation basing upon the concept of 
biogeomorphic succession.
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Biogeomorphic succession as driver of riverine landscape development

Pioneer Stage
Juvenile individuals of 
(woody) species on bare 
sediment surface

Biogeomorphological Stage
Vegetation composed by 
disturbance tolerant species 
only; evidence of disturbance 
like fresh fine sediment 
deposition or flood marks

Permanent Inundation Stage
Covered by water during low 
flow season

Geomorphological Stage
Bare sediment surface; not 
flooded during low flow season

Ecological Stage
Abundance of a herbal 
vegetation layer and species 
intolerant to disturbance; 
consolidated sediment body 
with loamy texture
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How to approach biogeomorphology from a remote sensing perspective

Betz et al. (2023): Biogeomorphology from space: Analyzing the dynamic interactions between hydromorphology and vegetation along the 
Naryn River in Kyrgyzstan based on dense satellite time series. Remote Sensing of Environment 299, 113890.

Time Series of 
Spectral Indices

Satellite Imagery

Field Mapping Ground Control 
Points

Spectral-Temporal 
Indicators of 
biogemorphology

Time Series 
Modeling Analyzing Dynamics of 

the Entire River 
Corridor
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How to approach biogeomorphology from a remote sensing perspective

Each succession stage has a characteristic seasonal 
signal of NDVI and MNDWI. Time series modeling allows 
a mathematical description and analysis of succession. 
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Tracing biogeomorphic feedbacks over time

Betz et al. (2023): Biogeomorphology from space: Analyzing the dynamic interactions 
between hydromorphology and vegetation along the Naryn River in Kyrgyzstan based 
on dense satellite time series. Remote Sensing of Environment 299, 113890.
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Tracing biogeomorphic dynamics over time

Changes caused by a 40-year flood happening in an upstream river 

segment in 2016

From pixel time series network wide longitudinal information

Permanent Inundation Geomorphological Stage
to

Biogeomorphological Permanent Inundation

Ecological

Stage

to

Geomorphological

high dynamics in unconfined or partly confined reaches

new gravel bars

vegetation eroded

Betz et al., 2023, Remote Sensing of Environment
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From earth observation data to new conceptual insights in river systems
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Lauermann, Heckmann, Eichel, Pöppl, Egger, Betz (2025): Assessing the importance of 
channel-floodplain connectivity for the resilience of floodplain ecosystem trajectories. 
EGUsphere. https://doi.org/10.5194/egusphere-egu25-12339

River network

Reach
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scales

new conceptual insights to foster
better understanding of river corridor functioning 

and biodiversity pattern

resilience concepts

connectivity concepts

panarchy
approaches

biogeomorphic
s ccession theory
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Conclusion

❖ Satellite remote sensing data allows  s to move from the scales of 
geomorphic  nits or reaches to river segments or entire networks and can 
complement field and UAV-based research to m ltiscale analysis of 
complex river processes

❖ Time series of satellite imagery give the opport nity to monitor indicators 
of biogeomorphological interaction in a contin o s way – in space and 
time. This offers new possibilities for analyzing river systems across scales

❖ There is a need to better integrate the river science and remote sensing 
comm nity in order to leverage the f ll potential of earth observation
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Thank you very much 
for your Attention!

florian.betz@uni-wuerzburg.de
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