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Suspended Sediment Transport 

✓ Controls water quality (transport 
medium: nutrients & contaminants)

✓ Effects fluvial habitat suitability

✓ Impacts channel morphology

• Effects bank stability
• Sand: interacts between 

suspension and bed load

Rhine: dirty, 
Moselle: clean© BfG

 Largest fraction of sediment transport

Sediment budget: River Rhine

Hillebrand & Frings (2017)
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Suspended Sediment Transport… 
… is changing due to changing …

a) … soil erosion (dominant source of 
suspended sediment)
▪ Climate change: may increase or 

decrease soil erosion
▪ Agricultural land use changes 

increase soil erosion
▪ Conservation agriculture decrease 

soil erosion

b) … sediment connectivity 
(between source and river)
▪ Dams and reservoirs decrease 

connectivity
▪ Conservation agriculture decrease 

connectivity 

Zarfl & Dunn (2022, Science)



Anthropogenic Stresses

Zarfl & Dunn (2022, Science)
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Objectives

1. How did suspended sediments 
evolved during the last decades in 
Germany?

2. How will it change in the future?

3. What are the driving factors of 
change?

4. What are the implications for 
sediment management?

 Focus on waterways (navigable rivers), 
which are maintained by German Water 
and Shipping Authority



Suspended Sediment Monitoring in Germany

Hoffmann et al (2023, ESurf)

✓ Monitoring network of the German Water and 
Shipping Authority (WSV) starting in 1970

✓ Approx. 65 stations along the German 
Waterways



Suspended Sediment Monitoring in Germany

Hoffmann et al (2023, ESurf)

✓ Monitoring network of the German Water and 
Shipping Authority (WSV) starting in 1970

✓ Approx. 65 stations along the German 
Waterways

✓ Daily sampling of 5l water

✓ Gravimetric filtration 

➢ Total Suspended Matter:  mineral + organic



Trend Analysis: Suspended Sediment

Hoffmann et al (2023, ESurf)

Method:

Mann-Kendall trend test of mean annual 
discharge and suspended sediment 
concentration (SSC)



Results:
✓ 47 of 49 stations show coherent decline 

of suspended sediment concentration

✓ Up to 50% decline between 1990 & 2010 

✓ No spatial patterns

Trend Analysis: Suspended Sediment

Hoffmann et al (2023, ESurf)



Results:
✓ 47 of 49 stations show coherent decline 

of suspended sediment concentration

✓ Up to 50% decline between 1990 & 2010 

✓ No spatial patterns

Trend Analysis: Suspended Sediment
Hoffmann et al (2023, ESurf)



Potential factors of observed SSC trends

(1) Factors of soil erosion indicate increasing sediment supply

(2) Construction of dams and reservoirs mostly finished by 1990

(3) Decreasing SSC due to declining sediment retention in tributaries

Soil Erosion ?

Hoffmann et al (2023, ESurf)



Potential factors of observed SSC trends

Hoffmann et al (2023, ESurf)

(1) Factors of soil erosion indicate increasing sediment supply

(2) Construction of dams and reservoirs mostly finished by 1990

(3) Decreasing SSC due to declining sediment retention in tributaries

Soil Erosion ? Dams and Reservoirs ?



Potential factors of observed SSC trends
More than 1 Mio. 
barriers in Europe

Belletti et al (2020, Nature)

Buffer Strips

 Effeciency is debatable

© www.lfu.Bayern.de

Hoffmann et al (2023, ESurf)

(1) Factors of soil erosion indicate increasing sediment supply

(2) Construction of dams and reservoirs mostly finished by 1990

(3) Decreasing SSC due to declining sediment retention in tributaries



Holocene/Anthropocene evolution

Hoffmann et al (2023, ESurf)

Recent loads in order of 
natural baseline



Future developments ?

Hoffmann et al (2023, ESurf)

➢Decreasing trend seem to 
have stopped around 2010

➢ Likely increase of high 
magnitude thunder storms



Future developments ?

➢ Prediction of rainfall erosivity

▪ Problem: evolution of rainfall due to thunderstorms 
insufficiently resolved in GCM  convection is a sub-grid-
scale process that is parametrized



Future developments ?

Uber et al. (2024, HESS)

➢ Prediction of rainfall erosivity

▪ Problem: evolution of rainfall due to thunderstorms 
insufficiently resolved in GCM  convection is a sub-grid-
scale process that is parametrized

▪ Solution: convection-permitting simulations (CPSs)
➢ explicit model convection at higher resolution (<4km)  

regional climate models
➢ Time consuming: no model ensembles, mostly applied 

at shorter time scales

▪ Here: COSMO-CLM (DWD-standard) using the 
Representative Concentration Pathway 8.5 (RCP8.5) 
emission scenario  hourly rainfall

• Time periods: historical period: 1971–2000, near future: 
2031–2060; far future: 2071–2100



Future developments ?

Uber et al. (2024, HESS)

➢ Prediction of rainfall erosivity

Results show … 
… good agreement with empirical 

rainfall erosivity map (RADOLAN 
rainfall) by Auerswald et al. (2019)

… much higher increases than those 
derived from scenarios of MAP 

Time period Mean R-factor

1971-2000 96.3 Nh-1a-1

2031-2060 119.3 Nh-1a-1

2071-2100 149.7 Nh-1a-1



Future developments ?

Hoffmann et al (2023, ESurf)

Climate-driven increase 
is very likely

…unless biofuel 
production drops



Take home message

(1) Suspended sediment concentration / 
transport declined by up 50% between 
1990 and 2010 despite increased soil 
erosion

(2) Decline stopped likely due to introduction 
of bio-fuels

(3) Rainfall erosivity will increase up to 84% (far 
future) and likely increase fine sediment 
supply to river systems Zarfl & Dunn (2022, Science)

(4) Implication for sediment management: Tributaries play a major role for 
routing sediment through large scale river systems



Thanks very much for 

your attention!

Rhine

Elbe

Hoffmann, Thomas 

(Thomas.Hoffmann@BafG.de)

SedNet, Madrid, 6th-10th Oct. 2025
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