A.l

Supplementary information

Water balance model flux formulations

Parameter symbols, units, and descriptions

Symbol Unit Description
gt L Surface elevation relative to mean sea level
h L Groundwater level relative to mean sea level
Sp L Surface water level outside catchment relative to mean sea level
S L Surface water level relative to mean sea level
p L Field surface water level relative to mean sea level
t T Time
L3 Precipitation
L3 Reference evaporation (Makkink)
fo - Evaporation reduction factor, specified per month
foc - Evapotranspiration reduction factor, specified per month
A L2 Surface area land
Aw L2 Surface area water
Fsi L Fixed seepage or infiltration (lower boundary)flux
Kv LT Subsurface conductivity of peat/clay cover layer
d L Thickness of cover layer
hg L Water pressure lower boundary (below peat/clay cover layer)
o - Porosity
g LT? Accelleration of gravity (=9,8 m/s?)
m - Discharge coéfficiént
b L Width of weir
SG L3 Storage in groundwater domain
SGex L3 Storage in groundwater domain excluding inundation flux (FLg)
SL L3 Storage in field surface domain
Slex L3 Storage in field surface domain excluding inundation flux (FLg)
SS L3 Storage in surface water domain
SSex L3 Storage in surface water domain excluding inlet and outlet (FS;, en




FSout)

fi

Fraction of groundwater volume that exfiltrates to surface water per
unit difference between groundwater and surface water level

Fraction of surface water volume that infiltrates to groundwater per
unit difference between surface water and groundwater level

Fraction of groundwater volume that inundates to the field surface
per unit difference between groundwater and field surface water
level

Fraction of field storage volume that flows to surface water (via
overland flow) per unit difference between field surface water level
and field surface elevation.

fo_in

Fraction of surface water volume that infiltrates (leaks) from outside
the catchment to the groundwater storage per unit difference
between surface water level outside the catchment and the
groundwater level within the catchment

fo_uit

Fraction of groundwater volume that exfiltrates (leaks) to surface
water outside the catchment per unit difference between the
groundwater level within the catchment and the surface water level
outside the catchment.

Smin

Minimum surface water level relative to mean sea level (start inlet)

Smax

Maximum surface water level relative to mean sea level (start outlet)

I:Soutmax

Maximum pumping capacity for outlet




A.2

Fluxes groundwater domain

In (positive) or out (hegative) fluxes

FGpe | Fluxto and from groundwater through precipitation and evapotransipration

FGii Exchange between groundwater domain and deep groundwater through seepage (r) or
infiltration (i)

FGieak | Exchange between groundwater domain and surroundings (leakage through catchment
boundaries)

In fluxes

FG, Flux to groundwater from field storage (infiltration from ponds)

FGs Flux to groundwater from surface water (surface water infiltration)
Out fluxes

FSq Flux to surface water from groundwater (exfiltration)

FlLg Flux to field storage from groundwater (inundation from groundwater)
Formulas:

FGpe | Flux to and from groundwater through precipitation and evapotransipration

If :(he-n<h,)

Then:{FG,. =(P,-E,-f ) -A}

Else:{If :(p,,—h, <-(P,-E, 1))
Then:{FG,, =((P, —E,- f,)-(h, = p,,))- T, - A}
Else:{FG,. =0}
¥

b

FGii Exchange between groundwater domain and deep groundwater through seepage (r) or
infiltration (i)

Seepage (positive) / infitration (negative):
Choice between fixed flux or fixed head boundary.
- For fixed flux

FGri = I:ri : A

- For fixed head:
FG =K .h“_h("“ A
Ti v T

FGieak | Exchange between groundwater domain and surroundings (leakage through catchment
boundaries)

FGea =

It (h,, -h)

Then:(s,-h ,)-f, . -¢-A
Else:(s,-h.)-f, .- A




| FG, | Flux to groundwater from field storage (infiltration from ponds)

If Z(h(‘_l) < hﬁ)AND(p(t_l) >h,)

Then:{If :(p,,, —h,)<(h, -h, ) -¢+FLy-A™
Then:{FG, =(py—h,)-A +FLy -A}
Else:{FG, =(h, —h,,)-A -4}

}
Else :{FG, =0}
| FGs | Flux to groundwater from surface water (surface water infiltration)
If :(s.,, <h.)
Then:{FG, =0}
Else {IF : (S(t—l) - h(H)) : fr ' Aw > (S(H) - h(H)) ' ¢ ' A
Then :{FGS = (S(H) - h(H)) ’ ¢ ’ A}
Else :{FGS = (S(tfl) - h(tfl)) ' fr ' Aw}
¥
| FSq | Flux to surface water from groundwater (exfiltration)
If:(s., >h.)

Then:{FS, =0}
Else:{FS, =(s,, -h.,) f -¢-A}

Storage change in groundwater domain excluding inundation flux:
oSG, =FG,, +FG, +FG,, + FG, + FG, - FS,

| FLq | Flux to field storage from groundwater (inundation from groundwater)

If :(h,, +0SG,-A™"-¢"<h,)
Then:{FLy =0}
Else:{FLs = (h,, +5G,- A" ¢ =h,)- f;-A -6}

Storage change in groundwater domain:
2 calculations possible

35G = FG, +FG, + FG,,, +FG, +FG, ~FS, L, =05G, —FL,
oSG = (h(:) ’ A ¢) - (h(m) ’ A ¢)

Groundwater level:

oh=(35G-A")-¢

If :(h,, +oh>h)
Then:{h=h}

Else:{h =h,, +oh}

(t-1



A.3 Fluxes field storage domain

In (positive) or out (hegative) fluxes

| FLpe | Flux to and from field storage through precipitation and evapotransipration
In fluxes
FLg Flux to field storage from groundwater (inundation from groundwater)
FLs Flux to field storage from surface water (inundation from surface water)
Out fluxes
FS Flux to surface water from field storage (overland flow)
FG, Flux to groundwater from field storage (infiltration from ponds)
Formulas:

| FLpe \ Flux to and from field storage through precipitation and evapotransipration
If :(he-y<h,)

Then:{FL,. =0}
Else:{If :(pc-n=h,)AND (P, <E_ -f)
Then:{FL,, =0}
Else:{If :(p,, —h, <-(P,—E,- )
Then:{FL,.=h, - p,, -A}
Else:{FL,. =(P,—E,-f)-A}
}

| FLg | Flux to field storage from groundwater (inundation from groundwater)

See formulas groundwater domain

| FS | Flux to surface water from field storage (overland flow)

If : (p(t -1 > hsf)AND(S(t -1 > P _1))
Then:{If :(pe-v—h, <(h, —h¢-1)-@)

Then:{FS, =0}

Else:{If :((p., —h,)-A-FG +FL,)-f; <0)
Then:{FS, =0}
Else:{FS, =((p,,, ~h,)- A —FG +FL,)- f,;}
¥

¥

Else :{FS, =0}
| FG, | Flux to groundwater from field storage (infiltration from ponds)

See formulas groundwater domain



Storage change in field surface domain excluding inundation flux:
oSL, =FL,. + FLg -FS, -FG,

| FLg | Flux to field storage from surface water (inundation from surface water)
If (s, + (FSpe +FS; +FS, +FS§, - FG,)-A "< Py gy +OSLy - A
Then:{FL, =0}

Else:{(FL =5, +(FS,, +FS,; +FS, +FS, —FG)- A" - (P +SL,, - A7) (A-(A+A)7)-A}

Storage change in field surface domain:
2 calculations possible

oSL=FL_ +FL, +FL, —FS, —FG, =a5L,, +FL,
6SI—:(p(x) .A)_(p(m) A)

Field surface water level:
op=0SL- A'l

P = Py +0P



A.4 Fluxes surface water domain

In (positive) or out (hegative) fluxes

FSpe Flux to and from surface water through precipitation and evapotransipration
FSk Exchange between surface water domain and deep groundwater through seepage (r) or
infiltration (i)
In fluxes
FSq Flux to surface water from groundwater (exfiltration)
FS Flux to surface water from field surface (overland flow)
FSi Flux from regional water system to surface water (inlet)
Out fluxes
FGs Flux to groundwater from surface water (surface water infiltration)
FLs Flux to field surface from surface water (inundation from surface water)
FSout Flux from surface water to regional water system via outlet
FSeak | Flux from surface water to regional water system via leakage
Formulas:
| FSpe | Flux to and from surface water through precipitation and evapotransipration
FS, =P, A,
FS.=E, - fp A,

FSPE = (P(:) _E(:) : fp) AN = FSP - FSE

FSri

Exchange between surface water domain and deep groundwater through seepage (r) or
infiltration (i)

Seepage (positive) / infitration (negative):
Choice between fixed flux or fixed head boundary.
- For fixed flux:

FS =F,-A
FS,=F A
FS, =FS, +FS,

- For fixed head:

Infiltration:

IF:K,.

hd _S(H)
- A >0

Then:{FS, =0}

Else:{FS, =K, V2 A}

Seepage:

IF:K,.

hd _S(H)
—q A<0

Then:{FS, =0}

Else:{FS, =K, ""So A}

d N




| FSq | Flux to surface water from groundwater (exiltration)

See formulas groundwater domain

| FS) | Flux to surface water from field surface (overland flow)

See formulas field surface domain

| FGs | Flux to groundwater from surface water (surface water infiltration)

See formulas groundwater domain

FLs | Flux to field surface from surface water (inundation from surface water)

See formulas field surface domain

Storage change in surface water domain excluding inlet and outlet:
0SS, =FS,. +FS, +FS; + FS, — FG — FL;

FSi | Flux from regional water system to surface water (inlet)

If (s, +0SS, -A">S)
Then:{FS,, =0}
Else :{IF : (S, —=S.y) A, —0SS,, > FS,
Then:{FS, =FS,, ..}
Else:{FS,, = (Spin —S.y)- A, — 0SSy}
}

min

FSout Flux from surface water to regional water system via outlet

FSeak | Flux from surface water to regional water system via leakage

Three options::
1. No outlet and no leakage

FS,:=0
I:Sleak = O

2. Outlet via pumping station and no leakage:
If :(se-n+0SS,, -A, " <S,,)

Then:{FS, =0}
Else:{If :(s¢-v-S,.,) A, +0SS,, >FS
Then:{FS,,, = FS,maxt
Else :{FS,, =(s¢-v-S,,)- A, +0SS,,}
¥

outmax

I:Sleak = 0
3. Outlet via a weir, part of which can be attributed to leakage:
If :(se-0<S,,)

Then:{FS,, =0}

2 /2 s
E|S€Z{Fsout:(§‘ (g‘g)‘m‘b‘(s(t-l)_smax) ¥



Storage change in surface water domain:
F =FS_.+FS, + FSg +FS, +FS,,

F,.=FG,+FL +FS, +FS,,
oS =F. -F,

Surface water level:
0z = 0SS - AN'l



B Water balance model performance

Water balance model performance on simulating the surface water levels (a), groundwater levels

(b), and chloride concentrations (c) for all studied polders.
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Modeled surface water level
Measured surface water levels
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Modeled surface water level
Measured surface water levels
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Middelpolder
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Nieuwe Keverdijkse polder north
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— — — Measured surface water levels
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Ronde Hoep

m above Mean Sea Level

Cl-concentration (mg/l)
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Modeled surface water level
Measured surface water levels
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