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Presentation topics

Ʒ Why floodplain vegetation matters?

Ʒ Interactions between floodplain vegetation and 
hydrodynamics

o Lab, field and model development

Ʒ Evaluation and co-development of nature-based 
solutions for river and water management

o Case two-stage channels & vegetation management

o Sediments, water quality, biodiversity 

Ʒ Natural sciences and engineering supported by 
economical, policy, governance, and legal 
considerations

(RowiŒski, P.M., Vªstilª, K., Aberle, J., Jªrvelª, J. & Kalinowska, M. 2018 How vegetation 

can aid in coping with river management challenges: A brief review. Ecohydrology and 

Hydrobiology. doi: 10.1016/j.ecohyd.2018.07.003).



Why floodplain vegetation matters?



Riverine vegetation has important ecological and technical impacts

(RowiŒski, P.M., Vªstilª, K., Aberle, J., Jªrvelª, J. & Kalinowska, M. 2018 How vegetation can aid in coping with river 

management challenges: A brief review. Ecohydrology and Hydrobiology. doi: 10.1016/j.ecohyd.2018.07.003.)



Reality: Problems of conventional

agricultural water management
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Surface water quality is degraded in large 

parts of the world

UNEP 

UNEP 2024



European rivers severely affected by agricultural 

pollution and hydro -morphological pressures

(Vigiak et al. 2021)



Ecological status in Europeõs river basin 

districts largely below good

Ʒ Little improvement since 2010

Ʒ NbSrecommended for multi -

objective river management

Ʒ More vegetation

Ʒ Natural forms and functions

(EEA 2021)



Interactions between floodplain 
vegetation and hydrodynamics 



Vegetative impacts on hydrodynamics is the 

starting point: flow resistance description

Formulation Common usage

Vegetative Manning 
coefficient,n vegώҍϐ

describes reach-scale flow resistance in practical applications and 
1D models, or roughness in 2D depth-averaged models

Drag force,F[N]
characterizes drag forces exerted by plants under flow and is 
commonly applied in experimental investigations

Dragҍdensity 
parameter,CDa [m

2
m
ҍо

]
describes vegetative drag per unit water volume and is used as a 
sink or source term in 3D models

Dragҍarea 
parameter,CDaH [m

3
m
ҍо

]

characterizes the bulk drag of submerged vegetation in 
approaches that have separate vertical layers for vegetation and 
overflow

Vegetative friction factor,Ŧώҍϐ
describes roughness in 2D depth-averaged models and represents 
plant-stand scale flow resistance in flume studies

Vªstilª, K. & Jªrvelª, J. 2018 

Characterizing natural riparian 

vegetation for modeling of flow 

and suspended sediment 

transport. Journal of Soils and 

Sediments.



Direct drag force measurements at TU Braunschweig

Common Osier 

(Salix viminalis)

(Koripaju)

Common Alder 

(Alnus glutinosa)

(Tervaleppª)

hybrid Crack Willow 

(Salix x rubens)

(Kujapaju)

Silver Birch 

(Betula pendula)

(Rauduskoivu)

Black Poplar 

(Populus nigra)

(Mustapoppeli)

Vªstilª, K., Jªrvelª, J. & Aberle, J. 2013 

Characteristic reference areas for 

estimating flow resistance of natural 

foliated vegetation. Journal of 

Hydrology. 

Vªstilª, K. & Jªrvelª, J. 2014. Modeling 

flow resistance of woody vegetation 

using physically-based parameters for 

foliage and stem. Water Resources 

Research.



Natural riparian vegetationÍ rigid cylinders
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F = drag force

CD = drag coefficient

AC = reference area

uc = characteristic approach velocity

Vªstilª, K. & Jªrvelª, J. 2014. 

Modeling flow resistance of woody 

vegetation using physically-based 

parameters for foliage and stem. 

Water Resources Research 50(1): 

229-245. DOI: 

10.1002/2013WR013819



Substantial seasonalimpacts of 

vegetation on flow hydraulics

(Caroppi, G., Vªstilª, K., Jªrvelª, J., Lee, C., Ji, U., Kim, H. S., & Kim, S. (2022). Flow and wake characteristics associated with riparian 

vegetation patches: Results from field-scale experiments. Hydrological Processes, 36(2), e14506. https://doi.org/10.1002/hyp.14506)



Differences in turbulent flow structures 

Caroppi et al. 2021 Comparison of Flexible and Rigid Vegetation Induced Shear Layers in Partly 

Vegetated Channels, Water Resources Research

For natural-like vegetation (compared to rigid cylinders)

Å Shear penetration 6-10 x greater 

Å Mass transport across interface 40% more efficient
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Fromtheconventionalto an enhancedparameterizationof 
vegetativedrag 

Reconfiguration

of foliage
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Density

of stems

Reconfiguration

of stems

Conventional:

New:

Total drag
Stem 

drag

Foliage 

drag= +

AL and AS are the total leaf area and total stem area, respectively, in a vertical layer with the

depth z, AB=unit ground area, CDɢ,F and CDɢ,S are the drag coefficients of the foliage and 

stem, respectively, ɢF and ɢS are the reconfiguration parameters of the foliage and stem, 

respectively, and uɢis a reference velocity. 

CD = drag coefficient

a = frontal area per unit volume

Vªstilª, K. & Jªrvelª, J. 2014. 

Modeling flow resistance of woody 

vegetation using physically-based 

parameters for foliage and stem. 

Water Resources Research

Vªstilª, K. & Jªrvelª, J. 2018 

Characterizing natural riparian 

vegetation for modeling of flow and 

suspended sediment transport. 

Journal of Soils and Sediments



Development needs of numerical models for quantifying flow 
resistance of flexible woody vegetation

(Vªstilª, Berends et al., to be submitted)
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Developments of the 2D Delft3D FM

(Vªstilª, Berends et al., to be submitted)

Rigid cylinder 

(BAPorig):

ὅ ,!)
ό
όJªrvelª (JAR): 

Vªstilª (VAS): 



Developed Delft3D FM with VAS & JAR more reliable across 

different flow and vegetative conditions than original model



Parameter values of VAS for common 

trees and shrubs
Species CDɢ,F ɢF CDɢ,S ɢS Data source

Alnus glutinosa
(Common Alder) 0.18 ī1.110.89 ī0.27 Vªstilª & Jªrvelª(2014) WRR

Betula pendula 
(Silver Birch) 0.20 ī1.061.02 ī0.32 Vªstilª & Jªrvelª(2014) WRR

Populus nigra
(Black Poplar) 0.13 ī0.970.95 ī0.27 Vªstilª et al. (2013) JOH

Salix viminalis
(Common Osier) 0.11 ī1.211.03 ī0.20 Vªstilª & Jªrvelª(2014) WRR

Salix x rubens
(hybrid Crack Willow) 0.19 ī1.210.96 ī0.25 Vªstilª & Jªrvelª(2014) WRR

White Birch
(Betula pubescens) 0.10 -1.09 0.82 -0.25

Jalonen & Jªrvelª (2014)

Goat Willow
(Salix caprea) 0.09 -1.09 0.84 -0.27 Jalonen & Jªrvelª (2014)

Blackberry 
(Rubus armeniacus) 0.40 -1.00 1.20 0.16 Niewerth et al. (2019)

(ux,F= ux,S=0.2 m/s)
Vªstilª, K. & Jªrvelª, J. 2018 Characterizing natural riparian vegetation for 

modeling of flow and suspended sediment transport. Journal of Soils and 

Sediments, doi: 10.1007/s11368-017-1776-3. 

Vªstilª, Berends et al., to be submitted



Blockage controls flow resistance of patchy woody 

vegetation

Bae et al. 2024 Blockage effect of emergent riparian 

vegetation patches on river flow. J Hydrol

Vegetation patches

Ji et al. 2023 Experimentation and Modeling of 

Reach-Scale Vegetative Flow Resistance due to 

Willow Patches. J Hydraul Eng

Cross-sectional: 

BX

Volumetric:

BV



Cross-sectional blockage factor is key for predicting flow resistance (ntot) in 
grassed two-stage channels
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The seasonal C* was calibrated at 

the lowest BX at one water level in 

spring (2011, n=0.044) and in 

autumn (2010, n=0.072). 

n at higher blockages could be 

predicted using only the blockage 

factor

Luhar & Nepf 2013:

Vªstilª et al. 2016 Flowïvegetationïsediment interaction in a 

cohesive compound channel. Journal of Hydraulic Engineering



Describing the effects of patchy vegetation on reach-scale

dispersion

influence of Ud

(Ů is a scaling factor)

values in 

non-

vegetated 

conditions

values in 

vegetated 

conditions

±ŅǎǘƛƭŅΣ YΦΣ hƘΣ WΦΣ {ƻƴƴŜƴǿŀƭŘΣ CΦΣ WƛΣ ¦ΦΣ 
WŅǊǾŜƭŅΣ WΦΣ .ŀŜΣ LΦΣ ŀƴŘ DǳȅƳŜǊΣ LΦΥ [ƻƴƎƛǘǳŘƛƴŀƭ 
dispersion affected by willow patches of low 
areal coverage, Hydrological Processes, 
https://doi.org/10.1002/hyp.14613



Evaluation and co-development of nature-
based solutions for river and water 
management



Typical nature -based solutions for small 

headwater catchments in Northern Europe

Hovi

Natural-like bottom ramps or 

rocky sills for erosion 

protection, raising low water 

levels, diversifying habitats

Juottimenoja, Perniº

Constructed wetlands for 

water quality and wildlife 

benefits, for retaining water

Restoration of 

mires/peatlands to 

balance extreme 

discharges

Erosion protection: e.g. 

sowing grasses, 

fascines, erosion 

control blankets 

Two-stage channels for 

enhancing drainage 

and flood mitigation + 

environmental benefits

In-stream habitat 

restoration & LWD 

structures

Ritobªcken, Sipoo

Raaseporinjoki



Two-stage channel (TSC) design as a nature-based 

alternative to conventional dredging

(Vªstilª et al. 2021, Agricultural Water Management Using Two-Stage Channels: Performance and 

Policy Recommendations Based on Northern European Experiences. Sustainability 13(16), 9349. 

https://doi.org/10.3390/su13169349)

knowledge gaps: 

- biodiversity effects 

- over-annual mass 

balances

- the potential of vegetation 

maintenance to enhance the 

benefits

https://doi.org/10.3390/su13169349


ExampleTSC studysitesin Finland

@Pinja Kasvio

ÅFloodplainsexcavated~at 
the levelof meandischarge
in 2008-2018

ÅClayey-sandysoils

ÅTop widths~8-15 m

ÅсΧпл ƪƳ2 catchmentareas

ÅQm ~0.06-0.4 m3/s

±ŅǎǘƛƭŅ ϧ WŅǊǾŜƭŅ нлммΦ 5hLΥ 
10.1080/15715124.2011.572888

±ŅǎǘƛƭŅΣ Ŝǘ al 2016. DOI: 
10.1061/(ASCE)HY.1943-7900.0001058

Huttunen et al. 2024



Investigations of morphological development under

different channel designs

-Two-stage channel had an excellent self-cleansing capacity -> flow conveyance and drainage

depth well maintained

-Nature-based rocky sills/rock ramps etc. may be used for decreasing re-suspension

-Erosion in the low-flow channel? -> long-term monitoring needed(Vªstilª & Jilbert 2025. Evaluating multiannual sedimentary nutrient 

retention in agricultural two-stage channels. Scientific Reports



New framework for quantifying sedimentary retention of 

nutrients to overcome limitations with water sampling / 

water quality sensor / lab assay -based estimates

(Vªstilª & Jilbert 2025. Evaluating multiannual sedimentary nutrient 

retention in agricultural two-stage channels. Scientific Reports


