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Vegetation in rivers

The vegetation 
is commonly present 
in rivers and channels 

Narew River, photos by A. Bielonko
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Vegetation in rivers

p All scientific research related to flow and transport processes becomes 
more complex in the channels with vegetation. 

The presence of vegetation in rivers and 
channels significantly affects all processes 

in and nearby the channel

Rowiński PM, Västilä K, Aberle J, Järvelä J, Kalinowska M (2018); Ecohydrol Hydrobiol 18(4):345-354
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Pollution spreading modelling
n Compter simulation

Kalinowska & Rowiński, Publications of IGF PAS, 2008

https://rivmix.igf.edu.pl/

TIME concentration

Instationous release of pollutants

co
nc
en
tr
at
io
n !"#!$%

&$'#()

M.Kalinowska

In
tro

du
ct

io
n



Vegetation studies from various perspectives
p Most of them are conducted 

in laboratory or semi-laboratory 
conditions;

p Usually, “ideal” plants are considered, 
like rigid cylinders or prismatic 
elements;

p The investigations are typically  
divided into submerged or emergent 
conditions;

p Studied in various configurations and 
for different plant densities;
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Aalto Environmental
Hydraulics Flow Channel

Kalinowska et. al (2020). Recent Trends in Environmental Hydraulics. Springer



Vegetation studies from various perspectives
p In-field circumstances, the situation is far 

from ideal and well-defined conditions;
p Plants are not perfect

n some are submerged, others emerge, 
n they are stiff or flexible, 
n with or without leaves, 
n and a variety of species can be found in one 

area;
p The situation changes in time and space, 

also seasonally, and depends on the 
hydro-meteorological conditions.
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Kalinowska et. al (2023), Hydrol. Earth Syst. Sci., 27, 953–968

Field experiments, due to their complexity, the uncertainty of the results, and time and cost constraints, are much rarer than 
laboratory ones. Nevertheless, they are irreplaceable in increasing our knowledge further.



Map: A. Broż

Warszawicki Channel – naturally vegetated 
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p Selected due to the varying cross-sectional 
vegetation patterns resulting from natural 
vegetation growth 

vegetation photo-monitoringThe experiments 

were conducted in 

a reach about 500 

m long

A small agriculture ditch located about 40 km from 
Warsaw, Poland, in the Vistula River valley  

To better understand the mixing processes at the reach scale, 
in real conditions with “disorderly” natural vegetation.



Warszawicki Channel photo-monitoring 

M.Kalinowska

St
ud

y 
ar

ea

Selected photos show the situation from the winter conditions – before vegetation started 
to grow until the channel maintenance cleaning in summer. The monitoring was carried 
out as part of the BRITEC citizen science project (https://britec.igf.edu.pl/).

Ø Usually mechanical 
cutting are planned 
twice a year

Ø local legislation 
requiring maintenance 
at least once per year



Tracer tests – two extreme conditions
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Warszawicki Channel – view towards the downstream sub-reaches

We conducted 
investigations during
• fully vegetated 

conditions 
(Exp. 1, no 
maintenance); 

• after complete cutting 
and removal of the 
channel and bank 
vegetation 
(Exp. 2, fully cut).
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vegetation 
cutting

after 
vegetation 
cutting
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sub-reaches with varying vegetation coverage

98% 68% 91% 94%
Under the highly vegetated scenario, sub-reaches 
differing in surficial vegetation coverage are analysed
separately to understand better the influence of the 
vegetation conditions on the flow and mixing 
parameters.
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sub-reaches with varying vegetation coverage

98% 68% 91% 94%
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fully vegetated 

fully cut 

Aerial image of the sub-reach B

DJI Phantom 4 drone Drone with RGB camera

Resolution 1.5 cm



Vegetation coverage
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The surface coverage of vegetation was determined 
by computing the ratio of the vegetation-covered 
surface area and the total wetted surface area 
available from the bare-channel scenario
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fully vegetated 

fully cut 

𝑊! - surficial water area in fully vegetated conditions

𝑊" - surficial water area under bare conditions

𝑉 =
𝑊! −𝑊"

𝑊!

𝑉 - Vegetation coverage

Aerial image of the sub-reach B

In the case of Exp. 2 (fully cut conditions),
V was assumed to be 0 %.



Tracer experiments
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Rhodamine WT
was released 
in a non-vegetated 
cross-section P0 – 39m 
upstream of the 1st 
sub-reach A

Dye concentration measurements were taken 
at 5 cross-sections downstream of the injection

The water samples were 
manually collected from 
the central part of each 
cross-section using an 
aluminium sampling rod 
and analysed in the 
laboratory
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Tracer experiments
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Turner Designs, 
10-AU-005-CE fluorometer
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Turner Designs, AquaFluor 
handheld fluorometer

to adjust the sampling frequency



Normalised temporal concentration distributions
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Tracer concentrations in the
sampled cross-sections normalised
with the maximum concentration in 
the first cross-section P1
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Normalised temporal concentration distributions
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The presence of vegetation, causing low 
velocities, resulted in reaching the peak 
concentration at the first sampling cross-
section P1 around 12 min from the tracer 
release, while concentrations decreased 
to the background in less than 3 h. 

By contrast, the passage of the plume 
was notably faster after the vegetation 
cut, with the peak concentration reached 
around 3 min from the release at P1 and 
concentrations decreased to the 
background in less than half an hour.



Longitudinal dispersion coefficient

M.Kalinowska

Longitudinal dispersion coefficient DL in vegetated (Exp. 1) 
and fully cut (Exp. 2) conditions for each individual sub-reach. 
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DL values were significantly 
higher in the Exp. 2 (fully cut 
conditions) compared to the 
vegetated conditions.

The highest values 
of DL under vegetated 
conditions were found for 
the least vegetated area, 
i.e. sub-reach B.

98% 68% 91% 94%



Longitudinal dispersion coefficient

M.Kalinowska

Longitudinal dispersion coefficient (DL) depending on the vegetation coverage (V) in 
fully vegetated conditions (Exp. 1).
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The DL coefficients decrease 
with the increase of 
vegetation coverage. 

The line fitted to the 
obtained values for each 
sub-reach (circles) indicates 
a linear relation in the 
analysed range of 
vegetation coverage.



Longitudinal dispersion coefficient
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Longitudinal dispersion coefficient DL scale against the mean sub-reach velocity U 
depending on the vegetation coverage (V ). 
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To compare the data obtained 
from both experiments, we 
scaled the DL coefficient values 
against the mean sub-reach 
velocity (U) values for each 
experiment

In Exp. 1, DL scale 
against the U decreases 
with the increase of V

In Exp. 2, the obtained values of are 
comparable for the B, C, and D sub-
reaches ≈ 𝟏𝟑 ± 𝟎. 𝟔𝐦

The value for the sub-reach A 
affected by non-well-mixed 
conditions 
in the P1 cross-section 



Longitudinal dispersion coefficient
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Longitudinal dispersion coefficient DL scale against the mean sub-reach velocity U 
depending on the vegetation coverage (V). 
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To compare the data obtained 
from both experiments, we 
scaled the DL coefficient values 
against the mean sub-reach 
velocity (U) values for each 
experiment

Although we may expect a linear 
relationship between the 
vegetation coverage and 
dispersion coefficient for highly 
vegetated conditions, 
the relation may be different for 
channels with low vegetation 
coverage.

?



Plans
p Tracer experiments

n Lower vegetation coverage;
n Different flow rates;
n Under various seasonal 

conditions of vegetation.

M.Kalinowska

Pl
an

s

?



Conclusions 
p Natural vegetation at large coverages diminishes the longitudinal 

dispersion coefficient; 
p The relationship between the vegetation coverage and dispersion 

coefficient is linear at the investigated vegetation coverage > 68 %;
p The obtained results are limited to high vegetation coverage conditions; 
p Should be complemented by observations performed with different 

hydrological and vegetational conditions.
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Kalinowska et. al (2023), Hydrol. Earth Syst. Sci., 27, 953–968
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