Hydraul i cs, water quality, |
research to -bBaypdrwatnan umaeis
using vegetated Tl oodpl al nges

International School of Hydraulics, 21 May 2025
D. Sc. (Tech.) Kaisa Va@astila?2

In collaboration with national and international colleagues

Suomen ympdristékeskus
Finlands miljécentral
Finnish Environment Institute

, Aalto-yliopisto
Aalto-universitetet

Aalto University

1, |

A ad ;' . ?ﬂ‘




Presentation topics

3 Why floodplain vegetation matters?

3 Interactions between floodplain vegetation an
hydrodynamics

o Lab, field and model development

3 Evaluation and caevelopment of naturebased
solutions for river and water management

0 Case twestage channels & vegetation management

0 Sediments, water quality, biodiversity

3 Natural sciences and engineering supported | B0 Channel_
i i Shear | Depth- d m=---
econ_omlcql, policy, governance, and legal ear layer Al e SO ,/ .
considerations

Il -

(Rowi GBs ki, P. M., Vasti
can aid in coping with river management chall
Hydrobiology. doi: 10.1016/j.ecohyd.2018.0




Why floodplain vegetation matters?




Riverine vegetation has important ecological and technical impacts
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Reality: Problems of conventional
agricultural water management

a) Conventionally dredged channel
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Surface water quality I1s degraded In large
parts of the world
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National water bodies with good quality (%) 0-20 21-40 41-60 61-80 81-100 Not
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European rivers severely affected by agricultural
pollution and hydro -morphological pressures
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Ecol ogil cal
districts largely below good

3 Little improvement since 2010

3 NbSrecommended for multi -
objective river management

3 More vegetation

3 Natural forms and functions
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Interactions between floodplain
vegetation and hydrodynamics




Vegetative impacts on hydrodynamics is the
starting point: flow resistance description

Formulation Common usage

Drag forceF[N] characterizes drag forces exerted by plants under flow and is
g commonly applied in experimental investigations

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

Dragh area .
parameter,CoaH[m  m" |




Direct drag force measurements at TU Braunschweig

Vastil 2, K., Ja8rveld
Characteristic reference areas for
estimating flow resistance of natural

foliated vegetation. Journal of

Hydrology.
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Vastila, K. & Jarvel
flow resistance of woody vegetation

using physically-based parameters for
foliage and stem. Water Resources
Research.
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Reconfiguration (G)

Natural riparian vegetation | rigid cylinders
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F =drag force
Cp = drag coefficient
A: =reference area

u. = characteristic approach velocity

stem area, Ag
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vVastila, K. & J2rve
Modeling flow resistance of woody
vegetation using physically-based
parameters for foliage and stem.

Water Resources Research 50(1):
229-245. DOL:

10.1002/2013WR013819



Substantial seasonalimpacts of
vegetation on flow hydraulics

EaA S

- —ptn
> T ¢
-4 : 1
e e
: = !g
-l Ly p £
§

1.2
1
08 F PP
g Y ] e
3 o S et
= L P — S * S S G e -
0.6 f . e and e ® 0.6 | et
'-‘ . . IIIII
COR S
04 e ® 04
0.2 i i i i i i i i i i i i i i u_z i i i i i i i i i i L L L L
6 -4 -2 0 2 4 & 8 10 12 14 16 18 20 22 24 6 4 2 0 2 4 6 % 10 12 14 16 183 20 22 24

x(m) x(m)
(Caroppi, G., Vva&astil 2, K., J2rvela&a, J., Lee, C., Ji,
vegetation patches: Results from field-scale experiments. Hydrological Processes, 36(2), e14506. https://doi.




Differences in turbulent flow structures

Rigid cylinders Natural-like vegetation

R s DT R 00 o a )
Large-scale Large-scale !
. ! |

Voftices

4 1

......

Z Riparian

vegetation

(b)

For natural-like vegetation (compared to rigid cylinders)
A Shear penetration 6-10 x greater
A Mass transport across interface 40% more efficient

Caroppi et al. 2021 Comparison of Flexible and Rigid Vegetation Induced Shear Layers in Partly
Vegetated Channels, Water Resources Research



Fr otmmheonventiooeamhanga&mdamet eof zati on
vegetdt ayge

] Cp = drag coefficient
Conventional: CDa aD: frontal area per unit volume
AL a C')CF Ay a OCS
New: Uc Uc N
c, F ABZ c,S +
l. Y ]\ . J \ ] | Y - J |
Density  Reconfiguration Density ~ Reconfiguration
of foliage of foliage of stems  of stems

A, and Ag are the total leaf area and total stem area, respectively, in a vertical layer with the

depth z, Ag=unit ground area, Cp and Cp; 5 are the drag coefficients of the foliage and Vastila, K. & Jar\
stem, respectively, G and Gg are the reconfiguration parameters of the foliage and stem, Modeling flow resistance of woody
respectively, and u,is a reference velocity. vegetation using physically-based

parameters for foliage and stem.
Water Resources Research

St e Follage Vastila, K. & Jar
— Characterizing natural riparian
Total drag dr a g drag 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

_ . o Realistic representation of
Cgfnxqzl:"c:ﬁ:;!su;e S'::E:E:eyr:'t:ggﬁal natural vegetated conditions

Key properties properly described:

_ . i T Parameterization:
Static approach does Neglects velocity- » density and distribution of
not consider: effﬁci of dependency of flow vegetation LAI tensit ang
vegetation height, resistance » velocity dependence of flow Ag/A[ ", density an _
plant density, water Laborious or resistance (bending and streamlining Cp, distribution of vegetation
level or discharge on unreliable calibration of flexible plants) X velocity-dependent
flow resistance when used for leafy - hy | reconfigurati
. . . » relative submergence d guration
Similar deficits for vegetation (considering deflected height) u,  » velocity in vegetated
static Chezy _ _ layer (for flow resistance
coefficient C and » seasonality of vegetation (from T o
friction factor f leafless winter to densely foliated estimates)
summer) ., # @ > adjustment for
_________________ \ » impact of vegetation on \»,; . velocity profile
bed shear stress (for sediment ¥ Sew considering canopy
. ‘ ‘ . ‘ . ‘ transport computations) a0 roughness and relative
% « submergence of flexible
’ vegetation

(vVadstil 2, Berends et al.,” to be submitt



Developments of the 2D Delft3D FM

Vegetation characteristics
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Relative error (%)

Relative error (%)

Developed Delft3D FM with VAS & JAR more reliable across
different flow and vegetative conditions than original model
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Parameter values of VAS for common
trees and shrubs

Species -- Data source

A t
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.27 Vastila et al.

B
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Salix caprea 0.09 -1.09 0.84 -0.27 Jalonen& J2rvel a (
Rubus armeniacus 0.40 -1.00 1.20 0.16 Niewerth et al. (2019)

U, = U, s=0.2 m/s)
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Vastila, K. & Ja@rvel &, J . 2018 Char actVersitziilrtg, n
modeling of flow and suspended sediment transport. Journal of Soils and
Sediments, doi: 10.1007/s11368-017-1776-3.



Blockage controls flow resistance of patchy woody

vegetation

Volumetric: =
BV

Flow

L , Log=LL,  Wo=W,IW,

A
v

(a) Single patch (b) Group patch (L <1 and Wy <1)

N\

. ¥ / LAIL = NA,/A; ,
Cross-sectional: = NA Ay
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X By B4
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& p: & 1
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2 0.12 S 0.12
5 151 1
‘-E 0.08 - = 0.08 -
2 >
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D o @ Group patch (present study) O Group patch (Ji et al., 2023)
& (c) 2 1 (d) | | @ Single patch (presentstudy) O Single patch (Ji et al., 2023)
> 000+ % 0.00 4| | A Single patch B (presentstudy) © Single patch- S (Ji et al, 202
0.0 0.1 0.2 0.3 0.4 0.5 000 002 004 006 008 010  0.1:|-- Curve fitting (presentstudy) - - Curve fitting (Ji et al, 2023)
Cross-sectional blockage factor, B, Volumetric blockage factor, B, — Curve fitting on all vegetated cases
Jietal. 2023 Experimentation and Modeling of Bae et al. 2024 Blockage effect of emergent riparian
Reach-Scale Vegetative Flow Resistance due to vegetation patches on river flow. J Hydrol

Willow Patches. J Hydraul Eng



Cross-sectional blockage factor is key for predicting flow resistance (n,,,) in

grassed two-stage channels

v Autumn 2010 J
0.15- e Autumn 2011 &
’ o Spring 2011
a Spring 2012
O —— Perfect fit .
S 0.10- .
C v .
©
9
(&)
B 0.05- s
o
RMSE = 0.018
Nash-Sutcliffe eff.= 0.71
000 [ | |
0.00 0.05 0.10 0.15

Experimentally obtained ntot (-)
Vegetative blockage factor Bxy= Ay/Ay

Cross-sectional area covered by
vegetation at a given water level, A,

[ ] Cross-sectional area covered by water, Ay,

- v Water level \lw
) W

Luhar & Nepf 2013:

= 1/2
a R1/6 O éC* i 2
n:GLO *—0 (1- Bx) 3/
2212 0 2 =
¢c9 =¢
\ J \ J \ )
I ' !
Channel Boundary &  vegetative
geometry interface resistance
resistance

The seasonal C* was calibrated at
the lowest B, at one water level in
spring (2011, n=0.044) and in
autumn (2010, n=0.072).

4

n at higher blockages could be
predicted using only the blockage
factor vVastila

d-lbwi eegetatiodi 8etliient interaction in a
cohesive comnound channel Journal of Hvdraulic Enaineerina



Describing the effects of patchy vegetation on reach-scale

dispersion
Centreline
Non-vegetated patches
Velocity Velocity
Dy 1.5Dy
Alternating
patches Bankside patches
ap
< { = ‘ &N
Velocity Velocity

3Dy

Longitudinal dispersion DX is controlled
by the lateral velocity differential, which
depends on vegetation patch layout.

values in  values in
vegetated non-

conditions  yegetated
conditions

+NAaGAET NI YPI hKI WS
WNNIZSEt NI Wods .| S3 Loz
dispersion affected by willow patches of low
arealcoverage, Hydrological Processes,
https://doi.org/10.1002/hyp.14613
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Evaluation and coevelopment of nature
based solutions for river and water
management




Typical nature -based solutions for small
headwater catchments in Northern Europe

Erosion protection: e.g.

: sowing grasses,
mires/peatlands to : :
fascines, erosion

balance extreme control blankets ~ Natural-like bottom ramps or
discharges rocky sills for erosion
protection, raising low water
levels, diversifying habitats

Restoration of

Constructed wetlands for
water quality and wildlife
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Two-stage channel (TSC) design as a naturebased
alternative to conventional dredging

Conventionally dredged channel
A A R A W\ ki) {{
1 1 N/ .

i 1 J/- i
Field Edge-of-field 4
vegetated buffer

A | | ot L il 1nidy ;ll'_r- r
— iz t. == for pollinators

Floodplain removes suspended
sediment and nutrients

" Enhanced diversity of plants and fish
Reduced need for maintenance

knowledge gaps:
- biodiversity effects
- over-annual mass

balances

- the potential of vegetation

maintenance to enhance the (Vastila et al. 2021, Agricuist
benefits Policy Recommendations Based on Northern European Experien

https://doi.org/10.3390/su13169349)
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Investigations of morphological development under
different channel designs

MC bank above
17.2 - FP |eve| A 2010
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60} depth well maintained

SAMASSA -Nature-based rocky sills/rock ramps etc. may be used for decreasing re-suspension
VEDESSA  -Erosion in the low-flow channel? -> long-term monitoring needed; ya st i | = & Evaluatilgenaltann@absadimentary nutri

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

Excavated areas under equilibrium Non-excavated areas under Areas under non-equilibrium
condition (Eq. 1) equilibrium condition (Eq. 2) condition (Eq. 3)
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a ; . . ; loss/retention of P . d ition- chemico-biological
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P processes

via erosion/deposition; " ) .
of P via erosion/deposition; _) no chemi co-bigl ogical W retention/release of P likely,
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' N : v \ ! y ) Ny My
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biological processes

i T~ zzzvz ¥z g A | } AZ Zrefo
ﬁxga;?ov;:?n T T ?f I i _ TZ Z P,» cumulative P mass above Z_ at t=0
mese LS F- @) - -y @E=Z2EY L, G o

zref.‘f'

H ' . _,_) ' .T " ) _
] > Pl > P > —'-[? - —‘ﬁ) Pl P Pl Z Pr, cumulative P mass above Z _ at t=T
t= _Te—’ t=T t=0 -T—b t=T t=0 —T——> t=T 0
'me Either netretentionc ( V2 st i | @ & Evaludtilgenoltiann@aDs2dimentary nutrient

retention in agricultural two-stage channels. Scientific Reports



