A multidisciplinary study on exchange processes
IN river ecosystems

K. Buis’, C. Anibas?, K. Bal', R. Banasiak?,

L. De Doncker3, N. De Smet', M. Gerard’,

S. van Belleghem?', O. Batelaan?, R. Verhoeven? &
P. Meire’

1 Ecosystem management Research Group,
University of Antwerp, Belgium

2 Department of Hydrology and Hydraulic Engineering,
Free University Brussel, Belgium

3 Hydraulics Laboratory, Department Civil Engineering,

Exchange processes Ghent University, Belgium
in river ecosystems

m
TR

by N
danaly

——

ECOSYSTEM MANAGEMENT~—

RESEARCH GROUP /
‘al




Background

v Land-Ocean interaction

coastal eutrophication
Quantity and quality of the input of sediments, organic
matter and nutrients in coastal seas are determined by
upstream processes in the river basin

v' Longitudinal connectivity in stream/river

ecosystems

Output of the upstream system is input for the
downstream sytems, and determines its structure and
function

Output or input may be understood as hydraulic, chemical
and biological characteristics of the interaction

Exchange processes
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Background
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Models have been developed on river basin and
subbasin scale

v' ecosystem interactions are generalized

But especially at the land/water interfaces we find
ecotones which in different ways regulate the
exchange

v' experience is that information on smaller spatial
and shorter temporal scales are needed
Exchanges and transformations are strongly

determined by events and spatial distributions

Exchange processes
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Project

Zones of interaction

1. shallow ground water with
wetland or terrestrial systems

river basin
stream / river

wetlands

forest { /
: landuse

2. deep ground water with

the water course stream - margin

infiltration

3. stream with the margin ﬂo:)dplain

4. stream with macrophytes

5. water course with floodplain

groundwater

6. surface and ground water
with the plant-soil system

Exchange processes
in river ecosystems
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Project aim

) water
solids solutes

To investigate how the diverse physical and
biological processes and their interactions
determine the exchange of

* watler,

* dissolved compounds and

* suspended matter

in margins and floodplains of water courses

Necessary to develop models for land-water
interfaces and their integration on the ecosystem
level

Exchange processes
in river ecosystems
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Approach — Measurement and modelling

We focus on two systems

2. stream and margin (AA)

3. River and floodplain
(Demerbroek)

Measurements

- monitoring for mass balance
construction

- use avallable data

Exchange processes
in river ecosystems
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Approach — Measurement and modelling

ecosystem

Data

- mass balance (hydrological data
and quality)

- system characteristics (morphology,
vegetation)

Model development

-coupling of hydraulic models, i.e.
hydraulic and ground water, with

- implementation of transformation
processes (biological, chemical)

These type of models deliver:
-ecosystem input-output
- spatial connectivity

Exchange processes
in river ecosystems
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subsystems

Data (available from other projects)
- nutrient cycling in plant-soil systems
- macrophyte-discharge interaction

Model development

- Plant-soil models

- ground water/sediment/surface water
(diagenetic models)

These type of models deliver:

- proces information for ecosystem model
- insight in spatial heterogeneity

- tools for data analysis.
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Modelling plant-soil systems
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Scheme for model development is
directed towards increasing of the model
complexity.

1. Hypothesis testing

2. inverse analysis directed towards
estimation of fluxes between
compartments

3. simpel mechanistic compartment
model (no spatial resolution)

aantal structuurelementen en

procesbeschrijvingen

5. Incorporation of transport processes
with defining a verticale resolution
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Model development - stream sediment systems

Fits of chloride-profiles of AA-sediments
with the "streamsed" model Chloride [uM]
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Advective flow

Exchange processes
in river ecosystems

Sediments form the interaction zone between
groundwater and stream or river. This zone may be
an important transformer (filter) of nutrients.

This may be studied by applying diagenetic models.
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Approach — Measurement and modelling

ecosystem scale subsystems

Data Data (availbable form other projects)
- mass balance (hydrological data - nutrient cycling in plant-soil systems
and qualitiy) - macrophyte-discharge interaction

- system characteristics (morfology, (mowing patterns)

vegetation)

Model development Model development

-coupling of hydraulic models, i.e. - Plant-soil models

hydraulic and ground water, with - ground water/sediment/surface wate
- implementation of transformation (diagenetic models)

processes (biological, chemical)
These type of models deliver:

These type of models deliver: - proces information for ecosystem model
- ecosystem input-output - insight in spatial heterogeneity
- spatial connectivity - tools for data analysis.

Exchange processes
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Model integration

Exchange processes
in river ecosystems

Formulations of discharge, flow and mixing of water

- hydraulic formulations

Q =7 :lR;ﬁSlﬁ

A 1
- ground water formulations
h’ﬂ — hb
Q= —kA
L

- box model (transport-reaction )

0C oC 0°C .

—=—v—+D,,, —5 *reaction
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Model integration

Analysis of data to construct mass-balances

Step 1. Calibration of transport parameters

TRACER[2] [mmol/m3] distance =15

TRACER(EN) [mmolfm3] distance = 535 con d u Ctl V | ty

TRACER(143) [mmal/m3]

digtance = 1475

FlowBox =.008 [m?/s]
tflowZone= 50-100 [m]

L] I I
1,000 1,500
TIME [mir])

TRACER.OM = cifemmeistreamioutputidracer ol l

[ TRACHOIPLOT OBS = c:\ismme'stream2ulstatracnodpiot.obs |

Exchange processes
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Step 2. Calibration of
reaction parameters
- NH,-consumption

- NO,-production

NH4(Z] [mmal/m3] distance = 15
MNHA{B0] [mmal/m3] distance = 595
MH4[148) [mmal/m3] distance = 1475

WO32) [rmal/md] distance =15
WO3IEO) [mmolém3] distance = 535
WO3148] [mmol/m3] distance = 1475

T T T — f—T—
0 500 1.000 1,500
TIME [min]
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Model integration — Feedback mechanisms

Exchange processes
in river ecosystems

Between disciplines we can distinct different types of
information exchange

* model boundaries
* functions

* feedback

in-stream macrophyte-sediment system, affecting

* stream discharge

(presence of macrophytes increase resistance against flow)
* nutrient cycling by uptake of release

* sedimentation within the macrophyte patches that
generally show smaller flow velocities
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Modelling — macrophytes

Describing discharge, flow distribution and mixing
of water

- hydraulic model
Formulation of Manning coefficient as a function of
macrophyte biomass

- biogeochemical model

Artificial partitioning of stream in flow zone with and
without macrophytes

=> linking the effect of plants on transport and
transformation

Exchange processes
in river ecosystems
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Modelling — Quasi 2D macrophytes

Macrophyte patch

Qpatch /
C atch
Qin / (z {l Dp-f
C \\ free
Qe f Free

uit

~ .
P

C

out

Lateral flows

Qpatch = VOlpatch / (VOI + VOIfree ) X Fres X Qin

Exchange processes
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Modelling - Quasi 2D macrophytes

Exchange processes
in river ecosystems

Patchvolume = 10%
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Modelling — cascade effects / feedback

Macrophyte growth stimulated

Macrophyte patch H:ment content
— °

L High Carbon

Q,.cn igh mineralisation
// ~ High denitrification

Q. SS Sedimentation

Low Carbon
eree

Free Capturing heterogeneity is important !

Exchange processes
in river ecosystems

\\\\\\\\\\\\

=Y
R —
ECOSYSTEM MANAGEMENT~——

RESEARCH GROUP /
‘al




Model integration

) water
solids solutes

What is a good way to describe integrated
transport features of water, solutes and and solids
for stream and floodplain system, which also
alows implementation of transformation processes
and (biological) structures?

Demands
1) Which capture feedback mechanisms (and give
developmental characteristics of the model)

2) Spatial heterogeneity in transport and reaction

determines the functioning of the ecosystem and
Exchange processes requires 2D-modelling
in river ecosystems
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Differences in modelling software

What software packages allow development of
integrated models for small scale and
ecosystem models?

1) Modflow-Daflow

Hydrology based

What are the possibilities for incorporation of
transformation processes and feedback relations

2) Femme-Fortran
very flexible, open source, 2D/3D calculations and
visualizations need to be invorporated

Exchange processes
in river ecosystems
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Concluding remarks

L weter sketch of our project - wide range of activities
Development of integrated stream-margin and river-
floodplain models to describe exchange processes.
- transport
- transformation
- ecosystem configuration

Based on small scale models of the system interfaces
=> data analysis tools of measurements and experiments

Present focus on model formulations to describe the
transport of water, solutes and solids, which also allows

Exchange processes implementation of transformation processes and structures
in river ecosystems
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FEMME — fortran environment for model

Structure of the 2DwithSolids

Parts:

* general

* transport of water

* transport of solutes
* transport of solids

* reaction

* manning

Parts are subdivided in

* initialisation

* second initialisation

* dynamic routine with formulation what happens within a timestep
* finalising (specific writing of output or other)

Exchange processes
in river ecosystems
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FEMME — fortran environment for model

Pro’s

o Very flexible programming environment

o Handling of reading/writing, input data (forcing, initialisation)

o Integration (different options) is done by the environment => model
formulation structured as processes within a timestep

o Different run types: single, calibration, sensitivity, monte carlo, batch
runs,....

o Coupling of models is relatively easy achieved

o Growing environment, means if new routines are needed this could be
implemented in the FEMME-environment (in cooperation with Karline
Soetaert)

Con’s

* Visualisation of data with FEMMEPLOT is in development. Could be
improved.

* Specific (integration) routines for hydraulic and ground water
modelling (2D/3D) are missing

Exchange processes
in river ecosystems
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Box modelling
transport-reaction models

strea

—_lL Advection-dispersion-reaction models
i
ﬁ— 2
G_C = —va—C +D 0 g * reaction
ot Ox Y Ox
sediment
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