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After the floods of 2021, the strategic master plan proposes

four theoretical development programmes for the
catchment area

These plans cover housing and mobility, as well as

agriculture, biodiversity and the management of natural
areas

What are the potential effects of these developments on the
hydrology of the catchment?

MODREC project - physically based hydrology section
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Model parameterisation
Validation elements

Some results in different contexts
Floods and droughts

There are going to be some shortcuts
and it's going to be quick, but | love
chatting over a coffee :-)



P
Physically Based Hydrological Modelling

Quantifying the effectiveness of the strategies proposed in the Vesdre scheme

Magne catchment area
- Dominantly agricultural

Hoégne catchment area
- Forest dominated

Helle catchment area
- Dominantly peat bogs




The tool : MikeSHE v

e o Physical representation of the main processes
in the hydrological cycle :
Y derived from the physical laws governing processes (conservation of mass, energy, etc.)
Netprecipitation
R - Network drainage
infiltration [T — Evapotranspiration / Infiltration (vegetation)
nsatura ‘ |
—— - Surface runoff
Moving water table R . e
. o - Vadose discharge
Groundwater flow .

- Groundwater flow

Spatially distributed - meshed approach
5



Configuration of the vadose module ¥
and saturated zone

» DTM (SPW)

» Landuse (SPW)

» Vegetation cover (Satellite/Sigec)
» Geology (EPICgrid model)

» River network (SPW lidaxes)

+ weather data from KMI and SPW (1 hour time-step)
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Retention and hydraulic conductivity curves
Mineral soils :

Soil map: Textures and granulometric fractions of Walloon soils (surface, 40-80 cm,
80-120 cm)

Soil map: Stony load
CoT

Raised bog and degraded peat

Retention measures for the "peat bogs" project (C. Sohier & C.
Wastiaux)



5»
>

Configuration of the vadose module and saturated zone

» Retention and hydraulic conductivity curves

- Methodology
> pedotransfer function EU-PTF(v2) (Szabo et al. 2021)

CNSW gsat 50 \ : Retention
R e PTFOL « :
Texture |
n ?
X
Ksat

adjusted according to the % volume occupied by the stony
load (considered to be non-porous)

Little stony Stony Very stony |
Topsoil=> 5% Topsoil> 25% Topsoil = 50% SNUNNS NN R
subsoil 2 15% subsoil > 35% Subsoil > 70%



Rétention des tourbiéres hautes (TH) et tourbes dégradées (TD)

1.0 1
------------- . —— TH - Acrotelme
0.9 - T e TH - Catotelme |
_ | Te—— L —-- TH - Catotelme Il
< 0.8 ~ —=- TH- Argile
2 N, —— TD - Acrotelme
‘E 0.7 A . ----- - Catotelme
_8 0.6 1
Retention and hydraulic conductivity e e
5 0.4
curves 83
Retention measures for the "peat bogs" project 0.2 W
(C. Sohier & C. Wastiaux) - 0 o : 4
Raised bog 51
—_ —— TH - Acrotelme
Acrotélme = fitting of a Van genuchten function (8sat, @ e TH - Catotelme |
Or, a, n) to retention points measured in Sphaignes % SRR NS et
and Touradons de molinies 8 -6- TR —— TD - Acrotelme
E' __________________ : W, |ttt TD - Catotelme
Catotelme | = fitting of a Van genuchten function g _g| "TTmmTmmmmmmmmmmREISSENgESE - TD-Argile
(Bsat, Or, a, n) to the retention points measured 3 S
under Sphaignes and Touradons de molinies. > 7107
Catothelme Il = Catothelme | - 10% pore volume S -12-
g —-14 4
@]
Degraded peat | T | | | |
-1 0 1 2 3 4

Acrotelme = Acrotelme raised bog - 10% pore volume
Catoterm = Catoterm | raised bog - 10% pore volume



Agricultural catchment

» Maghe

- Surface area : 40 km?

- Occupation :

> 69% agricultural areas (of which 65%
grassland)

> 17 % impervious areas

- Discharge station SPW-ARNE of the
"ruisseau des fonds des foréts"

(L7600).
> Max gauged: approx. 5 m3/s

+" Légende

e rivitre Magne B Eaux de surface (2 niveaux)
.
) I n | a Ce S I n Ce 1 1 05 2 O 1 1 Couvert herbace en rotation dans I'année Sols nus
p Couvert herbacé toute I'année I Revétement artificiel au sol

Couvert herbacé toute I'année (sous pont) [l Revétement artificiel au sol (sous feuillus)
- Couvert herbacé toute l'année (sous canal) - Revétement artificiel au sol (sous résineux)|

Feuillus (=3m) - Revétement artificiel au sol (sous eau)
I Feuillus (=3m) [ Revétement artificiel au sol (pont)
I Feuillus (sous pont) Il Réseau ferroviaire
- Feuillus (sous réseau ferroviaire) - Réseau ferroviaire (sous feuillus)
Il Résineux (23m) - Réseau ferroviaire (sous résineux)
B Resineux (sous pont) B Réseau ferroviaire (pont)
M Resineux (=3m) I Constructions artfficielles hors sol
- Eaux de surface - Constr. artificielles hors sol (sous feuillus)
. - Eaux de surface (sous feuillus) - Constr. artificielles hors sol (sous résineux)
Kilometres B Eaux de surface (sous résineux) B serres

I Eaux sous pont




Other subcatchments

La Hoegne (Forest) and la Helle (Peat)
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Peaty catchment
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Diagramme de dispersion - Forét - Modelisation physique

Hydro year ME MAE RMSE STDres R R? - Nash 60

2012 | -0.0734671| 0.197003 | 0.311776 | 0.302996 | 0.814079 | 0.642428 — Qsim=0.72 Qobs
2013 | -0.0252865| 0.168152 | 0.318273 | 0.317267 | 0.803208 | 0.634548
2014 | -0.0551104 | 0.140319 | 0.307514 | 0.302535 | 0.881499 | 0.759072

2015 -0.0701512 | 0.165078 | 0.279127 | 0.270168 | 0.853738 | 0.691858 50 4
2016 0.0454241 | 0.305206 | 0.524472 | 0.522501 | 0.813156 | 0.652682
2017 -0.185832 | 0.219136 | 0.291693 | 0.224836 | 0.749942 |-0.0337472

2018 -0.0863093 | 0.16273 0.355884 0.34526 0.927651 | 0.819321
2019 -0.0929198 | 0.171308 | 0.298962 | 0.284155 | 0.801971 | 0.601217
2020 0.0845958 | 0.229815 | 0.401215 | 0.392196 | 0.849105 | 0.677217
2021 0.135175 | 0.332789 1.24801 1.24067 0.872909 | 0.662086

2012-2021 | -0.0313491 | 0.207839 | 0.507214 | 0.506244 | 0.831835 | 0.681767

Déabit simule (m?/s)

Acceptable adjustment but based on limited data
and only at the outlet

Need to compare with other observations, even
gualitative ones

0 10 20 30 40 50 60

Debit observe (m3fs)



Analysis of soil hydrodynamics
Vertical dynamics of the saturated zone

4 6;(2)

Cote altimétrique - z

Saturated zone ... ..
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Loam - favourable drainage

2018 2019 2020 2021

007
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254

4Loam - temporary waterlogging
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Peat bogs

2018 2019 2020 2021
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Forested catchment

» Analysis of soil hydrodynamics

- Vertical dynamics of the saturated zone

N _ Classes de
2 drainage (cnsw)

Limon -
b
- Favorable Tourbe
Limon - Limon -

perman

Limon -

Profondeur (m) de
la zone saturée :
moyenne entre
2018-2021

|:|<-10 --2-»1
o7 [ ]
[ ESE |:| 05-02
N -
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The scenarios....




MIKESHE- HOEGNE

MIKESHE- MAGNE

Y CATEGORY | CATEGORY I CATEGORY II]

3: Conservation of grassland in
agricultural areas

Implementation by basin

Al : Restoration of peaty and

paratourbous soils
A4: Agricultural practices to conserve

water and soil in maize production

A2 : Diversification of environments
on hydromorphic soils

'A5: Forestry practices limiting soil
scompaction

2: Alternative drainage management for
forest roads and firebreaks

-------

------

B6: Torrentlal correctlon of incised
runoff axes

"Blz Bocage network in agriculturalx

B3: Installation of slopes on steeply slopin
areas P Py 1op

oads

B4: Inter-plot forage production

C1: Restoration of riparian zones \ : C4: Creation of reservoirs (with
C3: Use of quarries as storage areas for

C2: Hydromc.)rphological restoration el (s dykes ar)d sluices) along the
(re-mandration) tributaries of the Vesdre river

19



cipf

Techniques culturales simplifices | * + 42 ha conservation agricultural practices
"~ Rouleau anti-érosif en mais * + 86 ha anti-erosion roller for maize

Barriéres interparcellaires ]
e 1700 km interparcel hedges

Kilometres

20



Hoégne (forested catchment)

e =
498 m
iiiii : J. '\\ 326 m
| - L
{N640] (Ns79) > > H
s '/ Foyeuru
—— ’
es7] o { Herbiester L
Jehanster / 3 \ iy . {NG8)
355 m ¢ ' ey o g
Pomaas gy oot ", { s bl b j'.'hay s"’
Transtaad, 2 Surister ‘. %) <% s
{‘ Wi N e Nature
¢ ~\
,_: 2
( Charneux
) [N672
\ .7
V\_ s e N
’ o
-
~ LR |
0 05 1 2 Kilometres
~
\

i Solwaster

e
Royal Golf Club {N629|

des Fagnes

[N629]

Al lande -> tourbiére
B A1 épicéa -> tourbiére
&= Limnimétres SPW
s * 7 7 Bv Polleur
Spa [ sv conf_statte e
ez e Réseau hydro. classé

(N629)]

[Nea|
~ Land NRW, Esri, HERE, Garmin, Foursgquare, GeoTechnologies, Inc, METI/EIASA‘ USGS
ongfaye

Peat and para-peat soils :
Managed area: 460 Ha
(11% of the area)

49 ponds
158 redents ( + 24 km of
managed small rivers axis)



Hoégne (forested catchment)
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Hydromorphic soils

Managed area: 539 Ha

(13% of the area)

165 redents (+ 25 km of managed
small rivers axes)



Helle (peaty catchment) v

' * 197 redents in small rivers axis
A 3 « 26 ponds
* 83 ha (moor to bog)
* 319 ha (spruce to peatland)
* 349 ha (spruce to deciduous)
.| * 1234 ha (forestry practices
limiting soil compaction)

......
..........

— Réseau hydro. classé
— Pose de redents

Al lande --> tourbiere
" Al épicéa --> tourbiere
= A2 épicéa --> feuillu
O BV. Helle

CJBV_Helle
3 A5 pratiques forestiéres

e

£ Iay s RS NG USGS, ated NN, L0 A0 RE . RS, i s = o e MASA VG, URGR P, e TP £l AT Garmin [ 1o e Gaoehsslogier
- Vor WE@HE 1% DEGE (e Y A PR ) 4 T LIGSE s

0 05 1 ki 2 3 4 Smnetmioghn 1y WEBHE U5GE SR 23




¢ LIEGE université
Gembloux
Agro-Bio Tech

Some results




Débit (m?/s)

Results: July 2021 — Hydrographs - Magne

30

N
o
|

19 =

|

- Sans
Avec

travaux
Travaux

13-07 - '

14-07 —

15-07 —|

16-07 —

17-07

18-07 —

site_ref QMax delta (%) Qmax Time delta (min) Vol. tot. delta (%)
1 Foret -33 15 -14
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Overall comparison of maximum flows per event

Magne (since 2018)
- The poiqts correspond to 0 . Droite 1.1 A
the maximum flows of —— Q_aprés = 0.701 Q_avant ,-*

fed
L
i

isolated events
(6h without rain)

Pt
=
i

- Maximum flow rates
reduced by around 30%
(including for the highest
flow rates)

(including for the highest

=]

LN
i

Debit max apres amenagement [m?*/s]
th

2
i

0 10 20 30
Debit max avant amenagement [m?/s)

flow rates)



Overall comparison of maximum flows per event

Débit max aprés aménagement [m3/s]
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Discharge [m3s57!]

Time series analysis : forested catchment

prior to management (2003 - 2020) post-management (2003 - 2020)
—— GEV - annual - 1h gg 4 —— GEV - annual - 1h
30 ' — GEV - annual - 2h —— GEV - annual - 2h
— GEV - annual - 12h —— GEV - annual - 12h
a4 GEV - annual - 24h _ 40 + —— GEV - annual - 24h
—— GEV - annual - 48h 'T'w| - annual - 48h
E 20+
301 w
e
m
=
20 1 ki 20 1
&
10 _////l 1D -///
—_— | — |
! ! ! ! ! ! I I I I I I
1 2 5 10 15 25 50 100 1 2 5 0 15 25 50 100
Return period [year] Return period [year]
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Flow coefficients — agricultural catchment ¥

Coefficient d'écoulements
Sans aménagement (-) 2021-07-13 au 2021-07-18

242000 244000 246000 248000 250000 252000

144000 4

10 - .
150000 1 I Coefficient d'ecoulement
05 L Difference (Il - 1) du 2021-07-13 au 2021-07-18
148000 - E
g 150000 -
- 0.75
146000 - =
L 04 & a
= -050 ©
144000 - E 148000 - s ’ E
[ e - AL K-t iLi
02 A AR el e e [ -0.25 S
142000 - e T : e -TH'JTE-' iy ~§
242000 244000 246000 248000 250000 252000 146000 - S } FEe e - r g -0.00 %
Coefficient d'écoulement B i 1'“ ' A Rt =
avec aménagements du 2021-07-13 au 2021-07-18 A e ?-l-_"!" - —0.25 -E
. 4 - —
150000 144000 - I S ) 050 E
_ - LT 'l-ll
148000 - 3 E
I -0.75
g 142000 -
146000 - =
g
g

142000 4

30

242000 244000 246000 248000 250000 3252000



P

Runoff instant speeds — peaty catchment

Vitesse de | écoulement en surface (14 juillet 2021 a 21h)

Avant Vitesse | écoulement en surface (14 juillet 2021 a 21h)
Différence

0.10

0.100
0.08
0.06 0.075
£
- 0.04 0050
- 0.02
0.025
L 0.00
"]
0.000 IS
Vitesse de | écoulement en surface (14 juillet 2021 a 21h)
Aprés
0.10 —0.025
0.08
—0.050
0.06
- 0.04
—0.100
- 0.02
—L 0.00 3 1
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Objectives
Quantifying the hydrological efficiency of the various actions

Method

Analysis of runoff production before and after development
Estimated efficiency

(runoffbefore - runoff after)

Efficiency (%) = 100.
ff Y Tunoffbefore

Carried out for each managed area and for each rainfall event

6 hours without rain between two events
First test: 2002-2011 period



P

« ldentity card » of the management actions

» Efficiency in runoff volume reduction

1089 rainfall events -> 88 with runoff > 5 mm (before management)

Moors -> Future peatlands - ‘

Spruce -> Future peatlands -

Spruce -> Deciduous -

Efficiency



Efficacite - Diminution du ruisselement [%]

Results forested catchment

Corrélation : 0.28
Valeur p : 0.02

A2

2 -+ 6 8
Precipitation Horaire moyenne [mm)]

10

Al.l : Moors -> Future peat bogs
Al.2 : Spruce -> Future peat bogs
A2 : Spruce -> Deciduous

12

Efficacite - Diminution du ruisselement [%)]

m@:&' * oo

2 4 6 8 10 12
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type

Results BV Peaty catchment

Al.l : Moors -> Future peatlands

Al.2 : Spruce -> Future peatlands

A2 : Spruce -> Deciduous + limit compactionl

Al.1 - |
I |
A2
I |
-40 20 0 20 40 60 80
Efficiency

lement [%]

lement [%]

Efficacité - Diminution du ruisse
|

® Al
Al2

—e-ufeeor v %

Al.1:p=0.68
Al.2 : p =0.49
A2 :p=0.12

Efficacité - Diminution du ruisse
|

25 = i3 100 125 150
Volume precipité [mm]

® Al
Al2
AZ
[ ]
—,Jﬁ—'_,'ﬂe - L] [ 8 hd

Al.l:p=0.27
Al.2:p=0.07
A2 :p=0.08
35
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For each model cell and each year (2003-2021), extraction of the maximum duration when the water pressure in the soil
profile explored by the roots is below the stress threshold.

For each cell, adjustment of a Gumbel law to establish the link between the duration, intensity (threshold) and
probability of occurrence (return period) of the stress. - Drought — Duration — Frequency (DDF)

Time

Duration

Duration

Duration
—P>

Severe stress threshold (-150 m)

Water tension in the ground (m)

return period



Focus on drought: Results (before management)

Mombre de jours consécutifs sous le seuil de stress Mombre de jours consécutifs sous le seuil de stress Nombre de jours consécutifs sous le seuil de stress &
h =-30 m pour une période de retour de 2 ans h =-30 m pour une période de retour de 5 ans 60 h =-30 m pour une période de retour de 10 ans
50 50 50
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Focus on drought: Results (difference)

Variation du nombre de jE}L_.IrS consécutifs de stress : Variation du nombre de jE]l:ITS consécutifs de stress - 0 Variation du nombre de jours consécutifs de stress - Variation du nombre de jours consécutifs de stress :
h =-30 m pour une période de retour de 2 ans h =-30 m pour une période de retour de 5 ans h =-30 m pour une période de retour de 10 ans Jf %° h =-30 m pour une période de retour de 25 ans
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Focus on drought: Results (difference)

variation in the number of consecutive days of stress h=- . Variation du nombre de jours consécutifs sous le seuil de stress
30m for a return period of 25 vears s h =-30 m pour une période de retour de 25 ans
P Y o -
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10 g 01 R
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Although its full validation remains a challenge....
This type of model offers the possibility of explicitly testing a wide range
of catchment management actions,
both in terms of floods and droughts.
It is possible to

run different types of management actions,
extract key intermediate variables and
subject the models to climate change scenarios, etc.

We are only at the beginning of exploiting the results,

We remain aware of the limitations and value the comparative approach
before and after development more than the absolute results
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