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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Abstract

The water balance model of the Scheldt and Meuse basins will be used in order to perform low flow forecasts
and calculate climate change scenarios. Within the current subtask is investigated which is the most
appropriate hydrological model for the sub catchments of the water balance model of the Scheldt basin in
order to meet this prerequisite. This sub report describes the calibration and evaluation of the VHM model,
a lumped conceptual model for continuous rainfall-runoff simulation (Willems P., 2014) developed by the
Hydraulics Division in KU Leuven in Belgium.

The optimization during calibration is performed based on an automatic procedure, followed by a visual
control. During the optimization routine the parameter sets are selected based on 2 criteria: (1) absolute
error on cumulated total flow at each time step, and (2] logarithmic Nash-Sutcliff efficiency. The first criterion
aims to model the global flow pattern, the latter focuses mainly on the low flows.

Overall, the performance of the calibrated VHM models is similar compared to the other lumped rainfall-
runoff models already calibrated: PDM, NAM and WETSPA. The summarized results for each of the gauged
sub catchments within the study area, allow the user to get insight in the performance of the VHM model for
each of the involved sub catchments. Based on this information and the evaluation of the NAM, PDM and
WETSPA models, the user can make a well-grounded decision on which model to use for the considered
objective.
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station 6210102 - Molenbeek, Pulle [2003-2015] ... ciamaseser s erss s ssssss e s sssssnmsssss srssssssssss nasasssssnmmsssssns 74
Figure 74 — Measured (red) and simulated (blue) cumulative discharge [m*] on catchment V10MOP062140,
station 6210102 - Molenbeek, Pulle [2003-2015] ... ciiamaseser e srr s sssss e s s sssssnmsssss snsassssssss nasasssssnmssssrsns 74
Figure 75 — Measured (red) and simulated [blue) daily discharge [m?®/s] during specific low and high flow
events on catchment V1I0MOP062140, station 6210102 - Molenbeek, PUllE .. e v se s sesss s s v senes 75
Figure 76 — Subcatchments and measure points for the Meuse Basin....... s 76

Figure 77 — Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W110UR5805,
station Ourthe, Angleur 2 Bis(2001-2013 ). e ss s srr s s sss s e s s sssssnmmas s s rrsbssessssnsssassnmmnassrens 78

Figure 78 — Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W110URS5805,
station Ourthe, Angleur 2 bis (calibration Period] ... s e ras e s s ssssmmnas s 78

Figure 79 — Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow
events on catchment W110URS805, station Ourthe, Angleur 2 Dis . e nas s 79

Figure 80 — Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W11HOY5990,
station Hoyoux, Marchin{2001-2003] ... s sesssssas s srs s s sss s e s s sasss mna e s raasbasessesnssssssnmmnassrens 80

Figure 81 — Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W11HOY5990,
station Hoyoux, Marchin (calibration Period] .. s s s s s sass s s s s enen s nns 80

Figure 82 — Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow
events on catchment W11HOY5990, station HOyouX, Marchin.. s sss s s sssss s ssssns 81
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1 Introduction

1.1 Objectives

The water balance model of the Scheldt basin will be used in order to perform low flow forecasts and
calculate climate change scenarios. The goal of this subtask of the project ‘Modelling water availability
and water allocation strategies in the Scheldt basin’, is to define the most appropriate hydrological
models for the water balance model of the Scheldt basin in order to meet this prerequisite. Therefore,
different hydrological models for each of the subcatchments in the study area are set up and evaluated
on their appropriateness for low flow forecasting and climate change scenarios. The regarded models
are NAM (DHI, 2009), PDM (Moore, 2007), VHM (Willems, P., 2014) and Wetspa . Overall descriptions
of these models can be found in Vansteenkiste et al. (2011). After evaluation of each of these
hydrological models, the most appropriate model for each catchment can be used for the particular
application.

In the current project, hydrological VHM models for the gauged catchments (i.e. catchments upstream
of a gauging station) are calibrated whereby the focus is mainly on low flows. For each of the
hydrological catchments, the VHM parameters will be determined.

The calibration is performed based on an automatic optimization procedure followed by a visual
control. During the optimization routine the best parameters set is selected for each catchment based
on 2 criteria: (1) Absolute error on cumulated total flow at each time step, and (2) Logarithmic Nash-
Sutcliff efficiency. The first criterion aims to model the global flow pattern, the latter focuses mainly
on the low flows.

Ungauged catchments will inherit model parameters from similar neighboring catchments.

After validation and robustness checks, the newly calibrated VHM models will, if suitable, ready to be
used for low flow forecasting and climate change scenario simulations.

1.2 Structure of the report

In a first section, the addressed catchments are defined and reliable gauging stations selected (Section
2). Second, rainfall and evapotranspiration are then interpolated for the selected catchments,
according to the Thiessen polygon method (Section 3).

The general structure and parameters of the VHM model are outlined in Section 4 while the calibration
strategy and basic logic behind the automated calibration algorithm are explained in Section 5.

Once all VHM models for the gauged catchments are calibrated, flow is simulated for 47 years (1967-
2013). Ungauged catchments are simulated using parameters of a nearby catchment with similar
characteristics. Results are synthetized in Section 6 and detailed in the appendices.

Section 7 presents conclusions of the calibration and some recommendations to consider when using
the calibrated VHM models in the next steps of the project.

Fimal version WL2021R00_162_4-4 1



Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

2 Catchment delineation

2.1 General

The inputs of the water allocation model are discharge time series at the upper boundaries and entries
of tributaries in the modelled water network. This rainfall runoff discharge is simulated by means of
one of the abovementioned hydrological models (NAM, PDM, VHM, Wetspa). Apart from the Scheldt
catchment as such, the Uzer basin and the catchment of the Brugse Polders are also included in the
water allocation model and therefore also included to this study. The map on Figure 1 shows the main
river basins included in the water allocation model. In this report, results will be structured
geographically per basin. The development of hydrological VHM models for the Meuse basin, which is
also included in the water allocation model, is subject to a distinct report (Maroy et al., 2021).

Delineated hydrological subcatchments for the water allocation model were collected in 2010 based
on past modelling studies (De Boeck et al. 2011) and updated within the framework of the present
study. Figure 1 shows an overview of the delineated catchments in the water allocation model.

For the gauged catchments, where a time series of measured discharge is available, the VHM models
are calibrated.

Some of the gauged catchments in the water allocation model are subdivided in different
subcatchments to distribute the inflow over the modelled river stretches. Each of these subcatchments
inherits the parameters of the main gauged catchment. An example of this is the Leie catchment
upstream of the measuring station the Menen, which is subdivided into 27 subcatchments. The
catchment itself is calibrated on the discharge timeseries of the gauging station the Menen. Within the
water allocation model the rainfall runoff of each of these 27 subcatchments is calculated based on its
particular interpolated rainfall- and evaporation series and linked individually to the appropriate
modelled water course. For more detail about the choices and methodology of catchment delineation,
please see De Boeck et al. (2011)' . Ungauged models inherit VHM parameters from similar
neighboring catchments.

All catchments of the water allocation model received a unique informative code, as defined in the
previous phase of the project (De Boeck et al., 2011). Each code consists of 12 characters, relative to
the catchment location, main water course and gauging station:

* Character 1: region where the catchment is located (V: Flanders; W: Wallonia; N: Netherlands;
F: France)

* Characters 2 and 3: number of the Flemish hydrographic basin to which the catchment
belongs.

* Characters 4,5 and 6: initials of the main water course

* Characters 7, 8 and 9: first three digits of the gauging station code (or 3 letter initials) for
gauged catchments, and “000" for ungauged catchments.

* Characters 10, 11 and 12: three digit-suffix that ensure catchment code differentiation.

1WL2011R724_04c_rev2_1_DO3.doc
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Figure 1 — Map of gauged and ungauged catchments of the Scheldt basin, Meuse, the Brugse polders and the Uzer.
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2.2 Gauged catchments

Table 1 lists the gauged stations used for calibration of the rainfall-runoff models. Catchments that were

calibrated jointly are listed in Table 2.

Table 1 — List of gauging stations on the Scheldt and its tributaries for calibration of hydrological models

Gauging station [code - water course; location) Catchment ID Area [km?) Gauged years
43810102 - Handzamevaart; Kortemark VO1HAMNSEE1E0 78,6 1554-2016
46810102 - ljzer; Roesbrugge Haringe VO1HEI463999 3930 1986-2016
45510102 - leperies; Zuidschote VO1IEP4535080 63,4 1983-2014
45270102 - Kemmelbeek; Boezinge VO1KEMAS2060 73,9 15986-2015
49610102 - 5t. Jansbeek; Merkem VO1MARA56120 76,1 15986-2016
45110102 - Poperingevaart; Dostvieteren VO1POP451030 549 15984-2016
45910102 - Steenbeek; Merkem VO155v459140 16,1 1550-2009
44210102 — Ede; Maldegem VOZEDE442120 45,5 15983-2016
42610102 - Hertsbergebeek; Oostkamp VOZHER426010 7.3 15986-2016
4220102 — Kerkebeek; Sint-Michiels VOZKER422030 62,7 1583-2008
42510102 - Rivierbeek; Dostkamp VOZRINV425020 53,0 15983-2016
43656122 - Poekebeek; Mevele VO3IPOE346000 106,8 15983-2010
3610102 - Kleine Molenbeek; Liezele VO4MOL036110 32,6 1966-2016
3710102 - Grote Molenbeek; Malderen VOAMOMOI 7100 67,3 1966-2016
38680122 — Leie; Menen FOSLEI386559 29818 1558-2016
40310102 - Heulebeek; Heule VOSHEU403210 51,9 15972-2016
40110102 - Mandel; Oostrozebeke VOSMANSD1230 258.4 1967-2013
32580122 - Bovenschelde; Bossuit FOEBOS5325959 L2176 2001-2014
34710102 - Maarkebeek; Etikhowe VDeMAAIST160D 48,7 15972-2016
34210102 - Zwalm; Nederzwalm VOeZIWA3IA21590 1121 15972-2016
L5412 — Rhosnes; Amougies WOERHOLS4100 1619 2012-2016
28510102 — Bellebeek; Essene VO7BEL2E50T0 88,7

28570102 — Mark; Viane VO7MAR2ZES015 173.9 1576-2016
28210102 — Molenbeek; Erpe Mere VO7MOEZE2100 46,4 15986-2016
28810102 — Molenbeek; Geraardsbergen VO7MOG28E020 231 15985-2014
2708-1050 Dendre; Lessines WO7DENLESS59 5118

11110102-Barebeek; Elewijt VOEBAR1113T0 59,9 15957-2004
5310102 — Dijle; Wilsele VOED053400 836,39 1574-2014
23310102 — Zuunbeek; 5t Pietersleeuw VOBZUU233100 &4,8 15985-2016
2371-10050 S5amme; Ronquieres WOESAMROMNOODD 1336 1983-2016
L5670 —5enette; Ronquieres WOESENLS&010 T0.4 1577-2016
15951-10050 Zenne; Tubize WOESENTUBD3O 2159 1575-2016
13610102 — Demer; Hasselt VOSDEM136000 2551 15957-2016
15210102 - Gete; Halen VOSGET152080 500, 4 19653-2013
16310102 — Herk; Kermt VOSHER163010 2746 1577-2016
14710102 - De Hulpe; Molenstede VOSHUL147150 80,1 15986-2016
4 WL2021R00_162_4-4 Final version
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Gauging station [code - water course; location) Catchment ID Area [km?) Gauged years
14310102 - Grote Losting; Wezemaal VOSLO5143300 15,2 1986-2016
16110102 - Mangelbeek; Lummen VOSMANLE1040 1029 1583-2011
14410102 - Motte; Rillaar VOSMOT144270 33,6 15986-2010
14510102 - Velp; Ransberg VOSVEL145100 56,8 1963-2016
14110102 - Rotselaar; Winge VOSWIN141310 64,7 15986-2016
14810102 - Zwarte Beek; Lummen VOSZWAL4E120 56,2 15983-2016
8610102 - Grote Laak; Vorst V1DGLADERDZO 62,6 15986-2014
7610102 - Grote Mete; Geel-Zammel VIDGNEDOTESSS 2435 15985-2013
5210102 - Kleine Nete; Grobbendonk VIDKNEOSZ000 La4.7 15983-2016
6210102 — Molenbeek; Pulle V10MOPDEZ140 7.3 15986-2014
8210102 — Wimp; Wiskewvorst V10WIMDE2050 65,4 1983-2007

Table 2 — Catchments calibrated jointly based on one gauging station

Station (code - water | Joint code Catchments

course; location)

46810102 - lizer; FO11JZ468000 VO1HEI68010

Roesbrugge Haringe FO1YSE468000

38680122 — Leie, FOSLEI386001 FOSBEC386023 FOSDEU386090 VOSLEI386180

Menen FOSBEC386025 FOSDEU386110 FOSLOI386035
FOSBOU386005 FOSDEU386120 FOSLYS386000
FOSCLA386017 FOSDEU386130 FOSLYS386010
FOSCLA386020 FOSDEU386140 FOSLYS386015
FOSDEU386040 FOSDEU386150 FOSLYS386115
FOSDEU386050 FOSDEU386160 FOSMAR386070
FOSDEU386060 FOSLAW386018 FOSMAR386100
FOSDEU386080 FOSLAW386030 WOSLYS386170

32580122 - FO6BOS325001: FOBBOS325000 FOGERC325030 WO6B0S325095

g:::siichelde,' FO6BOS325015 FOGHOG325070 WO6BOS325105
FOBBOS325016 FOGRHO325060 WO6B0S325115
FOBBOS325017 FO6SCA325020 WOGHAI325080
FOBBOS325018 FO6SCA325025 WOGHAI325085
FOBBOS325019 FO6SEL325040 WOGHAI325090
FOBECA325050 FOBSEN325010

2.3 Ungauged catchments

The VHM parameters for the ungauged catchments in the modelled area, are inherited from neighbering
gauged catchments. The link between the ungauged and the corresponding gauged catchment is made based
on the catchment characteristics (soil, slope, concentration time, land use).
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3 Input data preprocessing

3.1 Thiessen polygon method

Interpolated precipitation was produced for each catchment according to the Thiessen polygon method,
using Hydr@ (IMDC, 2010). Rainfall and evapotranspiration are interpolated using weights inversely
proportional to the distance to the weather station, using measurements available for each time step.
Because of the large scale and the long term nature of time series used in this study, a daily time step is used.
For consistency reasons, calibration is also based on daily time series. Both meteorological and discharge
time series are thus sampled at a daily time step.

3.2 Precipitation

Thiessen precipitation needed to be calculated for all delineated subcatchments (Section 2). Source data
consists hereby of rainfall measurements from 1967 to 2013, spread over the entire model area and around.
The Scheldt catchment extends over France, Flanders, Wallonia and the Netherlands. Precipitation data was
thus gathered from instances in Belgium, Netherlands and France. For Belgium, precipitation data was
gathered from KMI (The Royal Meteorological institute) and SPW (Public Services of Wallonia). For France,
data was gathered from Météo France. Crosses on Figure 1 show used rainfall metering stations on and
around the Scheldt basin (Météo France and KMI).

Since the previous NAM calibration study in Flanders (De Boeck et al. 2011), reliability of the rainfall
interpolation was greatly increased for the French Leie and Bovenschelde (discussed in Michielsen et al.,
2021). Due to additional data from the French weather stations, the amount of rain gauges for the the
Bovenschelde and Leie (including the French part) increases to 46 rain gauges and 30 respectively (Table 3).

Table 3 — Number of rain gauges per hydrographic basin

Hydrographic basin surface area (km?)2 Number of subcatchments | Number of rain
{gauged and ungauged) Bauges

Benedenschelde 1704 24 21
Bovenschelde 5947 33 46
Brugse Polders 1046 24 13
Demer 2334 36 29
Dender 1384 17 17
Dijle en Zenne 2450 49 37
Gentse Kanalen 917 29 11
ljzer 1046 18 9

Leie 3 886 39 30
MNete 1673 20 24

2 Bekkenbeheerplannen Vlaanderen[ANON., 2009)
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3.3 Evapotranspiration

Whereas there is a lot of precipitation input data, it doesn't apply for evaporation data. Thiessen evaporation
data is very scarce. As an example, for the entire period (from 1967-2013), there was only one active
PE station in France, located in Langres, 10 km outside the southernmost part of the Scheldt basin. The
evaporation per catchment was calculated based on interpolation of PE data which was already available
from the Scheldt basin (a combination of Uccle and Herentals data). All interpolated evapotranspiration
timeseries are practically identical because of their geographical proximity.
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4 Rainfall-runoff modelling methodology

The hydrological model used which is investigated in this sub report is the conceptual rainfall-runoff VHM

model. VHM is a rainfall-runoff lumped model structure developed by the Hydraulics Division in KU Leuven in
Belgium (Willems P., 2014).

For each catchment, discharge is simulated based on a unique set of parameters using interpolated rainfall
and potential evapotranspiration time series as input. A description of VHMM is outlined below.

4.1 Structure of the VHM hydrological model

The VHM model is “top-down”, lumped, conceptual rainfall-runoff model. The term “"top-down” refers to the
flexibility of setting the model structure, or whether adapting the multiple working hypotheses method,
instead of using pre-defined model conceptualization. This meodel wuses an empirical and
step-wise technigue that is based on a data-based analysis of response characteristics after the examination
of the various model components step by step. Figure 2 below shows the general structure of the VHM
model. After the transformation of the observed rainfall series into a single time series of rainfall input, this
latter is separated into different fractions; the main series that contributes to the quick runoff flow x,zcan
be divided into an overland flow portion xgzand an interflow portion x;7. While x¢gis the series that concerns
the slow flow runoff, the xyrconcerns the soil moisture storage portion. The total runoff xgis the sum of
the quick and the slow flow portions (Willems, P., 2014).

Rainfall measurements x,

¥
Rainfall model |
Eaintall input x
o é) tor tor Overland flow _Overland flow v,
routing
', F.\'irh1l|';1m]‘.n||'u1mn o
5 Quick flow Vor
: o
, .' . Xir Interflow Interflow vy

Runoff v
(E) >

Slow fow Slow flow vy,

routing

Figure 2 — Structure of the VHM model (Willems, P., 2014)
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4.2 VHM parameters description

1. Maximum soil moisture storage SMmay

SMma[mm] defines the maximum soil moisture storage which is the total amount of water that is stored in
the soil within the plants’ root zone. Depending on the soil texture and the crop rooting depth, this parameter
varies within 50 and 500mm.

2. Maximum soil evaporation SMewp

SMeaygp [mm] or maximum soil evaporation, is the maximum quantity of water that can be evaporated from
the soil. It varies from 0 to 100mm.

3. Soil fraction parameters c1, c2 and c3
To determine the soil moisture storage fraction, the soil fractions parameters are determinative to establish
an equation between soil moisture and soil moisture fraction. They usually varies between 0 and 1, however,
depending on the catchments, they can reach higher or lower values.

4. overland flow fraction parameters cOF1, cOF2
These parameters are the surface runoff separation process parameters that are used to determine the
overland runoff fraction. They varies between 0 and 1.

5. Interflow fraction parameter ciF1, cIF2
In analogy with the overland flow fraction parameters, cIF and the factors that express the interflow fraction
in function of the soil moisture content. They also varies between 0 and 1.

6. Baseflow time constant CKBF

CKBF [hours] determines the shape of the hydrograph in dry periods (exponential decay). It can be estimated
from hydrograph recession analysis. CKBF values range from 500 to 5000 hours.

7. Interflow time constant CKIF

CKIF [hours] determines, together with SMmax, the amount of interflow. It is the dominant routing
parameter of the interflow. Range is 20 to 500 hours.

8. oOverland flow time constant CKOF

CKBF [hours] determines, together with SMmax, the amount of overland flow. It is the dominant routing
parameter of the overland flow. Range is 4 to 50 hours.
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5 Calibration strategy

5.1 Optimization algorithm

The algorithm used for optimization of VHM parameters is the Non-dominated Sorting Genetic Algorithm Il
or NSGA Il (Kalyanmoy et al. 2002). This algorithm is suitable for optimization problems with multiple
objective functions.

Variable values are generated in the first iteration. Each solution, that is to say an array of variable values, is
called an individual. A population is a group of N solutions in each iteration. In the following iterations the
created individuals are going to be “children” of the previous population, that is to say they are going to
inherit “features” from couples of individuals chosen in the previous population according to specified
selection and crossover techniques. The user can choose to randomly mutate the children features when an
offspring is created.

The algorithm will then perform the evaluation of the solutions through the Pareto comparison, that is to say
a solution dominates, or is better than, another solution if it is better than or equal to the other solution in
all objectives and strictly better in at least one objective. A combined population R of parent and children
population is formed; the individuals in it are sorted according to non-domination. Since all previous and
current population members are included in R, the elitism is ensured. The best N solutions will be the
population of the next iteration.

5.2 Objective function

Automatic calibration is consists of optimizing (1) agreement between the average simulated and observed
catchment runoff (overall volume error) and (2) overall agreement of the shape of the hydrograph. To assess
these two aspects, evaluation is based on the following goodness-of-fit indexes:

1. Absolute error on cumulated total flow at each time step (to minimize), and
2. Logarithmic Nash-Sutcliff efficiency (to maximize).

These two objectives are suited for NSGA-II optimization because they are contradictory for a number of
model parameters. A reduced number of objectives [two) facilitates and fastens the algorithm convergence
while ensuring good overall performance of the model. It is also important that these objectives be
contradictory in order for the optimum to be well defined. There are generally trade-offs between
performance for high and low flows. Therefore, final manual and visual checks will complete performance
evaluation with possible focus on low or high flow.

The efficiency E proposed by Nash and Sutcliffe (1970) is defined as one minus the sum of the absolute
squared differences between the predicted and observed values normalized by the variance of the observed
values during the period under investigation. It is calculated as follows:

F—1— Y0, — P)? Eg.1
?=1(Gi'- - 5)2

with O observed and P predicted values.

To reduce the sensitivity to extreme values, the Nash-Sutcliffe efficiency E is also calculated with logarithmic
values of O and P. Through logarithmic transformation of runoff values, the peaks are flattened and the low
flows are kept more or less at the same level. As a result, the influence of low flow values is increased in
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comparison to the flood peaks, resulting in a higher sensitivity of log NSE to systematic model over- or
underprediction (Krause et al. 2005).

The second objective of the algorithm is minimizing the absolute error on cumulated values at each time step
(day). This ensures that the water balance remains satisfactory throughout the simulation (all years
simulated).

The two goodness-of-fit statistics can be represented in 2 dimensions to represent the set of solutions
evaluated by the algorithm. The best pairs constitute the Pareto front.

In order to select one single best solution, the two performance indexes were normalized (or rescaled) across
the explored range (Eqg. 2): with xmin set to zero for the absolute error, and xmax set to 1 for the logarithmic
MNSE.
xr iin_ Eq_ 2
XMax—Xmin
This normalization resulted in values between 0 and 1 for the absolute error and between -1 and 1 for the
NSE. The final solution was then selected among the final Pareto front, looking at the minimum Euclidian

distance to theoretical optimum: log NSE = 1 and Absolute Error =0 (Eqg. 3).

d = /(xg —%a)* + (¥5 — ¥a)® Eq. 3

An example of Pareto front and final selection is shown in Figure 3 and Figure 4.

Pareto solutions set, final iteration
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Figure 3 — All evaluated candidates (individuals) and final population of solutions (Pareto front)
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Pareto solutions set, final iteration
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Figure 4 — Rescaled final population of solutions {Pareto front)
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5.4 Implementation in Python

The Python version of the NSGA Il algorithm was adapted for hydrological optimization purposes using a
general framework supporting three rainfall-runoff models: NAM, PDM, VHM and Wetspa. Description of
how the VHM model and the other lumped models are being implemented in Python can be found in
Vansteenkiste et al. (2011) and Tran et al. (2014 a, b).

The calibration Python shell currently supports the following:

-  Optimization of (one or all) model parameters for a given calibration period,

- Evaluation of model parameters for a given validation period,

- Plotting results of various alternative parameter sets on the same plot or separately (for example,
the final population generated by the algorithm),

- Generating automatic reports of calibration and validation as Word document,

- Manual calibration for a given calibration period.

The first rainfall-runoff conceptual model used in this subtask is VHM. As a general rule, all twelve
parameters, except C3, were optimized. The explored parameter space is defined by boundaries in Table 4.
There are no bibliographical sources that have recommendations about the VHM parameters, however, we
were based on the previous researches results and the past experience. In some particular cases, the
optimum was not well defined or the algorithm could not converge in reasonable range and these boundaries
were adjusted. Catchment surface area was considered reliable and was not optimized.

Whenever optimization was not delivering good results, boundaries were narrowed down using manual
calibration.

Table 4: VHM parameters and optimization boundaries

Parameters SMmax SMevap | ¢l | c2 c3 cOF1 | cOF2 cFl | clF?2 | CKOF | CKIF | CKBF

Lower boundary | 0 0,1 o |0 |4 |4 0 -6 0 29 5 25

Upper boundary | 4 5 4 |3 |65 |20 5 20 3 1 120 | 2400

Final version WL2021R00_162_4-4 13
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6 VHM model calibration

6.1 Model configuration

In most cases and when data were available, a calibration period of 13 years was used, preferably from
January 2001 to December 2013. Nevertheless, different time series were selected when available data were
insufficient or unreliable, choosing 13 years of calibration if possible.

Four windows of typical events were selected for visual evaluation:

= 11/2002-04/2003 (high flow) — 6 months
* 06/2008-11/2008 (transition) — 6 months
= 02/2005-11/2005 (low flow) — 10 months
= 11/2010-04/2011 (recession) — 6 months

The calibrated parameters were validated for the entire time series of available data (also outside of the
calibration period). Normally this period ranges from 1967 to 2013. Adjustments for a certain catchment are
reported in the catchment-specific paragraphs below.

We have to note that all the gauged catchments have been manually calibrated with the “VHM build and
calibration tool” by “K.U.Leuven — Hydraulics Laboratory”, before that the parameters can be optimized by
the automatic calibration. In fact, the initial values of the model parameters can affect the resulted one and
the guality of the output model. At the end, we chose the methodology that gives better objectives and
better visual resemblance to the gauged rainfall.

6.2 Model evaluation

While the optimization is limited to two objectives, logarithmic NSE and absolute error, it can be interesting
to look at the other indexes listed when evaluating the final results. For example:

- MNash-Sutcliff efficiency

- Relative error (negative or positive) or bias

- Kling-Gupta efficiency (Gupta et al. 2009 and Kling et al. 2012}
- Relative Nash-Sutcliff efficiency

L zf-;i("%j'*)z

rel n (0D 2
i=1 0;

Eq. 4

Since this work focuses on low flows, more importance is given to logarithmic NSE. However, high NSE values
should also be sought in order to ensure good enough performance for higher flows as well, as much as

possible.

An exact agreement between simulation and observations must not be expected because of different error
sources (errors in meteorological input data, errors in measured discharge, errors inherent to the model
structure). Calibration can only minimize those errors due to non-optimal parameter values.

NSE and logNSE values above 0.7 can be considered good. Values below zero mean that the predictive power
of the model is worse than the measured average. Considering deviation of the measured discharge time
series and errors in the meteorological inputs, NSE values are not expected to be above 0.8 (Willems, 2007).
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Visual evaluation of the fit between simulated and observed total discharge is also taken into consideration
to select the final solution, with a focus on good agreement of simulations for low flows. When useful,
Nash-Sutcliffe efficiency (non-logarithmic) was also taken into account for evaluating the final set of
candidates (when other fitness indexes were equivalent for example).

Apart from the calibration period, these goodness-of-fit statistics were calculated on the entire time series
of available data (also outside of the calibration period) in order to validate calibrated parameters whenever
more than 13 years of data was available.

The following section synthetizes the main results and conclusions of the VHM calibration in each river basin.
Detailed graphs and calculated statistics, for calibration and validation periods, are given for each gauged
catchments in Annex 3 to Annex 12.

The final sets of parameters for each calibrated PDM model and for each transposed VHM model are
summarized in Annex 1.

6.3 lJzer basin

6.3.1 Context

Although there is no interaction between the Scheldt catchment and the lzer catchment, the latter is
included in the regional water allocation model for the sake of completeness.

The total surface area of the Uzer catchment is of 1 101 km® from which about one third is located in France
(WL, 2006). This represents 1,6 % of the total study area (Scheldt basin + zer, excluding the Meuse). On the
French side, the main tributaries are the Peene Becque, the Sale Becque and the Herzeele. In Flanders, the
Poperingevaart, the Kemmelbeek, the leper-Uzer Canal with the leperlee and Martjensvaart,
Stenensluisvaart, Houtensluisvaart and Handzamevaart are the main tributaries of the Uzer. Note that these
tributaries are all discharging from the right bank of the Lzer River.

There are 8 gauged catchments in the Uzer catchment, covering 786 km® (70 % of the llzer catchment area).
Subcatchments VO1HEI468010 and FO1YSE468000 are located upstream of the gauging station in
Roesbrugge. Figure 5 shows the catchments and corresponding measurement points.
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Figure 5 — Catchments and flow metering station on the Uzer basin

6.3.2 Model performance

Table 5 and Table 6 present general performance statistics for the gauged subcatchments of the Uzer basin
for the calibration and validation period. Graphs of simulations for the subcatchments VO1HANA88180 (best
model performance in this catchment) and VO11EP495080 (worst model performance in this catchment) are
presented below (Figure 6 to Figure 13). For more detailed results on the remaining subcatchments is
referred to Annex 3.

While some catchments reached good values of NSE, LogNSE and RelErr (VO1HANA488180, V0155V499140...),
VO1IEP495080, on the opposite, showed the worst indicators among these latter. It was also the case with
the other models PDM and NAM; which may be explained by the complex hydrological situation of the
catchment, influenced by the presence of structures and diversions.

Despite the wvariability of these indicators from one catchment to another, the correlation between the
gauged series and the simulated ones are visually good.

Remarks on the discharge measurements:

For the catchment FO1UZ468000, the period from 1996 to 2005 was discarded (for both calibration and
validation) due to unreliable high observed discharge values. The measured base flow is indeed unnaturally
high during this period and most likely due to a loss of measurement quality or change of gauging parameters
of the station, that were unaccounted for. This exclusion results in a reduction of the calibration period to 9
years.

The calibration period selected for the catchment with code VO11EP495080 is 1996-2008 since the discharge
data after 2008 is not trustworthy. For the catchment V0155V499140 there is not observe discharge from
the beginning of the year 2009. Moreover, the gauging device for this catchment in Merkem was replaced in
2005 resulting in a shift in the discharge time series. Therefore, data before mid-2005 was discarded from
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calibration as well as it is not consistent with the time series before. Because years of data are relatively
scarce for this catchment , years 2005-2008 are used for validation however, despite their lower quality.

Table 5 — Overview of calibration results for gauged subcatchments in the Uzer basin

Approx. distance to
Gauging stati Catchment cod Area NSE se | RelErr() | CRNDrAtion rain gauge over
AUEINg station chment code {km?) logh e period calibration period
(erm)
48810102 - <2004 - 11
Handzamevaart; VO1HANAEE18D 7B.6 o702 | 0734 16 2001-2013
Kortemark >=2004:25
46810102 - ljzer; FO1LZ468000
oromes o [VOIHEIGE010and | 393.007 | 0522 | o605 33 2005-2013 6
toesbrugge E FOIYSEAGED00)
49510102 - leperiee; VO1IEPA95080 63.423 0.555 0.447 21 1596-2008 g
Zuidschote
49270102 -Kemmelbesk;
smmethest: VOIKEMASZ060 73.893 0575 | 0484 23 2001-2013 6
Boezinge
43610102 - St. lansheek; VO1MARA96120 76.137 0.673 0.605 19 2001-2013 8
Merkem
49110102-Foperingevzart, VO1POPA91030 B4.868 0.585 0.617 a3 2001-2013 16
Oostvleteren
i . < mid-2008 - 10
43910102 - Steenheek; VO155V439140 16.095 0608 | 0623 0 1596-2005
Merkem >= mid-2008 : 2
Table & — Overview of validation results for gauged subcatchments in the Lzer basin
Gauging station Catchment code Area [km?) NSE logNSE RelErr [%) Validation pericd
48810102 - Handzamevaart, VD1HANASE180 78.6 0.712 0.736 is 1867-2013
Kortemark
FO1LIZAGE000
46810102 - ljzer; Roesbry
H:ﬂ‘_’: peshruges [VO1HEM68010 and 393.007 0.698 0.529 75 1867-2013
Be FO1YSEAGE000)
49510102 - leperles; Zuidschote VOLIEPA35080 53.423 0.487 0.501 275 1567-2013
49270102 -Kemmelbeek; VO1KEMA92060 73.893 0.562 0.481 105 1867-2013
Boezinge
43610102 - St lansheek; VO1IMARA36120 76.137 0.679 0.596 28 1867-2013
Merkem
45110102-Foperi I,
OPETINESVEAM, VD1POPAS1030 BA.868 0.574 0.578 143 1867-2013
Oostvleteren
45510102 - Steenbeek; Merkem VO155VA99140 16.095 0.59 0.601 24 1567-2013
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Figure 6 — Measured (red) and simulated (blue) daily discharge [m*/s] on catchment VO1HAN488180,
station 48810102 - Handzamevaart; Kortemark (2001-2013)

Cumul, ¥olumes [m3]

as

=0

P

o
-

ns

oo

1eB

Cumul. Volumes of Total flow

s

e
S
T
o
i
T
"(_‘“—";f’._
/f;;.
= Cawged
il ol
/ ——  SimulaedvElHANEIBLES
0 0 2005 T a0k 1
Tirme

Figure 7 — Measured (red) and simulated (blue) cumulative discharge [m®*] on catchment VOIHAN488180,
station 48810102 - Handzamevaart; Kortemark (2001-2013)
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Figure & — Measured (red) and simulated (blue) daily discharge [m?3/s] during specific low and high flow events
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49510102 - leperlee; Zuidschote (VO1IEP425080)
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Figure 9 — Measured (red) and simulated (blue) daily discharge [m*/s] on catchment VO1IEP495080,
station 49510102 - leperlee; Zuidschote 1996-2008)

Final version WL2021R00_162_4-4 19



Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

leB

Cumul, Volumes of Total flow

1ia

=

Cumul. Welumes [m3]
= =
= =

naf

nzf

-
ot
.f"/’f
e
P
‘:-_'_'J'"
e
/ |
,f
,f'{/
= — caer
_/-.-"
— Simslale O FRAS0RT
19T 1 NIDI JIJ.:" 205 oy
Tirme

Figure 10 — Measured (red) and simulated (blue) cumulative discharge [m*] on catchment VO1IEP495080,
station 49510102 - leperlee; Zuidschote (1996-2008)
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Figure 11 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
on catchment VO1IEP495080, station 49510102 - leperiee; Zuidschote
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Figure 12 — Measured (red) and simulated (blue) daily discharge [m?*/s] during specific low and high flow events on catchment

VO1IEP455080, station 49510102 - leperlee; Zuidschote
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Figure 13 — Measured (red) and simulated (blue) daily discharge [m3/s] during transition events on catchment VO1IEP495080,

station 49510102 - leperilee; Zuidschote
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6.4 Brugse Polders

6.4.1 Context

The catchment of the Brugse Polders has an area of 1046 km®, which is 4 % of the total area of subcatchments
within the water allocation model. The Brugse Polders catchment is limited by the North Sea in the North
and by the Dutch border in the Northeast. The main rivers of the basin are the canal connecting Gent and
Oostende (Kanaal Gent-Oostende), the deviation canal (Afleidingskanaal) of the Leie and the Leopold canal.
These artificial canals conduct water from the Leie catchment towards the sea. Additionally, several local
polder water courses flow into these canals (De Boeck et al. 2011).

In the Brugse Polders, four gauged catchments account for 29 % of the total surface area (Figure 14).
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Figure 14 — Subcatchments and measurement points in the catchment of the Brugse Polders

6.4.2 Model performance

Table 7 and Table & present general performance statistics for the gauged catchments of the Brugse Polders
for the calibration and validation period. Graphs of simulations of the subcatchment VO2EDE442120 (best
performance) and V02RIV425020 (worst performance) are presented below (Figure 15 to Figure 20):
Structure of the VHM model . For more detailed results on the other catchments, see Annex 4.

Apart from the logNSE of VO2KER422030, the evaluation parameters for all of the catchments are quite
satisfying even if we consider the validation results. This can be due to the fact that all of these catchments
have small areas.

Remarks on the data: VO2KER422030 does not have data after 2007, consequently the period 1995-2007
was selected for the calibration.
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Table 7 — Overview of calibration results for gauged catchments on the Brugse Polders

Approx. distance to
. . Area RelErr Calibration rain gauge over
Gauging station Catchment code {km?) N5E logMN5E (%) period calibration period
(km])
<2013 :7
44210102 - Maldegem VOZEDEA42120 45.489 0.722 0.631 0.8 2001-2013 2013 - 10
42610102 - Hertsbhergebeek; 2011 & 2013:13
reEheek vo2HERa26010 | 77272 | os54 | osas 0 2001-2013
Oostkamp Other years: &
. - < 2000:3
4220102 - Kerkebeek, Sint-Michiels VOZKERA22030 62.719 0.691 0.627 0.6 1995-2007 2000 - 11
42510102 Rivierbeek; Dostkamp VOZRIVAZ5020 63.98 0.647 0.616 -11 2001-2013 2001-2003 - 13
Other years : 7.5

Table 8 — Overview of validation results for gauged catchments on the Brugse Polders

Gauging station Catchment code Area [km?) NSE logNSE RelErmr [%) Validation period
44210102 - Maldegem VOZEDEAAZ120 45 489 0725 0.552 -51 1967-2013
42610102 - Hertsbergebeek; Oostkamp VOZHERA26010 77.272 0.662 0.555 -4.8 1967-2013
4220102 - Kerkebeek, Sint-Michiels VOZKERA2 2030 62.719 0642 0.607 -6.2 1967-2013
42510102- Rivierbeek; Dostkamp VOZRIVA25020 63.58 0.639 0.552 -6 1967-2013
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Figure 15 — Measured (red) and simulated (blue) daily discharge [m*/s] on catchment VOZEDE442120,
station 44210102 - Maldegem (2001-2013)
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Figure 16 — Measured (red) and simulated (blue) cumulative discharge [m*] on catchment VOZEDE442120,
station 44210102 - Maldegem (2001-2013)
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Figure 17 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
on catchment VOZEDE442120, station 44210102 — Maldegem
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Figure 18 — Measured (red) and simulated (blue) daily discharge [m?*/s] on catchment VOZHER426010,
stationd2610102 - Hertsbergebeek; Costkamp (2001-2013)
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Figure 19 — Measured (red) and simulated (blue) cumulative discharge [m*] on catchment VO2ZHER426010,
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Figure 20 — Measured (red) and simulated (blue) daily discharge [m?*/s] during specific low and high flow events on catchment

VO2HER426010, stationd42610102 - Hertsbergebeek; Oostkamp

Final version

WL2021R00_162_4-4

27



Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

6.5 Gentse Kanalen

6.5.1 Context

The Gentse Kanalen catchment, covers a cluster of canals and their respective catchments and has a surface
area of 917 km® (De Boeck 2011). The catchment represents 4 % of the total model area of the water
allocation model. The Gentse Kanalen basin is limited West by the Brugse Polders, East by the
Benedenschelde and South by the Leie catchment. The Dutch border stands in the North of the basin. Both
the Leopold canal and the Gent-Terneuzen canal discharge into the Westerschelde (Western Scheldt) in the
Netherlands.

There is only one gauged catchment within the basin of the Gentse Kanalen: 44656122 on the Poekebeek in
Nevele. During the previous study the discharge at the Molenbeek in Puivelde was checked, based on project
specific discharge data of the Sigmaplan update project (De Boeck et al.,, 2011). This station is not a
permanent discharge station and consequently no new calibration is possible for this subcatchment.
Catchments and measurement points are shown on the map in Figure 21. The gauged and recalibrated area
of the basin amounts for 12 % of the total surface area of the basin.
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Figure 21 — Subcatchments and measurement points on the Gentse Kanalen catchment

6.5.2 Model performance

Table 9 and Table 10 present general performance statistics for the gauged subcatchments of the Gentse
Kanalen catchment for the validation and calibration period. The subcatchment shows a correct performance
for the validation and calibration period with values of NSE and LogNSE above 0.6. Graphs of the simulation
of the subcatchment VO3POE446000 are presented below (Figure 22 and Figure 23). For more detailed results
on the other catchments is referred to Annex 5.
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Remarks on the data: the Poekebeek (VO3POE44600) discharge was not measured from 18/01/2001 to
29/11/2004 and after 2009. Hence, the calibration period starts as soon as 1993 as to include 13 years of
data.

Table 9 — Overview of calibration results for gauged catchments on the Gentse Kanalen

Calibration Approx. distance to rain
Gauging station Catchment code | Area [km?) NSE logNSE | RelErr [%) pesiod gauge over calibration
period [km)
VI3POEAAB0D0D 106.837 0.723 0645 0.7 1993-2010 i
44556127 - Poekebeek; Nevele : : - : »= 1995 - &

Table 10 — Overview of validation results for gauged catchments on the Gentse Kanalen

Gauging station Catchment code Area [km?) NSE logMNSE RelErr [%) Gauged years

44656122 - Poekebesk: Nevele VO3POEA46000 106.837 0.727 | 0669 8.1 1967-2013

44656122 - Poekebeek; Nevele (VO3POE446000)

Total Flow
16 T T T T T T T T
= SimulatedV0IPOE44E000
i " - " Gauged
: - .
12 ! .
e .
10 2 .
& : ¢ |
E o - i ; e
= " % :
o ] . =
i \ . : £ 5 ’ e 3
f ] I am 1. : P " '! e
: . 5 : g g L e 4
. 2 - . . ‘J . . = I 4 £ . & 4
i ' ! <, ! ¥ A
4 w _:, e II ' = b e . - o
¥ afl = z 4 | - e L 5
1 the = 14 L " pe” o Tt % K,
5 L | 4 . L] ] ] ' ¥ “ . s ® ‘= il
I . * * - L s | i ", f: a
A W
-_ *a 4 ] L ¥ " i 1 L.l :l'.._ ~[{H i
"a i | " 1 =} " i - |'|; Tl
= TRES » = iy i i 1) I\
L g% ¥E . 44 i ) by |} R 1 Al
' X b ¥ & ] Ii 1 i i LR
% A _PL. ju_ ) ..L-. LL
1994 19496 19598 2000 2002 2004 20086 2008
Time

Figure 22 — Measured (red) and simulated (blue) daily discharge [m*/s] on catchment VO3POE446000,
station 44656122 - Poekebeek; Nevele(1993-2010)
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Figure 23 — Measured (red) and simulated (blue) cumulative discharge [m*] on catchment VO3POE446000,

station 44656122 - Poekebeek; Nevele (1993-2010)

= High Flow
e SimdatadVDIPDESIG000
1} " Gauged
1zt 1
mf
w
M
E ;
=
f=]
18 | |I E
| M
II I|I | I|
at | [ 1
) | =
| | |
| | | h A
z} |rl"u'| \ r\ll\—-" i III
},/_‘\, fof . ,\fl" \ / "\
o~ II" firt { "ul )
||l \L\/-\H‘J \_} = \E'—h_)f\\\.___\___,lf\-
Now 2002 Dec 2001 an 2003 Feb 2003 Maar 2003 Ao 2003
Time

Figure 24 — Measured (red) and simulated (blue) daily discharge [m?*/s] during specific high flow events

on catchment VO3POE446000, station 44656122 - Poekebeek; Nevele
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Figure 25 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low flow events
on catchment VO3POE446000, station 44656122 - Poekebeek; Nevele
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Figure 26 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific transition events
on catchment VO3POE446000, station 44656122 - Poekebeek; Nevele
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6.6 Benedenschelde

6.6.1 Context

The catchment of the Benedenschelde is 1 704 km® and belongs to the main Scheldt catchment. It covers the
Flemish part of the tidal rivers in the Scheldt estuary, except the catchments corresponding to the main
tributaries in this reach (Nete, Demer, Dijle, Zenne and Dender). The Benedenschelde catchment accounts
for 8 % of the total catchment of the study area.

About 6 % of the surface area of the basin is gauged. During the previous study the discharge at the Ledebeek
in Bormt was checked, based on project specific discharge data of the Sigmaplan update project (De Boeck
et al., 2011). This station is not a permanent discharge station and consequently no new calibration is possible
for this subcatchment.
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Figure 27 — Subcatchments and measurement points on the Benedenschelde catchment

6.6.2 Model performance

Table 11 and Table 12 present general performance statistics for the gauged catchments of the
Benedenschelde basin for the calibration and validation period. Graphs of simulation of the catchment
V04MOMO37100 (best model performance) and V04MOL036110 (worst model performance) are presented
below (Figure 25 to Figure 27).

For both of the catchment, the low flows are over-estimated and the slopes in the recession don't match
with the gauged ones. These results were obtained even though we aim to define the adequate model
parameters by manual calibrating before the optimization.
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Table 11 — Overview of calibration results for gauged catchments on the Benedenschelde basin

Approx. distance
; . Area Calibration to rain gauge over
Gauging station Catchment code [km?) NSE logNSE | RelErr{%) period calibration period
(k)
. . <2007 : 10
3610107 - Kleine Molenbeek, Liezele | V0AMOLO36110 | 32562 | o056 | 0667 04 2001-2013 2007 &
3710102 - Grote Molenbeek
o dm: srheek, VOAMOMO37100 | 67301 | 0669 | 0657 03 2001-2013 6

Table 12 — Overview of validation results for gauged catchments on the Benedenschelde basin

Gauging station Catchment code Area [km?) MNSE logNSE RelErr(%) Validation period
3610102 - Kleine Molenbeek, Liezele V0AMOLO36110 32.562 0612 0.57 125 1967-2013
3710102 - Grote Molenbeek, Malderen VOAMOMO3IT100 67.3 0651 0567 156 2001-2013
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3710102 - Grote Molenbeek, Malderen (V04MOMO37100)
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Figure 28 — Measured (red) and simulated (blue) daily discharge [m*/s] on catchment VO4MOMO37100,
station 3710102 - Grote Molenbeek, Malderen (2001-2013)
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Figure 29 — Measured (red) and simulated [blue) cumulative discharge [m*] on catchment VO4MOMO3 7100,
station 3710102 - Grote Molenbeek, Malderen {2001-2013)

WL2021R00_162_4-4

Final version



Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

. Recession Transition
2.l £,
el £
¥ 1 g 2
E 1 |‘ # ,| E ta |I| | !I ]
., 1 5. % o '{I‘.. % [1 | |
: | i f |"'-|rr' |I. '-.\;\- - sl . II I“ U \
RV -’\, L f
iy f § ) 5\'1\% E A i "’\J
Jo ” e SR e u"--.._
N'.: 5] Twr FRUE [ k] [ECFoTR] S W11 g 1 I‘,-:?Tl'.i- =) l-ﬂ?“l I\ll'\-n"\'ﬂli e LI
High Flow Low Fiow
% ' ul g:: 2
B | -
g T g
z 11 ; =t _
B ko E ili : i
= - = 5 - .
g [ 1 L | ol i rl| J ; f
o = i + FAY [N 1 |
Nl | -,-~.'lI A f |t '-."= '!!i.'. ll. K | 'I'| | | L
i’ W% R 0 o Ml 1) N
A el v 2 \___:.'- F \ W f."'_ . f f -, |-:n. 14
" . T— " \x;-_-', phnalS ,h.*k-.._.
e 3082 ] [T [Erar=TT ‘Aga i ,‘-‘“",.-‘“ #1"6"',9-"- P i p'TGM ,,.Ad 'F.e' :u" 3&
[ — simulated + Gauged|

Figure 30 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events

on catchment VO4MOMO37100, station 3710102 - Grote Molenbeek, Malderen
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Figure 31 — Measured (red) and simulated (blue) daily discharge [m?*/s] on catchment VO4MOL036110,

station 3610102 - Kleine Molenbeek, Liezele(calibration period)
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Figure 32 — Measured (red) and simulated (blue) cumulative discharge [m*®] on catchment VO4MOLO36110,

station 3610102 - Kleine Molenbeek, Liezele {calibration period)
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Figure 33 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events

on catchment VO4MOL036110, station 3610102 - Kleine Molenbeek, Liezele
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6.7 Leie

6.7.1 Context

The Leie catchment, being part of the international “Leie and Delle” basin, has an area of 3 886 km® of which
982 km? is situated in Flanders. In Ghent, the Leie confluences with the Scheldt. The subcatchments of the
Leie count for 18 % of the total study area.

In France, the Leie (or Lys in French) is connected to the Canal de Neufossé and the Canal d’Aire a la Bassée,
both part of the canal system between Duinkerke and Denain. This canal constitutes the East-West link
between the Scheldt, the Deiile, the Leie and the North Sea. The Dunkerque-Denain canal is supplied with
water of the Schelde and its tributary, the Scarpe. Some of the water flowing from the Scheldt in the canal
system, flows back to the Leie through the canalised Defile. This interaction of rivers and canals leads to an
enlarged complexity regarding the calibration of a hydrological model for this catchment.

Figure 34 shows the location of the flow gauges used for calibration of the NAM models on the Leie basin.

Py {4
! ) o b
f . e A % . o '
et - g h
o L~ v ; thh + \\n ___(-I‘:‘: (/‘i{x:% |
E N . . 1 L / b _l- )!'-"'__h\. h I“I .-"'?J
L | — A o
_.——"--\"\_.-\..-..— '._F Q‘H‘ﬂ.h — =,
e ¢ \Wmum ps "'“l?rf (
- | i Jf‘f“ El
1 - | it Wlfew 9 -
A __,—r"'l . }, R 'l|
..-/--\-. e '.\ /I E‘
A ,
i, ~ —
- -,
e e T s, i
o i s
. "%\ FEBECInGE I*’f
"{ Py FISBOLASNGS  rrsBEcasecdy i
- ,.f/ rmwmmw\ | ; i me,w EI
{7 PoshELcsrx
¢ E i FIE L 1
i L -\?-g're ¢ ___'____ e FIEDEL 5600 \h‘] -
Frw" £ o ) - FOSL SIS i .-.--"-*__I T
b i S, \’_‘ﬂ”“m” I (FosnEusenen / ]
‘-I S/ o ATy P e N TR S| i’ ,__
I - k| l 1. 3 }0 FosMAR IR ) e
"'I__‘,-:_;" 1 : e L~ FOGDEL 3000 o/ .. T
X R o FISCLANME0I > sl ey : Legend
T A Yt 7 Vg gen
ke Sl (? — l ) __.-_ﬁ"'l' A riakalve berdai
: : W P s < POSLODERS = & L ._.| Hydregmpia bisiss
iy % - g i [T ] weuee
- ot % ﬂ"“...| ; ¥ FEEDELIES040 7 . Sations
N a8 LY I‘-q T o (\L.. O et used
e e .'I__ e AR A i A R madal cadbration
o P -
\ b & . Subcatchmants
-'f, "\_, a— 1] 5 10 uged
]
e i (A=Y Lrgmagad

Figure 34 — Subcatchments and measurement points on the Leie catchment

The recalibration of the catchment upstream of the gauging station in Menen on the Leie (station 38680122),
is done for this 1 big gauged subcatchment. However, the final runoff for the water allocation model is
simulated separately for the 22 subcatchments separately, to be able to distribute the flow over the complex
canal system described above.

With three gauging stations in Menen, Heule and Oostrozebeke, 85,6 % of the Leie basin is covered by
discharge measurements.
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6.7.2 Model performances

Table 13 and Table 14 present general performance statistics for the gauged catchments of the Leie basin for
the calibration and validation period . Graphs of simulations for the catchments FOSLEI386999 (best model
performance) and VOSHEU403210 (worst model performance) are presented below (

Figure 35 to Figure 39). For more detailed results on the other catchments, see Annex 7. In paragraph 3.2 it
was already mentioned that refinement of the precipitation data in the Leie catchment significantly improves
the performance of the hydrological model for the catchment upstream Menen, compared to the first version
of the water allocation model (see Michielsen et. al, 2021).

Even though we obtained really good values of the evaluation parameters for the catchment FOSLEI386999,
the low flow in the calibrated model is overestimated comparing to the gauged one. However, for high flow
and recession, they are quite close to the gauged flow.

Despite the fact that the obtained evaluation parameters for VOSHEU403210 are lower than the ones for the
first catchments, the visualization of the calibrated low flow indicates a good correlation with the gauged
one.

Remarks on the data: The catchment VO5MANA401230 has unreliable observed data for some periods. There
is a hole in the data from 1978 to August 1982, and then from 1996 to 2004. In 2005 and the second part of
2006, discharge values were estimated based on the activity of the weir 1km upstream. From the end of 2007
(09/11/2007) on, data also get the “U” data quality flag. Data is therefore less reliable during this period and
was excluded from both calibration and validation. Calibration was performed on the continuous period of
1983-1995, preferred to a more recent but discontinued period.

Table 13 — Overview of calibration results for gauged catchments on the Leie basin

Approx. distance to

. ; Area RelErr Calibration rain gauge over

Ga stati Catchment cod NSE NSE
UEINg station ntcode {kem?) log (%) period calibration period
(kern]

- Irrelevant given the

38680122, Leie te Menen FOSLEIZ86999 25981 78 0.794 0.E01 05 2001-2013 size of the basin

<2004 : 6
40310102 - Heulebeek; Heule VOSHEU403210 91917 0.761 0.662 -2.9 2001-2013
) »=2004 : 10
40110102 - Mandel;
! VOSMANAD1230 0.743 0.758 -0.1 1983-1995 8
Oostrozebeke (LOS_409) 258.942

Table 14 — Overview of validation results for gauged catchments on the Leie basin

Gauging station Catchment code Area(km2] | NSE | logNSE | RelErr (%) Validation period
38680122, Leie te Menen FOSLEIZB6999 2981.73 0.8 0.814 0.6 1967-2013
40310102 - Heulebeek; Heule VOSHEU403210 91.912 0.75 0.623 -6 1967-2013
40110102 - Mandel; Oostrozebeke VOSMANAD1230 258 442 0.71 0619 27 1967-2013
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Figure 35 — Measured (red) and simulated (blue) daily discharge [m?*fs] on catchment FOSLEI386999,
station 38680122 — Leie, Menen({2001-2013)
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Figure 36 — Measured (red) and simulated (blue) cumulative discharge [m*] on catchment FOSLEI386999,
station 38680122 — Leie, Menen|2001-2013)
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Figure 37 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
on catchment FOSLEIZBE999, station 38680122 — Leie, Menen{2001-2013)
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Figure 38 — Measured (red) and simulated (blue) daily discharge [m*/s] on catchment VOSHEU403210,
station 40310102 - Heulebeek; Heule (calibration period 2001-2013)
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Figure 39 — Measured (red) and simulated (blue) cumulative discharge [m?] on catchment VOSHEU403210,
station 40310102 - Heulebeek; Heule {calibration period 2001-2013)
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Figure 40 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
on catchment 05HEU403210, station 40310102 - Heulebeek; Heule

Final version WL2021R00_162_4-4 43



Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

6.8 Bovenschelde

6.8.1 Context

The Bovenschelde basin extends over France, Wallonia and Flanders. This basin has an area of approximately
576 km®. Before it enters Flanders in Spiere-Helkijn, the Scheldt has a length of 124 km and a corresponding
upstream catchment of 5 380 km® in France and Wallonia. The Bovenschelde basin accounts for 30 % of the
total catchment of the study area. The Bossuit-Kortrijk canal connects the Bovenschelde to the Leie, whereas
the Spierekanaal links the Bovenschelde to the Defile.

Figure 41 shows the location of the catchments and measuring points on the Bovenschelde basin. Actually,
the subcatchments upstream from the station in Bossuit (32580122) can be seen as one gauged
subcatchment. However, as stated before, the discharge is simulated separately for each subcatchment to
generate input for the water allocation model. The total surface area considered gauged is thus 97 %
(Figure 41).
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Figure 41 — Subcatchments and measurement points on the Bovenschelde catchment

6.8.2 Model performance

Table 15 and Table 16 present general performance statistics for the gauged catchments of the Bovenschelde
basin for the calibration and validation period. Graphs of simulations of the catchments FO6B05325999 (best
performance) and VO6MAA3A7160 (worst performance) are presented below (Figure 42 to Figure 47). For
more detailed results on the other catchments, see Annex 8.

The best performance parameters of VHM for FO6B05325001 and V067ZWA342190 were achieved. However,
VO06ZWA342190 showed poor results in the validation with NSE and LogNSE around 0,4.

For FO6B0OS325001, the water volume during the calibration is quite unstable and non-correlate with the
gauged data. However, the visualization demonstrates bad guality of the data for this catchment which can
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cause this instability. LogNSE for VO6MAA347160 couldn’t be calculated even though we altered the initial
set of parameters. For this catchment, the water volume corresponds well to the gauged volume. The pics
and the low flows were well simulated.

Remarks on the data: The station 32580122 on the Bovenschelde in Bossuit (FO6B05325001) only has
records from 13/09/2001 onwards. The catchment WO6RHOL54100 only has observed discharge data from
lanuary 2000 onwards. Using the usual 2001-2013 period for calibration, there is therefore only one year of
extra data for validation.

Discharge of the Maarkebeek in Etikhove (VOBMAA347160) was estimated in 2005 and discharges above 12
m3fs are mostly estimated.

In Nederzwalm (V06ZWA342190), suspicious data was removed in 1982; moreover, data records start to be
more unstable and regularly interpolated from August 2012 onwards. Therefore, the year 2013, where the
most records were missing or interpolated, is excluded from both calibration and validation periods.

Table 15 — Overview of calibration results for gauged catchments on the Bovenschelde basin

Approx. distance to

. . Area RelErr Calibration rain gauge over
Gauging station Catchment code {km?) N5E logM5E (%) period calibration period
(kkm]
. Irrelevant gr th
32580122 - Bovenschelde; FOEBOS325999 | 52176 | 0717 | o625 44 | 20022013 | TTTorOTAmEnTIE
Bossuit size af the basin

34710102 - Maarkebeek;

. VOeMAA3IAT1E0 48.7 058 0.4 2001-2013 6
Etikhowe
34210102 - Zwalm; Nederzwalm VOeIWA3IA2190 1121 0.639 0677 -15 2000-2012 7
<1999 :3
1999 - 2000 : 6
L5412 Amougies - Rhosnes WOGRHOL54100 1619 0.554 0381 0.8 2012-2013 2000 - 2009 - 13
»>=2009:55

Table 16— Overview of validation results for gauged catchments on the Bovenschelde basin

Gauging station Catchment code Area [km?) NSE logNSE RelErmr [%) Validation pericd
37580122 - Bovenschelde; Bassuit FOEBOS325393 52176 0713 | 0837 53 2002-2013
34710102 - Maarkebeek; Etikhove VO6MAA347160 487 055 175 1972-2012

34210102 - Zwalm; Nederzwaim VO6ZWA342190 1121 0.455 | 0487 23 19732013
15412 Amougies - Rhosnes WO6RHOL54100 1619 0551 | 0398 12 2012-2013
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32580122 - Bovenschelde; Bossuit (FO6B0S325999)
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Figure 42 — Measured (red) and simulated (blue) daily discharge [m*/s] on catchment FOGB05325999,
station 32580122 - Bovenschelde; Bossuit [calibration period 2002-2013)

12 110 Cumul. Volumes of Total flow

1.0

Cumul. Volumes [m3]

Gauged
= SimulatedFOSBOS325001

. L L Y
2003 2004 2006 2008 010 Z01Z
Time

Figure 43 — Measured (red) and simulated (blue) cumulative discharge [m*] on catchment FOGB0O5325999,
station 32580122 - Bovenschelde; Bossuit [calibration period 2002-2013)
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Figure 44 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
on catchment FOEB05325999, station 32580122 - Bovenschelde; Bossuit
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Figure 45 — Measured (red) and simulated (blue) daily discharge [m*/s] on catchment VOEMAAIAT160,
station 34710102 - Maarkebeek; Etikhove (calibration period 2001-2013)
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Figure 46 —Measured (red) and simulated (blue) cumulative discharge [m*] on catchment VOEMAA3AT160,
station 34710102 - Maarkebeek; Etikhove [calibration period 2001-2013)
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Figure 47 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events

on catchment VOBMAA3AT160, station 34710102 - Maarkebeek; Etikhove (calibration period 2001-2013)
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6.9 Denderbekken

6.9.1 Context

The Dender basin has an area of 1 384 km® and extends over Wallonia and Flanders. The upstream part
(675 km?®) is located in Wallonia and the lower part (709 km?®) in Flanders. The Dender basin accounts for 6 %
of the total catchment of the study area.

With 5 gauging stations used for model calibration, the portion of gauged catchments in this basin accounts
for 61 % of total catchment area. The gauging station in Lessines is used to calibrate a hydrological model for

the catchment upstream of this gauging station. In the water allocation model, this catchment is divided into
3 subcatchments.
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Figure 48 — Subcatchments and measurement points in the Dender catchment

6.9.2 Model performance

Table 17 and Table 18 present the general performance statistics for the gauged catchments of the Dender
catchment for the calibration and validation period. Graphs of simulations for the catchments VO7BEL285070
(best model performance) and VO7MOG288020 (worst model performance) are presented below (Figure 49
to Figure 53). For more detailed results on the other catchments is referred to Annex 9.

Despite the fact that VO7BEL285070 has best model performance, this latter doesn't reflect well the low flow;
it overestimates it. The graphs for all the types of calibrated flows are not considered contiguous to the
gauged flows.

However, the calibrated flows for VO7MOG288020 are absolutely close to the gauged one, which can be
explained due to the fact that that isn't so many and high picks in the gauged low flow of this catchment.
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Remarks on the data: For the gauging station 28210102 on the Molenbeek in Erpe Mere (VO7MOE282100),
high discharge values are unreliable above 5m3/s from 1999 to 2003 and in 2005. Discharge data was
discarded from 27/10/2009 until 15/06/2011 in the WISKI series. Consequently, the calibration period was
limited to 2009. Years 2012 and 2013 have a lot of missing data and interpolated values and show an unusual
high-baseflow behavior. They were therefore excluded from both validation and calibration.

For discharge measurements in Geraardsbergen (VO7MOG288020), the years after 2009 have been deleted
due to the existence of unreliable measured discharge data and therefore the calibration series starts in 2007.
In 1999, high discharge values were estimated (above 2.7 m3/s). In 2000 and 2001, high values were
estimated with lower accuracy. From 2000 to 2002, low flows measurements had to be corrected because
the gauge did not measure low levels adequately.

The discharge data in Lessines start in 15/01/2008 for catchment WO7DENLES004. Calibration therefore
limited to 2008-2013. Validation will happen in Overboelare for both W07DENLES004 and VO7MAR289015.

Table 17 — Overview of calibration results for gauged catchments on the Dender basin

~ . Approx. distance to rain
Gauging station Catchment code [t:?l MSE logM5E Rr:i" Callb:::dm gauge over calibration
pe period [km)
28510102 - Bellebeek, Essene VO7BEL285070 887 0.697 0.686 05 2001-2013 g
<2003 : 12
28970102 - Mark, Viane VO7TMAR229015 1739 0.687 0534 01 2001-2013 2003 — 2011 : 10
' >=2011:2
<2004 : 10
28210102 - Molenbeek, Erpe Mere | VO7TMOE222100 46.4 0511 0702 05 1957-2009 +e 20045
28810102 - Molenbeek, VOTMOG 288020 23094 | o545 0.505 0.4 1957-2009 <2005:3
Geraardshergen ; i ' ' »=2003:15
Irrelevant given the size of
27081002 — Dender, Lessines WO7DENLESO04 | 51184 | 052 0538 0.1 2008-2013 the basin [max 16 km)

Table 18 — Overview of validation results for gauged catchments on the Dender basin

Gauging station Catchment code Area [km?) MNSE logNSE | RelErr [3) Validation pericd
38510102 - Bellebeek, Essene VO7BEL285070 88.642 0534 | 0566 63 1967-2013
28970102 - Mark, Viane VO7MAR289015 1739 0.694 | 0482 84 15772013
28210102 - Molenbeek, Erpe Mere VO7MOE282100 46.367 0491 | 0671 a8 1967-2013
28810102 - Molenbeek, Geraardsbergen VO7MOG288020 231 0.525 0.45 83 1986-2013
26880122 — Dender, Overboelare WO7DENOVEDDS 7332 0518 | 0337 08 2001-2013
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28970102 - Mark, Viane (VO7BEL285070)
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Figure 49 — Measured (red) and simulated {blue) daily discharge [m?*/s] on catchment VO7BEL285070,
station 28510102 - Bellebeek, Essene (2001-2013)
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Figure 50 — Measured (red) and simulated (blue) cumulative discharge [m?®] on catchment WVO7BEL285070,
station 28510102 - Bellebeek, Essene (2001-2013)
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Figure 51 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
on catchment VO7BEL2BS070 , station 28510102 - Bellebeek, Essene
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28810102 - Molenbeek, Geraardsbergen [VO7MOG288020)
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Figure 52 — Measured (red) and simulated (blue) daily discharge [m*/s] on catchment VO7MOG2E8020,
station 28810102 - Molenbeek, Geraardsbergen (1997-2009)
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Figure 53 — Measured (red) and simulated (blue) cumulative discharge [m?*] on VO7MOG288020,
station 28210102 - Molenbeek, Geraardsbergen (1997-2009)
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Figure 54 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
on VO7MOG288020, station 28810102 - Molenbeek, Geraardsbergen
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6.10 Dijle and Zenne

6.10.1 Context

The Dijle basin stretches over Flanders (55 %) and Wallonia (45 %) and has an area of about 1 290 km®. The
Zenne basin (ca. 1 160 km?) spreads across Wallonia [50 %), Brussels (14 %) and Flanders (36 %). In total, the
Dijle and Zenne basin accounts for 11 % of the total area of the Scheldt basin.

Catchments and gauging stations are represented at Figure 55. Five stations are located on the Zenne on its
tributaries before the confluence with the Dijle, measuring discharge for 43 % of the Zenne catchment. The
discharge of the Dijle is measured by one station in Wilsele (67 % of the catchment surface area is gauged).
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Figure 55— Subcatchments and measurement points on the Dijle and Zenne catchment

6.10.2 Model performance

Table 19 and Table 20 present general performance statistics for the gauged catchments of the Dijle and the
Zenne basins for the calibration and walidation period. Graphs of simulations for the catchments
VOBBAR111370 (best model performance) and WOBSENROND10 (worst model performance) are presented
below (Figure 56 to Figure 61). For more detailed results on the other catchments, see Annex 10.

Besides the medicore values of the evaluation parameters obtained after the calibration of the catchment
WOSSENRONO10, it is crucial that this model is considered the worst one in this basin.

Mot only the base flow in the low flows and transition are overestimated, but also the model underestimate
the flows in all the other parts and it doesn’t get to the picks

When it comes to the catchment VO8BAR111370, the simulation doesn’t allow us to view the shape of the
flow graph during the low flow period. But when we look at the high flow and the cumulative flow, we can
deduct that it is a model that is well functioning and gave us good results.
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Remarks on the data: The Barebeek catchment (VO8BAR111370) only has measured discharge data from
02/01/1997 to 04/11/2004. This entire period was used for calibration. The catchment W085AMRONO000O
does not have data after 2010. A 13-year calibration period was therefore selected from 1998 to 2010.

For V08ZUU233100, most of discharge records were estimated or suspect from August 2005 to May 2006. It
is suspect in the summer of 1994 and 2008 as well as 2009 (June to November). Measured flow is also
suspiciously constant in the spring of 2003 with a lot of repeated records from April to December 2003. This
period seems therefore less trustworthy.

Discharge of the Dijle (VO8D1I093400) is measured by a VMM station in Wilsele, where measurements are
known to be disturbed by plant growth. Corrections were made by the VMM to account for this effect but
with limited accuracy. Data quality is poor or suspect on most years until 2013. Therefore, the rainfall and
potential evapotranspiration timeseries were exceptionally extended in order to have two years and a half
of reliable data (2013-mid 2015).

Table 19 — Overview of calibration results for gauged catchments on the Dijle and Zenne basins

. ! Approx. distance to
Gaue . Catch " Area NSE SE RelEmr | Calibration }
uging station ment code logh rain gauge ower
(kem?) (%) period - i
calibration period [km)
11110102-Barebeek, Hofstade
VOBBAR111370 70.0 0.741 0.755 11 1957-2004 7
(Elewijt)
- . Irrelevant given the size
5310102 - Dijle, Wilsele VOBDUIO93400 861,49 0.605 0.137 12 2013-2015
of the basin max 12)
< 2007 - 12
23310102 - Zuunbeek,
VOEZUUZ33100 64,8 0.603 0.492 223 2001-2013 2007 - 2009 : 10
5t Pietersleewns
> 2005 - 10
<2008 : 4
2371-10050 Samme, Ronguieres WOESAMROMNODD 1340 0.693 0.773 0.4 1998-2010 2008-2010:8
>2010:5
<2002:2
L5670 -Senette, Ronquieres WOESENROMNO10 70,4 0.566 0.361 -6.7 2001-2013 2002-2006 : 8
> 2006 - 11
1951-10050 Zenne, Tubize WOESENTUBD30 2159 0.671 0.621 -0.3 2001-2013 [
Table 20 — Overview of validation results for gauged catchments on the Dijle and Zenne basins
Gauging station Catchment code Area [km?) NSE logNSE RelErr (%) Validation period
11110102-Barebeek, Hofstade VOEBAR111370 70.08 0.695 -0.191 0.014 1967-2013
5310102 - Dijle, Wilsele VOEDLO03400 861,49 0.595 0.737 -16 1974-2013
23310102 - Zuunbeek, 5t Pietersleeuw VOBZUU233100 64,8 0.586 0.48 298 1985-2013
2371-10050 Samme, Ronguieres WOESAMRONOOD 134.057 0.71 0.65 -0.052 1967-2013
L5670 -Senette, Ronquieres WOBSENRONOLD 704 0.512 0.376 -15.6 1577-2013
1951-10050 Zenne, Tubize WOBSENTUBO3D 215.911 0.652 0.612 -35 1967-2013
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Figure 56 — Measured (red) and simulated (blue) daily discharge [m?*/s] on catchment VOEBAR111370,

station 11110102-Barebeek, Hofstade (Elewijt) (2001-2013)
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Figure 57 — Measured (red) and simulated (blue) cumulative discharge [m*] on catchment VOEBAR111370,

station 11110102-Barebeek, Hofstade (Elewijt) (2001-2013)
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Figure 58 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
on catchment VOEBAR111370, station 11110102-Barebeek, Hofstade (Elewijt)
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Figure 59 — Measured (red) and simulated (blue) daily discharge [m*/s] on catchment WOBSENROMNO10,

station L5670 -Senette, Ronquieres (2001-2013)
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Figure 680 — Measured (red) and simulated (blue) cumulative discharge [m?] on catchment WOBSENRONO10,

station L5670 -Senette, Ronquieres (2001-2013)
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Figure 61 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
on catchment WOBSENRONOD10, station L5670 -Senette, Ronquieres
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6.11 Demerbekken

6.11.1 Context

The Demer basin has an area of 2 334 km®. From that, 1 919 km® is located in Flanders, the rest being in
Wallonia. It contributes for 10 % of the total surface area of the Scheldt basin. The navigable rivers in this
catchment are the Demer and the Albert canal.

With 10 gauging stations, 80,3 % of the catchments in the Demer is gauged. These stations are listed in
Remarks on the data: Some catchments are calibrated for a different period than usual (2001-2013).

Years 2011-2013 have been deleted from the simulation of the catchment VO9DEM136000 due unreliable
(suspiciously high) measured base flow.

The catchment V09L05143300 has portions of discharge measurements with moderate to poor quality, or
missing values from August 2010, resulting in the years 1997-2010 being used for calibration. Note that data
in 2001 and before is unchecked and therefore more uncertain.

The catchment VO9MAN161040 does not have data available from the beginning of 2011 and between
11/05/2003-31/12/2004, so the calibration period 1998-2010 has been used.

In the case of the Herk in Kermt/Spalbeek (VO9HER163010), data is checked from 2002 until 2016, with the
exception of 2010. The calibration period is therefore chosen from 2003 to 2013 in order to ensure maximum
reliability during the calibration. The years before are used for validation nevertheless.

There is no observed discharge data for VO9MOT144270 after 2010. High discharge values are estimations
above 3 m?/s from 2000 to 2001 included. Measurements start to be unstable in 2008 and it is unchecked
before 1997, so the period chosen for calibration is 1997-2007. Validation can be performed using the station
located in Tielt, slightly upstream (station LO9_14A with a surface area of approximatively 26.6 km?).

In reference to the catchment V09ZWA148120, there is no discharge data in Lummen (Zwartebeek) between
1997 and 2001. Moreover values are missing or suspect from 2008 on. Therefore, calibration period is
selected between 2001 and 2008 to ensure continuous reliable observations. Note that there is uncertainty
associated with a correction for the effect of plant growth on observed discharge (discharge was corrected
to be lower than actual measurements in the summer of 2002 and 2003).

VO9HUL147150 refers to the basin of the Zwart Water river, gauged in Molenstede (LOS_147). Data is
checked with good quality since 2002. Note that the second half of 2007 is estimated.

For the Zwartebeek discharge in Lummen [V09ZWA148120), values are suspect for most of 2011 and less
than good quality starting April 2012. Therefore the calibration period is limited to 2001-2008.

Table 21 and depicted on Figure 62.
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Figure 62 — Subcatchments and measurement points in the Demer catchment

6.11.2 Model performance
Remarks on the data: Some catchments are calibrated for a different period than usual (2001-2013).

Years 2011-2013 have been deleted from the simulation of the catchment VOODEM136000 due unreliable
(suspiciously high) measured base flow.

The catchment V09L0O5143300 has portions of discharge measurements with moderate to poor quality, or
missing values from August 2010, resulting in the years 1997-2010 being used for calibration. Note that data
in 2001 and before is unchecked and therefore more uncertain.

The catchment VO9MAN161040 does not have data available from the beginning of 2011 and between
11/05/2003-31/12/2004, so the calibration period 1998-2010 has been used.

In the case of the Herk in Kermt/Spalbeek (VO9HER163010), data is checked from 2002 until 2016, with the
exception of 2010. The calibration period is therefore chosen from 2003 to 2013 in order to ensure maximum
reliability during the calibration. The years before are used for validation nevertheless.

There is no observed discharge data for VO9MOT144270 after 2010. High discharge values are estimations
above 3 m?/s from 2000 to 2001 included. Measurements start to be unstable in 2008 and it is unchecked
before 1997, so the period chosen for calibration is 1997-2007. Validation can be performed using the station
located in Tielt, slightly upstream (station LO9_14A with a surface area of approximatively 26.6 km?).

In reference to the catchment V09ZWA148120, there is no discharge data in Lummen (Zwartebeek) between
1997 and 2001. Moreover values are missing or suspect from 2008 on. Therefore, calibration period is
selected between 2001 and 2008 to ensure continuous reliable observations. Note that there is uncertainty
associated with a correction for the effect of plant growth on observed discharge (discharge was corrected
to be lower than actual measurements in the summer of 2002 and 2003).
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VO9HUL147150 refers to the basin of the Zwart Water river, gauged in Molenstede (LOS_147). Data is
checked with good quality since 2002. Note that the second half of 2007 is estimated.

For the Zwartebeek discharge in Lummen [V09ZWA148120), values are suspect for most of 2011 and less
than good quality starting April 2012. Therefore the calibration period is limited to 2001-2008.

Table 21 and Table 22 present general performance statistics for the gauged catchments of the Demer basin
for the calibration and validation period. Graphs of the catchments with code VO9VEL145100 (best model
performance) and V09L05143300 (worst model performance) are presented below (Figure 63 to Figure 68).
For more detailed results on the other catchments, see Annex 11.

Aside from V09HUL147150 and VO09L05143300, the catchments in this basin showed good evaluation
parameters of the model, despite the fact of the disproportionality of the areas of these catchments from
one to another.

When the low flows are well simulated for VO9VEL145100, the simulated flows during the transition and the
high flows period are overestimated comparing to the gauged ones.

When it comes to V09L0S5143300, the simulated cumulative total flow is quite higher than the gauged one
from 19598 to 2010. This reflects the poor performance of the model since it overestimates the base flow and
it can be explicitly viewed during 1599.

Remarks on the data: Some catchments are calibrated for a different period than usual (2001-2013).

Years 2011-2013 have been deleted from the simulation of the catchment VO9DEM136000 due unreliable
(suspiciously high) measured base flow.

The catchment V09L05143300 has portions of discharge measurements with moderate to poor quality, or
missing values from August 2010, resulting in the years 1997-2010 being used for calibration. Note that data
in 2001 and before is unchecked and therefore more uncertain.

The catchment VO9MAN161040 does not have data available from the beginning of 2011 and between
11/05/2003-31/12/2004, so the calibration period 1998-2010 has been used.

In the case of the Herk in Kermt/Spalbeek ([VO9HER163010), data is checked from 2002 until 2016, with the
exception of 2010. The calibration period is therefore chosen from 2003 to 2013 in order to ensure maximum
reliability during the calibration. The years before are used for validation nevertheless.

There is no observed discharge data for VO9MOT144270 after 2010. High discharge values are estimations
above 3 m¥/s from 2000 to 2001 included. Measurements start to be unstable in 2008 and it is unchecked
before 1997, so the period chosen for calibration is 1997-2007. Validation can be performed using the station
located in Tielt, slightly upstream (station LO9_14A with a surface area of approximatively 26.6 km?).

In reference to the catchment V09ZWA148120, there is no discharge data in Lummen (Zwartebeek) between
1997 and 2001. Moreover values are missing or suspect from 2008 on. Therefore, calibration period is
selected between 2001 and 2008 to ensure continuous reliable observations. Note that there is uncertainty
associated with a correction for the effect of plant growth on observed discharge (discharge was corrected
to be lower than actual measurements in the summer of 2002 and 2003).

VO9HUL147150 refers to the basin of the Zwart Water river, gauged in Molenstede (LOS_147). Data is
checked with good guality since 2002. Mote that the second half of 2007 is estimated.

For the Zwartebeek discharge in Lummen (V09ZWA148120), values are suspect for most of 2011 and less
than good quality starting April 2012. Therefore the calibration period is limited to 2001-2008.
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Table 21 — Overview of calibration results for gauged catchments on the Demer basin

Area RelErr | Calibration | PP distance torain
Gauging station Catchment code k) NSE logM5E %) rind gauge over calibration
m pe period [km)
13610102 - Demer- Hasselt VO9DEM136000 55,8 o719 | oe62 02 1998-2010 5
Irrelevant given the size
15210102 - Gete; Halen v09GET152080 | oo oo | o013 | o2y 0 2001.2013 of the catchment
(max 10)
16310102 - Herk, Kermt
(Spalbeek) VOSHER1E3010 | s74c02 | 0607 | 0547 12 2003-2012 12
14710102 - Zwart Water
[affluent of De Hulpel; VOSHUL147150 80.13 D403 | o017 16 2001-2013 7
Molenstede
. 2000 - 8
14310102 - Grote Losting; VOSLOS143300 =
15.176 0.25 0.243 188 1997-2010 .
Wezemaal »=2000-4
16110102 - Mangelbeek;
HnEEIbEek: VOIMANLGI040 | 453031 | oses | os1s 02 1958-2010 10
Lummen
14410102 - Motte; Rillaar VOSMOT144270 | 33535 | 0647 | o509 3 1995-2007 >
14510102 - Velp; Ransberg VOSVELIASI00 | oeg01 | o725 | oes7 05 2001-2013 7
<2001 : 10
141 - Rotselaar ; Winge VOIWIN141310 £4.739 0675 0.58 1 2001-2013 »=2001 - 2
14810102 - Zwarte Beek; VOIZWALABIZ0 | gregc 0.637 0.48 32 2001-2008 3
Lummen
Table 22 — Overview of validation results for gauged catchments on the Demer basin
Gauging station Catchment code Area [km?) NSE logNSE RelErr (%) Validation period
13610102 - Demer; Hasselt VOSDEM136000 255,882 0.65% 0.55 13 1967-2013
15210102 - Gete; Halen VO9GET152080 500,4 0.651 0.58 63 1969-2012
16310102 - Herk, Kermt VOSHER163010 2746 0.53% 0.498 10 1977-2013
14710102 - De Hulpe; Molenstede VOSHUL1AT150 80,1 0.436 0.101 10.3 1987-2013
14310102 - Grote Losting; Wezemaal VO9LOS143300 15,2 0.265 0.299 6.7 1987-2012
16110102 - Mangelbeek; Lummen VOIMAN161040 103,1 0.659 0.569 0.7 1984-2009
144 - Motte; Tiek VOIMOT14A100 136 0.525 0.208 -13 2009-2013
14510102 - Velp: Ransberg VO9VEL145100 96.801 0671 0.594 o 1967-2013
141 - Rotselaar ; Winge VOIWIN141310 64,7 0.579 0.585 35 1387-2013
14810102 - Zwarte Beek: Lummen VO9ZWAL48120 96,5 0.545 0.336 87 1983-2013
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Figure 63 — Measured (red) and simulated (blue) daily discharge [m*/s]
on catchment VOSVEL145100, 14510102 - Velp; Ransberg (1997-2013)
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Figure 64 — Measured (red) and simulated (blue) cumulative discharge [m?*]

on VOSVEL145100, 14510102 - Velp; Ransberg (1997-2013)
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Figure 65 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events

on catchme

nt VOSVEL145100, 14510102 - Velp; Ransberg

14310102 - Grote Losting; Wezemaal (VO9L05143300)
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Figure 66 — Measured (red) and simulated {blue) daily discharge [m?*/s] on catchment V09L05143300,
station14310102 - Grote Losting; Wezemaal (2001-20013)
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Figure 67 — Measured (red) and simulated (blue) cumulative discharge [m?*] on catchment catchment VO9L05143300,

station14310102 - Grote Losting; Wezemaal (2001-2013)
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Figure 68 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
on catchment catchment VO2LOS5143300, station14310102 - Grote Losting; Wezemaal
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6.12 Netebekken

6.12.1 Context

The Nete catchment reaches over 1 673 km® and is located in North-East of Flanders. It can be divided into
two catchments corresponding to the main rivers: Kleine Nete and Grote Mete. These two rivers flow together
in Lier, where they coincide in the Beneden-Nete. This flows together with the Dijle to become the Rupel.
The Nete basin accounts for 8 % of the total surface area of the Scheldt basin.

There are 5 gauging stations used for calibration of the rainfall-runoff models, covering 63 % of the Nete
catchment surface area.
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Figure 69 — Subcatchments and measure points for the Mete basin

6.12.2 Model performance

Table 23 and Table 24 present general performance statistics for the gauged catchments of the Nete basin.
Graphs of simulations of the catchments with code V10KNEO52000 (best model performance) and
V10MOP062140 (worst model performance) are presented below (Figure 70 to Figure 62). For more detailed
results on the other subcatchments is referred to Annex 12.

The model performance is satisfactory for most of the catchments in the Nete basin, with NSE and Log NSE
values above 0.60 and Relative error values lower than 2 (i.e. V1I0KNE052000, V10MOP062140). However,
it is necessary to highlight the difficulties found in some of the catchments. It is known that within this
catchment several water courses are liable to abundant vegetation, which causes changes in the g(h)
relationships at the gauging station. This leads to more uncertainties in the gauged discharges. Although the
catchment with code V10GLAD86020 presents good statistical results for the calibration period [Table 23),
there is a tendency to underestimate low flows.
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For the catchment V10KNEO52000, even though the NSE and NSE_log reached values higher than 0.7, we
found the calibrated model overestimating the flow between February 2005 and July 2005, and
underestimating it between the period July2005 and December 2005.

But when it comes to V1I0GNED76999, the low flows are well simulated and show good correlation with the
gauged flows.

A lot of data are missing during the calibration period for V10MOP062140, which automatically affects the
performance of this model. The calibration of the low flow period didn't take place, not allowing us to
evaluate how this model perform. Also, the simulated flow during the transition period is very unstable due
to the disturbance of the gauged data.

Data remarks: Some catchments are calibrated for different periods as the normally used (2001-2013). The
gauging station 8610102 - Grote Laak in Vorst (V10GLAOB86020) does not have discharge data from 2008 and
during the years 1997 and 1998, so that the period selected for the calibration of this catchment is shorter
(1993-2007). The calibration period of the catchment V10GNEQO76999 is 2003-2013 since there is not data
available in 2002. The catchment with code V1O0MOP062140 does not have data from 23/04/2010 to
11/10/2011 and from 01/01/2004 to 31/12/2006. Rainfall was recorded in Houthulst, closest to the
catchment, starting in June 2008 only. Rainfall data before then is therefore less reliable. A continuous period
of 13 is thus used from 1991 to 2003. According to the gauging station 8210102 — Wiekevorst
(V10WIMOB2050), the calibration period only lasts until the year 2007 due to unavailability of discharge data.

Table 23 — Overview of calibration results for gauged catchments on the Nete basin

. . Approx. distance to rain
. . Area Calibration ) ]
Gauging station Catchment code NSE logM5E RelErr gauge over calibration
(lem) period .
period (km)
8610102 - Grote Laak, Vorst V1DGLADBE020 62,6 0.738 0.656 0.4 1559-2007 5
7610102 Grote Nete/Geel Zammel V1DGNEDTES99 2435 0.716 0.683 -2 2003-2013 10
5210102 - Kleine Nete; .
V10KNEDSZ000 5847 0.756 0.72 0.2 2001-2013 10 (igrge basin)
Grobbendonk
<2001:8
6210102 - Molenbeek, Pulle V1OMOPDEZ140 773 0.613 0.658 11 1557-2013 »=2001:6
2010 :12
<2008 :8
8210102 - Wiekevorst V10OWIMOE2050 65,7 0.625 0553 0.6 159595-2007
»= 2008 : 2

Table 24 — Overview of validation results for gauged catchments on the Nete basin

Gauging station Catchment code Area [km?) NSE logNSE RelErr Validation period
8610102 - Grote Laak, Vorst V10GLADBE020 62.621 0575 0.329 -16.7 1967-2013
7610102 Grote Nete/Geel Zammel V1DGNEDTES99 359.885 0.684 0.595 -4.5 1967-2013
5210102 - Eleine Nete;
V10KNEDS 2000 584669 0772 0.698 -1.4 1967-2013
Grobbendonk

6210102 - Molenbeek, Pulle V1DMOPD6Z140 773 0.647 0.645 15.7 1987-2013
8210102 — Wiekevorst V10WINMODS2050 65,7 0567 0.529 136 19%0-2007
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Figure 70 — Measured (red) and simulated (blue) daily discharge [m?/s] on catchment V10KNEDS2000,
station 5210102 - Kleine Nete; Grobbendonk {2001-2013)
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Figure 71 — Measured (red) and simulated (blue) cumulative discharge [m*] on catchment V10KNEQS2000,
station 5210102 - Kleine Nete; Grobbendonk (2001-2013)
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Figure 72 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
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Figure 73 — Measured (red) and simulated (blue) daily discharge [m*/s] on catchment V10MOPO62140,

station 6210102 - Molenbeek, Pulle {2003-2015)
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Figure 74 — Measured (red) and simulated [blue) cumulative discharge [m*] on catchment V1IOMOPOG2140,

station 6210102 - Molenbeek, Pulle {2003-2015)
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Figure 75 — Measured (red) and simulated (blue) daily discharge [m*/s] during specific low and high flow events
on catchment V1IOMOP0OB2140, station 6210102 - Molenbeek, Pulle
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6.13 Maasbekken

6.13.1 Context

The Meuse basin is the second biggest hydrographic district of Belgium (about 20.450 km? in Visé). The Meuse
river has its source in France in Pouilly-en Bassigny and enters Belgium in Agimont. The gauging station of
Chooz, located in France, is the closest to the Walloon border. The main tributaries of the Walloon Meuse
are the Sambre (about 2.700 km?®), meeting the Meuse in Namur, and the Ourthe (about 3.600 km®) in Ligge.

Figure 1 (on the next page) shows a map of the Meuse basin in Wallonia, with a first selection of flow
measuring stations (yellow dots) and their corresponding catchments. The catchment delineation was based
on the GIS resources of the Walloon region (SPW). The surface area calculated based on these polygons
matches closely the data published by SPW on the “Infocrue™ website for each catchment (when available).

Sewven stations were used to calibrate the different tributaries (Table 1). Chooz station (located in France) is
considered to measure the entering flow of the Meuse at the French border, while Solre station is recording
the entering flow for the Sambre.

The station in Profondeville only provides water level measurements and will be used as control. The station
in Amay will also be used as downstream control. A simulated time series for Amay can be constructed,
aggregating together all simulation results from the 5 catchments upstream Amay ('F11MAAB702,
'"W115AM7319', "W11MEHS5820", '"W11HOY5990") and ungauged zone upstream Amay ("W11MAAODO30').
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Figure 76 — Subcatchments and measure points for the Meuse basin
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6.13.2 Model performance

3Table 25 and Table 26 present the general performance statistics for the gauged catchments of the Nete
basin. Graphs of simulations of the catchments with code W110UR5805 (best model performance) and
W11HOY5990 (worst model performance) are presented below (Figure 77 to Figure 82). For more detailed
results on the other subcatchments is referred to Annex 13.

While the simulated cumulative total flow for W11HOY5990 is really close to the gauged one, the simulated
low flow is not correspondant to the gauged one. In fact, there are many slopes that weren't supposed to
happen.

For the catchment W110URS5805, the overall simulated flows are similar to the gauged ones.

For several subcatchments, limited time series of observed discharge are available. No validation is therefore
possible on distinct years of data for those stations. This is the case for W11HOY5990, W11MEH5820 and
W115AM7319. Control stations downstream (Profondeville and Amay) are thus useful to validate the models
of the subcatchments more upstream.

Table 25— Overview of calibration results for gauged catchments on the Meuse basin

Gauging station Catchment code ;::1 MSE logNSE RelErr{%] E“::Lﬁm
Chooz, Meuse FI11IMAABTO2 10120 0.705 0.764 07 2002 — 2013
Moelingen, Berwijn W11BER551010 123 0.622 0.646 03 1994- 2006
Marchin, Hoyoux WI11HOY5990 242 0.456 0.588 0.1 2001 - 2013
Wanze, Mehaigne WI11MEH5820 355.8 0.604 0.573 -17 2004 -2013
Angleur, Ourthe W110URS805 3607 0.706 0.803 0.6 2001 - 2013
Salzinne, Sambre WI115AM7319 2636 0.728 0.636 05 2007 - 2012

Table 26 — Overview of validation results for gauged catchments on the Meuse basin

Gauging station Catchment code rmm:] NSE loghSE | RelErr(%) \r:::rn
Chooz, Meuse F11MAABT02 10120 0.705 0.775 15 1390 — 2013
Moelingen, Berwijn WI11BER551010 128 0.511 0.304 5.5 1392 - 2013
Marchin, Hoyoux WI1HOY5990 242 0.45 0.683 0.8 2001 - 2013
Wanze, Mehaigne W11MEH5820 12585 0.618 0.64 -14.6 2001 - 2013
Angleur, Ourthe W110UR5805 3607 0.706 079 13 1574 - 2013
Salzinne, Sambre WI115AM7319 2636 0.7132 0.607 138 2007 - 2013
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Figure 77 — Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W110URSE05,

station Ourthe, Angleur 2 bis{2001-2013)

251210 :

Cumul. Volumes of Total flow

2.0

-
.
T

Curnul, Volumes [m3]
=

0%k

0.0

Gauged

SimulatedWl 1OURSA05

L
2002

2004 2004 0B 2010
Time

HL2

Figure 78 — Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W110UR5805,

station Ourthe, Angleur 2 bis (calibration period)
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Figure 79 — Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events
on catchment W110URS5805, station Qurthe, Angleur 2 bis
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Marchin, Hoyoux (W11HOY5990)
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Figure B0 — Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W11HOYS990,

station Hoyoux, Marchin{2001-2013)

;le8 Cumul, Volumes of Total flow
ra
Bl
=
E st
ry
[V}
£
= .
£
2
S 3
[ ]
2
ik .
P— Gauged
mm——— SirmalabedW] THOTSS90
2[‘;02 2I}-I04 il'.lll.'»ﬁ N.UB .Ztlliu Jl'.'lltl

Time

Figure 81 — Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W11HOY5990,
station Hoyoux, Marchin (calibration period)
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Figure 82 — Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events
on catchment W11HOY5990, station Hoyoux, Marchin
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/  Summary

As stated before, the comprehensive results for each of the calibrated subcatchments, are attached from
Annex 3 to Annex 12. In these Annexes the calibration summary, graphs and statistics are listed.

To give a quick overview of the overall result for the calibrated hydrological VHM models, a geographical
summary is given in Annex 13 and Annex 15. Based on the statistics for each of the VHM models, a
reclassification is performed to result in a quotation for the overall model performance. This quotation is
then incorporated in a general map for the study area.
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8 Conclusions and recommendations

The water balance model of the Scheldt basin will be used in order to perform low flow forecasts and
calculate climate change scenarios. The goal of this subtask of the project ‘Modelling water availability and
water allocation strategies in the Scheldt basin’, is to define the most appropriate hydrological models for
the water balance model of the Scheldt basin in order to meet this prerequisite. Therefore, different
hydrological models for each of the subcatchments in the study area are set up and evaluated on their
appropriateness for low flow forecasting and climate change scenarios. The regarded models are NAM
(©@DHI), PDM (@Innovyze), VHM [(©@Willems, P.) and Wetspa (©@VUB).

This subreport covers the recalibration and evaluation of the VHM models. Hydrological VHM models for the
gauged catchments (i.e. catchments upstream of a gauging station) were recalibrated whereby the focus is
mainly on low flows.

A slight modification in the calibration procedure for VHM was inserted. A manual calibration round, based
on the visual observation, was introduced to scan for initial parameters.

The YHM manual calibration tool, developed by K.U. Leuven - Hydraulics Laboratory, allowed to perform an
initial (sensitivity) analysis of the parameters to quantify their influence on the flow series. This step allowed
to identify key parameters for calibration, and to estimate right intervals for the parameters.

Subsequently, the automatic optimization procedure followed by a visual control was carried out. During the
optimization routine the best parameters set is selected for each catchment based on 2 criteria: (1) absolute
error on cumulated total flow at each time step, and (2] logarithmic Nash-Sutcliff efficiency. The first criterion
aims to model the global flow pattern, the latter focuses mainly on the low flows. As a result, for each of the
hydrological catchments, the VHM parameters are updated.

As the final performance of the water balance model is directly dependent on its hydrological input, it is
important to have insight in the performance of these hydrological input models. This is also the case when
using the hydrological (e.g. VHM) models as input for simulations with the water balance model. The
summarized results for each of the gauged subcatchments within the study area, allow the user to get insight
in the performance of the VHM model for each of the involved subcatchments. Based on this information
and the evaluation of the PDM, NAM and Wetspa models, the user will be able to make a well-grounded
decision on which model to use for the considered objective. Therefore, this summarizing report should be
consulted by any user applying the corresponding VHM models. In this way, the user gains insight in the
uncertainties and performance of the hydrological models for each of the considered subcatchments.
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Appendix 1  List of optimized parameters for
gauged catchments

Catchument Ares SMmax SMievap cl 2 =] oOF1 COFZ dFl (= ] CHOF CKIF CKBF
FO1UZAE8000 3.93E+08 358424 206237 2.5439 1198 1 -2.481 E307 ~4.631 4.59596 1340 10%.226 1207 625
FOSLEBEE999 2.98E+09 424003 233,443 2.108 D.E34 1 -3.764 1534 -3.611 3 13293 45137 E83.152
FOEBOE3I 2500 3.22E+09 433396 176443 1578 0333 1 3631 21=2 -3.B0% 2873 12 769 61.402 1050.445
FL1MAABTOZ 1.04E+10 380232 21 326 3.538 1E3%4 1 a] Duoas -4.042 3 11 607 265477 1312.078

WOI1HAN4BE1B0 TEIIE3L0 386043 157597 2.262 1006 1 -4.193 3 -3.254 231 12 26 100,085 E36.638
WIXUEP435080 63423128 443 328 1e4.575 1,536 0363 1 -3.373 2E32 -3.648 3 13526 36.260 1307.335
VO1KEMAI20E0 73892930 426138 1e4.191 2393 176 1 -34z7 4543 -L.978 3 144 63,647 476183
WIdMARSSE120 TE13E621 356231 280,931 3.244 1143 1 -7316 45933 -1.378 4.554 13.44 2038 1068.09
VIO POP 31030 E4BEEIOT 434323 182 348 2.401 0933 1 -3.208 4434 -3.736 3 11 348 76385 449,343
WISSVAI9 140 15093000 431 FEE 173266 2.174 1086 1 -4.331 4538 -3.B88 2.573 12312 32448 719.343
VOZEDES42120 43485177 432 435 158333 2.526 1042 1 -7.289 ESX -1.733 4.562 13734 7183 E73.433
VOZHER4ZED10 TrIFAN01 474303 245033 2353 0723 1 -7.484 4153 -4.438 4.334 1037 TL.624 1318.31
VOZEER4ZZ03D GXF1ETIR 375334 312 544 2.7 oEa1 1 -8363 0EYT? -L.BE7 3 16593 67.133 14E7.40%
VOZRNMA25020 63980423 A0 925 200918 2.1%6 0741 1 -6.022 3097 -3.34 EN 14 269 B6.7E 1497.41
VOIPDEAED0N 1.07E+08 4023 213381 3.316 1131 1 5371 3.oz3 =179 4.584 12 726 73962 94331
VM OLD3EL 10 32361957 413373 242035 2.1%6 DuBEZ 1 -5378 3143 -4.333 4.327 12 443 =322 1199.148
VM OMOIITL00 67301328 332 4359 135292 1584 oLE? 1 -41.388 1636 -L.B2 2.42% 11631 62.18 932.356
WOSHEUSD3Z10 91912331 323 =47 206133 3.277 1086 1 -3.906 1771 -3.976 3 1209 TR TO0.13%
VOSMANAILZ30 2.3EE+0B 44053 177614 2.073 0346 1 -4 486 4573 -3.242 3 12 588 4295 TEI.4T
VOEMAAZATIED 4E67E191 324 498 1736 231 0203 1 -3.384 3671 & 3 12 246 62.383 673.143
WIRETWAIAT 100 1.12E+08 448 34T 12144 2114 1432 1 372 21 -4.12 2.953 14342 .7 T07.373
VOTBELZBSOTD E2641710 443773 216714 2134 oe7 1 -3347 4318 -4.543 4.324 14 282 62727 11%6.589
VOTMARZESIS 1.74E+08 410,737 170,243 2.233 0316 1 -4.333 3 -4.331 2.B5 10.788 32.353 11%4. 763
WOTMOEZEZ 100 45367171 33039 161763 3.413 2323 1 -6.6568 10 -3.384 EN 16514 E2.381 1339.511
VOTMOGZES0ZD 3093628 337533 15311 2133 0.3E4 1 -3347 4534 -4.233 2.5951 14137 80637 BE3.235
VOEBARI113ITD TOO7SE00 405723 2BE. 703 21 oue? 1 -3.928 1. -3.653 3 13 7343 1222 ¥3E
WVOEDUDIZE00 S.61E+08 44141 132333 1721 1k 1 -3318 1053 -2.784 0.712 11 576 4,335 T03.73F
WISTUUZEI100 SAT71003 A0E TBE 136163 2054 DuE78 1 3101 3 -4.184 2.952 12 783 Jre12 TE0.7E7
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Catchument Ares SMmax SMievap cl 2 =] oOF1 COFZ dFl (= ] CHOF CKIF CKBF
WISDHEM 135000 2.36E+08 4703 260354 1533 D446 1 -3133 3034 -3.534 2723 14954 I3.TET 1199.532
VOSGET152020 BEHIE 405122 132204 1572 0433 1 -3.797 103 -3.573 3 B.783 7477 18022
VOSHER1E3010 2. 7IE+OB 459412 1E2.003 1574 0362 1 a] 3 -4.032 3 14711 39.33% 913328
VIOSHULIATISH 20130243 433968 224437 2674 2559 1 -4.732 4723 -3.0428 1273 12 548 E3.7L7 1245.04%
WOGLOE143300 1176234 303283 178242 2.0 033 1 -3511 3352 -4.341 2.363 14033 90.37% 1248.24%
VI9MANIE1040 1.03E+08 418733 136634 1= 0713 1 43234 4033 -3.287 02239 13162 86.957 i050.4
WOGMOTL44270 33390217 473138 182337 1547 0L.7EL 1 -3.018 4771 -3.511 3034 12 482 E3.304 1198, 004
VISVELLAS 100 96801128 41316 213383 2133 DuE3Z2 1 -6.306 3403 -4.15F 3.504 5948 21.745 143983654
VOSWINL41310 4735169 471392 1e3374 153 D366 1 -4.033 3538 -4.057 2.B56 10,536 21.93% T22.E51
VISTWALARI1ZD 25314200 43 61T 132478 1E2 0477 1 -3.289 3 -3.383 2.E32 13016 43,622 T4.E12
V1DGLADEEDZO 62E21T36 417 TEE 233.394 1E%3 0LEZ3 1 -7.246 4433 -4.437 4.453 14377 2331 1303004
WV1BENEDTEISS 3.6E+IE 435306 233.73 1834 0338 1 -3931 2377 -1.733 3 13573 66381 1622.993
VAIDKNEDSZD0N 3.B3E+08 474 545 202331 2.1 10=8 1 a] 0773 -3.051 3 14082 36.303 1103.04
V1DMOPDEZ180 T7I15091 426338 2100533 2121 DueEE 1 35977 o1 -4.137 3 100548 62.237 B667.159
WINWIMOEZ D50 E¥F0L00 445 232 143507 1.563 0LF3L 1 4923 343 -3.633 3 11 004 28.352 TS
WDERHOLS4100 1.62E+08 482 ETE 136393 1538 D456 1 -3.793 2711 -3.433 2.064 11917 28.243 739.58
WOTDHEN LESD0S 3.12E+08 437102 133.781 153 D253 1 -4.593 1091 -3.458 2.B67 12 346 E3.764 1023.747

WOSSAMRDMDDR 1.34E+08 302 =26 1274 1538 oLEzL 1 -3.796 2557 -3.703 3 13187 E3.807 1324266
WIESENRONDILD TO3EATTI E20.9BE 142 531 153 o7 1 -3.297 2542 -3.473 2761 10,523 =038 1183.5947
WIESENTUBOE0 2.1EE+08 436473 185137 2383 1x7 1 €496 7327 -4.093 4311 14333 F3.635 1730.88
WI11BERS51010 1.2EE+08 34196 242 145 2393 1006 1 -£.038 B.777 -4.EE7 2.3% 13939 62.935% 1223.334
WIIHOVE330 2 A2E+0B 604 374 134 461 1562 o3 1 -3.433 3 -4.537 3 13543 77388 1193.899
WILIEES53010 4 63E+08 J22 09 13503 1878 1k 1 -4.016 0.¥=8 & 0.447 14393 60.28 1101328
WIIMAAFROF 1.Z6E+10 44T 298 152 092 3.0439 2133 1 a] o -1.723 3 14374 63657 1148354
W1lMEHSEZD 3.36E+08 356,67 1e5.923 2033 D247 1 -323 31432 -4.24% 2.549 12 366 E2.453 1074.673
WI11DLR5E05 3.61E+O9 472913 134 =41 227 1546 1 -3.283 4337 -3.127 3 11 223 70.318 Tiz.a4
WI1ISAMTII9 2.64E+DT 421 945 233263 2673 0933 1 a] o= -3.387 3 12919 E7.354 1E36.688
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Appendix 2  List of transferred parameters for
ungauged catchments

Associated
Catchment Fruged #rea [m?) sMmex | SMenap o 2 = cOFL | coFz dF1 dF2 CHOF CKIF CKEF
mtchment

FO1YSE4EE000 FO1LIZ465000 361120000 3582 2053 233 | 220 | 2 24z | B 463 | 300 13.2 105 1808
FOTAAADOOOLD FOBLEIFZE5S 242432728 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOTAAATTLO00 FOBLEIFZE5S 374113103 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIEEC3IZS023 FOBLEIFZE5S E00BE03S 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIEEC3IE5029 FOBLEIFZE5S E2930969 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIBOUIZE005 FOBLEIFZE5S 273352628 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOICLAIESILT FOBLEIFZE5S 36347273 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOICLA3ES02D FOBLEIFZE5S 226006473 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIDEUIZE040 FOBLEIFZE5S 442818370 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIDEUIZE030 FOBLEIFZE5S 74083531 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIDEUISE060 FOBLEIFZE5S 116665136 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIDEUISE080 FOBLEIFZE5S 37192120 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIDEUIZE090 FOBLEIFZE5S 12825199 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIDEUISE11D FOBLEIFZE5S 169151430 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIDEUISE120 FOBLEIFZE5S 33450392 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIDEUIEE130 FOBLEIFZE5S 21724424 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIDEUISE140 FOBLEIFZE5S 7420981 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIDEUIZE1I0 FOBLEIFZE5S 39193291 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOIDEUISE160 FOBLEIFZE5S 27009232 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOTHEMOODOZD FOBLEIFZE5S 134010939 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOSLAW3BE01S FOBLEIFZE5S 102245474 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOSLAW3BE030 FOBLEIFZE5S 125659893 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOILOI3Z5033 FOBLEIFZE5S 113053218 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOILYS326000 FOBLEIFZE5S 373282119 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOILYS326040 FOBLEIFZE5S 73260338 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOILYS3ZE045 FOBLEIFZE5S 28126242 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOILYS3SE11% FOTLEIFZEISS 162478364 4240 2334 211 | o=3 |2 s | Lm 36L | 300 133 45 B53
FOTMARIZS0TD FOBLEIFZE5S 200520118 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
FOTMARIZSL00 FOBLEIFZE5S 26633652 4240 2334 211 | o=3 |2 a7s | 1=z 6L | 300 133 45 253
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Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 oFL | corz | amt dr2 | woF CHIF CHBF
atchment

FOSEOS3 23000 FOSEOS3ZI0NL | 77406381 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSEOSIZI0LY FOSEOS3ZI00L | 107626367 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSBOS3IZI0LE FOSEOS3ZI0NL | 142937003 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSBOSIZI0L7 FOSBOS3ZI0NL | 33ETITTS 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSBOSIZI0LE FOSBOS3ZI0NL | 15911203 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSBOS3IZI019 FOSBOS3ZI0NL | 35TETIE0 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOBECA3Z3030 FOSBOS3ZI0NL | 191873673 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSERCIZS030 FOSEOS3ZI0NL | 157634304 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSHOGIZIOTD FOSEOS3ZI0NL | 208230836 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSRMOIZIOED FOSBOS3ZI0NL | EOSTA4TE 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOESCAIZSO020 FOSEOS3ZI0NL | 454196632 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSSCAIZS02 FOSEOS3ZI00L | EOSESOITA 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOESEL3Z3040 FOSBOS3ZI00L | 201654053 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSSEN3ZI040 FOSBOS3ZI0NL | I9ITETILA 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
NO3BRAGOO0LED WL1BERIIL010 | 35104520 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
M11MAADOOOSD VOSMOT124270 | 129703zsoEn | 473z 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VILHANODOLED VOAMAR4Z5120 | S@EEEEi3 L 10 324 | 11a 73z | ass | =3z | ass 13.4 L 1088
VILHEMESTLD FO1UZAEE000 31390879 L 053 233 | 130 ez | ez | 4s3 | 300 13.4 0% 1808
VOLIEPDO00ST VO4MOW3S110 | 3509701 4136 2431 215 | 056 53z | 313 | w93 | 233 124 23 1153
VOLIEPDO0L00 VOSHEL403Z10 | 24028173 EFLES 205 2 3z | 109 351 | 177 | 38 | 300 124 78 70
VOLIEPDO0110 VISHEL403Z10 | esszasz EFLES 205 2 3z | 109 351 | 177 | 38 | 300 124 78 70
VOLUZO0002D VOiKEM4S2050 | 45103457 4251 1642 240 | 176 313 | ass | 29 | 300 13.4 70 475
VILKEMODOTRD VOiKEM4S2050 | 12310914 4251 1642 240 | 176 313 | ass | 29 | 300 13.4 70 475
VOLMARDO0130 VOAMARASE120 | 273373ST L 10 324 | 11a 73z | ass | =3z | ass 13.4 L 1088
VOLPOPHG004D VOAMARAZE120 | 34370536 L 10 324 | 11a 73z | ass | =3z | ass 13.4 L 1088
VOLPOPOG0030 VOLMOW3S110 | 14704218 4136 2431 215 | 056 53z | 313 | w93 | 233 124 23 1153
VO1S5V030190 VOAMARAZE120 | 43530230 L 10 324 | 11a 73z | ass | =3z | ass 13.4 L 1088
VOZAFLOGO140 VOZEDES42120 | 20916083 4324 1523 233 | 104 723 | esz | a7s | ase 133 72 E73
VOZERUGG0110 WL1BERI3L010 | 3233340 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOIVADGOZZD WOESAMRONDOD | 230EsEzm 23 1527 134 | ooz 3z | 2% | 370 | 300 133 25 1324
VIZIABDOO0AD VIZKER422030 | 2437621 3793 HIE 271 | oss 235 | oz | so0s | soo 165 &7 1357
VIZEATO00400 WOESAMRONDOD | 113s3s=z 23 1527 134 | ooz 3z | 2% | 370 | 300 133 25 1324
VIZKE0000000 VOIPOE4s000 | 1v97s3OTT 023 34 33 | 143 537 | 303 | s7s | as= 127 75 543
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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 a oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VIZKGEOO000E0 VOZEDE442120 | 14937762 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOZKWEDDDIS0 WOESAMRONDOD | 1emassss 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VOZLPKOGOLTD VOZRIV4Z3020 45543041 4053 w009 215 | o7e | 2 02 | 30 | 384 | 3E 143 &7 1337
VOZLPKDGO1ED WOESAMRONDOD | 31245434 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VOZLPKOG0150 WL1BERIL010 | 33092156 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VEOZMOEI00LE0 VOZEDE442120 | 44401EsE 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VEOZNCOGO0130 VOZEDES42120 | 5234352 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VIZNWGI0IZL0 WOESAMRONDOD | 1z3sE3zs 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VIZRIVOGOD70 VOZEDES42120 | 3847370 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO25TEDOO0S0 VI2KER422030 | 27zoassi 3793 HIE 27 | oss |1 235 | oz | so0s | soo 165 &7 1357
VO25TEDGO113 WL1BERII010 | 17760000 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VIZZUINO00ED VOZRIV4Z3020 24273228 4053 w009 215 | o7e | 2 02 | 30 | 384 | 3E 143 &7 1337
VIZZUI000L30 VOZRIV4Z3020 43783008 4053 w009 215 | o7e | 2 02 | 30 | 384 | 3E 143 &7 1337
VOZZWIH00E00 WOESAMRONDOD | 3871720 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VOIAFLOGO0LD VOLMOWIS110 | 41219056 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOIAFLOGOOTD VOZEDES42120 | 3SEETLTI 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VI3EO5000200 VOZEDE442120 | 26173758 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VISDURIO0ZS0 VOZEDES42120 | E434531 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOGEMO000ID WOESAMRONDOD | 3Z3E2%16 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VOIHONOOOZI0 VOZEDES42120 | 20326328 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOSKALODOOZD VOZRIV4Z3020 43380933 4053 w009 215 | o7e | 2 02 | 30 | 384 | 3E 143 &7 1337
VOSKALODOLED VOZEDE442120 | 326EMTT 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOSKEIDOOZED VOZEDES42120 | 23337740 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VIBKE0000050 VOZEDES42120 | 12303139 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VI3KETO0DIED WL1BERI3L010 | 4s3EEEz1 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VIIKETO00100 VISHEL403Z10 | 700177E9 EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VOIKRUGG0L20 VOZEDES42120 | 3007942 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO3LANOOD150 VOZEDES42120 | 14793221 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO3LIEDGOOED VOZEDES42120 | 5339733 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOILPKOG0130 VOZEDES42120 | 4077ELE0 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOILPKOG0140 VOAMOMO03TI00 | 3arTESSE 1324 1938 132 | o=3 |1 433 | 1ss | -zm2 | 243 117 62 533
VISMOFO00250 VOZEDE442120 | 31302933 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOSRIEI00040 VOTMOG2E3020 | E140607 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 a oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VISRODO00LL0 VOZEDE442120 | e3372E3 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO35LEDO00S0 VOZRIV4Z3020 44195240 4053 w009 215 | o7e | 2 02 | 30 | 384 | 3E 143 &7 1337
VO35FLOGOZLD VOZEDE442120 | 3401420 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOISTEDGOZAD VOZEDE442120 | 10915338 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VISVALOOOZZO VOZEDES42120 | 19342159 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO3WEEDDOZ30 VOZEDE442120 | 24032259 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOIZSE0G017D VOIPOE4As000 | 3vEzTLn 023 34 3z |29 |2 537 | 303 | s7s | as= 127 75 543
VI3ZWSI00LS0 VOZEDE442120 | 3433TINL 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO4BESDO0LED VOSTWA3AZ150 | 134830504 43zz 1821 211 | 24z |2 372 | 20 | w1z | 2ss 143 = 77
VO4BESDO01 7D WL1BERIL010 | 1Z7EETOE 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VO4BESDO0LED WOESAMRONDOD | e7s63s1m 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VOLBESDOOLES WL1BERI3L010 | 23326403 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VO4BESDO0150 VOSDEM135000 | 351066306 4776 2604 133 | oas | 2 313 | 30 | 393 | 273 130 1% 1200
VO4BESDO0200 VOTMAR2ES01Y | 130985113 4107 1708 233 o=z |1 433 | 300 | 433 | zms 10 1= 1173
VO4BESHO02L0 WL1BERI3L010 | 373s2esE 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VIADURIOOGED VOLMOW3S110 | 13119599 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VIADURIOO0S0 VISMOT124270 | 12911836 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VO4LEDODO0SS VOZEDE442120 | 10731840 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO4LEDSOR40 VOZEDE442120 | 33m1T271 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VIMLOEO000ED ViSMOT124270 | 1z9372s1 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOARUPGG0130 WOESAMRONDOD | 2ss27E14 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
V45 CHOO0000 visMOT124270 | 21388172 47132 1523 133 | o7e |2 g2 | a7 | 38 | 3o 123 65 1138
V045 CHO00010 VOSHER1E3010 | 232467554 4554 1620 137 | ose | 1 00 | 300 | w03 | 300 147 1= 515
V45 CHOO0020 VOIPOEdas000 | azsazes3 023 34 3z |29 |2 537 | 303 | s7s | as= 127 75 543
VD45CHO00030 VISWINLL1310 | 3333E3s3 473 1654 19 |osr |2 405 | 33 | woe | 230 L] -+ 723
VD45 CHO00D70 VOSHER1E3010 | S7E43css 4554 1620 137 | ose | 1 00 | 300 | w03 | 300 147 1= 515
VOAVLIDO0140 VOSMAN1EIDED | E373TIZ0 4187 1957 12 o7 |2 423 | 4o | 325 | oms 133 &7 10m0
VI4ZELOGOO30 VOLMOW3S110 | 24z07EW1 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOAZIEDGO1ZD VOLMOW3S110 | S2127E%4 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOATWARGO130 VOBBAR111370 | 20223736 4087 57 210 | oes | 2 353 | oes | =es | 300 130 75 1273
VISGAVOD0ZED VOSHEL403Z10 | 137842273 EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VISGELODO2O0 VISHEL403Z10 | 477E3349 EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VOSHELG00220 VISMOT124270 | 15283706 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 a oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VOILEIOQL90 VOiKEM4S2050 | 108B28193 4251 1642 2e0 | 276 | 2 313 | ass | 29 | 300 13.4 70 475
VOILEIOOZAD VISMOT124270 | 21304z14 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOILEIGO2 0 viSMOT124270 | 23=36282 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOILEIOOZED VOIPOE4As000 | S77a0SL2 023 34 3z |29 |2 537 | 303 | s7s | as= 127 75 543
VOILEIOO2I0 VOZEDES42120 | 47172616 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOILEIOO300 VOZRIV4Z3020 33199357 4053 w009 215 | o7e | 2 02 | 30 | 384 | 3E 143 &7 1337
VOILEIZZE180 FOSLEIZZESSS EITOEE0E 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
VISMANDOOZAD volssvassian | 13017813 4318 1753 237 | 2o9 | 2 433 | 300 | =383 | 23 123 2 713
VOSEEDD0L VOTMOG2EI020 | 19134016 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VISKEKD00L30 WOESAMRONDOD | =251574 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VISMARGI0LTO VOTMOG2EI020 | 4333433 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VOS5 CHOODLA0 VOTEELZESIT0 | JS0B4306 4338 M52 213 | oe? | 2 333 | am | w93 | a3 143 &3 157
VOE5CHOOOLED WOESAMRONDOD | 7612176 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VOS5 CHOOOZL0 VISHEL403Z10 | E1083174 EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VOS5 CHOOOZ20 VOIHER4ZEOLD | 77IanMTL a3 2351 2z |o7e |1 74z | 417 | sas | a3 104 73 1318
VOEZWADGOZ00 VISMOT124270 | E57129 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOTBELOGO0ED VO4MOW3S110 | 11338072 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOTDEMOO00ZS VOTMOG2EZ020 | 27308596 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VOTDEMOO00ED VOAMARASE120 | 7302251 L 10 324 | 118 | 2 73z | ass | =3z | ass 13.4 L 1088
VOTDEMOO0410 VISHEU403z10 | SvEzesaz EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VOTGRAGIOOSD viSMOT124270 | 23283373 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOTMOEI00L30 VOTMOG2EI020 | E323550 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VOTMOLIG0030 VOBBAR111370 | 33711139 4087 57 210 | oes | 2 353 | oes | =es | 300 130 75 1273
VOTM L0030 VOTMOEZEZ00 | S2610014 30,4 1518 3g1 | zz:2 |2 67 | woo | 532 | 38 163 -+ 1340
VOTMOLIG0130 visMOT124270 | 22217247 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VEOTWOLHO0040 VISHEL403Z10 | 43430857 EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VOBAABGGOIED VOAMARAZ5120 | E0431204 L 10 324 | 118 | 2 73z | ass | =3z | ass 13.4 L 1088
VOSBETO00240 VISMOT124270 | £114323 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOSEROG00LTS VOTMOG2EIa20 | E26zTIL 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VOESERUGO0LED WL1BERIL010 | 15024099 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VOSDLI000430 VOLMOW3S110 | 16235357 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOSDLI000433 VISMOT124270 | S419Ems 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISDROO00230 VOTMOG2EZO20 | 17sazTl 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VOSGLADOO430 VISMOT124270 | 29300000 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VISGRO000T7D WL1BERI3L010 | 1374309 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOSHALOOOOED WL1BERI3L010 | 10431001 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOEHARGOO0230 WL1BERI3L010 | 4123063 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOSHERDOD1Z0 voTMOGzEzaz0 | 1ss067as 1320 1531 212 | ose 333 | asm | 423 | 288 134 B1 523
VOSLEIOO420 VOLMOW3S110 | E4395329 4136 2431 215 | 056 53z | 313 | w93 | 233 124 23 1153
VOELOBO00300 WL1BERIM010 | 17Z7O2T 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VISLOTO00LL0 WOESAMRONDOD | 1es77E53 23 1527 134 | ooz 3z | 2% | 370 | 300 133 25 1324
VISMAAGI05D WL1BERI3L010 | 29513358 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VISMAAGO0IZO VOTBELZESOTD | 41362082 4338 M52 213 | os7 333 | am | w93 | a3 143 &3 157
VOEMARDOOZTO WL1BERIIL010 | 2839242 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOSMECDOO3S0 VOLMOW3S110 | 21sa4z0 4136 2431 215 | 056 53z | 313 | w93 | 233 124 23 1153
VOSMECDO0440 VO4MOW3E110 | 21167200 4136 2431 215 | 056 53z | 313 | w93 | 233 124 23 1153
VISMOEI00030 VOBBAR111370 | 323063E9 4087 57 210 | oss 353 | oes | =es | 300 130 75 1273
VISMOI000220 WL1BERIL010 | 247aszs3 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOSNEEDDOLA0 VOTMOGzEIa20 | 24418401 1320 1531 212 | ose 333 | asm | 423 | 288 134 B1 523
VOSFARDOOZLD VOTMOG2Ez020 | 10926023 1320 1531 212 | ose 333 | asm | 423 | 288 134 B1 523
VOESASHO0330 visMOT124270 | 11127038 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VOESTADDOOSED VOTMOG2EI020 | 2939127 1320 1531 212 | ose 333 | asm | 423 | 288 134 B1 523
VOETANGOO0ZSD WL1BERIL010 | E547842 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOETANGO033D WL1BERI3L010 | 17zE2IL 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOETANGOGO0340 WL1BERI3L010 | 4308091 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOSTRADOOZED WL1BERI3L010 | 5403050 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOBUKKDG01ED VISMOT124270 | 16336310 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VOEVILDO03L0 WL1BERI31010 | 2239630 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOEVLEDGO130 WL1BERIL010 | 4342823 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VIEVORGO0LTI WL1BERI3L010 | 4176330 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VIEVROGO04E0 ViDMOFDS2140 | 179953384 4254 MaE 21z | oss 35z | o | w1 | 300 105 62 557
VOEVUNO00433 VISMOT124270 | 29382270 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VOEWEEDDDS10 VISMOT124270 | e=zoz3ss 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VOEWOLHO0ZED WL1BERI3L010 | 45365259 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOEWOLBRUZOO VISWINLL1310 | 43302596 473 1654 139 | oo 405 | 33 | woe | 230 L] -+ 723
VOEZULG00430 VOTEELZESITD | 29927026 4338 M52 213 | os7 333 | am | w93 | a3 143 &3 157
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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 a oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VISALEO000LD VISMOT124270 | S@sESL1 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISALEODO0ZD VISMOT124270 | &7EB40 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISEEGO001ED VOSMOT124270 | S22B34%0 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOIDEMOO0030 VOSMAN1EIDAD | 111804714 4187 1957 12 o7 |2 423 | 4o | 325 | oms 133 &7 10m0
VOIDEMOO0030 W11DURIS0S 17224252 ams 1348 2z | o2es |2 323 | a0 | =13 | 300 112 70 752
VOSDEMOO0070 WL1BERIL010 | 1%2637E0 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VISGLADOOZAD VISMOT124270 | 13393219 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISHEIIOOZS0 VOSMOT124270 | 117759533 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISHERDODIED VISMOT124270 | 17so4zze 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISHERDCOOTS VISMOT124270 | aos3zes 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISHULGG01 7D VOLMOW3S110 | 10167857 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VISLAADDOZZO VISMOT124270 | a4s43sss 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOSLEIOOLED ViSMOT124270 | 2230138 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISLELIO00LSS VOTMOG2E3020 | E272EIT 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VISMANDOD130 VISMOT124270 | 2389062 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VESMOTO00250 VISMOT124270 | =533833 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISMOUDDIZED WL1BERI3L010 | 4720581 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VISOS5000230 VISMOT124270 | 1z0172%7 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOIVELDG0110 VISMOT124270 | 44224342 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISVOO000350 VISMOT124270 | 14313566 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
V9V O5S000200 VISMOT124270 | £343eE0 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISWERGGOZI0 VOLMOW3E110 | 3847954 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOIWLIDGI150 VISMOT124270 | e331100 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISWINOO03Z0 vissOT124270 | 17371253 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOSTWARGL40 vISMOT124270 | 24s073s6 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOSTWARGOZAD viosOFosz140 | 13313232 4254 MaE 21z | oes | 1 35z | o | w1 | 300 105 62 557
VAOALBOTEOLY VIOGMEOTESSS | 24335871 4353 2337 123 | oss |2 353 | 23 | =373 | 300 133 &7 1623
VADEERDOCLO0 VISMOT124270 | 23972434 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VADEEVOO0L20 vioMOFDs2140 | 26312434 4254 MaE 21z | oes | 1 35z | o | w1 | 300 105 62 557
VADGESI00L30 visMOT124270 | az1ES7E1 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
V1OGMEITENL0 VIOGNEOTESSS | 243332347 4353 2337 123 | oss |2 353 | 23 | =373 | 300 133 &7 1623
V10GO0000020 viosOFDs2140 | 44302117 4254 MaE 21z | oes | 1 35z | o | w1 | 300 105 62 557
VOKLAOTEOED VIOGNEOTESSS | J404174 4353 2337 123 | oss |2 353 | 23 | =373 | 300 133 &7 1623
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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 a oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VAOKRED00LL0 VOSMAN1EIDED | 33328737 4187 1957 12 o7 |2 423 | am: | 325 | oms 133 &7 10m0
VAOMOLIG00ED VIETWAL42120 | 40694819 FLETS FLEL 1: | oas |1 323 | 300 | 335 | zes 130 1 723
VAOMOFO00LS0 viosOFos2140 | 32418524 4254 MaE 21z | oes | 1 35z | o | w1 | 300 105 62 557
VADNETOO0470 VADMOFD52140 | E56E47TZO 4254 MaE 21z | oes | 1 35z | o | w1 | 300 105 62 557
VADMETOOOLED VOSMAN1EIDED | E0302347 4187 1957 12 o7 |2 423 | 4o | 325 | oms 133 &7 10m0
VADROLOOOOAD VIETWAL42120 | 23971007 FLETS FLEL 1: | oas |1 323 | 300 | 335 | zes 130 1 723
VAOSTEDGOOTD VIETWAL4E120 | 4zsTiEIs FLETS FLEL 1: | oas |1 323 | 300 | 335 | zes 130 1 723
VADTAFOODAED viosOFDs2140 | asi9iEz0 4254 MaE 21z | oes | 1 35z | o | w1 | 300 105 62 557
VAOWIMOO00S0 vissOT124270 | 29330881 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VL1A1RO000LY WL1BERI1010 | 44350800 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VLAMAASIEOD ViOKMEODI2000 | E379izizz 4746 w24 210 | zo9 | 2 m | orE | 308 | 300 134 1% 103
V11VOEDGO0L0 VOSVELL4S100 | 39333500 4132 34 213 | os3 | 1 €31 | 311 | w1 | zE0 53 -+ 1438
VLIWILI0SDSS VOSDEM135000 | 21385142 4776 2604 133 | oas | 2 313 | 30 | 393 | 273 130 1% 1200
WOSLYSIEE170 FOSLEIZZESSS 51512026 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
WOSBO0SIZI055 FOSBOS3ZI0NL | 235772308 4333 175.4 132 | osa |2 3gs | 21z | e | zav 123 B1 1080
WOSBO0SIZIL0S FOSEOS3ZI0NL | 22678572 4333 175.4 132 | osa |2 3gs | 21z | e | zav 123 B1 1080
WOSBO0SIZILLY FOSEOS3ZI0NL | 111071343 4333 175.4 132 | osa |2 3gs | 21z | e | zav 123 B1 1080
WOSHAIZZIGED FOSBOS3ZI0NL | 273200657 4333 175.4 132 | osa |2 3gs | 21z | e | zav 123 B1 1080
WOSHAEZIOES FOSEOS3ZI0NL | 241253103 4333 175.4 132 | osa |2 3gs | 21z | e | zav 123 B1 1080
WOSHAIEZI00 FOSEOS3ZI00L | 2730512EE 4333 175.4 132 | osa |2 3gs | 21z | e | zav 123 B1 1080
WOEHAYO00440 VISHEL403Z10 | e41028s2 EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
WOERHODOO120 ViSMOT124270 | 7I9933s 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
WOTDENLESOLD WOTDENOVEGDS | 271045163 4371 1938 133 | oes | 2 483 | 1o | 380 | zav 123 24 1085
WO7DOCLESH0D WOTDENOVE®OS | 127972327 4371 1938 133 | oes | 2 483 | 1o | 380 | zav 123 24 1085
WOTDORLESOOS WOTDENOVEGDS | 135376508 4371 1938 133 | oes | 2 483 | 1o | 380 | zav 123 24 1085
WOESHAKDOTSD VOTBELZENIT0 | E0S2657E 4338 M52 213 | oe? | 2 333 | am | w93 | a3 143 &3 157
WOESENGO0020 WOESAMRONDOD | 330B107E 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
WOEZENDO004D vOTMOGzEza20 | 13240238 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
WALIEEII3010 WLLMIEHIEZ0 453411008 3567 1639 2o | oas |2 323 | 313 | w23 | 282 124 -+ 1073
W LLMAADOS0 WLLMIEHIEZ0 303247000 3567 1639 2o | oas |2 323 | 313 | w23 | 282 124 -+ 1073
W LLMAADOSD WLLMIEHIEZ0 370820000 3567 1639 2o | oas |2 323 | 313 | w23 | 282 124 -+ 1073
WALSANDOOD WOESAMRONDOD | 172620000 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 a oFL | corz | amt dr2 | woF CHIF CHBF
atchment

FOLYSE4EE000 FO1UZAEE000 351120000 L 053 2z | rz0 | 2 ez | ez | 4s3 | 300 13.4 0% 1808
FOSAAADOOOLD FOSLEIZZESSS 243492728 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSAAATTLO00 FOSLEIZZESSS 374113103 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSBECIZE023 FOSLEIZZESSS EO0BE03S 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSBECIEE023 FOSLEIZZESSS £E330969 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSBOUISE005 FOSLEIZZESSS 27352528 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSCLAIZS0LT FOSLEIZZESSS 35347273 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSCLAIZS020 FOSLEIZZESSS 225006473 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOADEUIZE040 FOSLEIZZESSS 445815370 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOADEUIZEII0 FOSLEIZZESSS 740E355L 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOADEUISEIE0 FOSLEIZZESSS 115665136 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOADEUISEIED FOSLEIZZESSS 37192450 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOIADEUIZEIS0 FOSLEIZZESSS 17525199 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOIADEUISELL0 FOSLEIZZESSS 16315250 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOIODEUIEELZ0 FOSLEIZZESSS 33490392 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOADEUIZE130 FOSLEIZZESSS 21724454 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOADEUIZEL40 FOSLEIZZESSS 7450981 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOIADEUIZELI0 FOSLEIZZESSS 33193251 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOIADEUIZELE0 FOSLEIZZESSS 27009232 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOOHEMODDOZD FOSLEIZZESSS 134040959 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSLAW3BE0LS FOSLEIZZESSS 102245474 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FIOSLAW3BE03D FOSLEIZZESSS 125655253 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSLOI325033 FOSLEIZZESSS 113053218 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSLYS3ZE000 FOSLEIZZESSS 3732EE119 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSLYS3ZE040 FOSLEIZZESSS THEE0338 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSLYSIZE0LS FOSLEIZZESSS 23126242 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSLYSIZELLY FOSLEIZZESSS 162495564 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOOMARIZEITD FOSLEIZZESSS 200320418 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOOMARIZEL00 FOSLEIZZESSS 26539632 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
FOSEOS3 23000 FOSEOS3ZI0NL | 77406381 4333 175.4 132 | osa |2 3gs | 21z | e | zav 123 B1 1080
FOSEOSIZI0LY FOSEOS3ZI00L | 107626367 4333 175.4 132 | oss |2 3gs | 21z | e | zav 123 B1 1080
FOSBOS3IZI0LE FOSEOS3ZI0NL | 142937003 4333 175.4 132 | osa |2 3gs | 21z | e | zav 123 B1 1080
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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 oFL | corz | amt dr2 | woF CHIF CHBF
atchment

FOSBOSIZI0L7 FOSBOS3ZI0NL | 33ETITTS 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSBOSIZI0LE FOSBOS3ZI0NL | 15911203 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSBOS3IZI019 FOSBOS3ZI0NL | 35TETIE0 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOBECA3Z3030 FOSBOS3ZI0NL | 191873673 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSERCIZS030 FOSEOS3ZI0NL | 157634304 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSHOGIZIOTD FOSEOS3ZI0NL | 208230836 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSRMOIZIOED FOSBOS3ZI0NL | EOSTA4TE 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOESCAIZSO020 FOSEOS3ZI0NL | 454196632 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSSCAIZS02 FOSEOS3ZI00L | EOSESOITA 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOESEL3Z3040 FOSBOS3ZI00L | 201654053 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
FOSSEN3ZI040 FOSBOS3ZI0NL | I9ITETILA 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
NO3BRAGOO0LED WL1BERIIL010 | 35104520 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
M11MAADOOOSD VOSMOT124270 | 129703zsoEn | 473z 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VILHANODOLED VOAMAR4Z5120 | S@EEEEi3 L 10 324 | 11a 73z | ass | =3z | ass 13.4 L 1088
VILHEMESTLD FO1UZAEE000 31390879 L 053 233 | 130 ez | ez | 4s3 | 300 13.4 0% 1808
VOLIEPDO00ST VO4MOW3S110 | 3509701 4136 2431 215 | 056 53z | 313 | w93 | 233 124 23 1153
VOLIEPDO0L00 VOSHEL403Z10 | 24028173 EFLES 205 2 3z | 109 351 | 177 | 38 | 300 124 78 70
VOLIEPDO0110 VISHEL403Z10 | esszasz EFLES 205 2 3z | 109 351 | 177 | 38 | 300 124 78 70
VOLUZO0002D VOiKEM4S2050 | 45103457 4251 1642 240 | 176 313 | ass | 29 | 300 13.4 70 475
VILKEMODOTRD VOiKEM4S2050 | 12310914 4251 1642 240 | 176 313 | ass | 29 | 300 13.4 70 475
VOLMARDO0130 VOAMARASE120 | 273373ST L 10 324 | 11a 73z | ass | =3z | ass 13.4 L 1088
VOLPOPHG004D VOAMARAZE120 | 34370536 L 10 324 | 11a 73z | ass | =3z | ass 13.4 L 1088
VOLPOPOG0030 VOLMOW3S110 | 14704218 4136 2431 215 | 056 53z | 313 | w93 | 233 124 23 1153
VO1S5V030190 VOAMARAZE120 | 43530230 L 10 324 | 11a 73z | ass | =3z | ass 13.4 L 1088
VOZAFLOGO140 VOZEDES42120 | 20916083 4324 1523 233 | 104 723 | esz | a7s | ase 133 72 E73
VOZERUGG0110 WL1BERI3L010 | 3233340 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOIVADGOZZD WOESAMRONDOD | 230EsEzm 23 1527 134 | ooz 3z | 2% | 370 | 300 133 25 1324
VIZIABDOO0AD VIZKER422030 | 2437621 3793 HIE 271 | oss 235 | oz | so0s | soo 165 &7 1357
VIZEATO00400 WOESAMRONDOD | 113s3s=z 23 1527 134 | ooz 3z | 2% | 370 | 300 133 25 1324
VIZKE0000000 VOIPOE4s000 | 1v97s3OTT 023 34 33 | 143 537 | 303 | s7s | as= 127 75 543
VIZKGEOO000E0 VOZEDE442120 | 14937762 4324 1523 233 | 104 723 | esz | a7s | ase 133 72 E73
VOZKWEDDDIS0 WOESAMRONDOD | 1emassss 23 1527 134 | ooz 3z | 2% | 370 | 300 133 25 1324
VOZLPKOGOLTD VOZRIV4Z3020 45543041 4053 w009 215 | o7a 02 | 30 | 384 | 3E 143 &7 1337
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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 a oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VOZLPKDGO1ED WOESAMRONDOD | 31245434 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VOZLPKOG0150 WL1BERIL010 | 33092156 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VEOZMOEI00LE0 VOZEDE442120 | 44401EsE 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VEOZNCOGO0130 VOZEDES42120 | 5234352 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VIZNWGI0IZL0 WOESAMRONDOD | 1z3sE3zs 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VIZRIVOGOD70 VOZEDES42120 | 3847370 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO25TEDOO0S0 VI2KER422030 | 27zoassi 3793 HIE 27 | oss |1 235 | oz | so0s | soo 165 &7 1357
VO25TEDGO113 WL1BERII010 | 17760000 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VIZZUINO00ED VOZRIV4Z3020 24273228 4053 w009 215 | o7e | 2 02 | 3w | 3584 | 3E 143 &7 1337
VIZZUI000L30 VOZRIV4Z3020 43783008 4053 w009 215 | o7e | 2 02 | 30 | 384 | 3E 143 &7 1337
VOZZWIH00E00 WOESAMRONDOD | 3871720 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VOIAFLOGO0LD VOLMOWIS110 | 41219066 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOIAFLOGOOTD VOZEDES42120 | 3SEETLTI 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VI3EO5000200 VOZEDE442120 | 26173758 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VISDURIO0ZS0 VOZEDES42120 | E434531 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOGEMO000ID WOESAMRONDOD | 3Z3E2%16 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VOIHONOOOZI0 VOZEDES42120 | 20326328 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOSKALODOOZD VOZRIV4Z3020 43380933 4053 w009 215 | o7e | 2 02 | 30 | 384 | 3E 143 &7 1337
VOSKALODOLED VOZEDE442120 | 326EMTT 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOSKEIDOOZED VOZEDES42120 | 23337740 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VIBKE0000050 VOZEDES42120 | 12303139 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VI3KETO0DIED WL1BERI3L010 | 4s3EEEz1 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VIIKETO00100 VISHEL403Z10 | 700177E9 EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VOIKRUGG0L20 VOZEDES42120 | 3007942 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO3LANOOD150 VOZEDES42120 | 14793221 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO3LIEDGOOED VOZEDES42120 | 5339733 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOILPKOG0130 VOZEDES42120 | 4077ELE0 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOILPKOG0140 VOAMOMO03TI00 | 3arTESSE 1324 1938 132 | o=3 |1 433 | 1ss | -zm2 | 243 117 62 533
VISMOFO00250 VOZEDE442120 | 31302933 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOSRIEI00040 VOTMOG2E3020 | E140607 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VISRODO00LL0 VOZEDE442120 | e3372E3 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO35LEDO00S0 VOZRIV4Z3020 44195240 4053 w009 215 | o7e | 2 02 | 30 | 384 | 3E 143 &7 1337
VO35FLOGOZLD VOZEDE442120 | 3401420 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 a oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VOISTEDGOZAD VOZEDE442120 | 10915338 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VISVALOOOZZO VOZEDES42120 | 19342159 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO3WEEDDOZ30 VOZEDE442120 | 24032259 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOIZSE0G017D VOIPOE4As000 | 3vEzTLn 023 34 3z |29 |2 537 | 303 | s7s | as= 127 75 543
VI3ZWSI00LS0 VOZEDE442120 | 3433TINL 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO4BESDO0LED VOSTWA3AZ150 | 134830504 43zz 1821 211 | 24z |2 372 | 20 | w1z | 2ss 143 = 77
VO4BESDO01 7D WL1BERIL010 | 1Z7EETOE 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VO4BESDO0LED WOESAMRONDOD | e7s63s1m 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VOLBESDOOLES WL1BERI3L010 | 23326403 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VO4BESDO0150 VOSDEM135000 | 351066306 4776 2604 133 | oas | 2 313 | 30 | 393 | 273 130 1% 1200
VO4BESDO0200 VOTMAR2ES01Y | 130985113 4107 1708 233 o=z |1 433 | 300 | 433 | zms 10 1= 1173
VO4BESHO02L0 WL1BERI3L010 | 373s2esE 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VIADURIOOGED VOLMOW3S110 | 13119599 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VIADURIOO0S0 VISMOT124270 | 12911836 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VO4LEDODO0SS VOZEDE442120 | 10731840 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VO4LEDSOR40 VOZEDE442120 | 33m1T271 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VIMLOEO000ED ViSMOT124270 | 1z9372s1 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOARUPGG0130 WOESAMRONDOD | 2ss27E14 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
V45 CHOO0000 visMOT124270 | 21388172 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
V045 CHO00010 VOSHER1E3010 | 232467554 4554 1620 137 | ose | 1 00 | 300 | w03 | 300 147 1= 515
V45 CHOO0020 VOIPOEdas000 | azsazes3 023 34 3z |29 |2 537 | 303 | s7s | as= 127 75 543
VD45CHO00030 VISWINLL1310 | 3333E3s3 473 1654 19 |osr |2 405 | 33 | woe | 230 L] -+ 723
VD45 CHO00D70 VOSHER1E3010 | S7E43css 4554 1620 137 | ose | 1 00 | 300 | w03 | 300 147 1= 515
VOAVLIDO0140 VOSMAN1EIDED | E373TIZ0 4187 1957 12 o7 |2 423 | 4o | 325 | oms 133 &7 10m0
VI4ZELOGOO30 VOLMOW3S110 | 24z07EW1 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOAZIEDGO1ZD VOLMOW3S110 | S2127E%4 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOATWARGO130 VOBBAR111370 | 20223736 4087 57 210 | oes | 2 353 | oes | =es | 300 130 75 1273
VISGAVOD0ZED VOSHEL403Z10 | 137842273 EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VISGELODO2O0 VISHEL403Z10 | 477E3349 EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VOSHELG00220 VISMOT124270 | 15283706 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOILEIOQL90 VOiKEM4S2050 | 108B28193 4251 1642 2e0 | 276 | 2 313 | ass | 29 | 300 13.4 70 475
VOILEIOOZAD VISMOT124270 | 21304z14 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOILEIGO2 0 viSMOT124270 | 23=36282 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
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Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 a oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VOILEIOOZED VOIPOE4As000 | S77a0SL2 023 34 3z |29 |2 537 | 303 | s7s | as= 127 75 543
VOILEIOO2I0 VOZEDES42120 | 47172616 4324 1523 233 | 2108 | 2 723 | esz | a7s | ase 133 72 E73
VOILEIOO300 VOZRIV4Z3020 33199357 4053 w009 215 | o7e | 2 02 | 30 | 384 | 3E 143 &7 1337
VOILEIZZE180 FOSLEIZZESSS EITOEE0E 4240 2334 211 | o=3 |1 375 | 1s2 | =361 | 300 133 a5 =3
VISMANDOOZAD volssvassian | 13017813 4318 1753 237 | 2o9 | 2 433 | 300 | =383 | 23 123 2 713
VOSEEDD0L VOTMOG2EI020 | 19134016 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VISKEKD00L30 WOESAMRONDOD | =251574 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VISMARGI0LTO VOTMOG2EI020 | 4333433 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VOS5 CHOODLA0 VOTEELZESIT0 | JS0B4306 4338 M52 213 | oe? | 2 333 | am | w93 | a3 143 &3 157
VOE5CHOOOLED WOESAMRONDOD | 7612176 23 1527 13 |osz |2 3z | 2% | 370 | 300 133 25 1324
VOS5 CHOOOZL0 VISHEL403Z10 | E1083174 EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VOS5 CHOOOZ20 VOIHER4ZEOLD | 77IanMTL a3 2351 2z |o7e |1 74z | 417 | sas | a3 104 73 1318
VOEZWADGOZ00 VISMOT124270 | E57129 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOTBELOGO0ED VO4MOW3S110 | 11338072 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOTDEMOO00ZS VOTMOG2EZ020 | 27308596 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VOTDEMOO00ED VOAMARASE120 | 7302251 L 10 324 | 118 | 2 73z | ass | =3z | ass 13.4 L 1088
VOTDEMOO0410 VISHEU403z10 | SvEzesaz EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VOTGRAGIOOSD viSMOT124270 | 23283373 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOTMOEI00L30 VOTMOG2EI020 | E323550 1320 1531 212 | ose |1 333 | asm | 423 | 288 134 B1 523
VOTMOLIG0030 VOBBAR111370 | 33711139 4087 57 210 | oes | 2 353 | oes | =es | 300 130 75 1273
VOTM L0030 VOTMOEZEZ00 | S2610014 30,4 1518 3g1 | zz:2 |2 67 | woo | 532 | 38 163 -+ 1340
VOTMOLIG0130 visMOT124270 | 22217247 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VEOTWOLHO0040 VISHEL403Z10 | 43430857 EFLES 205 2 3z | ro9 |2 351 | 177 | 38 | 300 124 78 70
VOBAABGGOIED VOAMARAZ5120 | E0431204 L 10 324 | 118 | 2 73z | ass | =3z | ass 13.4 L 1088
VOSBETO00240 VISMOT124270 | £114323 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOSEROG00LTS VOTMOG2EIa20 | E26zTIL 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VOESERUGO0LED WL1BERIL010 | 15024099 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VOSDLI000430 VOLMOW3S110 | 16235357 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOSDLI000433 VISMOT124270 | S419Ems 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISDROO00230 VOTMOG2EZO20 | 17sazTl 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VOSGLADOO430 VISMOT124270 | 29300000 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISGRO000T7D WL1BERI3L010 | 1374309 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VOSHALOOOOED WL1BERI3L010 | 10431001 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224

Final version WL2021R00_162_4-4 AlS



Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VOEHARGOO0230 WL1BERI3L010 | 4123063 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOSHERDOD1Z0 voTMOGzEzaz0 | 1ss067as 1320 1531 212 | ose 333 | asm | w23 | 288 134 B1 523
VOSLEIOO420 VOLMOW3S110 | E4395329 4136 2431 215 | 056 53z | 313 | w93 | 233 124 23 1153
VOELOBO00300 WL1BERIM010 | 17Z7O2T 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VISLOTO00LL0 WOESAMRONDOD | 1es77E53 23 1527 134 | ooz 3z | 2% | 370 | 300 133 25 1324
VISMAAGI05D WL1BERI3L010 | 29513358 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VISMAAGO0IZO VOTBELZESOTD | 41362082 4338 M52 213 | os7 333 | am | w93 | a3 143 &3 157
VOEMARDOOZTO WL1BERIIL010 | 2839242 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOSMECDOO3S0 VOLMOW3S110 | 21sa4z0 4136 2431 215 | 056 53z | 313 | w93 | 233 124 23 1153
VOSMECDO0440 VO4MOW3E110 | 21167200 4136 2431 215 | 056 53z | 313 | w93 | 233 124 23 1153
VISMOEI00030 VOBBAR111370 | 323063E9 4087 57 210 | oss 353 | oes | =es | 300 130 75 1273
VISMOI000220 WL1BERIL010 | 247aszs3 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOSNEEDDOLA0 VOTMOGzEIa20 | 24418401 1320 1531 212 | ose 333 | asm | 423 | 288 134 B1 523
VOSFARDOOZLD VOTMOG2Ez020 | 10926023 1320 1531 212 | ose 333 | asm | 423 | 288 134 B1 523
VOESASHO0330 visMOT124270 | 11127038 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VOESTADDOOSED VOTMOG2EI020 | 2939127 1320 1531 212 | ose 333 | asm | 423 | 288 134 B1 523
VOETANGOO0ZSD WL1BERIL010 | E547842 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOETANGO033D WL1BERI3L010 | 17zE2IL 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOETANGOGO0340 WL1BERI3L010 | 4308091 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOSTRADOOZED WL1BERI3L010 | 5403050 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOBUKKDG01ED VISMOT124270 | 16336310 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VOEVILDO03L0 WL1BERI31010 | 2239630 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOEVLEDGO130 WL1BERIL010 | 4342823 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VIESVORIO0LTI WL1BERI3L010 | 4176330 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VIEVROGO04E0 ViDMOFDS2140 | 179953384 4254 MaE 21z | oss 35z | o | w1 | 300 105 62 557
VOEVUNO00433 VISMOT124270 | 29382270 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VOEWEEDDDS10 VISMOT124270 | e=zoz3ss 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VOEWOLHO0ZED WL1BERI3L010 | 45365259 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VOEWOLBRUZOO VISWINLL1310 | 43302596 473 1654 139 | oo 405 | 33 | woe | 230 L] -+ 723
VOEZULG00430 VOTEELZESITD | 29927026 4338 M52 213 | os7 333 | am | w93 | a3 143 &3 157
VISALEO000LD VISMOT124270 | S@sESL1 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VISALEODO0ZD VISMOT124270 | &7EB40 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VISEEGO001ED VOSMOT124270 | S22B34%0 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
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Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 a oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VOIDEMOO0030 VOSMAN1EIDAD | 111804714 4187 1957 12 o7 |2 423 | 4o | 325 | oms 133 &7 10m0
VOIDEMOO0030 W11DURIS0S 17224252 ams 1348 2z | o2es |2 323 | a0 | =13 | 300 112 70 752
VOSDEMOO0070 WL1BERIL010 | 1%2637E0 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VISGLADOOZAD VISMOT124270 | 13393219 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISHEIIOOZS0 VOSMOT124270 | 117759533 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISHERDODIED VISMOT124270 | 17so4zze 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISHERDCOOTS VISMOT124270 | aos3zes 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISHULGG01 7D VOLMOW3S110 | 10167857 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VISLAADDOZZO VISMOT124270 | a4s43sss 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOSLEIOOLED ViSMOT124270 | 2230138 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISLELIO00LSS VOTMOG2E3020 | E272EIT 1320 1531 213 |osa |1 333 | asm | 423 | 288 134 B1 523
VISMANDOD130 VISMOT124270 | 2389062 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VESMOTO00250 VISMOT124270 | =533833 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISMOUDDIZED WL1BERI3L010 | 4720581 3212 2421 2e0 | 2o |2 02 | g7 | w57 | 238 1a.0 &3 1224
VISOS5000230 VISMOT124270 | 1z0172%7 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOIVELDG0110 VISMOT124270 | 44224342 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISVOO000350 VISMOT124270 | 14313566 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
V9V O5S000200 VISMOT124270 | £343eE0 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISWERGGOZI0 VOLMOW3E110 | 3847954 4136 2431 235 | oss | 1 53z | 313 | w93 | 233 124 23 1153
VOIWLIDGI150 VISMOT124270 | e331100 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VISWINOO03Z0 vissOT124270 | 17371253 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOSTWARGL40 vISMOT124270 | 24s073s6 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VOSTWARGOZAD viosOFosz140 | 13313232 4254 MaE 21z | oes | 1 35z | o | w1 | 300 105 62 557
VAOALBOTEOLY VIOGMEOTESSS | 24335871 4353 2337 123 | oss |2 353 | 23 | =373 | 300 133 &7 1623
VADEERDOCLO0 VISMOT124270 | 23972434 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
VADEEVOO0L20 vioMOFDs2140 | 26312434 4254 MaE 21z | oes | 1 35z | o | w1 | 300 105 62 557
VADGESI00L30 visMOT124270 | az1ES7E1 47132 1523 133 |o7e |1 g2 | a7 | 38 | 3o 123 65 1138
V1OGMEITENL0 VIOGNEOTESSS | 243332347 4353 2337 123 | oss |2 353 | 23 | =373 | 300 133 &7 1623
V10GO0000020 viosOFDs2140 | 44302117 4254 MaE 21z | oes | 1 35z | o | w1 | 300 105 62 557
VOKLAOTEOED VIOGNEOTESSS | J404174 4353 2337 123 | oss |2 353 | 23 | =373 | 300 133 &7 1623
VAOKRED00LL0 VOSMAN1EIDED | 33328737 4187 1957 12 o7 |2 423 | 4o | 325 | oms 133 &7 10m0
VAOMOLIG00ED VIETWAL42120 | 40694819 FLETS FLEL 1: | oas |1 323 | 300 | 335 | zes 130 1 723
VAOMOFO00LS0 viosOFos2140 | 32418524 4254 MaE 21z | oes | 1 35z | o | w1 | 300 105 62 557
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Associnted
Catchment Fruged Ares [m?) samex | SMevsp | o 2 oFL | corz | amt dr2 | woF CHIF CHBF
atchment

VADNETOO0470 VADMOFD52140 | E56E47TZO 4254 MaE 21z | oss 35z | o | w1 | 300 105 62 557
VADMETOOOLED VOSMAN1EIDED | E0302347 4187 1957 12 | o7 423 | 4o | 325 | oms 133 &7 10m0
VADROLOOOOAD VIETWAL42120 | 23971007 FLETS FLEL 1: | oas 323 | 300 | 335 | zes 130 1 723
VAOSTEDGOOTD VIETWAL4E120 | 4zsTiEIs FLETS FLEL 1: | oas 323 | 300 | 335 | zes 130 1 723
VADTAFOODAED viosOFDs2140 | asi9iEz0 4254 MaE 21z | oss 35z | o | w1 | 300 105 62 557
VAOWIMOO00S0 vissOT124270 | 29330881 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
VL1A1RO000LY WL1BERI1010 | 44350800 3212 2421 240 | 1ot 02 | g7 | w57 | 238 1a.0 &3 1224
VLAMAASIEOD ViOKMEODI2000 | E379izizz 4746 w24 210 | 108 m | orE | 308 | 300 134 1% 103
V11VOEDGO0L0 VOSVELL4S100 | 39333500 4132 34 213 | os3 €31 | 311 | w1 | zE0 53 -+ 1438
VLIWILI0SDSS VOSDEM135000 | 21385142 4776 2604 133 | oas 313 | 30 | 393 | 273 130 1% 1200
WOSLYSIEE170 FOSLEIZZESSS 51512026 4240 2334 211 | o=3 375 | 1s2 | =361 | 300 133 a5 =3
WOSBO0SIZI055 FOSBOS3ZI0NL | 235772308 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
WOSBO0SIZIL0S FOSEOS3ZI0NL | 22678572 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
WOSBO0SIZILLY FOSEOS3ZI0NL | 111071343 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
WOSHAIZZIGED FOSBOS3ZI0NL | 273200657 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
WOSHAEZIOES FOSEOS3ZI0NL | 241253103 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
WOSHAIEZI00 FOSEOS3ZI00L | 2730512EE 4333 175.4 132 | oosa 3gs | 21z | e | zav 123 B1 1080
WOEHAYO00440 VISHEL403Z10 | e41028s2 EFLES 205 2 3z | 109 351 | 177 | 38 | 300 124 78 70
WOERHODOO120 ViSMOT124270 | 7I9933s 47132 1523 133 | ove g2 | a7 | 38 | 3o 123 65 1138
WOTDENLESOLD WOTDENOVEGDS | 271045163 4371 1938 133 | 046 483 | 1o | 380 | zav 123 24 1085
WO7DOCLESH0D WOTDENOVE®OS | 127972327 4371 1938 133 | 046 483 | 1o | 380 | zav 123 24 1085
WOTDORLESOOS WOTDENOVEGDS | 135376508 4371 1938 133 | 046 483 | 1o | 380 | zav 123 24 1085
WOESHAKDOTSD VOTBELZENIT0 | E0S2657E 4338 M52 213 | os7 333 | am | w93 | a3 143 &3 157
WOESENGO0020 WOESAMRONDOD | 330B107E 23 1527 134 | ooz 3z | 2% | 370 | 300 133 25 1324
WOEZENDO004D vOTMOGzEza20 | 13240238 1320 1531 212 | ose 333 | asm | 423 | 288 134 B1 523
WALIEEII3010 WLLMIEHIEZ0 453411008 3567 1639 zo4 | oas 323 | 313 | w23 | 282 124 -+ 1073
W LLMAADOS0 WLLMIEHIEZ0 303247000 3567 1639 zo4 | oas 323 | 313 | w23 | 282 124 -+ 1073
W LLMAADOSD WLLMIEHIEZ0 370820000 3567 1639 zo4 | oas 323 | 313 | w23 | 282 124 -+ 1073
WALSANDOOD WOESAMRONDOD | 172620000 23 1527 134 | ooz 3z | 2% | 370 | 300 133 25 1324
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT "F011JZ468000"
(IZER)

1.1 Input data

Input Rain FO11)Z468000
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Figure 1: Cumulative precipitation on catchment FO11JZ2468000 (lJzer)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment FO11J2468000 (lJzer)
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1.2 Model summary
model_structure VHMclassic_Lumped

subcatchment_name FO11JZ2468000

subcatchment_area [m2] 393007000
Validation start_date 01-01-1967
Validation end_date 31-12-2013
frequency daily

Optimal parameter set:[{'SMmax’, 398.42), ('SMevap', 206.26), ('c1', 2.95), ('c2', 1.2), ('c3’,
1.0), ('cOF1", -8.48), ('cOF2', 6.21), ('clF1", -4.65), ('clF2', 5.0), ('CQOF', 13.4), ('CKIF', 105.23),
('CKBF', 1807.63)]

Table 1: Goodness of fit for calibration period (2005 - 2013)

Full year Summer Winter
RelErr -3.2 % 438 % -152 %
NS 0.605 0.466 0.563
NS_log 0.522 -0.629 0.687
NS_rel 0.091 0.358 0179
KGE 0.527 0.385 0.462

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 75% 26.1 % 0.6 %
NS 0.698 0.442 073
NS_log 0.529 -0.23 0.704
NS_rel -0.061 0.061 0.134
KGE 0.659 0.491 0.685
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue} daily discharge [m3/s] on catchment FO11JZ468000, station
46810102 - ljzer; Haringe(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment FO11JZ2468000, station
46810102 - ljizer; Haringe (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment FO11J2468000, station
46810102 - ljzer; Haringe (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment FO11JZ468000, station
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow evenis on
catchment FO11JZ2468000, station 46810102 - ljzer;, Haringe
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Figure 8: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment FO11JZ468000, station 46810102 - ljzer;, Haringe
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment FO11JZ468000, station 46810102 - ljzer; Haringe

Transition
an T T T
— Simulated FOLIZ 468000
b " Gauged
70 L L] i
60 |- -
=0 |- .
s
i
i
(18]
E o} |
=
=
L
30 | 4
20 | B
:
10 | [X\ |
g
SO e e A TS R
furn 2008 Jul 2008 Aug 2008 Sep 2008 Cct 2008 Mowv 2008

Time

Figure 10: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment FO11JZ2468000, station 46810102 - ljzer; Haringe

Final report WL2021R00_162_4-4



Modelling water availability and water allocation strategies in the Scheldt basin
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1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO1HAN4388180" (IJZER)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VO1HAN4881380 (lJzer)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration (green) on catchment VO1HAN488180 (1Jzer)
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1.2 Model summary

model_structure VHMclassic_Lumped
subcatchment_name VO1HAN488180
subcatchment_area [m2] 78558940
Validation start_date 01-01-1967
Validation end_date 31-12-2013
frequency daily

Optimal parameter set:[('SMmax’, 386.04), ("SMevap'’, 198.0), ('c1', 2.26), ('c2', 1.01), ('cd',
1.0), ('cOF1', 4.2), ('cOF2', 5.0), ('clF1', -5.29), ('clF2", 2.51), ('"CQOF', 12.26), ('CKIF', 100.09),
('CKBF', 836.66)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr 20% 94% -19%
NS 0.703 0.534 067
NS_log 0.735 0.526 0732
NS_rel 0.565 0.613 0.711
KGE 0.778 0.628 0.812

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 35% 14.6 % -05%
NS 0.712 0.506 0.689
NS_log 0.736 0.457 0.764
NS_rel 0.508 0.485 0.711
KGE 0.781 0.643 0.812
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO1HAN488180, station
48810102 - Krekelbeek; Kortemark(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO1HAN488180, station
48810102 - Krekelbeek; Kortemark (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO1HAN488180, station
48810102 - Krekelbeek; Kortemark (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO1HAN488180, station
48810102 - Krekelbeek; Kortemark (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO1HAN488180, station 48810102 - Krekelbeek; Kortemark
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
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CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR

"VO1IEP495080" (IJZER)
1.1 Input data
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Figure 1: Cumulative precipitation on catchment VO1IEP455080 (lJzer)
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Modelling water availability and water allocation strategies in the Scheldt basin
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO11EP495080
63423128
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 443.33), ('SMevap', 164.88), ('c1’, 1.93), ('c2', 0.36), ('cd’,
1.0), ('cOF1", -5.58), ('cOF2', 2.82), ('clF1", -3.65), ('clF2', 3.0), ("CQOF', 13.53), ('"CKIF', 56.286),

(CKBF', 1207.34)]

Table 1: Goodness of fit for calibration period (1996 - 2008)

Full year Summer Winter
RelErr -3.6 % 11.2 % -159 %
NS 0.554 0.551 0.594
NS_log 0.452 0.117 0.533
NS_rel -7.669 -26.871 0713
KGE 0.669 0.654 0.719

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -275% -59 % -41.0 %
NS 0.487 0.588 0.284
NS_log 0.501 0.301 0.132
NS_rel -3.089 -11.37 0.529
KGE 0.538 0.648 0.499
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment V011EP495080, station
49510102 - leperiee; Zuidschote(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V01IEP495080, station
49510102 - leperlee; Zuidschote (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment V01IEP495080, station
49510102 - leperlee; Zuidschote (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO11EP495080, station
49510102 - leperlee; Zuidschote (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on

catchment VO1IEP495080, station 49510102 - leperee; Zuidschote
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Figure 10: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO1KEM492060" (IJZER)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VO1KEM4582060 (lJzer)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment Y01KEM492060 (lJzer)
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1.2 Model summary

model_structure VHMclassic_Lumped
subcatchment_name VO1KEM492060
subcatchment_area [m2] 73892930
Validation start_date 01-01-1967
Validation end_date 31-12-2013
frequency daily

Optimal parameter set:[{'SMmax’, 426.14), ('"SMevap’, 164.19), ('c1', 2.4), ('c2', 1.76), ('c3',
1.0), ('"cOF1", -5.13), ('"cOF2', 4.65), ('clF1', -2.98), ('clF2', 3.0), ('"CQOF', 14 4), ('CKIF', 69.65),
('CKBF', 476.18)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr 20 % 253 % -5.7 %
NS 0.575 0.257 0.604
NS_log 0.484 0.086 0.496
NS_rel -21.572 -18.683 -1.051
KGE 0.581 0.301 0.563

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 10.5 % 335% 39%
NS 0.562 0.287 0.587
NS_log 0.481 0.067 0.538
NS_rel -12.195 -13.079 -0.126
KGE 0.546 0.356 0.527
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO 1KEM492060, station
49270102 -Kemmelbeek; Boezinge(calibration period)
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Figure 4: Measured {red) and simulated (blue) cumulative discharge [m3] on catchment VO1KEM452060, station
49270102 -Kemmelbeek; Boezinge (calibration period)

Final report WL2021R00_162_4-4 A39



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

; Total Flow
16 T T T T T T T
— SimulatedVOlKEM432060
) " Gauged
14 |- . 1
.
.
12 |- g
.
]
.
10 ;
- L] L
E s -
D A H e . W, o .
o - ] P ] g - ]
. i I
sl 2 .'.- ‘. ; - o = - : - L
s LR - -
il B
L] I : 4
1 =
a _a - -
= - t
. L
.
i
2 B ¥
i

| I. I ] 1"
ll:*iﬂhmlh.l‘illilﬂkhlu m . ;..-Ji.i.".....lb..b.h.ll.L..a. aL.LJ‘!:‘l:-
1970 1975 1980 1985 1990 19495 2000 2005 2010

Time

IR
.

Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO1KEM452060, station
49270102 -Kemmelbeek; Boezinge (validation period)
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Figure 6: Measured (red) and simulated {blue) cumulative discharge [m3] on catchment V01KEM452060, station
49270102 -Kemmelbeek; Boezinge (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO1KEM452060, station 49270102 -Kemmelbeek; Boezinge
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CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR
"VO1MAR496120" (IJZER)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure VHMclassic_Lumped
subcatchment_name VO1TMAR496120
subcatchment_area [m2] 76136621

Validation start_date 01-01-1967
Validation end_date 31-12-2013
frequency daily

Optimal parameter set:[("SMmax’, 396.83), ('SMevap', 280.95), ('c1’, 3.24), ('c2', 1.14), ('c3’,
1.0), ('cOF1", -7.32), ('cOF2', 4.95), ('clF1', -5.38), ('clF2', 4.99), ('CQOF', 13.44), ('CKIF,
80.36), ("CKBF', 1068.09)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -2.0 % 218 % -6.9 %
NS 0.673 0.407 0727
NS_log 0.606 0.185 0.657
NS_rel -2.105 -2512 0.333
KGE 0.743 0.585 0.771

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 28% 13.9 % -1.5%
NS 0.679 0.451 0.715
NS_log 0.596 0.28 0.67
NS_rel -6.28 -2.099 -0.445
KGE 0.73 0.64 0.775
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3fs] on catchment VO1MAR496120, station
49610102 - 5t Jansbeek; Merkem(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO1MAR496120, station
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3fs] on catchment VO1MAR496120, station
49610102 - 5t. Jansheek; Merkem (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO1MAR496120, station
49610102 - 5t. Jansheek; Merkem (validation period)

Final report WL2021R00_162_4-4



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

Recession Transition
) |
a1 |
g _ g, |
Al |
5. || | of p !
AN : I ‘]' |
E ) I| -II | -I'-,Ilfl |Ll|_ | II 1":'! |I| E i |I| Ih‘- |\| 1 1]] | I[
Fo 1 L Y | -'Il[ " =V f / .
T SRV B T WV W W A Y]
L T R T T A P [ e s A Al
T T TR R R A e S i e S5 e
. . High Flow . . Low Flow S
.I LS
e o o |
g - g 1
£l | | £, |
Mo 2 in
. ] i, |
é 3 _.-rll I, . .1| 'II 3 l-,'n|l T‘g_ Jl
ap Y 1 L .I T ¥ . i
L "I-II II; 7 I 'Prl;_ ]Eri u -II' -\.lléi'-dl g I:II'; ﬁk 2 ; . . ﬂ'||| i
A Q-J W et @W’ i bt hr[\s{\\,..,_._ [ Y N R J&m
T~ R R
[ — simulated - Gauged|

Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO1MAR496120, station 49610102 - 5t. Jansbeek; Merkem
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"V01POP491030" (IJZER)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VO1POP491030 (lJzer)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration (green) on catchment V01POP491030 (1Jzer)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V01POP491030
84868207
01-01-1967

31-12-2013

daily

Optimal parameter set:[{'SMmax’, 434.22), ('SMevap'’, 182.35), ('c1', 2.4), ('c2', 0.99), ('c3',
1.0), ('cOF1",-5.21), ('cOF2', 4.43), ('clF1", -3.76), ('clF2', 3.0), ('CQOF', 11.55), ('"CKIF', 76.39),

(CKBF', 449 51)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -1.5 % 9.2 % -8.8 %
NS 0.584 0.628 0616
NS_log 0.618 0.178 0.676
NS_rel -0.507 0.033 0.545
KGE 0.581 0.505 0.589

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -14.9 % -25% -18.0 %
NS 0.574 0.558 0.594
NS_log 0.578 -0.052 0.661
NS_rel -0.144 0.21 -0.233
KGE 0.552 0.504 0.582
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1.3 Observed and simulated timeseries for optimum parameters
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment V01POP451030, station
49110102-Poperingevaart; Qostvleteren(calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO1POP451030, station
49110102-Poperingevaart; Oostvleteren (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO1POP491030, station
49110102-Popenngevaart; OQostvieteren (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO1POP491030, station 49110102-Poperingevaart; Oostvleteren
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Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"V01SSV499140" (IJZER)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment V01535V499140 (lJzer)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment Y0155V499140 (lJzer)
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1.2 Model summary

model_structure VHMclassic_Lumped
subcatchment_name V0155V499140
subcatchment_area [m2] 16095000
Validation start_date 01-01-1967
Validation end_date 31-12-2013
frequency daily

Optimal parameter set:[('SMmax’, 431.57), ('SMevap', 175.27), ('c1’, 2.17), ('c2', 1.09), ('c3’,
1.0), ('cOF1", 4.53), ('cOF2', 5.0), ('clF1", -3.89), ('clF2', 2.98), ('CQOF', 12.51), ('"CKIF', 52 .45),
('CKBF', 719.35)]

Table 1: Goodness of fit for calibration period (1993 - 2005)

Full year Summer Winter
RelErr 0.7 % 23% 79%
NS 0.607 0.552 0.649
NS_log 0.619 0.293 0.729
NS_rel 0.193 0.625 042
KGE 0.547 0.422 0.546

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 24 % -14.9 % 69 %
NS 0.59 0477 0.644
NS_log 0.601 0.352 0.677
NS_rel 0.128 0.5 0.181
KGE 0.53 0.367 0.548

Final report WL2021R00_162_4-4



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment V0155V499140, station
49910102 - Steenbeek; Merkem(calibration period)
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Figure 4: Measured (red) and simulated {blue} cumulative discharge [m3] on catchment V0155v499140, station
49910102 - Steenbeek; Merkem (calibration period)
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Figure 5: Measured (red) and simulated {blue) daily discharge [m3/s] on catchment V0155v495140, station
49910102 - Steenbeek; Merkem (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V0155V499140, station
49910102 - Steenbeek; Merkem (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment Y0155V499140, station 49910102 - Steenbeek; Merkem
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Figure 8: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment Y0155v499140, station 49910102 - Steenbeek; Merkem
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Appendix 4 Brugse Polders
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO2EDE442120" (BRUGSE POLDERS)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VO2ZEDE442120 (Brugse Polders)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration (green) on catchment VO2EDE442120 (Brugse Polders)
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Modelling water availability and water allocation strategies in the Scheldt basin
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1.2 Model summary

model_structure VHMclassic_Lumped
subcatchment_name VO2EDE442120
subcatchment_area [m2] 45489177
Validation start_date 01-01-1967
Validation end_date 31-12-2013
frequency daily

Optimal parameter set:[('SMmax’, 432 44), ('SMevap', 198.34), ('c1’, 2.93), ('c2', 1.04), ('c3’,
1.0), ('cOF1", -7.89), ('cOF2', 6.92), ('clF1', -5.74), ('clF2', 4.96), ('CQOF', 13.23), ('CKIF,
71.85), ('CKBF', 875.45)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr 0.9 % -8.3 % 59 %
NS 0.722 0.617 0.753
NS_log 0.634 0.587 0.688
NS_rel -44 338 -1.271 022
KGE 0.771 0.522 0.853

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -5.1 % 11.9 % -6.0 %
NS 0.725 0.631 0.737
NS_log 0.592 0.328 063
NS_rel -24 306 -3.875 -0.992
KGE 0.779 0.565 0.857
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Modelling water availability and water allocation strategies in the Scheldt basin
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOZEDE442120, station
44210102 - Maldegem(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO2EDE442120, station
44210102 - Maldegem (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOZEDE442120, station
44210102 - Maldegem (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOZEDE442120, station
44210102 - Maldegem (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO2ZEDE442120, station 44210102 - Maldegem
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO2HER426010" (BRUGSE POLDERS)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VO2ZHER426010 (Brugse Polders)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment VO2ZHER426010 (Brugse Polders)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V02HER426010
77272201
01-01-1967

31-12-2013

daily

Optimal parameter set:[{'SMmax’, 474.9), ("SMevap', 246.058), ('c1', 2.35), ('c2', 0.78), ('cd',
1.0), ('cOF1", -7.48), ('cOF2', 4.17), ('clF1', -4.44), ('clF2', 4.35), ('CQOF', 10.37), ("CKIF,

72.62), (‘CKBF', 1318.

31

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -0.2 % 32.0 % -10.0 %
NS 0.653 0.571 0.686
NS_log 0.549 -0.107 0.709
NS_rel -0.037 0.296 0.227
KGE 0.664 0.476 0714

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -4.8 % 46.3 % -16.5 %
NS 0.662 0.541 0.685
NS_log 0.595 0.159 0.671
NS_rel -0.874 -1.35 0434
KGE 0.658 0.481 0.685
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO2HER426010, station
42610102 - Herishergebeek; Oostkamp(calibration period)

1e8 Cumul. Volumes of Total flow

30

2.5 |- B

Cumul, Volumes [m3]
o .'-'
wm (=

.
=

0.5 .
= Gauged
— SimulatedVD2HER426010
0.0 L 1 1 1
2002 2004 2006 2008 2010 2012
Time

Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO2ZHER426010, station
42610102 - Hertsbergebeek; Oostkamp (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO2ZHER426010, station
42610102 - Hertsbergebeek; Oostkamp (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO2ZHER426010, station
42610102 - Hertsbergebeek; Oostkamp (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO2ZHER426010, station 42610102 - Hertsbergebeek; Costkamp
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Modelling water availability and water allocation strategies in the Scheldt basin
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CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO2KER422030" (BRUGSE POLDERS)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VO2ZKER422030 (Brugse Polders)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration (green) on catchment VO2KER422030 (Brugse Polders)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date

Validation end_date

frequency

VHMclassic_Lumped
V02KER422030
62718738
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 379.33), ('SMevap', 312.64), ('c1’, 2.71), ('c2', 0.99), ('c3’,

1.0), ('cOF 1", -8.36), ('cOF2', 0.86), ('cIF 1", -2.89), ('cIF2', 5.0), (CQOF", 16.59), ('CKIF'", 67.14)

(CKBF', 1487 4)]

Table 1: Goodness of fit for calibration period (1995 - 2007)

Full year Summer Winter
RelErr 613.5 % 7242 % 598.4 %
NS -53.918 -73.228 -69.669
NS_log -2.33 -4 606 -3.686
NS_rel -174.431 -51.027 -921.971
KGE -7.699 -10.352 -7.437

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 5580 % 755.3 % 521.8 %
NS -42 658 -66.105 -54 227
NS_log -1.919 -4.007 -3.085
NS_rel -146.609 -109.894 -487 .85
KGE -6.858 -9.753 -6.628
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1.3 Observed and simulated timeseries for optimum parameters

Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO2ZKER422030, station
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO2ZKER422030, station

Final report

SimulatedV02KER422030

Gauged

SRR Y

1385 1930 2000 2010

Time

1975 1380 1935 2005

4220102 - Kerkebeek, Sini-Michiels (validation period)

1e9 Cumul. Volumes of Total flow
v
"
i
_-'-"'r'f-
P ad
&
/ g
- ”f
.-rf-'-’
.-frﬂ__
-~ -'f-‘f—
i
/rf
.-rf'j - Gauged
/ e —— : i P— SimulatedVO2KER42 2030
= '.I.QIB? 19:91 19113!5 1'9I99 20:13 2(;0?
Time

4220102 - Kerkebeek, Sint-Michiels (validation period)

WL2021R00_162_4-4

AT1



Modelling water availability and water allocation strategies in the Scheldt basin
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on

catchment VO2ZKER422030, station 4220102 - Kerkebeek, Sint-Michiels
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Modelling water availability and water allocation strategies in the Scheldt basin
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR
"VO2RIV425020" (BRUGSE POLDERS)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment VO2RIV425020 (Brugse Polders)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO02RIV425020
63980423
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 406.93), ("'SMevap', 200.92), ('c1’, 2.16), ('c2', 0.74), ('cd’,
1.0), ('cOF1", -6.02), ('cOF2', 3.1), ('clF 1", -3.54), ('clF2', 3.61), ('CQOF', 14.87), ('CKIF', 66.76),

(CKBF', 1497.41)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -1.5 % 30.3 % -13.3 %
NS 0.649 0.518 0.656
NS_log 0.616 -0.01 0.729
NS_rel -4.922 0.601 063
KGE 0.612 0.443 0.599

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -6.0 % 470 % -20.3 %
NS 0.639 0.507 0.624
NS_log 0.552 0.005 0.644
NS_rel -3.418 -2.013 0.626
KGE 0.591 0.443 0.56
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO2RIV425020, station
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO2RIV425020, station
42510102- Rivierbeek; Oostkamp (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO2RIV425020, station
42510102- Rivierbeek; Oostkamp (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO2RIV425020, station 42510102- Rivierbeek; Qostkamp
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Appendix 5 Gentse Kanalen
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO3POE446000" (GENTSE KANALEN)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VO3POE446000 (Gentse Kanalen)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment VO3POE446000 (Gentse Kanalen)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure VHMclassic_Lumped
subcatchment_name V03POE446000
subcatchment_area [m2] 106836849
Validation start_date 01-01-1967
Validation end_date 31-12-2013
frequency daily

Optimal parameter set:[('SMmax’, 402.3), ("SMevap', 213.38), ('c1’, 3.32), ('c2', 1.15), ('cd',
1.0), ("cOF1", -9.57), ('cOF2', 3.03), ('clF1', -5.79), ('clF2', 4.98), ('CQOF', 12.73), ('CKIF,
75.96), ('CKBF', 945 31)]

Table 1: Goodness of fit for calibration period (1993 - 2009)

Full year Summer Winter
RelErr -0.5 % 16.7 % -4.9 %
NS 0.724 0.579 0.696
NS_log 0.645 0.338 0.658
NS_rel -5.148 -3.456 0.137
KGE 0.672 0.565 0.596

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 8.1% 490 % -2.6 %
NS 0.727 0.502 0.698
NS_log 0.669 0.33 0.659
NS_rel -2.901 -2.126 0178
KGE 0.687 0.516 0614
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Modelling water availability and water allocation strategies in the Scheldt basin
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO3POE446000, station
44656122 - Poekebeek; Nevele{calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO3POE446000, station
44656122 - Poekebeek; Nevele (validation period)

1le8 Cumul. Volumes of Total flow

5
" z

g 4 e
5 e
ES ;’f
= e
: v
O v

F]

L
o
= 3
; //
f/ — Gauged

— SimulatedvO3P0OE446000

Il s

0 Il
1984 1985 1992 1995 2000 2004 2008
Time

Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO3POE446000, station
44656122 - Poekebeek; Nevele (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO3POE446000, station 44656122 - Poekebeek; Nevele

16

High Flow

14 |-

12 |-

-

Flow [m3/s]

L

SmulatedyO3POE446O00

Gauged

ARG T el S S S

Jan 2003 Feb 2003 Mar 2003 Apr 2003
Time

o I
How 2002 Dec 2002
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Figure 10: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO3POE446000, station 44656122 - Poekebeek; Nevele
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"V04MOL036110" (BENEDENSCHELDE)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment V04MOL036110 (Benedenschelde)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment Y04MOL036110 (Benedenschelde)
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1.2 Model summary

model_structure VHMclassic_Lumped
subcatchment_name V04MOLO036110
subcatchment_area [m2] 32561957
Validation start_date 01-01-1967
Validation end_date 31-12-2013
frequency daily

Optimal parameter set:[('SMmax’, 413.57), ('SMevap', 248.06), ('c1’, 2.16), ('c2', 0.66), ('c3’,
1.0), ('cOF1", -9.38), ('cOF2', 3.15), ('clF1', -4.55), ('clF2', 4.33), ('CQOF', 12.44), ('CKIF,
28.52), ('CKBF', 1199.15)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -0.5 % 275 % -13.7 %
NS 0.559 0.54 0.507
NS_log 0.668 0.293 0.574
NS_rel 0.742 0.407 077
KGE 0.614 0.597 0.57

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 12.5 % 85.0 % -9.3 %
NS 0.612 0.358 0.574
NS_log 0.57 -0.166 0619
NS_rel -0.708 -2.33 0.765
KGE 0.704 0.274 0.687
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Modelling water availability and water allocation strategies in the Scheldt basin
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO04MOLD36110, station
3610102 - Kleine Molenbeek, Liezele{calibration period)
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Figure 4: Measured {red) and simulated (blue) cumulative discharge [m3] on catchment V04MOLD36110, station
3610102 - Kleine Molenbeek, Liezele {calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment V04MOL036110, station
3610102 - Kleine Molenbeek, Liezele (validation period)
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Figure 6: Measured (red) and simulated {blue) cumulative discharge [m3] on catchment VO4MOL036110, station
3610102 - Kleine Molenbeek, Liezele (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Modelling water availability and water allocation strategies in the Scheldt basin
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CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR
"V04MOMO037100" (BENEDENSCHELDE)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment VO4MOMO37100 (Benedenschelde)
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Modelling water availability and water allocation strategies in the Scheldt basin
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V04MOMO037100
67301328
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 532.44), ('SMevap', 159.89), ('c1’, 1.98), ('c2', 0.83), ('cd’,
1.0), ('cOF1', -4.59), ('cOF2', 1.64), ('clF1', -2.82), ('clF2', 2.42), ('CQOF', 11.65), ('CKIF,
62.18), ('CKBF', 932.6)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr 1.1 % 524 % -20.2 %
NS 0.67 0.478 0.545
NS_log 0.653 0.137 0.596
NS_rel 0.411 -0.173 0.801
KGE 0.634 0.48 0.536

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 15.6 % 820 % -11.0 %
NS 0.651 0.204 0.644
NS_log 0.567 -0.195 0.743
NS_rel -0.431 -207 0.821
KGE 0.642 0.228 0.588
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO4MOMO37100, station
3710102 - Grote Molenbeek, Malderen{calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO4MOMO37100, station
3710102 - Grote Molenbeek, Malderen (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO04MOMO37 100, station

3710102 - Grote Molenbeek, Malderen (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment YVO4MOMO37 100, station 3710102 - Grote Molenbeek, Malderen
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CALIBRATION AND VALIDATION OF VHM

Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

PARAMETERS FOR CATCHMENT "FO5LEI386999"

(L

EIEBEKKEN)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure VHMclassic_Lumped
subcatchment_name FO5LEI3B6999
subcatchment_area [m2] 2981779554
Validation start_date 01-01-1967
Validation end_date 31-12-2013
frequency daily

Optimal parameter set:[{'SMmax’, 424.0), ("SMevap', 233.44), ('c1’, 2.11), ('c2', 0.83), ('cd',
1.0), ('cOF1", -5.76), ('cOF2', 1.92), ('clF1", -3.61), ('clF2', 3.0), ('CQOF', 13.89), ('CKIF', 46.14),
('CKBF', 883.19)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -1.3 % 9.5 % -10.4 %
NS 0.794 0.695 0.749
NS_log 0.803 0.537 0.846
NS_rel 0.796 0.644 0.898
KGE 0.746 0.72 0.663

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -0.6 % 11.0 % -8.3 %
NS 0.8 0.685 0.748
NS_log 0.814 0.531 0.845
NS_rel 0.802 0.637 0.893
KGE 0.752 0.727 0.671
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on caichment FO5SLEI386999, station
unkown(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment FO5LEI3869588, station
unkown (calibration period)

Final report WL2021R00_162_4-4

A100



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

. Total Flow
250 T T T T T T T
——  SimulatedFOSLEIIBEG9S
N ¥ Gauged
200 |- .
.
- " -
L]
__ 150 ¥ 2 & :
i) P e i .
i " o ll
E LRl L . " Ey
=
i
Y- 100
50
a i L
1970 1975 1980 1985 1990 1995 2000 2005 2010
Time

Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment FOSLEI386999, station
unkown (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment FOSLEI386999, station
unkown (validation period)
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Final report

catchment FOSLEI3B6999, station unkown

WL2021R00_162_4-4

A102



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR
"VO5SHEU403210" (LEIEBEKKEN)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration {(green) on catchment VOSHEU403210 (Leiebekken)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO5HEU403210
91912331
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 325.85), ('SMevap', 206.16), ('c1’, 3.28), ('c2', 1.09), ('c3’,
1.0), ('cOF1",-5.91), ('cOF2', 1.77), ('clF1", -3.98), ('cIF2', 3.0), ("CQOF', 12.09), ('"CKIF', 77.69),

(CKBF', 700.13)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -2.9 % 17.8 % -84 %
NS 0.761 0.735 0.708
NS_log 0.662 0.318 0.704
NS_rel -27 68 -47.716 0.634
KGE 0.698 0.672 0.606

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -6.0 % 1.6 % -8.9 %
NS 0.75 0.706 0.707
NS_log 0.623 0.242 0.724
NS_rel -9.235 -19.045 0.705
KGE 0.683 0.742 0.621
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters

Total Flow
12 : : - T
— SimulatedV0SHEU403210
= * Gauged
10 | * g
. 2 M
: '
. H L]
8l I L 4
i .
g
3 ¥ .
An 8 * . .
E ’ . H .
b ¥ -
— G - . 2 & __.
= [ ] J . F
3 B + gl 5 . - . 3
o e -l - Ll B -
] = oy : : 3 & - . -
. :
4:' H "\.. !:r A L) LI 3 - = %
iz o 1 " ke - 2 .
- H .
| 3 ! :l ='- ': - -~
it bot q -
e " .
" o | ] = - E .4 .
2 * 1l 1 L ! ] |
Rt R AR i G d il
i [T - - e e s
P 5 e |- il 15 g R
4 . : f o ] L H
LIRS i 38 & 1.-' L T 1 [ L An gk I|rr-_-._:; !
H 1 g 4 c ] | el .I-.
A 1 ¥ ' ! I ?. W |ﬁ ‘.I_I o b 4 :
s ad B ) it i " - T
20032 2004 2006 2008 2010 2012
Time

Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSHEU403210, station
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

Total Flow
12 T T T T T T T
- ca— SimulatedVOSHEL403210
.l * Gauged
10 |- . . 1
- - £ a -
. . -
- ]
- .
.
= ‘ - . - - L
Bl . - 1
. = .
L]
= i : - by ¥
@ : I ;- y e, AR
] . : . 1 g oW g F
. . g 1 -
E sf bt . %7 5 R -1 oo R
= E . : :__ > .
= L, ! e 4 b
s ] i . -]
d il e . i 4
., ney £ - -
. B
al it H ;
o ;
. ke b} 1
5 l 11
- i
i .
N, Mk
1' | I o ) il
|

lLli“'uL ;uniluh n.luL.Llll;lﬂ;lllillil;all.il-...l.'l

1970 1975 1980 1935 1990 1995 2000 2005 2010
Time

Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSHEU403210, station
40310102 - Heulebeek; Heule (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOSHEU403210, station
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment VOSMAN401230 (Leiebekken)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO5MAN401230
258441818
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 440.53), ('SMevap', 177.61), ('c1’, 2.07), ('c2', 0.95), ('c3’,
1.0), ('cOF1", 4.49), ('cOF2',4.97), ('clF1", -3.24), ('clF2', 3.0), ('CQOF', 12.69), ('"CKIF', 48.99),

(CKBF', 763.41)]

Table 1: Goodness of fit for calibration period (1983 - 1995)

Full year Summer Winter
RelErr 0.5 % 26.1 % -17.6 %
NS 0.748 0.686 0.702
NS_log 0.757 0.553 0.747
NS_rel 0.124 0.605 0.703
KGE 0.69 0.69 0612

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -2.7 % 33.7 % -22.2 %
NS 0.71 0.556 0.649
NS_log 0.619 0.096 0.629
NS_rel -0.947 -2.114 0.523
KGE 0.703 0.535 0612
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters

E [

Total Flow

25 -

20 |-

Flow [m3/s]

SimulatedWOSMANAIOL230

Gauged

Figure 3: Measured (red) and simulated (blue) daily discharge [m3fs] on catchment VOSMAN401230, station

0.8

=
o

Cumul, Volumes [m3]
e

0.2

0.0

40110102 - Mandel; Oostrozebeke(calibration period)

1e9 Cumul. Volumes of Total flow
=
r— Gauged
T SimulatedVOSMANIOL2 30

1984

i
1986

L
1988

1990
Time

19492

1994

Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO5MANA401230, station
40110102 - Mandel; Oostrozebeke (calibration period)

Final report

WL2021R00_162_4-4

A110



40

a5

30

25

20

Flow [m3/s]

10

b
a I..th.-l.... - nLi A
1970

Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSMAN401230, station

20

Cumul, Volumes [m3]

0.5

0.0

Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

Modelling water availability and water allocation strategies in the Scheldt basin

Total Flow

1.0 |

F
i

1975

b oA

hd Gauged

SimulatedVOSMANAD1230

1380

1385 1930 1935

Time

2000 2005

40110102 - Mandel; Oostrozebeke (validation period)

1e9 Cumul. Volumes of Total flow
o /
7
e
e Gauged
—— SimulatedV05MANADL230
A I Il I A ke
1970 1974 1976 1987 1986 1990 1994 1998 2002 2006
Time

Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO5SMAN401230, station
40110102 - Mandel; Oostrozebeke (validation period)

Final report

WL2021R00_162_4-4

Al



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

Recession Transition =
m “I
z 5
g || 5
2 | | z T |
Euw | ‘ E , | | || || |
: | L\|| ‘ I I S 1
, IJ il || | I|I MY A \ |'|WI il J| ‘ |I '.|
W LA o 1“ \ I\
""--"u' j ll'- J IJ ) fllk IIL“'M"M. 3 \\\_._JIH‘I l'l.__\_l "'\ll ‘\_,'\J II\J'\I
1 T L e s S B T T T
- High Flow - S S Low Flow - -
M
) ’
z I 3
= =
}é 15 ||| é an |
(- |
5 f | { || ol I £ Il
A I.IlI lll |1|. | |||I | |I||(J II"| | rﬂl | '
"I \ o o Ilk |II'III lllwlul % |I |I"'u|1|| i |r|\. i illrll- Jl \E&l £ -
[ WA N O | ULV WPPLY ST W PN
e e S e R T R T e fﬁ‘, wﬁ ﬂp;, P f,f, e
l —  Simulated r = Gaugeﬂ!

Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO5MAN401230, station 40110102 - Mandel; Oostrozebeke
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Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Appendix 8 Bovenschelde
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR
"FO6B0OS325001" (BOVENSCHELDE)

1.1 Input data
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal

P) and cumulative potential evapotranspiration (green) on catchment FOGB0S325001 (Bovenschelde)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
FO6B0OS325001
5217586196
01-01-1967

31-12-2013

daily

Optimal parameter set:[{'SMmax’, 435.3), ("SMevap', 176.44), ('c1’, 1.98), ('c2', 0.54), ('cd',
1.0), ('cOF1", -5.65), ('cOF2', 2.18), ('clF1", -3.81), ('clF2', 2.87), ("CQOF', 12.77), ('"CKIF', 61.4),

('CKBF', 1060.45)]

Table 1: Goodness of fit for calibration period (2002 - 2013)

Full year Summer Winter
RelErr -4.5 % 14.9 % -16.4 %
NS 0.718 0.217 0.696
NS_log 0.626 0.006 0.733
NS_rel 0.674 -0.144 0.836
KGE 0.709 0.609 0.644

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -5.3 % 13.8 % -16.7 %
NS 0.719 0.298 0.693
NS_log 0.637 0.054 0.732
NS_rel 0.677 -0.029 0.835
KGE 0.703 0.622 0.64
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment FO6B0OS325001,
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment FOEBOS325001, station
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR

"VO6MAA347160" (BOVENSCHELDE)
1.1 Input data
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal

P) and cumulative potential evapotranspiration (green) on catchment VO6MAA347160 (Bovenschelde)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO6MAA347160
48678191
01-01-1967
31-12-2013

daily

Optimal parameter set:[['SMmax’, 524.5), ('SMevap', 175.36), ('c1’, 2.31), ('c2', 0.9), {'c3’,
1.0), ('"cOF1", -3.58), ('"cOF2', 3.67), ('clF1', -6.0), ('clF2', 3.0), ('"CQOF', 12.25), ('CKIF', 62.58),

(CKBF', 673.14)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -0.4 % 14.0 % -12.6 %
NS 0.58 0.346 0.572
NS_log nan nan 0.138
NS_rel -inf -inf 0.644
KGE 0.655 0.499 0613

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -17.5 % -28% -256 %
NS 0.55 0.398 0.521
NS_log nan nan -0.294
NS_rel -inf -inf 0.487
KGE 0.615 0.643 0.565
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOEMAA34T 160, station
34710102 - Maarkebeek; Etikhove(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOEMAA34T160, station
3710102 - Maarkebeek; Etikhove (calibration period)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 5: Measured {red) and simulated (blue) daily discharge [m3/s] on catchment VOEMAA34T 160, station
3710102 - Maarkebeek; Etikhove (validation period)

leB Cumul. Volumes of Total flow

Cumul, Volumes [m3]

1
/ ——  Gauged
—
—— SimulatedV06MAAIAT160
o i L L 1 "
1976 1981 1986 1991 1996 2001 2006 2011
Time

Figure 6: Measured (red) and simulated {blue) cumulative discharge [m3] on catchment VO6MAA3I4T160, station

3710102 - Maarkebeek; Etikhove (validation period)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Final report WL2021R00_162_4-4 A123



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"V06ZWA342190" (BOVENSCHELDE)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VO62W A342190 (Bovenschelde)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment V062W A342190 (Bovenschelde)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V06ZWA342190
112117540
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 448.25), ('SMevap', 168.14), ('c1’, 2.11), ('c2', 1.42), ('cd’,
1.0), ("cOF1", -3.72), ('"cOF2', 2.1), ("clF1', -4.12), ('clF2', 2.99), ('"CQOF', 14.34), ('CKIF', 59.7),

(CKBF', 707.37)]

Table 1: Goodness of fit for calibration period (2000 - 2012)

Full year Summer Winter
RelErr -1.0 % 236 % -139 %
NS 0.489 0.386 0.366
NS_log 0.617 0.238 0.591
NS_rel 0.67 0.619 0773
KGE 0.429 0.374 0.284

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 23% 8.5% -82%
NS 0.455 0.236 0.395
NS_log 0.487 0.128 0.573
NS_rel -32.295 -6.057 0.694
KGE 0.437 0.287 0.342
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3fs] on catchment VO6ZWA3421980, station
H210102 - Zwalm; Nederzwalm(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V062W A342190, station
34210102 - Zwalm; Nederzwalm {calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO6ZWA342190, station

34210102 - Zwalm; Nederzwalm (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO62WA342190, station

34210102 - Zwalm; Nederzwalm (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VOEZWA342190, station 34210102 - Zwalm; Nederzwalm
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1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"WOBRHOL54100" (BOVENSCHELDE)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment W0GRHOL54100 (Bovenschelde)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment WO6RHOL54100 (Bovenschelde)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
WO06RHOL54100
161928446
01-01-1967

31-12-2013

daily

Optimal parameter set:[("SMmax’, 482.88), ('SMevap', 156.59), ('c1’, 1.96), ('c2', 0.47), ('cd’,
1.0), ("cOF1", -3.79), ('cOF2', 2.71), ('clF1', -3.43), ('clF2', 2.06), ('CQOF', 11.92), ('CKIF,
88.25), ('CKBF', 739.98)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -0.9 % 504 % =271 %
NS 0.555 0.228 053
NS_log 0.383 -0.603 0.497
NS_rel -0.688 -1.701 0774
KGE 0.574 0.11 0.467

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -1.2 % 48.0 % -26.8 %
NS 0.551 0.244 0.528
NS_log 0.398 -0.52 0.5
NS_rel -0.67 -1.738 0.781
KGE 0.566 0.149 0.463
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment WO6RHOL54100, station
L5412 Amougies - Rhosnes(calibration period)
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Figure 4: Measured (red) and simulated {(blue) cumulative discharge [m3] on catchment WOERHOL54100, station
L5412 Amougies - Rhosnes {calibration period)
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Figure 5: Measured (red) and simulated {biue) daily discharge [m3/s] on catchment WOGRHOL54 100, station
L5412 Amougies - Rhosnes (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W06RHOL54100, station
L5412 Amougies - Rhosnes (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment WOERHOL54 100, station L5412 Amougies - Rhosnes
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR
"VO7BEL285070" (DENDERBEKKEN)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration {green) on catchment VO7BEL285070 (Denderbekken)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO7BEL285070
88641710
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 445.77), ('SMevap', 216.21), ('c1’, 2.12), ('c2', 0.67), ('cd’,
1.0), ('cOF1", -5.35), ('cOF2', 452), ('clF1', -4.95), ('clF2', 4.58), ('CQOF', 14.28), ('CKIF,

62.73), (‘CKBF', 1156.

99)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr 1.1 % 10.1 % -59 %
NS 0.707 0.519 07
NS_log 0.699 0.435 0.68
NS_rel 0.73 0.617 08
KGE 0.773 0.493 0.758

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -6.1 % 13.7 % -11.9 %
NS 0.601 0.47 0.581
NS_log 0.605 0.291 0.594
NS_rel -42 62 -15.34 0.551
KGE 0.669 0.472 0.684
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 5: Measured (red} and simulated (blue) daily discharge [m3/s] on catchment VOTBEL285070, station
28510102 - Bellebeek, Essene (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOTBEL285070, station
28510102 - Belliebeek, Essene (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VOTBEL285070, station 28510102 - Bellebeek, Essene
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1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO7MAR289015" (DENDERBEKKEN)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VOTMAR289015 (Denderbekken)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment VOTMAR289015 (Denderbekken)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO7MAR289015
173908791
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 410.74), ("'SMevap', 170.84), ('c1’, 2.23), ('c2', 0.92), ('c3’,
1.0), ('"cOF1", -4.59), ('"cOF2', 5.0), ('clF1', -4.35), ('cIlF2', 2.89), ('"CQOF', 10.79), ('CKIF', 58 4),

(CKBF', 1154.77)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr 0.4 % 31.0% -145 %
NS 0.688 0.017 0717
NS_log 0.532 -0.338 0.67
NS_rel -0.124 -0.488 0.728
KGE 0.771 0.319 0.761

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 84 % 521 % -121 %
NS 0.694 0.338 0717
NS_log 0.482 -0.169 0.679
NS_rel -17.06 -32.585 0.479
KGE 0.755 0.363 0.756
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3fs] on catchment VOTMAR285015, station
28970102 - Marke, Viane(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOTMAR289015, station
28970102 - Marke, Viane (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOTMAR289015, station
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOTMAR289015, station
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Modelling water availability and water allocation strategies in the Scheldt basin
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1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO7/MOE282100" (DENDERBEKKEN)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VOTMOE282100 (Denderbekken)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment VO7TMOEZ282100 (Denderbekken)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO7MOE282100
46367171
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 350.39), ("'SMevap', 161.76), ('c1’, 3.41), ('c2', 2.22), ('c3’,
1.0), ('cOF1", -6.67), ('cOF2', 10.0), ('clF1', -5.38), ('clF2', 3.61), ('CQOF', 16.51), ('CKIF,

82.36), ('CKBF', 1339.

91)]

Table 1: Goodness of fit for calibration period (1997 - 2009)

Full year Summer Winter
RelErr -0.5 % 26.2 % -10.6 %
NS 0.511 0.331 0.395
NS_log 0.709 0.281 0.624
NS_rel 0.736 0.495 0.834
KGE 0.492 0.521 0.319

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 84 % 234 % 0.4 %
NS 0.556 0.385 045
NS_log 0.691 0.336 0.662
NS_rel 0.7 0.652 0.805
KGE 0.581 0.606 0.401
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOTYMOE282100, station
28210102 - Molenbeek, Erpe Mere(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOTMOE282100, station
28210102 - Molenbeek, Erpe Mere (calibration period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on

catchment VOTMOEZ282100, station 28210102 - Molenbeek, Erpe Mere
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Figure 8: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on

catchment VOTMOE282100, station 28210102
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VOTMOEZ282100, station 28210102 - Molenbeek, Erpe Mere
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Figure 10: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO7/MOG288020" (DENDERBEKKEN)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VOTMOG288020 (Denderbekken)
Input Rain and cbserved discharge VOTMOGZBB020
{breaking month=10} 1e8
BODODOD - - - - -
— Rainfall * average ratio [= 0.213)
TOOOG0D |- —  Observed discharge
—— FET Joe
BIDOD0D |-
E SO000 - 4 0.6 TE.
5 I
fi=] (=T
o asnoono |- w
o=
= =
¥ =]
2 {04 5
:EJ 3000000 |- =
=1 =
o ]
2000040 |-
o2
platulalalubel = A . ~1
L+l // o0

{
1958 2000 20032 2004
Time [D]

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration (green) on catchment VO7TMOG288020 (Denderbekken)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO07MOG288020
23093628
01-01-1967

31-12-2013

daily

Optimal parameter set:[("SMmax’, 537.95), ('SMevap', 193.11), ('c1’, 2.12), ('c2', 0.58), ('c3’,
1.0), ('cOF1", -5.35), ('cOF2', 4.92), ('clF1', -4.25), ('clF2', 2.99), ('CQOF', 14.14), ('CKIF,
60.64), ('CKBF', 683.24)]

Table 1: Goodness of fit for calibration period (1997 - 2009)

Full year Summer Winter
RelErr 0.3 % 912 % -255 %
NS 0.543 0.226 0.499
NS_log 0.5 -0.375 0.607
NS_rel -2.314 -513 0.753
KGE 0.585 0.016 0472

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -8.9 % 554 % -26.9 %
NS 0.525 0.148 0.506
NS_log 0.45 -0.138 0.544
NS_rel -2.508 -5.877 0727
KGE 0.594 0.247 052
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOTMOG288020, station
28810102 - Molenbeek, Geraardsbergen (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOTMOG288020, station
28810102 - Molenbeek, Geraardsbergen (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VOTMOG288020, station 28810102 - Molenbeek, Geraardsbergen
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Figure 10: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR
"WO7DENLES004" (DENDERBEKKEN)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment WO7DENLES004 (Denderbekken)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
WO7DENLES004
511840662
01-01-1967

31-12-2013

daily

Optimal parameter set:[{'SMmax’, 457.1), ("SMevap', 153.78), ('c1’, 1.95), ('c2', 0.46), ('cd',
1.0), ('cOF1", 4.69), ('cOF2', 1.09), ('clF1", -3.5), ('clF2', 2.87), ('CQOF', 12.55), ("CKIF', 83.786),

(CKBF', 1085.75)]

Table 1: Goodness of fit for calibration period (2008 - 2013)

Full year Summer Winter
RelErr -0.0 % 69.2 % -32.1 %
NS 0.519 -0.394 0.377
NS_log 0.536 -0.809 0472
NS_rel 0.646 -0.186 0.839
KGE 0.466 0.207 0.31

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -0.8 % 68.1 % -32.8 %
NS 0.518 -0.385 0.373
NS_log 0.537 -0.791 0.46
NS_rel 0.65 -0.174 0.836
KGE 0.463 0.212 0.308

Final report

WL2021R00_162_4-4

A158



Modelling water availability and water allocation strategies in the Scheldt basin

Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR
"VO8BAR111370" (DIJLE/ZENNEBEKKEN)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration (green) on catchment VOBBAR111370 (Dijle/Zennebekken)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO08BAR111370
70079800
01-01-1967

31-12-2013

daily

Optimal parameter set:[['SMmax’, 409.73), ('SMevap', 286.7), ('c1’, 2.1), ('c2', 0.65), ("c3',
1.0), ("cOF1", -5.93), ('"cOF2', 0.95), ('clF1', -3.69), ('clF2', 3.0), ('"CQOF', 15.0), ('CKIF', 75.43),

(CKBF', 1222.6)]

Table 1: Goodness of fit for calibration period (1997 - 2004)

Full year Summer Winter
RelErr 1.5 % 224 % -7.0 %
NS 0.742 0.632 0.678
NS_log 0.754 0.617 0.729
NS_rel 0.706 0.607 0.856
KGE 0.736 0.615 0.682

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 1.4 % 223 % -7.2 %
NS 0.742 0.632 0.678
NS_log 0.754 0.618 0727
NS_rel 0.707 0.608 0.856
KGE 0.736 0.615 0.682
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1.3 Observed and simulated timeseries for optimum parameters

Total Flow

Flow [m3/s]

SimulatedVOBBARTLILIZT0

Gauged

1 -
2k el !|1 » "
= il * .
1
il -
b -
| !i“:hl [ I
1} i " ) R E 3 -
i = gl H ta ; T
1 y sl : 1 ¥
] _f-' L L '| His ek 1 |
1 . i, % ";.1- i iz O Wt
B TR Ny Y
o i A L L
1998 1999 2000 2001
Time

Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOBBAR 111370, station
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO8BAR 111370, station
11110102-Barebeek (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOBBAR 111370, station
11110102-Barebeek (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT "v08DIJ093400"

(DIJLE/ZENNEBEKKEN)

1.1 Input data

Rain [mm]

Curnulative value [m? ]

Input Rain VO8DI)093400

1200

10 |-

B0 -

i

—
—
——e
—

200 I ' H ’
lﬂElﬁﬁ 1971 1976 13E1 1986 1531 1996 2001 2008 2011
Time [D]
Figure 1: Cumulative precipitation on catchment VO8DIJ093400 (DijlefZennebekken)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal

P) and cumulative potential evapotranspiration (green) on catchment Y08DI093400 (DijlefZennebekken)
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1.2 Model summary

model_structure VHMclassic_Lumped
subcatchment_name V08DIJ093400
subcatchment_area [m2] 861413000
Validation start_date 01-01-1967
Validation end_date 08-04-2015
frequency daily

Optimal parameter set:[{'SMmax’, 464.14), ('SMevap’, 158.53), ('c1', 1.78), ('c2', 0.1), ("c3’,
1.0), ('cOF1", -3.32), ('cOF2', 1.05), ('clF1', -2.78), ('clF2', 0.71), ('CQOF', 11.88), ('CKIF,

64.34), (‘'CKBF', 703.74)]
Table 1: Goodness of fit for calibration period (2013 - 2015)

Full year Summer Winter
RelErr 1.7 % -0.3 % 0.3 %
NS 0.606 0.75 07
NS_log 0.157 0.48 0.328
NS_rel 0.588 0.77 0.61
KGE 0.723 0.862 0.783

Table 2 :Goodness of fit for validation period (1967 - 2015)

Full year Summer Winter
RelErr -2.6 % -08% 0.1%
NS 0.595 0.737 0.747
NS_log -0.004 0.494 0.442
NS_rel 0.569 0.747 0672
KGE 0.718 0.84 0.795
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO8DIJ053400, station
5310102 - Dijle, Wilsele (calibration period)
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Figure 4: Measured (red) and simulated {(blue) cumulative discharge [m3] on catchment VO8DIJ093400, station
9310102 - Dijle, Wilsele (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO8DIJ053400, station
9310102 - Dijle, Wilsele (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulaiive discharge [m3] on catchment VOEDIJ093400, station
9310102 - Dijle, Wilsele (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR
"V08Z2UU233100" (DIJLE/ZENNEBEKKEN)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VO08ZUU233100 (Dijle/fennebekken)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal

P) and cumulative potential evapotranspiration (green) on catchment Y08ZUU233100 (Dijle/Zennebekken)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V08ZUU233100
64771005
01-01-1978

31-12-2001

daily

Optimal parameter set:[('SMmax’, 406.29), ("'SMevap', 156.16), ('c1’, 2.09), ('c2', 0.68), ('c3',
1.0), ('"cOF1", -5.1), ('cOF2', 5.0), ('clF1", -4.18), ('clF2', 2.99), ('"CQOF', 12.78), ('CKIF', 57.91),

(CKBF', 780.79)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -0.5 % 255 % -11.7 %
NS 0.627 0.236 0.632
NS_log 0.542 -0.137 0.603
NS_rel -0.241 -0.846 0.645
KGE 0.664 0.224 0.663

Table 2 :Goodness of fit for validation period (1978 - 2001)

Full year Summer Winter
RelErr 298 % 111.2 % 6.0 %
NS 0.586 0.081 0.639
NS_log 0.48 -0.239 0.689
NS_rel -3.966 -4 451 0.231
KGE 0.68 0.046 0.806
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO8ZUU233100, station
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V082UU233100, station
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V08ZUU233100, station
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration {green) on catchment W08SAMRONOOO (Dijle/Zennebekken)
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CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR

"WOB8SAMRONOOO" (DIJLE/ZENNEBEKKEN)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
WO08SAMRONOOD
134097000
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 502.86), ("'SMevap', 162.74), ('c1’, 1.94), ('c2', 0.52), ('c3’,
1.0), ('cOF1", -3.8), ('cOF2', 2.56), ('clF1", -3.7), ('clF2', 3.0), ("CQOF, 13.19), ('CKIF', 85.81),

(CKBF', 1324.27)]

Table 1: Goodness of fit for calibration period (1998 - 2010)

Full year Summer Winter
RelErr 0.0 % 231 % -121 %
NS 0.693 0.548 0.708
NS_log 0.684 0.339 0.754
NS_rel 0.776 0.622 0.89
KGE 0.691 0.611 0.667

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -9.2 % 3.8% -17.9 %
NS 0.71 0.596 0.706
NS_log 0.65 0.373 0.643
NS_rel 0.807 0.687 0.858
KGE 0.721 0.707 0.677
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W0SSAMRONDDO, station
2371-10050 Samme, Ronquieres(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment WOBSAMRONDDD,
stafion 2371-10050 Samme, Ronquieres (calibration period)
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Figure 5. Measured (red) and simulated {blue) daily discharge [m3/s] on catchment W08SAMRONODO, station
2371-10050 Samme, Ronquieres (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W08SAMRONODOD,
stafion 2371-10050 Samme, Ronguieres (validation period)
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Figure 10: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment WOBSENRONO10 (Dijle/Zennebekken)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
WOBSENRONO10
70364773
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 620.99), ("'SMevap', 142.63), ('c1’, 1.95), ('c2', 0.57), ('c3’,
1.0), ('cOF1",-3.9), ('cOF2', 2.64), ('clF1", -3.47), ('clF2', 2.76), ('CQOF', 10.53), ("CKIF', 58.08),

(CKBF', 1183.92)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -6.6 % 328 % -29.7 %
NS 0.565 0.349 0.535
NS_log 0.36 -0.29 0.708
NS_rel -0.678 -3.241 0.749
KGE 0.515 0.391 0.398

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -15.6 % -9.7 % -33.4 %
NS 0.512 0.4 0.449
NS_log 0.376 -0.004 0.46
NS_rel -0.052 -1.385 0.739
KGE 0.503 0.519 0.381
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment WOS8SENRONO10, station
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W0O8SENROND10, station
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR
"WOBSENTUBO30" (DIJLE/ZENNEBEKKEN)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration {green) on catchment WOBSENTUBOD30 (Dijle/Zennebekken)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
WOBSENTUBO030
215911078
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 456.47), ("'SMevap', 189.16), ('c1’, 2.39), ('c2', 1.23), ('c3’,
1.0), ('"cOF1", -6.5), ('cOF2', 7 4), ('clF1", -4.06), ('clF2', 4.51), ('"CQOF', 14.23), ('CKIF', 55.64),

(CKBF', 1750.88)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -0.2 % 27.0 % -15.0 %
NS 0.67 0.462 0.636
NS_log 0.621 0.223 0.693
NS_rel 0.821 0.648 0.802
KGE 0.611 0.613 0.541

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -3.5 % -7.2% -14.3 %
NS 0.652 0.578 0.621
NS_log 0.612 0.442 0.674
NS_rel 0.784 0.845 0.791
KGE 0.625 0.571 0.553
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Modelling water availability and water allocation strategies in the Scheldt basin

Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment WOSSENTUB030, station
1951-10050 Zenne, Tubize(calibration period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment VOSDEM136000 (Demerbekken)
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1.2 Model summary

model_structure VHMclassic_Lumped
subcatchment_name V0O9DEM136000
subcatchment_area [m2] 255882000
Validation start_date 01-01-1967
Validation end_date 31-12-2013
frequency daily

Optimal parameter set:[('SMmax’, 477605.0), ("SMevap', 260394.0), ("c?1’, 1.93), ('c2’, 0.45),
('c3', 1.0), ('cOF1", -5.15), ('"cOF2', 3.03), ('clF1", -3.95), ('clF2', 2.73), ("CQOF", 14.99), ('CKIF’,
55.77), (CKBF', 1199.93)]

Table 1: Goodness of fit for calibration period (1998 - 2010)

Full year Summer Winter
RelErr 40.7 % 103.5 % 32%
NS 0.12 -1.175 0.779
NS_log -0.106 -1.576 0.771
NS_rel -0.586 -1.914 0.821
KGE 0.503 -0.13 0.803

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 373 % 94 1 % 1.0 %
NS 0.236 -0.692 0773
NS_log 0.004 -1.085 0.784
NS_rel -0.332 -1.512 0.85
KGE 0.574 0.116 0.769
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSDEM136000, station
13610102 - Demer; Hasselt (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on

35

catchment YO9DEM136000, station 13610102 - Demer; Hasselt

High Flow

25 |-

Flow [m3/s]

15 |-

Simulated W ORDEM 1 IG000

Gauged

a
Moy 2002

Figure 8: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on

Final report

Dec 2002

Jan 2003

Feb 2003
Time

catchment VOSDEM136000, station 13610102 - Demer; Hasselt

WL2021R00_162_4-4




Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

Low Flow
35 - - - - - : T
S— SimulatedVOSDEM 1 36000
® Gauged

do - A

2% |-
-
oo ’
™
E
—
3
o 15 1

10 - -

of f
.
B ) J..
R it
" ‘- ""'"u-l-* "hf H-"--———-p-i- EIR *u--.....‘ b
a 1 1 !
Feb 2005 Mar 2005 Apr 2005 May 2005 Juri 2005 [[H] 2'}05 Aug 2']'35- Sep 21]05 Ot 2005

Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on

Transition
35 T T T T
—_— SimulatedVOSDEM1IGO00
® Gauged
ao |- i
2% |-
=
n 2ol .
™
E
—
3
o 15 1
10 - -
i \l’\& \/W i 1
\,/ I - . o R ] W . LI -
P i Tl . R, BT e S
a L I I 1
Jun 2008 Jusd JEH:IS Aug 2008 Sep 2008 Ot 2008 Mow 2008

Time

catchment VO9DEM136000, station 13610102 - Demer; Hasselt

Time

Figure 10: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on

Final report

catchment YO9DEM136000, station 13610102 - Demer; Hasselt

WL2021R00_162_4-4

A2



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR CATCHMENT
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1.1 Input data
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment V09GET152080 (Demerbekken)

Final report WL2021R00_162_4-4 A0



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO9GET 152080
800395376
01-01-1967

31-12-2013

daily

Optimal parameter set:[{'SMmax’, 409.12), ("SMevap'’, 158.8), ('c1’, 1.97), ('c2', 0.49), ('c3',
1.0), ('cOF1", -5.8), ('cOF2', 1.6), ('clF1', -3.98), ('clF2', 3.0), ('CQOF', 8.78), ('CKIF', 57.48),

(CKBF', 1802.8)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -0.4 % 10.4 % -11.4 %
NS 0.712 0.436 0.718
NS_log 0.627 0.235 0.688
NS_rel 0.707 0.301 0.789
KGE 0.782 0.691 0.731

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 6.3 % 341 % -13.4 %
NS 0.661 0.313 0.673
NS_log 0.58 0.035 0.636
NS_rel 0.631 0.209 0.783
KGE 0.793 0.621 0.781
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VO9GET152080, station
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSGET 152080, station
15210102 - Gete; Halen (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VOSGET152080, station 15210102 - Gete; Halen

Final report WL2021R00_162_4-4 A2D6



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO9HER163010" (DEMERBEKKEN)
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Figure 1: Cumulative precipitation on catchment VOSHER163010 (Demerbekken)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment YO0SHER 163010 {Demerbekken)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO9HER163010
274602221
01-01-1967

31-12-2013

daily

Optimal parameter set:[{'SMmax’, 499.41), ("SMevap'’, 168.0), ('c1", 1.97), ('c2', 0.56), ('cd',
1.0), ('cOF1", -6.0), ('cOF2', 5.0), ('clF1", -4.03), ('clF2', 3.0), ("CQOF, 14.71), ('CKIF', 59.386),

(CKBF', 915.53)]

Table 1: Goodness of fit for calibration period (2003 - 2013)

Full year Summer Winter
RelErr -0.3 % 14.1 % -13.7 %
NS 0.605 0.26 0.549
NS_log 0.54 -0.094 0672
NS_rel 0.741 0.121 0.85
KGE 0.564 0.598 045

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 10.0 % 714 % -18.8 %
NS 0.594 0.273 0.561
NS_log 0.498 -0.3 0.689
NS_rel 0.263 -0.223 0.707
KGE 0.552 0.325 0477
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSHER163010, station
16310102 - Herk, Kermt{calibration period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR

"WVO9HUL147150" (DEMERBEKKEN)
1.1 Input data
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Figure 1: Cumulative precipitation on catchment VOSHUL 147150 ({Demerbekken)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal

P} and cumulative potential evapotranspiration {green) on catchment VOSHUL 147150 (Demerbekken)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO9HUL147150
80130245
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 455.97), ('SMevap', 224 .43), ('c1’, 2.67), ('c2', 2.86), ('cd’,
1.0), ('cOF1", -4.79), ('cOF2', 4.79), ('clF1', -3.02), ('clF2', 1.28), ('CQOF', 12.95), ('CKIF,

65.72), (‘CKBF', 1245,

02)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -1.5 % -20.0 % 74 %
NS 0.404 -0.028 0.599
NS_log 0.023 -0.571 0.511
NS_rel 0.527 0.481 0.459
KGE 0.611 0.299 0.566

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 10.3 % -3.2 % 17.2 %
NS 0.436 0.263 0.56
NS_log 0.101 -0.293 0.501
NS_rel 0.392 0.509 0.381
KGE 0.702 0.485 0.663
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSHUL 147150, station
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Figure 4: Measured (red) and simulated {blue) cumulative discharge [m3] on catchment VOSHUL 147150, station
14710102 - De Hulpe; Molenstede (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSHUL 147 150, station
14710102 - De Hulpe; Molenstede (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOSHUL 147150, station
14710102 - De Hulpe; Molenstede (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO9HUL 147150, station 14710102 - De Hulpe; Molenstede
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1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"V09LOS143300" (DEMERBEKKEN)

1.1 Input data

Inpqt HainIVuch?Sldrrfﬂﬂ

1200

1000 | | ; i
BOo |- } i 2
E : l ( |
£ ol 1] '; i | 1] | ‘
=
= ( } ( |
|
ool l H ' | l
| | | ‘ ! |
200 r [ } | | } If r V
1968 1873 1378 1383 1988 1553 1938 2003 2008 20132
Time [D]
Figure 1: Cumulative precipitation on catchment V09L0OS5143300 (Demerbekken)
Iinput Rain and observed discharge VO2LO5143300
{breaking_month=10} 1le?
AGDOHD — - - - - - :
1 — Rainfall * average ratio [= 0.196) a
3500006 |- - | j i) ' ——  Observed discharge |
——— T
] s
3opoooo |- -
.E 2500004 |- 4'g
R =
—
= i i
o awooooo - w
= 3=
= )
e =]
Sz i =
:EJ 1500000 |- - - . 2
: 3 E
o : el
1000000 - : t
. ' A |
0000 |- / - / / / :
= - K B :/ =

I
2004 2004 2008 raa b ln]

Time [D]

19498 2000

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration {green) on catchment Y09LOS143300 (Demerbekken)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V09L0OS143300
15176294
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 505.99), ("'SMevap', 178.84), ('c1’, 2.05), ('c2', 0.33), ('cd’,
1.0), ('cOF1", -5.61), ('cOF2', 3.96), ('clF1', -4.54), ('clF2', 2.57), ('CQOF', 14.05), ('CKIF,

90.58), ('CKBF', 1248.

24)]

Table 1: Goodness of fit for calibration period (1997 - 2010)

Full year Summer Winter
RelErr 19.3 % 499 % 49 %
NS 0.255 0.381 0.1
NS_log 0.246 -0.341 0.248
NS_rel -21.081 -21.684 0.261
KGE 0.551 0.433 0.498

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 6.7 % 65.6 % -12.8 %
NS 0.265 0.249 0.168
NS_log 0.299 -0.233 0.077
NS_rel -12.338 -13.418 0.346
KGE 0.57 0.344 0.54
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment YVOSL0OS5143300, station
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment V09L0OS5143300, station
14310102 - Grote Losting; Wezemaal (validation period)
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Figure 6. Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V09L0OS5143300, station
14310102 - Grote Losting; Wezemaal (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on

1.6

1.4

1.2

1.0

0.8

Flow [m3/s]

0.6

catchment V0SLOS5143300, station 14310102 - Grote Losting; Wezemaal

High Flow

SmulatedVORLOST43300

Gauged

Feb 2003
Time

Mar 2003 Apr 2003

Figure 8: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow evenis on
catchment Y0SLOS143300, station 14310102 - Grote Losting; Wezemaal

Final report

WL2021R00_162_4-4

A



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment V0SLOS5143300, station 14310102 - Grote Losting; Wezemaal
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Figure 10: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment V0SLOS143300, station 14310102 - Grote Losting; Wezemaal
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO9MAN161040" (DEMERBEKKEN)

1.1 Input data

Input Rain VO9MAN161040
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Figure 1: Cumulative precipitation on catchment VOSMAN161040 (Demerbekken)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment VOSMAN161040 (Demerbekken)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date

Validation end_date

frequency

VHMclassic_Lumped
VO9MAN161040
103081000
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 418.73), ('SMevap', 156.65), ('c1’, 1.89), ('c2', 0.71), ('cd’,
1.0), ('cOF1", 4.23), ('cOF2', 4.03), ('clF1", -3.29), ('clF2', 0.83), ("CQOF', 13.16), ('"CKIF', 87.0),

(CKBF', 1050.4)]

Table 1: Goodness of fit for calibration period (1998 - 2010)

Full year Summer Winter
RelErr -0.1 % -20 % 1.8 %
NS 0.666 0.646 0.635
NS_log 0.616 0.592 0.558
NS_rel 0.594 0.663 0.499
KGE 0.832 0.733 0.806

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 0.7 % 18.7 % -4.6 %
NS 0.669 0.572 0.663
NS_log 0.569 0.434 0.579
NS_rel 0.525 0.336 0.645
KGE 0.832 0.699 0.818
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1.3 Observed and simulated timeseries for optimum parameters

Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSMAN161040, station
16110102 - Mangelbeek; Lummen (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOSMAN161040, station
16110102 - Mangelbeek; Lummen (validation period)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VOSMAN 161040, station 16110102 - Mangelbeek; Lummen
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO9MOT144270" (DEMERBEKKEN)

1.1 Input data

Input Rain VO9MOT144270
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Figure 1: Cumulative precipitation on catchment VOSMOT 144270 (Demerbekken)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment VOSMOT144270 (Demerbekken)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO9MOT 144270
33590217
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 473.16), ("'SMevap', 168.34), ('c1’, 1.95), ('c2', 0.78), ('cd’,
1.0), ('cOF1", -5.02), ('cOF2', 4.77), ('clF1", -3.91), ("clF2', 5.03), ("CQOF', 12.48), ('"CKIF', 65.5),

(CKBF', 1198.0)]

Table 1: Goodness of fit for calibration period (1997 - 2007)

Full year Summer Winter
RelErr 25% 505 % -11.2%
NS 0.645 0.67 0.628
NS_log 0.507 0.194 0.446
NS_rel -1.055 -1.681 0.769
KGE 0.808 0.65 0.752

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -13.0 % 1.5 % -14.0 %
NS 0.525 0.573 043
NS_log 0.208 0.038 -0.166
NS_rel -0.382 -1.759 0.6
KGE 0.725 0.759 0.692
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSMOT 144270, station
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V09MOT144270, station
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSMOT 144270, station
14410102 - Motte; Rillaar (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOSMOT 144270, station
14410102 - Motte; Rillaar (validation period)

Final report WL2021R00_162_4-4 AZ32



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VOSMOT 144270, station 14410102 - Motte; Rillaar
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Figure 8: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO9MOT 144270, station 14410102 - Motte; Rillaar
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Modelling water availability and water allocation strategies in the Scheldt basin
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VOSMOT 144270, station 14410102 - Motte; Rillaar
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"VO9VEL145100" (DEMERBEKKEN)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment VOSVEL145100 (Demerbekken)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment VOSVEL145100 (Demerbekken)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO9VEL145100
96801128
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 415.16), ('SMevap', 213.38), ('c1’, 2.13), ('c2', 0.63), ('cd’,
1.0), ('"cOF1", -6.51), ("cOF2', 5.11), ('clF1', -4.16), ('clF2', 3.8), ('"CQOF', 9.95), ('CKIF', 81.75),

(CKBF', 1498.36)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr 0.6 % 322 % -12.3 %
NS 0.724 0.36 0.664
NS_log 0.658 0.132 0.593
NS_rel 0.7 0.079 0777
KGE 0.773 0.549 0.711

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -0.0 % 455 % -19.3 %
NS 0.671 0.524 0.628
NS_log 0.594 0.195 0.475
NS_rel -1.605 -2.593 0.765
KGE 0.772 0.407 0.75
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 5: Measured (red} and simulated (blue) daily discharge [m3/s] on catchment VOSYEL145100, station
14510102 - Velp; Ransberg (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOSYEL145100, station
14510102 - Velp; Ransberg (validation period)
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Modelling water availability and water allocation strategies in the Scheldt basin

Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

CALIBRATION AND VALIDATION OF VHM

PARAMETERS FOR
"VO9WIN141310" (DEMERBEKKEN)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration (green) on catchment VO9WIN141310 (Demerbekken)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
VO9WIN141310
64739169
01-01-1967

31-12-2013

daily

Optimal parameter set:[("'SMmax’, 471.29), ("'SMevap', 165.37), ('c1’, 1.99), ('c2', 0.57), ('cd’,
1.0), ('cOF1", -4.06), ('cOF2', 3.56), ('clF1', -4.06), ('clF2', 2.9), ('CQOF', 10.54), ("CKIF', 81.96),

(CKBF', 722.89)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr 1.7 % 15.2 % -7.2 %
NS 0.677 0.531 0.689
NS_log 0.58 0.247 0.598
NS_rel -13.532 -28.071 0.757
KGE 0.802 0.623 0.806

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 39% 13.7 % -2.8 %
NS 0.579 0.593 0.55
NS_log 0.585 0.416 0.498
NS_rel -7.196 -9.36 0.69
KGE 0.787 0.701 0.746
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VOSWIN141310, station 141 -
Rotselaar ; Winge (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment VOSWIN141310, station
141 - Rotselaar ; Winge (validation period)

Final report WL2021R00_162_4-4 4243



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

Recession Transition
auf

dddddd

Flaw [mafs] {rescaled)
:_
Flow [m3/s] {rescaled)

L | ‘\ fi | - L '
LI, | “"J J:'- -'- ‘“|,\H 'II-,,'{-{!'. .“‘]::II. I";J IJ-U.II N || 1 ]r -‘l
\""1 -lt"' IL.“‘A{E%"'Q*'- i '-.a"':j-“' w*;:":_ % a g '\'“L fk. ‘-Jmlﬂ‘l%“ G

]
Jer 200 TR PRET=T] Mg JOOE Gl JOOA Maee 2008

High Flow Low Flow
3 - — e — S —- ey

=
T |
iy +
—_
I
.

Flaw [mals] {rescaled|
Flow [m3is] {rescaled)

I ﬁ
Lo 1 | | | L[é“! | |.|f
Sl e \ iy Y Qiﬂ-u &, ~J"‘*L MJ*

uuuuuu Tew 2007 Jan 2Ean Fets 7301 TR gt Fo01 .]dﬁ I’ﬁ _.g:‘ -:.'-19 m@. ,:nu"

—
Y
F o

[— Simulated .. Gaugeﬂl
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CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"V09ZWA148120" (DEMERBEKKEN)

1.1 Input data

Rain [mm]

Curnulative value [m? ]

Input Rain VO9ZWA148120

1200

1000 |
goo [-f|
|
&0 | } | ’ || r | h } ’
I | '
I ’
ao0 | ' |
'] | l l[ I
200 r I[ | ' ( I' | f ‘
1968 1873 1378 1383 1988 1533 1938 2003 2008 20132
Time [D]
Figure 1: Cumulative precipitation on catchment V092WA148120 (Demerbekken)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qftotal
P) and cumulative potential evapotranspiration (green) on catchment V092WA148120 (Demerbekken)

Final report

WL2021R00_162_4-4 A245



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V097WA148120
96514800
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 451.62), ('SMevap', 158.48), ('c1’, 1.82), ('c2', 0.48), ('cd’,
1.0), ('cOF1", -5.29), ('cOF2', 5.0), ('clF1", -3.58), ('clF2', 2.85), ('CQOF', 15.02), ('"CKIF', 49.62),

(CKBF', 724.81)]

Table 1: Goodness of fit for calibration period (2001 - 2007)

Full year Summer Winter
RelErr 34 % 291 % -7.9 %
NS 0.637 0.229 0.702
NS_log 0.481 0.024 0.693
NS_rel 0.145 -1.59 0.788
KGE 0.802 0.57 0.838

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -9.7 % 9.2 % -16.2 %
NS 0.545 0.257 0.65
NS_log 0.336 0.232 0.344
NS_rel -3.291 -8.101 0.344
KGE 0.734 0.485 0.809
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3fs] on catchment VOSZWA148120, station

2.5

2.0

b
n

Curmul, Volumes [m3]
e

0.5

0.0

14810102 - Zwarte Beek; Lummen{calibration period)

1e8 Cumul. Volumes of Total flow
/—,-'-""
— Gauged
—— SimulatedVOSZWALAR1Z0
o il e I 1
2002 2003 2004 2005 2006 2007
Time

Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V092WA148120, station
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment VO92WA148120, station
14810102 - Zwarie Beek; Lummen (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V092WA148120, station
14810102 - Zwarie Beek; Lummen (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VO92WA148120, station 14810102 - Zwarte Beek; Lummen
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Figure 8: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VOS2WA148120, station 14810102 - Zwarte Beek; Lummen
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment VOS2WA148120, station 14810102 - Zwarte Beek; Lummen
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"V10GLA086020" (NETE)

1.1 Input data

Input Rain V10GLAO86020
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Figure 1: Cumulative precipitation on catchment V10GLAOSG020 (MNete)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment V10GLADBE020 (Nete)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V10GLAD86020
62621236
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 417.77), ('SMevap', 253.39), ('c1’, 1.66), ('c2', 0.23), ('cd’,
1.0), ('"cOF1", -7.85), ('"cOF2', 4.5), ('clF1', -4 .46), ('cIlF2', 4.5), ('"CQOF', 14.38), ('CKIF', 83.55),

(CKBF', 1503.0)]

Table 1: Goodness of fit for calibration period (1999 - 2007)

Full year Summer Winter
RelErr -0.5 % 234 % -10.7 %
NS 0.706 0.339 0.706
NS_log 0.615 0.092 0.702
NS_rel 0.707 0.38 0.833
KGE 0.776 0.512 0.832

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -15.0 % -23 % -21.4 %
NS 0.536 0174 0.55
NS_log 0.321 -0.02 0.394
NS_rel -12.065 -38.281 024
KGE 0.631 0.359 0.703
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment V10GLADBG020, station
8610102 - Grote Laak, Vorst{calibration period)

,.led Cumul, Volumes of Total flow
20| R
s
g
d 15 |- -
u
L
=
=]
=
1.0 - R
E
=
[
0.5 - e
— Gauged
= Simulatedy 10GLADBEO20
o0 L L L L L L L 1
1999 2000 2001 2002 2003 2004 2005 2006 2007

Time

Figure 4: Measured (red) and simulated {blue} cumulative discharge [m3] on catchment V10GLADBE0D20, station
8610102 - Grote Laak, Vorst (calibration period)
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Figure 5: Measured (red) and simulated {blue) daily discharge [m3/s] on catchment V10GLADBE020, station
8610102 - Grote Laak, Vorst (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V10GLADBE020, station
8610102 - Grote Laak, Vorst (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow evenis on
catchment V10GLADEG020, station 8610102 - Grote Laak, Vorst
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Figure 8: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment V10GLADEG020, station 8610102 - Grote Laak, Vorst

Final report WL2021R00_162_4-4



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

Low Flow
4.5 T T T ¥ T
= Simulated'' ]l G LADBEIZD

4.0 ' ® Gauged

3.5 | 1

3.0 1
e
2 ,a]
E
—
= a
o 2.0 1
&= M

.
L5 |- 1
-
)
1.0} .‘“'."\ > e - . . .
'\._.r.' . . .
. . L2
: W/% /YZ\W B
3 I~ - s
'::_:?{ .\w’-‘kw_h" b T L AT A
0.0 L i i i I i L T
Feb 2005 Mar 2005 Apr 2005 May 2005 Jun 20405 Jul 2005 Aug 2005 Sep 2005 Oct 2005
Time

Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment V10GLADEEG020, station 8610102 - Grote Laak, Vorst
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1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"V10GNEO76999" (NETE)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment V10GNEODT6999 (Nete)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration (green) on catchment V10GNEDTG999 (Nete)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V10GNED76999
359885327
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 436.31), ('SMevap', 233.73), ('c1’, 1.83), ('c2', 0.54), ('cd’,
1.0), ('cOF1", -5.95), ('cOF2', 2.38), ('clF1", -3.75), ('clF2', 3.0), ('CQOF', 13.88), ('"CKIF', 66.58),

(CKBF', 1623.0)]

Table 1: Goodness of fit for calibration period (2003 - 2013)

Full year Summer Winter
RelErr -1.2 % 14.3 % -11.5%
NS 0.714 0.262 0.66
NS_log 0.679 0.304 0614
NS_rel 0.734 0.127 0.793
KGE 0.758 0.715 0.707

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -4.5 % 17.0 % -17.5 %
NS 0.684 0.393 0.622
NS_log 0.595 0.133 0.584
NS_rel 0.602 -0.012 0.771
KGE 0.717 0.654 0.706
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1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment V10GNEDTE99%, station
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V10GNEDTE999, station
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Modelling water availability and water allocation strategies in the Scheldt basin
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"V10KNE0S52000" (NETE)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment V10KNEQS2000 (Nete)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment V10KNEDS2000 (Mete)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V10KNEOD52000
584669408
01-01-1967

31-12-2013

daily

Optimal parameter set:[{'SMmax’, 474.65), ('"SMevap', 202.35), ('c1', 2.1), ('c2', 1.09), ('c3',
1.0), ('cOF1", -6.0), ('cOF2', 0.78), ('clF1", -3.09), ('clF2', 3.0), ('CQOF', 14.08), ("CKIF', 56.3),

(CKBF', 1103.01)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr 0.0 % 215 % -122 %
NS 0.756 0.53 0.693
NS_log 0.72 0.519 0.632
NS_rel 0.739 0.293 0.788
KGE 0.746 0.706 0.68

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -1.4 % 18.4 % -12.0 %
NS 0.772 0.659 073
NS_log 0.698 0.5 0.689
NS_rel 0.734 0.523 0.816
KGE 0.785 0.734 0.737
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"V10MOP062140" (NETE)

1.1 Input data

Input Rain V10MOPO62140
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Figure 1: Cumulative precipitation on catchment V10MOP062140 (Nete)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration {green) on catchment YV10MOP0G62140 (Nete)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V10MOP062140
77319091
01-01-1967

31-12-2013

daily

Optimal parameter set:[("'SMmax’, 426.36), ('SMevap', 210.63), ('c1’, 2.18), ('c2', 0.69), ('c3’,
1.0), ('"cOF1", -5.98), ('"cOF2', 0.1), ('clF1', -4.16), ('cIlF2', 3.0), ('"CQOF', 10.65), ('CKIF', 62.24),

(CKBF', 667.2)]

Table 1: Goodness of fit for calibration period (1997 - 2013)

Full year Summer Winter
RelErr 1.4 % -53 % -52 %
NS 0.614 0.461 0.606
NS_log 0.659 0.475 0.744
NS_rel -0.082 -0.517 0.781
KGE 0.688 0.448 0.644

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 15.7 % 32.0 % 6.5 %
NS 0.647 0.43 0.683
NS_log 0.645 0.462 0.769
NS_rel -0.804 -1.94 0.756
KGE 0.732 0.491 0.706
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 5. Measured (red) and simulated (blue) daily discharge [m3/s] on catchment V10MOP062140, station
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V10MOP062140, station
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow evenis on
catchment V10MOPDE62140, station 6210102 - Molenbeek, Pulle
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"V10WIM0820350" (NETE)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment V10WIM082050 (Nete)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
V10WIMO082050
65701200
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 446.85), ('SMevap', 145.61), ('c1’, 1.97), ('c2', 0.55), ('cd’,
1.0), ('"cOF1", -4.92), ('"cOF2', 3.42), ('clF1', -3.63), ('clF2', 3.0), ("CQOF', 11.0), ('CKIF', 88.59),

(CKBF', 872.12)]

Table 1: Goodness of fit for calibration period (1995 - 2007)

Full year Summer Winter
RelErr 0.4 % -1.4 % -0.2 %
NS 0.624 0.556 0.682
NS_log 0.599 0.373 0.709
NS_rel -14 396 -28.095 0.739
KGE 0.754 0.508 0.821

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 13.6 % 1.4 % 19.5 %
NS 0.567 0.523 0.642
NS_log 0.529 0.341 0.637
NS_rel -9.313 -19.981 0.351
KGE 0.753 0.508 0.821
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V10WIM082050, station

Final report

8210102 - Wiekevorst {(calibration period)

WL2021R00_162_4-4

A2TS



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment V10WIM082050, station
8210102 - Wiekevorst (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment V10WIMDOE2050, station
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on

catchment V10WIM082050, station 8210102 - Wiekevorst
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment V10WIM082050, station 8210102 - Wiekevorst

Final report

WL2021R00_162_4-4

AZTH



Modelling water availability and water allocation strategies in the Scheldt basin -
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

Appendix 13 Meuse

Final version WL2021R00_162_4-4 A279



Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT "F11MAA8702"
(MEUSE)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment F11MAABT02 (Meuse)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration (green) on catchment F11MAABT02 (Meuse)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
F11MAAB702
10120000000
01-01-1967

31-12-2013

daily

Optimal parameter set:[{'SMmax’, 380.85), ('SMevap', 221.53), ('c1', 4.0), {'c2', 1.85), ('cd',
1.0), ('"cOF1", -6.0), ('cOF2', 0.04), ('clF1", -4.04), ('cIlF2', 3.0), ('"CQOF', 11.61), ('CKIF', 86.48),

(CKBF', 1512.08)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr -5.9 % 314 % -18.5 %
NS 0.695 0.266 0.486
NS_log 0.761 0.135 0619
NS_rel 0.736 0.212 0.662
KGE 0.609 0.565 0.418

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -25% 322 % -152 %
NS 0.705 0.287 0.529
NS_log 0.775 0.183 0.637
NS_rel 0.754 0.229 0613
KGE 0.608 0.59 0.431
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment F11MAABT02, station Meuse,
Chooz{calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment F11MAAST02, stafion
Meuse, Chooz (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment F11MAABT02, station Meuse,

Chooz (validation period)
L, lell Cumul. Volumes of Total flow
1.0} F_/'/Ji
= 08 L .
" /
E e
zall
=2 06| /f 1
=
=
E
=
Lood
0.2 B
— Gauged
p— SimulatedF 1 1MAART702
n'f:}gl:- 19I9-1 19I98 20'02 2'CIIIJE~ EI}III}

Time

Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment F11MAABTO2, station
Meuse, Chooz (validation period)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"W11BERS551010" (MEUSE)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment W11BER551010 (Meuseg)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on caichment W11BER551010 (Meuse)
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
W11BER551010
128000000
01-01-1967

31-12-2013

daily

Optimal parameter set:[['SMmax’, 321.2), ('SMevap', 242.15), ('c1’, 2.4), ('c2', 1.01), {'c3’,
1.0), ('cOF1', -6.04), ('cOF2', 6.78), ('clF1', -4.67), ('clF2', 2.59), ('CQOF', 13.96), ('CKIF,

62.96), ('CKBF', 1223

93)]

Table 1: Goodness of fit for calibration period (1994 - 2006)

Full year Summer Winter
RelErr 0.3 % 0.5 % -1.4 %
NS 0.623 0.592 0.581
NS_log 0.645 0.486 0.599
NS_rel 0.606 0.722 048
KGE 0.742 0.707 0.755

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 55% 17.9 % -1.2 %
NS 0.511 0.357 0.494
NS_log 0.304 -0.183 0.388
NS_rel -15.067 -20.865 -4 804
KGE 0.673 0.595 0.67
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W11BER551010, station
unkownicalibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W11BERS51010, station
unkown (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W11BER551010, station
unkown {(validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W11BER5S51010, station
unkown (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment W11BER551010, station unkown
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Figure 8: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment W11BER551010, station unkown
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT "W11HOY5990"
(MEUSE)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment W11HOY5990 (Meuse)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment W11HOY5950 (Meuse)
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Modelling water availability and water allocation strategies in the Scheldt basin
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1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
W11HOY5990
242000000
01-01-1967

31-12-2013

daily

Optimal parameter set:[("'SMmax’, 601.37), ("'SMevap', 144.46), ('c1’, 1.96), ('c2', 0.79), ('c3’,
1.0), ('"cOF1", -5.44), ('"cOF2', 5.0), ('clF1', -4.94), ('cIlF2', 3.0), ('"CQOF', 13.64), ('CKIF', 77.39),

(CKBF', 1193.9)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr 0.4 % 9.2 % -10.0 %
NS 0.455 0.096 0.3
NS_log 0.687 0.128 0.716
NS_rel 0.876 0.48 0.932
KGE 0.482 0.493 0.261

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -0.8 % 8.5% -11.7 %
NS 0.45 0.09 0.296
NS_log 0.683 0.118 0.707
NS_rel 0.875 0.478 093
KGE 0.47 0.486 0.254
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W11HOY5990, station
Hoyoux, Marchin (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W11HOY 5990, station
Hoyoux, Marchin (validation period)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"W11JEKS553010" (MEUSE)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment W1 1JEK553010 (Meuse)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration {(green) on catchment W11JEK553010 (Meuse)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
W11JEK553010
465499442
01-01-1967

31-12-2013

daily

Optimal parameter set:[{'SMmax’, 522.03), ('"SMevap'’, 159.03), ('c1', 1.88), ('c2', 0.1), ('c3’,
1.0), ('cOF1", 4.02), ('cOF2', 0.56), ('clF1", -6.0), ("clF2', 0.42), ('CQOF', 14.39), ('"CKIF', 60.28),

(CKBF', 1101.53)]

Table 1: Goodness of fit for calibration period (1993 - 1998)

Full year Summer Winter
RelErr 0.9 % 6.4 % -53 %
NS 0.509 0.508 0.588
NS_log 0.254 0.305 0.364
NS_rel 0.692 0.835 0.736
KGE 0.646 0.52 0723

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -10.1 % 23% -21.3 %
NS 0.185 0.223 0.188
NS_log -0.064 -0.001 -0.058
NS_rel 0.253 0.252 0.521
KGE 0.476 0.54 0.457
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W11JEK553010, station
unkown(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W11JEK553010, station
unkown (calibration period)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W11JEK553010, siation
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment W11JEK5S553010, station unkown
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT
"W11MAAPROF" (MEUSE)
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Figure 1: Cumulative precipitation on catchment W1 1MAAPROF (Meuse)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment W11MAAPROF (Meuse)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
W11MAAPROF
12585000000
01-01-1967

31-12-2013

daily

Optimal parameter set:[{'SMmax’, 447.9), ("SMevap', 192.09), ('c1’, 3.05), ('c2', 2.13), ('c3',
1.0), ('cOF1", -6.0), ('cOF2', 0.0), ('clF1', -3.72), ('clF2', 3.0), ('CQOF', 14.27), ('CKIF', 69.7),

(CKBF', 1148.39)]

Table 1: Goodness of fit for calibration period (2002 - 2012)

Full year Summer Winter
RelErr -0.6 % 9.9 % -12.0 %
NS 0.72 0.513 0.536
NS_log 0.776 0.39 0.622
NS_rel 0.807 0.649 0.628
KGE 0.677 0.672 0.458

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -6.8 % 6.5 % -149 %
NS 0.707 0.496 0512
NS_log 0.77 0.382 0619
NS_rel 0.807 0.631 0.626
KGE 0.656 0.665 0.439
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W11MAAPROF, staiion
Meuse, Profondeville(calibration period)
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Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W11MAAPROF, station
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W11MAAPROF, station
Meuse, Profondeville (validation period)
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Figure 6: Measured {red) and simulated (blue) cumulative discharge [m3] on catchment W11MAAPROF, station
Meuse, Profondeville (validation period)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1 CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT "W11MEH5820"
(MEUSE)

1.1 Input data
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Figure 1: Cumulative precipitation on catchment W11MEHS820 (Meuse)
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Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration {green) on catchment W11MEHS820 (Meuse)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

Optimal parameter set:[['SMmax’, 396 67), ("SMevap', 169.92), ('c1’, 20.35), ('c2', 0.45), ('c?
1.0), ('cOF1", -5.25), ('cOF2', 3.13), ('clF 1", -4.25), ("clF2', 2.92), ("CQOF', 12.37), ('CKIF', 82.5)

(CKBF', 1074.66)]

Table 1: Goodness of fit for calibration period (2004 - 2013)

VHMclassic_Lumped
W11MEH5820
355800000
01-01-1967

31-12-2013

daily

Full year Summer Winter
RelErr 2353 % 519.3 % 1298 %
NS -8.445 -90.786 -2.842
NS_log -3.5 -18.701 -1.928
NS_rel 17417 -78.682 -4.919
KGE -1.598 -6.196 -0.315

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 164.6 % 363.5 % 90.0 %
NS -3.892 -16.981 -1.031
NS_log -2.33 -10.293 -1.072
NS_rel -11.112 -18.76 -2.956
KGE -1.015 -3.454 -0.033
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W11MEH5820, station
Mehaigne, Wanze(calibration period)

129 Cumul. Volumes of Total flow

20 ; .

Curmul, Volumes [m3]
&

a5
— Gauged
— SimulatedW11lMEHSB20
0.0 1 L L L L L ¥ 1 1
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Time

Figure 4: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W11MEH5820, station
Mehaigne, Wanze (calibration period)
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W11MEH5820, station
Mehaigne, Wanze (validation period)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment W11MEHS820, station Mehaigne, Wanze
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

Recession

35

Flow [m3/s]
¥

10}

: wﬂ S - . +'-,,"}X/‘LW\/\

Simulated W1 1MEHSEZD

Gauged

e ]

- . - LH
' I e b e,
2 & N !
_"J_..H"' P,
. . : . . :
Mow 2000 Dec 2010 Jam 2011 Feb 2011 Mar 2011 Apr 2011
Time

Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events an
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT "W110URS5805"

(MEUSE)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P} and cumulative potential evapotranspiration {green) on catchment W110UR5S805 (Meuse)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

VHMclassic_Lumped
W110UR5805
3607000000
01-01-1967

31-12-2013

daily

Optimal parameter set:[('SMmax’, 472.91), ('SMevap', 134.84), ('c1’, 2.25), ('c2', 1.65), ('cd’,
1.0), ('"cOF1", -5.88), ('"cOF2', 4.4), ('clF1', -3.13), ('clF2', 3.0), ('"CQOF', 11.82), ('CKIF', 70.32),

(CKBF', 752.44)]

Table 1: Goodness of fit for calibration period (2001 - 2013)

Full year Summer Winter
RelErr 0.6 % 13.5 % -10.0 %
NS 0.706 0.635 0.553
NS_log 0.803 0.542 0.668
NS_rel 0.839 0.711 0.776
KGE 0.638 0.716 0.461

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr 1.9 % 7.5% -2.8 %
NS 0.706 0.623 0.588
NS_log 0.79 0.566 0.69
NS_rel 0.821 0.87 072
KGE 0.658 0.59 0.506
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Figure 3: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W110UR5805, station
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

Total Flow
800 T T T T T T T
o SimulatedWllOURSE05
] " . Gauged
o0 |- = . = 8
H .
GO |- r 5
. . . .
e H
L]
500 1 w2 F ..
- H -
— 5 - * ¥
W
Gal = & . = o . " i
E ad ; ity IO
E 00l . < - ” -
= - N . LB = a H s
I=] 1 o . - 2 B
bl . E b 5 B W g IR -
kil i3 L - ke - "
300 |- g W s -2 . i Hr o, ] i T
H ] N A a ® - - = P R
: s n ; R !
H
- H L f
H - .
200 a
100
L L
1970 1975 1980 1935 19940 1995 2000 2005 2010
Time

Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W110URS805, station
Ourthe, Angleur 2 bis (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

CALIBRATION AND VALIDATION OF VHM
PARAMETERS FOR CATCHMENT "W11SAM7319"

(MEUSE)

1.1 Input data

Figure 2: Annual cumulated discharge (red) and scaled precipitation (blue) according to runoff ratio (total Qfotal
P) and cumulative potential evapotranspiration (green) on catchment W115AM7319 (Meuse)
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling — VHM

1.2 Model summary

model_structure

subcatchment_name

subcatchment_area [m2]

Validation start_date
Validation end_date

frequency

Optimal parameter set:[('SMmax’, 421.95), ('SMevap', 253.87), ('c1’, 2.65), ('c2', 0.99), ('c3
1.0), ('"cOF1", -6.0), ('cOF2', 0.29), ("clF1, -3.39), ('clF2', 3.0), ('"CQOF', 12.92), ("CKIF', 87.59)

(CKBF', 1836.69)]

Table 1: Goodness of fit for calibration period (2007 - 2012)

VHMclassic_Lumped
W11SAM7319
2636000000
01-01-1967

31-12-2013

daily

Ll

Full year Summer Winter
RelErr -0.5 % 443 % -21.0 %
NS 0.728 -0.019 0.635
NS_log 0.636 -0.245 0.663
NS_rel 0.704 -0.321 0.847
KGE 0.665 0.457 0.526

Table 2 :Goodness of fit for validation period (1967 - 2013)

Full year Summer Winter
RelErr -1.8 % 414 % -22.0 %
NS 0.713 0.055 0.594
NS_log 0.607 -0.272 0.585
NS_rel 0.718 -0.239 0.821
KGE 0.65 0.501 0.503
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM

1.3 Observed and simulated timeseries for optimum parameters
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Modelling water availability and water allocation strategies in the Scheldt basin
Sub report 4-4 — Analyses of hydrological models for climate change modelling —VHM
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Figure 5: Measured (red) and simulated (blue) daily discharge [m3/s] on catchment W113SAM7T319, station
Samber, Salzinne (validation period)
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Figure 6: Measured (red) and simulated (blue) cumulative discharge [m3] on catchment W113AMT319, station
Samber, Salzinne (validation period)
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Figure 7: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment W115SAM7319, station Samber, Salzinne
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Figure 8: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
catchment W115AM7319, station Samber, Salzinne
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Figure 9: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Figure 10: Measured (red) and simulated (blue) daily discharge [m3/s] during specific low and high flow events on
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Appendix 14 Geographical overview calibration

Based on the statistics for each of the NAM models, a reclassification is performed. The table below shows
how NSE, LogNSE and RelErr are combined to get a unique value for each subcatchment. This evaluation
results in the map which is included hereafter.

When value | Reclassify value
NSE
>0,6 3
0,306 2
<0,3 1
LogNSE
>0,6 3
0,3-0,6 2
<0,3 1
RelErr
<15 3
50-30 2
=50 1
Combinations Combination
statistics Reclassification Judgement
EE 3 27 | 3 | God |
3 3 2 18 2 Acceptable
2 2 3 12 2
3 3 1 9 2
2 2 2 8 2
1 2 3 [+
2 2 1 4
1 1 3 3
1 1 2 2
1 1 1 1
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Appendix 15 Geographical overview validation

Based on the statistics for each of the NAM models, a reclassification is performed. The table below shows
how NSE, LogNSE and RelErr are combined to get a unique value for each subcatchment. This evaluation

results in the map which is included hereafter.

When value | Reclassify value
NSE
>0,6 3
0,306 2
<0,3 1
LogNSE
>0,6 3
0,3-0,6 2
<0,3 1
RelErr
<15 3
50-30 2
=50 1
Combinations Combination
statistics Reclassification Judgement
EE 3 27 | 3 | God |
3 3 2 18 2 Acceptable
2 2 3 12 2
3 3 1 9 2
2 2 2 8 2
1 2 3 [+
2 2 1 4
1 1 3 3
1 1 2 2
1 1 1 1
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