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A b str a ct  

T h e w at er b al a n c e m o d el of t h e S c h el dt a n d M e us e b asi ns will b e us e d i n or d er t o p erf or m l o w fl o w f or e c ast s 
a n d  c al c ul at e  cli m at e  c h a n g e  s c e n ari o s.  Wit hi n  t h e  c urr e nt  s u bt as k  is  i n v esti g at e d  w hi c h  is  t h e  m o st  
a p pr o pri at e h y dr ol o gi c al m o d el f or t h e s u b c at c h m e nt s  of t h e w at er b al a n c e m o d el of t h e  S c h el dt b asi n i n 
or d er t o m e et t his pr er e q uisit e. T his s u b r e p ort  d e s cri b e s t h e c ali br ati o n a n d e v al u ati o n of t h e V H M m o d el, 
a l u m p e d c o n c e pt u al  m o d el f or c o nti n u o us r ai nf all -r u n off si m ul ati o n ( Will e m s P., 2 0 1 4) d ev el o p e d b y t h e 
H y dr a uli c s Di visi o n i n K U  L e u v e n i n B el gi u m.  

T h e o pti mi z ati o n d uri n g c ali br ati o n is p erf or m e d b as e d o n a n a ut o m ati c pr o c e d ur e, f oll o w e d b y a vis u al 
c o ntr ol. D uri n g t h e o pti miz ati o n r o uti n e t h e p ar a m et er s et s ar e s el e ct e d b as e d o n 2 crit eri a:  ( 1) a bs ol ut e 
err or o n c u m ul at e d t ot al f l o w at e a c h ti m e st e p, a n d ( 2) l o g arit h mi c N as h-S ut cliff effi ci e n c y. T h e first crit eri o n 
ai m s t o m o d el t h e gl o b al fl o w p att er n, t h e l att er f o c us e s m ai nl y o n t h e l o w fl o ws.  

O v er all, t h e p erf or m a n c e of t h e c ali br at e d V H M m o d els is si mil ar c o m p ar e d t o t h e ot h er l u m p e d r ai nf all -
r u n off m o d els alr e a d y c ali br at e d: P D M, N A M a n d W E T S P A. T h e s u m m ari z e d r es ult s f or e a c h of t h e g a u g e d 
s u b c at c h m e nt s  wit hi n t h e st u d y ar e a, all o w t h e us er t o g et i nsi g ht i n t h e p erf or m a n c e of t h e V H M m o d el f or 
e a c h of t h e i n v ol v e d s u b c at c h m e nt s . B as e d o n t his i nf or m ati o n a n d t h e e v al u ati o n of t h e N A M, P D M a n d 
W E T S P A m o d els, t h e us er c a n m a k e a w ell -gr o u n d e d d e cisi o n o n w hi c h m o d el t o us e f or t h e c o nsi d er e d 
o bj e cti v e.  
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Fi g ur e  6 7  – M e as ur e d  (r e d)  a n d  si m ul at e d  ( bl u e)  c u m ul ati v e  dis c h ar g e  [ m³]  o n  c at c h m e nt  c at c h m e nt  
V 0 9 L O S 1 4 3 3 0 0, st ati o n 1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W e z e m a al ( 2 0 0 1 -2 0 1 3)  ................................................... 6 8  

Fi g ur e 6 8 – M e as ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h a r g e [ m³/s] d uri n g s p e cifi c l o w a n d hi g h fl o w 
e v e nts o n c at c h m e nt c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, st ati o n 1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W e z e m a al  .................. 6 9  

Fi g ur e 6 9 – S u b c at c h m e nt s a n d m e as ur e p oi nt s f or t h e N et e b a si n .............................................................. 7 0  

Fi g ur e  7 0  – M e as ur e d  (r e d)  a n d  si m ul at e d  ( bl u e)  d ail y  dis c h ar g e  [ m³/ s]  o n  c at c h m e nt  V 1 0 K N E 0 5 2 0 0 0,   
st ati o n 5 2 1 0 1 0 2 - Kl ei n e N et e; Gr o b b e n d o n k ( 2 0 0 1 -2 0 1 3)  ............................................................................ 7 2  

Fi g ur e 7 1 – M e as ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 1 0 K N E 0 5 2 0 0 0, 
st ati o n 5 2 1 0 1 0 2 - Kl ei n e N et e; Gr o b b e n d o n k ( 2 0 0 1 -2 0 1 3)  ............................................................................ 7 2  

Fi g ur e 7 2 – M e as ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/s] d uri n g s p e cifi c l o w a n d hi g h fl o w 
e v e nts  .............................................................................................................................................................. 7 3  

Fi g ur e  7 3  – M e as ur e d (r e d)  a n d si m ul at e d ( bl u e)  d ail y  dis c h ar g e  [ m³/s] o n c at c h m e n t  V 1 0 M O P 0 6 2 1 4 0,  
st ati o n 6 2 1 0 1 0 2 - M ol e n b e e k, P ull e ( 2 0 0 3 -2 0 1 5)  ........................................................................................... 7 4  

Fi g ur e 7 4 – M e as ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 1 0 M O P 0 6 2 1 4 0, 
st ati o n 6 2 1 0 1 0 2 - M ol e n b e e k , P ull e ( 2 0 0 3-2 0 1 5)  ........................................................................................... 7 4  

Fi g ur e 7 5 – M e as ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/s] d uri n g s p e cifi c l o w a n d hi g h fl o w 
e v e nts o n c at c h m e nt V 1 0 M O P 0 6 2 1 4 0, s t ati o n 6 2 1 0 1 0 2 - M ol e n b e e k, P ul l e ................................................ 7 5  

Fi g ur e 7 6 – S u b c at c h m e nt s a n d m e as ur e p oi nt s f or t h e M e us e b asi n  ........................................................... 7 6  

Fi g ur e  7 7  – M e as ur e d  (r e d)  a n d  si m ul at e d  ( bl u e)  d ail y  dis c h ar g e  [ m 3/ s]  o n  c at c h m e nt  W 1 1 O U R 5 8 0 5,  
st ati o n O urt h e, A n gl e ur 2 bis( 2 0 0 1 -2 0 1 3)  ....................................................................................................... 7 8  

Fi g ur e 7 8 – M e as ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m 3] o n c at c h m e nt W 1 1 O U R 5 8 0 5, 
st ati o n O urt h e, A n gl e ur 2 bis ( c ali br ati o n p eri o d)  .......................................................................................... 7 8  

Fi g ur e 7 9 – M e as ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h a r g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w 
e v e nts o n c at c h m e nt W 1 1 O U R 5 8 0 5, st ati o n O urt h e,  A n gl e ur 2 bis  .............................................................. 7 9  

Fi g ur e  8 0  – M e as ur e d  (r e d)  a n d  si m ul at e d  ( bl u e)  d ail y  dis c h ar g e  [ m 3/ s]  o n  c at c h m e nt  W 1 1 H O Y 5 9 9 0,   
st ati o n H o y o u x, M ar c hi n( 2 0 0 1 -2 0 1 3)  ............................................................................................................. 8 0  

Fi g ur e 8 1 – M e as ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m 3] o n c at c h m e nt W 1 1 H O Y 5 9 9 0, 
st ati o n H o y o u x, M ar c hi n ( c ali br ati o n p eri o d)  ................................................................................................. 8 0  

Fi g ur e 8 2 – M e as ur e d (r e d)  a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w 
e v e nts o n c at c h m e nt W 1 1 H O Y 5 9 9 0, st ati o n H o y o u x, M ar c hi n  ...................................................................... 8 1  
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1  I ntr o d u cti o n 

1. 1  O bj e cti v es  

T h e w at er b al a n c e m o d el of t h e S c h el dt b asi n will b e us e d i n or d er t o p erf or m l o w fl o w f or e c asts a n d 
c al c ul at e cli m at e c h a n g e s c e n ari o s. T h e g o al of t his s u bt as k of t h e pr oj e ct ‘M o d elli n g w at er a v ail a bilit y 
a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b asi n’, is t o d efi n e t h e m o st a p pr o pri at e h y dr ol o gi c al 
m o d els  f or t h e w at er b al a n c e m o d el of t h e S c h el dt b asi n i n or d er t o m e et t his pr er e q uisit e. T h er ef or e, 
diff er e nt h y dr ol o gi c al m o d els f or e a c h of t h e s u b c at c h m e nt s i n t h e st u d y ar e a ar e s et u p a n d e v al u at e d 
o n t h eir a p pr o pri at e n e ss f or l o w fl o w f or e c asti n g a n d cli m at e c h a n g e s c e n ari o s. T h e r e g ar d e d m o d els 
ar e N A M ( D HI, 2 0 0 9), P D M ( M o or e, 2 0 0 7), V H M ( W ill e m s, P., 2 0 1 4) a n d W ets p a .  O v er all d e s cri pti o ns 
of  t h e s e  m o d els  c a n  b e  f o u n d  i n  V a nst e e n kist e  et  al.  ( 2 0 1 1).  Aft er  e v al u ati o n  of  e a c h  of  t h e s e  
h y dr ol o gi c al m o d els , t h e m ost a p pr o pri at e m o d el f or e a c h c at c h m e nt c a n b e us e d f or t h e p arti c ul ar 
a p pli c ati o n . 

I n t h e c urr e nt pr oj e ct, h y dr ol o gi c al V H M m o d els f or t h e g a u g e d c at c h m e nt s (i. e. c at c h m e nt s u pstr e a m 
of  a  g a u gi n g  st ati o n)  ar e  c ali br at e d  w h er e b y  t h e  f o c us  is  m ai nl y  o n  l o w  fl o ws.  F or  e a c h  of  t h e  
h y dr ol o gi c al c at c h m e nt s, t h e V H M p ar a m et ers will b e d et er mi n e d.  

T h e  c ali br ati o n is  p erf or m e d b as e d o n a n a ut o m ati c  o pti mi z ati o n pr o c e d ur e  f oll o w e d b y  a vis u al 
c o ntr ol. D uri n g t h e o pti mi z ati o n r o uti n e t h e b e st p ar a m et ers s et is s el e ct e d f or e a c h c at c h m e nt b as e d 
o n 2 crit eri a: ( 1) A bs ol ut e  err or o n c u m ul at e d t ot al fl o w at e a c h ti m e st e p, a n d ( 2) Lo g arit h mi c N as h -
S ut cliff effi ci e n c y. T h e first crit eri o n ai m s t o m o d el t h e gl o b al fl o w p att er n, t h e l att er f o c us e s m ai nl y 
o n t h e l o w fl o w s.  

U n g a u g e d c at c h m e nt s will  i n h erit m o d el  p ar a m et ers fr o m si mil ar n ei g h b ori n g c at c h m e nt s.  

Aft er v ali d ati o n a n d r o b ust n e ss c h e c k s, t h e n e wl y c ali br at e d V H M m o d els will, if s uit a bl e, r e a d y t o b e  
us e d f or l o w fl o w f or e c asti n g a n d cli m at e c h a n g e s c e n ari o si m ul ati o ns.  

1. 2  Str u ct ur e of t h e r e p ort  

I n a first s e cti o n, t h e a d dr ess e d c at c h m e nt s ar e  d efi n e d  a n d r eli a bl e g a u gi n g st ati o ns s el e ct e d ( S e cti o n  
2 ). S e c o n d,  r ai nf all  a n d  e v a p otr a ns pir ati o n  ar e  t h e n  i nt er p ol at e d  f or  t h e  s el e ct e d  c a t c h m e nt s, 
a c c or di n g t o t h e  T hi e ss e n p ol y g o n  m et h o d ( S e cti o n  3 ).  

T h e g e n er al str u ct ur e a n d p ar a m et ers of t h e V H M m o d el ar e o utli n e d i n S e cti o n 4  w hil e t h e c ali br ati o n 
str at e g y a n d b asi c l o gi c b e hi n d  t h e a ut o m at e d c ali br ati o n al g orit h m ar e e x pl ai n e d i n S e cti o n 5 . 

O n c e all V H M m o d els  f or t h e g a u g e d c at c h m e nt s ar e c ali br at e d, fl o w is si m ul at e d f or 4 7 y e ars ( 1 9 6 7 -
2 0 1 3). U n g a u g e d c at c h m e nt s  ar e  si m ul at e d usi n g p ar a m et ers of a n e ar b y c at c h m e nt wit h si mil ar 
c h ar a ct eristi c s. R e s ult s ar e s y nt h eti z e d i n S e cti o n 6  a n d d et ail e d i n t h e a p p e n di c es .  

S e cti o n 7  pr e s e nts c o n cl usi o ns of t h e c ali br ati o n a n d s o m e r e c o m m e n d ati o ns t o c o nsi d er w h e n  usi n g 
t h e c ali br at e d V H M m o d els i n t h e n e xt st e ps of t h e pr oj e ct.  
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2  C at c h m e nt d eli n e ati o n  

2. 1  G e n er al  

T h e i n p ut s  of t h e w at er all o c ati o n m o d el ar e dis c h ar g e ti m e s eri e s at t h e u p p er b o u n d ari e s a n d e ntri e s 
of tri b ut ari e s i n t h e  m o d ell e d w at er n et w or k.  T his r ai nf all r u n off dis c h ar g e is si m ul at e d b y m e a ns of 
o n e of t h e a b o v e m e nti o n e d h y dr ol o gi c al m o d els ( N A M, P D M, V H M, W et s p a) . A p art fr o m t h e S c h el dt 
c at c h m e nt as s u c h,  t h e IJz er b asi n a n d t h e c at c h m e nt of t h e Br u g s e P ol d ers ar e als o i n cl u d e d i n t h e 
w at er  all o c ati o n m o d el a n d t h er ef or e als o i n cl u d e d t o t his st u d y. T h e m a p o n Fi g ur e 1  s h o w s t h e m ai n 
ri v er  b asi ns  i n cl u d e d  i n  t h e  w ater  all o c ati o n  m o d el.  I n  t his  r e p ort,  r es ult s  will  b e  str u ct ur e d  
g e o gr a p hi c all y p er b asi n. T h e d e v el o p m e nt of h y dr ol o gi c al V H M m o d els f or t h e M e us e b asi n, w hi c h is 
als o i n cl u d e d i n t h e w at er all o c ati o n m o d el,  is s u bj e ct t o a disti n ct  r e p ort ( M ar o y et al., 20 2 1 ). 

D eli n e at e d  h y dr ol o gi c al s u b c at c h m e nt s f or t h e w at er all o c ati o n m o d el w er e c oll e ct e d  i n 2 0 1 0 b as ed 
o n p ast m o d elli n g st u di es ( D e B o e c k et al. 2 0 1 1) a n d u p d at e d wit h i n t h e fr a m e w or k of t h e pr e s e nt 
st u d y. Fi g ur e 1  s h o w s a n o v er vi e w of t h e d eli n e at e d c at c h m e nt s i n t h e w at er all o c ati o n m o d el.  

F or t h e g a u g e d c at c h m e nts , w h er e a tim e s eri e s of m e as ur e d dis c h ar g e  is a v ail a bl e, t h e V H M m o d el s 
ar e c ali br at e d . 

S o m e  of  t h e  g a u g e d  c at c h m e nt s  i n  t h e  w at er  all o c ati o n  m o d el  ar e  s u b di vi d e d  i n  diff er e nt  
s u b c at c h m e nt s t o distri b ut e t h e i nfl o w o v er t h e m o d ell e d ri v er str et c h e s. E a c h of t h e s e s u b c at c h m e nt s 
i n h erit s t h e p ar a m et ers of t h e m ai n g a u g e d c at c h m e nt. A n e x a m pl e of t his is t h e  L ei e c at c h m e nt 
u pstr e a m  of  t h e  m e as uri n g  st ati o n  t h e  M e n e n,  w hi c h  is  s u b di vi d e d  i nt o  2 7  s u b c at c h m e nt s. T h e 
c at c h m e nt its elf is c ali br at e d o n t h e dis c h ar g e ti m es eri e s  of t h e g a u gi n g st ati o n t h e M e n e n.  Wit hi n t h e 
w at er all o c ati o n m o d el t h e r ai nf all r u n off of e a c h of t h e s e 2 7 s u b c at c h m e nt s is c al c ul at e d b as e d o n its 
p arti c ul ar  i nt er p ol at e d  r ai nf all - a n d  e v a p o r ati o n  s eri e s  a n d  li n k e d  i n di vi d u all y  t o  t h e  a p pr o pri at e  
m o d ell e d w at er c o urs e. F or m or e d et ail a b o ut t h e c h oi c e s a n d m et h o d ol o g y of c at c h m e nt d eli n e ati o n, 
pl e as e  s e e  D e  B o e c k  et  al.  ( 2 0 1 1) 1   .  Un g a u g e d  m o d els  i n h erit  V H M  p ar a m et ers  fr o m  si mil ar  
n ei g h b ori n g c at c h m e nt s.  

All c at c h m e nt s of t h e w at er all o c ati o n m o d el r e c ei v e d a u ni q u e i nf or m ati v e c o d e, as d efi n e d i n t h e 
pr e vi o us p h as e of t h e pr oj e ct ( D e B o e c k et al., 2 0 1 1).  E a c h c o d e c o nsist s of 1 2 c h ar a ct ers, r el ati v e t o 
t h e c at c h m e nt l o c ati o n, m ai n w at er c o urs e a n d g a u gi n g st ati o n:  

•  C h ar a ct er 1  : r e gi o n w h er e t h e c at c h m e nt is l o c at e d ( V: Fl a n d ers; W: W all o ni a; N: N et h erl a n ds; 
F: Fr a n c e)  

•  C h ar a ct er s  2  a n d  3 :  n u m b er  of  t h e  Fl e mis h h y dr o gr a p hi c  b asi n  t o  w hi c h  t h e  c at c h m e nt  
b el o n g s. 

•  C h ar a ct er s 4, 5 a n d 6 : i niti als of  t h e m ai n w at er c o urs e 

•  C h ar a ct er s 7, 8 a n d 9 : first t hr e e di git s of t h e g a u gi n g st ati o n c o d e ( or 3 l ett er i niti als) f or 
g a u g e d c at c h m e nt s, a n d “ 0 0 0 ” f or u n g a u g e d c at c h m e nt s.  

•  C h ar a ct er s 1 0, 1 1 a n d 1 2 : t hr e e di git-s uf fi x t h at e ns ur e c at c h m e nt c o d e diff er e ntiati o n.  
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Fi g ur e 1 – M a p of g a u g e d a n d u n g a u g e d c at c h m e nt s of t h e S c h el dt b a si n, M e us e, t h e Br u gs e p ol d ers a n d t h e IJ z er. 
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2. 2  G a u g e d c at c h m e nt s  

T a bl e 1  list s t h e g a u g e d st ati o n s us e d f or c ali br ati o n of t h e r ai nf all -r u n off m o d els. C at c h m e nt s t h at w er e 
c ali br at e d j oi ntl y  ar e list e d i n T a bl e 2 . 

T a bl e 1 – List of g a u gi n g st ati o ns o n t h e S c h el dt a n d it s tri b ut ari es f or c ali br ati o n of h y dr ol o gi c al m o d els  

G a u gi n g st ati o n  ( c o d e - w at er c o ur s e; l o c ati o n)  C at c h m e nt I D  Ar e a ( k m²)  G a u g e d y e ar s  

4 8 8 1 0 1 0 2 - H a n d z a m e v a art ; K ort e m ar k V 0 1 H A N 4 8 8 1 8 0  7 8, 6  1 9 9 4 -2 0 1 6  

4 6 8 1 0 1 0 2 - Ijz er; R o es br u g g e H ari n g e V 0 1 H EI 4 6 8 9 9 9  3 9 3, 0  1 9 8 6 -2 0 1 6  

4 9 5 1 0 1 0 2 - I e p erl e e; Z ui ds c h ot e V 0 1I E P 4 9 5 0 8 0  6 3, 4  1 9 8 3 -2 0 1 4  

4 9 2 7 0 1 0 2 - K e m m el b e e k; B o ezi n g e  V 0 1 K E M 4 9 2 0 6 0  7 3, 9  1 9 8 6 -2 0 1 5  

4 9 6 1 0 1 0 2 - St. J a ns b e e k; M er k e m  V 0 1 M A R 4 9 6 1 2 0  7 6, 1  1 9 8 6 -2 0 1 6  

4 9 1 1 0 1 0 2 - P o p eri n g e v a art; O ost vl et er e n  V 0 1 P O P 4 9 1 0 3 0  8 4, 9  1 9 8 4 -2 0 1 6  

4 9 9 1 0 1 0 2 - St e e n b e e k; M er k e m  V 0 1 S S V 4 9 9 1 4 0  1 6, 1  1 9 9 0 -2 0 0 9  

4 4 2 1 0 1 0 2 –  E d e; M al d e g e m  V 0 2 E D E 4 4 2 1 2 0  4 5, 5  1 9 8 3 -2 0 1 6  

4 2 6 1 0 1 0 2 - H erts b er g e b e e k; O ost k a m p  V 0 2 H E R 4 2 6 0 1 0  7 7, 3  1 9 8 6 -2 0 1 6  

4 2 2 0 1 0 2 –  K er k e b e e k ; Si nt -Mi c hi els  V 0 2 K E R 4 2 2 0 3 0  6 2, 7  1 9 8 3 -2 0 0 8  

4 2 5 1 0 1 0 2 - Ri vi er b e e k; O ost k a m p  V 0 2 RI V 4 2 5 0 2 0  6 4, 0  1 9 8 3 -2 0 1 6  

4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e  V 0 3 P O E 4 4 6 0 0 0  1 0 6, 8  1 9 8 3 -2 0 1 0  

3 6 1 0 1 0 2 - Kl ei n e M ol e n b e e k ; Li ez el e  V 0 4 M O L 0 3 6 1 1 0  3 2, 6  1 9 6 6 -2 0 1 6  

3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k ; M al d er e n  V 0 4 M O M 0 3 7 1 0 0  6 7, 3  1 9 6 6 -2 0 1 6  

3 8 6 8 0 1 2 2 –  L ei e; M e n e n  F 0 5 L EI 3 8 6 9 9 9  2 9 8 1, 8  1 9 9 8 -2 0 1 6  

4 0 3 1 0 1 0 2 - H e ul e b e e k; H e ul e  V 0 5 H E U 4 0 3 2 1 0  9 1, 9  1 9 7 2 -2 0 1 6  

4 0 1 1 0 1 0 2 - M a n d el; O ostr o z e b e k e  V 0 5 M A N 4 0 1 2 3 0  2 5 8, 4  1 9 6 7 -2 0 1 3  

3 2 5 8 0 1 2 2 - B o v e ns c h el d e; B oss uit  F 0 6 B O S 3 2 5 9 9 9  5 2 1 7, 6  2 0 0 1 -2 0 1 4  

3 4 7 1 0 1 0 2 - M a ar k e b e e k; Eti k h o v e  V 0 6 M A A 3 4 7 1 6 0  4 8, 7  1 9 7 2 -2 0 1 6  

3 4 2 1 0 1 0 2 - Z w al m; N e d erz w al m  V 0 6 Z W A 3 4 2 1 9 0  1 1 2, 1  1 9 7 2 -2 0 1 6  

L 5 4 1 2 –  R h os n es ; A m o u gi es  W 0 6 R H O L 5 4 1 0 0  1 6 1, 9  2 0 1 2 -2 0 1 6  

2 8 5 1 0 1 0 2 –  B ell e b e e k ; E ss e n e  V 0 7 B E L 2 8 5 0 7 0  8 8, 7   

2 8 9 7 0 1 0 2 –  M ar k;  Vi a n e  V 0 7 M A R 2 8 9 0 1 5  1 7 3, 9  1 9 7 6 -2 0 1 6  

2 8 2 1 0 1 0 2 –  M ol e n b e e k ; Er p e M er e  V 0 7 M O E 2 8 2 1 0 0  4 6, 4  1 9 8 6 -2 0 1 6  

2 8 8 1 0 1 0 2 –  M ol e n b e e k ; G er a ar ds b er g e n  V 0 7 M O G 2 8 8 0 2 0  2 3, 1  1 9 8 5 -2 0 1 4  

2 7 0 8 -1 0 5 0 D e n dr e; L essi n es  W 0 7 D E N L E S 9 9 9  5 1 1, 8   

1 1 1 1 0 1 0 2 -B ar e b e e k ; El e wijt V 0 8 B A R 1 1 1 3 7 0  6 9, 9  1 9 9 7 -2 0 0 4  

9 3 1 0 1 0 2 –  Dijl e ; Wils el e  V 0 8 DIJ 0 9 3 4 0 0  8 8 6, 9  1 9 7 4 -2 0 1 4  

2 3 3 1 0 1 0 2 –  Z u u n b e e k ; St Pi et ersl e e u w  V 0 8 Z U U 2 3 3 1 0 0  6 4, 8  1 9 8 5 -2 0 1 6  

2 3 7 1 -1 0 0 5 0 S a m m e ; R o n q ui er es  W 0 8 S A M R O N 0 0 0  1 3 3, 6  1 9 8 9 -2 0 1 6  

L 5 6 7 0 – S e n ett e ; R o n q ui er es  W 0 8 S E N L 5 6 0 1 0  7 0, 4  1 9 7 7 -2 0 1 6  

1 9 5 1 -1 0 0 5 0 Z e n n e ; T u biz e  W 0 8 S E N T U B 0 3 0  2 1 5, 9  1 9 7 5 -2 0 1 6  

1 3 6 1 0 1 0 2 –  D e m er ; H ass elt  V 0 9 D E M 1 3 6 0 0 0  2 5 5, 1  1 9 9 7 -2 0 1 6  

1 5 2 1 0 1 0 2 - G et e; H al e n  V 0 9 G E T 1 5 2 0 8 0  8 0 0, 4  1 9 6 9 -2 0 1 3  

1 6 3 1 0 1 0 2 –  H e r k; K er mt  V 0 9 H E R 1 6 3 0 1 0  2 7 4, 6  1 9 7 7 -2 0 1 6  

1 4 7 1 0 1 0 2 - D e H ul p e; M ol e nst e d e  V 0 9 H U L 1 4 7 1 5 0  8 0, 1  1 9 8 6 -2 0 1 6  
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G a u gi n g st ati o n  ( c o d e - w at er c o ur s e; l o c ati o n)  C at c h m e nt I D  Ar e a ( k m²)  G a u g e d y e ar s  

1 4 3 1 0 1 0 2 - Gr ot e L osti n g; W ez e m a al  V 0 9 L O S 1 4 3 3 0 0  1 5, 2  1 9 8 6 -2 0 1 6  

1 6 1 1 0 1 0 2 - M a n g el b e e k; L u m m e n  V 0 9 M A N 1 6 1 0 4 0  1 0 2, 9  1 9 8 3 -2 0 1 1  

1 4 4 1 0 1 0 2 - M ott e; Rill a ar  V 0 9 M O T 1 4 4 2 7 0  3 3, 6  1 9 8 6 -2 0 1 0  

1 4 5 1 0 1 0 2 - V el p; R a ns b er g  V 0 9 V E L 1 4 5 1 0 0  9 6, 8  1 9 6 9 -2 0 1 6  

1 4 1 1 0 1 0 2 - R ots el a ar ; Wi n g e V 0 9 WI N 1 4 1 3 1 0  6 4, 7  1 9 8 6 -2 0 1 6  

1 4 8 1 0 1 0 2 - Z w art e B e e k; L u m m e n  V 0 9 Z W A 1 4 8 1 2 0  9 6, 2  1 9 8 3 -2 0 1 6  

8 6 1 0 1 0 2 - Gr ot e L a a k ; V orst  V 1 0 G L A 0 8 6 0 2 0  6 2, 6  1 9 8 6 -2 0 1 4  

7 6 1 0 1 0 2 - Gr ot e N et e ; G e el-Z a m m el  V 1 0 G N E 0 7 6 9 9 9  2 4 3, 5  1 9 8 5 -2 0 1 3  

5 2 1 0 1 0 2 - Kl ei n e N et e; Gr o b b e n d o n k  V 1 0 K N E 0 5 2 0 0 0  5 8 4, 7  1 9 8 3 -2 0 1 6  

6 2 1 0 1 0 2 –  M ol e n b e e k ; P ull e  V 1 0 M O P 0 6 2 1 4 0  7 7, 3  1 9 8 6 -2 0 1 4  

8 2 1 0 1 0 2 –  Wi m p;  Wi e k e v orst  V 1 0 WI M 0 8 2 0 5 0  6 5, 4  1 9 8 9 -2 0 0 7  

T a bl e 2 – C at c h m e nts c ali br at e d j oi ntl y b a s e d o n o n e g a u gi n g st ati o n  

St ati o n ( c o d e - w at er 
c o ur s e; l o c ati o n)  

J oi nt c o d e C at c h m e nt s  

4 6 8 1 0 1 0 2 - IJz er; 
R o es br u g g e H ari n g e  

F 0 1IJ Z 4 6 8 0 0 0  V 0 1 H EI 4 6 8 0 1 0  

F 0 1 Y S E 4 6 8 0 0 0  

3 8 6 8 0 1 2 2 – L ei e,  
M e n e n  

F 0 5 L EI 3 8 6 0 0 1  F 0 5 B E C 3 8 6 0 2 3  F 0 5 D E U 3 8 6 0 9 0  V 0 5 L EI 3 8 6 1 8 0  

F 0 5 B E C 3 8 6 0 2 5  F 0 5 D E U 3 8 6 1 1 0  F 0 5 L OI 3 8 6 0 3 5  

F 0 5 B O U 3 8 6 0 0 5  F 0 5 D E U 3 8 6 1 2 0  F 0 5 L Y S 3 8 6 0 0 0  

F 0 5 C L A 3 8 6 0 1 7  F 0 5 D E U 3 8 6 1 3 0  F 0 5 L Y S 3 8 6 0 1 0  

F 0 5 C L A 3 8 6 0 2 0  F 0 5 D E U 3 8 6 1 4 0  F 0 5 L Y S 3 8 6 0 1 5  

F 0 5 D E U 3 8 6 0 4 0  F 0 5 D E U 3 8 6 1 5 0  F 0 5 L Y S 3 8 6 1 1 5  

F 0 5 D E U 3 8 6 0 5 0  F 0 5 D E U 3 8 6 1 6 0  F 0 5 M A R 3 8 6 0 7 0  

F 0 5 D E U 3 8 6 0 6 0  F 0 5 L A W 3 8 6 0 1 8  F 0 5 M A R 3 8 6 1 0 0  

F 0 5 D E U 3 8 6 0 8 0   F 0 5 L A W 3 8 6 0 3 0  W 0 5 L Y S 3 8 6 1 7 0  
 

3 2 5 8 0 1 2 2 - 
B o v e n s c h el d e; 
B o s s uit  

F 0 6 B O S 3 2 5 0 0 1 : F 0 6 B O S 3 2 5 0 0 0  F 0 6 E R C 3 2 5 0 3 0  W 0 6 B O S 3 2 5 0 9 5  

F 0 6 B O S 3 2 5 0 1 5  F 0 6 H O G 3 2 5 0 7 0  W 0 6 B O S 3 2 5 1 0 5  

F 0 6 B O S 3 2 5 0 1 6  F 0 6 R H O 3 2 5 0 6 0  W 0 6 B O S 3 2 5 1 1 5  

F 0 6 B O S 3 2 5 0 1 7  F 0 6 S C A 3 2 5 0 2 0  W 0 6 H AI 3 2 5 0 8 0  

F 0 6 B O S 3 2 5 0 1 8  F 0 6 S C A 3 2 5 0 2 5  W 0 6 H AI 3 2 5 0 8 5  

F 0 6 B O S 3 2 5 0 1 9  F 0 6 S E L 3 2 5 0 4 0  W 0 6 H AI 3 2 5 0 9 0  

F 0 6 E C A 3 2 5 0 5 0  F 0 6 S E N 3 2 5 0 1 0  
 

2. 3  U n g a u g e d c at c h m e nt s  

T h e V H M p ar a m et ers f or t h e u n g a u g e d c at c h m e nts i n t h e m o d ell e d ar e a, ar e i n h erit e d fr o m n ei g h b ori n g 
g a u g e d c at c h m e nt s. T h e li n k b et w e e n t h e u n g a u g e d a n d t h e c orr e s p o n di n g g a u g e d c at c h m e nt is m a d e b as e d 
o n t h e c at c h m e nt c h ar a ct eristi c s ( s oil, sl o p e, c o n c e ntr ati o n ti m e, l a n d us e).  
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3  I n p ut d at a pr e pr o c e ssi n g 

3. 1  T hi ess e n p ol y g o n m et h o d  

I nt er p ol at e d pr e ci pit ati o n w as pr o d u c e d f or e a c h c at c h m e nt a c c or di n g t o t h e T hi e ss e n p ol y g o n m et h o d, 
usi n g  H y dr @  (I M D C, 2 0 1 0).  R ai nf all  a n d  e v a p otr a ns pir ati o n  ar e  i nt er p ol at e d  usi n g  w ei g hts  i n v ers el y  
pr o p orti o n al  t o  t h e dist a n c e  t o  t h e w e at h er st ati o n,  usi n g  m e as ur e m e nt s  a v ail a bl e  f or e a c h  ti m e  st e p. 
B e c a us e of t h e l ar g e s c al e a n d t h e l o n g t er m n at ur e of ti m e s eri e s us e d i n t his st u d y, a d ail y ti m e st e p is us e d. 
F or c o nsist e n c y r e as o ns, c ali br ati o n is als o b as e d o n d ail y ti m e s eri e s. B ot h m et e or ol o gi c al a n d  dis c h ar g e 
ti m e s eri e s ar e t h us s a m pl e d at a d ail y ti m e st e p. 

3. 2  Pr e ci pit ati o n  

T hi e ss e n pr e ci pit ati o n n e e d e d t o b e c al c ul at e d f or all d eli n e at e d  s u b c at c h m e nts  ( S e cti o n 2 ). S o ur c e d at a 
c o nsist s h er e b y of r ai nf all m e as ur e m e nt s fr o m 1 9 6 7 t o 2 0 1 3, s pr e a d o v er  t h e e ntir e m o d el ar e a  a n d ar o u n d.  
T h e S c h el dt c at c h m e nt e xt e n ds o v er Fr a n c e, Fl a n d ers, W all o ni a a n d t h e N et h erl a n ds. Pr e ci pit ati o n d at a w as 
t h us  g at h ere d  fr o m  i nst a n c e s  i n  B el gi u m,  N et h erl a n ds  a n d  Fr a n c e.  F or  B el gi u m,  pr e ci pit ati o n d at a w as 
g at h er e d fr o m K MI ( T h e R o y al M et e or ol o gi c al i nstit ut e) a n d S P W ( P u bli c S er vi c e s of W all o ni a). F or Fr a n c e, 
d at a w as g at h er e d fr o m M ét é o Fr a n c e. Cr o ss e s o n Fi g ur e 1  s h o w us e d r ai nf all m et eri n g st ati o ns o n a n d 
ar o u n d t h e S c h el dt b asi n ( M ét é o Fr a n c e a n d K MI).  

Si n c e  t h e  pr e vi o us  N A M  c ali br ati o n  st u d y  i n  Fl a n d ers  ( D e  B o e c k  et  al.  2 0 1 1),  r eli a bilit y  of  t h e  r ai nf all  
i nt er p ol ati o n w as gr e atl y i n cr e as e d f or t h e Fr e n c h L ei e a n d B o v e ns c h el d e ( dis c uss e d i n Mi c hi els e n et al., 
2 0 2 1) . D u e t o  a d diti o n al d at a fr o m t h e Fr e n c h w e at h er st ati o ns, t h e a m o u nt of r ai n g a u g e s f or t h e t h e 
B o v e ns c h el d e a n d L ei e (i n cl u di n g t h e Fr e n c h p art) i n cr e as e s  t o 4 6 r ai n g a u g e s a n d 3 0 r e s p e cti v el y (T a bl e 3 ). 

T a bl e 3 – N u m b er of r ai n g a u g es p er h y dr o gr a p hi c b a si n  

H y dr o gr a p hi c b a si n  S urf a c e ar e a ( k m²) 2  
N u m b er of s u b c at c h m e nt s 
( g a u g e d a n d u n g a u g e d) 

N u m b er of r ai n 
g a u g e s  

B e n e d e n s c h el d e  1 7 0 4  2 4  2 1  

B o v e n s c h el d e  5 9 4 7  3 3  4 6  

Br u gs e P ol d ers  1 0 4 6  2 4  1 3  

D e m er  2 3 3 4  3 6  2 9  

D e n d er  1 3 8 4  1 7  1 7  

Dijl e e n Z e n n e  2 4 5 0  4 9  3 7  

G e nt s e K a n al e n  9 1 7  2 9  1 1  

Ij z er 1 0 4 6  1 8  9  

L ei e  3 8 8 6  3 9  3 0  

N et e  1 6 7 3  2 0  2 4  

 

2  B e k k e n b e h e er pl a n n e n Vl a a n d er e n( A N O N., 2 0 0 9)  
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3. 3  E v a p otr a n s pir ati o n 

W h er e as t h er e is a l ot of pr e ci pit ati o n i n p ut d at a, it d o e s n’t a p pl y f or e v a p or ati o n d at a. T hi e ss e n e v a p or ati o n 
d at a is  v er y  s c ar c e. As  a n e x a m pl e,  f or t h e  e ntir e  p eri o d (fr o m  1 9 6 7 -2 0 1 3),  t h er e  w as  o nl y  o n e a cti v e  
P E st ati o n i n Fr a n c e, l o c at e d i n L a n gr e s, 1 0 k m o ut si d e t h e s o ut h er n m o st p art of t h e S c h el dt b asi n. T h e 
e v a p or ati o n p er c at c h m e nt w as c al c ul at e d  b as e d o n i nt er p ol ati o n of P E d at a w hi c h w as alr e a d y a v ail a bl e 
fr o m t h e S c h el dt b asi n ( a c o m bi n ati o n of U c cl e a n d H er e nt als d at a). All i nt er p ol at e d e v a p otr a ns pir ati o n 
ti m es eri e s ar e pr a cti c all y i d e nti c al b e c a us e of t h eir g e o gr a p hi c al pr o xi mit y.  
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4  R ai nf all -r u n off m o d elli n g m et h o d ol o g y 

T h e h y dr ol o gi c al m o d el us e d w hi c h is i n v esti g at e d i n t his s u b r e p ort is t h e  c o n c e pt u al r ai nf all -r u n off V H M 
m o d el . V H M is a r ai nf all-r u n off l u m p e d m o d el str u ct ur e d e v el o p e d b y t h e H y dr a uli cs Di visi o n i n K U L e u v e n i n 
B el gi u m ( Wil l e ms P., 2 0 1 4).  

F or e a c h c at c h m e nt, dis c h ar g e is si m ul at e d b as e d o n a u ni q u e s et of p ar a m et ers usi n g i nt er p ol at e d r ai nf all 
a n d p ot e nti al e v a p otr a ns pir ati o n ti m e  s eri e s as i n p ut. A d e s cri pti o n of V H M M is o utli n e d b el o w.  

4. 1  Str u ct ur e of t h e V H M h y dr ol o gi c al m o d el  

T h e  V H M m o d el is “t o p -d o w n ”, l u m p e d, c o n c e pt u al r ai nf all -r u n off m o d el. T h e t er m “t o p-d o w n ” r ef ers t o t h e 
fl e xi bilit y of s etti n g t h e m o d el str u ct ur e, or w h et h er a d a pti n g t h e m ulti pl e w or ki n g h y p ot h e s e s m et h o d, 
i nst e a d  of  usi n g  pr e-d efi n e d  m o d el  c o n c e pt u ali z ati o n.  T his  m o d el  us e s  a n  e m piri c al  a n d   
st e p -wis e t e c h ni q u e t h at is b as e d o n a d at a -b as e d a n al y sis of r e s p o ns e c h ar a ct eristi c s aft er t h e e x a mi n ati o n 
of t h e v ari o us m o d el c o m p o n e nt s st e p b y st e p. Fi g ur e 2  b el o w s h o w s t h e g e n er al str u ct ur e of t h e V H M 
m o d el.  Af t er t h e tr a nsf or m ati o n of t h e o bs er v e d r ai nf all s eri e s i nt o a si n gl e ti m e s eri e s of r ai nf all i n p ut, t his 
l att er is s e p ar at e d i nt o diff er e nt fr a cti o ns; t h e m ai n s eri e s t h at c o ntri b ut e s t o t h e q ui c k r u n off fl o w 𝑥𝑥 𝑄𝑄 𝑄𝑄 c a n 

b e di vi d e d i nt o a n o v erl a n d fl o w p orti o n 𝑥𝑥 𝑂𝑂 𝑄𝑄 a n d a n i nt erfl o w p orti o n 𝑥𝑥 𝐼𝐼𝑄𝑄 . W hil e 𝑥𝑥 𝑆𝑆 𝑄𝑄 i s t h e s eri e s t h at c o n c er ns 
t h e sl o w fl o w r u n off, t h e 𝑥𝑥 𝑈𝑈 𝑄𝑄 c o n c er ns t h e s oil m oist ur e st or a g e p orti o n. T h e t ot al r u n off 𝑥𝑥 𝑇𝑇 𝑄𝑄 i s t h e s u m of 
t h e q ui c k a n d t h e sl o w fl o w p orti o ns (Will e m s, P., 2 0 1 4) . 

 

Fi g ur e 2 – Str u ct ur e of t h e V H M m o d el (Will e m s, P., 2 0 1 4)  
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4. 2  V H M p ar a m et ers d es cri pti o n  

1.  M a xi m u m s oil m oist ur e st or a g e  S M m a x  

S M m a x [ m m] d efi n e s t h e m a xi m u m s oil m oist ur e s t or a g e w hi c h is t h e t ot al a m o u nt of w at er t h at is  st or e d i n 
t h e s oil wit hi n t h e pl a nt s’ r o ot z o n e. D e p e n di n g o n t h e s oil t e xt ur e a n d t h e cr o p r o oti n g d e pt h, t his p ar a m et er 
v ari e s wit hi n 5 0 a n d 5 0 0 m m.  

2.   M a xi m u m s oil e v a p or ati o n S M e v a p  

S M e v a p  [ m m] or m a xi m u m  s oil e v a p or ati o n, is t h e m a xi m u m q u a ntit y of w at er t h at c a n b e e v a p or at e d fr o m 
t h e s oil. It v ari e s fr o m 0 t o 1 0 0 m m. 

3.  S oil fr a cti o n p ar a m et ers c 1, c 2 a n d c 3  
T o d et er mi n e t h e s oil m oist ur e st or a g e fr a cti o n, t h e s oil fr a cti o ns p ar a m et ers ar e d et er mi n ati v e t o e st a bl is h 
a n e q u ati o n b et w e e n s oil m oist ur e a n d s oil m oist ur e fr a cti o n. T h e y us u all y v ari es b et w e e n 0 a n d 1, h o w e v er, 
d e p e n di n g o n t h e c at c h m e nt s, t h e y c a n r e a c h hi g h er or l o w er v al u e s.  

4.  O v erl a n d fl o w fr a cti o n p ar a m et er s c O F 1, c O F 2  
T h e s e p ar a m et ers ar e t h e s urf a c e r u n off s e p ar ati o n pr o c e ss p ar a m et ers t h at ar e us e d t o d et er mi n e  t h e 
o v erl a n d r u n off fr a cti o n. T h e y v ari e s b et w e e n 0 a n d 1.  

5.  I nt erfl o w fr a cti o n p ar a m et er cI F 1, cI F 2  
I n a n al o g y wit h t h e o v erl a n d fl o w fr a cti o n p ar a m et ers, cI F a n d t h e f a ct ors t h at e x pr e ss t h e  i nt erfl o w fr a cti o n 
i n f u n cti o n of t h e  s oil m oist ur e c o nt e nt. T h e y als o v ari e s b et w e e n 0 a n d 1. 

6.  B as efl o w ti m e c o nst a nt C K B F  

C K B F [ h o urs] d et er mi n e s t h e s h a p e of t h e h y dr o gr a p h i n dr y p eri o ds ( e x p o n e nti al d e c a y). It c a n b e e sti m at e d 
fr o m h y dr o gr a p h re c e ssi o n a n al y sis. C K B F v al u e s r a n g e fr o m 5 0 0 t o 5 0 0 0 h o urs. 

7.  I nt erfl o w ti m e c o nst a nt C KIF 

C KI F  [ h o urs]  d et er mi n e s,  t o g et h er  wit h  S M m a x ,  t h e  a m o u nt  of  i nt erfl o w.  It  is  t h e  d o mi n a nt  r o uti n g  
p ar a m et er of t h e i nt erfl o w. R a n g e is 2 0 t o 5 0 0 h o urs.  

8.  O v erl a n d fl o w ti m e c o nst a nt C K OF 

C K B F [ h o urs] d et er mi n e s, t o g et h er wit h S M m a x, t h e a m o u nt of o v erl a n d fl o w. It is t h e d o mi n a nt r o uti n g 
p ar a m et er of t h e o v erl a n d fl o w. R a n g e is 4 t o 5 0 h o urs.  
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5  C ali br ati o n str at e g y  

5. 1  O pti mi z ati o n al g orit h m  

T h e al g orit h m us e d f or o pti mi z ati o n of V H M p ar a m et ers is t h e N o n -d o mi n at e d S orti n g G e n eti c Al g orit h m II 
or  N S G A  II   (K al y a n m o y et  al.  2 0 0 2) .  T his  al g orit h m  is  s uit a bl e  f or  o pti mi z ati o n  pr o bl e m s  wit h  m ulti pl e  
o bj e cti v e f u n cti o ns.  

V ari a bl e v al u e s ar e g e n er at e d i n t h e first it er ati o n. E a c h s ol uti o n, t h at is t o s a y a n arr a y of v ari a bl e v al u e s, is 
c all e d a n i n di vi d u al. A p o p ul ati o n  is a gr o u p of N s ol uti o ns i n e a c h it er ati o n. I n t h e f oll o wi n g it er ati o ns t h e 
cr e at e d i n di vi d u als ar e g oi n g t o b e “ c hil dr e n ” of t h e pr e vi o us p o p ul ati o n, t h at is t o s a y  t h e y ar e g oi n g t o 
i n h erit  “f e at ur e s ”  fr o m  c o u pl e s  of  i n di vi d u als  c h o s e n  i n  t h e  pr e vi o us  p o p ul ati o n  a c c or di n g  t o  s p e cifi e d  
s el e cti o n a n d cr oss o v er t e c h ni q u e s. T h e us er c a n c h o os e t o r a n d o ml y m ut at e t h e c hil dr e n f e at ur e s w h e n a n 
offs pri n g is cr e at e d.  

T h e al g orit h m will t h e n p erf or m t h e e v al u ati o n  of t h e s ol uti o ns t hr o u g h t h e P ar et o c o m p aris o n, t h at is t o s a y 
a s ol uti o n d o mi n at e s, or is b ett er t h a n, a n ot h er s ol uti o n if it is b ett er t h a n or e q u al t o t h e ot h er s ol uti o n i n 
all o bj e cti v e s a n d stri ctl y b ett er i n a t l e ast o n e o bj e cti v e. A c o m bi n e d p o p ul ati o n R of p ar e nt a n d c hil dr e n 
p o p ul ati o n is f or m e d; t h e i n di vi d u als i n it ar e s ort e d a c c or di n g t o n o n -d o mi n ati o n. Si n c e all pr e vi o us a n d 
c urr e nt  p o p ul ati o n  m e m b ers  ar e i n cl u d e d  i n R, t h e elitis m is e ns ur e d. T h e b e st N s ol uti o ns will b e t h e 
p o p ul ati o n of t h e n e xt it er ati o n.  

5. 2  O bj e cti v e f u n cti o n  

A ut o m ati c c ali br ati o n is c o nsist s of o pti mi zi n g ( 1) a gr e e m e nt b et w e e n t h e a v er a g e si m ul at e d a n d o bs er v e d 
c at c h m e nt r u n off ( o v er all v ol u m e err or) a n d ( 2) o v er all a gr e e m e nt of t h e s h a p e of t h e h y dr o gr a p h. T o ass e ss 
t h e s e t w o as p e ct s, e v al u ati o n is b as e d o n t h e f oll o wi n g g o o d n e ss-of -fit i n d e x es:  

1.  A bs ol ut e err or o n c u m ul at e d t ot al fl o w at e a c h ti m e st e p (t o mi ni mi z e), a n d  
2.  L o g arit h mi c N as h -S ut cliff effi ci e n c y (t o m a xi mi z e).  

T h e s e t w o o bj e cti v e s ar e s uit e d f or N S G A -II o pti mi z ati o n b e c a us e t h e y ar e c o ntr a di ct or y f or a n u m b er of 
m o d el p ar a m et ers. A r e d u c e d n u m b er of o bj e cti v e s (t w o) f a cilit at e s a n d f ast e ns t h e al g orit h m c o n v er g e n c e 
w hil e  e ns uri n g  g o o d  o v er all  p erf or m a n c e  of  t h e  m o d el.  It  i s  als o  i m p ort a nt  t h at  t h e s e  o bj e cti v e s  b e  
c o ntr a di ct or y  i n  or d er  f or  t h e  o pti m u m  t o  b e  w ell  d efi n e d.  T h er e  ar e  g e n er all y  tr a d e -offs  b et w e e n  
p erf or m a n c e f or hi g h a n d l o w fl o w s. T h er ef or e, fi n al m a n u al a n d vis u al c h e c k s will c o m pl et e p erf or m a n c e 
e v al u ati o n w it h p o ssi bl e f o c us o n l o w or hi g h fl o w. 

T h e effi ci e n c y E pr o p o s e d b y N as h a n d S ut cliff e ( 1 9 7 0) is d efi n e d as o n e mi n us t h e s u m of t h e a bs ol ut e 
s q u ar e d diff er e n c e s b et w e e n t h e pr e di ct e d a n d o bs er v e d v al u e s n or m ali z e d b y t h e v ari a n c e of t h e o bs er v e d 
v al u e s d uri n g t h e p eri o d u n d er i n v e sti g ati o n. It is c al c ul at e d as f oll o w s:  
 

𝑥𝑥 = 1 −  
∑ ( 𝑄𝑄 𝑄𝑄 − 𝑥𝑥 𝑂𝑂 )

2𝑄𝑄
𝑥𝑥 = 1

∑ � 𝐼𝐼 𝑄𝑄 − 𝑥𝑥� �
2𝑆𝑆

𝑄𝑄= 1

 
E q. 1  

wit h O o bs er v e d a n d P pr e di ct e d v al u e s.  

T o r e d u c e t h e s e nsiti vit y t o e xtr e m e v al u es, t h e N as h -S ut cliff e effi ci e n c y E is als o c al c ul at e d wit h l o g arit h mi c 
v al u e s of O a n d P. T hr o u g h l o g arit h mi c tr a nsf or m ati o n of r u n off v al u e s, t h e p e a k s ar e fl att e n e d a n d t h e l o w 
fl o w s ar e k e pt m or e or l e ss at t h e s a m e l e v el. As a r e s ult, t h e i nfl u e n c e of l o w fl o w  v al u e s is i n cr e as e d i n 
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c o m p aris o n t o t h e fl o o d p e a k s, r e s ulti n g i n a hi g h er s e nsiti vit y of l o g N S E t o s y st e m ati c m o d el o v er - or 
u n d er pr e di cti o n ( Kr a us e et al. 2 0 0 5).  

T h e s e c o n d o bj e cti v e of t h e al g orit h m i s mi ni mi zi n g t h e a bs ol ut e err or o n c u m ul at e d v al u e s at e a c h ti m e st e p 
( d a y).  T his  e ns ur es  t h at  t h e  w at er  b al a n c e  r e m ai ns  s atisf a ct or y  t hr o u g h o ut  t h e  si m ul ati o n  ( all  y e ars  
si m ul at e d).  

T h e t w o g o o d n e ss -of -fit st atisti c s c a n b e r e pr e s e nt e d i n 2 di m e nsi o ns t o r e pr e s e nt t h e s et of s ol uti o ns 
e v al u at e d b y t h e a l g orit h m. T h e b e st p airs c o nstit ut e t h e P ar et o fr o nt.  

I n or d er t o s el e ct o n e si n gl e b e st s ol uti o n, t h e t w o p erf or m a n c e i n d e x es w er e n or m ali z e d ( or r e s c al e d) a cr o ss 
t h e e x pl or e d r a n g e ( E q. 2): wit h x mi n s et t o z er o f or t h e a bs ol ut e err or, a n d x m a x s et t o 1 f or t h e l o g arit h mi c 
N S E.  

𝑥𝑥 ′ 𝑄𝑄 − 𝑄𝑄 𝑥𝑥 𝑂𝑂 𝑄𝑄

𝑥𝑥 𝐼𝐼 𝑄𝑄 𝑥𝑥 − 𝑆𝑆 𝑄𝑄 𝑥𝑥 𝑈𝑈
             E q. 2 

T hi s n or m ali z ati o n r es ult e d i n v al u es b et w e e n 0 a n d 1 f or t h e a bs ol ut e err or a n d b et w e e n -1 a n d 1 f or t h e 
N S E.  Th e fi n al s ol uti o n w as  t h e n s el e ct e d a m o n g t h e  fi n al P ar et o fr o nt, l o o ki n g at t h e mi ni m u m E u cli di a n 
dist a n c e t o t h e or eti c al o pti m u m: l o g N S E = 1 a n d A bs ol ut e Err or = 0  ( E q. 3). 

𝑄𝑄 =  � ( 𝑥𝑥 𝑇𝑇 − 𝑄𝑄 𝐴𝐴 ) 2 + ( 𝑦𝑦 𝐵𝐵 − 𝑦𝑦 𝐴𝐴 ) 2           E q. 3  

A n e x a m pl e o f P ar et o fr o nt a n d fi n al s el e cti o n is s h o w n i n Fi g ur e 3  a n d Fi g ur e 4 . 

 

Fi g ur e 3 – All e v al u at e d c a n di d at es (i n di vi d u als) a n d fi n al p o p ul ati o n of s ol uti o ns ( P ar et o fr o nt)  
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Fi g ur e 4 – R es c al e d  fi n al p o p ul ati o n of s ol uti o ns ( P ar et o fr o nt) 
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5. 4  I m pl e m e nt ati o n i n P yt h o n 

T h e P yt h o n v ersi o n of t h e N S G A II al g orit h m w as a d a pt e d f or h y dr ol o gi c al o pti mi z ati o n p ur p o s e s usi n g a 
g e n er al fr a m e w or k s u p p orti n g t hr e e r ai nf all -r u n off m o dels:  N A M, P D M, V H M a n d W et s p a . D e s cri pti o n of 
h o w  t h e  V H M  m o d el a n d  t h e ot h er  l u m p e d  m o d els  ar e b ei n g i m pl e m e nt e d  i n  P yt h o n c a n  b e f o u n d  i n  
V a nst e e n kist e et al. ( 2 0 1 1) a n d Tr a n et al. ( 2 0 1 4 a, b).  

T h e c ali br ati o n P yt h o n s h ell c urr e ntl y s u p p ort s t h e f oll o w i n g: 

- O pti mi z ati o n of ( o n e or all) m o d el p ar a m et ers f or a gi v e n c ali br ati o n p eri o d,  
- E v al u ati o n of m o d el p ar a m et ers f or a gi v e n v ali d ati o n p eri o d,  
- Pl otti n g r e s ult s of v ari o us alt er n ati v e p ar a m et er s et s o n t h e s a m e pl ot or s e p ar at el y (f or e x a m pl e, 

t h e fi n al po p ul ati o n g e n er at e d b y t h e al g orit h m),  
- G e n er ati n g a ut o m ati c r e p ort s of c ali br ati o n a n d v ali d ati o n as W or d d o c u m e nt,  
- M a n u al c ali br ati o n f or a gi v e n c ali br ati o n p eri o d.  

T h e  first  r ai nf all -r u n off  c o n c e pt u al  m o d el  us e d  i n  t his  s u bt as k is V H M.  As  a  g e n er al  r ul e ,  all  t w el v e  
p ar a m et ers, e x c e pt  C 3, w er e o pt i mi z e d. T h e e x pl or e d p ar a m et er s p a c e is d efi n e d b y b o u n d ari e s i n T a bl e 4 . 
T h er e ar e n o bi bli o gr a p hi c al s o ur c e s t h at h a v e r e c o m m e n d ati o ns a b o ut t h e V H M  p ar a m et ers, h o w e v er, w e 
w er e  b as e d  o n  t h e  pr e vi o us  r e s e ar c h e s  r e s ult s  a n d  t h e  p ast  e x p eri e n c e.  I n  s o m e  p arti c ul ar  c as e s,  t h e  
o pti m u m w as n ot w ell d efi n e d or t h e al g orit h m c o ul d n ot c o n v er g e i n r e as o n a bl e r a n g e a n d t h e s e b o u n d ari es 
w er e a dj ust e d. C at c h m e nt  s urf a c e ar e a w as c o nsi d er e d r eli a b l e a n d w as n ot o pti mi z e d.  

W h e n e v er o pti mi z ati o n w as n ot d eli v eri n g g o o d r e s ult s, b o u n d ari es w er e n arr o w e d d o w n usi n g m a n u al 
c ali br ati o n .  

T a bl e 4 : V HM p ar a m et ers a n d o pti mi z ati o n b o u n d ari es  

P ar a m et er s S M m a x S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2 cI F 1  cI F 2  C K O F  C KI F C K B F 

L o w er b o u n d ar y  0, 5  0, 1  0  0  - 4 - 4 0  - 6 0  2 9  5  2 5 

U p p er  b o u n d ar y  1  5  4  3  6. 5  2 0  5  2 0  3  1  1 2 0  2 4 0 0  
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6  V H M m o d el c ali br ati o n  

6. 1  M o d el c o nfi g ur ati o n  

I n m o st c as e s a n d w h e n d at a w er e a v ail a bl e, a c ali br ati o n p eri o d of 1 3 y e ars w as us e d, pr ef er a bl y fr o m 
J a n u ar y 2 0 0 1 t o D e c e m b er 2 0 1 3. N e v ert h el e ss, diff er e nt ti m e s eri e s w er e s el e ct e d w h e n a v ail a bl e d at a w er e 
i ns uffi ci e nt or u nr eli a bl e, c h o o si n g 1 3 y e ars of c ali br ati o n if p o ssi bl e.  

F o ur wi n d o w s of t y pi c al e v e nt s w er e s el e ct e d f or vis u al e v a l u ati o n: 

•  1 1/ 2 0 0 2 -0 4/ 2 0 0 3 ( hi g h fl o w) – 6 m o nt hs  

•  0 6/ 2 0 0 8 -1 1/ 2 0 0 8 (tr a nsiti o n) – 6 m o nt hs  

•  0 2/ 2 0 0 5 -1 1/ 2 0 0 5 (l o w fl o w) – 1 0 m o nt hs  

•  1 1/ 2 0 1 0 -0 4/ 2 0 1 1 (r e c e ssi o n) – 6 m o nt hs  

T h e c ali br at e d p ar a m et ers w er e v ali d at e d f or t h e e ntir e ti m e s eri e s of a v ail a bl e d at a ( als o o utsi d e of t h e 
c ali br ati o n p eri o d). N or m all y t his p eri o d r a n g e s fr o m 1 9 6 7 t o 2 0 1 3 . Adj ust m e nt s f or a c ert ai n c at c h m e nt ar e 
r e p ort e d i n t h e c at c h m e nt-s p e cifi c p ar a gr a p hs b el o w.  

W e h a v e t o n ot e t h at all t h e g a u g e d c at c h m e nts h a v e b e e n m a n u all y c ali br at e d w it h t h e “ V H M b uil d a n d 
c ali br ati o n t o ol ” b y “ K. U. L e u v e n – H y dr a uli c s L a b or at or y ”, b ef or e t h at t h e p ar a m et ers c a n b e o pti mi z e d b y 
t h e a ut o m ati c c ali br ati o n. I n f a ct, t h e i niti al v al u e s of t h e m o d el p ar a m et ers c a n aff e ct t h e r e s ult e d o n e a n d 
t h e q u alit y of th e o ut p ut m o d el. At t h e e n d, w e c h o s e t h e m et h o d ol o g y t h at gi v e s b ett er o bj e cti v e s a n d 
b ett er vis u al r e s e m bl a n c e t o t h e g a u g e d r ai nf all.  

6. 2  M o d el e v al u ati o n  

W hil e t h e o pti mi z ati o n is li mit e d t o t w o o bj e cti v e s, l o g arit h mi c N S E a n d a bs ol ut e err or, it c a n b e i nt er e sti n g 

t o l o o k at t h e ot h er i n d e x es list e d w h e n e v al u ati n g t h e fi n al r e s ults.  F or e x a m pl e:  

- N as h -S ut cliff effi ci e n c y  
- R el ati v e err or ( n e g ati v e or p o siti v e) or bi as  
- Kli n g -G u pt a  effi ci e n c y ( G u pt a et al. 2 0 0 9 a n d Kli n g et al. 2 0 1 2)  
- R el ati v e N as h -S ut cliff eff i ci e n c y 

-   

- 𝑥𝑥 𝑄𝑄 𝑄𝑄𝑥𝑥 = 1 −  
∑ �

𝑂𝑂 𝑄𝑄− 𝑥𝑥 𝐼𝐼

𝑄𝑄 𝑥𝑥
�

2
𝑆𝑆
𝑄𝑄= 1

∑ �
𝑥𝑥 𝑈𝑈− 𝑄𝑄�

𝑥𝑥 𝑇𝑇
�

2
𝑄𝑄
𝐴𝐴= 1

          E q. 4  

Si n c e t his w or k f o c us e s o n l o w fl o w s, m or e i m p ort a n c e is gi v e n t o l o g arit h mi c N S E. H o w e v er, hi g h N S E v al u es 

s h o ul d als o b e s o u g ht i n or d er t o e ns ur e g o o d e n o u g h p erf or m a n c e f or hi g h er fl o w s as w ell, as m u c h as 

p o ssi bl e.  

A n e x a ct a gr e e m e nt b et w e e n si m ul ati o n a n d o bs er v ati o ns m ust n ot b e e x p e ct e d  b e c a us e of diff er e nt err or 
s o ur c e s ( err ors i n m et e or ol o gi c al i n p ut d at a, err ors i n m e as ur e d dis c h ar g e, err ors i n h er e nt t o t h e m o d el 
str u ct ur e). C ali br ati o n c a n o nl y mi ni mi z e t h o s e err ors d u e t o n o n -o pti m al p ar a m et er  v al u e s . 

N S E a n d l o g N S E v al u e s a b o v e 0. 7 c a n b e c o nsi d er e d g o o d. V al u e s b el o w z er o m e a n t h at t h e pr e di cti v e p o w er 

of t h e m o d el  is w ors e t h a n t h e m e as ur e d a v er a g e. C o nsi d eri n g d e vi ati o n of t h e m e as ur e d dis c h ar g e ti m e 

s eri e s a n d err ors i n t h e m et e or ol o gi c al i n p ut s, N S E v al u e s ar e n ot e x p e ct e d t o b e a b o v e 0. 8 ( Will e m s, 2 0 0 7). 
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Vi s u al e v al u ati o n of t h e fit  b et w e e n si m ul at e d a n d o bs er v e d t ot al dis c h ar g e  is als o t a k e n i nt o c o nsi d er ati o n 
t o s el e ct t h e fi n al s ol uti o n, wit h a f o c us o n g o o d a gr e e m e nt of si m ul ati o ns f or l o w fl o w s. W h e n us ef ul,  
N as h -S ut cliff e  effi ci e n c y  ( n o n -l o g arit h mi c)  w as  als o  t a k e n  i nt o  a c c o u nt  f or  e v al u ati n g  t h e  fi n al  s et  of  
c a n di d at e s ( w h e n  ot h er fit n e ss i n d e x es w er e e q ui v al e nt f or e x a m pl e).  

A p art fr o m t h e c ali br ati o n p eri o d, t h e s e  g o o d n e ss -of -fit st atisti c s w er e c al c ul at e d o n t h e e ntir e ti m e s eri e s 
of a v ail a bl e d at a ( als o o ut si d e of t h e c ali br ati o n p eri o d) i n or d er t o v ali d at e c ali br at e d p a r a m et ers w h e n e v er 
m or e t h a n 1 3 y e ars of d at a w as a v ail a bl e.  

T h e f oll o wi n g s e cti o n s y nt h eti z e s t h e m ai n r e s ult s a n d c o n cl usi o ns of t h e V H M  c ali br ati o n i n e a c h ri v er b asi n. 
D et ail e d gr a p hs a n d c al c ul at e d st atisti c s, f or c ali br ati o n a n d v ali d ati o n p eri o ds, ar e gi v e n f or e a c h g a u g e d 
c at c h m e nt s i n A n n e x 3  t o A n n e x 1 2 . 

T h e  fi n al  s et s  of  p ar a m et ers  f or  e a c h  c ali br at e d  P D M  m o d el  a n d f or e a c h  tr a ns p o s e d V H M  m o d el  ar e  
s u m m ari z e d  i n A n n e x 1 .  

6. 3  IJ z er b a si n 

6. 3. 1  C o nt e xt  

Alt h o u g h t h er e  is n o  i nt er a cti o n  b e t w e e n t h e S c h el dt c at c h m e nt  a n d  t h e  IJz er  c at c h m e nt ,  t h e  l att er is 
i n cl u d e d i n t h e r e gi o n al w at er all o c ati o n m o d el f or t h e s a k e of c o m pl et e n e ss. 

T h e t ot al s urf a c e ar e a o f t h e IJz er c at c h m e nt  is of 1 1 0 1 k m² fr o m w hi c h a b o ut o n e  t hir d is l o c at e d i n Fr a n c e 
( W L, 2 0 0 6). T his r e pr e s e nt s 1, 6 % of t h e t ot al st u d y ar e a ( S c h el dt b asi n + IJz er, e x cl u di n g t h e M e us e). O n t h e 
Fr e n c h si d e, t h e m ai n tri b ut ari e s ar e t h e P e e n e B e c q u e, t h e  S al e B e c q u e a n d t h e H er z e el e. I n Fl a n d ers, t h e 
P o p eri n g e v a art,  t h e  K e m m el b e e k,  t h e  I e p er -IJz er  C a n al  wit h  t h e  I e p erl e e  a n d  M artj e ns v a art,  
St e n e nsl uis v a art, H o ut e nsl uis v a art a n d H a n d z a m e v a art ar e t h e m ai n tri b ut ari e s of  t h e IJz er. N ot e t h at t h e s e 
tri b ut arie s ar e all dis c h ar gi n g fr o m t h e ri g ht b a n k  of t h e IJz er Ri v er.  

T h er e ar e 8 g a u g e d c at c h m e nt s i n t h e IJz er c at c h m e nt , c o v eri n g 7 8 6 k m² ( 7 0 % of t h e IJz er c at c h m e nt  ar e a). 
S u b c at c h m e nt s  V 0 1 H EI 4 6 8 0 1 0  a n d  F 0 1 Y S E 4 6 8 0 0 0  ar e  l o c at e d  u pstr e a m  of  t h e  g a u gi n g  st ati o n  i n 
R o e s br u g g e. Fi g ur e 5  s h o ws t h e c at c h m e nt s a n d c orr es p o n di n g m e as ur e m e nt p oi nt s.  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

1 6  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

 

Fi g ur e 5 – C at c h m e nts a n d fl o w m et eri n g st ati o n o n t h e IJ z er b a si n  

6. 3. 2  M o d el p erf or m a n c e  

T a bl e 5  a n d T a bl e 6  pr es e nt g e n er al p erf or m a n c e st atisti c s f or t h e g a u g e d s u b c at c h m e nt s of t h e IJz er b asi n 
f or t h e c ali br ati o n a n d v ali d ati o n p eri o d. Gr a p hs of si m ul ati o ns f or t h e s u b c at c h m e nt s V 0 1 H A N 4 8 8 1 8 0  ( b est 
m o d el p erf or m a n c e  i n this c at c h m e nt ) a n d V 0 1I E P 4 9 5 0 8 0  ( w orst mo d el p erf or m a n c e  i n t his c at c h m e nt) ar e 
pr e s e nt e d  b el o w  ( Fi g ur e 6  t o Fi g ur e 1 3 ). F or  m or e  d et ail e d  re s ult s  o n  t h e  r e m ai ni n g  s u b c at c h m e nt s  is  
r ef err e d t o A n n e x 3 .  

W hil e s o m e c at c h m e nt s r e a c h e d g o o d v al u es of N S E, L o g N S E a n d R el Err ( V 0 1 H A N 4 8 8 1 8 0 , V 0 1 S S V 4 9 9 1 4 0 … ), 
V 0 1I E P 4 9 5 0 8 0 , o n t h e o p p o sit e, s h o w e d t h e w orst i n di c at ors a m o n g t h e s e l att er. It w as als o t h e c as e wit h 
t h e ot h er m o d els P D M a n d N A M; w hi c h m a y b e e x pl ai n e d b y t h e c o m pl e x h y dr ol o gi c al sit u a ti o n of t h e 
c at c h m e nt, i nfl u e n c e d b y t h e pr e s e n c e of str u ct ur e s a n d di v ersi o ns. 

D e s pit e t h e v ari a bilit y of t h e s e i n di c at ors fr o m o n e c at c h m e nt t o a n ot h er, t h e c orr el ati o n b et w e e n t h e 
g a u g e d s eri e s a n d t h e si m ul at e d o n e s ar e vis u all y g o o d.  

R e m ar k s o n t h e di s c h ar g e m e a s ur e m e nt s:  

F or t h e c at c h m e nt F 0 1IJ Z 4 6 8 0 0 0 , t h e p eri o d fr o m 1 9 9 6 t o 2 0 05 w as dis c ar d e d (f or b ot h c ali br ati o n a n d 
v ali d ati o n) d u e t o u nr eli a bl e hi g h o bs er v e d dis c h ar g e v al u e s. T h e m e as ur e d b as e fl o w is i n d e e d u n n at ur all y 
hi g h d uri n g t his p eri o d a n d m ost li k el y d u e t o a l oss of m e as ur e m e nt q u alit y or c h a n g e of g a u gi n g p ar a m et er s 
of t h e st ati o n, t h at w er e u n a c c o u nt e d f or. T his e x cl usi o n r es ult s i n a r e d u cti o n of t h e c ali br ati o n p eri o d t o 9 
y e ars.  

T h e c ali br ati o n p eri o d s el e ct e d f or t h e c at c h m e nt wit h c o d e V 0 1I E P 4 9 5 0 8 0  is 1 9 9 6-2 0 0 8 si n c e t h e dis c h ar g e 
d at a aft er 2 0 0 8 is n ot tr ust w ort h y. F or t h e c at c h m e nt V 0 1 S S V 4 9 9 1 4 0  t h er e is n ot o bs er v e dis c h ar g e fr o m 
t h e b e gi n ni n g of t h e y e ar 2 0 0 9. M or e o v er, t h e g a u gi n g d e vi c e f or t his c at c h m e nt i n M er k e m w as r e pl a c e d i n 
2 0 0 5 r e s ulti n g i n a s hift i n t h e dis c h ar g e ti m e s eri e s. T h er ef or e, d at a b ef or e mi d -2 0 0 5 w as dis c ar d e d fr o m 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  1 7  

 

c ali br ati o n as w ell as it is n ot c o nsist e nt wit h t h e ti m e s eri e s b ef or e. B e c a us e  y e ars of d at a ar e r el ati v el y 
s c ar c e f or t his c at c h m e nt , y e ars 2 0 0 5 -2 0 0 8 ar e us e d f or v ali d ati o n h o w e v er, d e s pit e t h eir l o w er q u alit y.  

T a bl e 5 – O v er vi e w of c ali br ati o n r es ults f or g a u g e d s u b c at c h m e nt s i n t h e IJ z er b a si n 

G a u gi n g st ati o n  C at c h m e nt c o d e  
Ar e a 
( k m²) 

N S E  l o g N S E R el Err ( %)  
C ali br ati o n 

p eri o d  

A p pr o x. di st a n c e t o 
r ai n g a u g e o v er 

c ali br ati o n p eri o d 
( k m) 

4 8 8 1 0 1 0 2 - 
H a n d z a m e v a art ; 

K ort e m ar k  
V 0 1 H A N 4 8 8 1 8 0  7 8. 6  0. 7 0 2  0. 7 3 4  1. 6  2 0 0 1 -2 0 1 3  

< 2 0 0 4 : 1 1  

> = 2 0 0 4  : 2. 5 

4 6 8 1 0 1 0 2 - Ijz er; 
R o es br u g g e H ari n g e  

F 0 1IJ Z 4 6 8 0 0 0 
( V 0 1 H EI 4 6 8 0 1 0 a n d 

F 0 1 Y S E 4 6 8 0 0 0)  
3 9 3. 0 0 7  0. 5 2 2  0. 6 0 5  -3. 3  2 0 0 5 -2 0 1 3  6 

4 9 5 1 0 1 0 2 - I e p erl e e; 
Z ui ds c h ot e  

V 0 1I E P 4 9 5 0 8 0  6 3. 4 2 3  0. 5 5 5  0. 4 4 7  -2. 1  1 9 9 6 -2 0 0 8  4 

4 9 2 7 0 1 0 2 -K e m m el b e e k; 
B o ezi n g e  

V 0 1 K E M 4 9 2 0 6 0  7 3. 8 9 3  0. 5 7 5  0. 4 8 4  2. 2  2 0 0 1- 2 0 1 3  6 

4 9 6 1 0 1 0 2 - St. J a ns b e e k; 
M er k e m  

V 0 1 M A R 4 9 6 1 2 0  7 6. 1 3 7  0. 6 7 3  0. 6 0 5  -1. 9  2 0 0 1 -2 0 1 3  8 

4 9 1 1 0 1 0 2 -P o p eri n g e v a art; 
O ost vl et er e n  

V 0 1 P O P 4 9 1 0 3 0  8 4. 8 6 8  0. 5 8 5  0. 6 1 7  -1. 3  2 0 0 1 -2 0 1 3  3. 6  

4 9 9 1 0 1 0 2 - St e e n b e e k; 
M er k e m  

V 0 1 S S V 4 9 9 1 4 0  1 6. 0 9 5  0. 6 0 8  0. 6 2 3  0 1 9 9 6 -2 0 0 5  
<  mi d -2 0 0 8  : 1 0 

> = mi d -2 0 0 8 : 2  

T a bl e 6 – O v er vi e w of v ali d ati o n r es ult s f or g a u g e d s u b c at c h m e nts i n t h e IJ z er b a si n 

G a u gi n g st ati o n  C at c h m e nt c o d e  Ar e a ( k m²)  N S E  l o g N S E R el Err ( %)  V ali d ati o n p eri o d  

4 8 8 1 0 1 0 2 - H a n d z a m e v a art; 
K ort e m ar k  

V 0 1 H A N 4 8 8 1 8 0  7 8. 6  0. 7 1 2  0. 7 3 6  3. 5 1 9 6 7 -2 0 1 3  

4 6 8 1 0 1 0 2 - Ijz er; R o es br u g g e 
H ari n g e  

F 0 1IJ Z 4 6 8 0 0 0 
( V 0 1 H EI 4 6 8 0 1 0 a n d 

F 0 1 Y S E 4 6 8 0 0 0)  
3 9 3. 0 0 7  0. 6 9 8  0. 5 2 9  7. 5  1 9 6 7 -2 0 1 3  

4 9 5 1 0 1 0 2 - I e p erl e e; Z ui ds c h ot e V 0 1I E P 4 9 5 0 8 0  6 3. 4 2 3  0. 4 8 7  0. 5 0 1  -2 7. 5  1 9 6 7 -2 0 1 3  

4 9 2 7 0 1 0 2 -K e m m el b e e k; 
B o ezi n g e  

V 0 1 K E M 4 9 2 0 6 0  7 3. 8 9 3  0. 5 6 2  0. 4 8 1  1 0. 5  1 9 6 7 -2 0 1 3  

4 9 6 1 0 1 0 2 - St. J a ns b e e k; 
M er k e m  

V 0 1 M A R 4 9 6 1 2 0  7 6. 1 3 7  0. 6 7 9 0. 5 9 6  2. 8  1 9 6 7 -2 0 1 3  

4 9 1 1 0 1 0 2 -P o p eri n g e v a art; 
O ost vl et er e n  

V 0 1 P O P 4 9 1 0 3 0  8 4. 8 6 8  0. 5 7 4  0. 5 7 8  -1 4. 9  1 9 6 7 -2 0 1 3  

4 9 9 1 0 1 0 2 - St e e n b e e k;  M er k e m  V 0 1 S S V 4 9 9 1 4 0  1 6. 0 9 5  0. 5 9  0. 6 0 1  -2. 4  1 9 6 7 -2 0 1 3  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

1 8  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

4 8 8 1 0 1 0 2 - H a n d z a m e v a art ; K ort e m ar k  ( V 0 1 H A N 4 8 8 1 8 0) 

 

Fi g ur e 6 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m³/ s] o n c at c h m e nt V 0 1 H A N 4 8 8 1 8 0,  
st ati o n 4 8 8 1 0 1 0 2 - H a n dz a m e v a art ; K ort e m ar k ( 2 0 0 1- 2 0 1 3) 

 

Fi g ur e 7 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 0 1 H A N 4 8 8 1 8 0,  
st ati o n 4 8 8 1 0 1 0 2 - H a n dz a m e v a art ; K ort e m ar k ( 2 0 0 1- 2 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  1 9  

 

 

Fi g ur e 8 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt V 0 1 H A N 4 8 8 1 8 0, st ati o n 4 8 8 1 0 1 0 2 - H a n dz a m e v a art ; K ort e m ar k 

4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e ( V 0 1I E P 4 9 5 0 8 0) 

 

Fi g ur e 9 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m³/ s] o n c at c h m e nt V 0 1I E P 4 9 5 0 8 0, 
st ati o n 4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e 1 9 9 6- 2 0 0 8) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

2 0  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

 

Fi g ur e 1 0 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 0 1I E P 4 9 5 0 8 0, 
st ati o n 4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e ( 1 9 9 6- 2 0 0 8) 

 

Fi g ur e 1 1 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m ³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt V 0 1I E P 4 9 5 0 8 0 , st ati o n 4 9 5 1 0 1 0 2 - I e p erl e e; Z ui ds c h ot e  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  2 1  

 

 

Fi g ur e 1 2 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m ³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts o n c at c h m e nt 
V 0 1I E P 4 9 5 0 8 0 , st ati o n 4 9 5 1 0 1 0 2 - I e p erl e e; Z ui ds c h ot e 

 

Fi g ur e 1 3 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m ³/ s] d uri n g tr a nsiti o n e v e nts o n c at c h m e nt V 0 1I E P 4 9 5 0 8 0 , 
st ati o n 4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

2 2  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

6. 4  Br u g s e P ol d ers  

6. 4. 1  C o nt e xt  

T h e c at c h m e nt  of t h e Br u gs e P ol d ers h as a n ar e a of 1 0 4 6 k m²,  w hi c h is 4 % of  t h e t ot al ar e a of s u b c at c h m e nt s 
wit hi n t h e w at er all o c ati o n m o d el . T h e Br u gs e P ol d ers c at c h m e nt  is li mit e d b y t h e N ort h S e a i n t h e N ort h 
a n d b y t h e D ut c h b or d er  i n t h e N ort h e ast. T h e m ai n ri v ers of t h e b asi n ar e t h e c a n al  c o n n e cti n g  G e nt  a n d 
O o st e n d e  ( K a n a al G e nt- Oost e n d e) , t h e d e vi ati o n c a n al ( Afl ei di n gs k a n a al) of t h e L ei e a n d t h e L e o p ol d c a n al. 
T h e s e artifi ci al c a n als c o n d u ct w at er fr o m t h e L ei e c at c h m e nt t o w ar d s t h e s e a. A d diti o n all y , s e v er al l o c al 
p ol d er w at er c o urs e s fl o w i nt o t h e s e c a n als ( D e B o e c k et al. 2 0 1 1 ). 

I n t h e Br u gs e P ol d ers, f o ur g a u g e d c at c h m e nt s a c c o u nt f or 2 9 % of t h e t ot al s urf a c e ar e a ( Fi g ur e 1 4 ).  

 

Fi g ur e 1 4 – S u b c at c h m e nts a n d m e a s ur e m e nt p oi nts i n t h e c at c h m e nt of t h e Br u gs e P ol d ers 

6. 4. 2  M o d el p er f or m a n c e 

T a bl e 7  a n d T a bl e 8  pr e s e nt g e n er al p erf or m a n c e st atisti c s f or t h e g a u g e d c at c h m e nt s of t h e Br u gs e P ol d ers 
f or t h e c ali br ati o n a n d v ali d ati o n p eri o d. Gr a p hs of si m ul ati o ns of t h e s u b c at c h m e nt V 0 2 E D E 4 4 2 1 2 0  ( b e st 
p erf or m a n c e)  a n d  V 0 2 RI V 4 2 5 0 2 0  ( w orst  p erf or m a n c e)  ar e  pr es e nt e d  b el o w  (Fi g ur e 1 5  t o Fi g ur e 2 0 ): 
Str u ct ur e of t h e V H M m o d el . F or mor e d et ail e d r e s ult s o n t h e ot h er c at c h m e nt s, s e e A n n e x 4 . 

A p art fr o m t h e l o g N S E of V 0 2 K E R 4 2 2 0 3 0, t h e e v al u ati o n p ar a m et ers f or all of t h e c at c h m e nt s ar e q uit e 
s atisf yi n g e v e n if w e c o nsi d er t h e v ali d ati o n r e s ul t s. T his c a n b e d u e t o t h e f a ct t h at all of t h e s e c at c h m e nt s 
h a v e s m all ar e as.  

R e m ar k s o n t h e d at a : V 0 2 K E R 4 2 2 0 3 0 d o e s n ot h a v e d at a aft er 2 0 0 7, c o ns e q u e ntl y  t h e p eri o d 1 9 9 5-2 0 0 7 
w as s el e ct e d f or t h e c ali br ati o n.  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  2 3  

 

T a bl e 7 – O v er vi e w of c ali br ati o n r es ults f or g a u g e d c at c h m e nts o n t h e Br u g s e P ol d er s  

G a u gi n g st ati o n  C at c h m e nt c o d e  
Ar e a 
( k m²) 

N S E  l o g N S E 
R el Err 
( %) 

C ali br ati o n 
p eri o d  

A p pr o x. di st a n c e t o 
r ai n g a u g e o v er 

c ali br ati o n p eri o d 
( k m) 

4 4 2 1 0 1 0 2 - M al d e g e m  V 0 2 E D E 4 4 2 1 2 0  4 5. 4 8 9  0. 7 2 2  0. 6 3 1  0. 8  2 0 0 1 -2 0 1 3  
< 2 0 1 3 : 7  
2 0 1 3 : 1 0  

4 2 6 1 0 1 0 2 - H erts b er g e b e e k; 
O ost k a m p  

V 0 2 H E R 4 2 6 0 1 0  7 7. 2 7 2  0. 6 5 4  0. 5 4 9  0 2 0 0 1 -2 0 1 3  
2 0 1 1 & 2 0 1 3  : 1 3 
Ot h er y e ars: 5  

4 2 2 0 1 0 2 - K er k e b e e k, Si nt -Mi c hi els  V 0 2 K E R 4 2 2 0 3 0  6 2. 7 1 9  0. 6 9 1  0. 6 2 7  0. 6  1 9 9 5 -2 0 0 7  
< 2 0 0 0 : 3  

> = 2 0 0 0 : 1 1 

4 2 5 1 0 1 0 2 - Ri vi er b e e k; O ost k a m p  V 0 2 RI V 4 2 5 0 2 0  6 3. 9 8  0. 6 4 7  0. 6 1 6  -1. 1  2 0 0 1 -2 0 1 3  
2 0 0 1 -2 0 0 3 : 1 3  

Ot h er y e ars  : 7. 5 

T a bl e 8 – O v er vi e w of v ali d ati o n r es ult s f or g a u g e d c at c h m e nts o n t h e Br u g s e P ol d er s  

G a u gi n g st ati o n  C at c h m e nt c o d e  Ar e a ( k m²)  N S E  l o g N S E R el Err ( %)  V ali d ati o n p eri o d  

4 4 2 1 0 1 0 2 - M al d e g e m  V 0 2 E D E 4 4 2 1 2 0  4 5. 4 8 9  0. 7 2 5  0. 5 9 2  -5. 1  1 9 6 7 -2 0 1 3  

4 2 6 1 0 1 0 2 - H erts b er g e b e e k; O ost k a m p  V 0 2 H E R 4 2 6 0 1 0  7 7. 2 7 2  0. 6 6 2  0. 5 9 5  -4. 8  1 9 6 7 -2 0 1 3  

4 2 2 0 1 0 2 - K er k e b e e k, Si nt -Mi c hi els  V 0 2 K E R 4 2 2 0 3 0  6 2. 7 1 9  0. 6 4 2  0. 6 0 7  -6. 2  1 9 6 7 -2 0 1 3  

4 2 5 1 0 1 0 2 - Ri vi er b e e k; O ost k a m p  V 0 2 RI V 4 2 5 0 2 0  6 3. 9 8  0. 6 3 9  0. 5 5 2  - 6 1 9 6 7 -2 0 1 3  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

2 4  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

4 4 2 1 0 1 0 2 - M al d e g e m ( V 0 2 E D E 4 4 2 1 2 0)  

 

Fi g ur e 1 5 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 0 2 E D E 4 4 2 1 2 0, 
st ati o n 4 4 2 1 0 1 0 2 - M al d e g e m( 2 0 0 1 - 2 0 1 3) 

 

Fi g ur e 1 6 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 0 2 E D E 4 4 2 1 2 0,  
st ati o n 4 4 2 1 0 1 0 2 - M al d e g e m ( 2 0 0 1 - 2 0 1 3) 

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  2 5  

 

 

Fi g ur e 1 7 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt V 0 2 E D E 4 4 2 1 2 0, st ati o n 4 4 2 1 0 1 0 2 – M al d e g e m  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

2 6  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

4 2 6 1 0 1 0 2 - H erts b er g e b e e k; O o st k a m p (V 0 2 H E R 4 2 6 0 1 0 ) 

 

Fi g ur e 1 8 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 0 2 H E R 4 2 6 0 1 0, 
st ati o n 4 2 6 1 0 1 0 2 - H erts b er g e b e e k; O o st k a m p  ( 2 0 0 1- 2 0 1 3) 

 

Fi g ur e 1 9 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 0 2 H E R 4 2 6 0 1 0, 
st ati o n 4 2 6 1 0 1 0 2 - H erts b er g e b e e k; O o st k a m p  ( 2 0 0 1- 2 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  2 7  

 

 

Fi g ur e 2 0 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts o n c at c h m e nt 
V 0 2 H E R 4 2 6 0 1 0 , st ati o n4 2 6 1 0 1 0 2 - H erts b er g e b e e k;  O o st k a m p  

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

2 8  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

6. 5  G e nt s e K a n al e n  

6. 5. 1  C o nt e xt  

T h e G e nt s e K a n al e n c at c h m e nt, c o v ers a cl ust er of c a n als a n d t h eir r e s p e cti v e c at c h m e nt s a n d h as  a s urf a c e 
ar e a of 9 1 7 k m² ( D e B o e c k 2 0 1 1). T h e c at c h m e nt  r e pr e s e nt s 4 % of t h e t ot al m o d el ar e a of t h e w at er 
all o c ati o n  m o d el .  T h e  G e nt s e  K a n al e n  b asi n  is  li mit e d  W e st  b y  t h e  Br u gs e  P ol d ers,  E ast  b y  t h e  
B e n e d e ns c h el d e a n d S o ut h b y t h e L ei e c at c h m e nt . T h e D ut c h b or d er st a n ds i n t h e N ort h of t h e b asi n. B ot h 
t h e L e o p ol d c a n al a n d t h e G e nt-T er n e u z e n c a n al dis c h ar g e  i nt o t h e W e st ers c h el d e ( W est er n S c h el dt) i n t h e 
N et h erl a n ds.  

T h er e is o nl y o n e g a u g e d c at c h m e nt wit hi n t h e b asi n of  t h e G e nt s e K a n al e n : 4 4 6 5 6 1 2 2 o n t h e P o e k e b e e k i n 
N e v el e. D uri n g t h e  pr e vi o us st u d y t h e dis c h ar g e at t h e M ol e n b e e k i n P ui v el d e w as c h e c k e d, b as e d o n pr oj e ct  
s p e cifi c  dis c h ar g e  d at a  of t h e Si g m a pl a n  u p d at e  pr oj e ct  ( D e  B o e c k et  al.,  2 0 1 1) .  T his  st ati o n  is  n ot  a  
p er m a n e nt  dis c h ar g e  st ati o n  a n d  c o ns e q u e ntl y  n o  n e w  c ali br ati o n  is  p o ssi bl e  f or  t his  s u b c at c h m e nt. 
C at c h m e nt s a n d m e as ur e m e nt p oi nt s ar e s h o w n  o n t h e m a p i n Fi g ur e 2 1 . T h e g a u g e d a n d r e c ali br at e d  ar e a 
of t h e b asi n a m o u nts f or 1 2 % of t h e t ot a l s urf a c e ar e a of t h e b asi n. 

 

Fi g ur e 2 1 – S u b c at c h m e nts a n d m e a s ur e m e nt p oi nts o n t h e G e nt s e K a n al e n c at c h m e nt  

6. 5. 2  M o d el p erf or m a n c e  

T a bl e 9  a n d T a bl e 1 0  pr e s e nt g e n er al p erf or m a n c e st atisti c s f or t h e g a u g e d s u b c at c h m e nt s of t h e G e nt s e 
K a n al e n c at c h m e nt  f or t h e v ali d ati o n a n d c ali br ati o n p eri o d. T h e s u b c at c h m e nt s h o w s a c orr e ct p erf or m a n c e 
f or t h e v ali d ati o n a n d c ali br ati o n p eri o d wit h v al u e s of N S E a n d L o g N S E a b o v e 0. 6. Gr a p hs of t h e si m ul ati o n 
of t h e s u b c at c h m e nt V 0 3 P O E 4 4 6 0 0 0 ar e  pr e s e nt e d b el o w ( Fi g ur e 2 2  a n d Fi g ur e 2 3 ). F or m or e d et ail e d r e s ult s 
o n t h e ot h er c at c h m e nt s  is r ef err e d t o A n n e x 5 . 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  2 9  

 

R e m ar k s o n t h e d at a : t h e P o e k e b e e k (V 0 3 P O E 4 4 6 0 0 ) dis c h ar g e w as n ot m e as ur e d fr o m 1 8/ 0 1/ 2 0 0 1 t o 
2 9/ 1 1/ 2 0 0 4 a n d aft er 2 0 0 9. H e n c e, t h e c ali br ati o n p eri o d st art s as s o o n as 1 9 9 3 as t o i n cl u d e 1 3 y e ars of 
d at a.  

T a bl e 9 – O v er vi e w of c ali br ati o n r es ults f or g a u g e d c at c h m e nts o n t h e G e nts e K a n al e n  

G a u gi n g st ati o n  C at c h m e nt c o d e  Ar e a  ( k m²) N S E  l o g N S E R el Err ( %)  
C ali br ati o n 

p eri o d  

A p pr o x. di st a n c e t o r ai n 
g a u g e o v er c ali br ati o n 

p eri o d ( k m)  

4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e  V 0 3 P O E 4 4 6 0 0 0  1 0 6. 8 3 7  0. 7 2 3  0. 6 4 5  -0. 7  1 9 9 3 -2 0 1 0  
< 1 9 9 5 :  9 
> = 1 9 9 5 : 6  

T a bl e 1 0 – O v er vi e w of v ali d ati o n r es ults f or g a u g e d c at c h m e nts o n t h e G e nt s e K a n al e n  

G a u gi n g st ati o n  C at c h m e nt c o d e  Ar e a ( k m²)  N S E  l o g N S E R el Err ( %)  G a u g e d y e ar s  

4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e  V 0 3 P O E 4 4 6 0 0 0  1 0 6. 8 3 7  0. 7 2 7  0. 6 6 9  8. 1  1 9 6 7 -2 0 1 3  

4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e ( V 0 3 P O E 4 4 6 0 0 0)  

 

Fi g ur e 2 2 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 0 3 P O E 4 4 6 0 0 0,  
st ati o n 4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e( 1 9 9 3- 2 0 1 0) 

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

3 0  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

 

Fi g ur e 2 3 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 0 3 P O E 4 4 6 0 0 0,  
st ati o n 4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e ( 1 9 9 3- 2 0 1 0) 

 

Fi g ur e 2 4 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e  [ m³/ s] d uri n g s p e cifi c hi g h fl o w e v e nts  
o n c at c h m e nt V 0 3 P O E 4 4 6 0 0 0, st ati o n 4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  3 1  

 

 

Fi g ur e 2 5 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w fl o w e v e nts 
o n c at c h m e nt V 0 3 P O E 4 4 6 0 0 0, st ati o n 4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e  

 

Fi g ur e 2 6 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c tr a n siti o n e v e nts  
o n c at c h m e nt V 0 3 P O E 4 4 6 0 0 0, st ati o n 4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v e l e 

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

3 2  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

6. 6  B e n e d e n s c h el d e  

6. 6. 1  C o nt e xt  

T h e  c at c h m e nt of t h e  B e n e d e ns c h el d e is 1 7 0 4 k m² a n d b el o n gs t o t h e  m ai n  S c h el dt c at c h m e nt. It c o v ers t h e 
F l e mis h p art of t h e ti d al ri v ers i n t h e S c h el dt e st u ar y, e x c e pt t h e c at c h m e nt s c orr es p o n di n g t o t h e m ai n 
tri b ut ari e s i n t his r e a c h (N et e, D e m er, Dijl e, Z e n n e a n d D e n d er ). T h e B e n e d e ns c h el d e c at c h m e nt  a c c o u nts 
f or 8 % of t h e t ot al c at c h m e nt of t h e st u d y ar e a. 

A b o ut 6 % of t h e s urf a c e ar e a of t h e b asi n is g a u g e d. D uri n g t h e  pr e vi o us st u d y t h e dis c h ar g e at t h e Le d e b e e k 
i n B or mt w as c h e c k e d, b as e d o n pr oj e ct s p e cifi c dis c h ar g e d at a of t h e Si g m a pl a n u p d at e pr oj e ct ( D e B o e c k 
et al.,  2 0 1 1) . T his st ati o n is n ot a p er m a n e nt dis c h ar g e st ati o n a n d c o ns e q u e ntl y n o n e w c ali br ati o n is p o ssi bl e 
f or t his s u b c at c h m e nt. 

 

Fi g ur e 2 7 – S u b c at c h m e nts a n d m e a s ur e m e nt p oi nts o n t h e B e n e d e ns c h el d e c at c h m e nt  

6. 6. 2  M o d el p erf or m a n c e  

T a bl e 1 1  a n d T a bl e 1 2  pr e s e nt  g e n er al  p erf or m a n c e  st atisti c s  f or  t h e  g a u g e d  c at c h m e nt s  of  t h e  
B e n e d e ns c h el d e  b asi n f or t h e  c ali br ati o n a n d v ali d ati o n p eri o d. Gr a p hs  of si m ul ati o n of t h e  c at c h m e nt  
V 0 4 M O M 0 3 7 1 0 0  ( b e st m o d el p erf or m a n c e) a n d V 0 4 M O L 0 3 6 1 1 0  ( w orst m o d el p erf or m a n c e) ar e pr e s e nt e d 
b el o w ( Fi g ur e 2 5 t o Fi g ur e 2 7).  

F or b ot h of t h e c at c h m e nt, t h e l o w fl o w s ar e o v er -esti m at e d a n d t h e sl o p e s i n t h e r e c e ssi o n d o n’t m at c h 
wit h t h e g a u g e d o n e s. T h e s e r e s ult s w er e o bt ai n e d e v e n t h o u g h w e a i m t o d efi n e t h e a d e q u at e m o d el 
p ar a m et ers b y m a n u al c ali br ati n g b ef or e t h e o pti mi z ati o n.  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  3 3  

 

T a bl e 1 1 – O v e r vi e w of c ali br ati o n r es ults f or g a u g e d c at c h m e nts o n t h e B e n e d e ns c h el d e b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  
Ar e a  
( k m²) 

N S E  l o gN S E  R el Err( %)  
C ali br ati o n 

p eri o d  

A p pr o x. di st a n c e 
t o r ai n g a u g e o v er 
c ali br ati o n p eri o d 

( k m) 

3 6 1 0 1 0 2 - Kl ei n e  M ol e n b e e k, Li ez el e  V 0 4 M O L 0 3 6 1 1 0  3 2. 5 6 2  0. 5 6  0. 6 6 7  0. 4  2 0 0 1 -2 0 1 3  
< 2 0 0 7 : 1 0  
> = 2 0 0 7 : 6  

3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k, 
M al d er e n  

V 0 4 M O M 0 3 7 1 0 0  6 7. 3 0 1  0 . 6 6 9 0. 6 5 7  0. 3  2 0 0 1 -2 0 1 3  6 

 

T a bl e 1 2 – O v er vi e w of v ali d ati o n r es ults f or g a u g e d c at c h m e nts o n t h e B e n e d e ns c h el d e b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  Ar e a ( k m²)  N S E  l o g N S E R el Err( %)  V ali d ati o n p eri o d  

3 6 1 0 1 0 2 - Kl ei n e M ol e n b e e k, L i ez el e V 0 4 M O L 0 3 6 1 1 0  3 2. 5 6 2  0. 6 1 2  0. 5 7  1 2. 5  1 9 6 7 -2 0 1 3  

3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k, M al d er e n  V 0 4 M O M 0 3 7 1 0 0  6 7. 3  0. 6 5 1  0. 5 6 7  1 5. 6  2 0 0 1 -2 0 1 3  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

3 4  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k, M al d er e n   (V 0 4 M O M 0 3 7 1 0 0 ) 

 

Fi g ur e 2 8 – M e a s ur e d (r e d) a n d si m ul at e d  ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 0 4 M O M 0 3 7 1 0 0, 
st ati o n 3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k, M al d er e n  ( 2 0 0 1- 2 0 1 3) 

 

Fi g ur e 2 9 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt  V 0 4 M O M 0 3 7 1 0 0, 
st ati o n 3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k, M al d er e n  ( 2 0 0 1- 2 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  3 5  

 

 

Fi g ur e 3 0 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt V 0 4 M O M 0 3 7 1 0 0 , st ati o n 3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k, M al d er e n  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

3 6  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

3 6 1 0 1 0 2 - Kl ei n e M ol e n b e e k, Li ez el e  ( V 0 4 M O L 0 3 6 1 1 0)  

 

Fi g ur e 3 1 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 0 4 M O L 0 3 6 1 1 0,  
st ati o n 3 6 1 0 1 0 2 - Kl ei n e M ol e n b e e k, Li ez el e ( c ali br ati o n p eri o d) 

 

Fi g ur e 3 2 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 0 4 M O L 0 3 6 1 1 0,  
st ati o n 3 6 1 0 1 0 2 - Kl ei n e M ol e n b e e k, Li ez el e ( c ali br ati o n p eri o d)  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  3 7  

 

 

Fi g ur e 3 3 – M e a s u r e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s]  d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt V 0 4 M O L 0 3 6 1 1 0, st ati o n 3 6 1 0 1 0 2 - Kl ei n e M ol e n b e e k, Li ez el e  

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

3 8  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

6. 7  L ei e  

6. 7. 1  C o nt e xt  

T h e L ei e c at c h m e nt, b ei n g p art of t h e i nt er n ati o n al “ L ei e a n d D e ûl e ” b asi n , h as a n ar e a of 3 8 8 6 k m² of w hi c h 
9 8 2 k m² is sit u at e d i n Fl a n d ers. I n G h e nt, t h e L ei e c o nfl u e n c e s wit h t h e S c h el dt. T h e s u b c at c h m e nt s of t h e 
L ei e c o u nt f or 1 8 % of t h e t ot al st u d y ar e a.  

I n Fr a n c e, t h e L ei e ( or L y s i n Fr e n c h) is c o n n e ct e d t o t h e C a n al d e N e uf oss é a n d t h e C a n al d’ Air e à l a B a ss é e, 
b ot h p art of t h e c a n al s y st e m b et w e e n D ui n k er k e a n d D e n ai n. T his c a n al c o nstit ut e s t h e E ast -W e st li n k 
b et w e e n t h e S c h el dt, t h e D e ûl e, t h e L ei e a n d t h e N ort h S e a. T h e D u n k er q u e -D e n ai n c a n al is s u p pli e d wit h 
w at er o f t h e S c h el d e a n d it s tri b ut ar y, t h e S c ar p e. S o m e of t h e w at er fl o wi n g fr o m t h e S c h el dt i n t h e c a n al 
s y st e m, fl o ws b a c k t o t h e L ei e t hr o u g h t h e c a n alis e d D e ûl e.  T his i nt er a cti o n of ri v ers a n d c a n als l e a ds t o a n 
e nl ar g e d c o m pl e xit y r e g ar di n g t h e c ali br ati o n  of a h y dr ol o gi c al m o d el f or t his c at c h m e nt.  

Fi g ur e 3 4  s h o w s t h e l o c ati o n of t h e fl o w g a u g e s us e d f or c ali br ati o n of t h e N A M m o d els o n t h e L ei e b asi n.  

 

Fi g ur e 3 4 – S u b c at c h m e nts a n d m e a s ur e m e nt p oi nts o n t h e L ei e c at c h m e nt  

T h e r e c ali br ati o n of t h e c at c h m e nt u pstr e a m of t h e g a u gi n g st ati o n i n  M e n e n o n t h e L ei e ( st ati o n 3 8 6 8 0 1 2 2) , 
is d o n e f or t his 1 bi g g a u g e d s u b c at c h m e nt. H o w e v er, t h e fi n al r u n off f or t h e w at er all o c ati o n m o d el is 
si m ul at e d s e p ar at el y f or t h e 2 2 s u b c at c h m e nt s  s e p ar at el y, t o  b e a bl e t o distri b ut e t h e fl o w o v er  t h e c o m pl e x 
c a n al s y st e m d e s cri b e d a b o v e.  

Wit h t hr e e g a u gi n g st ati o ns i n M e n e n, H e ul e a n d O o str o z e b e k e , 8 5, 6 % of t h e L ei e b asi n is c o v er e d b y 
dis c h ar g e m e as ur e m e nt s.  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  3 9  

 

6. 7. 2  M o d el p erf or m a n c e s  

T a bl e 1 3  a n d T a bl e 1 4  pr e s e nt g e n er al p erf or m a n c e st atisti c s f or t h e g a u g e d c at c h m e nt s of t h e L ei e b asi n f or 
t h e c ali br ati o n a n d v ali d ati o n p eri o d . Gr a p hs of si m ul ati o ns f or t h e c at c h m e nt s F 0 5 L EI 3 8 6 9 9 9  ( b e st m o d el 
p erf or m a n c e) a n d  V 0 5 H E U 4 0 3 2 1 0  ( w orst m o d el p erf or m a n c e) ar e pr e s e nt e d b el o w ( 

Fi g ur e 3 5  t o Fi g ur e 3 9 ). F or m or e d et ail e d r e s ult s o n t h e ot h er c at c h m e nt s, s e e A n n e x 7 . I n p ar a gr a p h 3. 2  it 
w as alr e a d y m e nti o n e d t h at  r efi n e m e nt of t h e pr e ci pit ati o n d at a i n t h e L ei e c at c h m e nt si g nifi c a ntl y i m pr o v e s 
t h e p erf or m a n c e of t h e h y dr ol o gi c al m o d el f or t h e c at c h m e nt u pstr e a m M e n e n, c o m p ar e d t o t h e first v ersi o n 
of t h e w at er all o c ati o n m o d el ( s e e Mi c hi els e n et. al, 2 0 2 1 ). 

E v e n t h o u g h w e o bt ai n e d r e all y g o o d v al u e s of t h e e v al u ati o n p ar a m et ers f or t h e c at c h m e nt F 0 5 L EI 3 8 6 9 9 9 , 
t h e l o w fl o w in t h e c ali br at e d m o d el is o v er e sti m at e d c o m p ari n g t o t h e g a u g e d o n e. H o w e v er, f or hi g h fl o w 
a n d r e c e ssi o n, t h e y ar e q uit e cl o s e t o t h e g a u g e d fl o w.  

D e s pit e t h e f a ct t h at t h e o bt ai n e d e v al u ati o n p ar a m et ers f or V 0 5 H E U 4 0 3 2 1 0  ar e l o w er t h a n t h e o n e s f or t h e 
first c at c h m e nt s, t h e vis u ali z ati o n of t h e c ali br at e d l o w fl o w i n di c at e s a g o o d c orr el ati o n wit h t h e g a u g e d 
o n e.  

R e m ar k s o n t h e d at a : T h e c a t c h m e nt V 0 5 M A N 4 0 1 2 3 0  h as u nr eli a bl e o bs er v e d d at a f or s o m e p eri o ds. T h er e 
is a h ol e i n t h e d at a fr o m 1 9 7 8 t o A u g ust 1 98 2, a n d t h e n fr o m 1 9 9 6 t o 2 0 0 4. I n 2 0 0 5 a n d t h e s e c o n d p art of 
2 0 0 6, dis c h ar g e v al u e s w er e e sti m at e d b as e d o n t h e a cti vit y of t h e w eir 1 k m  u pstr e a m. Fr o m t h e e n d of 2 0 0 7 
( 0 9/ 1 1/ 2 0 0 7) o n, d at a als o g et t h e “ U ” d at a q u alit y fl a g. D at a is t h er ef or e l e ss r eli abl e d uri n g t his p eri o d a n d 
w as e x cl u d e d fr o m b ot h c ali br ati o n a n d v ali d ati o n. C ali br ati o n w as p erf or m e d o n t h e c o nti n u o us p eri o d of 
1 9 8 3 - 19 9 5, pr ef err e d t o a m or e r e c e nt b ut dis c o nti n u e d p eri o d.  

T a bl e 1 3 – O v er vi e w of c ali br ati o n r e s ults f or g a u g e d c at c h m e nts o n t h e L ei e b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  
Ar e a  
( k m²) 

N S E  l o g N S E 
R el Err 
( %) 

C ali br ati o n 
p eri o d  

A p pr o x. di st a n c e t o 
r ai n g a u g e o v er 

c ali br ati o n p eri o d 
( k m) 

3 8 6 8 0 1 2 2, L ei e t e M e n e n  F 0 5 L EI 3 8 6 9 9 9  2 9 8 1. 7 8  0. 7 9 4  0. 8 0 1  -0. 6  2 0 0 1 -2 0 1 3  
Irr el e v a nt gi v e n t h e 

siz e of t h e b asi n  

4 0 3 1 0 1 0 2 - H e ul e b e e k; H e ul e  V 0 5 H E U 4 0 3 2 1 0  9 1. 9 1 2  0. 7 6 1  0. 6 6 2  -2. 9  2 0 0 1 -2 0 1 3  
< 2 0 0 4 : 6  

> = 2 0 0 4 : 1 0  

4 0 1 1 0 1 0 2 - M a n d el; 
O ostr oz e b e k e ( L 0 5 _ 4 0 9)  

V 0 5 M A N 4 0 1 2 3 0  2 5 8. 4 4 2  0. 7 4 9  0. 7 5 8  -0. 1  1 9 8 3 -1 9 9 5  8 

T a bl e 1 4 – O v er vi e w of v ali d ati o n r es ults f or g a u g e d c at c h m e nts o n t h e L ei e b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  Ar e a ( k m²)  N S E  l o g N S E R el Err ( %)  V ali d ati o n p eri o d  

3 8 6 8 0 1 2 2, L ei e t e M e n e n  F 0 5 L EI 3 8 6 9 9 9  2 9 8 1. 7 8  0. 8  0. 8 1 4  -0. 6 1 9 6 7 -2 0 1 3  

4 0 3 1 0 1 0 2 - H e ul e b e e k; H e ul e  V 0 5 H E U 4 0 3 2 1 0  9 1. 9 1 2  0. 7 5  0. 6 2 3  - 6 1 9 6 7 -2 0 1 3  

4 0 1 1 0 1 0 2 - M a n d el; O ostr oz e b e k e  V 0 5 M A N 4 0 1 2 3 0  2 5 8. 4 4 2  0. 7 1  0. 6 1 9  -2. 7  1 9 6 7 -2 0 1 3  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

4 0  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

3 8 6 8 0 1 2 2, L ei e t e M e n e n  ( F 0 5 L EI 3 8 6 9 9 9)  

 

Fi g ur e 3 5 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ai l y dis c h ar g e [ m³/ s] o n c at c h m e nt F 0 5 L EI 3 8 6 9 9 9,  
st ati o n 3 8 6 8 0 1 2 2 – L ei e , M e n e n ( 2 0 0 1- 2 0 1 3) 

 

Fi g ur e 3 6 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt F 0 5 L EI 3 8 6 9 9 9,  
st ati o n 3 8 6 8 0 1 2 2 – L ei e , M e n e n ( 2 0 0 1- 2 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  4 1  

 

 

Fi g ur e 3 7 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt F 0 5 L EI 3 8 6 9 9 9, st ati o n 3 8 6 8 0 1 2 2 – L ei e , M e n e n ( 2 0 0 1- 2 0 1 3) 

 

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

4 2  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

4 0 1 1 0 1 0 2 - M a n d el; O o str o z e b e k e ( V 0 5 H E U 4 0 3 2 1 0 ) 

 

Fi g ur e 3 8 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 0 5 H E U 4 0 3 2 1 0, 
st ati o n  4 0 3 1 0 1 0 2 - H e ul e b e e k; H e ul e  ( c ali br ati o n p eri o d 2 0 0 1- 2 0 1 3) 

 

Fi g ur e 3 9 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 0 5 H E U 4 0 3 2 1 0, 
st ati o n  4 0 3 1 0 1 0 2 - H e ul e b e e k; H e ul e  ( c ali br ati o n p eri o d 2 0 0 1- 2 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  4 3  

 

 

Fi g ur e 4 0 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s]  d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt 0 5 H E U 4 0 3 2 1 0, st ati o n  4 0 3 1 0 1 0 2 - H e ul e b e e k; H e ul e  

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

4 4  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

6. 8  B o v e n s c h el d e  

6. 8. 1  C o nt e xt  

T h e B o v e ns c h el d e b asi n e xt e n ds o v er  Fr a n c e, W all o ni a a n d Fl a n d ers. T his b asi n h as a n  ar e a of a p pr o xi m at el y 
5 7 6 k m². B ef or e it e nt ers Fl a n d ers i n S pi er e -H el kij n, t h e S c h el d t h as a l e n gt h of  1 2 4 k m  a n d a c orr e s p o n di n g 
u pstr e a m c at c h m e nt of 5 3 8 0 k m² i n Fr a n c e a n d W all o ni a. T h e B o v e ns c h el d e b a si n a c c o u nts f or 3 0 % of t h e 
t ot al c at c h m e nt of t h e st u d y ar e a. T h e B o ss uit-K ortrij k c a n al c o n n e cts t h e B o v e ns c h el d e t o t h e L ei e, w h er e as 
t h e S pi er e k a n a al li n k s t h e B o v e ns c h el d e t o t h e D e ûl e. 

Fi g ur e 4 1  s h o w s t h e l o c ati o n of t h e c at c h m e nt s a n d m e as uri n g p oi nt s o n t h e B o v e ns c h el d e b asi n. A ct u all y, 
t h e  s u b c at c h m e nt s  u pstr e a m  fr o m  t h e  st ati o n  i n  B o ss uit  ( 3 2 5 8 0 1 2 2)  c a n  b e  s e e n  as  o n e  g a u g e d 
s u b c at c h m e nt . H o w e v er, as st at e d b ef or e, t h e dis c h ar g e is si m ul at e d s e p ar at el y f or e a c h s u b c at c h m e nt  t o 
g e n er at e  i n p ut  f or  t h e  w at er  all o c ati o n  m o d el.  T h e  t ot al  s urf a c e  ar e a  c o nsi d er e d  g a u g e d  is  t h us  9 7  %   
(Fi g ur e 4 1 ).  

 

Fi g ur e 4 1 – S u b c at c h m e nts a n d m e a s ur e m e nt p oi nts o n t h e B o v e ns c h el d e c at c h m e nt  

6. 8. 2  M o d el p erf or m a n c e  

T a bl e 1 5  a n d T a bl e 1 6  pr e s e nt g e n er al p erf or m a n c e st atisti c s f or t h e g a u g e d c at c h m e nt s of t h e B o v e ns c h el d e 
b asi n f or t h e c ali br ati o n a n d v ali d ati o n p eri o d. Gr a p hs of si m ul ati o ns of t h e c at c h m e nt s F 0 6 B O S 3 2 5 9 9 9  ( b est 
p erf or m a n c e) a n d V 0 6 M A A 3 4 7 1 6 0  ( w orst p erf or m a n c e) ar e pr es e nt e d b el o w ( Fi g ur e 4 2 t o Fi g ur e 4 7 ). F or 
m or e d et ail e d r e s ult s o n t h e ot h er c at c h m e nt s, s e e A n n e x 8 . 

T h e b est p erf or m a n c e p ar a m et ers of V H M f or F 0 6 B O S 3 2 5 0 0 1  a n d  V 0 6 Z W A 3 4 2 1 9 0  w er e a c hi e v e d. H o w e v er, 
V 0 6 Z W A 3 4 2 1 9 0 s h o w e d p o or r e s ult s i n t h e v ali d ati o n wit h N S E a n d L o g N S E ar o u n d 0, 4.  

F or F 0 6 B O S 3 2 5 0 0 1 , t h e w at er v ol u m e d uri n g t h e c ali br ati o n is q uit e u nst a bl e a n d n o n-c orr el at e wit h t h e 
g a u g e d d at a. H o w e v er, t h e vis u a li z ati o n d e m o nstr at es b a d q u alit y of t h e d at a f or t his c at c h m e nt w hi c h c a n 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  4 5  

 

c a us e t his i nst a bilit y. L o g N S E f or V 0 6 M A A 3 4 7 1 6 0  c o ul d n’t b e c al c ul at e d e v e n t h o u g h w e alt er e d t h e i niti al 
s et of p ar a m et ers. F or t his c at c h m e nt, t h e w at er v ol u m e c orr es p o n ds w ell t o t h e g a u g e d v ol u m e. T h e pi c s 
a n d t h e l o w fl o w s w er e w ell si m ul at e d.  

R e m ar k s  o n t h e  d at a: T h e st ati o n 3 2 5 8 0 1 2 2  o n t h e B o v e ns c h el d e i n B o ss uit  ( F 0 6 B O S 3 2 5 0 0 1) o nl y h as 
r e c or ds fr o m 1 3/ 0 9/ 2 0 0 1 o n w ar ds. T h e c at c h m e nt W 0 6 R H O L 5 4 1 0 0  o nl y h as o bs er v e d dis c h ar g e d at a fr o m 
J a n u ar y 2 0 0 0 o n w ar ds. Usi n g t h e us u al 2 0 0 1-2 0 1 3 p eri o d f or c ali br ati o n, t h er e is t h er ef or e o nl y o n e y e ar of 
e xtr a d at a f or v ali d ati o n.  

Dis c h ar g e of t h e M a ar k e b e e k i n Eti k h o v e ( V 0 6 M A A 3 4 7 1 6 0 ) w as e sti m at e d i n 2 0 0 5 a n d dis c h ar g es a bo v e 1 2 
m 3 / s ar e m ostl y e sti m at e d.  

I n N e d er z w al m (V 0 6 Z W A 3 4 2 1 9 0 ), s us p i ci o us d at a w as r e m o v e d i n 1 9 8 2; m or e o v er, d at a r e c or ds st art t o b e 
m or e u nst a bl e a n d r e g ul arl y i nt er p ol at e d fr o m A u g ust 2 0 1 2 o n w ar ds. T h er ef or e, t h e y e ar 2 0 1 3, w h er e t h e 
m ost r e c or ds w e r e missi n g or i nt er p ol at e d, is e x cl u d e d fr o m b ot h c ali br ati o n a n d v ali d ati o n p eri o ds.  

T a bl e 1 5 – O v er vi e w of c ali br ati o n r es ults f or g a u g e d c at c h m e nts o n t h e B o v e ns c h el d e b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  
Ar e a  
( k m²) 

N S E  l o g N S E 
R el Err 
( %) 

C ali br ati o n 
p eri o d  

A p pr o x. di st a n c e t o 
r ai n g a u g e o v er 

c ali b r ati o n p eri o d 
( k m) 

3 2 5 8 0 1 2 2 - B o v e ns c h el d e; 
B oss uit  

F 0 6 B O S 3 2 5 9 9 9  5 2 1 7 . 6 0. 7 1 7  0. 6 2 5  -4. 4  2 0 0 2 -2 0 1 3  
Irr el e v a nt gi v e n t h e 

siz e of t h e b asi n  

3 4 7 1 0 1 0 2 - M a ar k e b e e k; 
Eti k h o v e  

V 0 6 M A A 3 4 7 1 6 0  4 8. 7  0. 5 8   -0. 4  2 0 0 1 -2 0 1 3  6 

3 4 2 1 0 1 0 2 - Z w al m; N e d erz w al m  V 0 6 Z W A 3 4 2 1 9 0  1 1 2 . 1 0. 6 3 9  0. 6 7 7  -1. 5  2 0 0 0 -2 0 1 2  7 

L 5 4 1 2 A m o u gi es - R h os n es  W 0 6 R H O L 5 4 1 0 0  1 6 1 . 9 0. 5 5 4  0. 3 8 1  -0. 8  2 0 1 2 -2 0 1 3  

< 1 9 9 9 : 3  
1 9 9 9 - 2 0 0 0 : 6  
2 0 0 0 - 2 0 0 9 :  1 3  

> = 2 0 0 9 : 5. 5  

T a bl e 1 6 – O v er vi e w of v ali d ati o n r es ults f or g a u g e d c at c h m e nts o n t h e B o v e ns c h el d e b a si n 

G a u gi n g st ati o n  C at c h m e nt c o d e  Ar e a  ( k m²) N S E  l o g N S E R el Err ( %)  V ali d ati o n p eri o d  

3 2 5 8 0 1 2 2 - B o v e ns c h el d e; B oss uit  F 0 6 B O S 3 2 5 9 9 9  5 2 1 7 . 6 0. 7 1 9  0. 6 3 7  -5. 3  2 0 0 2 -2 0 1 3  

3 4 7 1 0 1 0 2 - M a ar k e b e e k; Eti k h o v e  V 0 6 M A A 3 4 7 1 6 0  4 8 . 7 0. 5 5   -1 7. 5  1 9 7 2 -2 0 1 2  

3 4 2 1 0 1 0 2 - Z w al m; N e d erz w al m  V 0 6 Z W A 3 4 2 1 9 0  1 1 2 . 1 0. 4 5 5  0. 4 8 7  2. 3  1 9 7 3 -2 0 1 3  

L 5 4 1 2 A m o u gi es - R h os n es  W 0 6 R H O L 5 4 1 0 0  1 6 1 . 9 0. 5 5 1  0. 3 9 8  -1. 2  2 0 1 2 -2 0 1 3  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

4 6  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

3 2 5 8 0 1 2 2 - B o v e n s c h el d e; B o s s uit  (F 0 6 B O S 3 2 5 9 9 9 ) 

 

Fi g ur e 4 2 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt F 0 6 B O S 3 2 5 9 9 9, 
st ati o n  3 2 5 8 0 1 2 2 - B o v e ns c h el d e; B o ss uit   ( c ali br ati o n p eri o d 2 0 0 2- 2 0 1 3) 

 

Fi g ur e 4 3 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt  F 0 6 B O S 3 2 5 9 9 9, 
st ati o n  3 2 5 8 0 1 2 2 - B o v e ns c h el d e; B o ss uit   ( c ali br ati o n p eri o d 2 0 0 2- 2 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  4 7  

 

 

Fi g ur e 4 4 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt F 0 6 B O S 3 2 5 9 9 9 , st ati o n 3 2 5 8 0 1 2 2 - B o v e ns c h el d e; B o ss uit  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

4 8  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

3 4 7 1 0 1 0 2 - M a ar k e b e e k; Eti k h o v e (V 0 6 M A A 3 4 7 1 6 0 ) 

 

Fi g ur e 4 5 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 0 6 M A A 3 4 7 1 6 0, 
st ati o n  3 4 7 1 0 1 0 2 - M a ar k e b e e k; Eti k h o v e ( c alibr ati o n p eri o d  2 0 0 1- 2 0 1 3) 

 

Fi g ur e 4 6 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 0 6 M A A 3 4 7 1 6 0, 
st ati o n  3 4 7 1 0 1 0 2 - M a ar k e b e e k; Eti k h o v e ( c ali br ati o n p eri o d 2 0 0 1- 2 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  4 9  

 

 

Fi g ur e 4 7 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt V 0 6 M A A 3 4 7 1 6 0 , st ati o n 3 4 7 1 0 1 0 2 - M a ar k e b e e k; Eti k h o v e ( c ali br ati o n p eri o d 2 0 0 1- 2 0 1 3) 

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

5 0  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

6. 9  D e n d er b e k k e n  

6. 9. 1  C o nt e xt  

T h e D e n d er b asi n h as a n ar e a of 1 3 8 4 k m² a n d e xt e n ds o v er W all o ni a a n d Fl a n d ers . T h e u pstr e a m  p art  
( 6 7 5 k m²) is l o c at e d i n W all o ni a a n d t h e l o w er p art ( 7 0 9 k m²) i n Fl a n d ers. T h e D e n d er b asi n a c c o u nt s f or 6 % 
of t h e t ot al c at c h m e nt of t h e st u d y ar e a.  

Wit h 5 g a u gi n g st ati o ns us e d f o r m o d el c ali br ati o n, t h e p orti o n  of g a u g e d c at c h m e nt s i n t his b asi n a c c o u nts 
f or 6 1 % of t ot al c at c h m e nt ar e a. T h e g a u gi n g st ati o n i n L essi n e s is us e d t o c ali b r at e a h y dr ol o gi c al m o d el f or 
t h e c at c h m e nt u pstr e a m of t his g a u gi n g st ati o n. I n t h e w at er all o c ati o n m o d el, t his c at c h m e nt is di vi d e d i nt o 
3 s u b c at c h m e nt s.  

 

 

Fi g ur e 4 8 – S u b c at c h m e nts a n d m e a s ur e m e nt p oi nts i n t h e D e n d er c at c h m e nt  

6. 9. 2  M o d el p erf or m a n c e  

T a bl e 1 7  a n d T a bl e 1 8  pr e s e nt t h e g e n er al p erf or m a n c e st atisti c s f or t h e g a u g e d c at c h m e nt s of t h e  D e n d er 
c at c h m e nt  f or t h e c ali br ati o n a n d v ali d ati o n p eri o d. Gr a p hs of si m ul ati o ns f or t h e c at c h m e nt s V 0 7 B E L 2 8 5 0 7 0  
( b e st m o d el p erf or m a n c e) a n d V 0 7 M O G 2 8 8 0 2 0 ( w orst m o d el p erf or m a n c e) ar e pr e s e nt e d b el o w ( Fi g ur e 4 9  
t o Fi g ur e 5 3 ). F or m or e d et ail e d re s ult s o n t h e ot h er c at c h m e nt s  is r ef err e d t o A n n e x 9 . 

D e s pit e t h e f a ct t h at V 0 7 B E L 2 8 5 0 7 0  h as b e st m o d el p erf or m a n c e, t his l att er d o e s n’t r efl e ct w ell t h e l o w fl o w; 
it o v er e sti m at e s it. T h e gr a p hs f or all t h e t y p e s of c ali br at e d fl o w s ar e n ot c o nsi d er e d c o nti g u o us t o t h e 
g a u g e d fl o w s.  

H o w e v er, t h e c ali br at e d fl o w s f or V 0 7 M O G 2 8 8 0 2 0 ar e a bs ol ut el y cl o s e t o t h e g a u g e d o n e, w hi c h c a n b e 
e x pl ai n e d d u e t o t h e f a ct t h a t t h at is n’t s o m a n y a n d hi g h pi c k s i n t h e g a u g e d l o w fl o w of t his c at c h m e nt.  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  5 1  

 

R e m ar k s o n t h e d at a: F or  t h e g a u gi n g st ati o n 2 8 2 1 0 1 0 2 o n t h e M ol e n b e e k i n Er p e M er e (V 0 7 M O E 2 8 2 1 0 0 ), 
hi g h dis c h ar g e  v al u e s  ar e  u nr eli a bl e  a b o v e  5 m 3/s  fr o m 1 9 9 9  t o  2 0 0 3  a n d i n 2 0 0 5. Dis c h ar g e  d at a w as 
dis c ar d e d fr o m 2 7/ 1 0/ 2 0 0 9 u ntil 1 5/ 0 6/ 2 0 1 1 i n t h e WI S KI s eri es. C o ns e q u e ntl y, t h e c ali br ati o n p eri o d w as 
li mit e d t o 2 0 0 9. Y e ars 2 0 1 2 a n d 2 0 1 3 h a v e a l ot of missi n g d at a a n d i nt er p ol at e d v al u e s a n d s h o w a n u n us u al 
hi g h -b as efl o w b e h a vi or. T h e y w er e t h er ef or e e x cl u d e d fr o m b ot h v ali d ati o n a n d c ali br ati o n.  

F or dis c h ar g e m e as ur e m e nt s i n G er a ar ds b er g e n ( V 0 7 M O G 2 8 8 0 2 0) , t h e y e ars aft er 2 0 0 9 h a v e b e e n d el et e d 
d u e t o t h e e xist e n c e of u nr eli a bl e m e as ur e d dis c h ar g e d at a a n d t h er ef or e t h e c ali br ati o n s eri e s st art s i n 2 0 0 7. 
I n  1 9 9 9,  hi g h  dis c h ar g e  v al u e s  w er e  e sti m at e d  ( a b o v e  2. 7  m 3/ s).  I n  2 0 0 0  a n d  2 0 0 1,  hi g h  v al u e s  w er e  
e sti m at e d wit h l o w er a c c ur a c y. Fr o m 2 0 0 0 t o 2 0 0 2, l o w fl o w s m e as ur e m e nts h a d t o b e c orr e ct e d b e c a us e 
t h e g a u g e di d n ot m e as ur e lo w l e v els a d e q u at el y.  

T h e dis c h ar g e d at a i n L e ssi n e s st art i n 1 5/ 0 1/ 2 0 0 8 f or c at c h m e nt W 0 7 D E N L E S 0 0 4 . C ali br ati o n t h er ef or e 
li mit e d t o 2 0 0 8-2 0 1 3. V ali d ati o n will h a p p e n i n O v er b o el a r e f or b ot h W 0 7 D E N L E S 0 0 4  a n d V 0 7 M A R 2 8 9 0 1 5 . 

T a bl e 1 7 – O v er vi e w of c ali br ati o n r es ults f or g a u g e d c at c h m e nts o n t h e D e n d er b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  
Ar e a  
( k m²) 

N S E  l o g N S E 
R el Err 
( %) 

C ali br ati o n 
p eri o d  

A p pr o x. di st a n c e t o r ai n 
g a u g e o v er c ali br ati o n 

p eri o d ( k m)  

2 8 5 1 0 1 0 2 - B ell e b e e k, E ss e n e  V 0 7 B E L 2 8 5 0 7 0  8 8 . 7 0. 6 9 7  0. 6 8 6  0. 5  2 0 0 1 -2 0 1 3  8 

2 8 9 7 0 1 0 2 - M ar k, Vi a n e  V 0 7 M A R 2 8 9 0 1 5  1 7 3, 9  0. 6 8 7  0. 5 3 4  -0. 1  2 0 0 1 -2 0 1 3  
< 2 0 0 3 : 1 2  

2 0 0 3 – 2 0 1 1  : 1 0 
> = 2 0 1 1 :  2 

2 8 2 1 0 1 0 2 - M ol e n b e e k, Er p e M er e  V 0 7 M O E 2 8 2 1 0 0  4 6. 4  0. 5 1 1  0. 7 0 9  -0. 5  1 9 9 7 -2 0 0 9  
< 2 0 0 4 :  1 0  
> = 2 0 0 4 : 5  

2 8 8 1 0 1 0 2 - M ol e n b e e k, 
G er a ar ds b er g e n  

V 0 7 M O G 2 8 8 0 2 0  2 3. 0 9 4  0. 5 4 5  0. 5 0 5  0. 4  1 9 9 7 -2 0 0 9  
< 2 0 0 9 :  3 

> = 2 0 0 9 : 1 5  

2 7 0 8 1 0 0 2 – D e n d er, L essi n es  W 0 7 D E N L E S 0 0 4  5 1 1. 8 4  0. 5 2  0. 5 3 8  -0. 1  2 0 0 8 -2 0 1 3  
Irrel e v a nt gi v e n t h e siz e of 

t h e b asi n ( m a x 1 6 k m) 

T a bl e 1 8 – O v er vi e w of v ali d ati o n r es ults f or g a u g e d c at c h m e nts o n t h e D e n d er b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  Ar e a ( k m²)  N S E  l o g N S E R el Err ( %)  V ali d ati o n p eri o d  

2 8 5 1 0 1 0 2 - B ell e b e e k, E ss e n e  V 0 7 B E L 2 8 5 0 7 0  8 8. 6 4 2  0. 5 9 4  0. 5 6 6  -6. 9  1 9 6 7 -2 0 1 3  

2 8 9 7 0 1 0 2 - M ar k, Vi a n e  V 0 7 M A R 2 8 9 0 1 5  1 7 3. 9  0. 6 9 4  0. 4 8 2  8. 4  1 9 7 7 -2 0 1 3  

2 8 2 1 0 1 0 2 - M ol e n b e e k, Er p e M er e  V 0 7 M O E 2 8 2 1 0 0  4 6. 3 6 7  0. 4 9 1  0. 6 7 1  4. 8  1 9 6 7 -2 0 1 3  

2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar ds b er g e n  V 0 7 M O G 2 8 8 0 2 0  2 3. 1  0. 5 2 5  0. 4 5  -8. 9  1 9 8 6 -2 0 1 3  

2 6 8 8 0 1 2 2 – D e n d er, O v er b o el ar e  W 0 7 D E N O V B 0 0 5  7 9 9. 2  0. 5 1 8  0. 5 3 7  -0. 8  2 0 0 1- 2 0 1 3  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

5 2  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

2 8 9 7 0 1 0 2 - M ar k , Vi a n e (V 0 7 B E L 2 8 5 0 7 0 ) 

 

Fi g ur e 4 9 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at ch m e nt V 0 7 B E L 2 8 5 0 7 0, 
st ati o n 2 8 5 1 0 1 0 2 - B ell e b e e k, E ss e n e ( 2 0 0 1- 2 0 1 3) 

 

Fi g ur e 5 0 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 0 7 B E L 2 8 5 0 7 0, 
st ati o n 2 8 5 1 0 1 0 2 - B ell e b e e k, E ss e n e   ( 2 0 0 1- 2 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  5 3  

 

 

Fi g ur e 5 1 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt V 0 7 B E L 2 8 5 0 7 0 , st ati o n 2 8 5 1 0 1 0 2 - B ell e b e e k, E ss e n e  

 

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

5 4  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar d s b er g e n (V 0 7 M O G 2 8 8 0 2 0 ) 

 

Fi g u r e 5 2 – M e a s ur e d ( r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 0 7 M O G 2 8 8 0 2 0,  
st ati o n 2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar ds b er g e n  ( 1 9 9 7 - 2 0 0 9) 

 

Fi g ur e 5 3 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m u l ati v e dis c h ar g e [ m³] o n V 0 7 M O G 2 8 8 0 2 0, 
st ati o n 2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar ds b er g e n  ( 1 9 9 7- 2 0 0 9) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  5 5  

 

 

 

 

Fi g ur e 5 4 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n V 0 7 M O G 2 8 8 0 2 0, st ati o n 2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar ds b er g e n  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

5 6  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

6. 1 0  Dijl e a n d Z e n n e  

6. 1 0. 1  C o nt e xt  

T h e Dijl e  b asi n str et c h e s o v er Fl a n d ers ( 5 5 %) a n d W all o ni a ( 4 5 %) a n d h as a n ar e a  of a b o ut 1 2 9 0 k m². T h e 
Z e n n e b asi n ( c a. 1 1 6 0 k m²) s pr e a ds a cr o ss W all o ni a ( 5 0 %), Br uss els ( 1 4 %) a n d Fl a n d ers ( 3 6 %). I n t ot al, t h e 
Dijl e a n d Z e n n e b asi n  a c c o u nt s f or 1 1 % of t h e t ot al ar e a of t h e S c h el dt b asi n. 

C at c h m e nt s a n d g a u gi n g st ati o ns ar e r e pr e s e nt e d at Fi g ur e 5 5 . Fi v e st ati o ns ar e l o c at e d o n t h e Z e n n e o n it s 
tri b ut ari e s b ef or e t h e c o nfl u e n c e wit h t h e Dijl e, m e as uri n g dis c h ar g e f or 4 3 % of t h e Z e n n e c at c h m e nt. T h e 
dis c h ar g e of t h e Dijl e is m e as ur e d b y o n e st ati o n i n Wils el e ( 6 7 % of t h e c at c h m e nt s urf a c e ar e a is g a u g e d).  

 

Fi g ur e 5 5 – S u b c at c h m e nt s a n d m e a s ur e m e n t p oi nts o n t h e Dijl e a n d Z e n n e c at c h m e nt  

6. 1 0. 2  M o d el p erf or m a n c e  

T a bl e 1 9  a n d T a bl e 2 0  pr e s e nt g e n er al p erf or m a n c e st atisti c s f or t h e g a u g e d c at c h m e nt s of t h e Dijl e a n d t h e 
Z e n n e  b asi ns  f or  t h e  c ali br ati o n  a n d  v ali d ati o n  p eri o d.  Gr a p hs  of  si m ul ati o ns  f or  t h e  c at c h m e nts  
V 0 8 B A R 1 1 1 3 7 0  ( b e st m o d el p erf or m a n c e) a n d W 0 8 S E N R O N 0 1 0  ( w orst m o d el p erf or m a n c e) ar e pr e s e nt e d 
b el o w ( Fi g ur e 5 6  t o Fi g ur e 6 1 ). F or m or e d et ail e d r e s ult s o n t h e ot h er c at c h m e nts, s e e A n n e x 1 0 . 

B e si d e s t h e m e di c or e v al u e s of t h e e v al u ati o n p ar a m et ers o bt ai n e d aft er t h e c ali br ati o n of t h e c at c h m e nt 
W 0 8 S E N R O N 0 1 0 , it is cr u ci al t h at t his m o d el is c o nsi d er e d  t h e w orst o n e i n t his b asi n. 

N ot o nl y t h e b as e fl o w i n t h e l o w fl o w s a n d tr a nsiti o n ar e o v er esti m at e d, b ut als o t h e m o d el u n d er e sti m at e 
t h e fl o w s i n all t h e ot h er p art s a n d it d o e s n’t g et t o t h e pi c k s  

W h e n it c o m es t o t h e c at c h m e nt V 0 8 B A R 1 1 1 3 7 0 , t h e si m ul ati o n d o es n’t all o w us t o vi e w t h e s h a p e of t h e 
fl o w gr a p h d uri n g t h e l o w fl o w p eri o d. B ut w h e n w e l o o k at t h e hi g h fl o w a n d t h e c u m ul ati v e fl o w, w e ca n 
d e d u ct t h at it is a m o d el t h at is w ell f u n cti o ni n g a n d g a v e us g o o d r e s ult s.  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  5 7  

 

R e m ar k s o n t h e d at a: T h e B ar e b e e k c at c h m e nt ( V 0 8 B A R 1 1 1 3 7 0)  o nl y h as m e as ur e d dis c h ar g e d at a fr o m 
0 2/ 0 1/ 1 9 9 7 t o 0 4/ 1 1/ 2 0 0 4. T his e ntir e p eri o d w as us e d f or c ali br ati o n.  T h e c at c h m e nt W 0 8 S A M R O N 0 0 0  
d o e s n ot h a v e d at a aft er 2 0 1 0. A 1 3 -y e ar c ali br ati o n p eri o d w as t h er ef or e s el e ct e d fr o m  1 9 9 8 t o 2 0 1 0.  

F or V 0 8 Z U U 2 3 3 1 0 0 , m o st of  dis c h ar g e r e c or ds w er e e sti m at e d or s us p e ct fr o m A u g ust 2 0 0 5 t o M a y 2 0 0 6. It 
is s us p e ct i n t h e s u m m er of 1 9 9 4 a n d 2 0 0 8 as w ell as 2 0 0 9 (J u n e t o N o v e m b er). M e as ur e d fl o w is als o 
s us pi ci o usl y c o nst a nt i n t h e s pri n g o f 2 0 0 3 wit h a l ot of r e p e at e d r e c or ds fr o m A pril t o D e c e m b er 2 0 0 3. T his 
p eri o d s e e m s t h er ef or e l e ss tr ust w ort h y.  

Dis c h ar g e of t h e Dijl e ( V 0 8 DIJ 0 9 3 4 0 0 ) is m e as ur e d b y a V M M st ati o n i n Wils el e, w h er e m e as ur e m e nts ar e 
k n o w n t o b e dist ur b e d b y pl a nt gr o wt h. C o rr e cti o ns w er e m a d e b y t h e V M M t o a c c o u nt f or t his eff e ct b ut 
wit h li mit e d a c c ur a c y. D at a q u alit y is p o or or s us p e ct o n m o st y e ars u ntil 2 0 1 3. T h er ef or e, t h e r ai nf all a n d 
p ot e nti al e v a p otr a ns pir ati o n ti m e s eri e s w er e e x c e pti o n all y e xt e n d e d i n or d er t o h a v e t w o y e ars a n d a h alf 
of r eli a bl e d at a ( 2 0 1 3 -mi d 2 0 1 5).  

T a bl e 1 9 – O v er vi e w of c ali br ati o n r es ults f or g a u g e d c at c h m e nts o n t h e Dijl e a n d Z e n n e b a si ns  

G a u gi n g st ati o n  C at c h m e nt c o d e  
Ar e a 

( k m²) 
N S E  l o g N S E 

R el Err 

( %) 

C ali br ati o n 

p eri o d  

A p pr o x. di st a n c e t o 

r ai n g a u g e o v er 

c ali br ati o n p eri o d ( k m)  

1 1 1 1 0 1 0 2 -B ar e b e e k, H ofst a d e 

( El e wijt) 
V 0 8 B A R 1 1 1 3 7 0  7 0. 0  0. 7 4 1  0. 7 5 5  1. 1  1 9 9 7 -2 0 0 4  7 

9 3 1 0 1 0 2 - Dijl e, Wils el e  V 0 8 DIJ 0 9 3 4 0 0  8 6 1, 4  0. 6 0 5  0. 1 3 7  1. 2  2 0 1 3 -2 0 1 5  
Irr el e v a nt gi v e n t h e siz e 

of t h e b asi n ( m a x 1 2) 

2 3 3 1 0 1 0 2 - Z u u n b e e k,  

St Pi et ersl e e u w  
V 0 8 Z U U 2 3 3 1 0 0  6 4, 8  0. 6 0 3  0. 4 9 2  2 2. 3  2 0 0 1 -2 0 1 3  

< 2 0 0 7 : 1 2  

2 0 0 7 - 2 0 0 9 : 1 0  

> 2 0 0 9 : 1 0  

2 3 7 1 -1 0 0 5 0 S a m m e, R o n q ui er es  W 0 8 S A M R O N 0 0 0  1 3 4, 0  0. 6 9 3  0. 7 7 3  0. 4  1 9 9 8 -2 0 1 0  

< 2 0 0 8 : 4  

2 0 0 8 - 2 0 1 0 : 8  

> 2 0 1 0 : 5  

L 5 6 7 0 - Se n ett e, R o n q ui er es  W 0 8 S E N R O N 0 1 0  7 0, 4  0. 5 6 6  0. 3 6 1  -6. 7  2 0 0 1 -2 0 1 3  

< 2 0 0 2 : 2  

2 0 0 2 -2 0 0 6 : 8  

> 2 0 0 6 : 1 1  

1 9 5 1 -1 0 0 5 0 Z e n n e, T u biz e  W 0 8 S E N T U B 0 3 0  2 1 5, 9  0. 6 7 1  0. 6 2 1  -0. 3  2 0 0 1 -2 0 1 3  6 

T a bl e 2 0 – O v er vi e w of v ali d ati o n r es ults f or g a u g e d c at c h m e nts o n t h e Dijl e a n d Z e n n e b a si n s  

G a u gi n g st ati o n  C at c h m e nt c o d e  Ar e a ( k m²)  N S E  l o g N S E R el Err ( %)  V ali d ati o n p eri o d  

1 1 1 1 0 1 0 2 -B ar e b e e k, H ofst a d e  V 0 8 B A R 1 1 1 3 7 0  7 0. 0 8  0. 6 9 5  -0. 1 9 1  0. 0 1 4  1 9 6 7 -2 0 1 3  

9 3 1 0 1 0 2 - Dijl e, Wils el e  V 0 8 DIJ 0 9 3 4 0 0  8 6 1, 4  0. 5 9 5  0. 7 3 7  - 2. 6 1 9 7 4 -2 0 1 3  

2 3 3 1 0 1 0 2 - Z u u n b e e k, St Pi et ersl e e u w  V 0 8 Z U U 2 3 3 1 0 0  6 4, 8  0. 5 8 6  0. 4 8  2 9. 8  1 9 8 5 -2 0 1 3  

2 3 7 1 -1 0 0 5 0 S a m m e, R o n q ui er es  W 0 8 S A M R O N 0 0 0  1 3 4. 0 9 7  0. 7 1  0. 6 5  -0. 0 9 2  1 9 6 7 -2 0 1 3  

L 5 6 7 0 -S e n ett e, R o n q ui er es  W 0 8 S E N R O N 0 1 0  7 0, 4  0. 5 1 2  0. 3 7 6  -1 5. 6  1 9 7 7 -2 0 1 3  

1 9 5 1 -1 0 0 5 0 Z e n n e, T u biz e  W 0 8 S E N T U B 0 3 0  2 1 5. 9 1 1  0. 6 5 2  0. 6 1 2  -3. 5  1 9 6 7 -2 0 1 3  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

5 8  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

1 1 1 1 0 1 0 2 -B ar e b e e k, H of st a d e ( El e wijt) (V 0 8 B A R 1 1 1 3 7 0 ) 

 

Fi g ur e 5 6 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 0 8 B A R 1 1 1 3 7 0, 
st ati o n 1 1 1 1 0 1 0 2- B ar e b e e k, H of st a d e ( El e wijt) ( 2 0 0 1- 2 0 1 3) 

 

Fi g ur e 5 7 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 0 8 B A R 1 1 1 3 7 0, 
st ati o n 1 1 1 1 0 1 0 2- B ar e b e e k, H of st a d e ( El e wijt) ( 2 0 0 1- 2 0 1 3) 

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  5 9  

 

 

Fi g ur e 5 8 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt V 0 8 B A R 1 1 1 3 7 0 , st ati o n 1 1 1 1 0 1 0 2- B ar e b e e k, H of st a d e ( El e wijt)  

 

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

6 0  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

L 5 6 7 0 -S e n ett e, R o n q ui er es (W 0 8 S E N R O N 0 1 0 ) 

 

Fi g ur e 5 9 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt W 0 8 S E N R O N 0 1 0, 
st ati o n  L 5 6 7 0 -S e n ett e, R o n q ui er es  ( 2 0 0 1- 2 0 1 3) 

 

Fi g ur e 6 0 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e  [ m³] o n c at c h m e nt  W 0 8 S E N R O N 0 1 0, 
st ati o n  L 5 6 7 0 -S e n ett e, R o n q ui er es  ( 2 0 0 1- 2 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  6 1  

 

 

Fi g ur e 6 1 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt W 0 8 S E N R O N 0 1 0, st ati o n  L 5 6 7 0 -S e n et t e, R o n q ui er es 

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

6 2  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

6. 1 1  D e m er b e k k e n  

6. 1 1. 1  C o nt e xt  

T h e D e m er b asi n h as a n ar e a of  2 3 3 4 k m². Fr o m t h at, 1 9 1 9 k m² is l o c at e d i n Fl a n d ers, t h e r est b ei n g i n 
W all o ni a. It c o ntri b ut e s f or 1 0 % of t h e t ot al s urf a c e ar e a of t h e S c h el dt b asi n. T h e n a vi g a bl e ri v ers i n t his 
c at c h m e nt  ar e t h e D e m er a n d t h e Al b ert c a n al.  

Wit h 1 0 g a u gi n g st ati o ns, 8 0, 3 % of t h e c at c h m e nt s i n t h e D e m er is g a u g e d. T h e s e st ati o ns ar e list e d i n 
R e m ar k s o n t h e d at a: S o m e c at c h m e nt s ar e c ali br at e d f or a diff er e nt p eri o d t h a n us u al ( 2 0 0 1 -2 0 1 3).  

Y e ars 2 0 1 1 -2 0 1 3 h a v e b e e n d el et e d fr o m t h e si m ul ati o n of t h e c at c h m e nt V 0 9 D E M 1 3 6 0 0 0 d u e u nr eli a b l e 
( s us pi ci o usl y hi g h) m e as ur e d b as e fl o w.  

T h e c at c h m e nt V 0 9 L O S 1 4 3 3 0 0  h as p orti o ns of dis c h ar g e m e as ur e m e nt s wit h m o d er at e t o p o or q u alit y, or  
missi n g v al u e s fr o m A u g ust 2 0 1 0, r e s ulti n g i n t h e y e ars 1 9 9 7 -2 0 1 0 b ei n g us e d f or c ali br ati o n. N ot e t h at d at a 
i n 2 0 0 1 a n d b ef or e is u n c h e c k e d a n d t h er ef or e m or e u n c ert ai n.  

T h e c at c h m e nt V 0 9 M A N 1 6 1 0 4 0  d o e s n ot h a v e d at a a v ail a bl e fr o m t h e b e gi n ni n g of 2 0 1 1 a n d b et w e e n 
1 1/ 0 5/ 2 0 0 3 -3 1/ 1 2/ 2 0 0 4, s o t h e c ali br ati o n p eri o d 1 9 9 8 -2 0 1 0 h as b e e n us e d.  

I n t h e c as e of t h e H er k i n K er mt/ S p al b e e k ( V 0 9 H E R 1 6 3 0 1 0 ), d at a is c h e c k e d fr o m 2 0 0 2 u ntil 2 0 1 6, wit h t h e 
e x c e pti o n of 2 0 1 0. T h e c ali br ati o n p eri o d is t h er ef or e c h o s e n fr o m 2 0 0 3 t o 2 0 1 3 i n or d er t o e ns ur e m a xi m u m 
r eli a bilit y d uri n g t h e c ali br ati o n. T h e y e ars b ef or e ar e us e d f or v ali d ati o n n e v ert h el e ss.  

T h er e is n o o bs er v e d dis c h ar g e d at a f or V 0 9 M O T 1 4 4 2 7 0  aft er 2 0 1 0. Hi g h dis c h ar g e v al u e s ar e esti m ati o ns 
a b o v e 3 m 3 / s fr o m 2 00 0 t o 2 0 0 1 i n cl u d e d. M e as ur e m e nt s st art t o b e u nst a bl e i n 2 0 0 8 a n d it is u n c h e c k e d 
b ef or e 1 9 9 7, s o t h e p eri o d c h o s e n f or c ali br ati o n is 1 9 9 7 -2 0 0 7. V ali d ati o n c a n b e p erf or m e d usi n g t h e st ati o n 
l o c at e d i n Ti elt, sli g htl y u pstr e a m ( st ati o n L 0 9 _ 1 4 A wit h a s urf a c e ar e a of a p pr o xi m ati v el y 2 6. 6 k m2 ).  

I n r ef er e n c e t o t h e c at c h m e nt V 0 9 Z W A 1 4 8 1 2 0 , t h er e is n o dis c h ar g e d at a in L u m m e n ( Z w art e b e e k) b et w e e n 
1 9 9 7 a n d 2 0 0 1. M or e o v er v al u e s ar e missi n g or s us p e ct  fr o m  2 0 0 8 o n. T h er ef or e, c ali br ati o n p eri o d is 
s el e ct e d b et w e e n 2 0 0 1 a n d 2 0 0 8 t o e ns ur e c o nti n u o us r eli a bl e o bs er v ati o ns. N ot e t h at t h er e is u n c ert ai nt y 
ass o ci at e d wit h a c orr e cti o n f or t h e eff e ct of pl a nt gr o wt h o n o bs er v e d dis c h ar g e ( dis c h ar g e w as c orr e ct e d 
t o b e l o w er t h a n a ct u al m e as ur e m e nt s i n t h e s u m m er of 20 0 2 a n d 2 0 0 3).  

V 0 9 H U L 1 4 7 1 5 0 r ef ers  t o  t h e  b asi n  of  t h e  Z w art  W at er  ri v er,  g a u g e d  i n  M ol e nst e d e  ( L 0 9 _ 1 4 7).  D at a  i s 
c h e c k e d wit h g o o d q u alit y si n c e 2 0 0 2. N ot e t h at t h e s e c o n d h alf of 2 0 0 7 is e sti m at e d.  

F or t h e Z w art e b e e k dis c h ar g e i n L u m m e n ( V 0 9 Z W A 1 4 8 1 2 0 ), v al u e s ar e s us p e ct f or m ost of 2 0 1 1 a n d l ess 
t h a n g o o d q u alit y st arti n g A pril 2 0 1 2. T h er ef or e t h e c ali br ati o n p eri o d is li mit e d t o 2 0 0 1-2 0 0 8.  

T a bl e 2 1  a n d d e pi ct e d o n Fi g ur e 6 2 . 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  6 3  

 

 

Fi g ur e 6 2 – S u b c at c h m e nt s a n d m e a s ur e m e nt p oi nts i n t h e D e m er c at c h m e nt  

6. 1 1. 2  M o d el p erf or m a n c e  

R e m ar k s o n t h e d at a: S o m e c at c h m e nt s ar e c ali br at e d f or a diff er e nt p eri o d t h a n us u al ( 2 0 0 1 -2 0 1 3).  

Y e ars 2 0 1 1 -2 0 1 3 h a v e b e e n d el et e d fr o m t h e si m ul ati o n of t h e c at c h m e nt V 0 9 D E M 1 3 6 0 0 0 d u e u nr eli a bl e 
( s us pi ci o usl y hi g h) m e as ur e d b as e fl o w.  

T h e c at c h m e nt V 0 9 L O S 1 4 3 3 0 0  h as p orti o ns of dis c h ar g e m e as ur e m e nt s wit h m o d er at e t o p o or q u alit y, or 
missi n g v al u e s fr o m A u g ust 2 0 1 0, r e s ulti n g i n t h e y e ars 1 9 9 7-2 0 1 0 b ei n g us e d f or c ali br ati o n. N ot e t h at d at a 
i n 2 0 0 1 a n d b ef or e is u n c h e c k e d a n d t h er ef or e m or e u n c ert ai n. 

T h e c at c h m e nt V 0 9 M A N 1 6 1 0 4 0  d o e s n ot h a v e d at a a v ail a bl e fr o m t h e b e gi n ni n g of 2 0 1 1 a n d b et w e e n 
1 1/ 0 5/ 2 0 0 3 -3 1/ 1 2/ 2 0 0 4, s o t h e c al i br ati o n p eri o d 1 9 9 8-2 0 1 0 h as b e e n us e d.  

I n t h e c as e of t h e H er k i n K er mt/ S p al b e e k (V 0 9 H E R 1 6 3 0 1 0 ), d at a is c h e c k e d fr o m 2 0 0 2 u ntil 2 0 1 6, wit h t h e 
e x c e pti o n of 2 0 1 0. T h e c ali br ati o n p eri o d is t h er ef or e c h o s e n fr o m 2 0 0 3 t o 2 0 1 3 i n or d er t o e ns ur e m a xi m u m 
r eli a bilit y d uri n g t h e c ali br ati o n. T h e y e ars b ef or e ar e us e d f or v ali d ati o n n e v ert h el e ss. 

T h er e is n o o bs er v e d dis c h ar g e d at a f or V 0 9 M O T 1 4 4 2 7 0  aft er 2 0 1 0. Hi g h dis c h ar g e v al u e s ar e esti m ati o ns 
a b o v e 3 m 3 / s fr o m 2 0 0 0 t o 2 0 0 1 i n cl u d e d. M e as ur e m e nt s st art t o b e u nst a bl e i n 2 0 0 8 a n d it is u n c h e c k e d  
b ef or e 1 9 9 7, s o t h e p eri o d c h o s e n f or c ali br ati o n is 1 9 9 7 -2 0 0 7. V ali d ati o n c a n b e p erf or m e d usi n g t h e st ati o n 
l o c at e d i n Ti elt, sli g htl y u pstr e a m ( st ati o n L 0 9 _ 1 4 A wit h a s urf a c e ar e a of a p pr o xi m ati v el y 2 6. 6 k m2 ).  

I n r ef er e n c e t o t h e c at c h m e nt V 0 9 Z W A 1 4 8 1 2 0 , t h er e is n o dis c h ar g e d at a i n L u m m e n ( Z w art e b e e k) b et w e e n 
1 9 9 7 a n d 2 0 0 1. M or e o v er v al u e s ar e missi n g or s us p e ct  fr o m  2 0 0 8 o n. T h er ef or e, c ali br ati o n p eri o d is 
s el e ct e d b et w e e n 2 0 0 1 a n d 2 0 0 8 t o e ns ur e c o nti n u o us r eli a bl e o bs er v ati o ns. N ot e t h at t h er e is u n c ert ai nt y 
ass o ci at e d wit h a c orr e cti o n f or t h e eff e ct of pl a nt gr o wt h o n o bs er v e d dis c h ar g e ( dis c h ar g e w as c orr e ct e d 
t o b e l o w er t h a n a ct u al m e as ur e m e nt s i n t h e s u m m er of 2 0 0 2 a n d 2 0 0 3).  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

6 4  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

V 0 9 H U L 1 4 7 1 5 0 r ef ers  t o  t h e  basi n  of  t h e  Z w art  W at er  ri v er,  g a u g e d  i n  M ol e nst e d e  ( L 0 9 _ 1 4 7).  D at a  is 
c h e c k e d wit h g o o d q u alit y si n c e 2 0 0 2. N ot e t h at t h e s e c o n d h alf of 2 0 0 7 is e sti m at e d.  

F or t h e Z w art e b e e k dis c h ar g e i n L u m m e n ( V 0 9 Z W A 1 4 8 1 2 0 ), v al u e s ar e s us p e ct f or m ost of 2 0 1 1 a n d l ess 
t h a n g o o d q u alit y st arti n g A pril 2 0 1 2. T h er ef or e t h e c ali br ati o n p eri o d is li mit e d t o 2 0 0 1-2 0 0 8.  

T a bl e 2 1  a n d T a bl e 2 2  pr es e nt g e n er al p erf or m a n c e st atisti c s f or t h e g a u g e d c at c h m e nt s of t h e D e m er b asi n 
f or t h e c ali br ati o n a n d v ali d ati o n p eri o d. Gr a p hs of t h e c at c h me nt s wit h c o d e V 0 9 V E L 1 4 5 1 0 0  ( b e st m o d el 
p erf or m a n c e) a n d V 0 9 L O S 1 4 3 3 0 0 (w orst m o d el p erf or m a n c e) ar e pr e s e nt e d b el o w ( Fi g ur e 6 3  t o Fi g ur e 6 8). 
F or m or e d et ail e d r es ult s o n t h e ot h er c at c h m e nts, s e e A n n e x  1 1 . 

Asi d e  fr o m V 0 9 H U L 1 4 7 1 5 0  a n d  V 0 9 L O S 1 4 3 3 0 0 ,  t h e  c at c h m e nt s  i n  t his  b asi n  s h o w e d  g o o d  e v al u ati o n  
p ar a m et ers of t h e m o d el, d e s pit e t h e f a ct of t h e dis pr o p orti o n alit y of t h e ar e as of t h es e c at c h m e nt s fr o m 
o n e t o a n ot h er.  

W h e n t h e l o w fl o w s ar e w ell si m ul a t e d f or V 0 9 V E L 1 4 5 1 0 0 , t h e si m ul at e d fl o w s d uri n g t h e tr a nsiti o n a n d t h e 
hi g h fl o w s p eri o d ar e o v er esti m at e d c o m p ari n g t o t h e g a u g e d o n e s.  

W h e n it c o m e s t o V 0 9 L O S 1 4 3 3 0 0 , t h e si m ul at e d c u m ul ati v e t ot al fl o w is q uit e hi g h er t h a n t h e g a u g e d o n e 
fr o m 1 9 9 8 t o 2 01 0. T his r efl e ct s t h e p o or p erf or m a n c e of t h e m o d el si n c e it o v er esti m at e s t h e b as e fl o w a n d 
it c a n b e e x pli citl y vi e w e d d uri n g 1 9 9 9. 

R e m ar k s o n t h e d at a: S o m e c at c h m e nt s ar e c ali br at e d f or a diff er e nt p eri o d t h a n us u al ( 2 0 0 1 -2 0 1 3).  

Y e ars 2 0 1 1 -2 0 1 3 h a v e b e e n d el et e d fr o m t h e si m ul ati o n of t h e c at c h m e nt V 0 9 D E M 1 3 6 0 0 0 d u e u nr eli a bl e 
( s us pi ci o usl y hi g h) m e as ur e d b as e fl o w.  

T h e c at c h m e nt V 0 9 L O S 1 4 3 3 0 0  h as p orti o ns of dis c h ar g e m e as ur e m e nt s wit h m o d er at e t o p o or q u alit y, or 
missi n g v al u e s fr o m A u g ust 2 0 1 0, r e s ul ti n g i n t h e y e ars 1 9 9 7-2 0 1 0 b ei n g us e d f or c ali br ati o n. N ot e t h at d at a 
i n 2 0 0 1 a n d b ef or e is u n c h e c k e d a n d t h er ef or e m or e u n c ert ai n. 

T h e c at c h m e nt V 0 9 M A N 1 6 1 0 4 0  d o e s n ot h a v e d at a a v ail a bl e fr o m t h e b e gi n ni n g of 2 0 1 1 a n d b et w e e n 
1 1/ 0 5/ 2 0 0 3 -3 1/ 1 2/ 2 0 0 4, s o t h e c ali br ati o n p eri o d 1 9 9 8 -2 0 1 0 h as b e e n us e d.  

I n t h e c as e of t h e H er k i n K er mt/ S p al b e e k (V 0 9 H E R 1 6 3 0 1 0 ), d at a is c h e c k e d fr o m 2 0 0 2 u ntil 2 0 1 6, wit h t h e 
e x c e pti o n of 2 0 1 0. T h e c ali br ati o n p eri o d is t h er ef or e c h o s e n fr o m 2 0 0 3 t o 2 0 1 3 i n or d er t o e ns ur e m a xi m u m 
r eli a bilit y d uri n g t h e c ali br ati o n. T h e y e ars b ef or e ar e us e d f or v ali d ati o n n e v ert h el e ss.  

T h er e is n o o bs er v e d dis c h ar g e d at a f or V 0 9 M O T 1 4 4 2 7 0  aft er 2 0 1 0. Hi g h dis c h ar g e v al u e s ar e esti m ati o ns 
a b o v e 3 m 3 / s fr o m 2 0 0 0 t o 2 0 0 1 i n cl u d e d. M e as ur e m e nt s st art  t o b e u nst a bl e i n 2 0 0 8 a n d it is u n c h e c k e d 
b ef or e 1 9 9 7, s o t h e p eri o d c h o s e n f or c ali br ati o n is 1 9 9 7 -2 0 0 7. V ali d ati o n c a n b e p erf or m e d usi n g t h e st ati o n 
lo c at e d i n Ti elt, sli g htl y u pstr e a m ( st ati o n L 0 9 _ 1 4 A wit h a s urf a c e ar e a of a p pr o xi m ati v el y 2 6. 6 k m 2 ).  

I n r ef er e n c e t o t h e c at c h m e nt V 0 9 Z W A 1 4 8 1 2 0 , t h er e is n o dis c h ar g e d at a i n L u m m e n ( Z w art e b e e k) b et w e e n 
1 9 9 7 a n d 2 0 0 1. M or e o v er v al u e s ar e missi n g or s us p e ct  fr o m  2 0 0 8 o n. T h er ef or e, c ali br ati o n p eri o d is 
s el e ct e d b et w e e n 2 0 0 1 a n d 2 0 0 8 t o e ns ur e c o nti n u o us  r eli a bl e o bs er v ati o ns. N ot e t h at t h er e is u n c ert ai nt y 
ass o ci at e d wit h a c orr e cti o n f or t h e eff e ct of pl a nt gr o wt h o n o bs er v e d dis c h ar g e ( dis c h ar g e w as c or r e ct e d 
t o b e l o w er t h a n a ct u al m e as ur e m e nt s i n t h e s u m m er of 2 0 0 2 a n d 2 0 0 3).  

V 0 9 H U L 1 4 7 1 5 0 r ef ers  t o  t h e  b asi n  of  t h e  Z w art  W at er  ri v er,  g a u g e d  i n  M ol e nst e d e  ( L 0 9 _ 1 4 7).  D at a  is  
c h e c k e d wit h g o o d q u alit y si n c e 2 0 0 2. N ot e t h at t h e s e c o n d h alf of 2 0 0 7 is e sti m at e d.  

F or t h e Z w art e b e e k dis c h ar g e i n L u m m e n ( V 0 9 Z W A 1 4 8 1 2 0 ), v al u e s ar e s us p e ct f or m ost of 2 0 1 1 a n d l ess 
t h a n g o o d q u alit y st arti n g A pril 2 0 1 2. T h er ef or e t h e c ali br ati o n p eri o d is li mit e d t o 2 0 0 1 -2 0 0 8.  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  6 5  

 

T a bl e 2 1 – O v er vi e w of c ali br ati o n r es ults f or g a u g e d c at c h m e nts o n t h e D e m er b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  
Ar e a  
( k m²) 

N S E  l o g N S E 
R el Err 
( %) 

C ali br ati o n  
p eri o d  

A p pr o x. di st a n c e t o r ai n 
g a u g e o v er c ali br ati o n 

p eri o d ( k m)  

1 3 6 1 0 1 0 2 - D e m er; H ass elt  V 0 9 D E M 1 3 6 0 0 0  2 5 5, 8  0. 7 1 9  0. 6 6 2  -0. 2  1 9 9 8 -2 0 1 0  6 

1 5 2 1 0 1 0 2 - G et e; H al e n  V 0 9 G E T 1 5 2 0 8 0  8 0 0. 3 9 5  0. 7 1 3  0. 6 2 7  -0. 6  2 0 0 1 -2 0 1 3  

Irr el e v a nt gi v e n t h e siz e 
of t h e c at c h m e nt  

( m a x 1 0) 

1 6 3 1 0 1 0 2 - H er k, K er mt  
( S p al b e e k) 

V 0 9 H E R 1 6 3 0 1 0  2 7 4. 6 0 2  0. 6 0 7  0. 5 4 7  -1. 2  2 0 0 3 -2 0 1 2  1 2  

1 4 7 1 0 1 0 2 - Z w art W at er  
( affl u e nt of D e H ul p e); 

M ol e nst e d e  

V 0 9 H U L 1 4 7 1 5 0  8 0. 1 3  0. 4 0 3  0. 0 1 7  -1. 6  2 0 0 1 -2 0 1 3  7 

1 4 3 1 0 1 0 2 - Gr ot e L ost i n g; 
W ez e m a al  

V 0 9 L O S 1 4 3 3 0 0  1 5. 1 7 6  0. 2 5  0. 2 4 3  1 8. 8  1 9 9 7 -2 0 1 0  
< 2 0 0 0 : 8  
> = 2 0 0 0 : 4  

1 6 1 1 0 1 0 2 - M a n g el b e e k; 
L u m m e n  

V 0 9 M A N 1 6 1 0 4 0  1 0 3. 0 8 1  0. 6 6 6  0. 6 1 5  -0. 2  1 9 9 8 -2 0 1 0  1 0  

1 4 4 1 0 1 0 2 - M ott e; Rill a ar  V 0 9 M O T 1 4 4 2 7 0  3 3. 5 9  0. 6 4 7  0. 5 0 9  3 1 9 9 5 -2 0 0 7  5 

1 4 5 1 0 1 0 2 - V el p; R a ns b er g  V 0 9 V E L 1 4 5 1 0 0  9 6. 8 0 1  0. 7 2 5  0. 6 5 7  0. 5  2 0 0 1 -2 0 1 3  7 

1 4 1 - R ots el a ar ; Wi n g e  V 0 9 WI N 1 4 1 3 1 0  6 4. 7 3 9  0. 6 7 5  0. 5 8  1 2 0 0 1 -2 0 1 3  
< 2 0 0 1 : 1 0  
> = 2 0 0 1 : 2  

1 4 8 1 0 1 0 2 - Z w art e B e e k; 
L u m m e n  

V 0 9 Z W A 1 4 8 1 2 0  9 6. 5 1 5  0. 6 3 7  0. 4 8  3. 2  2 0 0 1 -2 0 0 8  3 

 

T a bl e 2 2 – O v er vi e w of v ali d ati o n r es ults f or g a u g e d c at c h m e nts o n t h e D e m er b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  Ar e a  ( k m²) N S E  l o g N S E R el Err ( %)  V ali d ati o n p eri o d  

1 3 6 1 0 1 0 2 - D e m er; H ass elt  V 0 9 D E M 1 3 6 0 0 0  2 5 5. 8 8 2  0. 6 5 4  0. 5 5  -1. 3  1 9 6 7- 2 0 1 3  

1 5 2 1 0 1 0 2 - G et e; H a l e n V 0 9 G E T 1 5 2 0 8 0  8 0 0, 4  0. 6 6 1  0. 5 8  6. 3  1 9 6 9 -2 0 1 2  

1 6 3 1 0 1 0 2 - H er k, K er mt  V 0 9 H E R 1 6 3 0 1 0  2 7 4, 6  0. 5 9 4  0. 4 9 8  1 0  1 9 7 7 -2 0 1 3  

1 4 7 1 0 1 0 2 - D e H ul p e; M ol e nst e d e  V 0 9 H U L 1 4 7 1 5 0  8 0, 1  0. 4 3 6  0. 1 0 1  1 0. 3  1 9 8 7 -2 0 1 3  

1 4 3 1 0 1 0 2 - Gr ot e L osti n g; W ez e m a al  V 0 9 L O S 1 4 3 3 0 0  1 5, 2  0. 2 6 5  0. 2 9 9  6. 7  1 9 8 7 -2 0 1 2  

1 6 1 1 0 1 0 2 - M a n g el b e e k; L u m m e n  V 0 9 M A N 1 6 1 0 4 0  1 0 3, 1  0. 6 6 9  0. 5 6 9  0. 7  1 9 8 4 -2 0 0 9  

1 4 A - M ott e; Ti elt  V 0 9 M O T 1 4 A 1 0 0  3 3, 6  0. 5 2 5  0. 2 0 8  -1 3  2 0 0 9 -2 0 1 3  

1 4 5 1 0 1 0 2 - V el p; R a ns b er g  V 0 9 V E L 1 4 5 1 0 0  9 6. 8 0 1  0. 6 7 1  0. 5 9 4  0 1 9 6 7- 2 0 1 3  

1 4 1 - R ots el a ar ; Wi n g e  V 0 9 WI N 1 4 1 3 1 0  6 4, 7  0. 5 7 9  0. 5 8 5  3. 9  1 9 8 7 -2 0 1 3  

1 4 8 1 0 1 0 2 - Z w art e B e e k; L u m m e n  V 0 9 Z W A 1 4 8 1 2 0  9 6, 5  0. 5 4 5  0. 3 3 6  -9. 7  1 9 8 3 -2 0 1 3  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

6 6  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

1 4 5 1 0 1 0 2 - V el p; R a n s b er g (V 0 9 V E L 1 4 5 1 0 0 ) 

 

Fi g ur e 6 3 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] 
o n c at c h m e nt V 0 9 V E L 1 4 5 1 0 0, 1 4 5 1 0 1 0 2 - V el p; R a ns b er g  ( 1 9 9 7- 2 0 1 3) 

 

Fi g ur e 6 4 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m³]  
o n V 0 9 V E L 1 4 5 1 0 0, 1 4 5 1 0 1 0 2 - V el p; R a ns b er g  ( 1 9 9 7- 2 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  6 7  

 

 

Fi g ur e 6 5 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt V 0 9 V E L 1 4 5 1 0 0, 1 4 5 1 0 1 0 2 - V el p; R a ns b er g  

1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W e z e m a al (V 0 9 L O S 1 4 3 3 0 0 ) 

 

Fi g ur e 6 6 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e ) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, 
st ati o n 1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W ez e m a al  ( 2 0 0 1- 2 0 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

6 8  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

 

Fi g ur e 6 7 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, 
st ati o n 1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W ez e m a al  ( 2 0 0 1- 2 0 1 3) 

 

 

 

 

 

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  6 9  

 

 

 

 

Fi g ur e 6 8 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h a r g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts 
o n c at c h m e nt c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, st ati o n 1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W ez e m a al  

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

7 0  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

6. 1 2  N et e b e k k e n  

6. 1 2. 1  C o nt e xt  

T h e N et e c at c h m e nt r e a c h e s o v er  1 6 7 3 k m² a n d is l o c at e d i n N ort h -E ast  of  Fl a n d ers. It c a n b e di vi d e d i nt o 
t w o c at c h m e nt s c orr e s p o n di n g t o t h e m ai n ri v ers: Kl ei n e N et e a n d Gr ot e N et e. T h es e t wo ri v ers fl o w t o g et h er 
i n Li er, w h er e t h e y c oi n ci d e i n t h e  B e n e d e n -N et e . T his fl o w s t o g et h er wit h t h e Dijl e t o b e c o m e t h e R u p el. 
T h e N et e b asi n a c c o u nt s f or 8 % of t h e t ot al s urf a c e ar e a of t h e S c h el dt b asi n.  

T h er e ar e 5 g a u gi n g st ati o ns us e d f or c ali br ati o n of t h e r ai nf all -r u n off m o d els, c o v eri n g 6 3 % of t h e N et e 
c at c h m e nt s urf a c e ar e a.  

 

Fi g ur e 6 9 – S u b c at c h m e nts a n d m e a s ur e p oi nts f or t h e N et e b a si n  

6. 1 2. 2  M o d el p erf or m a n c e  

T a bl e 2 3  a n d T a bl e 2 4  pr e s e nt g e n er al p erf or m a n c e st atisti c s f or t h e g a u g e d c at c h m e nt s of t h e N et e b asi n. 
Gr a p hs  of  si m ul ati o ns  of  t h e  c at c h m e nt s  wit h  c o d e  V 1 0 K N E 0 5 2 0 0 0  ( b e st  m o d el  p erf or m a n c e) a n d 
V 1 0 M O P 0 6 2 1 4 0 ( w orst m o d el p erf or m a n c e) ar e pr es e nt e d b el o w (Fi g ur e 7 0  t o Fi g ur e 6 2 ). F or m or e d et ail e d 
r e s ult s o n t h e ot h er s u b c at c h m e nt s is r ef err e d t o A n n e x 1 2 . 

T h e m o d el p erf or m a n c e is s atisf a ct or y f or m o st of t h e c at c h m e nt s i n t h e N et e b asi n, wit h N S E a n d L o g N S E 
v al u e s a b o v e 0. 6 0 a n d R el ati v e err or v al u es l o w er t h a n ± 2 (i. e. V 1 0 K N E 0 5 2 0 0 0 , V 1 0 M O P 0 6 2 1 4 0 ). H o w e v er, 
it is n e c e ss ar y t o hi g hli g ht t h e diffi culti e s f o u n d i n s o m e of t h e c at c h m e nt s. It is k n o w n t h at wit hi n t his 
c at c h m e nt  s e v er al  w at er  c o urs e s  ar e  li a bl e  t o  a b u n d a nt  v e g et ati o n,  w hi c h  c a us e s  c h a n g e s  i n  t h e  q( h)  
r el ati o ns hi ps at t h e g a u gi n g st ati o n. T his l e a ds t o m or e u n c ert ai nti e s i n t h e g a u g e d di s c h ar g e s. Alt h o u g h t h e 
c at c h m e nt wit h c o d e V 1 0 G L A 0 8 6 0 2 0  pr e s e nt s g o o d st atisti c al r e s ult s f or t h e c ali br ati o n p eri o d ( T a bl e 2 3 ), 
t h er e is a t e n d en c y t o u n d er e sti m at e l o w fl o w s.  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  7 1  

 

F or t h e c at c h m e nt V 1 0 K N E 0 5 2 0 0 0 , e v e n t h o u g h t h e N S E a n d N S E _l o g  r e a c h e d v al u e s hi g h er t h a n 0. 7, w e 
f o u n d  t h e  c ali br at e d  m o d el  o v er e sti m ati n g  t h e  fl o w  b et w e e n  F e br u ar y  2 0 0 5  a n d  J ul y  2 0 0 5,  a n d  
u n d er e sti m ati n g it b et w e e n t h e p eri o d J ul y 2 0 0 5 a n d D e c e m b er 2 0 0 5.  

B ut w h e n it c o m e s t o V 1 0 G N E 0 7 6 9 9 9 , t h e l o w fl o w s ar e w ell si m ul at e d a n d s h o w g o o d c orr el a ti o n wit h t h e 
g a u g e d fl o w s.  

A l ot of d at a ar e missi n g d uri n g t h e c ali br ati o n p eri o d f or V 1 0 M O P 0 6 2 1 4 0 , w hi c h a ut o m ati c all y aff e cts t h e 
p erf or m a n c e of t his m o d el. T h e c ali br ati o n of t h e l o w fl o w p eri o d di d n’t t a k e pl a c e, n ot all o wi n g us t o 
e v al u at e h o w t his m o d el p erf or m. Als o, t h e si m ul at e d fl o w d uri n g t h e tr a nsiti o n p eri o d is v er y u nst a bl e d u e 
t o t h e dist ur b a n c e of t h e g a u g e d d at a. 

D at a r e m ar k s:  S o m e c at c h m e nt s ar e c ali br at e d f or diff er e nt p eri o ds as t h e n or m all y us e d ( 2 0 0 1 -2 0 1 3).  T h e 
g a u gi n g st ati o n 8 6 1 0 1 0 2 - Gr ot e L a a k i n V orst ( V 1 0 G L A 0 8 6 0 2 0)  d o e s n ot h a v e dis c h ar g e d at a fr o m 2 0 0 8 a n d 
d uri n g t h e y e ars 1 9 9 7 a n d 1 9 9 8, s o t h at t h e p eri o d s el e ct e d f or t h e c ali br ati o n of t his c at c h m e nt is s h ort er 
( 1 9 9 9-2 0 0 7). T h e c ali br ati o n p eri o d of  t h e c at c h m e nt V 1 0 G N E 0 7 6 9 9 9 is 2 0 0 3-2 0 1 3 si n c e t h er e is n ot d at a 
a v ail a bl e  i n  2 0 0 2.  T h e  c at c h m e nt  wit h  c o d e  V 1 0 M O P 0 6 2 1 4 0  d o e s  n ot  h a v e  d at a  fr o m  2 3/ 0 4/ 2 0 1 0  t o  
1 1/ 1 0/ 2 0 1 1  a n d  fr o m  0 1/ 0 1/ 2 0 0 4  t o  3 1/ 1 2/ 2 0 0 6.  R ai nf all  w as  r e c or d e d  i n  H o ut h ulst,  cl o s est  t o  t h e  
c at c h m e nt, st arti n g i n J u n e  2 0 0 8 o nl y. R ai nf all d at a b ef or e t h e n is t h er ef or e l e ss r eli a bl e. A c o nti n u o us p eri o d 
of  1 3  is  t h us  us e d  fr o m  1 9 9 1  t o  2 0 0 3.  A c c or di n g  t o  t h e  g a u gi n g  st ati o n  8 2 1 0 1 0 2  – Wi e k e v orst 
( V 1 0 WI M 0 8 2 0 5 0), t h e c ali br ati o n p eri o d o nl y l ast s until t h e y e ar 2 0 0 7 d u e t o u n a v ail a bilit y of dis c h ar g e d at a.  

T a bl e 2 3 – O v er vi e w of c ali br ati o n r es ults f or g a u g e d c at c h m e nts o n t h e N et e b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  
Ar e a 

( k m²) 
N S E  l o g N S E R el Err  

C ali br ati o n 

p eri o d  

A p pr o x. di st a n c e t o r ai n 

g a u g e o v er c ali br ati o n 

p eri o d ( k m)  

8 6 1 0 1 0 2 - Gr ot e L a a k, V orst  V 1 0 G L A 0 8 6 0 2 0  6 2, 6  0. 7 3 8  0. 6 5 6  -0. 4  1 9 9 9 -2 0 0 7  5 

7 6 1 0 1 0 2 Gr ot e N et e/ G e el Z a m m el  V 1 0 G N E 0 7 6 9 9 9  2 4 3, 5  0. 7 1 6 0. 6 8 3  - 2 2 0 0 3 -2 0 1 3  1 0  

5 2 1 0 1 0 2 - Kl ei n e N et e; 

Gr o b b e n d o n k  
V 1 0 K N E 0 5 2 0 0 0  5 8 4, 7  0. 7 5 6  0. 7 2  -0. 2  2 0 0 1 - 20 1 3  1 0 ( l ar g e b asi n) 

6 2 1 0 1 0 2 - M ol e n b e e k, P ull e  V 1 0 M O P 0 6 2 1 4 0  7 7, 3  0. 6 1 3  0. 6 5 8  1. 1  1 9 9 7 -2 0 1 3  

< 2 0 0 1 : 8  

> = 2 0 0 1 : 6  

2 0 1 0 : 1 2  

8 2 1 0 1 0 2 - Wi e k e v orst  V 1 0 WI M 0 8 2 0 5 0  6 5, 7  0. 6 2 5  0. 5 9 9  0. 6  1 9 9 5 -2 0 0 7  
< 2 0 0 8 :  8 

> = 2 0 0 8 :  2  

T a bl e 2 4 – O v er v i e w of v ali d ati o n r es ults f or g a u g e d c at c h m e nts o n t h e N et e b a si n 

G a u gi n g st ati o n  C at c h m e nt c o d e  Ar e a  ( k m²) N S E  l o g N S E R el Err  V ali d ati o n p eri o d  

8 6 1 0 1 0 2 - Gr ot e L a a k, V orst  V 1 0 G L A 0 8 6 0 2 0  6 2. 6 2 1  0. 5 7 5  0. 3 2 9  -1 6. 7  1 9 6 7 -2 0 1 3  

7 6 1 0 1 0 2 Gr ot e N et e/ G e el Z a m m el  V 1 0 G N E 0 7 6 9 9 9  3 5 9. 8 8 5  0. 6 8 4  0. 5 9 5  -4. 5  1 9 6 7 -2 0 1 3  

5 2 1 0 1 0 2 - Kl ei n e N et e; 

Gr o b b e n d o n k  
V 1 0 K N E 0 5 2 0 0 0  5 8 4. 6 6 9  0. 7 7 2  0. 6 9 8  -1. 4  1 9 6 7 -2 0 1 3  

6 2 1 0 1 0 2 - M ol e n b e e k, P ull e  V 1 0 M O P 0 6 2 1 4 0  7 7, 3  0. 6 4 7  0. 6 4 5  1 5. 7  1 9 8 7 -2 0 1 3  

8 2 1 0 1 0 2 – Wi e k e v orst  V 1 0 WI M 0 8 2 0 5 0  6 5, 7  0. 5 6 7  0. 5 2 9  1 3. 6  1 9 9 0 -2 0 0 7  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

7 2  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

5 2 1 0 1 0 2 - Kl ei n e N et e; Gr o b b e n d o n k ( V 1 0 K N E 0 5 2 0 0 0)  

 

Fi g ur e 7 0 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 1 0 K N E 0 5 2 0 0 0,  
st ati o n 5 2 1 0 1 0 2 - Kl ei n e N et e; Gr o b b e n d o n k ( 2 0 0 1 - 2 0 1 3) 

 

Fi g ur e 7 1 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 1 0 K N E 0 5 2 0 0 0,  
st ati o n 5 2 1 0 1 0 2 - Kl ei n e N et e; Gr o b b e n d o n k ( 2 0 0 1 - 2 0 1 3) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  7 3  

 

 

Fi g ur e 7 2 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  

 

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

7 4  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

6 2 1 0 1 0 2 - M ol e n b e e k, P ull e  (V 1 0 M O P 0 6 2 1 4 0 ) 

 

Fi g ur e 7 3 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] o n c at c h m e nt V 1 0 M O P 0 6 2 1 4 0,  
st ati o n 6 2 1 0 1 0 2 - M ol e n b e e k, P ul l e ( 2 0 0 3- 2 0 1 5) 

 

Fi g ur e 7 4 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m³] o n c at c h m e nt V 1 0 M O P 0 6 2 1 4 0,  
st ati o n 6 2 1 0 1 0 2 - M ol e n b e e k, P ull e  ( 2 0 0 3- 2 0 1 5) 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  7 5  

 

 

Fi g ur e 7 5 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m³/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt V 1 0 M O P 0 6 2 1 4 0, st ati o n 6 2 1 0 1 0 2 - M ol e n b e e k, P ull e  

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

7 6  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

6. 1 3  M a a s b e k k e n  

6. 1 3. 1  C o nt e xt  

T h e M e us e b asi n is t h e s e c o n d bi g g e st h y dr o gr a p hi c distri ct of B el gi u m ( a b o ut 2 0. 4 5 0 k m² i n Vis é). T h e M e us e 
ri v er h as it s s o ur c e i n Fr a n c e i n P o uill y-e n B assi g n y a n d e nt ers B el gi u m i n A gi m o nt. T h e g a u gi n g st ati o n of 
C h o o z, l o c at e d i n Fr a n c e, is t h e cl o s e st t o t h e W all o o n b or d er. T h e m ai n tri b ut ari e s of t h e W all o o n M e us e 
ar e t h e S a m br e ( a b o ut 2. 7 0 0 k m²),  m e eti n g t h e M e us e i n N a m ur, a n d t h e O urt h e ( a b o ut 3. 6 0 0 k m²) i n Li è g e. 

Fi g ur e 1  ( o n t h e n e xt p a g e) s h o w s a m a p of t h e M e us e b asi n i n W all o ni a, wit h a first s el e cti o n of fl o w 
m e as uri n g st ati o ns ( y ell o w d ot s) a n d t h eir c orr e s p o n di n g c at c h m e nts. T h e c at c h m e nt d eli n e ati o n w a s b as e d 
o n t h e GI S r e s o ur c e s of t h e W all o o n r e gi o n ( S P W). T h e s urf a c e ar e a c al c ul at e d b as e d o n t h e s e p ol y g o ns 
m at c h e s cl o s el y t h e d at a p u blis h e d b y S P W o n t h e “I nf o cr u e ” w e bsit e f or e a c h c at c h m e nt ( w h e n a v ail a bl e).  

S e v e n st ati o ns w er e us e d t o c ali br at e t h e   diff er e nt tri b ut ari e s ( T a bl e 1 ). C h o o z st ati o n (l o c at e d i n Fr a n c e) is 
c o nsi d er e d t o m e as ur e t h e e nt eri n g fl o w of t h e M e us e at t h e Fr e n c h b or d er, w hi l e S olr e st ati o n is r e c or di n g 
t h e e nt eri n g fl o w f or t h e S a m br e.  

T h e st ati o n i n Pr of o n d e vill e o nl y pr o vi d e s w at er l e v el m e as ur e m e nt s a n d will b e us e d as c o ntr ol. T h e st ati o n 
i n A m a y will als o b e us e d as d o w nstr e a m c o ntr ol. A si m ul at e d ti m e s eri e s f or A m a y c a n b e  c o nstr u ct e d, 
a g gr e g ati n g  t o g et h er  all  si m ul ati o n  r e s ult s  fr o m  t h e  5  c at c h m e nt s  u pstr e a m  A m a y  (' F 1 1 M A A 8 7 0 2',  
' W 1 1 S A M 7 3 1 9', ' W 1 1 M E H 5 8 2 0', ' W 1 1 H O Y 5 9 9 0') a n d u n g a u g e d z o n e u pstr e a m A m a y (' W 1 1 M A A 0 0 3 0'). 

 

 

Fi g ur e 7 6 – S u b c at c h m e nt s a n d m e a s ur e p oi nts f or t h e M e us e b a si n  
 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  7 7  

 

6. 1 3. 2  M o d el p erf or m a n c e  

3 T a bl e 2 5  a n d T a bl e 2 6  pr e s e nt t h e g e n er al p erf or m a n c e st atisti c s f or t h e g a u g e d c at c h m e nt s of t h e N et e 
b asi n. Gr a p hs  of si m ul ati o ns of t h e c at c h m e nt s wit h c o d e W 1 1 O U R 5 8 0 5 ( b e st m o d el p erf or m a n c e) a n d 
W 1 1 H O Y 5 9 9 0 ( worst m o d el p erf or m a n c e) ar e pr e s e nt e d b el o w ( Fi g ur e 7 7  t o Fi g ur e 8 2 ). F or mor e d et ail e d 
r e s ult s o n t h e ot h er s u b c at c h m e nt s is r ef err e d t o A n n e x 1 3.  

W hil e t h e si m ul at e d c u m ul ati v e t ot al fl o w f or W 1 1 H O Y 5 9 9 0  is r e all y cl o s e t o t h e g a u g e d o n e, t h e si m ul at e d 
l o w fl o w is n ot c orr e s p o n d a nt t o t h e g a u g e d o n e. I n f a ct, t h er e ar e m a n y sl o pes t h at w er e n’t s u p p o s e d t o 
h a p p e n.  

F or t h e c at c h m e nt W 1 1 O U R 5 8 0 5 , t h e o v er all si m ul at e d fl o w s ar e si mil ar t o t h e g a u g e d o n e s. 

F or s e v er al s u b c at c h m e nt s, li mit e d ti m e s eri e s of o bs er v e d dis c h ar g e ar e a v ail a bl e. N o v ali d ati o n is t h er ef or e 
p o ssi bl e o n disti n c t y e ars of d at a f or t h o s e st ati o ns. T his is t h e c as e f or W 1 1 H O Y 5 9 9 0 , W 1 1 M E H 5 8 2 0  a n d 
W 1 1 S A M 7 3 1 9 . C o ntr ol st ati o ns d o w nstr e a m ( Pr of o n d e vill e a n d A m a y) ar e t h us us ef ul t o v ali d at e t h e m o d els 
of t h e s u b c at c h m e nt s m or e u pstr e a m.  

T a bl e 2 5 – O v er vi e w of c ali br ati o n r es ults f or g a u g e d c at c h m e nts o n t h e M e us e b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  
Ar e a 
( k m²) 

N S E  l o g N S E R el Err ( %) 
C ali br ati o n 

p eri o d  

C h o o z, M e u s e  F 1 1 M A A 8 7 0 2  1 0 1 2 0  0. 7 0 5  0. 7 6 4  -0. 7  2 0 0 2 – 2 0 1 3  

M o eli n g e n, B er wij n  W 1 1 B E R 5 5 1 0 1 0  1 2 8  0. 6 2 2  0. 6 4 6  0. 3  1 9 9 4 - 2 0 0 6  

M ar c hi n, H o y o u x  W 1 1 H O Y 5 9 9 0  2 4 2  0. 4 5 6  0. 6 8 8  -0. 1  2 0 0 1 – 2 0 1 3  

W a n z e, M e h ai g n e  W 1 1 M E H 5 8 2 0  3 5 5. 8  0. 6 0 4  0. 5 7 9  -1. 7  2 0 0 4 – 2 0 1 3  

A n gl e ur, O urt h e  W 1 1 O U R 5 8 0 5  3 6 0 7  0. 7 0 6  0. 8 0 3  0. 6  2 0 0 1 – 2 0 1 3  

S al zi n n e, S a m br e  W 1 1 S A M 7 3 1 9  2 6 3 6  0. 7 2 8  0. 6 3 6 -0. 5  2 0 0 7 - 2 0 1 2  

T a bl e 2 6 – O v er vi e w of v ali d ati o n r es ults f or g a u g e d c at c h m e nts o n t h e M e us e b a si n  

G a u gi n g st ati o n  C at c h m e nt c o d e  
Ar e a 
( k m²) 

N S E  l o g N S E R el Err ( %) 
V ali d ati o n 

p eri o d  

C h o o z, M e u s e  F 1 1 M A A 8 7 0 2  1 0 1 2 0  0. 7 0 5  0. 7 7 5  2. 5  1 9 9 0 – 2 0 1 3  

M o eli n g e n, B er wij n  W 1 1 B E R 5 5 1 0 1 0  1 2 8  0. 5 1 1  0. 3 0 4  5. 5  1 9 9 2 - 2 0 1 3  

M ar c hi n, H o y o u x  W 1 1 H O Y 5 9 9 0  2 4 2  0. 4 5  0. 6 8 3  -0. 8  2 0 0 1 - 2 0 1 3  

W a n z e, M e h ai g n e  W 1 1 M E H 5 8 2 0  1 2 5 8 5  0. 6 1 8  0. 6 4  -1 4. 6  2 0 0 1 - 2 0 1 3  

A n gl e ur, O urt h e  W 1 1 O U R 5 8 0 5  3 6 0 7  0. 7 0 6  0. 7 9  1. 9  1 9 7 4 - 2 0 1 3  

S al zi n n e, S a m br e  W 1 1 S A M 7 3 1 9  2 6 3 6  0. 7 1 3  0. 6 0 7  -1. 8  2 0 0 7 - 2 0 1 3  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

7 8  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

A n gl e ur, O urt h e  (W 1 1 O U R 5 8 0 5 ) 

 

Fi g ur e 7 7 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 O U R 5 8 0 5,  
st ati o n O urt h e, A n gl e ur 2 bis( 2 0 0 1- 2 0 1 3) 

 

Fi g ur e 7 8 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m 3] o n  c at c h m e nt W 1 1 O U R 5 8 0 5,  
st ati o n O urt h e, A n gl e ur 2 bis ( c ali br ati o n p eri o d)  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  7 9  

 

 

Fi g ur e 7 9 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt W 1 1 O U R 5 8 0 5, st ati o n O urt h e, A n gl e ur 2 bis  

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

8 0  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

M ar c hi n, H o y o u x  (W 1 1 H O Y 5 9 9 0 ) 

 

Fi g ur e 8 0 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 H O Y 5 9 9 0,  
st ati o n H o y o u x, M ar c hi n( 2 0 0 1 - 2 0 1 3) 

 

Fi g ur e 8 1 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e dis c h ar g e [ m 3] o n c at c h m e nt W 1 1 H O Y 5 9 9 0,  
st ati o n H o y o u x, M ar c hi n ( c ali br ati o n p eri o d)  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  8 1  

 

 

Fi g ur e 8 2 – M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y dis c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nts  
o n c at c h m e nt W 1 1 H O Y 5 9 9 0, st ati o n H o y o u x, M ar c hi n  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

8 2  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n   

 

7  S u m m ar y  

As st at e d b ef or e, t h e c o m pr e h e nsi v e r e s ult s f or e a c h of t h e c ali br at e d s u b c at c h m e nt s, ar e att a c h e d fr o m 
A n n e x 3  t o A n n e x 1 2 . I n t h e s e A n n e x e s t h e c ali br ati o n s u m m ar y, gr a p hs a n d st atisti c s ar e list e d. 

T o gi v e a q ui c k o v er vi e w of t h e o v er all r e s ult f or t h e c ali br at e d h y dr ol o gi c al V H M m o d els,  a g e o gr a p hi c al 
s u m m ar y is  gi v e n  i n  A n n e x  1 3  a n d A n n e x  1 5 . B as e d  o n  t h e  st atisti c s  f or  e a c h  of  t h e  V H M m o d els,  a  
r e cl assifi c ati o n is p erf or m e d t o r e s ult i n a q u ot ati o n f or t h e o v er all m o d el p erf or m an c e . T his q u ot ati o n is 
t h e n i n c or p or at e d i n a g e n er al m a p f or t h e st u d y ar e a. 
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8  C o n cl u si o n s a n d r e c o m m e n d ati o ns  

T h e w at er b al a n c e m o d el of t h e S c h el dt b a si n will b e us e d i n or d er t o p erf or m l o w fl o w f or e c ast s a n d 
c al c ul at e cli m at e c h a n g e s c e n ari o s. T h e g o a l of t his s u bt as k of t h e pr oj e ct ‘M o d elli n g w at er a v ail a bilit y a n d 
w at er all o c ati o n str at e gi e s i n t h e S c h el dt b asi n’, is t o d efi n e t h e m ost a p pr o pri at e h y dr ol o gi c al m o d els f or 
t h e  w at er  b al a n c e  m o d el  of  t h e  S c h el dt  b asi n  i n  or d er  t o  m e et  t his  pr er e q uisit e.  T h er ef or e,  diff er e nt  
h y dr ol o gi c al m o d els f or e a c h of t h e s u b c at c h m e nt s i n t h e st u d y ar e a ar e s et u p a n d e v al u at e d o n t h eir 
a p pr o pri at e n e ss  f or l o w  fl o w  f or e c asti n g a n d cli m at e  c h a n g e  s c e n ari o s. T h e  r e g ar d e d m o d els  ar e  N A M 
( © D HI), P D M ( ©I n n o v y z e), V H M ( © Wi ll e m s, P.) a n d W et s p a ( © V U B).  

T his s u br e p ort c o v ers t h e r e c ali br ati o n a n d e v al u ati o n of t h e V H M m o d els. H y dr ol o gi c al V H M m o d els f or t h e 
g a u g e d c at c h m e nt s (i. e. c at c h m e nt s u pstr e a m of a g a u gi n g st ati o n) w er e r e c ali br at e d w h er e b y t h e f o c us is 
m ai nl y o n l o w fl o w s.  

A sli g ht m o difi c ati o n i n t h e c ali br ati o n pr o c e d ur e f or V H M w as i ns ert e d. A  m a n u al c ali br ati o n r o u n d, b as e d 
o n t h e vis u al o bs er v ati o n, w as i ntr o d u c e d t o s c a n f or i niti al p ar a m et ers.  

T h e V H M m a n u al c ali br ati o n t o ol, d e v el o p e d b y K. U.  L e u v e n - H y dr a ul i c s L a b or at or y, all o w e d t o p erf or m a n 
i niti al ( s e nsiti vit y) a n al y sis of t h e p ar a m et ers t o q u a ntif y t h eir i nfl u e n c e o n t h e fl o w s eri e s. T his st e p all o w e d 
t o i d e ntif y k e y p ar a m et ers f or c ali br ati o n, a n d t o e sti m at e ri g ht i nt er v als f or t h e p ar a m et ers.  

S u bs e q u e ntl y, t h e a ut o m ati c o pti mi z ati o n pr o c e d ur e f oll o w e d b y a vis u al c o ntr ol  w as c arri e d o ut . D uri n g t h e 
o pti mi z ati o n r o uti n e t h e b est p ar a m et ers s et  is s el e ct e d f or e a c h c at c h m e nt b as e d o n 2 crit eri a: ( 1) a bs ol ut e 
err or o n c u m ul at e d t ot al fl o w at e a c h ti m e st e p, a n d ( 2) l o g arit h mi c N as h -S ut cliff effi ci e n c y. T h e first crit eri o n 
ai m s t o m o d el t h e gl o b al fl o w p att er n, t h e l att er f o c us e s m ai nl y o n t h e l o w  fl o w s. As a r e s ult, f or e a c h of t h e 
h y dr ol o gi c al c at c h m e nt s, t h e V H M p ar a m et ers ar e u p d at e d.  

As t h e fi n al p erf or m a n c e of t h e w at er b al a n c e m o d el is dir e ctl y d e p e n d e nt o n it s h y dr ol o gi c al i n p ut, it is 
i m p ort a nt t o h a v e i nsi g ht i n t h e p erf or m a n c e of t h e s e h y dr ol o gi c al i n p ut m o d els. T his is als o t h e c as e w h e n 
usi n g  t h e  h y dr ol o gi c al  ( e. g.  V H M)  m o d els  as  i n p ut  f or  si m ul ati o ns  wit h  t h e  w at er  b al a n c e  m o d el.  T h e  
s u m m ari z e d r e s ult s f or e a c h of t h e g a u g e d s u b c at c h m e nt s wit hi n t h e st u d y ar e a, all o w t h e us er t o g et i nsi g ht 
i n t h e p erf or m a n c e of t h e V H M m o d el f or e a c h of t h e i n v ol v e d s u b c at c h m e nt s. B as e d o n t his i nf or m ati o n 
a n d t h e e v al u ati o n of t h e P D M, N A M a n d W et s p a m o d els, t h e us er will b e a bl e t o m a k e a w ell -gr o u n d e d 
d e cisi o n o n w hi c h m o d el t o us e f or t h e c o nsi d er e d o bj e cti v e. T h er ef or e, t his s u m m ari zi n g r e p ort s h o ul d b e 
c o ns ult e d b y a n y us er a p pl yi n g t h e c orr e s p o n di n g V H M  m o d els. I n t his w a y, t h e us er g ai ns i nsi g ht i n t h e 
u n c ert ai nti e s a n d p erf or m a n c e of t h e h y dr ol o gi c al m o d els f or e a c h of t h e c o nsi d er e d s u b c at c h m e nt s.  
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9  R ef er e n c e s  

D HI.  2 0 0 9.  MI K E  1 1,  A  M o d elli n g  S y st e m  f or  Ri v ers  a n d  C h a n n els,  R ef er e n c e  M a n u al.  D HI  W at er  &  
E n vir o n m e nt, H ors h ol m, D e n m ar k.  

I M D C ( Fr a n k e n, T.; S m et s, S.; P er eir a, F.; M o st a ert, F.), 2 0 1 0. Bijst a n d m o d eli nstr u m e nt ari u m h y dr ol o gi e: 
O p m a a k  t o ol b o x h y dr ol o gis c h e m o d ell eri n g: G e br ui k er s h a n dl ei di n g. V ersi e 2 _ 0. W L R a p p ort e n, 7 0 6 _ 1 5 b. 
W at er b o u w k u n di g L a b or at ori u m e n I M D C: A nt w er p e n, B el gi ë  

K al y a n m o y  D e b,  A mrit  Pr at a p,  S a m e er A g ar w al,  a n d T. M e y ari v a n.  2 0 0 2.  A F ast Elitist M ulti -o bj e cti v e 
G e n eti c Al g orit h m: N S G A -II. I E E E Tr a ns a cti o ns o n E v ol uti o n ar y C o m p ut ati o n, 6( 2): 1 8 2 - 1 9 7, A pril 2 0 0 2.  

Kr a u s e, P.; B o yl e, D. P. a n d B ä s e F.  2 0 0 5. C o m p aris o n of diff er e nt effi ci e n c y crit eri a f or h y dr ol o gi c al m o d el 
ass e ss m e nt, A d v a n c es i n G e os ci e n c es , 5, 8 9– 9 7.  

Li u, Y. a n d D e S m e dt, F.  2 0 0 4. W et S p a E xt e nsi o n, A GI S -b as e d H y dr ol o gi c M o d el f or Fl o o d Pr e di cti o n a n d 
W at ers h e d  M a n a g e m e nt,  D o c u m e nt ati o n  a n d  Us er  M a n u al,  D e p art m e nt  of  H y dr ol o g y  a n d  H y dr a uli c  
E n gi n e eri n g, Vrij e U ni v ersit eit Br uss el, 1 2 6 p.  

M a d s e n, H.  2 0 0 0.  A ut o m ati c c ali br ati o n of a c o n c e pt u al r ai nf all – r u n off m o d el usi n g m ulti pl e o bj e cti v e s, D HI 
W at er & E n vir o n m e nt , Ag er n All e  ́ 1 1, D K-2 9 7 0 H ørs h ol m, D e n m ar k.  

M ar o y, E.; Mi c hi el s e n, S.; V el e z, C.; P er eir a, F.; N o ss e nt, J.; M o st a ert, F.  ( 2 0 2 1). M o d elli n g w at er a v ail a bilit y 
a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b asi n: S u b r e p ort 4 -2 – D e v el o pi n g a r ai nf all -r u n off m o d el of 
t h e M e us e – N A M M e us e. V ersi o n 1. 1. F H R R e p orts, 0 0 _ 1 6 2 _ 4 -2. Fl a n d ers H y dr a uli c s R e s e ar c h: A nt w er p , 
B el gi u m.  

Mi c hi el s e n,  S.; D e gr a n d e, L.; El y a h yi o ui,  J.; V er e y c k e n,  K.; P er eir a,  F.; V a n d er ki m p e n,  P.; M o st a ert, F.  
( 2 0 2 1). M o d ell eri n g v a n w at er b e s c hi k b a ar h ei d e n w at er all o c a ti estr at e gi e ë n i n h et S c h el d e str o o m g e bi e d: 
D e elr a p p ort  1  – V er b et er e n  v a n  h et  m o d eli nstr u m e nt ari u m.  V ersi e  1. 1.  W L  R a p p ort e n,  0 0 _ 1 6 2 _ 1.  
W at er b o u w k u n di g L a b or at ori u m: A nt w er p e n  

M o or e, R.J.  2 0 0 7. T h e P D M r ai nf al -r u n off m o d el, H y dr ol o g y a n d E art h S yst e m S ci e n c es , 1 1( 1), 4 8 3-4 9 9.  

N a s h, J. E. a n d S ut cliff e, J. V. , 1 9 7 0. Ri v er fl o w f or e c asti n g t hr o u g h c o n c e pt u al m o d els, P art I - A dis c ussi o n 
of pri n ci pl e s, J. H y dr ol., 1 0, 2 8 2 – 2 9 0.  

Tr a n, Q. Will e m s, P.; P er eir a, F.; N o ss e nt J; M o st a ert,  F.  ( 2 0 2 1). Eff e ct of cli m ate c h a n g e o n t h e h y dr ol o gi c al 
r e gi m e of n a vi g a bl e w at er c o urs e s i n B el gi u m: S u b r e p ort 7 – D e v el o p m e nt of a fr a m e w or k f or fl e xi bl e 
h y dr ol o gi c al  m o d elli n g.  V ersi o n  1. 1.  F H R  R e p ort s,  0 0 _ 1 3 0 _ 7.  Fl a n d ers  H y dr a uli c s  R e s e ar c h:  A nt w er p,  
B el gi u m.  

Tr a n, Q. Will e m s, P.; P er eir a, F.; N o ss e nt J; M o st a ert, F.  ( 2 0 2 1). Eff e ct of cli m at e c h a n g e o n t h e h y dr ol o gi c al 
r e gi m e of n a vi g a bl e w at er c o urs e s i n B el gi u m: S u b r e p ort 8 – I m pl e m e nt ati o n a n d t e sti n g of a fr a m e w or k f or 
fl e xi bl e h y dr ol o gi c al m o d elli n g. V ersi o n 1. 1. F H R R e p ort s, 0 0 _ 1 3 0 _ 8. Fl a n d ers H y dr a uli c s R e s e ar c h: A nt w er p, 
B el gi u m.  
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V a n st e e n ki st e,  T.;  P er eir a,  F.;  Will e ms,  P.  a n d  M o st a ert,  F. . 2 0 1 1.  Eff e ct  of  cli m at e  c h a n g e  o n  t h e  
h y dr ol o gi c al r e gi m e of n a vi g a bl e w at er c o urs e s i n B el gi u m: S u br e p ort 2 – Cli m at e c h a n g e i m p a ct a n al y sis b y 
c o n c e pt u al  m o d els.  W L  R a p p ort e n,  pr oj e ct  7 0 6 _ 1 8,  W at er b o u w k u n di g  L a b or at ori u m  &  K U  L e u v e n,  
D e c e m b er 2 0 1 1, 5 7 p.  

W L  ( 2 0 0 6). O p m a a k v a n e e n Mi k e 1 1 m o d el v a n d e IJz er. 4 4 p.  

Will e m s, P.  2 0 1 4 P arsi m o ni o us R ai nf all -r u n off M o d el C o nstr u ctio n S u p p ort e d b y  Ti m e S eri e s Pr o c e ssi n g a n d 
V ali d ati o n  of  H y dr ol o gi c al  E xtr e m e s  – P art  1:  St e p wis e  M o d el -Str u ct ur e  I d e ntifi c a ti o n a n d  C ali br ati o n  
A p pr o a c h. J. H y dr ol. 5 1 0,  5 7 8 – 5 9 0 p. 
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A p p e n di x 1  Li st  of  o pti mi z e d  p ar a m et er s  f or  
g a u g e d c a t c h m e nts 

C at c h m e nt  Ar e a  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

F 0 1IJ Z 4 6 8 0 0 0  3. 9 3 E + 0 8  3 9 8. 4 2 4  2 0 6. 2 5 7  2. 9 4 9  1. 1 9 8  1 -8. 4 8 1  6. 2 0 7  -4. 6 5 1  4. 9 9 6  1 3. 4 0 1  1 0 5. 2 2 6  1 8 0 7. 6 2 5  

F 0 5 L EI 3 8 6 9 9 9  2. 9 8 E + 0 9  4 2 4. 0 0 3  2 3 3. 4 4 3  2. 1 0 8  0. 8 3 4  1 -5. 7 6 4  1. 9 2 4  -3. 6 1 1  3 1 3. 8 9 5  4 6. 1 3 7  8 8 3. 1 9 2  

F 0 6 B O S 3 2 5 0 0 1  5. 2 2 E + 0 9  4 3 5. 2 9 6  1 7 6. 4 4 5  1. 9 7 8  0. 5 3 5  1 -5. 6 5 1  2. 1 8 2  -3. 8 0 6  2. 8 7 3  1 2. 7 6 9  6 1. 4 0 2  1 0 6 0. 4 4 9  

F 1 1 M A A 8 7 0 2  1. 0 1 E + 1 0  3 8 0. 8 5 2  2 2 1. 5 2 6  3. 9 9 8  1. 8 5 4  1 - 6 0. 0 4 4  -4. 0 4 2  3 1 1. 6 0 7  8 6. 4 7 7  1 5 1 2. 0 7 8  

V 0 1 H A N 4 8 8 1 8 0  7 8 5 5 8 9 4 0  3 8 6. 0 4 3  1 9 7. 9 9 7 2. 2 6 2  1. 0 0 6  1 -4. 1 9 5  5 -5. 2 9 4  2. 5 1 1  1 2. 2 6  1 0 0. 0 8 6  8 3 6. 6 5 8  

V 0 1I E P 4 9 5 0 8 0  6 3 4 2 3 1 2 8  4 4 3. 3 2 8  1 6 4. 8 7 9  1. 9 2 6  0. 3 6 3  1 -5. 5 7 9  2. 8 2 2  -3. 6 4 8  3 1 3. 5 2 6  5 6. 2 6 1  1 2 0 7. 3 3 6  

V 0 1 K E M 4 9 2 0 6 0  7 3 8 9 2 9 3 0  4 2 6. 1 3 8  1 6 4. 1 9 1  2. 3 9 5  1. 7 6  1 -5. 1 2 7  4. 6 4 9  -2. 9 7 8  3 1 4. 4  6 9. 6 4 7  4 7 6. 1 8 3  

V 0 1 M A R 4 9 6 1 2 0  7 6 1 3 6 6 2 1  3 9 6. 8 3 1  2 8 0. 9 5 1  3. 2 4 4  1. 1 4 3  1 -7. 3 1 6  4. 9 5 3  -5. 3 7 8  4. 9 9 4  1 3. 4 4  8 0. 3 6  1 0 6 8. 0 9  

V 0 1 P O P 4 9 1 0 3 0  8 4 8 6 8 2 0 7  4 3 4. 2 2 3  1 8 2. 3 4 8  2. 4 0 1  0. 9 9 3  1 -5. 2 0 8  4. 4 3 4  -3. 7 5 6  3 1 1. 5 4 8  7 6. 3 8 9  4 4 9. 5 1 2  

V 0 1 S S V 4 9 9 1 4 0  1 6 0 9 5 0 0 0  4 3 1. 5 6 6  1 7 5. 2 6 6  2. 1 7 4  1. 0 8 6  1 -4. 5 3 1  4. 9 9 8 -3. 8 8 8  2. 9 7 9  1 2. 5 1 2  5 2. 4 4 8  7 1 9. 3 4 9  

V 0 2 E D E 4 4 2 1 2 0  4 5 4 8 9 1 7 7  4 3 2. 4 3 9  1 9 8. 3 3 5  2. 9 2 6  1. 0 4 2  1 -7. 8 8 9  6. 9 2  -5. 7 3 5  4. 9 6 2  1 3. 2 3 4  7 1. 8 5 4  8 7 5. 4 5 3  

V 0 2 H E R 4 2 6 0 1 0  7 7 2 7 2 2 0 1  4 7 4. 9 0 3  2 4 6. 0 5 3  2. 3 5 3  0. 7 8 3  1 -7. 4 8 4  4. 1 6 5  -4. 4 3 8  4. 3 5 4  1 0. 3 7  7 2. 6 2 4  1 3 1 8. 3 1  

V 0 2 K E R 4 2 2 0 3 0  6 2 7 1 8 7 3 8  3 7 9. 3 3 4  3 1 2. 6 4 4  2. 7 0 9  0. 9 9 1  1 -8. 3 6 3  0. 8 5 7  -2. 8 8 7  5 1 6. 5 9 5  6 7. 1 3 5  1 4 8 7. 4 0 5  

V 0 2 RI V 4 2 5 0 2 0  6 3 9 8 0 4 2 3  4 0 6. 9 2 9  2 0 0. 9 1 8  2. 1 5 6  0. 7 4 1  1 -6. 0 2 2  3. 0 9 7  -3. 5 4  3. 6 1 2  1 4. 8 6 9  6 6. 7 6  1 4 9 7. 4 1  

V 0 3 P O E 4 4 6 0 0 0  1. 0 7 E + 0 8  4 0 2. 3  2 1 3. 3 8 1  3. 3 1 6  1. 1 5 1  1 -9. 5 7 1  3. 0 2 9  -5. 7 9  4. 9 8 4  1 2. 7 2 6  7 5. 9 6 2  9 4 5. 3 1  

V 0 4 M O L 0 3 6 1 1 0  3 2 5 6 1 9 5 7  4 1 3. 5 7 3  2 4 8. 0 5 9  2. 1 5 6  0. 6 6 2  1 -9. 3 7 8  3. 1 4 5  -4. 5 5 3  4. 3 2 7  1 2. 4 4 3  2 8. 5 2 2  1 1 9 9. 1 4 8  

V 0 4 M O M 0 3 7 1 0 0  6 7 3 0 1 3 2 8  5 3 2. 4 3 9  1 5 9. 8 9 2  1. 9 8 4  0. 8 2 7  1 -4. 5 8 8  1. 6 3 6  -2. 8 2  2. 4 2 5  1 1. 6 5 1  6 2. 1 8  9 3 2. 5 9 6  

V 0 5 H E U 4 0 3 2 1 0  9 1 9 1 2 3 3 1  3 2 5. 8 4 7  2 0 6. 1 5 5  3. 2 7 7  1. 0 8 6  1 -5. 9 0 6  1. 7 7 1  -3. 9 7 6  3 1 2. 0 9  7 7. 6 9  7 0 0. 1 3 5  

V 0 5 M A N 4 0 1 2 3 0  2. 5 8 E + 0 8  4 4 0. 5 3  1 7 7. 6 1 4  2. 0 7 3  0. 9 4 6  1 -4. 4 8 6  4. 9 7 5  -3. 2 4 2  3 1 2. 6 8 8  4 8. 9 9  7 6 3. 4 1 2  

V 0 6 M A A 3 4 7 1 6 0  4 8 6 7 8 1 9 1  5 2 4. 4 9 8  1 7 5. 3 6  2. 3 1  0. 9 0 3  1 -3. 5 8 4  3. 6 7 1  - 6 3 1 2. 2 4 6  6 2. 5 8 3  6 7 3. 1 4 3  

V 0 6 Z W A 3 4 2 1 9 0  1. 1 2 E + 0 8  4 4 8. 2 4 7  1 6 8. 1 4 4  2. 1 1 4  1. 4 2 2  1 -3. 7 2  2. 1  -4. 1 2  2. 9 9 3  1 4. 3 4 2  5 9. 7 0 1  7 0 7. 3 7 3  

V 0 7 B E L 2 8 5 0 7 0  8 8 6 4 1 7 1 0  4 4 5. 7 7 3  2 1 6. 2 1 4  2. 1 2 4  0. 6 7  1 -5. 3 4 7  4. 5 1 8  -4. 9 4 9  4. 5 8 4  1 4. 2 8 2  6 2. 7 2 7  1 1 5 6. 9 8 9  

V 0 7 M A R 2 8 9 0 1 5  1. 7 4 E + 0 8  4 1 0. 7 3 7  1 7 0. 8 4 5  2. 2 3 3  0. 9 1 6  1 -4. 5 9 3  5 -4. 3 5 1  2. 8 9  1 0. 7 8 8  5 8. 3 9 5  1 1 5 4. 7 6 9  

V 0 7 M O E 2 8 2 1 0 0  4 6 3 6 7 1 7 1  3 5 0. 3 9  1 6 1. 7 6 5  3. 4 1 3  2. 2 2 3  1 -6. 6 6 8  1 0  -5. 3 8 4  3. 6 1 2  1 6. 5 1 4  8 2. 3 6 1  1 3 3 9. 9 1 1  

V 0 7 M O G 2 8 8 0 2 0  2 3 0 9 3 6 2 8  5 3 7. 9 5 3  1 9 3. 1 1  2. 1 2 2  0. 5 8 4  1 -5. 3 4 7  4. 9 2 4  -4. 2 5 3  2. 9 9 1  1 4. 1 3 7  6 0. 6 3 7  6 8 3. 2 3 6  

V 0 8 B A R 1 1 1 3 7 0  7 0 0 7 9 8 0 0  4 0 9. 7 2 5  2 8 6. 7 0 3  2. 1  0. 6 4 7  1 -5. 9 2 8  0. 9 5  -3. 6 9 3  3 1 5  7 5. 4 3  1 2 2 2. 5 9 6  

V 0 8 DIJ 0 9 3 4 0 0  8. 6 1 E + 0 8  4 6 4. 1 4 1  1 5 8. 5 3 5  1. 7 8 1  0. 1  1 -3. 3 1 8  1. 0 5 5  -2. 7 8 4  0. 7 1 2  1 1. 8 7 6  6 4. 3 3 9  7 0 3. 7 3 5  

V 0 8 Z U U 2 3 3 1 0 0  6 4 7 7 1 0 0 5  4 0 6. 2 8 8  1 5 6. 1 6 5  2. 0 9 4  0. 6 7 8  1 -5. 1 0 1  5 -4. 1 8 4  2. 9 9 2  1 2. 7 8 3  5 7. 9 1 2  7 8 0. 7 8 7  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 2  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

C at c h m e nt  Ar e a  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 0 9 D E M 1 3 6 0 0 0  2. 5 6 E + 0 8  4 7 7 6 0 5  2 6 0 3 9 4  1. 9 3 2  0. 4 4 6  1 -5. 1 5 3  3. 0 3 4  -3. 9 5 4  2. 7 2 5  1 4. 9 9 4  5 5. 7 6 7  1 1 9 9. 9 3 2  

V 0 9 G E T 1 5 2 0 8 0  8 E + 0 8  4 0 9. 1 2 2  1 5 8. 8 0 4  1. 9 7 2  0. 4 9 3  1 -5. 7 9 7  1. 6 0 3  -3. 9 7 9  3 8. 7 8 3  5 7. 4 7 7  1 8 0 2. 8  

V 0 9 H E R 1 6 3 0 1 0  2. 7 5 E + 0 8  4 9 9. 4 1 2  1 6 8. 0 0 5  1. 9 7 4  0. 5 6 2  1 - 6 5 -4. 0 3 2  3 1 4. 7 1 1  5 9. 3 5 9  9 1 5. 5 2 8  

V 0 9 H U L 1 4 7 1 5 0  8 0 1 3 0 2 4 5  4 5 5. 9 6 8  2 2 4. 4 2 7  2. 6 7 4  2. 8 5 9  1 -4. 7 9 2  4. 7 8 9  -3. 0 1 8  1. 2 7 9  1 2. 9 4 8  6 5. 7 1 7  1 2 4 5. 0 1 5  

V 0 9 L O S 1 4 3 3 0 0  1 5 1 7 6 2 9 4  5 0 5. 9 8 5  1 7 8. 8 4 2  2. 0 5 4  0. 3 3  1 -5. 6 1 1  3. 9 6 2  -4. 5 4 1  2. 5 6 9  1 4. 0 5 3  9 0. 5 7 9  1 2 4 8. 2 4 5  

V 0 9 M A N 1 6 1 0 4 0  1. 0 3 E + 0 8  4 1 8. 7 3 3  1 5 6. 6 5 4  1. 8 9 2  0. 7 1 3  1 -4. 2 3 4  4. 0 3 3  -3. 2 8 7  0. 8 2 9  1 3. 1 6 2  8 6. 9 9 7  1 0 5 0. 4  

V 0 9 M O T 1 4 4 2 7 0  3 3 5 9 0 2 1 7  4 7 3. 1 5 8  1 6 8. 3 3 7  1. 9 4 7  0. 7 8 1  1 -5. 0 1 8  4. 7 7 1  -3. 9 1 1  5. 0 3 4  1 2. 4 8 2  6 5. 5 0 1  1 1 9 8. 0 0 4  

V 0 9 V E L 1 4 5 1 0 0  9 6 8 0 1 1 2 8  4 1 5. 1 6  2 1 3. 3 8 5  2. 1 3 2  0. 6 3 2  1 -6. 5 0 6  5. 1 0 5  -4. 1 5 5  3. 8 0 4  9. 9 4 8 8 1. 7 4 9  1 4 9 8. 3 6 4  

V 0 9 WI N 1 4 1 3 1 0  6 4 7 3 9 1 6 9  4 7 1. 2 9 2  1 6 5. 3 7 4  1. 9 9 1  0. 5 6 6  1 -4. 0 5 9  3. 5 5 8  -4. 0 5 7  2. 8 9 6  1 0. 5 3 6  8 1. 9 5 9  7 2 2. 8 9 1  

V 0 9 Z W A 1 4 8 1 2 0  9 6 5 1 4 8 0 0  4 5 1. 6 1 7  1 5 8. 4 7 6  1. 8 2  0. 4 7 7  1 -5. 2 8 9  5 -3. 5 8 5  2. 8 5 2  1 5. 0 1 6  4 9. 6 2 2  7 2 4. 8 1 2  

V 1 0 G L A 0 8 6 0 2 0  6 2 6 2 1 2 3 6  4 1 7. 7 6 6  2 5 3. 3 9 4  1. 6 5 5  0. 2 2 5  1 -7. 8 4 6  4. 4 9 9  -4. 4 5 7  4. 4 9 9  1 4. 3 7 7  8 3. 5 5 2  1 5 0 3. 0 0 4  

V 1 0 G N E 0 7 6 9 9 9  3. 6 E + 0 8  4 3 6. 3 0 6  2 3 3. 7 3  1. 8 3 4  0. 5 3 8  1 -5. 9 5 1  2. 3 7 7  -3. 7 5 3  3 1 3. 8 7 5  6 6. 5 8 1  1 6 2 2. 9 9 9  

V 1 0 K N E 0 5 2 0 0 0  5. 8 5 E + 0 8  4 7 4. 6 4 6  2 0 2. 3 5 1  2. 1 0 1  1. 0 8 8  1 - 6 0. 7 7 9  -3. 0 9 1  3 1 4. 0 8 2  5 6. 3 0 5  1 1 0 3. 0 1  

V 1 0 M O P 0 6 2 1 4 0  7 7 3 1 9 0 9 1  4 2 6. 3 5 8  2 1 0. 6 3 3  2. 1 8 1  0. 6 8 8  1 -5. 9 7 7  0. 1  -4. 1 5 7  3 1 0. 6 4 8  6 2. 2 3 7  6 6 7. 1 9 9  

V 1 0 WI M 0 8 2 0 5 0  6 5 7 0 1 2 0 0  4 4 6. 8 5 2  1 4 5. 6 0 7  1. 9 6 9  0. 5 5 1  1 -4. 9 2 5  3. 4 2  -3. 6 3 5  3 1 1. 0 0 4  8 8. 5 9 2  8 7 2. 1 1 5  

W 0 6 R H O L 5 4 1 0 0  1. 6 2 E + 0 8  4 8 2. 8 7 6  1 5 6. 5 9 3  1. 9 5 8  0. 4 6 6  1 -3. 7 9 3  2. 7 1 1  -3. 4 3 3 2. 0 6 4  1 1. 9 1 7  8 8. 2 4 5  7 3 9. 9 8  

W 0 7 D E N L E S 0 0 4  5. 1 2 E + 0 8  4 5 7. 1 0 2  1 5 3. 7 8 1  1. 9 5 2  0. 4 6 3  1 -4. 6 9 3  1. 0 9 1  -3. 4 9 8  2. 8 6 7  1 2. 5 4 6  8 3. 7 6 4  1 0 8 5. 7 4 7  

W 0 8 S A M R O N 0 0 0  1. 3 4 E + 0 8  5 0 2. 8 6  1 6 2. 7 4  1. 9 3 8  0. 5 2 1  1 -3. 7 9 6  2. 5 5 7  -3. 7 0 3  3 1 3. 1 8 7  8 5. 8 0 7  1 3 2 4. 2 6 6  

W 0 8 S E N R O N 0 1 0  7 0 3 6 4 7 7 3  6 2 0. 9 8 8 1 4 2. 6 3 1  1. 9 5 1  0. 5 7  1 -3. 8 9 7  2. 6 4 2  -3. 4 7 3  2. 7 6 1  1 0. 5 2 5  5 8. 0 5 8  1 1 8 3. 9 1 7  

W 0 8 S E N T U B 0 3 0  2. 1 6 E + 0 8  4 5 6. 4 7 3  1 8 9. 1 5 7  2. 3 8 9  1. 2 2 7  1 -6. 4 9 6  7. 3 9 7  -4. 0 5 9  4. 5 1 1  1 4. 2 3 5  5 5. 6 3 9  1 7 5 0. 8 8  

W 1 1 B E R 5 5 1 0 1 0  1. 2 8 E + 0 8  3 2 1. 1 9 6  2 4 2. 1 4 9  2. 3 9 5  1. 0 0 6  1 -6. 0 3 8  6. 7 7 7  -4. 6 6 7  2. 5 9  1 3. 9 5 9 6 2. 9 5 9  1 2 2 3. 5 3 4  

W 1 1 H O Y 5 9 9 0  2. 4 2 E + 0 8  6 0 1. 3 7 4  1 4 4. 4 6 1  1. 9 6 2  0. 7 9  1 -5. 4 3 9  5 -4. 9 3 7  3 1 3. 6 4 3  7 7. 3 8 8  1 1 9 3. 8 9 9  

W 1 1J E K 5 5 3 0 1 0  4. 6 5 E + 0 8  5 2 2. 0 2 9  1 5 9. 0 3  1. 8 7 8  0. 1  1 -4. 0 1 6  0. 5 5 8  - 6 0. 4 1 7  1 4. 3 9 5  6 0. 2 8  1 1 0 1. 5 2 8  

W 1 1 M A A P R O F  1. 2 6 E + 1 0  4 4 7. 8 9 6  1 9 2. 0 9 2  3. 0 4 9  2. 1 3 3  1 - 6 0 -3. 7 2 3  3 1 4. 2 7 4  6 9. 6 9 7  1 1 4 8. 3 9 4  

W 1 1 M E H 5 8 2 0  3. 5 6 E + 0 8  3 9 6. 6 7  1 6 9. 9 2 3  2 0. 3 5  0. 4 4 7  1 -5. 2 5  3. 1 3 2  -4. 2 4 5  2. 9 1 9  1 2. 3 6 6  8 2. 4 9 5  1 0 7 4. 6 5 9  

W 1 1 O U R 5 8 0 5  3. 6 1 E + 0 9  4 7 2. 9 1 3  1 3 4. 8 4 1  2. 2 5 2  1. 6 4 6  1 -5. 8 8 5  4. 3 9 7  -3. 1 2 7  3 1 1. 8 2 5  7 0. 3 1 8  7 5 2. 4 4  

W 1 1 S A M 7 3 1 9  2. 6 4 E + 0 9  4 2 1. 9 4 9  2 5 3. 8 6 5  2. 6 5 5  0. 9 9 3  1 - 6 0. 2 9  -3. 3 8 7  3 1 2. 9 1 9  8 7. 5 9 4  1 8 3 6. 6 8 8  

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 3  

 

A p p e n di x 2  Li st of tr a nsf err e d p ar a m et er s f or 
u n g a u g e d c at c h m e nts  

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

F 0 1 Y S E 4 6 8 0 0 0  F 0 1IJ Z 4 6 8 0 0 0  3 6 1 1 2 0 0 0 0  3 9 8. 4  2 0 6. 3  2. 9 5  1. 2 0  1 -8. 4 8  6. 2 1  -4. 6 5  5. 0 0  1 3. 4  1 0 5  1 8 0 8  

F 0 5 A A A 0 0 0 0 1 0  F 0 5 L EI 3 8 6 9 9 9  2 4 8 4 5 2 7 2 8  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 A A A 5 7 1 0 0 0  F 0 5 L EI 3 8 6 9 9 9  3 7 4 1 1 3 1 0 3  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3 . 9 4 6  8 8 3  

F 0 5 B E C 3 8 6 0 2 3  F 0 5 L EI 3 8 6 9 9 9  8 0 0 8 6 0 3 9  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 B E C 3 8 6 0 2 5  F 0 5 L EI 3 8 6 9 9 9  6 8 9 3 0 9 6 9  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 B O U 3 8 6 0 0 5  F 0 5 L EI 3 8 6 9 9 9  2 5 5 3 9 2 6 2 8  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 C L A 3 8 6 0 1 7  F 0 5 L EI 3 8 6 9 9 9  3 6 5 4 7 2 7 3  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 C L A 3 8 6 0 2 0  F 0 5 L EI 3 8 6 9 9 9  2 2 6 0 0 6 4 7 3  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 0 4 0  F 0 5 L EI 3 8 6 9 9 9  4 4 8 8 1 8 3 7 0  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 0 5 0  F 0 5 L EI 3 8 6 9 9 9  7 4 0 8 3 9 5 1  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 0 6 0  F 0 5 L EI 3 8 6 9 9 9  1 1 6 6 6 9 1 3 6  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 0 8 0  F 0 5 L EI 3 8 6 9 9 9  5 7 1 9 2 1 8 0  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 0 9 0  F 0 5 L EI 3 8 6 9 9 9  1 2 8 2 9 1 9 9  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 1 0  F 0 5 L EI 3 8 6 9 9 9  1 6 9 1 9 1 5 0  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 2 0  F 0 5 L EI 3 8 6 9 9 9  3 9 4 5 0 3 9 2  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 3 0  F 0 5 L EI 3 8 6 9 9 9  2 1 7 2 4 4 8 4  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 4 0  F 0 5 L EI 3 8 6 9 9 9  7 4 8 0 5 8 1  4 2 4. 0  2 3 3 . 4 2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 5 0  F 0 5 L EI 3 8 6 9 9 9  3 9 1 9 3 2 5 1  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 6 0  F 0 5 L EI 3 8 6 9 9 9  2 7 0 0 5 2 3 2  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 H E M 0 0 0 0 2 0  F 0 5 L EI 3 8 6 9 9 9  1 3 4 0 1 0 9 5 9  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L A W 3 8 6 0 1 8  F 0 5 L EI 3 8 6 9 9 9  1 0 2 2 4 9 4 7 4  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L A W 3 8 6 0 3 0  F 0 5 L EI 3 8 6 9 9 9  1 8 8 6 9 9 8 5 3  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3 . 9 4 6  8 8 3  

F 0 5 L OI 3 8 6 0 3 5  F 0 5 L EI 3 8 6 9 9 9  1 1 3 0 9 3 2 1 8  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L Y S 3 8 6 0 0 0  F 0 5 L EI 3 8 6 9 9 9  3 7 5 2 8 8 1 1 9  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L Y S 3 8 6 0 1 0  F 0 5 L EI 3 8 6 9 9 9  7 5 8 6 0 3 3 8  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3 1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L Y S 3 8 6 0 1 5  F 0 5 L EI 3 8 6 9 9 9  2 8 1 2 6 2 4 2  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L Y S 3 8 6 1 1 5  F 0 5 L EI 3 8 6 9 9 9  1 6 8 4 5 8 5 6 4  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 M A R 3 8 6 0 7 0  F 0 5 L EI 3 8 6 9 9 9  2 0 0 5 2 0 1 1 8  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 M A R 3 8 6 1 0 0  F 0 5 L EI 3 8 6 9 9 9  2 6 6 3 5 6 9 2  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 4  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

F 0 6 B O S 3 2 5 0 0 0  F 0 6 B O S 3 2 5 0 0 1  7 7 5 4 0 6 3 4 1  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 B O S 3 2 5 0 1 5  F 0 6 B O S 3 2 5 0 0 1  1 0 7 6 2 6 5 8 7  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 B O S 3 2 5 0 1 6  F 0 6 B O S 3 2 5 0 0 1  1 4 2 9 5 7 0 0 3  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 B O S 3 2 5 0 1 7  F 0 6 B O S 3 2 5 0 0 1  3 3 6 7 5 7 7 9  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5 2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 B O S 3 2 5 0 1 8  F 0 6 B O S 3 2 5 0 0 1  1 6 9 1 1 2 0 3  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 B O S 3 2 5 0 1 9  F 0 6 B O S 3 2 5 0 0 1  3 6 7 6 7 5 3 0  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 E C A 3 2 5 0 5 0  F 0 6 B O S 3 2 5 0 0 1  1 9 1 8 7 3 6 7 3 4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 E R C 3 2 5 0 3 0  F 0 6 B O S 3 2 5 0 0 1  1 6 7 6 5 4 9 0 4  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 H O G 3 2 5 0 7 0  F 0 6 B O S 3 2 5 0 0 1  2 0 8 2 3 0 6 5 6  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 R H O 3 2 5 0 6 0  F 0 6 B O S 3 2 5 0 0 1  8 0 9 7 4 4 7 6  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 S C A 3 2 5 0 2 0  F 0 6 B O S 3 2 5 0 0 1  4 6 4 1 5 6 6 5 2  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 S C A 3 2 5 0 2 5  F 0 6 B O S 3 2 5 0 0 1  8 0 5 6 8 0 2 7 4  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2 . 1 8 -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 S E L 3 2 5 0 4 0  F 0 6 B O S 3 2 5 0 0 1  2 0 1 6 6 4 0 9 5  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 S E N 3 2 5 0 1 0  F 0 6 B O S 3 2 5 0 0 1  5 9 9 7 8 7 2 1 4  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

N 0 3 B R A 0 0 0 1 6 0  W 1 1 B E R 5 5 1 0 1 0  5 5 1 0 4 6 2 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

N 1 1 M A A 0 0 0 0 6 0  V 0 9 M O T 1 4 4 2 7 0  1 2 9 7 0 3 2 9 0 8 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 1 H A N 0 0 0 1 6 0  V 0 1 M A R 4 9 6 1 2 0  9 2 8 8 8 6 1 3  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 1 H EI 4 6 8 0 1 0  F 0 1IJ Z 4 6 8 0 0 0  3 1 8 9 0 8 7 9  3 9 8. 4  2 0 6. 3  2. 9 5  1. 2 0  1 -8. 4 8  6. 2 1  -4. 6 5  5. 0 0  1 3. 4  1 0 5  1 8 0 8  

V 0 1I E P 0 0 0 0 9 0  V 0 4 M O L 0 3 6 1 1 0  3 6 0 9 7 0 1  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 1I E P 0 0 0 1 0 0  V 0 5 H E U 4 0 3 2 1 0  2 4 0 2 8 1 2 3  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 1I E P 0 0 0 1 1 0  V 0 5 H E U 4 0 3 2 1 0  6 6 8 2 3 8 2  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 1IJ Z 0 0 0 0 2 0  V 0 1 K E M 4 9 2 0 6 0  4 6 1 0 5 4 6 7  4 2 6. 1  1 6 4. 2  2. 4 0  1. 7 6  1 -5. 1 3  4. 6 5  -2. 9 8  3. 0 0  1 4. 4  7 0  4 7 6  

V 0 1 K E M 0 0 0 0 7 0  V 0 1 K E M 4 9 2 0 6 0  1 2 9 1 0 5 1 4  4 2 6. 1  1 6 4 . 2 2. 4 0  1. 7 6  1 -5. 1 3  4. 6 5  -2. 9 8  3. 0 0  1 4. 4  7 0  4 7 6  

V 0 1 M A R 0 0 0 1 3 0  V 0 1 M A R 4 9 6 1 2 0  2 7 5 3 7 3 6 7  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 1 P O P 0 0 0 0 4 0  V 0 1 M A R 4 9 6 1 2 0  3 4 3 7 0 9 5 8  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 1 P O P 0 0 0 0 5 0  V 0 4 M O L 0 3 6 1 1 0  1 4 7 0 4 8 1 8  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 1 S S V 0 0 0 1 5 0  V 0 1 M A R 4 9 6 1 2 0  4 9 6 5 0 2 3 0  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 2 A F L 0 0 0 1 4 0  V 0 2 E D E 4 4 2 1 2 0  2 0 9 1 6 0 8 5  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 2 B R U 0 0 0 1 1 0  W 1 1 B E R 5 5 1 0 1 0  5 8 5 3 3 1 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 2I V A 0 0 0 2 2 0  W 0 8 S A M R O N 0 0 0  2 3 0 8 9 8 8 8  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 2J A B 0 0 0 0 4 0  V 0 2 K E R 4 2 2 0 3 0  2 4 5 7 6 6 2 1  3 7 9. 3  3 1 2. 6  2. 7 1  0. 9 9 1 -8. 3 6  0. 8 6  -5. 0 4  5. 0 0  1 6. 6  6 7  1 4 8 7  

V 0 2 K A T 0 0 0 1 0 0  W 0 8 S A M R O N 0 0 0  1 1 5 5 3 6 8 2  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 2 K G O 0 0 0 0 0 0  V 0 3 P O E 4 4 6 0 0 0  1 5 9 7 9 3 0 7 7  4 0 2. 3  2 1 3. 4  3. 3 2  1. 1 5  1 -9. 5 7  3. 0 3  -5. 7 9  4. 9 8  1 2. 7  7 6  9 4 5  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 5  

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 0 2 K G O 0 0 0 0 8 0  V 0 2 E D E 4 4 2 1 2 0  1 1 9 3 7 7 6 2  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 2 K W E 0 0 0 0 5 0  W 0 8 S A M R O N 0 0 0  1 6 5 4 6 9 9 9  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 2 L P K 0 0 0 1 7 0  V 0 2 RI V 4 2 5 0 2 0  4 6 6 4 3 0 4 1  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 -6. 0 2  3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  

V 0 2 L P K 0 0 0 1 8 0  W 0 8 S A M R O N 0 0 0  3 1 4 4 9 4 3 4  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 2 L P K 0 0 0 1 9 0  W 1 1 B E R 5 5 1 0 1 0  3 5 0 9 2 1 8 6  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 2 M O E 0 0 0 1 6 0  V 0 2 E D E 4 4 2 1 2 0  4 4 4 0 1 8 8 8  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 2 N O O 0 0 0 1 5 0  V 0 2 E D E 4 4 2 1 2 0  9 2 3 4 5 9 2  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 2 N W G 0 0 0 2 1 0  W 0 8 S A M R O N 0 0 0  1 2 3 5 8 3 8 5  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 2 RI V 0 0 0 0 7 0  V 0 2 E D E 4 4 2 1 2 0  5 4 4 7 5 7 0  4 3 2. 4 1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 2 S T E 0 0 0 0 9 0  V 0 2 K E R 4 2 2 0 3 0  2 7 2 9 3 8 8 1  3 7 9. 3  3 1 2. 6  2. 7 1  0. 9 9  1 -8. 3 6  0. 8 6  -5. 0 4  5. 0 0  1 6. 6  6 7  1 4 8 7  

V 0 2 S T E 0 0 0 1 1 5  W 1 1 B E R 5 5 1 0 1 0  1 7 7 6 0 0 0 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 2 Z UI 0 0 0 0 6 0 V 0 2 RI V 4 2 5 0 2 0  2 4 2 2 3 2 8 8  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 -6. 0 2  3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  

V 0 2 Z UI 0 0 0 1 3 0  V 0 2 RI V 4 2 5 0 2 0  4 5 7 8 3 0 0 8  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 -6. 0 2  3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  

V 0 2 Z WI 0 0 0 2 0 0  W 0 8 S A M R O N 0 0 0  3 4 4 7 1 7 2 0  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3 . 0 0 1 3. 2  8 6  1 3 2 4  

V 0 3 A F L 0 0 0 0 1 0  V 0 4 M O L 0 3 6 1 1 0  4 1 2 1 5 0 6 6  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 3 A F L 0 0 0 0 7 0  V 0 2 E D E 4 4 2 1 2 0  5 6 6 6 7 1 7 5  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 B O S 0 0 0 2 0 0  V 0 2 E D E 4 4 2 1 2 0  2 6 1 5 5 7 6 8  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 D U R 0 0 0 2 9 0  V 0 2 E D E 4 4 2 1 2 0  6 4 3 4 6 5 1  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 G E N 0 0 0 0 3 0  W 0 8 S A M R O N 0 0 0  3 8 9 8 2 5 1 6  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 3 H O N 0 0 0 2 5 0  V 0 2 E D E 4 4 2 1 2 0  2 0 3 2 6 3 2 8  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 K A L 0 0 0 0 2 0  V 0 2 RI V 4 2 5 0 2 0  4 3 8 8 0 5 9 3  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 -6. 0 2  3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  

V 0 3 K A L 0 0 0 1 8 0  V 0 2 E D E 4 4 2 1 2 0  3 2 6 8 5 1 7 7  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 K EI 0 0 0 2 8 0  V 0 2 E D E 4 4 2 1 2 0  2 8 3 3 7 7 4 0  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 K G O 0 0 0 0 5 0  V 0 2 E D E 4 4 2 1 2 0  1 2 9 0 3 1 9 9  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 K G T 0 0 0 0 8 0  W 1 1 B E R 5 5 1 0 1 0  4 6 9 6 6 6 2 1  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 3 K G T 0 0 0 1 0 0  V 0 5 H E U 4 0 3 2 1 0  7 0 0 1 7 7 8 9  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 3 K R U 0 0 0 1 2 0  V 0 2 E D E 4 4 2 1 2 0  5 0 0 7 9 1 2  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 L A N 0 0 0 1 9 0  V 0 2 E D E 4 4 2 1 2 0  1 4 7 9 3 2 2 1  4 3 2 . 4 1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 LI E 0 0 0 0 6 0  V 0 2 E D E 4 4 2 1 2 0  9 3 9 9 7 5 5  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 L P K 0 0 0 1 3 0  V 0 2 E D E 4 4 2 1 2 0  4 0 7 7 8 1 8 0  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 L P K 0 0 0 1 4 0  V 0 4 M O M 0 3 7 1 0 0  5 0 2 7 8 9 5 6  5 3 2. 4  1 5 9. 9  1. 9 8  0. 8 3  1 -4. 5 9  1. 6 4  -2. 8 2  2. 4 3  1 1. 7  6 2  9 3 3  

V 0 3 M O P 0 0 0 2 6 0  V 0 2 E D E 4 4 2 1 2 0  3 1 9 0 2 5 3 5  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 RI E 0 0 0 0 4 0  V 0 7 M O G 2 8 8 0 2 0  6 1 4 0 6 0 7  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 6  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 0 3 R O D 0 0 0 1 1 0  V 0 2 E D E 4 4 2 1 2 0  6 9 3 7 2 6 9  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 S L E 0 0 0 0 9 0  V 0 2 RI V 4 2 5 0 2 0  4 4 1 5 9 8 4 0  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 -6. 0 2  3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  

V 0 3 S P L 0 0 0 2 1 0  V 0 2 E D E 4 4 2 1 2 0  5 1 0 1 4 2 0  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 S T E 0 0 0 2 4 0  V 0 2 E D E 4 4 2 1 2 0  1 0 5 1 9 3 5 8  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 V A L 0 0 0 2 2 0  V 0 2 E D E 4 4 2 1 2 0  1 9 5 4 2 1 6 5  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 W E E 0 0 0 2 3 0  V 0 2 E D E 4 4 2 1 2 0  2 4 0 3 8 2 6 9  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 Z S B 0 0 0 1 7 0  V 0 3 P O E 4 4 6 0 0 0  3 7 8 2 7 2 4 5  4 0 2. 3  2 1 3. 4  3. 3 2  1. 1 5  1 -9. 5 7  3. 0 3  -5. 7 9  4. 9 8  1 2. 7  7 6  9 4 5  

V 0 3 Z W S 0 0 0 1 5 0  V 0 2 E D E 4 4 2 1 2 0  3 4 9 3 7 5 2 1  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 4 B E S 0 0 0 1 6 0  V 0 6 Z W A 3 4 2 1 9 0  1 8 4 8 5 0 8 0 4  4 4 8. 2  1 6 8. 1  2. 1 1  1. 4 2  1 -3. 7 2  2. 1 0  -4. 1 2  2. 9 9  1 4. 3  6 0  7 0 7  

V 0 4 B E S 0 0 0 1 7 0  W 1 1 B E R 5 5 1 0 1 0  1 8 7 6 6 7 0 6  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 4 B E S 0 0 0 1 8 0  W 0 8 S A M R O N 0 0 0  6 7 6 6 3 4 1 8  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 4 B E S 0 0 0 1 8 5  W 1 1 B E R 5 5 1 0 1 0  2 8 3 2 6 4 0 5  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 4 B E S 0 0 0 1 9 0  V 0 9 D E M 1 3 6 0 0 0  3 6 1 0 6 6 5 0 6  4 7 7. 6  2 6 0. 4  1. 9 3  0. 4 5  1 -5. 1 5  3. 0 3  -3. 9 5  2. 7 3  1 5. 0  5 6  1 2 0 0  

V 0 4 B E S 0 0 0 2 0 0  V 0 7 M A R 2 8 9 0 1 5  1 8 0 9 8 9 1 1 3  4 1 0. 7  1 7 0. 8  2. 2 3  0. 9 2  1 -4. 5 9  5. 0 0  -4. 3 5  2. 8 9  1 0. 8  5 8  1 1 5 5  

V 0 4 B E S 0 0 0 2 1 0  W 1 1 B E R 5 5 1 0 1 0  3 7 3 5 2 1 8 8  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 4 D U R 0 0 0 0 8 0  V 0 4 M O L 0 3 6 1 1 0  1 3 1 1 5 9 5 9  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 4 D U R 0 0 0 0 9 0 V 0 9 M O T 1 4 4 2 7 0  1 2 9 1 1 8 2 6  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 4 L E D 0 0 0 0 4 5  V 0 2 E D E 4 4 2 1 2 0  1 0 7 3 1 8 4 0  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 4 L E D B O R 0 4 0  V 0 2 E D E 4 4 2 1 2 0  3 3 8 1 5 2 7 1  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 4 L O K 0 0 0 0 6 0  V 0 9 M O T 1 4 4 2 7 0  1 2 9 3 7 2 9 1  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 4 R U P 0 0 0 1 5 0  W 0 8 S A M R O N 0 0 0  2 8 6 2 7 8 1 4  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 4 S C H 0 0 0 0 0 0  V 0 9 M O T 1 4 4 2 7 0  2 1 3 4 8 1 7 2  4 7 3. 2  1 6 8. 3  1. 9 5 0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 4 S C H 0 0 0 0 1 0  V 0 9 H E R 1 6 3 0 1 0  2 3 2 4 6 7 6 5 4  4 9 9. 4  1 6 8. 0  1. 9 7  0. 5 6  1 -6. 0 0  5. 0 0  -4. 0 3  3. 0 0  1 4. 7  5 9  9 1 6  

V 0 4 S C H 0 0 0 0 2 0  V 0 3 P O E 4 4 6 0 0 0  4 2 3 4 2 6 8 3  4 0 2. 3  2 1 3. 4  3. 3 2  1. 1 5  1 -9. 5 7  3. 0 3  -5. 7 9  4. 9 8  1 2. 7  7 6  9 4 5  

V 0 4 S C H 0 0 0 0 3 0  V 0 9 WI N 1 4 1 3 1 0  5 5 5 5 8 3 9 3  4 7 1. 3  1 6 5. 4  1. 9 9  0. 5 7  1 -4. 0 6  3. 5 6  -4. 0 6  2. 9 0  1 0. 5  8 2  7 2 3  

V 0 4 S C H 0 0 0 0 7 0  V 0 9 H E R 1 6 3 0 1 0  9 7 8 4 3 0 9 4  4 9 9. 4  1 6 8. 0  1. 9 7  0. 5 6  1 -6. 0 0  5. 0 0  -4. 0 3  3. 0 0  1 4. 7  5 9  9 1 6  

V 0 4 V LI 0 0 0 1 4 0  V 0 9 M A N 1 6 1 0 4 0  6 5 7 3 7 5 3 0  4 1 8. 7  1 5 6. 7  1. 8 9  0. 7 1  1 -4. 2 3  4. 0 3  -3. 2 9  0. 8 3  1 3. 2  8 7  1 0 5 0  

V 0 4 Z E L 0 0 0 0 5 0  V 0 4 M O L 0 3 6 1 1 0  2 4 2 0 7 8 5 1  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 4 ZI E 0 0 0 1 2 0  V 0 4 M O L 0 3 6 1 1 0  5 2 1 2 5 8 5 4  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 4 Z W A 0 0 0 1 3 0  V 0 8 B A R 1 1 1 3 7 0  2 0 2 2 3 7 3 6  4 0 9. 7  2 8 6. 7  2. 1 0  0. 6 5  1 - 5. 9 3 0. 9 5  -3. 6 9  3. 0 0  1 5. 0  7 5  1 2 2 3  

V 0 5 G A V 0 0 0 2 6 0  V 0 5 H E U 4 0 3 2 1 0  1 3 7 8 4 2 2 7 3  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 5 G E L 0 0 0 2 0 0  V 0 5 H E U 4 0 3 2 1 0  4 7 7 8 3 3 4 9  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 5 H E U 0 0 0 2 2 0  V 0 9 M O T 1 4 4 2 7 0  1 6 8 8 3 7 0 6 4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 7  

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 0 5 L EI 0 0 0 1 9 0  V 0 1 K E M 4 9 2 0 6 0  1 0 8 8 2 6 1 9 5  4 2 6. 1  1 6 4. 2  2. 4 0  1. 7 6  1 -5. 1 3  4. 6 5  -2. 9 8  3. 0 0  1 4. 4  7 0  4 7 6  

V 0 5 L EI 0 0 0 2 4 0  V 0 9 M O T 1 4 4 2 7 0  2 1 3 0 4 8 1 4  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 5 L EI 0 0 0 2 5 0  V 0 9 M O T 1 4 4 2 7 0  2 9 8 3 6 2 8 2  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 5 L EI 0 0 0 2 8 0  V 0 3 P O E 4 4 6 0 0 0  9 7 7 3 0 9 4 2  4 0 2. 3  2 1 3. 4  3. 3 2  1. 1 5  1 -9. 5 7  3. 0 3  -5. 7 9  4. 9 8  1 2. 7  7 6  9 4 5  

V 0 5 L EI 0 0 0 2 9 0  V 0 2 E D E 4 4 2 1 2 0  4 7 1 7 2 6 1 6  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 5 L EI 0 0 0 3 0 0  V 0 2 RI V 4 2 5 0 2 0  3 9 1 5 5 3 5 7  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 -6. 0 2  3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  

V 0 5 L EI 3 8 6 1 8 0  F 0 5 L EI 3 8 6 9 9 9  8 2 7 0 6 6 0 6  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

V 0 5 M A N 0 0 0 2 7 0  V 0 1 S S V 4 9 9 1 4 0  1 3 0 1 7 6 1 5  4 3 1. 6  1 7 5 . 3 2. 1 7  1. 0 9  1 -4. 5 3  5. 0 0  -3. 8 9  2. 9 8  1 2. 5  5 2  7 1 9  

V 0 6 B EI 0 0 0 1 5 0  V 0 7 M O G 2 8 8 0 2 0  1 9 1 3 4 0 1 6  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 6 K B K 0 0 0 1 3 0  W 0 8 S A M R O N 0 0 0  8 2 6 1 9 7 4  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 6 M A A 0 0 0 1 7 0  V 0 7 M O G 2 8 8 0 2 0  4 9 5 5 4 3 9  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 6 S C H 0 0 0 1 4 0  V 0 7 B E L 2 8 5 0 7 0  5 6 0 8 4 5 0 6  4 4 5. 8  2 1 6. 2  2. 1 2  0. 6 7  1 -5. 3 5  4. 5 2  -4. 9 5  4. 5 8  1 4. 3  6 3  1 1 5 7  

V 0 6 S C H 0 0 0 1 8 0  W 0 8 S A M R O N 0 0 0  8 7 6 1 8 1 7 6  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 6 S C H 0 0 0 2 1 0  V 0 5 H E U 4 0 3 2 1 0  8 1 0 8 3 1 7 4  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 6 S C H 0 0 0 2 2 0  V 0 2 H E R 4 2 6 0 1 0  7 7 3 4 2 1 7 1  4 7 4. 9  2 4 6. 1  2. 3 5  0. 7 8  1 -7. 4 8  4. 1 7  -4. 4 4  4. 3 5  1 0. 4  7 3  1 3 1 8  

V 0 6 Z W A 0 0 0 2 0 0  V 0 9 M O T 1 4 4 2 7 0  8 6 7 1 2 9  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 7 B E L 0 0 0 0 8 0  V 0 4 M O L 0 3 6 1 1 0  1 1 5 3 8 0 7 2  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 7 D E N 0 0 0 0 2 5  V 0 7 M O G 2 8 8 0 2 0  2 7 9 0 8 9 9 6  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 7 D E N 0 0 0 0 6 0  V 0 1 M A R 4 9 6 1 2 0  7 3 0 2 2 1 6 1  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 7 D E N 0 0 0 1 1 0  V 0 5 H E U 4 0 3 2 1 0  9 7 8 2 4 9 0 2  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 7 G R A 0 0 0 0 9 0  V 0 9 M O T 1 4 4 2 7 0  2 8 2 8 3 5 7 3  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 7 M O E 0 0 0 1 2 0  V 0 7 M O G 2 8 8 0 2 0  8 5 8 5 9 9 0  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 7 M O L 0 0 0 0 3 0  V 0 8 B A R 1 1 1 3 7 0  5 3 7 1 1 1 3 9  4 0 9. 7  2 8 6. 7  2. 1 0  0. 6 5  1 -5. 9 3  0. 9 5  -3. 6 9  3. 0 0  1 5. 0  7 5  1 2 2 3  

V 0 7 M O L 0 0 0 0 5 0  V 0 7 M O E 2 8 2 1 0 0  5 2 6 1 0 0 1 4  3 5 0. 4  1 6 1. 8  3. 4 1  2. 2 2  1 -6. 6 7  1 0. 0 0  -5. 3 8  3. 6 1  1 6. 5  8 2  1 3 4 0  

V 0 7 M O L 0 0 0 1 3 0  V 0 9 M O T 1 4 4 2 7 0  2 2 2 1 5 2 4 7  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 7 W O L 0 0 0 0 4 0  V 0 5 H E U 4 0 3 2 1 0  4 9 4 3 0 9 9 7  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 8 A A B 0 0 0 3 6 0  V 0 1 M A R 4 9 6 1 2 0  6 0 4 5 1 2 0 4  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 8 B E Y 0 0 0 2 4 0  V 0 9 M O T 1 4 4 2 7 0  6 1 1 4 3 2 3  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 B R O 0 0 0 1 7 5  V 0 7 M O G 2 8 8 0 2 0  6 2 6 2 7 3 4  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 8 B R U 0 0 0 1 8 0  W 1 1 B E R 5 5 1 0 1 0  1 6 0 2 4 0 9 9  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 DIJ 0 0 0 4 3 0  V 0 4 M O L 0 3 6 1 1 0  1 6 8 3 9 3 6 7  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 8 DIJ 0 0 0 4 5 5  V 0 9 M O T 1 4 4 2 7 0  9 4 1 9 8 8 6  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5 6 6  1 1 9 8  

V 0 8 D R O 0 0 0 2 3 0  V 0 7 M O G 2 8 8 0 2 0  1 7 5 4 2 7 1  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 8  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 0 8 G L A 0 0 0 4 5 0  V 0 9 M O T 1 4 4 2 7 0  2 9 9 0 0 0 0 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 G R O 0 0 0 0 7 0  W 1 1 B E R 5 5 1 0 1 0  1 3 7 4 8 8 0 9  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 H A L 0 0 0 0 8 0  W 1 1 B E R 5 5 1 0 1 0  1 0 4 3 1 0 1 1  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 H A R 0 0 0 2 5 0  W 1 1 B E R 5 5 1 0 1 0  4 1 8 3 0 6 3  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 H E R 0 0 0 1 2 0  V 0 7 M O G 2 8 8 0 2 0  1 5 6 0 6 7 0 5  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 8 L EI 0 0 0 4 2 0  V 0 4 M O L 0 3 6 1 1 0  6 1 9 9 9 3 2 9  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 8 L O B 0 0 0 3 0 0  W 1 1 B E R 5 5 1 0 1 0  1 7 2 7 0 2 7  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 L O T 0 0 0 1 1 0  W 0 8 S A M R O N 0 0 0  1 6 6 7 7 8 6 9  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 8 M A A 0 0 0 1 9 0  W 1 1 B E R 5 5 1 0 1 0  2 5 5 1 3 3 6 8  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 M A A 0 0 0 3 2 0  V 0 7 B E L 2 8 5 0 7 0  4 1 5 6 2 0 6 2  4 4 5. 8  2 1 6. 2  2. 1 2  0. 6 7  1 -5. 3 5  4. 5 2 -4. 9 5  4. 5 8  1 4. 3  6 3  1 1 5 7  

V 0 8 M A R 0 0 0 2 7 0  W 1 1 B E R 5 5 1 0 1 0  2 6 5 5 2 4 2  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 M E C 0 0 0 3 9 0  V 0 4 M O L 0 3 6 1 1 0  2 1 8 4 4 8 0  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 8 M E C 0 0 0 4 4 0  V 0 4 M O L 0 3 6 1 1 0  2 1 1 6 7 2 0 0  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 8 M O B 0 0 0 0 9 0  V 0 8 B A R 1 1 1 3 7 0  5 2 9 0 6 5 8 9  4 0 9. 7  2 8 6. 7  2. 1 0  0. 6 5  1 -5. 9 3  0. 9 5  -3. 6 9  3. 0 0  1 5. 0  7 5  1 2 2 3  

V 0 8 M OJ 0 0 0 2 2 0  W 1 1 B E R 5 5 1 0 1 0  2 4 7 4 4 8 8 3  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 N E E 0 0 0 1 4 0  V 0 7 M O G 2 8 8 0 2 0  2 4 4 1 8 4 0 1  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 8 P A R 0 0 0 2 1 0  V 0 7 M O G 2 8 8 0 2 0  1 0 5 2 6 0 2 3  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 8 S A S 0 0 0 3 5 0  V 0 9 M O T 1 4 4 2 7 0  1 1 1 2 2 0 3 8  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 S T A 0 0 0 0 6 0  V 0 7 M O G 2 8 8 0 2 0  8 9 3 9 1 2 7  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 8 T A N 0 0 0 2 9 0  W 1 1 B E R 5 5 1 0 1 0  8 6 4 5 6 4 2  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 T A N 0 0 0 3 3 0  W 1 1 B E R 5 5 1 0 1 0  1 7 2 8 2 5 1  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1 1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 T A N 0 0 0 3 4 0  W 1 1 B E R 5 5 1 0 1 0  4 3 0 8 0 5 1  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 T R A 0 0 0 2 8 0  W 1 1 B E R 5 5 1 0 1 0  6 4 0 3 0 9 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 U K K 0 0 0 1 6 0  V 0 9 M O T 1 4 4 2 7 0  1 6 5 5 6 5 1 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 VI L 0 0 0 3 1 0  W 1 1 B E R 5 5 1 0 1 0  2 8 5 9 6 5 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 V L E 0 0 0 1 5 0  W 1 1 B E R 5 5 1 0 1 0  4 9 4 2 8 2 5  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 V O R 0 0 0 1 7 0  W 1 1 B E R 5 5 1 0 1 0  4 1 7 6 3 5 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 V R O 0 0 0 4 6 0  V 1 0 M O P 0 6 2 1 4 0  1 2 5 5 9 3 3 4 4  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 0 8 V U N 0 0 0 4 3 5  V 0 9 M O T 1 4 4 2 7 0  2 5 9 8 8 2 7 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7 -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 W E E 0 0 0 4 1 0  V 0 9 M O T 1 4 4 2 7 0  6 8 2 9 2 3 4 9  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 W O L 0 0 0 2 6 0  W 1 1 B E R 5 5 1 0 1 0  4 6 3 6 9 2 6 9  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 W O L B R U 2 0 0  V 0 9 WI N 1 4 1 3 1 0  4 9 5 0 8 9 9 6  4 7 1. 3 1 6 5. 4  1. 9 9  0. 5 7  1 -4. 0 6  3. 5 6  -4. 0 6  2. 9 0  1 0. 5  8 2  7 2 3  

V 0 8 Z U U 0 0 0 1 3 0  V 0 7 B E L 2 8 5 0 7 0  2 5 9 2 7 0 2 6  4 4 5. 8  2 1 6. 2  2. 1 2  0. 6 7  1 -5. 3 5  4. 5 2  -4. 9 5  4. 5 8  1 4. 3  6 3  1 1 5 7  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 9  

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 0 9 A L B 0 0 0 0 1 0  V 0 9 M O T 1 4 4 2 7 0  9 8 6 8 9 1 1  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 A L B 0 0 0 0 2 0  V 0 9 M O T 1 4 4 2 7 0  6 7 8 8 4 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 B E G 0 0 0 1 6 0  V 0 9 M O T 1 4 4 2 7 0  5 2 2 8 8 4 5 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 D E M 0 0 0 0 3 0  V 0 9 M A N 1 6 1 0 4 0  1 1 1 8 0 4 7 1 4  4 1 8. 7  1 5 6. 7  1. 8 9  0. 7 1  1 -4. 2 3  4. 0 3  -3. 2 9  0. 8 3 1 3. 2  8 7  1 0 5 0  

V 0 9 D E M 0 0 0 0 5 0  W 1 1 O U R 5 8 0 5  1 7 2 2 4 2 5 2  4 7 2. 9  1 3 4. 8  2. 2 5  1. 6 5  1 -5. 8 9  4. 4 0  -3. 1 3  3. 0 0  1 1. 8  7 0  7 5 2  

V 0 9 D E M 0 0 0 0 7 0  W 1 1 B E R 5 5 1 0 1 0  1 5 2 6 3 7 8 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 9 G L A 0 0 0 2 4 0  V 0 9 M O T 1 4 4 2 7 0  1 3 8 9 3 2 1 9  4 7 3. 2  1 6 8. 3  1. 9 5  0 . 7 8 1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 H EI 0 0 0 2 9 0  V 0 9 M O T 1 4 4 2 7 0  1 1 7 7 9 9 5 5  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 H E R 0 0 0 0 6 0  V 0 9 M O T 1 4 4 2 7 0  1 7 9 0 4 8 2 8  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 H E R 0 0 0 0 7 5  V 0 9 M O T 1 4 4 2 7 0 4 0 6 3 5 6 9  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 H U L 0 0 0 1 7 0  V 0 4 M O L 0 3 6 1 1 0  1 0 1 6 7 6 6 7  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 9 L A A 0 0 0 2 2 0  V 0 9 M O T 1 4 4 2 7 0  4 8 4 3 8 9 9  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8 

V 0 9 L EI 0 0 0 1 8 0  V 0 9 M O T 1 4 4 2 7 0  2 2 9 0 1 5 8  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 L E U 0 0 0 1 5 5  V 0 7 M O G 2 8 8 0 2 0  8 2 7 2 8 3 7  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 9 M A N 0 0 0 1 3 0  V 0 9 M O T 1 4 4 2 7 0  2 3 6 9 0 6 2  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 M O T 0 0 0 2 6 0  V 0 9 M O T 1 4 4 2 7 0  8 6 3 3 8 5 3  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 M O U 0 0 0 2 8 0  W 1 1 B E R 5 5 1 0 1 0  4 7 2 0 9 8 1  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 9 O S S 0 0 0 2 3 0  V 0 9 M O T 1 4 4 2 7 0  1 2 0 1 7 2 5 7  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 V E L 0 0 0 1 1 0  V 0 9 M O T 1 4 4 2 7 0  4 4 2 2 4 3 4 2  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 V O O 0 0 0 0 9 0  V 0 9 M O T 1 4 4 2 7 0  1 4 9 1 3 9 6 6  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 V O S 0 0 0 2 0 0 V 0 9 M O T 1 4 4 2 7 0  6 3 4 3 6 6 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 W E R 0 0 0 2 5 0  V 0 4 M O L 0 3 6 1 1 0  3 4 4 7 9 9 4  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 9 WIJ 0 0 0 1 9 0  V 0 9 M O T 1 4 4 2 7 0  6 9 5 1 1 0 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 WI N 0 0 0 3 2 0  V 0 9 M O T 1 4 4 2 7 0  1 7 3 7 5 2 6 3  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 Z W A 0 0 0 1 4 0  V 0 9 M O T 1 4 4 2 7 0  2 4 8 0 7 5 8 6  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 Z W A 0 0 0 2 1 0  V 1 0 M O P 0 6 2 1 4 0  1 9 3 1 3 2 3 2  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 1 0 A L B 0 7 6 0 1 5  V 1 0 G N E 0 7 6 9 9 9  2 4 5 3 9 8 7 1  4 3 6. 3  2 3 3. 7  1. 8 3  0. 5 4  1 -5. 9 5  2. 3 8  -3. 7 5  3. 0 0  1 3. 9  6 7  1 6 2 3  

V 1 0 B E R 0 0 0 1 0 0  V 0 9 M O T 1 4 4 2 7 0  2 8 5 7 2 4 5 4  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 1 0 B E V 0 0 0 1 2 0  V 1 0 M O P 0 6 2 1 4 0  2 6 9 1 8 4 3 4  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 1 0 G E S 0 0 0 1 3 0  V 0 9 M O T 1 4 4 2 7 0  4 2 1 8 9 7 8 1  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 1 0 G N E 0 7 6 0 1 0  V 1 0 G N E 0 7 6 9 9 9  2 4 3 5 3 2 8 4 7  4 3 6. 3  2 3 3. 7  1. 8 3  0. 5 4  1 -5. 9 5  2. 3 8  -3. 7 5  3. 0 0  1 3. 9  6 7  1 6 2 3  

V 1 0 G O O 0 0 0 0 8 0  V 1 0 M O P 0 6 2 1 4 0  4 4 3 0 2 1 1 7  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 1 0 K L A 0 7 6 0 3 0  V 1 0 G N E 0 7 6 9 9 9  5 4 0 4 1 5 7 4  4 3 6. 3  2 3 3. 7  1. 8 3  0. 5 4  1 -5. 9 5  2. 3 8  -3. 7 5  3. 0 0  1 3. 9  6 7  1 6 2 3  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 1 0  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 1 0 K R E 0 0 0 1 1 0  V 0 9 M A N 1 6 1 0 4 0  5 3 9 2 8 7 3 7  4 1 8. 7  1 5 6. 7  1. 8 9  0. 7 1  1 - 4. 2 3 4. 0 3  -3. 2 9  0. 8 3  1 3. 2  8 7  1 0 5 0  

V 1 0 M O L 0 0 0 0 6 0  V 0 9 Z W A 1 4 8 1 2 0  4 0 6 9 4 6 1 9  4 5 1. 6  1 5 8. 5  1. 8 2  0. 4 8  1 -5. 2 9  5. 0 0  -3. 5 9  2. 8 5  1 5. 0  5 0  7 2 5  

V 1 0 M O P 0 0 0 1 5 0  V 1 0 M O P 0 6 2 1 4 0  3 2 4 1 8 9 2 4  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 1 0 N E T 0 0 0 1 7 0  V 1 0 M O P 0 6 2 1 4 0  6 6 6 6 4 7 2 0  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 1 0 N E T 0 0 0 1 8 0  V 0 9 M A N 1 6 1 0 4 0  8 0 3 0 2 3 4 7  4 1 8. 7  1 5 6. 7  1. 8 9  0. 7 1  1 -4. 2 3  4. 0 3  -3. 2 9  0. 8 3  1 3. 2  8 7  1 0 5 0  

V 1 0 R O L 0 0 0 0 4 0  V 0 9 Z W A 1 4 8 1 2 0  2 3 5 7 1 0 0 7  4 5 1. 6  1 5 8. 5  1. 8 2  0. 4 8  1 -5. 2 9  5. 0 0  -3. 5 9  2. 8 5  1 5. 0  5 0  7 2 5  

V 1 0 S T E 0 0 0 0 7 0  V 0 9 Z W A 1 4 8 1 2 0  4 2 5 7 1 6 3 5  4 5 1. 6  1 5 8. 5  1. 8 2  0. 4 8  1 -5. 2 9  5. 0 0  -3. 5 9  2. 8 5  1 5. 0  5 0  7 2 5  

V 1 0 T A P 0 0 0 1 6 0  V 1 0 M O P 0 6 2 1 4 0  4 6 1 9 1 8 2 0  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 1 0 WI M 0 0 0 0 9 0  V 0 9 M O T 1 4 4 2 7 0  2 9 3 3 0 8 8 1  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 1 1 A L B 0 0 0 0 4 5  W 1 1 B E R 5 5 1 0 1 0  4 4 9 9 0 8 0 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 1 1 M A A 5 0 8 0 5 0  V 1 0 K N E 0 5 2 0 0 0  8 3 7 9 1 2 1 2 2  4 7 4. 6  2 0 2. 4  2. 1 0  1. 0 9  1 -6. 0 0  0. 7 8  -3. 0 9  3. 0 0  1 4. 1  5 6  1 1 0 3  

V 1 1 V O E 0 0 0 0 1 0  V 0 9 V E L 1 4 5 1 0 0  5 9 5 5 5 9 0 0  4 1 5. 2  2 1 3. 4 2. 1 3  0. 6 3  1 -6. 5 1  5. 1 1  -4. 1 6  3. 8 0  9. 9  8 2  1 4 9 8  

V 1 1 WI L 5 0 8 0 5 5  V 0 9 D E M 1 3 6 0 0 0  2 1 8 4 9 1 4 2  4 7 7. 6  2 6 0. 4  1. 9 3  0. 4 5  1 -5. 1 5  3. 0 3  -3. 9 5  2. 7 3  1 5. 0  5 6  1 2 0 0  

W 0 5 L Y S 3 8 6 1 7 0  F 0 5 L EI 3 8 6 9 9 9  9 1 8 1 2 0 2 6  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

W 0 6 B O S 3 2 5 0 9 5  F 0 6 B O S 3 2 5 0 0 1  2 5 6 7 7 2 3 0 8  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 B O S 3 2 5 1 0 5  F 0 6 B O S 3 2 5 0 0 1  2 2 6 7 8 9 8 7 2  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 B O S 3 2 5 1 1 5  F 0 6 B O S 3 2 5 0 0 1  1 1 1 0 7 1 5 4 5  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 H AI 3 2 5 0 8 0  F 0 6 B O S 3 2 5 0 0 1  2 7 5 2 0 1 6 9 7  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 H AI 3 2 5 0 8 5  F 0 6 B O S 3 2 5 0 0 1  2 4 1 2 9 3 1 0 3  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 H AI 3 2 5 0 9 0  F 0 6 B O S 3 2 5 0 0 1  2 7 3 0 9 1 2 8 8  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 H A Y 0 0 0 1 1 0  V 0 5 H E U 4 0 3 2 1 0  6 4 1 0 2 8 9 2  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

W 0 6 R H O 0 0 0 1 2 0  V 0 9 M O T 1 4 4 2 7 0  7 5 9 5 3 3 6  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

W 0 7 D E N L E S 0 1 0  W 0 7 D E N O V B 0 0 5  2 7 1 0 4 9 1 6 9  4 5 7. 1  1 5 3. 8  1. 9 5  0. 4 6  1 -4. 6 9  1. 0 9  -3. 5 0  2. 8 7  1 2. 5  8 4  1 0 8 6  

W 0 7 D O C L E S 0 0 0  W 0 7 D E N O V B 0 0 5  1 2 7 9 7 2 5 2 7  4 5 7. 1  1 5 3. 8  1. 9 5  0. 4 6  1 -4. 6 9  1. 0 9  -3. 5 0  2. 8 7  1 2. 5  8 4  1 0 8 6  

W 0 7 D O R L E S 0 0 5  W 0 7 D E N O V B 0 0 5  1 9 6 9 7 6 6 0 8  4 5 7. 1  1 5 3. 8  1. 9 5  0. 4 6  1 -4. 6 9  1. 0 9  -3. 5 0  2. 8 7  1 2. 5  8 4  1 0 8 6  

W 0 8 H AI 0 0 0 0 5 0  V 0 7 B E L 2 8 5 0 7 0  8 0 8 2 6 9 7 8  4 4 5. 8  2 1 6. 2  2. 1 2  0. 6 7  1 -5. 3 5  4. 5 2  -4. 9 5  4. 5 8  1 4. 3  6 3  1 1 5 7  

W 0 8 S E N 0 0 0 0 2 0  W 0 8 S A M R O N 0 0 0  5 3 0 8 1 0 7 8  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

W 0 8 Z E N 0 0 0 0 4 0  V 0 7 M O G 2 8 8 0 2 0  1 9 2 4 0 2 3 8  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

W 1 1J E K 5 5 3 0 1 0  W 1 1 M E H 5 8 2 0  4 6 3 4 1 1 0 0 8  3 9 6. 7  1 6 9. 9  2. 0 4  0. 4 5  1 -5. 2 5  3. 1 3  -4. 2 5  2. 9 2  1 2. 4  8 2  1 0 7 5  

W 1 1 M A A 0 0 3 0  W 1 1 M E H 5 8 2 0  5 0 3 2 1 7 0 0 0  3 9 6. 7  1 6 9. 9  2. 0 4  0. 4 5  1 -5. 2 5  3. 1 3  -4. 2 5  2. 9 2  1 2. 4  8 2  1 0 7 5  

W 1 1 M A A 0 0 4 0  W 1 1 M E H 5 8 2 0  3 7 0 8 2 0 0 0 0  3 9 6. 7  1 6 9. 9  2. 0 4  0. 4 5  1 -5. 2 5  3. 1 3  -4. 2 5  2. 9 2  1 2. 4  8 2  1 0 7 5  

W 1 1 S A M 0 0 0 0  W 0 8 S A M R O N 0 0 0  1 7 8 6 2 0 0 0 0  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

               



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 1 1  

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

               

F 0 1 Y S E 4 6 8 0 0 0  F 0 1IJ Z 4 6 8 0 0 0  3 6 1 1 2 0 0 0 0  3 9 8. 4  2 0 6. 3  2. 9 5  1. 2 0  1 -8. 4 8  6. 2 1  -4. 6 5  5. 0 0  1 3. 4  1 0 5  1 8 0 8  

F 0 5 A A A 0 0 0 0 1 0  F 0 5 L EI 3 8 6 9 9 9  2 4 8 4 5 2 7 2 8  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 A A A 5 7 1 0 0 0  F 0 5 L EI 3 8 6 9 9 9  3 7 4 1 1 3 1 0 3  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 B E C 3 8 6 0 2 3  F 0 5 L EI 3 8 6 9 9 9  8 0 0 8 6 0 3 9  4 2 4. 0 2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 B E C 3 8 6 0 2 5  F 0 5 L EI 3 8 6 9 9 9  6 8 9 3 0 9 6 9  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 B O U 3 8 6 0 0 5  F 0 5 L EI 3 8 6 9 9 9  2 5 5 3 9 2 6 2 8  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 C L A 3 8 6 0 1 7  F 0 5 L EI 3 8 6 9 9 9  3 6 5 4 7 2 7 3  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 C L A 3 8 6 0 2 0  F 0 5 L EI 3 8 6 9 9 9  2 2 6 0 0 6 4 7 3  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 0 4 0  F 0 5 L EI 3 8 6 9 9 9  4 4 8 8 1 8 3 7 0  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 0 5 0  F 0 5 L EI 3 8 6 9 9 9  7 4 0 8 3 9 5 1  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 0 6 0  F 0 5 L EI 3 8 6 9 9 9  1 1 6 6 6 9 1 3 6  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 0 8 0  F 0 5 L EI 3 8 6 9 9 9  5 7 1 9 2 1 8 0  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 0 9 0  F 0 5 L EI 3 8 6 9 9 9  1 2 8 2 9 1 9 9  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 1 0  F 0 5 L EI 3 8 6 9 9 9  1 6 9 1 9 1 5 0  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 2 0  F 0 5 L EI 3 8 6 9 9 9  3 9 4 5 0 3 9 2  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 3 0  F 0 5 L EI 3 8 6 9 9 9  2 1 7 2 4 4 8 4  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 4 0  F 0 5 L EI 3 8 6 9 9 9  7 4 8 0 5 8 1  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 5 0  F 0 5 L EI 3 8 6 9 9 9  3 9 1 9 3 2 5 1  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 D E U 3 8 6 1 6 0  F 0 5 L EI 3 8 6 9 9 9  2 7 0 0 5 2 3 2  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 H E M 0 0 0 0 2 0  F 0 5 L EI 3 8 6 9 9 9  1 3 4 0 1 0 9 5 9  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L A W 3 8 6 0 1 8  F 0 5 L EI 3 8 6 9 9 9  1 0 2 2 4 9 4 7 4  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L A W 3 8 6 0 3 0  F 0 5 L EI 3 8 6 9 9 9  1 8 8 6 9 9 8 5 3  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L OI 3 8 6 0 3 5  F 0 5 L EI 3 8 6 9 9 9  1 1 3 0 9 3 2 1 8  4 2 4 . 0 2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L Y S 3 8 6 0 0 0  F 0 5 L EI 3 8 6 9 9 9  3 7 5 2 8 8 1 1 9  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L Y S 3 8 6 0 1 0  F 0 5 L EI 3 8 6 9 9 9  7 5 8 6 0 3 3 8  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L Y S 3 8 6 0 1 5 F 0 5 L EI 3 8 6 9 9 9  2 8 1 2 6 2 4 2  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 L Y S 3 8 6 1 1 5  F 0 5 L EI 3 8 6 9 9 9  1 6 8 4 5 8 5 6 4  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 5 M A R 3 8 6 0 7 0  F 0 5 L EI 3 8 6 9 9 9  2 0 0 5 2 0 1 1 8  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3 . 0 0 1 3. 9  4 6  8 8 3  

F 0 5 M A R 3 8 6 1 0 0  F 0 5 L EI 3 8 6 9 9 9  2 6 6 3 5 6 9 2  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

F 0 6 B O S 3 2 5 0 0 0  F 0 6 B O S 3 2 5 0 0 1  7 7 5 4 0 6 3 4 1  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 B O S 3 2 5 0 1 5  F 0 6 B O S 3 2 5 0 0 1  1 0 7 6 2 6 5 8 7  4 3 5. 3  1 7 6. 4  1 . 9 8 0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 B O S 3 2 5 0 1 6  F 0 6 B O S 3 2 5 0 0 1  1 4 2 9 5 7 0 0 3  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 1 2  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

F 0 6 B O S 3 2 5 0 1 7  F 0 6 B O S 3 2 5 0 0 1  3 3 6 7 5 7 7 9  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 B O S 3 2 5 0 1 8  F 0 6 B O S 3 2 5 0 0 1  1 6 9 1 1 2 0 3  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 B O S 3 2 5 0 1 9  F 0 6 B O S 3 2 5 0 0 1  3 6 7 6 7 5 3 0  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 E C A 3 2 5 0 5 0  F 0 6 B O S 3 2 5 0 0 1  1 9 1 8 7 3 6 7 3  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2 . 8 6 1  1 0 6 0  

F 0 6 E R C 3 2 5 0 3 0  F 0 6 B O S 3 2 5 0 0 1  1 6 7 6 5 4 9 0 4  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 H O G 3 2 5 0 7 0  F 0 6 B O S 3 2 5 0 0 1  2 0 8 2 3 0 6 5 6  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 R H O 3 2 5 0 6 0  F 0 6 B O S 3 2 5 0 0 1  8 0 9 7 4 4 7 6  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 S C A 3 2 5 0 2 0  F 0 6 B O S 3 2 5 0 0 1  4 6 4 1 5 6 6 5 2  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 S C A 3 2 5 0 2 5  F 0 6 B O S 3 2 5 0 0 1  8 0 5 6 8 0 2 7 4  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 S E L 3 2 5 0 4 0  F 0 6 B O S 3 2 5 0 0 1  2 0 1 6 6 4 0 9 5  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

F 0 6 S E N 3 2 5 0 1 0  F 0 6 B O S 3 2 5 0 0 1  5 9 9 7 8 7 2 1 4  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

N 0 3 B R A 0 0 0 1 6 0  W 1 1 B E R 5 5 1 0 1 0  5 5 1 0 4 6 2 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

N 1 1 M A A 0 0 0 0 6 0  V 0 9 M O T 1 4 4 2 7 0  1 2 9 7 0 3 2 9 0 8 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 1 H A N 0 0 0 1 6 0  V 0 1 M A R 4 9 6 1 2 0  9 2 8 8 8 6 1 3  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 1 H EI 4 6 8 0 1 0  F 0 1IJ Z 4 6 8 0 0 0  3 1 8 9 0 8 7 9  3 9 8. 4  2 0 6. 3  2. 9 5  1 . 2 0 1 -8. 4 8  6. 2 1  -4. 6 5  5. 0 0  1 3. 4  1 0 5  1 8 0 8  

V 0 1I E P 0 0 0 0 9 0  V 0 4 M O L 0 3 6 1 1 0  3 6 0 9 7 0 1  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 1I E P 0 0 0 1 0 0  V 0 5 H E U 4 0 3 2 1 0  2 4 0 2 8 1 2 3  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 1I E P 0 0 0 1 1 0  V 0 5 H E U 4 0 3 2 1 0  6 6 8 2 3 8 2  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 1IJ Z 0 0 0 0 2 0  V 0 1 K E M 4 9 2 0 6 0  4 6 1 0 5 4 6 7  4 2 6. 1  1 6 4. 2  2. 4 0  1. 7 6  1 -5. 1 3  4. 6 5  -2. 9 8  3. 0 0  1 4. 4  7 0  4 7 6  

V 0 1 K E M 0 0 0 0 7 0  V 0 1 K E M 4 9 2 0 6 0  1 2 9 1 0 5 1 4  4 2 6. 1  1 6 4. 2  2. 4 0  1. 7 6  1 -5. 1 3  4. 6 5  -2. 9 8  3. 0 0  1 4. 4  7 0  4 7 6  

V 0 1 M A R 0 0 0 1 3 0  V 0 1 M A R 4 9 6 1 2 0  2 7 5 3 7 3 6 7  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 1 P O P 0 0 0 0 4 0  V 0 1 M A R 4 9 6 1 2 0  3 4 3 7 0 9 5 8  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 1 P O P 0 0 0 0 5 0  V 0 4 M O L 0 3 6 1 1 0  1 4 7 0 4 8 1 8  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3 . 1 5 -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 1 S S V 0 0 0 1 5 0  V 0 1 M A R 4 9 6 1 2 0  4 9 6 5 0 2 3 0  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 2 A F L 0 0 0 1 4 0  V 0 2 E D E 4 4 2 1 2 0  2 0 9 1 6 0 8 5  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 2 B R U 0 0 0 1 1 0  W 1 1 B E R 5 5 1 0 1 0  5 8 5 3 3 1 0  3 2 1. 2 2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 2I V A 0 0 0 2 2 0  W 0 8 S A M R O N 0 0 0  2 3 0 8 9 8 8 8  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 2J A B 0 0 0 0 4 0  V 0 2 K E R 4 2 2 0 3 0  2 4 5 7 6 6 2 1  3 7 9. 3  3 1 2. 6  2. 7 1  0. 9 9  1 -8. 3 6  0. 8 6  -5. 0 4  5. 0 0  1 6. 6  6 7  1 4 8 7  

V 0 2 K A T 0 0 0 1 0 0  W 0 8 S A M R O N 0 0 0  1 1 5 5 3 6 8 2  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 2 K G O 0 0 0 0 0 0  V 0 3 P O E 4 4 6 0 0 0  1 5 9 7 9 3 0 7 7  4 0 2. 3  2 1 3. 4  3. 3 2  1. 1 5  1 -9. 5 7  3. 0 3  -5. 7 9  4. 9 8  1 2. 7  7 6  9 4 5  

V 0 2 K G O 0 0 0 0 8 0  V 0 2 E D E 4 4 2 1 2 0  1 1 9 3 7 7 6 2  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 2 K W E 0 0 0 0 5 0  W 0 8 S A M R O N 0 0 0  1 6 5 4 6 9 9 9  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 2 L P K 0 0 0 1 7 0  V 0 2 RI V 4 2 5 0 2 0  4 6 6 4 3 0 4 1  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 -6. 0 2  3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 1 3  

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 0 2 L P K 0 0 0 1 8 0  W 0 8 S A M R O N 0 0 0  3 1 4 4 9 4 3 4  5 0 2. 9  1 6 2. 7  1 . 9 4 0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 2 L P K 0 0 0 1 9 0  W 1 1 B E R 5 5 1 0 1 0  3 5 0 9 2 1 8 6  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 2 M O E 0 0 0 1 6 0  V 0 2 E D E 4 4 2 1 2 0  4 4 4 0 1 8 8 8  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 2 N O O 0 0 0 1 5 0  V 0 2 E D E 4 4 2 1 2 0  9 2 3 4 5 9 2  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 2 N W G 0 0 0 2 1 0  W 0 8 S A M R O N 0 0 0  1 2 3 5 8 3 8 5  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 2 RI V 0 0 0 0 7 0  V 0 2 E D E 4 4 2 1 2 0  5 4 4 7 5 7 0  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 2 S T E 0 0 0 0 9 0  V 0 2 K E R 4 2 2 0 3 0  2 7 2 9 3 8 8 1  3 7 9. 3  3 1 2. 6  2. 7 1  0. 9 9  1 -8. 3 6  0. 8 6  -5. 0 4  5. 0 0  1 6. 6  6 7  1 4 8 7  

V 0 2 S T E 0 0 0 1 1 5  W 1 1 B E R 5 5 1 0 1 0  1 7 7 6 0 0 0 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 2 Z UI 0 0 0 0 6 0  V 0 2 RI V 4 2 5 0 2 0  2 4 2 2 3 2 8 8  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 - 6. 0 2 3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  

V 0 2 Z UI 0 0 0 1 3 0  V 0 2 RI V 4 2 5 0 2 0  4 5 7 8 3 0 0 8  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 -6. 0 2  3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  

V 0 2 Z WI 0 0 0 2 0 0  W 0 8 S A M R O N 0 0 0  3 4 4 7 1 7 2 0  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 3 A F L 0 0 0 0 1 0  V 0 4 M O L 0 3 6 1 1 0  4 1 2 1 5 0 6 6  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 3 A F L 0 0 0 0 7 0  V 0 2 E D E 4 4 2 1 2 0  5 6 6 6 7 1 7 5  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 B O S 0 0 0 2 0 0  V 0 2 E D E 4 4 2 1 2 0  2 6 1 5 5 7 6 8  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 D U R 0 0 0 2 9 0  V 0 2 E D E 4 4 2 1 2 0  6 4 3 4 6 5 1  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 G E N 0 0 0 0 3 0  W 0 8 S A M R O N 0 0 0  3 8 9 8 2 5 1 6  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 3 H O N 0 0 0 2 5 0  V 0 2 E D E 4 4 2 1 2 0  2 0 3 2 6 3 2 8  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 K A L 0 0 0 0 2 0  V 0 2 RI V 4 2 5 0 2 0  4 3 8 8 0 5 9 3  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 -6. 0 2  3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  

V 0 3 K A L 0 0 0 1 8 0  V 0 2 E D E 4 4 2 1 2 0  3 2 6 8 5 1 7 7  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 K EI 0 0 0 2 8 0  V 0 2 E D E 4 4 2 1 2 0  2 8 3 3 7 7 4 0  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 K G O 0 0 0 0 5 0  V 0 2 E D E 4 4 2 1 2 0  1 2 9 0 3 1 9 9  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 K G T 0 0 0 0 8 0  W 1 1 B E R 5 5 1 0 1 0  4 6 9 6 6 6 2 1  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 3 K G T 0 0 0 1 0 0  V 0 5 H E U 4 0 3 2 1 0  7 0 0 1 7 7 8 9  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 3 K R U 0 0 0 1 2 0  V 0 2 E D E 4 4 2 1 2 0  5 0 0 7 9 1 2  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 L A N 0 0 0 1 9 0  V 0 2 E D E 4 4 2 1 2 0  1 4 7 9 3 2 2 1  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 LI E 0 0 0 0 6 0  V 0 2 E D E 4 4 2 1 2 0  9 3 9 9 7 5 5  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 L P K 0 0 0 1 3 0  V 0 2 E D E 4 4 2 1 2 0  4 0 7 7 8 1 8 0  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 L P K 0 0 0 1 4 0  V 0 4 M O M 0 3 7 1 0 0  5 0 2 7 8 9 5 6  5 3 2. 4  1 5 9. 9  1. 9 8  0. 8 3  1 -4. 5 9 1. 6 4  -2. 8 2  2. 4 3  1 1. 7  6 2  9 3 3  

V 0 3 M O P 0 0 0 2 6 0  V 0 2 E D E 4 4 2 1 2 0  3 1 9 0 2 5 3 5  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 RI E 0 0 0 0 4 0  V 0 7 M O G 2 8 8 0 2 0  6 1 4 0 6 0 7  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 3 R O D 0 0 0 1 1 0  V 0 2 E D E 4 4 2 1 2 0  6 9 3 7 2 6 9  4 3 2. 4 1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 S L E 0 0 0 0 9 0  V 0 2 RI V 4 2 5 0 2 0  4 4 1 5 9 8 4 0  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 -6. 0 2  3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  

V 0 3 S P L 0 0 0 2 1 0  V 0 2 E D E 4 4 2 1 2 0  5 1 0 1 4 2 0  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 1 4  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 0 3 S T E 0 0 0 2 4 0  V 0 2 E D E 4 4 2 1 2 0  1 0 5 1 9 3 5 8  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 V A L 0 0 0 2 2 0  V 0 2 E D E 4 4 2 1 2 0  1 9 5 4 2 1 6 5  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 W E E 0 0 0 2 3 0  V 0 2 E D E 4 4 2 1 2 0  2 4 0 3 8 2 6 9  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 3 Z S B 0 0 0 1 7 0  V 0 3 P O E 4 4 6 0 0 0  3 7 8 2 7 2 4 5  4 0 2. 3  2 1 3. 4  3. 3 2  1. 1 5  1 -9. 5 7  3. 0 3  -5. 7 9  4. 9 8  1 2. 7  7 6  9 4 5  

V 0 3 Z W S 0 0 0 1 5 0  V 0 2 E D E 4 4 2 1 2 0  3 4 9 3 7 5 2 1  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 4 B E S 0 0 0 1 6 0  V 0 6 Z W A 3 4 2 1 9 0  1 8 4 8 5 0 8 0 4  4 4 8. 2  1 6 8. 1  2. 1 1  1. 4 2  1 -3. 7 2  2. 1 0  -4. 1 2  2. 9 9  1 4. 3  6 0  7 0 7  

V 0 4 B E S 0 0 0 1 7 0  W 1 1 B E R 5 5 1 0 1 0  1 8 7 6 6 7 0 6  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 4 B E S 0 0 0 1 8 0  W 0 8 S A M R O N 0 0 0  6 7 6 6 3 4 1 8  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 4 B E S 0 0 0 1 8 5  W 1 1 B E R 5 5 1 0 1 0  2 8 3 2 6 4 0 5  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 4 B E S 0 0 0 1 9 0  V 0 9 D E M 1 3 6 0 0 0  3 6 1 0 6 6 5 0 6  4 7 7. 6  2 6 0. 4  1. 9 3  0. 4 5  1 -5. 1 5  3. 0 3  -3. 9 5  2. 7 3  1 5. 0  5 6  1 2 0 0  

V 0 4 B E S 0 0 0 2 0 0  V 0 7 M A R 2 8 9 0 1 5  1 8 0 9 8 9 1 1 3  4 1 0. 7  1 7 0. 8  2. 2 3  0. 9 2  1 -4. 5 9  5. 0 0  -4. 3 5  2. 8 9  1 0. 8  5 8  1 1 5 5  

V 0 4 B E S 0 0 0 2 1 0  W 1 1 B E R 5 5 1 0 1 0  3 7 3 5 2 1 8 8  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 4 D U R 0 0 0 0 8 0  V 0 4 M O L 0 3 6 1 1 0  1 3 1 1 5 9 5 9  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 4 D U R 0 0 0 0 9 0  V 0 9 M O T 1 4 4 2 7 0  1 2 9 1 1 8 2 6  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 - 5. 0 2 4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 4 L E D 0 0 0 0 4 5  V 0 2 E D E 4 4 2 1 2 0  1 0 7 3 1 8 4 0  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 4 L E D B O R 0 4 0  V 0 2 E D E 4 4 2 1 2 0  3 3 8 1 5 2 7 1  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 4 L O K 0 0 0 0 6 0  V 0 9 M O T 1 4 4 2 7 0  1 2 9 3 7 2 9 1  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 4 R U P 0 0 0 1 5 0  W 0 8 S A M R O N 0 0 0  2 8 6 2 7 8 1 4  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 4 S C H 0 0 0 0 0 0  V 0 9 M O T 1 4 4 2 7 0  2 1 3 4 8 1 7 2  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 4 S C H 0 0 0 0 1 0  V 0 9 H E R 1 6 3 0 1 0  2 3 2 4 6 7 6 5 4  4 9 9. 4  1 6 8. 0  1. 9 7  0. 5 6  1 -6. 0 0  5. 0 0  -4. 0 3  3. 0 0  1 4. 7  5 9  9 1 6  

V 0 4 S C H 0 0 0 0 2 0  V 0 3 P O E 4 4 6 0 0 0  4 2 3 4 2 6 8 3  4 0 2. 3  2 1 3. 4  3. 3 2  1. 1 5  1 -9. 5 7  3. 0 3  -5. 7 9  4. 9 8  1 2. 7  7 6  9 4 5  

V 0 4 S C H 0 0 0 0 3 0  V 0 9 WI N 1 4 1 3 1 0  5 5 5 5 8 3 9 3  4 7 1. 3  1 6 5. 4  1. 9 9  0. 5 7  1 -4. 0 6  3. 5 6  - 4. 0 6 2. 9 0  1 0. 5  8 2  7 2 3  

V 0 4 S C H 0 0 0 0 7 0  V 0 9 H E R 1 6 3 0 1 0  9 7 8 4 3 0 9 4  4 9 9. 4  1 6 8. 0  1. 9 7  0. 5 6  1 -6. 0 0  5. 0 0  -4. 0 3  3. 0 0  1 4. 7  5 9  9 1 6  

V 0 4 V LI 0 0 0 1 4 0  V 0 9 M A N 1 6 1 0 4 0  6 5 7 3 7 5 3 0  4 1 8. 7  1 5 6. 7  1. 8 9  0. 7 1  1 -4. 2 3  4. 0 3  -3. 2 9  0. 8 3  1 3. 2  8 7  1 0 5 0  

V 0 4 Z E L 0 0 0 0 5 0  V 0 4 M O L 0 3 6 1 1 0  2 4 2 0 7 8 5 1  4 1 3. 6  2 4 8. 1 2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 4 ZI E 0 0 0 1 2 0  V 0 4 M O L 0 3 6 1 1 0  5 2 1 2 5 8 5 4  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 4 Z W A 0 0 0 1 3 0  V 0 8 B A R 1 1 1 3 7 0  2 0 2 2 3 7 3 6  4 0 9. 7  2 8 6. 7  2. 1 0  0. 6 5  1 -5. 9 3  0. 9 5  -3. 6 9  3. 0 0  1 5. 0  7 5  1 2 2 3  

V 0 5 G A V 0 0 0 2 6 0  V 0 5 H E U 4 0 3 2 1 0  1 3 7 8 4 2 2 7 3  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 5 G E L 0 0 0 2 0 0  V 0 5 H E U 4 0 3 2 1 0  4 7 7 8 3 3 4 9  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 5 H E U 0 0 0 2 2 0  V 0 9 M O T 1 4 4 2 7 0  1 6 8 8 3 7 0 6  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2 . 5 6 6  1 1 9 8  

V 0 5 L EI 0 0 0 1 9 0  V 0 1 K E M 4 9 2 0 6 0  1 0 8 8 2 6 1 9 5  4 2 6. 1  1 6 4. 2  2. 4 0  1. 7 6  1 -5. 1 3  4. 6 5  -2. 9 8  3. 0 0  1 4. 4  7 0  4 7 6  

V 0 5 L EI 0 0 0 2 4 0  V 0 9 M O T 1 4 4 2 7 0  2 1 3 0 4 8 1 4  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 5 L EI 0 0 0 2 5 0  V 0 9 M O T 1 4 4 2 7 0  2 9 8 3 6 2 8 2  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 1 5  

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 0 5 L EI 0 0 0 2 8 0  V 0 3 P O E 4 4 6 0 0 0  9 7 7 3 0 9 4 2  4 0 2. 3  2 1 3. 4  3. 3 2  1. 1 5  1 -9. 5 7  3. 0 3  -5. 7 9  4. 9 8  1 2. 7  7 6  9 4 5  

V 0 5 L EI 0 0 0 2 9 0  V 0 2 E D E 4 4 2 1 2 0  4 7 1 7 2 6 1 6  4 3 2. 4  1 9 8. 3  2. 9 3  1. 0 4  1 -7. 8 9  6. 9 2  -5. 7 4  4. 9 6  1 3. 2  7 2  8 7 5  

V 0 5 L EI 0 0 0 3 0 0  V 0 2 RI V 4 2 5 0 2 0  3 9 1 5 5 3 5 7  4 0 6. 9  2 0 0. 9  2. 1 6  0. 7 4  1 -6. 0 2  3. 1 0  -3. 5 4  3. 6 1  1 4. 9  6 7  1 4 9 7  

V 0 5 L EI 3 8 6 1 8 0  F 0 5 L EI 3 8 6 9 9 9  8 2 7 0 6 6 0 6  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

V 0 5 M A N 0 0 0 2 7 0  V 0 1 S S V 4 9 9 1 4 0  1 3 0 1 7 6 1 5  4 3 1. 6  1 7 5. 3  2. 1 7  1. 0 9  1 -4. 5 3  5. 0 0  -3. 8 9  2. 9 8  1 2. 5  5 2  7 1 9  

V 0 6 B EI 0 0 0 1 5 0  V 0 7 M O G 2 8 8 0 2 0  1 9 1 3 4 0 1 6  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 6 K B K 0 0 0 1 3 0  W 0 8 S A M R O N 0 0 0  8 2 6 1 9 7 4  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 6 M A A 0 0 0 1 7 0  V 0 7 M O G 2 8 8 0 2 0  4 9 5 5 4 3 9  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 6 S C H 0 0 0 1 4 0  V 0 7 B E L 2 8 5 0 7 0  5 6 0 8 4 5 0 6  4 4 5. 8  2 1 6. 2  2. 1 2  0. 6 7  1 -5. 3 5  4. 5 2  -4. 9 5  4. 5 8  1 4. 3  6 3  1 1 5 7  

V 0 6 S C H 0 0 0 1 8 0  W 0 8 S A M R O N 0 0 0  8 7 6 1 8 1 7 6  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 6 S C H 0 0 0 2 1 0  V 0 5 H E U 4 0 3 2 1 0  8 1 0 8 3 1 7 4  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 6 S C H 0 0 0 2 2 0  V 0 2 H E R 4 2 6 0 1 0  7 7 3 4 2 1 7 1  4 7 4. 9  2 4 6. 1  2. 3 5  0. 7 8  1 -7. 4 8  4. 1 7  -4. 4 4  4. 3 5  1 0. 4  7 3  1 3 1 8  

V 0 6 Z W A 0 0 0 2 0 0  V 0 9 M O T 1 4 4 2 7 0  8 6 7 1 2 9  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 7 B E L 0 0 0 0 8 0  V 0 4 M O L 0 3 6 1 1 0  1 1 5 3 8 0 7 2  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 7 D E N 0 0 0 0 2 5  V 0 7 M O G 2 8 8 0 2 0  2 7 9 0 8 9 9 6  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 7 D E N 0 0 0 0 6 0  V 0 1 M A R 4 9 6 1 2 0  7 3 0 2 2 1 6 1  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 7 D E N 0 0 0 1 1 0  V 0 5 H E U 4 0 3 2 1 0  9 7 8 2 4 9 0 2  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 7 G R A 0 0 0 0 9 0  V 0 9 M O T 1 4 4 2 7 0  2 8 2 8 3 5 7 3  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 7 M O E 0 0 0 1 2 0  V 0 7 M O G 2 8 8 0 2 0  8 5 8 5 9 9 0  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8 1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 7 M O L 0 0 0 0 3 0  V 0 8 B A R 1 1 1 3 7 0  5 3 7 1 1 1 3 9  4 0 9. 7  2 8 6. 7  2. 1 0  0. 6 5  1 -5. 9 3  0. 9 5  -3. 6 9  3. 0 0  1 5. 0  7 5  1 2 2 3  

V 0 7 M O L 0 0 0 0 5 0  V 0 7 M O E 2 8 2 1 0 0  5 2 6 1 0 0 1 4  3 5 0. 4  1 6 1. 8  3. 4 1  2. 2 2  1 -6. 6 7  1 0. 0 0  -5. 3 8  3. 6 1  1 6. 5  8 2  1 3 4 0  

V 0 7 M O L 0 0 0 1 3 0  V 0 9 M O T 1 4 4 2 7 0  2 2 2 1 5 2 4 7  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 7 W O L 0 0 0 0 4 0  V 0 5 H E U 4 0 3 2 1 0  4 9 4 3 0 9 9 7  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

V 0 8 A A B 0 0 0 3 6 0  V 0 1 M A R 4 9 6 1 2 0  6 0 4 5 1 2 0 4  3 9 6. 8  2 8 1. 0  3. 2 4  1. 1 4  1 -7. 3 2  4. 9 5  -5. 3 8  4. 9 9  1 3. 4  8 0  1 0 6 8  

V 0 8 B E Y 0 0 0 2 4 0  V 0 9 M O T 1 4 4 2 7 0  6 1 1 4 3 2 3  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 B R O 0 0 0 1 7 5  V 0 7 M O G 2 8 8 0 2 0  6 2 6 2 7 3 4  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 8 B R U 0 0 0 1 8 0  W 1 1 B E R 5 5 1 0 1 0  1 6 0 2 4 0 9 9  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 DIJ 0 0 0 4 3 0  V 0 4 M O L 0 3 6 1 1 0  1 6 8 3 9 3 6 7  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 8 DIJ 0 0 0 4 5 5  V 0 9 M O T 1 4 4 2 7 0  9 4 1 9 8 8 6  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 D R O 0 0 0 2 3 0  V 0 7 M O G 2 8 8 0 2 0  1 7 5 4 2 7 1  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 8 G L A 0 0 0 4 5 0  V 0 9 M O T 1 4 4 2 7 0  2 9 9 0 0 0 0 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 G R O 0 0 0 0 7 0  W 1 1 B E R 5 5 1 0 1 0  1 3 7 4 8 8 0 9  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 H A L 0 0 0 0 8 0  W 1 1 B E R 5 5 1 0 1 0  1 0 4 3 1 0 1 1  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 1 6  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 0 8 H A R 0 0 0 2 5 0  W 1 1 B E R 5 5 1 0 1 0  4 1 8 3 0 6 3  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 H E R 0 0 0 1 2 0  V 0 7 M O G 2 8 8 0 2 0  1 5 6 0 6 7 0 5  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9 1 4. 1  6 1  6 8 3  

V 0 8 L EI 0 0 0 4 2 0  V 0 4 M O L 0 3 6 1 1 0  6 1 9 9 9 3 2 9  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 8 L O B 0 0 0 3 0 0  W 1 1 B E R 5 5 1 0 1 0  1 7 2 7 0 2 7  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 L O T 0 0 0 1 1 0  W 0 8 S A M R O N 0 0 0  1 6 6 7 7 8 6 9  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

V 0 8 M A A 0 0 0 1 9 0  W 1 1 B E R 5 5 1 0 1 0  2 5 5 1 3 3 6 8  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 M A A 0 0 0 3 2 0  V 0 7 B E L 2 8 5 0 7 0  4 1 5 6 2 0 6 2  4 4 5. 8  2 1 6. 2  2. 1 2  0. 6 7  1 -5. 3 5  4. 5 2  -4. 9 5  4. 5 8  1 4. 3  6 3  1 1 5 7  

V 0 8 M A R 0 0 0 2 7 0  W 1 1 B E R 5 5 1 0 1 0  2 6 5 5 2 4 2  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 M E C 0 0 0 3 9 0  V 0 4 M O L 0 3 6 1 1 0  2 1 8 4 4 8 0  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 8 M E C 0 0 0 4 4 0  V 0 4 M O L 0 3 6 1 1 0  2 1 1 6 7 2 0 0  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 8 M O B 0 0 0 0 9 0  V 0 8 B A R 1 1 1 3 7 0  5 2 9 0 6 5 8 9  4 0 9. 7  2 8 6. 7  2. 1 0  0. 6 5  1 -5. 9 3  0. 9 5  -3. 6 9  3. 0 0  1 5. 0  7 5  1 2 2 3  

V 0 8 M OJ 0 0 0 2 2 0  W 1 1 B E R 5 5 1 0 1 0  2 4 7 4 4 8 8 3  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 N E E 0 0 0 1 4 0  V 0 7 M O G 2 8 8 0 2 0  2 4 4 1 8 4 0 1  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 8 P A R 0 0 0 2 1 0  V 0 7 M O G 2 8 8 0 2 0  1 0 5 2 6 0 2 3  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 8 S A S 0 0 0 3 5 0  V 0 9 M O T 1 4 4 2 7 0  1 1 1 2 2 0 3 8  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 S T A 0 0 0 0 6 0  V 0 7 M O G 2 8 8 0 2 0  8 9 3 9 1 2 7  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 8 T A N 0 0 0 2 9 0  W 1 1 B E R 5 5 1 0 1 0  8 6 4 5 6 4 2  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 T A N 0 0 0 3 3 0  W 1 1 B E R 5 5 1 0 1 0  1 7 2 8 2 5 1  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 T A N 0 0 0 3 4 0  W 1 1 B E R 5 5 1 0 1 0  4 3 0 8 0 5 1  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 T R A 0 0 0 2 8 0  W 1 1 B E R 5 5 1 0 1 0  6 4 0 3 0 9 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 U K K 0 0 0 1 6 0  V 0 9 M O T 1 4 4 2 7 0  1 6 5 5 6 5 1 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 VI L 0 0 0 3 1 0  W 1 1 B E R 5 5 1 0 1 0  2 8 5 9 6 5 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 V L E 0 0 0 1 5 0  W 1 1 B E R 5 5 1 0 1 0  4 9 4 2 8 2 5  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 V O R 0 0 0 1 7 0  W 1 1 B E R 5 5 1 0 1 0  4 1 7 6 3 5 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 V R O 0 0 0 4 6 0  V 1 0 M O P 0 6 2 1 4 0  1 2 5 5 9 3 3 4 4  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 0 8 V U N 0 0 0 4 3 5  V 0 9 M O T 1 4 4 2 7 0  2 5 9 8 8 2 7 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 W E E 0 0 0 4 1 0  V 0 9 M O T 1 4 4 2 7 0  6 8 2 9 2 3 4 9  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 8 W O L 0 0 0 2 6 0  W 1 1 B E R 5 5 1 0 1 0  4 6 3 6 9 2 6 9  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 8 W O L B R U 2 0 0  V 0 9 WI N 1 4 1 3 1 0  4 9 5 0 8 9 9 6  4 7 1. 3  1 6 5. 4  1. 9 9  0. 5 7  1 -4. 0 6  3. 5 6  -4. 0 6  2. 9 0  1 0. 5  8 2  7 2 3  

V 0 8 Z U U 0 0 0 1 3 0  V 0 7 B E L 2 8 5 0 7 0  2 5 9 2 7 0 2 6  4 4 5. 8  2 1 6. 2  2. 1 2  0. 6 7  1 -5. 3 5  4. 5 2  -4. 9 5  4. 5 8  1 4. 3  6 3  1 1 5 7  

V 0 9 A L B 0 0 0 0 1 0  V 0 9 M O T 1 4 4 2 7 0  9 8 6 8 9 1 1  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 A L B 0 0 0 0 2 0  V 0 9 M O T 1 4 4 2 7 0  6 7 8 8 4 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 B E G 0 0 0 1 6 0  V 0 9 M O T 1 4 4 2 7 0  5 2 2 8 8 4 5 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 1 7  

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 0 9 D E M 0 0 0 0 3 0  V 0 9 M A N 1 6 1 0 4 0  1 1 1 8 0 4 7 1 4  4 1 8. 7  1 5 6. 7  1. 8 9  0. 7 1  1 -4. 2 3  4. 0 3  -3. 2 9  0. 8 3  1 3. 2  8 7  1 0 5 0  

V 0 9 D E M 0 0 0 0 5 0  W 1 1 O U R 5 8 0 5  1 7 2 2 4 2 5 2  4 7 2. 9  1 3 4. 8  2. 2 5  1. 6 5  1 -5. 8 9  4. 4 0  -3. 1 3  3. 0 0  1 1. 8  7 0  7 5 2  

V 0 9 D E M 0 0 0 0 7 0  W 1 1 B E R 5 5 1 0 1 0  1 5 2 6 3 7 8 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 9 G L A 0 0 0 2 4 0  V 0 9 M O T 1 4 4 2 7 0  1 3 8 9 3 2 1 9  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 H EI 0 0 0 2 9 0  V 0 9 M O T 1 4 4 2 7 0  1 1 7 7 9 9 5 5  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 H E R 0 0 0 0 6 0  V 0 9 M O T 1 4 4 2 7 0  1 7 9 0 4 8 2 8  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 H E R 0 0 0 0 7 5  V 0 9 M O T 1 4 4 2 7 0  4 0 6 3 5 6 9  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 H U L 0 0 0 1 7 0  V 0 4 M O L 0 3 6 1 1 0  1 0 1 6 7 6 6 7  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 9 L A A 0 0 0 2 2 0  V 0 9 M O T 1 4 4 2 7 0  4 8 4 3 8 9 9  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 L EI 0 0 0 1 8 0  V 0 9 M O T 1 4 4 2 7 0  2 2 9 0 1 5 8  4 7 3. 2  1 6 8. 3  1 . 9 5 0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 L E U 0 0 0 1 5 5  V 0 7 M O G 2 8 8 0 2 0  8 2 7 2 8 3 7  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

V 0 9 M A N 0 0 0 1 3 0  V 0 9 M O T 1 4 4 2 7 0  2 3 6 9 0 6 2  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 M O T 0 0 0 2 6 0  V 0 9 M O T 1 4 4 2 7 0  8 6 3 3 8 5 3  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 M O U 0 0 0 2 8 0  W 1 1 B E R 5 5 1 0 1 0  4 7 2 0 9 8 1  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 0 9 O S S 0 0 0 2 3 0  V 0 9 M O T 1 4 4 2 7 0  1 2 0 1 7 2 5 7  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 V E L 0 0 0 1 1 0  V 0 9 M O T 1 4 4 2 7 0  4 4 2 2 4 3 4 2  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 V O O 0 0 0 0 9 0  V 0 9 M O T 1 4 4 2 7 0  1 4 9 1 3 9 6 6  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 V O S 0 0 0 2 0 0  V 0 9 M O T 1 4 4 2 7 0  6 3 4 3 6 6 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 W E R 0 0 0 2 5 0  V 0 4 M O L 0 3 6 1 1 0  3 4 4 7 9 9 4  4 1 3. 6  2 4 8. 1  2. 1 6  0. 6 6  1 -9. 3 8  3. 1 5  -4. 5 5  4. 3 3  1 2. 4  2 9  1 1 9 9  

V 0 9 WIJ 0 0 0 1 9 0  V 0 9 M O T 1 4 4 2 7 0  6 9 5 1 1 0 0  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 WI N 0 0 0 3 2 0  V 0 9 M O T 1 4 4 2 7 0  1 7 3 7 5 2 6 3  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 Z W A 0 0 0 1 4 0  V 0 9 M O T 1 4 4 2 7 0  2 4 8 0 7 5 8 6  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 0 9 Z W A 0 0 0 2 1 0  V 1 0 M O P 0 6 2 1 4 0  1 9 3 1 3 2 3 2  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 1 0 A L B 0 7 6 0 1 5  V 1 0 G N E 0 7 6 9 9 9  2 4 5 3 9 8 7 1  4 3 6. 3  2 3 3. 7  1. 8 3  0. 5 4  1 -5. 9 5  2. 3 8  -3. 7 5  3. 0 0  1 3. 9  6 7  1 6 2 3  

V 1 0 B E R 0 0 0 1 0 0  V 0 9 M O T 1 4 4 2 7 0  2 8 5 7 2 4 5 4  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 1 0 B E V 0 0 0 1 2 0  V 1 0 M O P 0 6 2 1 4 0  2 6 9 1 8 4 3 4  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 1 0 G E S 0 0 0 1 3 0  V 0 9 M O T 1 4 4 2 7 0  4 2 1 8 9 7 8 1  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 1 0 G N E 0 7 6 0 1 0  V 1 0 G N E 0 7 6 9 9 9  2 4 3 5 3 2 8 4 7  4 3 6. 3  2 3 3. 7  1. 8 3  0. 5 4  1 -5. 9 5  2. 3 8  -3. 7 5  3. 0 0  1 3. 9  6 7  1 6 2 3  

V 1 0 G O O 0 0 0 0 8 0  V 1 0 M O P 0 6 2 1 4 0  4 4 3 0 2 1 1 7  4 2 6. 4  2 1 0 . 6 2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 1 0 K L A 0 7 6 0 3 0  V 1 0 G N E 0 7 6 9 9 9  5 4 0 4 1 5 7 4  4 3 6. 3  2 3 3. 7  1. 8 3  0. 5 4  1 -5. 9 5  2. 3 8  -3. 7 5  3. 0 0  1 3. 9  6 7  1 6 2 3  

V 1 0 K R E 0 0 0 1 1 0  V 0 9 M A N 1 6 1 0 4 0  5 3 9 2 8 7 3 7  4 1 8. 7  1 5 6. 7  1. 8 9  0. 7 1  1 -4. 2 3  4. 0 3  -3. 2 9  0. 8 3  1 3. 2  8 7  1 0 5 0  

V 1 0 M O L 0 0 0 0 6 0  V 0 9 Z W A 1 4 8 1 2 0  4 0 6 9 4 6 1 9  4 5 1. 6  1 5 8. 5  1. 8 2  0. 4 8  1 -5. 2 9  5. 0 0  -3. 5 9  2. 8 5  1 5. 0  5 0  7 2 5  

V 1 0 M O P 0 0 0 1 5 0  V 1 0 M O P 0 6 2 1 4 0  3 2 4 1 8 9 2 4  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 1 8  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

C at c h m e nt  

A s s o ci at e d 

g a u g e d 

c at c h m e nt  

Ar e a ( m²)  S M m a x  S M e v a p  c 1  c 2  c 3  c O F 1  c O F 2  cI F 1  cI F 2  C K O F  C KI F  C K B F  

V 1 0 N E T 0 0 0 1 7 0  V 1 0 M O P 0 6 2 1 4 0  6 6 6 6 4 7 2 0  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6 6 2  6 6 7  

V 1 0 N E T 0 0 0 1 8 0  V 0 9 M A N 1 6 1 0 4 0  8 0 3 0 2 3 4 7  4 1 8. 7  1 5 6. 7  1. 8 9  0. 7 1  1 -4. 2 3  4. 0 3  -3. 2 9  0. 8 3  1 3. 2  8 7  1 0 5 0  

V 1 0 R O L 0 0 0 0 4 0  V 0 9 Z W A 1 4 8 1 2 0  2 3 5 7 1 0 0 7  4 5 1. 6  1 5 8. 5  1. 8 2  0. 4 8  1 -5. 2 9  5. 0 0  -3. 5 9  2. 8 5  1 5. 0  5 0  7 2 5  

V 1 0 S T E 0 0 0 0 7 0  V 0 9 Z W A 1 4 8 1 2 0  4 2 5 7 1 6 3 5  4 5 1. 6  1 5 8. 5  1. 8 2  0. 4 8  1 -5. 2 9  5. 0 0  -3. 5 9  2. 8 5  1 5. 0  5 0  7 2 5  

V 1 0 T A P 0 0 0 1 6 0  V 1 0 M O P 0 6 2 1 4 0  4 6 1 9 1 8 2 0  4 2 6. 4  2 1 0. 6  2. 1 8  0. 6 9  1 -5. 9 8  0. 1 0  -4. 1 6  3. 0 0  1 0. 6  6 2  6 6 7  

V 1 0 WI M 0 0 0 0 9 0  V 0 9 M O T 1 4 4 2 7 0  2 9 3 3 0 8 8 1  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

V 1 1 A L B 0 0 0 0 4 5  W 1 1 B E R 5 5 1 0 1 0  4 4 9 9 0 8 0 0  3 2 1. 2  2 4 2. 1  2. 4 0  1. 0 1  1 -6. 0 4  6. 7 8  -4. 6 7  2. 5 9  1 4. 0  6 3  1 2 2 4  

V 1 1 M A A 5 0 8 0 5 0  V 1 0 K N E 0 5 2 0 0 0  8 3 7 9 1 2 1 2 2  4 7 4. 6  2 0 2. 4  2. 1 0  1. 0 9  1 -6. 0 0  0. 7 8  -3. 0 9  3. 0 0  1 4. 1  5 6  1 1 0 3  

V 1 1 V O E 0 0 0 0 1 0  V 0 9 V E L 1 4 5 1 0 0  5 9 5 5 5 9 0 0  4 1 5. 2  2 1 3. 4  2. 1 3  0. 6 3  1 -6. 5 1  5. 1 1  -4. 1 6  3. 8 0  9. 9  8 2  1 4 9 8  

V 1 1 WI L 5 0 8 0 5 5  V 0 9 D E M 1 3 6 0 0 0  2 1 8 4 9 1 4 2  4 7 7. 6  2 6 0. 4  1. 9 3  0. 4 5  1 -5. 1 5  3. 0 3  -3. 9 5  2. 7 3  1 5. 0  5 6  1 2 0 0  

W 0 5 L Y S 3 8 6 1 7 0  F 0 5 L EI 3 8 6 9 9 9  9 1 8 1 2 0 2 6  4 2 4. 0  2 3 3. 4  2. 1 1  0. 8 3  1 -5. 7 6  1. 9 2  -3. 6 1  3. 0 0  1 3. 9  4 6  8 8 3  

W 0 6 B O S 3 2 5 0 9 5  F 0 6 B O S 3 2 5 0 0 1  2 5 6 7 7 2 3 0 8  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 B O S 3 2 5 1 0 5  F 0 6 B O S 3 2 5 0 0 1  2 2 6 7 8 9 8 7 2  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 B O S 3 2 5 1 1 5  F 0 6 B O S 3 2 5 0 0 1  1 1 1 0 7 1 5 4 5  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 H AI 3 2 5 0 8 0  F 0 6 B O S 3 2 5 0 0 1  2 7 5 2 0 1 6 9 7  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 H AI 3 2 5 0 8 5  F 0 6 B O S 3 2 5 0 0 1  2 4 1 2 9 3 1 0 3  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 H AI 3 2 5 0 9 0  F 0 6 B O S 3 2 5 0 0 1  2 7 3 0 9 1 2 8 8  4 3 5. 3  1 7 6. 4  1. 9 8  0. 5 4  1 -5. 6 5  2. 1 8  -3. 8 1  2. 8 7  1 2. 8  6 1  1 0 6 0  

W 0 6 H A Y 0 0 0 1 1 0  V 0 5 H E U 4 0 3 2 1 0  6 4 1 0 2 8 9 2  3 2 5. 8  2 0 6. 2  3. 2 8  1. 0 9  1 -5. 9 1  1. 7 7  -3. 9 8  3. 0 0  1 2. 1  7 8  7 0 0  

W 0 6 R H O 0 0 0 1 2 0  V 0 9 M O T 1 4 4 2 7 0  7 5 9 5 3 3 6  4 7 3. 2  1 6 8. 3  1. 9 5  0. 7 8  1 -5. 0 2  4. 7 7  -3. 9 1  5. 0 3  1 2. 5  6 6  1 1 9 8  

W 0 7 D E N L E S 0 1 0  W 0 7 D E N O V B 0 0 5  2 7 1 0 4 9 1 6 9  4 5 7. 1  1 5 3. 8  1. 9 5  0. 4 6  1 -4. 6 9  1. 0 9  -3. 5 0  2. 8 7  1 2. 5  8 4  1 0 8 6  

W 0 7 D O C L E S 0 0 0  W 0 7 D E N O V B 0 0 5  1 2 7 9 7 2 5 2 7  4 5 7. 1  1 5 3. 8  1. 9 5  0. 4 6  1 -4. 6 9  1. 0 9  -3. 5 0  2. 8 7  1 2. 5  8 4  1 0 8 6  

W 0 7 D O R L E S 0 0 5  W 0 7 D E N O V B 0 0 5  1 9 6 9 7 6 6 0 8  4 5 7. 1  1 5 3. 8  1. 9 5  0. 4 6  1 -4. 6 9  1. 0 9  -3. 5 0  2. 8 7  1 2. 5  8 4  1 0 8 6  

W 0 8 H AI 0 0 0 0 5 0  V 0 7 B E L 2 8 5 0 7 0  8 0 8 2 6 9 7 8  4 4 5. 8  2 1 6. 2  2. 1 2  0. 6 7  1 -5. 3 5  4. 5 2  -4. 9 5  4. 5 8  1 4. 3  6 3  1 1 5 7  

W 0 8 S E N 0 0 0 0 2 0  W 0 8 S A M R O N 0 0 0  5 3 0 8 1 0 7 8  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

W 0 8 Z E N 0 0 0 0 4 0  V 0 7 M O G 2 8 8 0 2 0  1 9 2 4 0 2 3 8  5 3 8. 0  1 9 3. 1  2. 1 2  0. 5 8  1 -5. 3 5  4. 9 2  -4. 2 5  2. 9 9  1 4. 1  6 1  6 8 3  

W 1 1J E K 5 5 3 0 1 0  W 1 1 M E H 5 8 2 0  4 6 3 4 1 1 0 0 8  3 9 6. 7  1 6 9. 9  2. 0 4  0. 4 5  1 -5. 2 5  3. 1 3  -4. 2 5  2. 9 2  1 2. 4  8 2  1 0 7 5  

W 1 1 M A A 0 0 3 0  W 1 1 M E H 5 8 2 0  5 0 3 2 1 7 0 0 0  3 9 6. 7  1 6 9. 9  2. 0 4  0. 4 5  1 -5. 2 5  3. 1 3  -4. 2 5  2. 9 2  1 2. 4  8 2  1 0 7 5  

W 1 1 M A A 0 0 4 0  W 1 1 M E H 5 8 2 0  3 7 0 8 2 0 0 0 0  3 9 6. 7  1 6 9. 9  2. 0 4  0. 4 5  1 -5. 2 5  3. 1 3  -4. 2 5  2. 9 2  1 2. 4  8 2  1 0 7 5  

W 1 1 S A M 0 0 0 0  W 0 8 S A M R O N 0 0 0  1 7 8 6 2 0 0 0 0  5 0 2. 9  1 6 2. 7  1. 9 4  0. 5 2  1 -3. 8 0  2. 5 6  -3. 7 0  3. 0 0  1 3. 2  8 6  1 3 2 4  

 

 

  



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 1 9  

 

A p p e n di x 3 Ij z er 

 
 
 



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S F O R C A T C H M E N T " F 0 1I J Z 4 6 8 0 0 0" 
(I J Z E R) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt F 0 1I J Z 4 6 8 0 0 0 (I J z er) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt F 0 1I J Z 4 6 8 0 0 0 (I J z er) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 0



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  F 0 1I J Z 4 6 8 0 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  3 9 3 0 0 7 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 3 9 8. 4 2), (' S M e v a p', 2 0 6. 2 6), (' c 1', 2. 9 5), (' c 2', 1. 2), (' c 3', 
1. 0), (' c O F 1', - 8. 4 8), (' c O F 2', 6. 2 1), (' cI F 1', - 4. 6 5), (' cI F 2', 5. 0), (' C Q O F', 1 3. 4), (' C KI F', 1 0 5. 2 3), 
(' C K B F', 1 8 0 7. 6 3)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 5 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -3. 2 %  4 3. 8 %  -1 5. 2 %  

N S  0. 6 0 5  0. 4 6 6  0. 5 6 3  

N S _l o g  0. 5 2 2  -0. 6 2 9  0. 6 8 7  

N S _r el  0. 0 9 1  0. 3 5 8  0. 1 7 9  

K G E  0. 5 2 7  0. 3 8 5  0. 4 6 2  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  7. 5 %  2 6. 1 %  0. 6 %  

N S  0. 6 9 8  0. 4 4 2  0. 7 3  

N S _l o g  0. 5 2 9  -0. 2 3  0. 7 0 4  

N S _r el  -0. 0 6 1  0. 0 6 1  0. 1 3 4  

K G E  0. 6 5 9  0. 4 9 1  0. 6 8 5  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 1



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt F 0 1I J Z 4 6 8 0 0 0, st ati o n 
4 6 8 1 0 1 0 2 - Ij z er;  H ari n g e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt F 0 1I J Z 4 6 8 0 0 0, st ati o n 
4 6 8 1 0 1 0 2 - Ij z er;  H ari n g e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 2



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt F 0 1I J Z 4 6 8 0 0 0, st ati o n 
4 6 8 1 0 1 0 2 - Ij z er;  H ari n g e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt F 0 1I J Z 4 6 8 0 0 0, st ati o n 
4 6 8 1 0 1 0 2 - Ij z er;  H ari n g e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 3



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt F 0 1I J Z 4 6 8 0 0 0, st ati o n 4 6 8 1 0 1 0 2 - Ij z er;  H ari n g e 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt F 0 1I J Z 4 6 8 0 0 0, st ati o n 4 6 8 1 0 1 0 2 - Ij z er;  H ari n g e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 4



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt F 0 1I J Z 4 6 8 0 0 0, st ati o n 4 6 8 1 0 1 0 2 - Ij z er;  H ari n g e 

 

Fi g ur e 1 0: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt F 0 1I J Z 4 6 8 0 0 0, st ati o n 4 6 8 1 0 1 0 2 - Ij z er;  H ari n g e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 5



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 1 H A N 4 8 8 1 8 0" (I J Z ER)  

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 1 H A N 4 8 8 1 8 0 (I J z er) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 1 H A N 4 8 8 1 8 0 (I J z er) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 6



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 1 H A N 4 8 8 1 8 0  

s u b c at c h m e nt _ ar e a [ m 2]  7 8 5 5 8 9 4 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 3 8 6. 0 4), (' S M e v a p', 1 9 8. 0), (' c 1', 2. 2 6), (' c 2', 1. 0 1), (' c 3', 
1. 0), (' c O F 1', - 4. 2), (' c O F 2', 5. 0), (' cI F 1', - 5. 2 9), (' cI F 2', 2. 5 1), (' C Q O F', 1 2. 2 6), (' C KI F', 1 0 0. 0 9), 
(' C K B F', 8 3 6. 6 6)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  2. 0 %  9. 4 %  -1. 9 %  

N S  0. 7 0 3  0. 5 3 4  0. 6 7  

N S _l o g  0. 7 3 5  0. 5 2 6  0. 7 3 2  

N S _r el  0. 5 6 5  0. 6 1 3  0. 7 1 1  

K G E  0. 7 7 8  0. 6 2 8  0. 8 1 2  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  3. 5 %  1 4. 6 %  -0. 5 %  

N S  0. 7 1 2  0. 5 0 6  0. 6 8 9  

N S _l o g  0. 7 3 6  0. 4 5 7  0. 7 6 4  

N S _r el  0. 5 0 8  0. 4 8 5  0. 7 1 1  

K G E  0. 7 8 1  0. 6 4 3  0. 8 1 2  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 7



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1 H A N 4 8 8 1 8 0, st ati o n 
4 8 8 1 0 1 0 2 - Kr e k el b e e k; K ort e m ar k( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1 H A N 4 8 8 1 8 0, st ati o n 
4 8 8 1 0 1 0 2 - Kr e k el b e e k; K ort e m ar k ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 8



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1 H A N 4 8 8 1 8 0, st ati o n 
4 8 8 1 0 1 0 2 - Kr e k el b e e k; K ort e m ar k ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1 H A N 4 8 8 1 8 0, st ati o n 
4 8 8 1 0 1 0 2 - Kr e k el b e e k; K ort e m ar k ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 9



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 1 H A N 4 8 8 1 8 0, st ati o n 4 8 8 1 0 1 0 2 - Kr e k el b e e k; K ort e m ar k 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 0



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 1I E P 4 9 5 0 8 0" (I J Z ER)  

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 1I E P 4 9 5 0 8 0 (I J z er) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 1I E P 4 9 5 0 8 0 (I J z er) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 1



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 1I E P 4 9 5 0 8 0  

s u b c at c h m e nt _ ar e a [ m 2]  6 3 4 2 3 1 2 8  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 4 3. 3 3), (' S M e v a p', 1 6 4. 8 8), (' c 1', 1. 9 3), (' c 2', 0. 3 6), (' c 3', 
1. 0), (' c O F 1', - 5. 5 8), (' c O F 2', 2. 8 2), (' cI F 1', - 3. 6 5), (' cI F 2', 3. 0), (' C Q O F', 1 3. 5 3), (' C KI F', 5 6. 2 6), 
(' C K B F', 1 2 0 7. 3 4)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 6 - 2 0 0 8)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -3. 6 %  1 1. 2 %  -1 5. 9 %  

N S  0. 5 5 4  0. 5 5 1  0. 5 9 4  

N S _l o g  0. 4 5 2  0. 1 1 7  0. 5 3 3  

N S _r el  -7. 6 6 9  -2 6. 8 7 1  0. 7 1 3  

K G E  0. 6 6 9  0. 6 5 4  0. 7 1 9  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -2 7. 5 %  -5. 9 %  -4 1. 0 %  

N S  0. 4 8 7  0. 5 8 8  0. 2 8 4  

N S _l o g  0. 5 0 1  0. 3 0 1  0. 1 3 2  

N S _r el  -3. 0 8 9  -1 1. 3 7  0. 5 2 9  

K G E  0. 5 3 8  0. 6 4 8  0. 4 9 9  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 2



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1I E P 4 9 5 0 8 0, st ati o n 
4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1I E P 4 9 5 0 8 0, st ati o n 
4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 3



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1I E P 4 9 5 0 8 0, st ati o n 
4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1I E P 4 9 5 0 8 0, st ati o n 
4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 4



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 1I E P 4 9 5 0 8 0, st ati o n 4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 1I E P 4 9 5 0 8 0, st ati o n 4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 5



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 1I E P 4 9 5 0 8 0, st ati o n 4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e 

 

Fi g ur e 1 0: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 1I E P 4 9 5 0 8 0, st ati o n 4 9 5 1 0 1 0 2 - I e p erl e e; Z ui d s c h ot e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 6



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 1 K E M 4 9 2 0 6 0" (I J Z ER)  

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 1 K E M 4 9 2 0 6 0 (I J z er) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 1 K E M 4 9 2 0 6 0 (I J z er) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 7



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 1 K E M 4 9 2 0 6 0  

s u b c at c h m e nt _ ar e a [ m 2]  7 3 8 9 2 9 3 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 2 6. 1 4), (' S M e v a p', 1 6 4. 1 9), (' c 1', 2. 4), (' c 2', 1. 7 6), (' c 3', 
1. 0), (' c O F 1', - 5. 1 3), (' c O F 2', 4. 6 5), (' cI F 1', - 2. 9 8), (' cI F 2', 3. 0), (' C Q O F', 1 4. 4), (' C KI F', 6 9. 6 5), 
(' C K B F', 4 7 6. 1 8)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  2. 0 %  2 5. 3 %  -5. 7 %  

N S  0. 5 7 5  0. 2 5 7  0. 6 0 4  

N S _l o g  0. 4 8 4  0. 0 8 6  0. 4 9 6  

N S _r el  -2 1. 5 7 2  -1 8. 6 8 3  -1. 0 5 1  

K G E  0. 5 8 1  0. 3 0 1  0. 5 6 3  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1 0. 5 %  3 3. 5 %  3. 9 %  

N S  0. 5 6 2  0. 2 8 7  0. 5 8 7  

N S _l o g  0. 4 8 1  0. 0 6 7  0. 5 3 8  

N S _r el  -1 2. 1 9 5  -1 3. 0 7 9  -0. 1 2 6  

K G E  0. 5 4 6  0. 3 5 6  0. 5 2 7  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 8



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1 K E M 4 9 2 0 6 0, st ati o n 
4 9 2 7 0 1 0 2 - K e m m el b e e k; B o e zi n g e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1 K E M 4 9 2 0 6 0, st ati o n 
4 9 2 7 0 1 0 2 - K e m m el b e e k; B o e zi n g e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 9



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1 K E M 4 9 2 0 6 0, st ati o n 
4 9 2 7 0 1 0 2 - K e m m el b e e k; B o e zi n g e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1 K E M 4 9 2 0 6 0, st ati o n 
4 9 2 7 0 1 0 2 - K e m m el b e e k; B o e zi n g e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 4 0



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 1 K E M 4 9 2 0 6 0, st ati o n 4 9 2 7 0 1 0 2 - K e m m el b e e k; B o e zi n g e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 4 1



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 1 M A R 4 9 6 1 2 0" (I J Z ER)  

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 1 M A R 4 9 6 1 2 0 (I J z er) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 1 M A R 4 9 6 1 2 0 (I J z er) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 4 2



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 1 M A R 4 9 6 1 2 0  

s u b c at c h m e nt _ ar e a [ m 2]  7 6 1 3 6 6 2 1  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 3 9 6. 8 3), (' S M e v a p', 2 8 0. 9 5), (' c 1', 3. 2 4), (' c 2', 1. 1 4), (' c 3', 
1. 0), (' c O F 1', - 7. 3 2), (' c O F 2', 4. 9 5), (' cI F 1', - 5. 3 8), (' cI F 2', 4. 9 9), (' C Q O F', 1 3. 4 4), (' C KI F', 
8 0. 3 6), (' C K B F', 1 0 6 8. 0 9)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -2. 0 %  2 1. 8 %  -6. 9 %  

N S  0. 6 7 3  0. 4 0 7  0. 7 2 7  

N S _l o g  0. 6 0 6  0. 1 8 5  0. 6 5 7  

N S _r el  -2. 1 0 5  -2. 5 1 2  0. 3 3 3  

K G E  0. 7 4 3  0. 5 8 5  0. 7 7 1  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  2. 8 %  1 3. 9 %  -1. 5 %  

N S  0. 6 7 9  0. 4 5 1  0. 7 1 5  

N S _l o g  0. 5 9 6  0. 2 8  0. 6 7  

N S _r el  -6. 2 8  -2. 0 9 9  -0. 4 4 5  

K G E  0. 7 3  0. 6 4  0. 7 7 5  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 4 3



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1 M A R 4 9 6 1 2 0, st ati o n 
4 9 6 1 0 1 0 2 - St. J a n s b e e k; M er k e m( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1 M A R 4 9 6 1 2 0, st ati o n 
4 9 6 1 0 1 0 2 - St. J a n s b e e k; M er k e m ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 4 4



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1 M A R 4 9 6 1 2 0, st ati o n 
4 9 6 1 0 1 0 2 - St. J a n s b e e k; M er k e m ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1 M A R 4 9 6 1 2 0, st ati o n 
4 9 6 1 0 1 0 2 - St. J a n s b e e k; M er k e m ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 4 5



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 1 M A R 4 9 6 1 2 0, st ati o n 4 9 6 1 0 1 0 2 - St. J a n s b e e k; M er k e m 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 4 6



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 1 P O P 4 9 1 0 3 0" (I J Z ER)  

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 1 P O P 4 9 1 0 3 0 (I J z er) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 1 P O P 4 9 1 0 3 0 (I J z er) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 4 7



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 1 P O P 4 9 1 0 3 0  

s u b c at c h m e nt _ ar e a [ m 2]  8 4 8 6 8 2 0 7  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 3 4. 2 2), (' S M e v a p', 1 8 2. 3 5), (' c 1', 2. 4), (' c 2', 0. 9 9), (' c 3', 
1. 0), (' c O F 1', - 5. 2 1), (' c O F 2', 4. 4 3), (' cI F 1', - 3. 7 6), (' cI F 2', 3. 0), (' C Q O F', 1 1. 5 5), (' C KI F', 7 6. 3 9), 
(' C K B F', 4 4 9. 5 1)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1. 5 %  9. 2 %  -8. 8 %  

N S  0. 5 8 4  0. 6 2 8  0. 6 1 6  

N S _l o g  0. 6 1 8  0. 1 7 8  0. 6 7 6  

N S _r el  -0. 5 0 7  0. 0 3 3  0. 5 4 5  

K G E  0. 5 8 1  0. 5 0 5  0. 5 8 9  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1 4. 9 %  -2. 5 %  -1 8. 0 %  

N S  0. 5 7 4  0. 5 5 8  0. 5 9 4  

N S _l o g  0. 5 7 8  -0. 0 5 2  0. 6 6 1  

N S _r el  -0. 1 4 4  0. 2 1  -0. 2 3 3  

K G E  0. 5 5 2  0. 5 0 4  0. 5 8 2  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 4 8



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1 P O P 4 9 1 0 3 0, st ati o n 
4 9 1 1 0 1 0 2- P o p eri n g e v a art; O o st vl et er e n( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1 P O P 4 9 1 0 3 0, st ati o n 
4 9 1 1 0 1 0 2- P o p eri n g e v a art; O o st vl et er e n ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 4 9



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1 P O P 4 9 1 0 3 0, st ati o n 
4 9 1 1 0 1 0 2- P o p eri n g e v a art; O o st vl et er e n ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1 P O P 4 9 1 0 3 0, st ati o n 
4 9 1 1 0 1 0 2- P o p eri n g e v a art; O o st vl et er e n ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 5 0



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 1 P O P 4 9 1 0 3 0, st ati o n 4 9 1 1 0 1 0 2- P o p eri n g e v a art; O o st vl et er e n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 5 1



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 1 S S V 4 9 9 1 4 0" (I J Z ER)  

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 1 S S V 4 9 9 1 4 0 (I J z er) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 1 S S V 4 9 9 1 4 0 (I J z er) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 5 2



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 1 S S V 4 9 9 1 4 0  

s u b c at c h m e nt _ ar e a [ m 2]  1 6 0 9 5 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 3 1. 5 7), (' S M e v a p', 1 7 5. 2 7), (' c 1', 2. 1 7), (' c 2', 1. 0 9), (' c 3', 
1. 0), (' c O F 1', - 4. 5 3), (' c O F 2', 5. 0), (' cI F 1', - 3. 8 9), (' cI F 2', 2. 9 8), (' C Q O F', 1 2. 5 1), (' C KI F', 5 2. 4 5), 
(' C K B F', 7 1 9. 3 5)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 3 - 2 0 0 5)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 7 %  2. 3 %  -7. 9 %  

N S  0. 6 0 7  0. 5 5 2  0. 6 4 9  

N S _l o g  0. 6 1 9  0. 2 9 3  0. 7 2 9  

N S _r el  0. 1 9 3  0. 6 2 5  0. 4 2  

K G E  0. 5 4 7  0. 4 2 2  0. 5 4 6  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -2. 4 %  -1 4. 9 %  -6. 9 %  

N S  0. 5 9  0. 4 7 7  0. 6 4 4  

N S _l o g  0. 6 0 1  0. 3 5 2  0. 6 7 7  

N S _r el  0. 1 2 8  0. 5  0. 1 8 1  

K G E  0. 5 3  0. 3 6 7  0. 5 4 8  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 5 3



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1 S S V 4 9 9 1 4 0, st ati o n 
4 9 9 1 0 1 0 2 - St e e n b e e k; M er k e m( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1 S S V 4 9 9 1 4 0, st ati o n 
4 9 9 1 0 1 0 2 - St e e n b e e k; M er k e m ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 5 4



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 1 S S V 4 9 9 1 4 0, st ati o n 
4 9 9 1 0 1 0 2 - St e e n b e e k; M er k e m ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 1 S S V 4 9 9 1 4 0, st ati o n 
4 9 9 1 0 1 0 2 - St e e n b e e k; M er k e m ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 5 5



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 1 S S V 4 9 9 1 4 0, st ati o n 4 9 9 1 0 1 0 2 - St e e n b e e k; M er k e m 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 1 S S V 4 9 9 1 4 0, st ati o n 4 9 9 1 0 1 0 2 - St e e n b e e k; M er k e m 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 5 6



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 5 7  

 

A p p e n di x 4 Br u gs e P ol d er s  

 
 



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 2 E D E 4 4 2 1 2 0" ( B R U G S E P O L D E R S) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 2 E D E 4 4 2 1 2 0 ( Br u g s e P ol d er s) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 2 E D E 4 4 2 1 2 0 ( Br u g s e P ol d er s) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 5 8



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 2 E D E 4 4 2 1 2 0  

s u b c at c h m e nt _ ar e a [ m 2]  4 5 4 8 9 1 7 7  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 3 2. 4 4), (' S M e v a p', 1 9 8. 3 4), (' c 1', 2. 9 3), (' c 2', 1. 0 4), (' c 3', 
1. 0), (' c O F 1', - 7. 8 9), (' c O F 2', 6. 9 2), (' cI F 1', - 5. 7 4), (' cI F 2', 4. 9 6), (' C Q O F', 1 3. 2 3), (' C KI F', 
7 1. 8 5), (' C K B F', 8 7 5. 4 5)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 9 %  -8. 3 %  5. 9 %  

N S  0. 7 2 2  0. 6 1 7  0. 7 5 3  

N S _l o g  0. 6 3 4  0. 5 8 7  0. 6 8 8  

N S _r el  -4 4. 3 3 8  -1. 2 7 1  0. 2 2  

K G E  0. 7 7 1  0. 5 2 2  0. 8 5 3  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -5. 1 %  1 1. 9 %  -6. 0 %  

N S  0. 7 2 5  0. 6 3 1  0. 7 3 7  

N S _l o g  0. 5 9 2  0. 3 2 8  0. 6 3  

N S _r el  -2 4. 3 0 6  -3. 8 7 5  -0. 9 9 2  

K G E  0. 7 7 9  0. 5 6 5  0. 8 5 7  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 5 9



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 2 E D E 4 4 2 1 2 0, st ati o n 
4 4 2 1 0 1 0 2 - M al d e g e m( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 2 E D E 4 4 2 1 2 0, st ati o n 
4 4 2 1 0 1 0 2 - M al d e g e m ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 6 0



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 2 E D E 4 4 2 1 2 0, st ati o n 
4 4 2 1 0 1 0 2 - M al d e g e m ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 2 E D E 4 4 2 1 2 0, st ati o n 
4 4 2 1 0 1 0 2 - M al d e g e m ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 6 1



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 2 E D E 4 4 2 1 2 0, st ati o n 4 4 2 1 0 1 0 2 - M al d e g e m 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 6 2



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 2 H E R 4 2 6 0 1 0" ( B R U G S E P O L D E R S) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 2 H E R 4 2 6 0 1 0 ( Br u g s e P ol d er s) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 2 H E R 4 2 6 0 1 0 ( Br u g s e P ol d er s) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 6 3



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 2 H E R 4 2 6 0 1 0  

s u b c at c h m e nt _ ar e a [ m 2]  7 7 2 7 2 2 0 1  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 7 4. 9), (' S M e v a p', 2 4 6. 0 5), (' c 1', 2. 3 5), (' c 2', 0. 7 8), (' c 3', 
1. 0), (' c O F 1', - 7. 4 8), (' c O F 2', 4. 1 7), (' cI F 1', - 4. 4 4), (' cI F 2', 4. 3 5), (' C Q O F', 1 0. 3 7), (' C KI F', 
7 2. 6 2), (' C K B F', 1 3 1 8. 3 1)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 2 %  3 2. 0 %  -1 0. 0 %  

N S  0. 6 5 3  0. 5 7 1  0. 6 8 6  

N S _l o g  0. 5 4 9  -0. 1 0 7  0. 7 0 9  

N S _r el  -0. 0 3 7  0. 2 9 6  0. 2 2 7  

K G E  0. 6 6 4  0. 4 7 6  0. 7 1 4  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -4. 8 %  4 6. 3 %  -1 6. 5 %  

N S  0. 6 6 2  0. 5 4 1  0. 6 8 5  

N S _l o g  0. 5 9 5  0. 1 5 9  0. 6 7 1  

N S _r el  -0. 8 7 4  -1. 3 5  0. 4 3 4  

K G E  0. 6 5 8  0. 4 8 1  0. 6 8 5  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 6 4



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 2 H E R 4 2 6 0 1 0, st ati o n 
4 2 6 1 0 1 0 2 - H ert s b er g e b e e k; O o st k a m p( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 2 H E R 4 2 6 0 1 0, st ati o n 
4 2 6 1 0 1 0 2 - H ert s b er g e b e e k; O o st k a m p ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 6 5



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 2 H E R 4 2 6 0 1 0, st ati o n 
4 2 6 1 0 1 0 2 - H ert s b er g e b e e k; O o st k a m p ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 2 H E R 4 2 6 0 1 0, st ati o n 
4 2 6 1 0 1 0 2 - H ert s b er g e b e e k; O o st k a m p ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 6 6



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 2 H E R 4 2 6 0 1 0, st ati o n 4 2 6 1 0 1 0 2 - H ert s b er g e b e e k; O o st k a m p 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 6 7



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 2 K E R 4 2 2 0 3 0" ( B R U G S E P O L D E R S) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 2 K E R 4 2 2 0 3 0 ( Br u g s e P ol d er s) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 2 K E R 4 2 2 0 3 0 ( Br u g s e P ol d er s) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 6 8



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 2 K E R 4 2 2 0 3 0  

s u b c at c h m e nt _ ar e a [ m 2]  6 2 7 1 8 7 3 8  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 3 7 9. 3 3), (' S M e v a p', 3 1 2. 6 4), (' c 1', 2. 7 1), (' c 2', 0. 9 9), (' c 3', 
1. 0), (' c O F 1', - 8. 3 6), (' c O F 2', 0. 8 6), (' cI F 1', - 2. 8 9), (' cI F 2', 5. 0), (' C Q O F', 1 6. 5 9), (' C KI F', 6 7. 1 4), 
(' C K B F', 1 4 8 7. 4)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 5 - 2 0 0 7)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  6 1 3. 5 %  7 2 4. 2 %  5 9 8. 4 %  

N S  -5 3. 9 1 8  -7 3. 2 2 8  -6 9. 6 6 9  

N S _l o g  -2. 3 3 1  -4. 6 0 6  -3. 6 8 6  

N S _r el  -1 7 4. 4 3 1  -5 1. 0 2 7  -9 2 1. 9 7 1  

K G E  -7. 6 9 9  -1 0. 3 5 2  -7. 4 3 7  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  5 5 8. 0 %  7 5 5. 3 %  5 2 1. 8 %  

N S  -4 2. 6 5 8  -6 6. 1 0 5  -5 4. 2 2 7  

N S _l o g  -1. 9 1 9  -4. 0 0 7  -3. 0 8 5  

N S _r el  -1 4 6. 6 0 9  -1 0 9. 8 9 4  -4 8 7. 8 5  

K G E  -6. 8 5 8  -9. 7 5 3  -6. 6 2 8  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 6 9



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 2 K E R 4 2 2 0 3 0, st ati o n 
4 2 2 0 1 0 2 - K er k e b e e k, Si nt- Mi c hi el s( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 2 K E R 4 2 2 0 3 0, st ati o n 
4 2 2 0 1 0 2 - K er k e b e e k, Si nt- Mi c hi el s ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 7 0



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 2 K E R 4 2 2 0 3 0, st ati o n 
4 2 2 0 1 0 2 - K er k e b e e k, Si nt- Mi c hi el s ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 2 K E R 4 2 2 0 3 0, st ati o n 
4 2 2 0 1 0 2 - K er k e b e e k, Si nt- Mi c hi el s ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 7 1



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 2 K E R 4 2 2 0 3 0, st ati o n 4 2 2 0 1 0 2 - K er k e b e e k, Si nt- Mi c hi el s 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 2 K E R 4 2 2 0 3 0, st ati o n 4 2 2 0 1 0 2 - K er k e b e e k, Si nt- Mi c hi el s 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 7 2



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 2 K E R 4 2 2 0 3 0, st ati o n 4 2 2 0 1 0 2 - K er k e b e e k, Si nt- Mi c hi el s 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 7 3



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 2 RI V 4 2 5 0 2 0" ( B R U G S E P O L D E R S) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 2 RI V 4 2 5 0 2 0 ( Br u g s e P ol d er s) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 2 RI V 4 2 5 0 2 0 ( Br u g s e P ol d er s) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 7 4



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 2 RI V 4 2 5 0 2 0  

s u b c at c h m e nt _ ar e a [ m 2]  6 3 9 8 0 4 2 3  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 0 6. 9 3), (' S M e v a p', 2 0 0. 9 2), (' c 1', 2. 1 6), (' c 2', 0. 7 4), (' c 3', 
1. 0), (' c O F 1', - 6. 0 2), (' c O F 2', 3. 1), (' cI F 1', - 3. 5 4), (' cI F 2', 3. 6 1), (' C Q O F', 1 4. 8 7), (' C KI F', 6 6. 7 6), 
(' C K B F', 1 4 9 7. 4 1)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1. 5 %  3 0. 3 %  -1 3. 3 %  

N S  0. 6 4 9  0. 5 1 8  0. 6 5 6  

N S _l o g  0. 6 1 6  -0. 0 1  0. 7 2 9  

N S _r el  -4. 9 2 2  0. 6 0 1  0. 6 3  

K G E  0. 6 1 2  0. 4 4 3  0. 5 9 9  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -6. 0 %  4 7. 0 %  -2 0. 3 %  

N S  0. 6 3 9  0. 5 0 7  0. 6 2 4  

N S _l o g  0. 5 5 2  0. 0 0 5  0. 6 4 4  

N S _r el  -3. 4 1 8  -2. 0 1 3  0. 6 2 6  

K G E  0. 5 9 1  0. 4 4 3  0. 5 6  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 7 5



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 2 RI V 4 2 5 0 2 0, st ati o n 
4 2 5 1 0 1 0 2- Ri vi er b e e k; O o st k a m p( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 2 RI V 4 2 5 0 2 0, st ati o n 
4 2 5 1 0 1 0 2- Ri vi er b e e k; O o st k a m p ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 7 6



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 2 RI V 4 2 5 0 2 0, st ati o n 
4 2 5 1 0 1 0 2- Ri vi er b e e k; O o st k a m p ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 2 RI V 4 2 5 0 2 0, st ati o n 
4 2 5 1 0 1 0 2- Ri vi er b e e k; O o st k a m p ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 7 7



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 2 RI V 4 2 5 0 2 0, st ati o n 4 2 5 1 0 1 0 2- Ri vi er b e e k; O o st k a m p 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 7 8



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 7 9  

 

A p p e n di x 5 G e nts e K a n al e n  

 
 



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 3 P O E 4 4 6 0 0 0" ( G E N T S E K A N A L E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 3 P O E 4 4 6 0 0 0 ( G e nt s e K a n al e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 3 P O E 4 4 6 0 0 0 ( G e nt s e K a n al e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 8 0



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 3 P O E 4 4 6 0 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  1 0 6 8 3 6 8 4 9  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 0 2. 3), (' S M e v a p', 2 1 3. 3 8), (' c 1', 3. 3 2), (' c 2', 1. 1 5), (' c 3', 
1. 0), (' c O F 1', - 9. 5 7), (' c O F 2', 3. 0 3), (' cI F 1', - 5. 7 9), (' cI F 2', 4. 9 8), (' C Q O F', 1 2. 7 3), (' C KI F', 
7 5. 9 6), (' C K B F', 9 4 5. 3 1)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 3 - 2 0 0 9)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 5 %  1 6. 7 %  -4. 9 %  

N S  0. 7 2 4  0. 5 7 9  0. 6 9 6  

N S _l o g  0. 6 4 5  0. 3 3 8  0. 6 5 8  

N S _r el  -5. 1 4 8  -3. 4 5 6  0. 1 3 7  

K G E  0. 6 7 2  0. 5 6 5  0. 5 9 6  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  8. 1 %  4 9. 0 %  -2. 6 %  

N S  0. 7 2 7  0. 5 0 2  0. 6 9 8  

N S _l o g  0. 6 6 9  0. 3 3  0. 6 5 9  

N S _r el  -2. 9 0 1  -2. 1 2 6  0. 1 7 8  

K G E  0. 6 8 7  0. 5 1 6  0. 6 1 4  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 8 1



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 3 P O E 4 4 6 0 0 0, st ati o n 
4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 3 P O E 4 4 6 0 0 0, st ati o n 
4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 8 2



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 3 P O E 4 4 6 0 0 0, st ati o n 
4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 3 P O E 4 4 6 0 0 0, st ati o n 
4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 8 3



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 3 P O E 4 4 6 0 0 0, st ati o n 4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 3 P O E 4 4 6 0 0 0, st ati o n 4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 8 4



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 3 P O E 4 4 6 0 0 0, st ati o n 4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e 

 

Fi g ur e 1 0: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 3 P O E 4 4 6 0 0 0, st ati o n 4 4 6 5 6 1 2 2 - P o e k e b e e k; N e v el e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 8 5



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 8 6  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

A p p e n di x 6 B e n e d e ns c h el d e  

 
 



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 4 M O L 0 3 6 1 1 0" ( B E N E D E N S C H E L D E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 4 M O L 0 3 6 1 1 0 ( B e n e d e n s c h el d e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 4 M O L 0 3 6 1 1 0 ( B e n e d e n s c h el d e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 8 7



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 4 M O L 0 3 6 1 1 0  

s u b c at c h m e nt _ ar e a [ m 2]  3 2 5 6 1 9 5 7  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 1 3. 5 7), (' S M e v a p', 2 4 8. 0 6), (' c 1', 2. 1 6), (' c 2', 0. 6 6), (' c 3', 
1. 0), (' c O F 1', - 9. 3 8), (' c O F 2', 3. 1 5), (' cI F 1', - 4. 5 5), (' cI F 2', 4. 3 3), (' C Q O F', 1 2. 4 4), (' C KI F', 
2 8. 5 2), (' C K B F', 1 1 9 9. 1 5)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 5 %  2 7. 5 %  -1 3. 7 %  

N S  0. 5 5 9  0. 5 4  0. 5 0 7  

N S _l o g  0. 6 6 8  0. 2 9 3  0. 5 7 4  

N S _r el  0. 7 4 2  0. 4 0 7  0. 7 7  

K G E  0. 6 1 4  0. 5 9 7  0. 5 7  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1 2. 5 %  8 5. 0 %  -9. 3 %  

N S  0. 6 1 2  0. 3 5 8  0. 5 7 4  

N S _l o g  0. 5 7  -0. 1 6 6  0. 6 1 9  

N S _r el  -0. 7 0 8  -2. 3 3  0. 7 6 5  

K G E  0. 7 0 4  0. 2 7 4  0. 6 8 7  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 8 8



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 4 M O L 0 3 6 1 1 0, st ati o n 
3 6 1 0 1 0 2 - Kl ei n e M ol e n b e e k, Li e z el e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 4 M O L 0 3 6 1 1 0, st ati o n 
3 6 1 0 1 0 2 - Kl ei n e M ol e n b e e k, Li e z el e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 8 9



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 4 M O L 0 3 6 1 1 0, st ati o n 
3 6 1 0 1 0 2 - Kl ei n e M ol e n b e e k, Li e z el e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 4 M O L 0 3 6 1 1 0, st ati o n 
3 6 1 0 1 0 2 - Kl ei n e M ol e n b e e k, Li e z el e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 9 0



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 4 M O L 0 3 6 1 1 0, st ati o n 3 6 1 0 1 0 2 - Kl ei n e M ol e n b e e k, Li e z el e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 9 1



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 4 M O M 0 3 7 1 0 0" ( B E N E D E N S C H E L D E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 4 M O M 0 3 7 1 0 0 ( B e n e d e n s c h el d e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 4 M O M 0 3 7 1 0 0 ( B e n e d e n s c h el d e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 9 2



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 4 M O M 0 3 7 1 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  6 7 3 0 1 3 2 8  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 5 3 2. 4 4), (' S M e v a p', 1 5 9. 8 9), (' c 1', 1. 9 8), (' c 2', 0. 8 3), (' c 3', 
1. 0), (' c O F 1', - 4. 5 9), (' c O F 2', 1. 6 4), (' cI F 1', - 2. 8 2), (' cI F 2', 2. 4 2), (' C Q O F', 1 1. 6 5), (' C KI F', 
6 2. 1 8), (' C K B F', 9 3 2. 6)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1. 1 %  5 2. 4 %  -2 0. 2 %  

N S  0. 6 7  0. 4 7 8  0. 5 4 5  

N S _l o g  0. 6 5 3  0. 1 3 7  0. 5 9 6  

N S _r el  0. 4 1 1  -0. 1 7 3  0. 8 0 1  

K G E  0. 6 3 4  0. 4 8  0. 5 3 6  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1 5. 6 %  8 2. 0 %  -1 1. 0 %  

N S  0. 6 5 1  0. 2 0 4  0. 6 4 4  

N S _l o g  0. 5 6 7  -0. 1 9 5  0. 7 4 3  

N S _r el  -0. 4 3 1  -2. 0 7  0. 8 2 1  

K G E  0. 6 4 2  0. 2 2 8  0. 5 8 8  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 9 3



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 4 M O M 0 3 7 1 0 0, st ati o n 
3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k, M al d er e n( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 4 M O M 0 3 7 1 0 0, st ati o n 
3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k, M al d er e n ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 9 4



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 4 M O M 0 3 7 1 0 0, st ati o n 
3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k, M al d er e n ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 4 M O M 0 3 7 1 0 0, st ati o n 
3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k, M al d er e n ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 9 5



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 4 M O M 0 3 7 1 0 0, st ati o n 3 7 1 0 1 0 2 - Gr ot e M ol e n b e e k, M al d er e n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 9 6



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 9 7  

 

A p p e n di x 7  L ei e 

 
 



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S F O R C A T C H M E N T " F 0 5 L EI 3 8 6 9 9 9" 
( L EI E B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt F 0 5 L EI 3 8 6 9 9 9 ( L ei e b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt F 0 5 L EI 3 8 6 9 9 9 ( L ei e b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 9 8



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  F 0 5 L EI 3 8 6 9 9 9  

s u b c at c h m e nt _ ar e a [ m 2]  2 9 8 1 7 7 9 5 5 4  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 2 4. 0), (' S M e v a p', 2 3 3. 4 4), (' c 1', 2. 1 1), (' c 2', 0. 8 3), (' c 3', 
1. 0), (' c O F 1', - 5. 7 6), (' c O F 2', 1. 9 2), (' cI F 1', - 3. 6 1), (' cI F 2', 3. 0), (' C Q O F', 1 3. 8 9), (' C KI F', 4 6. 1 4), 
(' C K B F', 8 8 3. 1 9)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1. 3 %  9. 5 %  -1 0. 4 %  

N S  0. 7 9 4  0. 6 9 5  0. 7 4 9  

N S _l o g  0. 8 0 3  0. 5 3 7  0. 8 4 6  

N S _r el  0. 7 9 6  0. 6 4 4  0. 8 9 8  

K G E  0. 7 4 6  0. 7 2  0. 6 6 3  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 6 %  1 1. 0 %  -8. 3 %  

N S  0. 8  0. 6 8 5  0. 7 4 8  

N S _l o g  0. 8 1 4  0. 5 3 1  0. 8 4 5  

N S _r el  0. 8 0 2  0. 6 3 7  0. 8 9 3  

K G E  0. 7 5 2  0. 7 2 7  0. 6 7 1  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 9 9



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt F 0 5 L EI 3 8 6 9 9 9, st ati o n 
u n k o w n( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt F 0 5 L EI 3 8 6 9 9 9, st ati o n 
u n k o w n ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 0 0



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt F 0 5 L EI 3 8 6 9 9 9, st ati o n 
u n k o w n ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt F 0 5 L EI 3 8 6 9 9 9, st ati o n 
u n k o w n ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 0 1



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt F 0 5 L EI 3 8 6 9 9 9, st ati o n u n k o w n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 0 2



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 5 H E U 4 0 3 2 1 0" ( L EI E B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 5 H E U 4 0 3 2 1 0 ( L ei e b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 5 H E U 4 0 3 2 1 0 ( L ei e b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 0 3



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 5 H E U 4 0 3 2 1 0  

s u b c at c h m e nt _ ar e a [ m 2]  9 1 9 1 2 3 3 1  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 3 2 5. 8 5), (' S M e v a p', 2 0 6. 1 6), (' c 1', 3. 2 8), (' c 2', 1. 0 9), (' c 3', 
1. 0), (' c O F 1', - 5. 9 1), (' c O F 2', 1. 7 7), (' cI F 1', - 3. 9 8), (' cI F 2', 3. 0), (' C Q O F', 1 2. 0 9), (' C KI F', 7 7. 6 9), 
(' C K B F', 7 0 0. 1 3)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -2. 9 %  1 7. 8 %  -8. 4 %  

N S  0. 7 6 1  0. 7 3 5  0. 7 0 8  

N S _l o g  0. 6 6 2  0. 3 1 8  0. 7 0 4  

N S _r el  -2 7. 6 8  -4 7. 7 1 6  0. 6 3 4  

K G E  0. 6 9 8  0. 6 7 2  0. 6 0 6  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -6. 0 %  1. 6 %  -8. 9 %  

N S  0. 7 5  0. 7 0 6  0. 7 0 7  

N S _l o g  0. 6 2 3  0. 2 4 2  0. 7 2 4  

N S _r el  -9. 2 3 5  -1 9. 0 4 5  0. 7 0 5  

K G E  0. 6 8 3  0. 7 4 2  0. 6 2 1  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 0 4



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 5 H E U 4 0 3 2 1 0, st ati o n 
4 0 3 1 0 1 0 2 - H e ul e b e e k; H e ul e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 5 H E U 4 0 3 2 1 0, st ati o n 
4 0 3 1 0 1 0 2 - H e ul e b e e k; H e ul e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 0 5



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 5 H E U 4 0 3 2 1 0, st ati o n 
4 0 3 1 0 1 0 2 - H e ul e b e e k; H e ul e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 5 H E U 4 0 3 2 1 0, st ati o n 
4 0 3 1 0 1 0 2 - H e ul e b e e k; H e ul e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 0 6



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 5 H E U 4 0 3 2 1 0, st ati o n 4 0 3 1 0 1 0 2 - H e ul e b e e k; H e ul e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 0 7



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 5 M A N 4 0 1 2 3 0" ( L EI E B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 5 M A N 4 0 1 2 3 0 ( L ei e b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 5 M A N 4 0 1 2 3 0 ( L ei e b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 0 8



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 5 M A N 4 0 1 2 3 0  

s u b c at c h m e nt _ ar e a [ m 2]  2 5 8 4 4 1 8 1 8  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 4 0. 5 3), (' S M e v a p', 1 7 7. 6 1), (' c 1', 2. 0 7), (' c 2', 0. 9 5), (' c 3', 
1. 0), (' c O F 1', - 4. 4 9), (' c O F 2', 4. 9 7), (' cI F 1', - 3. 2 4), (' cI F 2', 3. 0), (' C Q O F', 1 2. 6 9), (' C KI F', 4 8. 9 9), 
(' C K B F', 7 6 3. 4 1)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 8 3 - 1 9 9 5)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 5 %  2 6. 1 %  -1 7. 6 %  

N S  0. 7 4 8  0. 6 8 6  0. 7 0 2  

N S _l o g  0. 7 5 7  0. 5 5 3  0. 7 4 7  

N S _r el  0. 1 2 4  0. 6 0 5  0. 7 0 3  

K G E  0. 6 9  0. 6 9  0. 6 1 2  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -2. 7 %  3 3. 7 %  -2 2. 2 %  

N S  0. 7 1  0. 5 5 6  0. 6 4 9  

N S _l o g  0. 6 1 9  0. 0 9 6  0. 6 2 9  

N S _r el  -0. 9 4 7  -2. 1 1 4  0. 5 2 3  

K G E  0. 7 0 3  0. 5 3 5  0. 6 1 2  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 0 9



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 5 M A N 4 0 1 2 3 0, st ati o n 
4 0 1 1 0 1 0 2 - M a n d el; O o str o z e b e k e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 5 M A N 4 0 1 2 3 0, st ati o n 
4 0 1 1 0 1 0 2 - M a n d el; O o str o z e b e k e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 1 0



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 5 M A N 4 0 1 2 3 0, st ati o n 
4 0 1 1 0 1 0 2 - M a n d el; O o str o z e b e k e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 5 M A N 4 0 1 2 3 0, st ati o n 
4 0 1 1 0 1 0 2 - M a n d el; O o str o z e b e k e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 1 1



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 5 M A N 4 0 1 2 3 0, st ati o n 4 0 1 1 0 1 0 2 - M a n d el; O o str o z e b e k e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 1 2



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 1 1 3  

 

A p p e n di x 8 B o v e ns c h el d e  

 
 



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" F 0 6 B O S 3 2 5 0 0 1" ( B O V E N S C H E L D E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt F 0 6 B O S 3 2 5 0 0 1 ( B o v e n s c h el d e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt F 0 6 B O S 3 2 5 0 0 1 ( B o v e n s c h el d e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 1 4



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  F 0 6 B O S 3 2 5 0 0 1  

s u b c at c h m e nt _ ar e a [ m 2]  5 2 1 7 5 8 6 1 9 6  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 3 5. 3), (' S M e v a p', 1 7 6. 4 4), (' c 1', 1. 9 8), (' c 2', 0. 5 4), (' c 3', 
1. 0), (' c O F 1', - 5. 6 5), (' c O F 2', 2. 1 8), (' cI F 1', - 3. 8 1), (' cI F 2', 2. 8 7), (' C Q O F', 1 2. 7 7), (' C KI F', 6 1. 4), 
(' C K B F', 1 0 6 0. 4 5)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 2 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -4. 5 %  1 4. 9 %  -1 6. 4 %  

N S  0. 7 1 8  0. 2 1 7  0. 6 9 6  

N S _l o g  0. 6 2 6  0. 0 0 6  0. 7 3 3  

N S _r el  0. 6 7 4  -0. 1 4 4  0. 8 3 6  

K G E  0. 7 0 9  0. 6 0 9  0. 6 4 4  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -5. 3 %  1 3. 8 %  -1 6. 7 %  

N S  0. 7 1 9  0. 2 9 8  0. 6 9 3  

N S _l o g  0. 6 3 7  0. 0 5 4  0. 7 3 2  

N S _r el  0. 6 7 7  -0. 0 2 9  0. 8 3 5  

K G E  0. 7 0 3  0. 6 2 2  0. 6 4  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 1 5



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt F 0 6 B O S 3 2 5 0 0 1, st ati o n 
u n k o w n( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt F 0 6 B O S 3 2 5 0 0 1, st ati o n 
u n k o w n ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 1 6



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt F 0 6 B O S 3 2 5 0 0 1, st ati o n 
u n k o w n ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt F 0 6 B O S 3 2 5 0 0 1, st ati o n 
u n k o w n ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 1 7



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt F 0 6 B O S 3 2 5 0 0 1, st ati o n u n k o w n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 1 8



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 6 M A A 3 4 7 1 6 0" ( B O V E N S C H E L D E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 6 M A A 3 4 7 1 6 0 ( B o v e n s c h el d e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 6 M A A 3 4 7 1 6 0 ( B o v e n s c h el d e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 1 9



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 6 M A A 3 4 7 1 6 0  

s u b c at c h m e nt _ ar e a [ m 2]  4 8 6 7 8 1 9 1  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 5 2 4. 5), (' S M e v a p', 1 7 5. 3 6), (' c 1', 2. 3 1), (' c 2', 0. 9), (' c 3', 
1. 0), (' c O F 1', - 3. 5 8), (' c O F 2', 3. 6 7), (' cI F 1', - 6. 0), (' cI F 2', 3. 0), (' C Q O F', 1 2. 2 5), (' C KI F', 6 2. 5 8), 
(' C K B F', 6 7 3. 1 4)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 4 %  1 4. 0 %  -1 2. 6 %  

N S  0. 5 8  0. 3 4 6  0. 5 7 2  

N S _l o g  n a n  n a n  0. 1 3 8  

N S _r el  -i nf -i nf 0. 6 4 4  

K G E  0. 6 5 5  0. 4 9 9  0. 6 1 3  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1 7. 5 %  -2. 8 %  -2 5. 6 %  

N S  0. 5 5  0. 3 9 8  0. 5 2 1  

N S _l o g  n a n  n a n  -0. 2 9 4  

N S _r el  -i nf -i nf 0. 4 8 7  

K G E  0. 6 1 5  0. 6 4 3  0. 5 6 5  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 2 0



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 6 M A A 3 4 7 1 6 0, st ati o n 
3 4 7 1 0 1 0 2 - M a ar k e b e e k; Eti k h o v e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 6 M A A 3 4 7 1 6 0, st ati o n 
3 4 7 1 0 1 0 2 - M a ar k e b e e k; Eti k h o v e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 2 1



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 6 M A A 3 4 7 1 6 0, st ati o n 
3 4 7 1 0 1 0 2 - M a ar k e b e e k; Eti k h o v e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 6 M A A 3 4 7 1 6 0, st ati o n 
3 4 7 1 0 1 0 2 - M a ar k e b e e k; Eti k h o v e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 2 2



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 6 M A A 3 4 7 1 6 0, st ati o n 3 4 7 1 0 1 0 2 - M a ar k e b e e k; Eti k h o v e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 2 3



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 6 Z W A 3 4 2 1 9 0" ( B O V E N S C H E L D E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 6 Z W A 3 4 2 1 9 0 ( B o v e n s c h el d e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 6 Z W A 3 4 2 1 9 0 ( B o v e n s c h el d e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 2 4



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 6 Z W A 3 4 2 1 9 0  

s u b c at c h m e nt _ ar e a [ m 2]  1 1 2 1 1 7 5 4 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 4 8. 2 5), (' S M e v a p', 1 6 8. 1 4), (' c 1', 2. 1 1), (' c 2', 1. 4 2), (' c 3', 
1. 0), (' c O F 1', - 3. 7 2), (' c O F 2', 2. 1), (' cI F 1', - 4. 1 2), (' cI F 2', 2. 9 9), (' C Q O F', 1 4. 3 4), (' C KI F', 5 9. 7), 
(' C K B F', 7 0 7. 3 7)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 0 - 2 0 1 2)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1. 0 %  2 3. 6 %  -1 3. 9 %  

N S  0. 4 8 9  0. 3 8 6  0. 3 6 6  

N S _l o g  0. 6 1 7  0. 2 3 8  0. 5 9 1  

N S _r el  0. 6 7  0. 6 1 9  0. 7 7 3  

K G E  0. 4 2 9  0. 3 7 4  0. 2 8 4  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  2. 3 %  8. 5 %  -8. 2 %  

N S  0. 4 5 5  0. 2 3 6  0. 3 9 5  

N S _l o g  0. 4 8 7  0. 1 2 8  0. 5 7 3  

N S _r el  -3 2. 2 9 5  -6. 0 5 7  0. 6 9 4  

K G E  0. 4 3 7  0. 2 8 7  0. 3 4 2  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 2 5



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 6 Z W A 3 4 2 1 9 0, st ati o n 
3 4 2 1 0 1 0 2 - Z w al m; N e d er z w al m( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 6 Z W A 3 4 2 1 9 0, st ati o n 
3 4 2 1 0 1 0 2 - Z w al m; N e d er z w al m ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 2 6



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 6 Z W A 3 4 2 1 9 0, st ati o n 
3 4 2 1 0 1 0 2 - Z w al m; N e d er z w al m ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 6 Z W A 3 4 2 1 9 0, st ati o n 
3 4 2 1 0 1 0 2 - Z w al m; N e d er z w al m ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 2 7



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 6 Z W A 3 4 2 1 9 0, st ati o n 3 4 2 1 0 1 0 2 - Z w al m; N e d er z w al m 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 2 8



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" W 0 6 R H O L 5 4 1 0 0" ( B O V E N S C H E L D E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 0 6 R H O L 5 4 1 0 0 ( B o v e n s c h el d e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 0 6 R H O L 5 4 1 0 0 ( B o v e n s c h el d e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 2 9



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 0 6 R H O L 5 4 1 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  1 6 1 9 2 8 4 4 6  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 8 2. 8 8), (' S M e v a p', 1 5 6. 5 9), (' c 1', 1. 9 6), (' c 2', 0. 4 7), (' c 3', 
1. 0), (' c O F 1', - 3. 7 9), (' c O F 2', 2. 7 1), (' cI F 1', - 3. 4 3), (' cI F 2', 2. 0 6), (' C Q O F', 1 1. 9 2), (' C KI F', 
8 8. 2 5), (' C K B F', 7 3 9. 9 8)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 9 %  5 0. 4 %  -2 7. 1 %  

N S  0. 5 5 5  0. 2 2 8  0. 5 3  

N S _l o g  0. 3 8 3  -0. 6 0 3  0. 4 9 7  

N S _r el  -0. 6 8 8  -1. 7 0 1  0. 7 7 4  

K G E  0. 5 7 4  0. 1 1  0. 4 6 7  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1. 2 %  4 8. 0 %  -2 6. 8 %  

N S  0. 5 5 1  0. 2 4 4  0. 5 2 8  

N S _l o g  0. 3 9 8  -0. 5 2  0. 5  

N S _r el  -0. 6 7  -1. 7 3 8  0. 7 8 1  

K G E  0. 5 6 6  0. 1 4 9  0. 4 6 3  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 3 0



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 0 6 R H O L 5 4 1 0 0, st ati o n 
L 5 4 1 2 A m o u gi e s - R h o s n e s( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 0 6 R H O L 5 4 1 0 0, st ati o n 
L 5 4 1 2 A m o u gi e s - R h o s n e s ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 3 1



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 0 6 R H O L 5 4 1 0 0, st ati o n 
L 5 4 1 2 A m o u gi e s - R h o s n e s ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 0 6 R H O L 5 4 1 0 0, st ati o n 
L 5 4 1 2 A m o u gi e s - R h o s n e s ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 3 2



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 0 6 R H O L 5 4 1 0 0, st ati o n L 5 4 1 2 A m o u gi e s - R h o s n e s 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 3 3



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 1 3 4  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

A p p e n di x 9 D e n d er  

 
 



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 7 B E L 2 8 5 0 7 0" ( D E N D E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 7 B E L 2 8 5 0 7 0 ( D e n d er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 7 B E L 2 8 5 0 7 0 ( D e n d er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 3 5



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 7 B E L 2 8 5 0 7 0  

s u b c at c h m e nt _ ar e a [ m 2]  8 8 6 4 1 7 1 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 4 5. 7 7), (' S M e v a p', 2 1 6. 2 1), (' c 1', 2. 1 2), (' c 2', 0. 6 7), (' c 3', 
1. 0), (' c O F 1', - 5. 3 5), (' c O F 2', 4. 5 2), (' cI F 1', - 4. 9 5), (' cI F 2', 4. 5 8), (' C Q O F', 1 4. 2 8), (' C KI F', 
6 2. 7 3), (' C K B F', 1 1 5 6. 9 9)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1. 1 %  1 0. 1 %  -5. 9 %  

N S  0. 7 0 7  0. 5 1 9  0. 7  

N S _l o g  0. 6 9 9  0. 4 3 5  0. 6 8  

N S _r el  0. 7 3  0. 6 1 7  0. 8  

K G E  0. 7 7 3  0. 4 9 3  0. 7 5 8  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -6. 1 %  1 3. 7 %  -1 1. 9 %  

N S  0. 6 0 1  0. 4 7  0. 5 8 1  

N S _l o g  0. 6 0 5  0. 2 9 1  0. 5 9 4  

N S _r el  -4 2. 6 2  -1 5. 3 4  0. 5 5 1  

K G E  0. 6 6 9  0. 4 7 2  0. 6 8 4  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 3 6



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 7 B E L 2 8 5 0 7 0, st ati o n 
2 8 5 1 0 1 0 2 - B ell e b e e k, E s s e n e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 7 B E L 2 8 5 0 7 0, st ati o n 
2 8 5 1 0 1 0 2 - B ell e b e e k, E s s e n e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 3 7



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 7 B E L 2 8 5 0 7 0, st ati o n 
2 8 5 1 0 1 0 2 - B ell e b e e k, E s s e n e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 7 B E L 2 8 5 0 7 0, st ati o n 
2 8 5 1 0 1 0 2 - B ell e b e e k, E s s e n e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 3 8



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 7 B E L 2 8 5 0 7 0, st ati o n 2 8 5 1 0 1 0 2 - B ell e b e e k, E s s e n e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 3 9



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 7 M A R 2 8 9 0 1 5" ( D E N D E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 7 M A R 2 8 9 0 1 5 ( D e n d er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 7 M A R 2 8 9 0 1 5 ( D e n d er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 4 0



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 7 M A R 2 8 9 0 1 5  

s u b c at c h m e nt _ ar e a [ m 2]  1 7 3 9 0 8 7 9 1  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 1 0. 7 4), (' S M e v a p', 1 7 0. 8 4), (' c 1', 2. 2 3), (' c 2', 0. 9 2), (' c 3', 
1. 0), (' c O F 1', - 4. 5 9), (' c O F 2', 5. 0), (' cI F 1', - 4. 3 5), (' cI F 2', 2. 8 9), (' C Q O F', 1 0. 7 9), (' C KI F', 5 8. 4), 
(' C K B F', 1 1 5 4. 7 7)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 4 %  3 1. 0 %  -1 4. 5 %  

N S  0. 6 8 8  0. 0 1 7  0. 7 1 7  

N S _l o g  0. 5 3 2  -0. 3 3 8  0. 6 7  

N S _r el  -0. 1 2 4  -0. 4 8 8  0. 7 2 8  

K G E  0. 7 7 1  0. 3 1 9  0. 7 6 1  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  8. 4 %  5 2. 1 %  -1 2. 1 %  

N S  0. 6 9 4  0. 3 3 8  0. 7 1 7  

N S _l o g  0. 4 8 2  -0. 1 6 9  0. 6 7 9  

N S _r el  -1 7. 0 6  -3 2. 5 8 5  0. 4 7 9  

K G E  0. 7 5 5  0. 3 6 3  0. 7 5 6  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 4 1



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 7 M A R 2 8 9 0 1 5, st ati o n 
2 8 9 7 0 1 0 2 - M ar k e, Vi a n e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 7 M A R 2 8 9 0 1 5, st ati o n 
2 8 9 7 0 1 0 2 - M ar k e, Vi a n e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 4 2



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 7 M A R 2 8 9 0 1 5, st ati o n 
2 8 9 7 0 1 0 2 - M ar k e, Vi a n e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 7 M A R 2 8 9 0 1 5, st ati o n 
2 8 9 7 0 1 0 2 - M ar k e, Vi a n e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 4 3



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 7 M A R 2 8 9 0 1 5, st ati o n 2 8 9 7 0 1 0 2 - M ar k e, Vi a n e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 4 4



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 7 M O E 2 8 2 1 0 0" ( D E N D E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 7 M O E 2 8 2 1 0 0 ( D e n d er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 7 M O E 2 8 2 1 0 0 ( D e n d er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 4 5



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 7 M O E 2 8 2 1 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  4 6 3 6 7 1 7 1  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 3 5 0. 3 9), (' S M e v a p', 1 6 1. 7 6), (' c 1', 3. 4 1), (' c 2', 2. 2 2), (' c 3', 
1. 0), (' c O F 1', - 6. 6 7), (' c O F 2', 1 0. 0), (' cI F 1', - 5. 3 8), (' cI F 2', 3. 6 1), (' C Q O F', 1 6. 5 1), (' C KI F', 
8 2. 3 6), (' C K B F', 1 3 3 9. 9 1)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 7 - 2 0 0 9)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 5 %  2 6. 2 %  -1 0. 6 %  

N S  0. 5 1 1  0. 3 3 1  0. 3 9 5  

N S _l o g  0. 7 0 9  0. 2 8 1  0. 6 2 4  

N S _r el  0. 7 3 6  0. 4 9 5  0. 8 3 4  

K G E  0. 4 9 2  0. 5 2 1  0. 3 1 9  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  8. 4 %  2 3. 4 %  0. 4 %  

N S  0. 5 5 6  0. 3 8 5  0. 4 5  

N S _l o g  0. 6 9 1  0. 3 3 6  0. 6 6 2  

N S _r el  0. 7  0. 6 5 2  0. 8 0 5  

K G E  0. 5 8 1  0. 6 0 6  0. 4 0 1  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 4 6



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 7 M O E 2 8 2 1 0 0, st ati o n 
2 8 2 1 0 1 0 2 - M ol e n b e e k, Er p e M er e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 7 M O E 2 8 2 1 0 0, st ati o n 
2 8 2 1 0 1 0 2 - M ol e n b e e k, Er p e M er e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 4 7



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 7 M O E 2 8 2 1 0 0, st ati o n 
2 8 2 1 0 1 0 2 - M ol e n b e e k, Er p e M er e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 7 M O E 2 8 2 1 0 0, st ati o n 
2 8 2 1 0 1 0 2 - M ol e n b e e k, Er p e M er e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 4 8



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 7 M O E 2 8 2 1 0 0, st ati o n 2 8 2 1 0 1 0 2 - M ol e n b e e k, Er p e M er e 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 7 M O E 2 8 2 1 0 0, st ati o n 2 8 2 1 0 1 0 2 - M ol e n b e e k, Er p e M er e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 4 9



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 7 M O E 2 8 2 1 0 0, st ati o n 2 8 2 1 0 1 0 2 - M ol e n b e e k, Er p e M er e 

 

Fi g ur e 1 0: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 7 M O E 2 8 2 1 0 0, st ati o n 2 8 2 1 0 1 0 2 - M ol e n b e e k, Er p e M er e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 5 0



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 7 M O G 2 8 8 0 2 0" ( D E N D E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 7 M O G 2 8 8 0 2 0 ( D e n d er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 7 M O G 2 8 8 0 2 0 ( D e n d er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 5 1



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 7 M O G 2 8 8 0 2 0  

s u b c at c h m e nt _ ar e a [ m 2]  2 3 0 9 3 6 2 8  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 5 3 7. 9 5), (' S M e v a p', 1 9 3. 1 1), (' c 1', 2. 1 2), (' c 2', 0. 5 8), (' c 3', 
1. 0), (' c O F 1', - 5. 3 5), (' c O F 2', 4. 9 2), (' cI F 1', - 4. 2 5), (' cI F 2', 2. 9 9), (' C Q O F', 1 4. 1 4), (' C KI F', 
6 0. 6 4), (' C K B F', 6 8 3. 2 4)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 7 - 2 0 0 9)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 3 %  9 1. 2 %  -2 5. 5 %  

N S  0. 5 4 3  0. 2 2 6  0. 4 9 9  

N S _l o g  0. 5  -0. 3 7 5  0. 6 0 7  

N S _r el  -2. 3 1 4  -5. 1 3  0. 7 5 3  

K G E  0. 5 8 5  0. 0 1 6  0. 4 7 2  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -8. 9 %  5 5. 4 %  -2 6. 9 %  

N S  0. 5 2 5  0. 1 4 8  0. 5 0 6  

N S _l o g  0. 4 5  -0. 1 3 8  0. 5 4 4  

N S _r el  -2. 5 0 8  -5. 8 7 7  0. 7 2 7  

K G E  0. 5 9 4  0. 2 4 7  0. 5 2  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 5 2



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 7 M O G 2 8 8 0 2 0, st ati o n 
2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar d s b er g e n( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 7 M O G 2 8 8 0 2 0, st ati o n 
2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar d s b er g e n ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 5 3



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 7 M O G 2 8 8 0 2 0, st ati o n 
2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar d s b er g e n ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 7 M O G 2 8 8 0 2 0, st ati o n 
2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar d s b er g e n ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 5 4



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 7 M O G 2 8 8 0 2 0, st ati o n 2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar d s b er g e n 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 7 M O G 2 8 8 0 2 0, st ati o n 2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar d s b er g e n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 5 5



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 7 M O G 2 8 8 0 2 0, st ati o n 2 8 8 1 0 1 0 2 - M o l e n b e e k, G er a ar d s b er g e n 

 

Fi g ur e 1 0: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 7 M O G 2 8 8 0 2 0, st ati o n 2 8 8 1 0 1 0 2 - M ol e n b e e k, G er a ar d s b er g e n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 5 6



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" W 0 7 D E N L E S 0 0 4" ( D E N D E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 0 7 D E N L E S 0 0 4 ( D e n d er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 0 7 D E N L E S 0 0 4 ( D e n d er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 5 7



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 0 7 D E N L E S 0 0 4  

s u b c at c h m e nt _ ar e a [ m 2]  5 1 1 8 4 0 6 6 2  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 5 7. 1), (' S M e v a p', 1 5 3. 7 8), (' c 1', 1. 9 5), (' c 2', 0. 4 6), (' c 3', 
1. 0), (' c O F 1', - 4. 6 9), (' c O F 2', 1. 0 9), (' cI F 1', - 3. 5), (' cI F 2', 2. 8 7), (' C Q O F', 1 2. 5 5), (' C KI F', 8 3. 7 6), 
(' C K B F', 1 0 8 5. 7 5)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 8 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 0 %  6 9. 2 %  -3 2. 1 %  

N S  0. 5 1 9  -0. 3 9 4  0. 3 7 7  

N S _l o g  0. 5 3 6  -0. 8 0 9  0. 4 7 2  

N S _r el  0. 6 4 6  -0. 1 8 6  0. 8 3 9  

K G E  0. 4 6 6  0. 2 0 7  0. 3 1  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 8 %  6 8. 1 %  -3 2. 8 %  

N S  0. 5 1 8  -0. 3 8 5  0. 3 7 3  

N S _l o g  0. 5 3 7  -0. 7 9 1  0. 4 6  

N S _r el  0. 6 5  -0. 1 7 4  0. 8 3 6  

K G E  0. 4 6 3  0. 2 1 2  0. 3 0 8  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 5 8



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 0 7 D E N L E S 0 0 4, st ati o n 
L e s si n e s( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 0 7 D E N L E S 0 0 4, st ati o n 
L e s si n e s ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 5 9



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 0 7 D E N L E S 0 0 4, st ati o n 
L e s si n e s ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 0 7 D E N L E S 0 0 4, st ati o n 
L e s si n e s ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 6 0



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 0 7 D E N L E S 0 0 4, st ati o n L e s si n e s 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 0 7 D E N L E S 0 0 4, st ati o n L e s si n e s 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 6 1



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 0 7 D E N L E S 0 0 4, st ati o n L e s si n e s 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 6 2



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 1 6 3  

 

A p p e n di x 1 0  Dijl e a n d Z e n n e  

 
 



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 8 B A R 1 1 1 3 7 0" ( DI J L E/ Z E N N E B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 8 B A R 1 1 1 3 7 0 ( Dijl e/ Z e n n e b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 8 B A R 1 1 1 3 7 0 ( Dijl e/ Z e n n e b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 6 4



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 8 B A R 1 1 1 3 7 0  

s u b c at c h m e nt _ ar e a [ m 2]  7 0 0 7 9 8 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 0 9. 7 3), (' S M e v a p', 2 8 6. 7), (' c 1', 2. 1), (' c 2', 0. 6 5), (' c 3', 
1. 0), (' c O F 1', - 5. 9 3), (' c O F 2', 0. 9 5), (' cI F 1', - 3. 6 9), (' cI F 2', 3. 0), (' C Q O F', 1 5. 0), (' C KI F', 7 5. 4 3), 
(' C K B F', 1 2 2 2. 6)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 7 - 2 0 0 4)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1. 5 %  2 2. 4 %  -7. 0 %  

N S  0. 7 4 2  0. 6 3 2  0. 6 7 8  

N S _l o g  0. 7 5 4  0. 6 1 7  0. 7 2 9  

N S _r el  0. 7 0 6  0. 6 0 7  0. 8 5 6  

K G E  0. 7 3 6  0. 6 1 5  0. 6 8 2  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1. 4 %  2 2. 3 %  -7. 2 %  

N S  0. 7 4 2  0. 6 3 2  0. 6 7 8  

N S _l o g  0. 7 5 4  0. 6 1 8  0. 7 2 7  

N S _r el  0. 7 0 7  0. 6 0 8  0. 8 5 6  

K G E  0. 7 3 6  0. 6 1 5  0. 6 8 2  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 6 5



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 8 B A R 1 1 1 3 7 0, st ati o n 
1 1 1 1 0 1 0 2- B ar e b e e k( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 8 B A R 1 1 1 3 7 0, st ati o n 
1 1 1 1 0 1 0 2- B ar e b e e k ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 6 6



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 8 B A R 1 1 1 3 7 0, st ati o n 
1 1 1 1 0 1 0 2- B ar e b e e k ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 8 B A R 1 1 1 3 7 0, st ati o n 
1 1 1 1 0 1 0 2- B ar e b e e k ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 6 7



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 8 B A R 1 1 1 3 7 0, st ati o n 1 1 1 1 0 1 0 2- B ar e b e e k 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 8 B A R 1 1 1 3 7 0, st ati o n 1 1 1 1 0 1 0 2- B ar e b e e k 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 6 8



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S F O R C A T C H M E N T " V 0 8 DI J 0 9 3 4 0 0" 
( DI J L E/ Z E N N E B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 8 DI J 0 9 3 4 0 0 ( Dijl e/ Z e n n e b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 8 DI J 0 9 3 4 0 0 ( Dijl e/ Z e n n e b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 6 9



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 8 DI J 0 9 3 4 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  8 6 1 4 1 3 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  0 8 -0 4 -2 0 1 5  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 6 4. 1 4), (' S M e v a p', 1 5 8. 5 3), (' c 1', 1. 7 8), (' c 2', 0. 1), (' c 3', 
1. 0), (' c O F 1', - 3. 3 2), (' c O F 2', 1. 0 5), (' cI F 1', - 2. 7 8), (' cI F 2', 0. 7 1), (' C Q O F', 1 1. 8 8), (' C KI F', 
6 4. 3 4), (' C K B F', 7 0 3. 7 4)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 1 3 - 2 0 1 5)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1. 7 %  -0. 3 %  0. 3  %  

N S  0. 6 0 6  0. 7 5  0. 7  

N S _l o g  0. 1 5 7  0. 4 8  0. 3 2 8  

N S _r el  0. 5 8 8  0. 7 7  0. 6 1  

K G E  0. 7 2 3  0. 8 6 2  0. 7 8 3  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 5)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -2. 6 %  -0. 8 %  0. 1 %  

N S  0. 5 9 5  0. 7 3 7  0. 7 4 7  

N S _l o g  -0. 0 0 4  0. 4 9 4  0. 4 4 2  

N S _r el  0. 5 6 9  0. 7 4 7  0. 6 7 2  

K G E  0. 7 1 8  0. 8 4  0. 7 9 5  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 7 0



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 8 DI J 0 9 3 4 0 0, st ati o n 
9 3 1 0 1 0 2 - Dijl e, Wil s el e ( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 8 DI J 0 9 3 4 0 0, st ati o n 
9 3 1 0 1 0 2 - Dijl e, Wil s el e  ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 7 1



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 8 DI J 0 9 3 4 0 0, st ati o n 
9 3 1 0 1 0 2 - Dijl e, Wil s el e  ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 8 DI J 0 9 3 4 0 0, st ati o n 
9 3 1 0 1 0 2 - Dijl e, Wil s el e  ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 7 2



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 8 DI J 0 9 3 4 0 0, st ati o n 9 3 1 0 1 0 2 - Dijl e, Wil s el e  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 7 3



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 8 Z U U 2 3 3 1 0 0" ( DI J L E/ Z E N N E B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 8 Z U U 2 3 3 1 0 0 ( Dijl e/ Z e n n e b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 8 Z U U 2 3 3 1 0 0 ( Dijl e/ Z e n n e b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 7 4



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 8 Z U U 2 3 3 1 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  6 4 7 7 1 0 0 5  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 7 8  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 0 1  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 0 6. 2 9), (' S M e v a p', 1 5 6. 1 6), (' c 1', 2. 0 9), (' c 2', 0. 6 8), (' c 3', 
1. 0), (' c O F 1', - 5. 1), (' c O F 2', 5. 0), (' cI F 1', - 4. 1 8), (' cI F 2', 2. 9 9), (' C Q O F', 1 2. 7 8), (' C KI F', 5 7. 9 1), 
(' C K B F', 7 8 0. 7 9)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 5 %  2 5. 5 %  -1 1. 7 %  

N S  0. 6 2 7  0. 2 3 6  0. 6 3 2  

N S _l o g  0. 5 4 2  -0. 1 3 7  0. 6 0 3  

N S _r el  -0. 2 4 1  -0. 8 4 6  0. 6 4 5  

K G E  0. 6 6 4  0. 2 2 4  0. 6 6 3  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 7 8 - 2 0 0 1)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  2 9. 8 %  1 1 1. 2 %  6. 0 %  

N S  0. 5 8 6  0. 0 8 1  0. 6 3 9  

N S _l o g  0. 4 8  -0. 2 3 9  0. 6 8 9  

N S _r el  -3. 9 6 6  -4. 4 5 1  0. 2 3 1  

K G E  0. 6 8  0. 0 4 6  0. 8 0 6  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 7 5



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 8 Z U U 2 3 3 1 0 0, st ati o n 
2 3 3 1 0 1 0 2 - Z u u n b e e k, St Pi et er sl e e u w( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 8 Z U U 2 3 3 1 0 0, st ati o n 
2 3 3 1 0 1 0 2 - Z u u n b e e k, St Pi et er sl e e u w ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 7 6



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 8 Z U U 2 3 3 1 0 0, st ati o n 
2 3 3 1 0 1 0 2 - Z u u n b e e k, St Pi et er sl e e u w ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 8 Z U U 2 3 3 1 0 0, st ati o n 
2 3 3 1 0 1 0 2 - Z u u n b e e k, St Pi et er sl e e u w ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 7 7



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 8 Z U U 2 3 3 1 0 0, st ati o n 2 3 3 1 0 1 0 2 - Z u u n b e e k, St Pi et er sl e e u w 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 7 8



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" W 0 8 S A M R O N 0 0 0" ( DI J L E/ Z E N N E B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 0 8 S A M R O N 0 0 0 ( Dijl e/ Z e n n e b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 0 8 S A M R O N 0 0 0 ( Dijl e/ Z e n n e b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 7 9



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 0 8 S A M R O N 0 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  1 3 4 0 9 7 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 5 0 2. 8 6), (' S M e v a p', 1 6 2. 7 4), (' c 1', 1. 9 4), (' c 2', 0. 5 2), (' c 3', 
1. 0), (' c O F 1', - 3. 8), (' c O F 2', 2. 5 6), (' cI F 1', - 3. 7), (' cI F 2', 3. 0), (' C Q O F', 1 3. 1 9), (' C KI F', 8 5. 8 1), 
(' C K B F', 1 3 2 4. 2 7)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 8 - 2 0 1 0)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 0 %  2 3. 1 %  -1 2. 1 %  

N S  0. 6 9 3  0. 5 4 8  0. 7 0 8  

N S _l o g  0. 6 8 4  0. 3 3 9  0. 7 5 4  

N S _r el  0. 7 7 6  0. 6 2 2  0. 8 9  

K G E  0. 6 9 1  0. 6 1 1  0. 6 6 7  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -9. 2 %  3. 8 %  -1 7. 9 %  

N S  0. 7 1  0. 5 9 6  0. 7 0 6  

N S _l o g  0. 6 5  0. 3 7 3  0. 6 4 3  

N S _r el  0. 8 0 7  0. 6 8 7  0. 8 5 8  

K G E  0. 7 2 1  0. 7 0 7  0. 6 7 7  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 8 0



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 0 8 S A M R O N 0 0 0, st ati o n 
2 3 7 1 - 1 0 0 5 0 S a m m e, R o n q ui er e s( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 0 8 S A M R O N 0 0 0, 
st ati o n 2 3 7 1- 1 0 0 5 0 S a m m e, R o n q ui er e s ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 8 1



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 0 8 S A M R O N 0 0 0, st ati o n 
2 3 7 1 - 1 0 0 5 0 S a m m e, R o n q ui er e s ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 0 8 S A M R O N 0 0 0, 
st ati o n 2 3 7 1- 1 0 0 5 0 S a m m e, R o n q ui er e s ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 8 2



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 0 8 S A M R O N 0 0 0, st ati o n 2 3 7 1- 1 0 0 5 0 S a m m e, R o n q ui er e s 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 0 8 S A M R O N 0 0 0, st ati o n 2 3 7 1- 1 0 0 5 0 S a m m e, R o n q ui er e s 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 8 3



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 0 8 S A M R O N 0 0 0, st ati o n 2 3 7 1- 1 0 0 5 0 S a m m e, R o n q ui er e s 

 

Fi g ur e 1 0: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 0 8 S A M R O N 0 0 0, st ati o n 2 3 7 1- 1 0 0 5 0 S a m m e, R o n q ui er e s 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 8 4



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" W 0 8 S E N R O N 0 1 0" ( DI J L E/ Z E N N E B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 0 8 S E N R O N 0 1 0 ( Dijl e/ Z e n n e b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 0 8 S E N R O N 0 1 0 ( Dijl e/ Z e n n e b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 8 5



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 0 8 S E N R O N 0 1 0  

s u b c at c h m e nt _ ar e a [ m 2]  7 0 3 6 4 7 7 3  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 6 2 0. 9 9), (' S M e v a p', 1 4 2. 6 3), (' c 1', 1. 9 5), (' c 2', 0. 5 7), (' c 3', 
1. 0), (' c O F 1', - 3. 9), (' c O F 2', 2. 6 4), (' cI F 1', - 3. 4 7), (' cI F 2', 2. 7 6), (' C Q O F', 1 0. 5 3), (' C KI F', 5 8. 0 6), 
(' C K B F', 1 1 8 3. 9 2)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -6. 6 %  3 2. 8 %  -2 9. 7 %  

N S  0. 5 6 5  0. 3 4 9  0. 5 3 5  

N S _l o g  0. 3 6  -0. 2 9  0. 7 0 8  

N S _r el  -0. 6 7 8  -3. 2 4 1  0. 7 4 9  

K G E  0. 5 1 5  0. 3 9 1  0. 3 9 8  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1 5. 6 %  -9. 7 %  -3 3. 4 %  

N S  0. 5 1 2  0. 4  0. 4 4 9  

N S _l o g  0. 3 7 6  -0. 0 0 4  0. 4 6  

N S _r el  -0. 0 5 2  -1. 3 8 5  0. 7 3 9  

K G E  0. 5 0 3  0. 5 1 9  0. 3 8 1  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 8 6



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 0 8 S E N R O N 0 1 0, st ati o n 
L 5 6 7 0 - S e n ett e, R o n q ui er e s( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 0 8 S E N R O N 0 1 0, st ati o n 
L 5 6 7 0 - S e n ett e, R o n q ui er e s ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 8 7



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 0 8 S E N R O N 0 1 0, st ati o n 
L 5 6 7 0 - S e n ett e, R o n q ui er e s ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 0 8 S E N R O N 0 1 0, st ati o n 
L 5 6 7 0 - S e n ett e, R o n q ui er e s ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 8 8



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 0 8 S E N R O N 0 1 0, st ati o n L 5 6 7 0 - S e n ett e, R o n q ui er e s 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 8 9



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" W 0 8 S E N T U B 0 3 0" ( DI J L E/ Z E N N E B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 0 8 S E N T U B 0 3 0 ( Dijl e/ Z e n n e b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 0 8 S E N T U B 0 3 0 ( Dijl e/ Z e n n e b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 9 0



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 0 8 S E N T U B 0 3 0  

s u b c at c h m e nt _ ar e a [ m 2]  2 1 5 9 1 1 0 7 8  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 5 6. 4 7), (' S M e v a p', 1 8 9. 1 6), (' c 1', 2. 3 9), (' c 2', 1. 2 3), (' c 3', 
1. 0), (' c O F 1', - 6. 5), (' c O F 2', 7. 4), (' cI F 1', - 4. 0 6), (' cI F 2', 4. 5 1), (' C Q O F', 1 4. 2 3), (' C KI F', 5 5. 6 4), 
(' C K B F', 1 7 5 0. 8 8)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 2 %  2 7. 0 %  -1 5. 0 %  

N S  0. 6 7  0. 4 6 2  0. 6 3 6  

N S _l o g  0. 6 2 1  0. 2 2 3  0. 6 9 3  

N S _r el  0. 8 2 1  0. 6 4 8  0. 8 0 2  

K G E  0. 6 1 1  0. 6 1 3  0. 5 4 1  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -3. 5 %  -7. 2 %  -1 4. 3 %  

N S  0. 6 5 2  0. 5 7 8  0. 6 2 1  

N S _l o g  0. 6 1 2  0. 4 4 2  0. 6 7 4  

N S _r el  0. 7 8 4  0. 8 4 5  0. 7 9 1  

K G E  0. 6 2 5  0. 5 7 1  0. 5 5 3  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 9 1



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 0 8 S E N T U B 0 3 0, st ati o n 
1 9 5 1 - 1 0 0 5 0 Z e n n e, T u bi z e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 0 8 S E N T U B 0 3 0, st ati o n 
1 9 5 1 - 1 0 0 5 0 Z e n n e, T u bi z e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 9 2



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 0 8 S E N T U B 0 3 0, st ati o n 
1 9 5 1 - 1 0 0 5 0 Z e n n e, T u bi z e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 0 8 S E N T U B 0 3 0, st ati o n 
1 9 5 1 - 1 0 0 5 0 Z e n n e, T u bi z e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 9 3



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 0 8 S E N T U B 0 3 0, st ati o n 1 9 5 1- 1 0 0 5 0 Z e n n e, T u bi z e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 9 4



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 1 9 5  

 

A p p e n di x 1 1  D e m er 

 
 



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 9 D E M 1 3 6 0 0 0" ( D E M E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 9 D E M 1 3 6 0 0 0 ( D e m er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 9 D E M 1 3 6 0 0 0 ( D e m er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 9 6



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 9 D E M 1 3 6 0 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  2 5 5 8 8 2 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 7 7 6 0 5. 0), (' S M e v a p', 2 6 0 3 9 4. 0), (' c 1', 1. 9 3), (' c 2', 0. 4 5), 
(' c 3', 1. 0), (' c O F 1', - 5. 1 5), (' c O F 2', 3. 0 3), (' cI F 1', - 3. 9 5), (' cI F 2', 2. 7 3), (' C Q O F', 1 4. 9 9), (' C KI F', 
5 5. 7 7), (' C K B F', 1 1 9 9. 9 3)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 8 - 2 0 1 0)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  4 0. 7 %  1 0 3. 5 %  3. 2 %  

N S  0. 1 2  -1. 1 7 5  0. 7 7 9  

N S _l o g  -0. 1 0 6  -1. 5 7 6  0. 7 7 1  

N S _r el  -0. 5 8 6  -1. 9 1 4  0. 8 2 1  

K G E  0. 5 0 3  -0. 1 3  0. 8 0 3  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  3 7. 3 %  9 4. 1 %  1. 0 %  

N S  0. 2 3 6  -0. 6 9 2  0. 7 7 3  

N S _l o g  0. 0 0 4  -1. 0 8 5  0. 7 8 4  

N S _r el  -0. 3 3 2  -1. 5 1 2  0. 8 5  

K G E  0. 5 7 4  0. 1 1 6  0. 7 6 9  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 9 7



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 D E M 1 3 6 0 0 0, st ati o n 
1 3 6 1 0 1 0 2 - D e m er; H a s s elt( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 D E M 1 3 6 0 0 0, st ati o n 
1 3 6 1 0 1 0 2 - D e m er; H a s s elt ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 9 8



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 D E M 1 3 6 0 0 0, st ati o n 
1 3 6 1 0 1 0 2 - D e m er; H a s s elt ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 D E M 1 3 6 0 0 0, st ati o n 
1 3 6 1 0 1 0 2 - D e m er; H a s s elt ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 1 9 9



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 D E M 1 3 6 0 0 0, st ati o n 1 3 6 1 0 1 0 2 - D e m er; H a s s elt 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 D E M 1 3 6 0 0 0, st ati o n 1 3 6 1 0 1 0 2 - D e m er; H a s s elt 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 0 0



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 D E M 1 3 6 0 0 0, st ati o n 1 3 6 1 0 1 0 2 - D e m er; H a s s elt 

 

Fi g ur e 1 0: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 D E M 1 3 6 0 0 0, st ati o n 1 3 6 1 0 1 0 2 - D e m er; H a s s elt 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 0 1



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 9 G E T 1 5 2 0 8 0" ( D E M E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 9 G E T 1 5 2 0 8 0 ( D e m er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 9 G E T 1 5 2 0 8 0 ( D e m er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 0 2



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 9 G E T 1 5 2 0 8 0  

s u b c at c h m e nt _ ar e a [ m 2]  8 0 0 3 9 5 3 7 6  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 0 9. 1 2), (' S M e v a p', 1 5 8. 8), (' c 1', 1. 9 7), (' c 2', 0. 4 9), (' c 3', 
1. 0), (' c O F 1', - 5. 8), (' c O F 2', 1. 6), (' cI F 1', - 3. 9 8), (' cI F 2', 3. 0), (' C Q O F', 8. 7 8), (' C KI F', 5 7. 4 8), 
(' C K B F', 1 8 0 2. 8)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 4 %  1 0. 4 %  -1 1. 4 %  

N S  0. 7 1 2  0. 4 3 6  0. 7 1 8  

N S _l o g  0. 6 2 7  0. 2 3 5  0. 6 8 8  

N S _r el  0. 7 0 7  0. 3 0 1  0. 7 8 9  

K G E  0. 7 8 2  0. 6 9 1  0. 7 3 1  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  6. 3 %  3 4. 1 %  -1 3. 4 %  

N S  0. 6 6 1  0. 3 1 3  0. 6 7 3  

N S _l o g  0. 5 8  0. 0 3 5  0. 6 3 6  

N S _r el  0. 6 3 1  0. 2 0 9  0. 7 8 3  

K G E  0. 7 9 3  0. 6 2 1  0. 7 8 1  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 0 3



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 G E T 1 5 2 0 8 0, st ati o n 
1 5 2 1 0 1 0 2 - G et e; H al e n( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 G E T 1 5 2 0 8 0, st ati o n 
1 5 2 1 0 1 0 2 - G et e; H al e n ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 0 4



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 G E T 1 5 2 0 8 0, st ati o n 
1 5 2 1 0 1 0 2 - G et e; H al e n ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 G E T 1 5 2 0 8 0, st ati o n 
1 5 2 1 0 1 0 2 - G et e; H al e n ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 0 5



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 G E T 1 5 2 0 8 0, st ati o n 1 5 2 1 0 1 0 2 - G et e; H al e n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 0 6



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 9 H E R 1 6 3 0 1 0" ( D E M E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 9 H E R 1 6 3 0 1 0 ( D e m er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 9 H E R 1 6 3 0 1 0 ( D e m er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 0 7



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 9 H E R 1 6 3 0 1 0  

s u b c at c h m e nt _ ar e a [ m 2]  2 7 4 6 0 2 2 2 1  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 9 9. 4 1), (' S M e v a p', 1 6 8. 0), (' c 1', 1. 9 7), (' c 2', 0. 5 6), (' c 3', 
1. 0), (' c O F 1', - 6. 0), (' c O F 2', 5. 0), (' cI F 1', - 4. 0 3), (' cI F 2', 3. 0), (' C Q O F', 1 4. 7 1), (' C KI F', 5 9. 3 6), 
(' C K B F', 9 1 5. 5 3)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 3 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 3 %  1 4. 1 %  -1 3. 7 %  

N S  0. 6 0 5  0. 2 6  0. 5 4 9  

N S _l o g  0. 5 4  -0. 0 9 4  0. 6 7 2  

N S _r el  0. 7 4 1  0. 1 2 1  0. 8 5  

K G E  0. 5 6 4  0. 5 9 8  0. 4 5  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1 0. 0 %  7 1. 4 %  -1 8. 8 %  

N S  0. 5 9 4  0. 2 7 3  0. 5 6 1  

N S _l o g  0. 4 9 8  -0. 3  0. 6 8 9  

N S _r el  0. 2 6 3  -0. 2 2 3  0. 7 0 7  

K G E  0. 5 5 2  0. 3 2 5  0. 4 7 7  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 0 8



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 H E R 1 6 3 0 1 0, st ati o n 
1 6 3 1 0 1 0 2 - H er k, K er mt( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 H E R 1 6 3 0 1 0, st ati o n 
1 6 3 1 0 1 0 2 - H er k, K er mt ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 0 9



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 H E R 1 6 3 0 1 0, st ati o n 
1 6 3 1 0 1 0 2 - H er k, K er mt ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 H E R 1 6 3 0 1 0, st ati o n 
1 6 3 1 0 1 0 2 - H er k, K er mt ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 1 0



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 H E R 1 6 3 0 1 0, st ati o n 1 6 3 1 0 1 0 2 - H er k, K er mt 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 1 1



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 9 H U L 1 4 7 1 5 0" ( D E M E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 9 H U L 1 4 7 1 5 0 ( D e m er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 9 H U L 1 4 7 1 5 0 ( D e m er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 1 2



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 9 H U L 1 4 7 1 5 0  

s u b c at c h m e nt _ ar e a [ m 2]  8 0 1 3 0 2 4 5  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 5 5. 9 7), (' S M e v a p', 2 2 4. 4 3), (' c 1', 2. 6 7), (' c 2', 2. 8 6), (' c 3', 
1. 0), (' c O F 1', - 4. 7 9), (' c O F 2', 4. 7 9), (' cI F 1', - 3. 0 2), (' cI F 2', 1. 2 8), (' C Q O F', 1 2. 9 5), (' C KI F', 
6 5. 7 2), (' C K B F', 1 2 4 5. 0 2)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1. 5 %  -2 0. 0 %  7. 4 %  

N S  0. 4 0 4  -0. 0 2 8  0. 5 9 9  

N S _l o g  0. 0 2 3  -0. 5 7 1  0. 5 1 1  

N S _r el  0. 5 2 7  0. 4 8 1  0. 4 5 9  

K G E  0. 6 1 1  0. 2 9 9  0. 5 6 6  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1 0. 3 %  -3. 2 %  1 7. 2 %  

N S  0. 4 3 6  0. 2 6 3  0. 5 6  

N S _l o g  0. 1 0 1  -0. 2 9 3  0. 5 0 1  

N S _r el  0. 3 9 2  0. 5 0 9  0. 3 8 1  

K G E  0. 7 0 2  0. 4 8 5  0. 6 6 3  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 1 3



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 H U L 1 4 7 1 5 0, st ati o n 
1 4 7 1 0 1 0 2 - D e H ul p e; M ol e n st e d e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 H U L 1 4 7 1 5 0, st ati o n 
1 4 7 1 0 1 0 2 - D e H ul p e; M ol e n st e d e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 1 4



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 H U L 1 4 7 1 5 0, st ati o n 
1 4 7 1 0 1 0 2 - D e H ul p e; M ol e n st e d e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 H U L 1 4 7 1 5 0, st ati o n 
1 4 7 1 0 1 0 2 - D e H ul p e; M ol e n st e d e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 1 5



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 H U L 1 4 7 1 5 0, st ati o n 1 4 7 1 0 1 0 2 - D e H ul p e; M ol e n st e d e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 1 6



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 9 L O S 1 4 3 3 0 0" ( D E M E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 9 L O S 1 4 3 3 0 0 ( D e m er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 9 L O S 1 4 3 3 0 0 ( D e m er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 1 7



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 9 L O S 1 4 3 3 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  1 5 1 7 6 2 9 4  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 5 0 5. 9 9), (' S M e v a p', 1 7 8. 8 4), (' c 1', 2. 0 5), (' c 2', 0. 3 3), (' c 3', 
1. 0), (' c O F 1', - 5. 6 1), (' c O F 2', 3. 9 6), (' cI F 1', - 4. 5 4), (' cI F 2', 2. 5 7), (' C Q O F', 1 4. 0 5), (' C KI F', 
9 0. 5 8), (' C K B F', 1 2 4 8. 2 4)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 7 - 2 0 1 0)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1 9. 3 %  4 9. 9 %  4. 9 %  

N S  0. 2 5 5  0. 3 8 1  0. 1  

N S _l o g  0. 2 4 6  -0. 3 4 1  0. 2 4 8  

N S _r el  -2 1. 0 8 1  -2 1. 6 8 4  0. 2 6 1  

K G E  0. 5 5 1  0. 4 3 3  0. 4 9 8  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  6. 7 %  6 5. 6 %  -1 2. 8 %  

N S  0. 2 6 5  0. 2 4 9  0. 1 6 8  

N S _l o g  0. 2 9 9  -0. 2 3 3  0. 0 7 7  

N S _r el  -1 2. 3 3 8  -1 3. 4 1 8  0. 3 4 6  

K G E  0. 5 7  0. 3 4 4  0. 5 4  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 1 8



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, st ati o n 
1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W e z e m a al( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, st ati o n 
1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W e z e m a al ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 1 9



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, st ati o n 
1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W e z e m a al ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, st ati o n 
1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W e z e m a al ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 2 0



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, st ati o n 1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W e z e m a al 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, st ati o n 1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W e z e m a al 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 2 1



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, st ati o n 1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W e z e m a al 

 

Fi g ur e 1 0: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 L O S 1 4 3 3 0 0, st ati o n 1 4 3 1 0 1 0 2 - Gr ot e L o sti n g; W e z e m a al 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 2 2



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 9 M A N 1 6 1 0 4 0" ( D E M E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 9 M A N 1 6 1 0 4 0 ( D e m er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 9 M A N 1 6 1 0 4 0 ( D e m er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 2 3



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 9 M A N 1 6 1 0 4 0  

s u b c at c h m e nt _ ar e a [ m 2]  1 0 3 0 8 1 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 1 8. 7 3), (' S M e v a p', 1 5 6. 6 5), (' c 1', 1. 8 9), (' c 2', 0. 7 1), (' c 3', 
1. 0), (' c O F 1', - 4. 2 3), (' c O F 2', 4. 0 3), (' cI F 1', - 3. 2 9), (' cI F 2', 0. 8 3), (' C Q O F', 1 3. 1 6), (' C KI F', 8 7. 0), 
(' C K B F', 1 0 5 0. 4)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 8 - 2 0 1 0)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 1 %  -2. 0 %  1. 8 %  

N S  0. 6 6 6  0. 6 4 6  0. 6 3 5  

N S _l o g  0. 6 1 6  0. 5 9 2  0. 5 5 8  

N S _r el  0. 5 9 4  0. 6 6 3  0. 4 9 9  

K G E  0. 8 3 2  0. 7 3 3  0. 8 0 6  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 7 %  1 8. 7 %  -4. 6 %  

N S  0. 6 6 9  0. 5 7 2  0. 6 6 3  

N S _l o g  0. 5 6 9  0. 4 3 4  0. 5 7 9  

N S _r el  0. 5 2 5  0. 3 3 6  0. 6 4 5  

K G E  0. 8 3 2  0. 6 9 9  0. 8 1 8  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 2 4



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 M A N 1 6 1 0 4 0, st ati o n 
1 6 1 1 0 1 0 2 - M a n g el b e e k; L u m m e n( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 M A N 1 6 1 0 4 0, st ati o n 
1 6 1 1 0 1 0 2 - M a n g el b e e k; L u m m e n ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 2 5



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 M A N 1 6 1 0 4 0, st ati o n 
1 6 1 1 0 1 0 2 - M a n g el b e e k; L u m m e n ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 M A N 1 6 1 0 4 0, st ati o n 
1 6 1 1 0 1 0 2 - M a n g el b e e k; L u m m e n ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 2 6



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 M A N 1 6 1 0 4 0, st ati o n 1 6 1 1 0 1 0 2 - M a n g el b e e k; L u m m e n 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 M A N 1 6 1 0 4 0, st ati o n 1 6 1 1 0 1 0 2 - M a n g el b e e k; L u m m e n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 2 7



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 M A N 1 6 1 0 4 0, st ati o n 1 6 1 1 0 1 0 2 - M a n g el b e e k; L u m m e n 

 

Fi g ur e 1 0: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 M A N 1 6 1 0 4 0, st ati o n 1 6 1 1 0 1 0 2 - M a n g el b e e k; L u m m e n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 2 8



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 9 M O T 1 4 4 2 7 0" ( D E M E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 9 M O T 1 4 4 2 7 0 ( D e m er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 9 M O T 1 4 4 2 7 0 ( D e m er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 2 9



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 9 M O T 1 4 4 2 7 0  

s u b c at c h m e nt _ ar e a [ m 2]  3 3 5 9 0 2 1 7  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 7 3. 1 6), (' S M e v a p', 1 6 8. 3 4), (' c 1', 1. 9 5), (' c 2', 0. 7 8), (' c 3', 
1. 0), (' c O F 1', - 5. 0 2), (' c O F 2', 4. 7 7), (' cI F 1', - 3. 9 1), (' cI F 2', 5. 0 3), (' C Q O F', 1 2. 4 8), (' C KI F', 6 5. 5), 
(' C K B F', 1 1 9 8. 0)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 7 - 2 0 0 7)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  2. 5 %  5 0. 5 %  -1 1. 2 %  

N S  0. 6 4 5  0. 6 7  0. 6 2 8  

N S _l o g  0. 5 0 7  0. 1 9 4  0. 4 4 6  

N S _r el  -1. 0 5 5  -1. 6 8 1  0. 7 6 9  

K G E  0. 8 0 8  0. 6 5  0. 7 5 2  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1 3. 0 %  1. 5 %  -1 4. 0 %  

N S  0. 5 2 5  0. 5 7 3  0. 4 3  

N S _l o g  0. 2 0 8  0. 0 3 8  -0. 1 6 6  

N S _r el  -0. 3 8 2  -1. 7 5 9  0. 6  

K G E  0. 7 2 5  0. 7 5 9  0. 6 9 2  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 3 0



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 M O T 1 4 4 2 7 0, st ati o n 
1 4 4 1 0 1 0 2 - M ott e; Rill a ar( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 M O T 1 4 4 2 7 0, st ati o n 
1 4 4 1 0 1 0 2 - M ott e; Rill a ar ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 3 1



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 M O T 1 4 4 2 7 0, st ati o n 
1 4 4 1 0 1 0 2 - M ott e; Rill a ar ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 M O T 1 4 4 2 7 0, st ati o n 
1 4 4 1 0 1 0 2 - M ott e; Rill a ar ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 3 2



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 M O T 1 4 4 2 7 0, st ati o n 1 4 4 1 0 1 0 2 - M ott e; Rill a ar 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 M O T 1 4 4 2 7 0, st ati o n 1 4 4 1 0 1 0 2 - M ott e; Rill a ar 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 3 3



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 M O T 1 4 4 2 7 0, st ati o n 1 4 4 1 0 1 0 2 - M ott e; Rill a ar 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 3 4



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 9 V E L 1 4 5 1 0 0" ( D E M E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 9 V E L 1 4 5 1 0 0 ( D e m er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 9 V E L 1 4 5 1 0 0 ( D e m er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 3 5



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 9 V E L 1 4 5 1 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  9 6 8 0 1 1 2 8  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 1 5. 1 6), (' S M e v a p', 2 1 3. 3 8), (' c 1', 2. 1 3), (' c 2', 0. 6 3), (' c 3', 
1. 0), (' c O F 1', - 6. 5 1), (' c O F 2', 5. 1 1), (' cI F 1', - 4. 1 6), (' cI F 2', 3. 8), (' C Q O F', 9. 9 5), (' C KI F', 8 1. 7 5), 
(' C K B F', 1 4 9 8. 3 6)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 6 %  3 2. 2 %  -1 2. 3 %  

N S  0. 7 2 4  0. 3 6  0. 6 6 4  

N S _l o g  0. 6 5 8  0. 1 3 2  0. 5 9 3  

N S _r el  0. 7  0. 0 7 9  0. 7 7 7  

K G E  0. 7 7 3  0. 5 4 9  0. 7 1 1  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 0 %  4 5. 5 %  -1 9. 3 %  

N S  0. 6 7 1  0. 5 2 4  0. 6 2 8  

N S _l o g  0. 5 9 4  0. 1 9 5  0. 4 7 5  

N S _r el  -1. 6 0 5  -2. 5 9 3  0. 7 6 5  

K G E  0. 7 7 2  0. 4 0 7  0. 7 5  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 3 6



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 V E L 1 4 5 1 0 0, st ati o n 
1 4 5 1 0 1 0 2 - V el p; R a n s b er g( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 V E L 1 4 5 1 0 0, st ati o n 
1 4 5 1 0 1 0 2 - V el p; R a n s b er g ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 3 7



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 V E L 1 4 5 1 0 0, st ati o n 
1 4 5 1 0 1 0 2 - V el p; R a n s b er g ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 V E L 1 4 5 1 0 0, st ati o n 
1 4 5 1 0 1 0 2 - V el p; R a n s b er g ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 3 8



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 V E L 1 4 5 1 0 0, st ati o n 1 4 5 1 0 1 0 2 - V el p; R a n s b er g 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 3 9



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 9 WI N 1 4 1 3 1 0" ( D E M E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 9 WI N 1 4 1 3 1 0 ( D e m er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 9 WI N 1 4 1 3 1 0 ( D e m er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 4 0



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 9 WI N 1 4 1 3 1 0  

s u b c at c h m e nt _ ar e a [ m 2]  6 4 7 3 9 1 6 9  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 7 1. 2 9), (' S M e v a p', 1 6 5. 3 7), (' c 1', 1. 9 9), (' c 2', 0. 5 7), (' c 3', 
1. 0), (' c O F 1', - 4. 0 6), (' c O F 2', 3. 5 6), (' cI F 1', - 4. 0 6), (' cI F 2', 2. 9), (' C Q O F', 1 0. 5 4), (' C KI F', 8 1. 9 6), 
(' C K B F', 7 2 2. 8 9)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1. 7 %  1 5. 2 %  -7. 2 %  

N S  0. 6 7 7  0. 5 3 1  0. 6 8 9  

N S _l o g  0. 5 8  0. 2 4 7  0. 5 9 8  

N S _r el  -1 3. 5 3 2  -2 8. 0 7 1  0. 7 5 7  

K G E  0. 8 0 2  0. 6 2 3  0. 8 0 6  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  3. 9 %  1 3. 7 %  -2. 8 %  

N S  0. 5 7 9  0. 5 9 3  0. 5 5  

N S _l o g  0. 5 8 5  0. 4 1 6  0. 4 9 8  

N S _r el  -7. 1 9 6  -9. 3 6  0. 6 9  

K G E  0. 7 8 7  0. 7 0 1  0. 7 4 6  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 4 1



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 WI N 1 4 1 3 1 0, st ati o n 1 4 1 - 
R ot s el a ar ; Wi n g e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 WI N 1 4 1 3 1 0, st ati o n 
1 4 1 - R ot s el a ar ; Wi n g e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 4 2



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 WI N 1 4 1 3 1 0, st ati o n 1 4 1 - 
R ot s el a ar ; Wi n g e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 WI N 1 4 1 3 1 0, st ati o n 
1 4 1 - R ot s el a ar ; Wi n g e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 4 3



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 WI N 1 4 1 3 1 0, st ati o n 1 4 1 - R ot s el a ar ; Wi n g e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 4 4



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 0 9 Z W A 1 4 8 1 2 0" ( D E M E R B E K K E N) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 0 9 Z W A 1 4 8 1 2 0 ( D e m er b e k k e n) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 0 9 Z W A 1 4 8 1 2 0 ( D e m er b e k k e n) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 4 5



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 0 9 Z W A 1 4 8 1 2 0  

s u b c at c h m e nt _ ar e a [ m 2]  9 6 5 1 4 8 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 5 1. 6 2), (' S M e v a p', 1 5 8. 4 8), (' c 1', 1. 8 2), (' c 2', 0. 4 8), (' c 3', 
1. 0), (' c O F 1', - 5. 2 9), (' c O F 2', 5. 0), (' cI F 1', - 3. 5 8), (' cI F 2', 2. 8 5), (' C Q O F', 1 5. 0 2), (' C KI F', 4 9. 6 2), 
(' C K B F', 7 2 4. 8 1)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 0 7)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  3. 4 %  2 9. 1 %  -7. 9 %  

N S  0. 6 3 7  0. 2 2 9  0. 7 0 2  

N S _l o g  0. 4 8 1  0. 0 2 4  0. 6 9 3  

N S _r el  0. 1 4 5  -1. 5 9  0. 7 8 8  

K G E  0. 8 0 2  0. 5 7  0. 8 3 8  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -9. 7 %  9. 2 %  -1 6. 2 %  

N S  0. 5 4 5  0. 2 5 7  0. 6 5  

N S _l o g  0. 3 3 6  0. 2 3 2  0. 3 4 4  

N S _r el  -3. 2 9 1  -8. 1 0 1  0. 3 4 4  

K G E  0. 7 3 4  0. 4 8 5  0. 8 0 9  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 4 6



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 Z W A 1 4 8 1 2 0, st ati o n 
1 4 8 1 0 1 0 2 - Z w art e B e e k; L u m m e n( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 Z W A 1 4 8 1 2 0, st ati o n 
1 4 8 1 0 1 0 2 - Z w art e B e e k; L u m m e n ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 4 7



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 0 9 Z W A 1 4 8 1 2 0, st ati o n 
1 4 8 1 0 1 0 2 - Z w art e B e e k; L u m m e n ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 0 9 Z W A 1 4 8 1 2 0, st ati o n 
1 4 8 1 0 1 0 2 - Z w art e B e e k; L u m m e n ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 4 8



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 Z W A 1 4 8 1 2 0, st ati o n 1 4 8 1 0 1 0 2 - Z w art e B e e k; L u m m e n 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c a t c h m e nt V 0 9 Z W A 1 4 8 1 2 0, st ati o n 1 4 8 1 0 1 0 2 - Z w art e B e e k; L u m m e n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 4 9



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 0 9 Z W A 1 4 8 1 2 0, st ati o n 1 4 8 1 0 1 0 2 - Z w art e B e e k; L u m m e n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 5 0



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 2 5 1  

 

A p p e n di x 1 2 N et e  

 
 



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 1 0 G L A 0 8 6 0 2 0" ( N E T E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 1 0 G L A 0 8 6 0 2 0 ( N et e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 1 0 G L A 0 8 6 0 2 0 ( N et e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 5 2



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 1 0 G L A 0 8 6 0 2 0  

s u b c at c h m e nt _ ar e a [ m 2]  6 2 6 2 1 2 3 6  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 1 7. 7 7), (' S M e v a p', 2 5 3. 3 9), (' c 1', 1. 6 6), (' c 2', 0. 2 3), (' c 3', 
1. 0), (' c O F 1', - 7. 8 5), (' c O F 2', 4. 5), (' cI F 1', - 4. 4 6), (' cI F 2', 4. 5), (' C Q O F', 1 4. 3 8), (' C KI F', 8 3. 5 5), 
(' C K B F', 1 5 0 3. 0)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 9 - 2 0 0 7)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 5 %  2 3. 4 %  -1 0. 7 %  

N S  0. 7 0 6  0. 3 3 9  0. 7 0 6  

N S _l o g  0. 6 1 5  0. 0 9 2  0. 7 0 2  

N S _r el  0. 7 0 7  0. 3 8  0. 8 3 3  

K G E  0. 7 7 6  0. 5 1 2  0. 8 3 2  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1 5. 0 %  -2. 3 %  -2 1. 4 %  

N S  0. 5 3 6  0. 1 7 4  0. 5 5  

N S _l o g  0. 3 2 1  -0. 0 2  0. 3 9 4  

N S _r el  -1 2. 0 6 5  -3 8. 2 8 1  0. 2 4  

K G E  0. 6 3 1  0. 3 5 9  0. 7 0 3  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 5 3



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 1 0 G L A 0 8 6 0 2 0, st ati o n 
8 6 1 0 1 0 2 - Gr ot e L a a k, V or st( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 1 0 G L A 0 8 6 0 2 0, st ati o n 
8 6 1 0 1 0 2 - Gr ot e L a a k, V or st ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 5 4



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 1 0 G L A 0 8 6 0 2 0, st ati o n 
8 6 1 0 1 0 2 - Gr ot e L a a k, V or st ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 1 0 G L A 0 8 6 0 2 0, st ati o n 
8 6 1 0 1 0 2 - Gr ot e L a a k, V or st ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 5 5



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 1 0 G L A 0 8 6 0 2 0, st ati o n 8 6 1 0 1 0 2 - Gr ot e L a a k, V or st 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 1 0 G L A 0 8 6 0 2 0, st ati o n 8 6 1 0 1 0 2 - Gr ot e L a a k, V or st 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 5 6



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 1 0 G L A 0 8 6 0 2 0, st ati o n 8 6 1 0 1 0 2 - Gr ot e L a a k, V or st 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 5 7



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 1 0 G N E 0 7 6 9 9 9" ( N E T E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 1 0 G N E 0 7 6 9 9 9 ( N et e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 1 0 G N E 0 7 6 9 9 9 ( N et e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 5 8



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 1 0 G N E 0 7 6 9 9 9  

s u b c at c h m e nt _ ar e a [ m 2]  3 5 9 8 8 5 3 2 7  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 3 6. 3 1), (' S M e v a p', 2 3 3. 7 3), (' c 1', 1. 8 3), (' c 2', 0. 5 4), (' c 3', 
1. 0), (' c O F 1', - 5. 9 5), (' c O F 2', 2. 3 8), (' cI F 1', - 3. 7 5), (' cI F 2', 3. 0), (' C Q O F', 1 3. 8 8), (' C KI F', 6 6. 5 8), 
(' C K B F', 1 6 2 3. 0)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 3 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1. 2 %  1 4. 3 %  -1 1. 5 %  

N S  0. 7 1 4  0. 2 6 2  0. 6 6  

N S _l o g  0. 6 7 9  0. 3 0 4  0. 6 1 4  

N S _r el  0. 7 3 4  0. 1 2 7  0. 7 9 3  

K G E  0. 7 5 8  0. 7 1 5  0. 7 0 7  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -4. 5 %  1 7. 0 %  -1 7. 5 %  

N S  0. 6 8 4  0. 3 9 3  0. 6 2 2  

N S _l o g  0. 5 9 5  0. 1 3 3  0. 5 8 4  

N S _r el  0. 6 0 2  -0. 0 1 2  0. 7 7 1  

K G E  0. 7 1 7  0. 6 5 4  0. 7 0 6  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 5 9



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 1 0 G N E 0 7 6 9 9 9, st ati o n 
7 6 1 0 1 0 2 Gr ot e N et e/ G e el Z a m m el( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 1 0 G N E 0 7 6 9 9 9, st ati o n 
7 6 1 0 1 0 2 Gr ot e N et e/ G e el Z a m m el ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 6 0



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 1 0 G N E 0 7 6 9 9 9, st ati o n 
7 6 1 0 1 0 2 Gr ot e N et e/ G e el Z a m m el ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 1 0 G N E 0 7 6 9 9 9, st ati o n 
7 6 1 0 1 0 2 Gr ot e N et e/ G e el Z a m m el ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 6 1



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 1 0 G N E 0 7 6 9 9 9, st ati o n 7 6 1 0 1 0 2 Gr ot e N et e/ G e el Z a m m el 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 6 2



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 1 0 K N E 0 5 2 0 0 0" ( N E T E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 1 0 K N E 0 5 2 0 0 0 ( N et e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 1 0 K N E 0 5 2 0 0 0 ( N et e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 6 3



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 1 0 K N E 0 5 2 0 0 0  

s u b c at c h m e nt _ ar e a [ m 2]  5 8 4 6 6 9 4 0 8  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 7 4. 6 5), (' S M e v a p', 2 0 2. 3 5), (' c 1', 2. 1), (' c 2', 1. 0 9), (' c 3', 
1. 0), (' c O F 1', - 6. 0), (' c O F 2', 0. 7 8), (' cI F 1', - 3. 0 9), (' cI F 2', 3. 0), (' C Q O F', 1 4. 0 8), (' C KI F', 5 6. 3), 
(' C K B F', 1 1 0 3. 0 1)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 0 %  2 1. 5 %  -1 2. 2 %  

N S  0. 7 5 6  0. 5 3  0. 6 9 3  

N S _l o g  0. 7 2  0. 5 1 9  0. 6 3 2  

N S _r el  0. 7 3 9  0. 2 9 3  0. 7 8 8  

K G E  0. 7 4 6  0. 7 0 6  0. 6 8  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1. 4 %  1 8. 4 %  -1 2. 0 %  

N S  0. 7 7 2  0. 6 5 9  0. 7 3  

N S _l o g  0. 6 9 8  0. 5  0. 6 8 9  

N S _r el  0. 7 3 4  0. 5 2 3  0. 8 1 6  

K G E  0. 7 8 5  0. 7 3 4  0. 7 3 7  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 6 4



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 1 0 K N E 0 5 2 0 0 0, st ati o n 
5 2 1 0 1 0 2 - Kl ei n e N et e; Gr o b b e n d o n k( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 1 0 K N E 0 5 2 0 0 0, st ati o n 
5 2 1 0 1 0 2 - Kl ei n e N et e; Gr o b b e n d o n k ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 6 5



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 1 0 K N E 0 5 2 0 0 0, st ati o n 
5 2 1 0 1 0 2 - Kl ei n e N et e; Gr o b b e n d o n k ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 1 0 K N E 0 5 2 0 0 0, st ati o n 
5 2 1 0 1 0 2 - Kl ei n e N et e; Gr o b b e n d o n k ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 6 6



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 1 0 K N E 0 5 2 0 0 0, st ati o n 5 2 1 0 1 0 2 - Kl ei n e N et e; Gr o b b e n d o n k 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 6 7



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 1 0 M O P 0 6 2 1 4 0" ( N E T E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 1 0 M O P 0 6 2 1 4 0 ( N et e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 1 0 M O P 0 6 2 1 4 0 ( N et e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 6 8



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 1 0 M O P 0 6 2 1 4 0  

s u b c at c h m e nt _ ar e a [ m 2]  7 7 3 1 9 0 9 1  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 2 6. 3 6), (' S M e v a p', 2 1 0. 6 3), (' c 1', 2. 1 8), (' c 2', 0. 6 9), (' c 3', 
1. 0), (' c O F 1', - 5. 9 8), (' c O F 2', 0. 1), (' cI F 1', - 4. 1 6), (' cI F 2', 3. 0), (' C Q O F', 1 0. 6 5), (' C KI F', 6 2. 2 4), 
(' C K B F', 6 6 7. 2)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1. 4 %  -5. 3 %  -5. 2 %  

N S  0. 6 1 4  0. 4 6 1  0. 6 0 6  

N S _l o g  0. 6 5 9  0. 4 7 5  0. 7 4 4  

N S _r el  -0. 0 8 2  -0. 5 1 7  0. 7 8 1  

K G E  0. 6 8 8  0. 4 4 8  0. 6 4 4  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1 5. 7 %  3 2. 0 %  6. 5 %  

N S  0. 6 4 7  0. 4 3  0. 6 8 3  

N S _l o g  0. 6 4 5  0. 4 6 2  0. 7 6 9  

N S _r el  -0. 8 0 4  -1. 9 4  0. 7 5 6  

K G E  0. 7 3 2  0. 4 9 1  0. 7 0 6  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 6 9



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 1 0 M O P 0 6 2 1 4 0, st ati o n 
6 2 1 0 1 0 2 - M ol e n b e e k, P ull e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 1 0 M O P 0 6 2 1 4 0, st ati o n 
6 2 1 0 1 0 2 - M ol e n b e e k, P ull e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 7 0



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 1 0 M O P 0 6 2 1 4 0, st ati o n 
6 2 1 0 1 0 2 - M ol e n b e e k, P ull e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 1 0 M O P 0 6 2 1 4 0, st ati o n 
6 2 1 0 1 0 2 - M ol e n b e e k, P ull e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 7 1



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 1 0 M O P 0 6 2 1 4 0, st ati o n 6 2 1 0 1 0 2 - M ol e n b e e k, P ull e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 7 2



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" V 1 0 WI M 0 8 2 0 5 0" ( N E T E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt V 1 0 WI M 0 8 2 0 5 0 ( N et e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt V 1 0 WI M 0 8 2 0 5 0 ( N et e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 7 3



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  V 1 0 WI M 0 8 2 0 5 0  

s u b c at c h m e nt _ ar e a [ m 2]  6 5 7 0 1 2 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 4 6. 8 5), (' S M e v a p', 1 4 5. 6 1), (' c 1', 1. 9 7), (' c 2', 0. 5 5), (' c 3', 
1. 0), (' c O F 1', - 4. 9 2), (' c O F 2', 3. 4 2), (' cI F 1', - 3. 6 3), (' cI F 2', 3. 0), (' C Q O F', 1 1. 0), (' C KI F', 8 8. 5 9), 
(' C K B F', 8 7 2. 1 2)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 5 - 2 0 0 7)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 4 %  -1. 4 %  -0. 2 %  

N S  0. 6 2 4  0. 5 5 6  0. 6 8 2  

N S _l o g  0. 5 9 9  0. 3 7 3  0. 7 0 9  

N S _r el  -1 4. 3 9 6  -2 8. 0 9 5  0. 7 3 9  

K G E  0. 7 5 4  0. 5 0 8  0. 8 2 1  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1 3. 6 %  1. 4 %  1 9. 5 %  

N S  0. 5 6 7  0. 5 2 3  0. 6 4 2  

N S _l o g  0. 5 2 9  0. 3 4 1  0. 6 3 7  

N S _r el  -9. 3 1 3  -1 9. 9 8 1  0. 3 5 1  

K G E  0. 7 5 3  0. 5 0 8  0. 8 2 1  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 7 4



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 1 0 WI M 0 8 2 0 5 0, st ati o n 
8 2 1 0 1 0 2 - Wi e k e v or st( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 1 0 WI M 0 8 2 0 5 0, st ati o n 
8 2 1 0 1 0 2 - Wi e k e v or st ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 7 5



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt V 1 0 WI M 0 8 2 0 5 0, st ati o n 
8 2 1 0 1 0 2 - Wi e k e v or st ( v ali d ati o n p eri o d)  

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt V 1 0 WI M 0 8 2 0 5 0, st ati o n 
8 2 1 0 1 0 2 - Wi e k e v or st ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 7 6



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 1 0 WI M 0 8 2 0 5 0, st ati o n 8 2 1 0 1 0 2 - Wi e k e v or st 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 1 0 WI M 0 8 2 0 5 0, st ati o n 8 2 1 0 1 0 2 - Wi e k e v or st 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 7 7



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt V 1 0 WI M 0 8 2 0 5 0, st ati o n 8 2 1 0 1 0 2 - Wi e k e v or st 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 7 8



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 2 7 9  

 

A p p e n di x 1 3   M e u s e 

 

 



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S F O R C A T C H M E N T " F 1 1 M A A 8 7 0 2" 
( M E U S E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt F 1 1 M A A 8 7 0 2 ( M e u s e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt F 1 1 M A A 8 7 0 2 ( M e u s e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 8 0



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  F 1 1 M A A 8 7 0 2  

s u b c at c h m e nt _ ar e a [ m 2]  1 0 1 2 0 0 0 0 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 3 8 0. 8 5), (' S M e v a p', 2 2 1. 5 3), (' c 1', 4. 0), (' c 2', 1. 8 5), (' c 3', 
1. 0), (' c O F 1', - 6. 0), (' c O F 2', 0. 0 4), (' cI F 1', - 4. 0 4), (' cI F 2', 3. 0), (' C Q O F', 1 1. 6 1), (' C KI F', 8 6. 4 8), 
(' C K B F', 1 5 1 2. 0 8)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -5. 9 %  3 1. 4 %  -1 8. 5 %  

N S  0. 6 9 5  0. 2 6 6  0. 4 8 6  

N S _l o g  0. 7 6 1  0. 1 3 5  0. 6 1 9  

N S _r el  0. 7 3 6  0. 2 1 2  0. 6 6 2  

K G E  0. 6 0 9  0. 5 6 5  0. 4 1 8  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -2. 5 %  3 2. 2 %  -1 5. 2 %  

N S  0. 7 0 5  0. 2 8 7  0. 5 2 9  

N S _l o g  0. 7 7 5  0. 1 8 3  0. 6 3 7  

N S _r el  0. 7 5 4  0. 2 2 9  0. 6 1 3  

K G E  0. 6 0 8  0. 5 9  0. 4 3 1  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 8 1



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt F 1 1 M A A 8 7 0 2, st ati o n M e u s e, 
C h o o z( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt F 1 1 M A A 8 7 0 2, st ati o n 
M e u s e, C h o o z ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 8 2



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt F 1 1 M A A 8 7 0 2, st ati o n M e u s e, 
C h o o z ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt F 1 1 M A A 8 7 0 2, st ati o n 
M e u s e, C h o o z ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 8 3



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt F 1 1 M A A 8 7 0 2, st ati o n M e u s e, C h o o z 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 8 4



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" W 1 1 B E R 5 5 1 0 1 0" ( M E U SE)  

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 1 1 B E R 5 5 1 0 1 0 ( M e u s e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 1 1 B E R 5 5 1 0 1 0 ( M e u s e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 8 5



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 1 1 B E R 5 5 1 0 1 0  

s u b c at c h m e nt _ ar e a [ m 2]  1 2 8 0 0 0 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 3 2 1. 2), (' S M e v a p', 2 4 2. 1 5), (' c 1', 2. 4), (' c 2', 1. 0 1), (' c 3', 
1. 0), (' c O F 1', - 6. 0 4), (' c O F 2', 6. 7 8), (' cI F 1', - 4. 6 7), (' cI F 2', 2. 5 9), (' C Q O F', 1 3. 9 6), (' C KI F', 
6 2. 9 6), (' C K B F', 1 2 2 3. 5 3)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 4 - 2 0 0 6)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 3 %  0. 5 %  -1. 4 %  

N S  0. 6 2 3  0. 5 9 2  0. 5 8 1  

N S _l o g  0. 6 4 5  0. 4 8 6  0. 5 9 9  

N S _r el  0. 6 0 6  0. 7 2 2  0. 4 8  

K G E  0. 7 4 2  0. 7 0 7  0. 7 5 5  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  5. 5 %  1 7. 9 %  -1. 2 %  

N S  0. 5 1 1  0. 3 5 7  0. 4 9 4  

N S _l o g  0. 3 0 4  -0. 1 8 3  0. 3 8 8  

N S _r el  -1 5. 0 6 7  -2 0. 8 6 5  -4. 8 0 4  

K G E  0. 6 7 3  0. 5 9 5  0. 6 7  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 8 6



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 B E R 5 5 1 0 1 0, st ati o n 
u n k o w n( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 B E R 5 5 1 0 1 0, st ati o n 
u n k o w n ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 8 7



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 B E R 5 5 1 0 1 0, st ati o n 
u n k o w n ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 B E R 5 5 1 0 1 0, st ati o n 
u n k o w n ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 8 8



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 B E R 5 5 1 0 1 0, st ati o n u n k o w n 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 B E R 5 5 1 0 1 0, st ati o n u n k o w n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 8 9



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 B E R 5 5 1 0 1 0, st ati o n u n k o w n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 9 0



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S F O R C A T C H M E N T " W 1 1 H O Y 5 9 9 0" 
( M E U S E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 1 1 H O Y 5 9 9 0 ( M e u s e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 1 1 H O Y 5 9 9 0 ( M e u s e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 9 1



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 1 1 H O Y 5 9 9 0  

s u b c at c h m e nt _ ar e a [ m 2]  2 4 2 0 0 0 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 6 0 1. 3 7), (' S M e v a p', 1 4 4. 4 6), (' c 1', 1. 9 6), (' c 2', 0. 7 9), (' c 3', 
1. 0), (' c O F 1', - 5. 4 4), (' c O F 2', 5. 0), (' cI F 1', - 4. 9 4), (' cI F 2', 3. 0), (' C Q O F', 1 3. 6 4), (' C KI F', 7 7. 3 9), 
(' C K B F', 1 1 9 3. 9)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 4 %  9. 2 %  -1 0. 0 %  

N S  0. 4 5 5  0. 0 9 6  0. 3  

N S _l o g  0. 6 8 7  0. 1 2 8  0. 7 1 6  

N S _r el  0. 8 7 6  0. 4 8  0. 9 3 2  

K G E  0. 4 8 2  0. 4 9 3  0. 2 6 1  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 8 %  8. 5 %  -1 1. 7 %  

N S  0. 4 5  0. 0 9  0. 2 9 6  

N S _l o g  0. 6 8 3  0. 1 1 8  0. 7 0 7  

N S _r el  0. 8 7 5  0. 4 7 8  0. 9 3  

K G E  0. 4 7  0. 4 8 6  0. 2 5 4  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 9 2



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 H O Y 5 9 9 0, st ati o n 
H o y o u x, M ar c hi n( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 H O Y 5 9 9 0, st ati o n 
H o y o u x, M ar c hi n ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 9 3



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 H O Y 5 9 9 0, st ati o n 
H o y o u x, M ar c hi n ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 H O Y 5 9 9 0, st ati o n 
H o y o u x, M ar c hi n ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 9 4



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 H O Y 5 9 9 0, st ati o n H o y o u x, M ar c hi n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 9 5



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" W 1 1 J E K 5 5 3 0 1 0" ( M E U SE)  

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 1 1 J E K 5 5 3 0 1 0 ( M e u s e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 1 1 J E K 5 5 3 0 1 0 ( M e u s e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 9 6



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 1 1 J E K 5 5 3 0 1 0  

s u b c at c h m e nt _ ar e a [ m 2]  4 6 5 4 9 9 4 4 2  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 5 2 2. 0 3), (' S M e v a p', 1 5 9. 0 3), (' c 1', 1. 8 8), (' c 2', 0. 1), (' c 3', 
1. 0), (' c O F 1', - 4. 0 2), (' c O F 2', 0. 5 6), (' cI F 1', - 6. 0), (' cI F 2', 0. 4 2), (' C Q O F', 1 4. 3 9), (' C KI F', 6 0. 2 8), 
(' C K B F', 1 1 0 1. 5 3)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 1 9 9 3 - 1 9 9 8)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 9 %  6. 4 %  -5. 3 %  

N S  0. 5 0 9  0. 5 0 8  0. 5 8 8  

N S _l o g  0. 2 5 4  0. 3 0 5  0. 3 6 4  

N S _r el  0. 6 9 2  0. 8 3 5  0. 7 3 6  

K G E  0. 6 4 6  0. 5 2  0. 7 2 3  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1 0. 1 %  2. 3 %  -2 1. 3 %  

N S  0. 1 8 5  0. 2 2 3  0. 1 8 8  

N S _l o g  -0. 0 6 4  -0. 0 0 1  -0. 0 5 8  

N S _r el  0. 2 5 3  0. 2 5 2  0. 5 2 1  

K G E  0. 4 7 6  0. 5 4  0. 4 5 7  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 9 7



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 J E K 5 5 3 0 1 0, st ati o n 
u n k o w n( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 J E K 5 5 3 0 1 0, st ati o n 
u n k o w n ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 9 8



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 J E K 5 5 3 0 1 0, st ati o n 
u n k o w n ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 J E K 5 5 3 0 1 0, st ati o n 
u n k o w n ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 2 9 9



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 J E K 5 5 3 0 1 0, st ati o n u n k o w n 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 0 0



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S  F O R  C A T C H M E N T 
" W 1 1 M A A P R O F" ( M E U S E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 1 1 M A A P R O F ( M e u s e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 1 1 M A A P R O F ( M e u s e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 0 1



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 1 1 M A A P R O F  

s u b c at c h m e nt _ ar e a [ m 2]  1 2 5 8 5 0 0 0 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 4 7. 9), (' S M e v a p', 1 9 2. 0 9), (' c 1', 3. 0 5), (' c 2', 2. 1 3), (' c 3', 
1. 0), (' c O F 1', - 6. 0), (' c O F 2', 0. 0), (' cI F 1', - 3. 7 2), (' cI F 2', 3. 0), (' C Q O F', 1 4. 2 7), (' C KI F', 6 9. 7), 
(' C K B F', 1 1 4 8. 3 9)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 2 - 2 0 1 2)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 6 %  9. 9 %  -1 2. 0 %  

N S  0. 7 2  0. 5 1 3  0. 5 3 6  

N S _l o g  0. 7 7 6  0. 3 9  0. 6 2 2  

N S _r el  0. 8 0 7  0. 6 4 9  0. 6 2 8  

K G E  0. 6 7 7  0. 6 7 2  0. 4 5 8  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -6. 8 %  6. 5 %  -1 4. 9 %  

N S  0. 7 0 7  0. 4 9 6  0. 5 1 2  

N S _l o g  0. 7 7  0. 3 8 2  0. 6 1 9  

N S _r el  0. 8 0 7  0. 6 3 1  0. 6 2 6  

K G E  0. 6 5 6  0. 6 6 5  0. 4 3 9  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 0 2



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 M A A P R O F, st ati o n 
M e u s e, Pr of o n d e vill e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 M A A P R O F, st ati o n 
M e u s e, Pr of o n d e vill e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 0 3



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 M A A P R O F, st ati o n 
M e u s e, Pr of o n d e vill e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 M A A P R O F, st ati o n 
M e u s e, Pr of o n d e vill e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 0 4



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c a t c h m e nt W 1 1 M A A P R O F, st ati o n M e u s e, Pr of o n d e vill e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 0 5



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S F O R C A T C H M E N T " W 1 1 M E H 5 8 2 0" 
( M E U S E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 1 1 M E H 5 8 2 0 ( M e u s e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 1 1 M E H 5 8 2 0 ( M e u s e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 0 6



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 1 1 M E H 5 8 2 0  

s u b c at c h m e nt _ ar e a [ m 2]  3 5 5 8 0 0 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 3 9 6. 6 7), (' S M e v a p', 1 6 9. 9 2), (' c 1', 2 0. 3 5), (' c 2', 0. 4 5), (' c 3', 
1. 0), (' c O F 1', - 5. 2 5), (' c O F 2', 3. 1 3), (' cI F 1', - 4. 2 5), (' cI F 2', 2. 9 2), (' C Q O F', 1 2. 3 7), (' C KI F', 8 2. 5), 
(' C K B F', 1 0 7 4. 6 6)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 4 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  2 3 5. 3 %  5 1 9. 3 %  1 2 9. 8 %  

N S  -8. 4 4 5  -9 0. 7 8 6  -2. 8 4 2  

N S _l o g  -3. 5  -1 8. 7 0 1  -1. 9 2 8  

N S _r el  -1 7. 4 1 7  -7 8. 6 8 2  -4. 9 1 9  

K G E  -1. 5 9 8  -6. 1 9 6  -0. 3 1 5  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1 6 4. 6 %  3 6 3. 5 %  9 0. 0 %  

N S  -3. 8 9 2  -1 6. 9 8 1  -1. 0 3 1  

N S _l o g  -2. 3 3 1  -1 0. 2 9 3  -1. 0 7 2  

N S _r el  -1 1. 1 1 2  -1 8. 7 6  -2. 9 5 6  

K G E  -1. 0 1 5  -3. 4 5 4  -0. 0 3 3  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 0 7



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 M E H 5 8 2 0, st ati o n 
M e h ai g n e, W a n z e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 M E H 5 8 2 0, st ati o n 
M e h ai g n e, W a n z e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 0 8



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 M E H 5 8 2 0, st ati o n 
M e h ai g n e, W a n z e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 M E H 5 8 2 0, st ati o n 
M e h ai g n e, W a n z e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 0 9



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 M E H 5 8 2 0, st ati o n M e h ai g n e, W a n z e 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 M E H 5 8 2 0, st ati o n M e h ai g n e, W a n z e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 1 0



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 M E H 5 8 2 0, st ati o n M e h ai g n e, W a n z e 

 

Fi g ur e 1 0: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 M E H 5 8 2 0, st ati o n M e h ai g n e, W a n z e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 1 1



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S F O R C A T C H M E N T " W 1 1 O U R 5 8 0 5" 
( M E U S E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 1 1 O U R 5 8 0 5 ( M e u s e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 1 1 O U R 5 8 0 5 ( M e u s e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 1 2



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 1 1 O U R 5 8 0 5  

s u b c at c h m e nt _ ar e a [ m 2]  3 6 0 7 0 0 0 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 7 2. 9 1), (' S M e v a p', 1 3 4. 8 4), (' c 1', 2. 2 5), (' c 2', 1. 6 5), (' c 3', 
1. 0), (' c O F 1', - 5. 8 8), (' c O F 2', 4. 4), (' cI F 1', - 3. 1 3), (' cI F 2', 3. 0), (' C Q O F', 1 1. 8 2), (' C KI F', 7 0. 3 2), 
(' C K B F', 7 5 2. 4 4)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 1 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  0. 6 %  1 3. 5 %  -1 0. 0 %  

N S  0. 7 0 6  0. 6 3 5  0. 5 5 3  

N S _l o g  0. 8 0 3  0. 5 4 2  0. 6 6 8  

N S _r el  0. 8 3 9  0. 7 1 1  0. 7 7 6  

K G E  0. 6 3 8  0. 7 1 6  0. 4 6 1  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  1. 9 %  7. 5 %  -2. 8 %  

N S  0. 7 0 6  0. 6 2 3  0. 5 8 8  

N S _l o g  0. 7 9  0. 5 6 6  0. 6 9  

N S _r el  0. 8 2 1  0. 8 7  0. 7 2  

K G E  0. 6 5 8  0. 5 9  0. 5 0 6  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 1 3



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 O U R 5 8 0 5, st ati o n 
O urt h e, A n gl e ur 2 bi s( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 O U R 5 8 0 5, st ati o n 
O urt h e, A n gl e ur 2 bi s ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 1 4



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 O U R 5 8 0 5, st ati o n 
O urt h e, A n gl e ur 2 bi s ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 O U R 5 8 0 5, st ati o n 
O urt h e, A n gl e ur 2 bi s ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 1 5



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 O U R 5 8 0 5, st ati o n O urt h e, A n gl e ur 2 bi s 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 1 6



 

1 C A LI B R A TI O N A N D V A LI D A TI O N O F V H M 
P A R A M E T E R S F O R C A T C H M E N T " W 1 1 S A M 7 3 1 9" 
( M E U S E) 

1. 1  I n p ut d at a 

 

Fi g ur e 1: C u m ul ati v e pr e ci pit ati o n o n c at c h m e nt W 1 1 S A M 7 3 1 9 ( M e u s e) 

 

Fi g ur e 2: A n n u al c u m ul at e d di s c h ar g e (r e d) a n d s c al e d pr e ci pit ati o n ( bl u e) a c c or di n g t o r u n off r ati o (t ot al Q/t ot al 
P) a n d c u m ul ati v e p ot e nti al e v a p otr a n s pir ati o n ( gr e e n) o n c at c h m e nt W 1 1 S A M 7 3 1 9 ( M e u s e) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 1 7



1. 2  M o d el s u m m ar y 

m o d el _ str u ct ur e  V H M cl a s si c. L u m p e d  

s u b c at c h m e nt _ n a m e  W 1 1 S A M 7 3 1 9  

s u b c at c h m e nt _ ar e a [ m 2]  2 6 3 6 0 0 0 0 0 0  

V ali d ati o n st art _ d at e  0 1 -0 1 -1 9 6 7  

V ali d ati o n e n d _ d at e  3 1 -1 2 -2 0 1 3  

fr e q u e n c y d ail y  

O pti m al p ar a m et er s et: [(' S M m a x', 4 2 1. 9 5), (' S M e v a p', 2 5 3. 8 7), (' c 1', 2. 6 5), (' c 2', 0. 9 9), (' c 3', 
1. 0), (' c O F 1', - 6. 0), (' c O F 2', 0. 2 9), (' cI F 1', - 3. 3 9), (' cI F 2', 3. 0), (' C Q O F', 1 2. 9 2), (' C KI F', 8 7. 5 9), 
(' C K B F', 1 8 3 6. 6 9)] 

T a bl e 1: G o o d n e s s of fit f or c ali br ati o n p eri o d ( 2 0 0 7 - 2 0 1 2)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -0. 5 %  4 4. 3 %  -2 1. 0 %  

N S  0. 7 2 8  -0. 0 1 9  0. 6 3 5  

N S _l o g  0. 6 3 6  -0. 2 4 5  0. 6 6 3  

N S _r el  0. 7 0 4  -0. 3 2 1  0. 8 4 7  

K G E  0. 6 6 5  0. 4 5 7  0. 5 2 6  

 

T a bl e 2 : G o o d n e s s of fit f or v ali d ati o n p eri o d ( 1 9 6 7 - 2 0 1 3)  

 F ull y e ar  S u m m er  Wi nt er  

R el Err  -1. 8 %  4 1. 4 %  -2 2. 0 %  

N S  0. 7 1 3  0. 0 5 5  0. 5 9 4  

N S _l o g  0. 6 0 7  -0. 2 7 2  0. 5 8 5  

N S _r el  0. 7 1 8  -0. 2 3 9  0. 8 2 1  

K G E  0. 6 5  0. 5 0 1  0. 5 0 3  

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 1 8



1. 3  O b s er v e d a n d si m ul at e d ti m e s eri e s f or o pti m u m p ar a m et er s 

 

Fi g ur e 3: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 S A M 7 3 1 9, st ati o n 
S a m b er, S al zi n n e( c ali br ati o n p eri o d) 

 

Fi g ur e 4: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 S A M 7 3 1 9, st ati o n 
S a m b er, S al zi n n e ( c ali br ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 1 9



 

Fi g ur e 5: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] o n c at c h m e nt W 1 1 S A M 7 3 1 9, st ati o n 
S a m b er, S al zi n n e ( v ali d ati o n p eri o d) 

 

Fi g ur e 6: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) c u m ul ati v e di s c h ar g e [ m 3] o n c at c h m e nt W 1 1 S A M 7 3 1 9, st ati o n 
S a m b er, S al zi n n e ( v ali d ati o n p eri o d) 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 2 0



 

Fi g ur e 7: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 S A M 7 3 1 9, st ati o n S a m b er, S al zi n n e 

 

Fi g ur e 8: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 S A M 7 3 1 9, st ati o n S a m b er, S al zi n n e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 2 1



 

Fi g ur e 9: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 S A M 7 3 1 9, st ati o n S a m b er, S al zi n n e 

 

Fi g ur e 1 0: M e a s ur e d (r e d) a n d si m ul at e d ( bl u e) d ail y di s c h ar g e [ m 3/ s] d uri n g s p e cifi c l o w a n d hi g h fl o w e v e nt s o n 
c at c h m e nt W 1 1 S A M 7 3 1 9, st ati o n S a m b er, S al zi n n e 

M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi e s i n t h e S c h el dt b a si n  
S u b r e p ort 4- 4 – A n al y s e s of h y dr ol o gi c al m o d el s f or cli m at e c h a n g e m o d elli n g – V H M

Fi n al r e p ort W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4- 4 A 3 2 2



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 3 2 3  

 

A p p e n di x 1 4 G e o gr a p hi c al o v er vi e w c ali br ati o n  

B as e d o n t h e st atisti c s f or e a c h of t h e N A M m o d els, a r e cl assifi c ati o n is p erf or m e d. T h e t a bl e b el o w s h o ws 
h o w N S E, L o g N S E a n d R el Err ar e c o m bi n e d t o g et a u ni q u e v al u e f or e a c h s u b c at c h m e nt. T his e v al u ati o n 
r e s ult s i n t h e m a p w hi c h is i n cl u d e d h er e aft er.  

  W h e n v al u e  R e cl a s sif y v al u e  

N S E  
 

  

  > 0, 6  3  

  0, 3 -0, 6  2  

  < 0, 3  1  

L o g N S E  
 

  

  > 0, 6  3  

  0, 3 -0, 6  2  

  < 0, 3  1  

   

R el Err  
 

  

  < 1 5  3  

  5 0 -3 0  2  

  > 5 0  1  

 

 

C o m bi n ati o n s  
 

C o m bi n ati o n  
st ati sti c s  R e cl as sifi c ati o n  J u d g e m e nt 

3  3  3   2 7  3  G o o d  

3  3  2   1 8  2  A c c e pt a bl e  

2  2  3   1 2  2   

3  3  1   9  2   

2  2  2   8  2   

1  2  3   6  1  B a d  

2  2  1   4  1   

1  1  3   3  1   

1  1  2   2  1   

1  1  1   1  1   

 

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 3 2 4  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

 
 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – A n al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

Fi n al v ersi o n  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  A 3 2 5  

 

A p p e n di x  1 5 G e o gr a p hi c al o v er vi e w v ali d ati o n  

B as e d o n t h e st atisti c s f or e a c h of t h e N A M m o d els, a r e cl assifi c ati o n is p erf or m e d. T h e t a bl e b el o w s h o ws 
h o w N S E, L o g N S E a n d R el Err  ar e c o m bi n e d t o g et a u ni q u e v al u e f o r e a c h s u b c at c h m e nt. T his e v al u ati o n 
r e s ult s i n t h e m a p w hi c h is i n cl u d e d h er e aft er.  

  W h e n v al u e  R e cl a s sif y v al u e  

N S E  
 

  

  > 0, 6  3  

  0, 3 -0, 6  2  

  < 0, 3  1  

L o g N S E  
 

  

  > 0, 6  3  

  0, 3 -0, 6  2  

  < 0, 3  1  

   

R el Err  
 

  

  < 1 5  3  

  5 0 -3 0  2  

  > 5 0  1  

 

 

C o m bi n at i o n s 
 

C o m bi n ati o n  
st ati sti c s  R e cl as sifi c ati o n  J u d g e m e nt 

3  3  3   2 7  3  G o o d  

3  3  2   1 8  2  A c c e pt a bl e  

2  2  3   1 2  2   

3  3  1   9  2   

2  2  2   8  2   

1  2  3   6  1  B a d  

2  2  1   4  1   

1  1  3   3  1   

1  1  2   2  1   

1  1  1   1  1   

 



M o d elli n g w at er a v ail a bilit y a n d w at er all o c ati o n str at e gi es i n t h e S c h el dt b a si n  -  
S u b r e p ort 4 - 4 – An al ys es of h y dr ol o gi c al m o d els f or cli m at e c h a n g e m o d elli n g – V H M  

A 3 2 6  W L 2 0 2 1 R 0 0 _ 1 6 2 _ 4 -4  Fi n al v ersi o n    

 

 



D E P A R T M E N T M O BI LI T Y & P U B LI C W O R K S
Fl a n d ers h y dr a uli c s R e s e ar c h

B er c h e ml ei 11 5, 21 4 0 A nt w er p
T  + 3 2 ( 0) 3 2 2 4 6 0 3 5
F  + 3 2 ( 0) 3 2 2 4 6 0 3 6
w at er b o u w k u n di gl a b o @ vl a a n d er e n. b e 
w w w. fl a n d e rs h y d r a uli cs res e a r c h. b e
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