APPENDIX Az DEL 1 af 2

Al Model area for the two stydy: Ringke@bing fjord catchment and Mid -Zealand
catchment

FigurAl-1 ti AL3viser deto forskellige oplande i NIFgrojektet: (1) Oplandet til Ringkgbing fjord og (2)
Oplandet til Susdryggeveelde & gg &Langvand a i Midtsjeelland. De to oplande er velegnede til opgaven,
da de opfylder behov for problemstillinger med akvifer baeredygtighed (saltvandsinalptraengning)

samt pavirkning af recipientmaessig baeredygtighed (environmental/ecological flonarfdand Schmidt,
2012; Arthington & Tharme, 2003; Henriksen and Refsgaard, 2013).

| figurerene ses afgraensningen af det modellerede modelomradet for de to oplRadeortene er desuden
vist topografi, vandlgbssetup (incl. tilfajede sma vandlgb vist lyseblat), placering af
vandfgringsmalestation¢@-stationer)samt performance (NSE) for modelkerdra 1989-2018de
historiske modelkarsler)
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FigureAl-1: Locationand the performance (NSE) tbe discharge station in the Ringkabing catchment(upper figure)
in Mid-Zedand catchmentiower figure)
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FigureAl-2: Figure shows the locatiand the performance (ME) ftine wellsin the Ringkabing catchment(upper figu
and in MidZealand catchmeifiower figure)
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FigureAl-3: The two selected case studies with location of river discharge stations.



A2 Model performances z selected timeseries in supplementary material

For modellerne for plandenetil Ringkabing fjord og Midtsjeellaret modellernes preediktionsevne og fejl
vurderet (performance tests) for de opstillede 200 m modeller ved sammenligning metbi2019

samt pa basis af observerede klimadata. Begge modeller er kart forZ@EDhvorefter der er udtrukket
middelfejl (ME), root mean square error (RMSE, som er bupda usikkerheden pa den gennemsnitlige
preediktionsfej) og NashSutcliffefficiency coefficien{NSER2, som mal for modellernes praediktionsevne).

Resultatet af performance testen har vist at der er opnaet samme eller forbedret performance i forhold til
moniteringsfiltre (nationale pejletidsserier) i de to oplande. Afstramningardvalgtevandlgbi bade
Ringkgbing fjord og Midtsjeellarapland,er modelleret pa et performanceniveau der svarer tit DK
model2019.

Model performance for Ringkgbing catchment
TableA2-1: Performance kriteria for Ringkgbing dateent model runned with 500x500m grid and 200x200m grid, respectively

Modeller (Head) ME [m] | MAE [m] | RMSE [m]
Ringkgbingcatchment- 500m|-0.65 |1.24 1.34
Ringkgbingcatcment 200m |-0.02 |1.03 1.10

TableA2-2: Model performancépr slected dischargstationsfor Ringkabing catament model runned with 500x500m grid and
200x200m grid, respectively

Udvalgte Q-stationer Ringkgbing - 500m [NSE] | Ringkgbing - 200m [NSE]
Q250021 (BRANDE_AA, 4300.000) | 0.79 0.67
Q250075 (HOVER_AA, 1791.61) 0.40 0.49
Q250078 (SDR_OMME_AA, 26500.54 0.84 0.85
Q250082 (SKJERN_AA, 53702.46) 0.89 0.77
Q250086 (TIM_AA, 18537.43) 0.58 0.64
Q250087 (VENNER_AA, 4623.000) | 0.43 0.50
Q250097 (SKJERN_AA, 60900.00) 0.86 0.73
Mean of 7 stations 0.68 0.66

Model performance for Mid-Zeland catchment
TableA2-3: Performance kriteria favlid-Zealandcatchment model runned with 500x500m grid and 200x200m grid, respectively

Modeller (Head) ME [m] | MAE [m] | RMSE [m]
Mid-Zeland catchments00m| -0.93 3.64 3.68
Mid-Zeland catchment200m -1.69 2.83 2.87

TableA2-3: Model performance fpredected dischargstationsfor Mid-Zealandcatchment model runned with 500x500m grid and
200x200m grid, respectively

Udvalgte Q- stationer Sjeellandsmodel 500m[NSE] Sjeellandsmodel 200m[NSE]

Q520068 (LANGVAD AA DK1, 10679.50) 0.56 0.70
Q520076 (TOKKERUP_AA_DK1, 10793.00 0.77 050
Q570056 (SUSAA DK1, 17845.27) 0.50 0.68
Q570066 (RINGSTED _AA DK1, 9585.307) 0.28 0.65




Q580047 (KOEGE_AA_DK1, 12787.00) 0.67 0.69
Q590005 (KROGBAEK DK1, 3507.444) 0.65 0.67
Q590009 (SAVL4 DK1, 7185.000) 0.72 0.63
Mean of 7 stations 0.59 0.64




A3: Water balances (Ringkebing fjord opland and Midtsjeelland model area):

Historical observed climate 1989 -2018

Nedenstaende figr A3viser en grafisk afbilledning af den totale vandbalance for den historiske kgrsel
(19892018)for oplandet til Ringkabing fjord agplandet til Susa ryggeveelde &@ge d_angvand & i
Midtsjeelland Den historiske karselr modelleret med observereddifadata.Den totale vandbalance er
udregnet i mm/ar, og beregnet som et gennemsnit af derdfig historiske periodeDen totale
vandbalance er beregnet indenfeamdomraderne modelomraderne for de to oplanddor dermed ikke at
medregne haxomrader ogdfjorde i den totale vandbalance.

Oplandet til Ringkabing Fjord er karakteriseret ved en stor udstramning af grundvand til vandlgbssystemet,
hvorimodoplandet pa Midtsjeellan@r karakteriseret ved begraenset grundvandsudveksling, mens
draenvandskomponentehar relativt stor betydning. Desuden er der store klimatiske forskelle pa de to
oplande, hvor nedbgren i Vestjylland er signifikant starre end nedbgren pa Midtsjeelland. Samtidig er
grundvandsindvinding til husholdning betydeligt lavere i Vestjylland, dwogni tarre ar kan have en

betydelig indvinding til markvanding (se Fig).
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FigureA2: Water balance graphjin mm per year simulated in 1998018, forRingkgbing cattment and MidZealand, respecitivly.



Reference and climate models

Nedenstaende figurer viser grafiske afbilledninger af denl¢éotandbalance for reference kgrsel (1981

2010) og for klimakgarslen for hheplandet til Ringkgbing fjord ogplandeti Midtsjeelland Der er anvendt i

alt fire forskellige scenarier i klimafremskrivningeRCP8.5 wet climate model (IPSCA), RCP8.5 miad

climate model (KNMI), RCP8.5 dry climate model (HIRHAM), samt RCP4.5 median climate model (HIRHAM).
Bade reference og klimakarslen er kert med fire forskellige scendtienakarslerne med

klimagenarigne RCP8.®r kart for perioden2071-2100 og RCPR5 er kart for 2042070.

Water balances in Mid -Zealand catchment
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FigureA3-1 : Water balance graphic for tHeCP 8.5 wet climate mod#PStRCA) in mm per yearsimulated for MidZealand
catchment for the periods 1982010(left) and 20742100(right) .
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FigureA3-2: Water balance graphic for tHeRCP 8.5 median climate model (KNNt)mm per yearsimulated for MidZealand
catchment for the periods 1982010(left) and 2072100(right) .



RCP 8.5dry climate model (HIRHAM)
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FigureA3-3: Water balance graphifor theRCP 8.5 dry climate model (HIRHARN)nm per yearsimulated for MidZealand

catchment for the periods 1982010(left) and 207-2100(right) .

RCP4.5(HIRHAM)
19812010

Total Error
[} Precipitation
766

7, 4 Tgsmm.m

Snow-Storage change 0
; Canopy-Storage change 3 -
N 3 Boundary flow

1

Base flow to River
1l TM

8
—

_e——
8

Boundary flow

20412070

Total Error
0 Precipitation

777

0

vapotranspiration
603

-
Boundary flow

1

Base flow to River
4

8
=

Boundary flow

E—
8

FigureA3-4 : Water balance graphic for tr@imate modeRCP4.5 (HIRHAMN mm per yearsimulatedfor Mid-Zealand catchment

for the periods 1982010(left) and 281-2070(right) .



Water balances in Ringkgbing catchment
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FigureA3-3: Water balance graphic for tHRCP 8.5 wet climate mod&PSERCA)in mm per yearsimulated forRingkgbingatchment
for the periods 881-2010(left) and 2072100(right) .
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FigureA3-5: Water balance graphic for tHRCP 8.5 median climate model (KNMiImm per yearsimulated for Ringkabing
catchment for the periods 1982010(left) and 207-2100(right) .
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RCP 8.5dry climate nodel (HIRHAM)
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FigureA3-6 : Water balance gphic for theRCP 8.5 dry climate model (HIRHAM)mm per yearsimulated for Ringkghbing catchme
for the periods 1982010(left) and 201-210((right) .
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FigureA3-7: Water balance graphic falimate modethe RCP4.5 (HIRHAM)in mm per yearsimulated for Ringkgbingatchment fol
the periods 1982010(left) and 281-2070(right) .
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Vandbalance klimafaktor

| nedenstaende table sesi@versigt oveklimaforandringernes indflydelse pfen totale vandbalancéor
defire forskellige klimascearier malt vha. klimafaktofclimate factogrecip = precip future climate / precip
present climate etc.jor oplandet til Ringkabing Fjord og oplandet i Midtsjeellabdsuderses resultaterne
for den historiske periodbaseret pa de observede klimainput(many).

TableA3-1: Overall results of climate change impacts on water balafarethe two catchments by
calculated climate factor (climate factesip = precip future climate / precip present climate etc.).
In italic is shown the results for the hisial period based on observed climate inputs (mm/year).

Model simulated climate factors for water balance components

Scenario Component| Precip. | Evapot. | Recharge | Abstrac. | Drain | Baseflow| Overland
Ringkgbing

RCP8.5 Wet 1.27 1.17 1.49 1.71(2.23)| 1.90 1.21 3.81
RCP8.5 Median 1.12 1.14 1.20 1.61(1.93)| 1.37 1.07 3.09
RCP8.5 Dry 1.07 1.16 1.07 1.56(1.87)| 1.12 1.00 1.31
RCP4.5 Median 1.03 1.08 1.00 1.23(1.36)| 1.02 1.01 1.44
Ringkgbing historical

performance run 989 520 493 27(21) 162 278 32
19892018 (mm/year)

Sjeelland

RCP8.5 Wet 1.24 168 1.44 1.00 1.60 119 221
RCP8.5 Median 1.16 1.13 1.25 1.00 132 1.09 1.71
RCP8.5 Dry 1.10 113 1.02 1.00 1.03 1.00 1.26
RCP4.5 Median 1.04 1.08 0.9 1.00 0.4 0.98 1.08
Mid-Zealand historica

performancerun 740 546 208 27 101 41 27
19892018 (mm/year)

Climate factor (= floviFre/flowrresen), In bracket under abstraction for Ringkabing is shown climate factor for irrigation amount
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A4 Plot of raw values for 30 years piezometric head

Denedenstaendeyraferviser desimulerede og observerede hydrauliske trykniveau i udvalgte boringer for
for bade oplandet for Ringkgbing Fjord og oplandet i Midtsjeelland for efrigQoeriode. De 3@rige

perioder for de reference korsl€i981-2010)og fremtidige kars¢R0712100/20412070) for de fire
klimamodellerer plottet i graferne.Desuden ses detimuleredehydrauliske trykniveafor den historiske
karse(19892018) i de udvalgte boringer, samt det obserede trykniveau for selvsamme periode.
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Mid -Zeland catchment
RCP 8.5 wet climate model

RCP 8.5medianclimate model

RCP 8.&5dry climate model
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FigureA4-1: The graphs shows the simulated and observed hydraulic head in the wells 206.1237(filter 1), 212.1373_4(filter 4),i2&6526(d 216.625 (filterl) for the Ringkgbingatchment in a 3@ear period.The grey line represent the historicabdel run in tke period19892018,whereas the
grey points represent the observed hydraulic head in the same pefioe blue line represent the simulated hydraulic heaal fidhur climate models ithe period1981-2010 whereas the orange line represent the simulated hydraulic head for the four climate models in the 2fiE2110QRCP

8.5)/20412070(RCP 4.5)
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Ringkebing fjord catchment
RCP 8.5 wet climate model

6.00

5.00

O MM T W WS OO0 N Mo
S0 00 O0OCO0 o 0. A d A e

19.00
18.50

L18.00 -

m.o.h.

17.50
17.00

16.50

2250
22.00
21.50
21.00

2

320.50

£
20.00
13.50
19.00

18.50

22.50
22.00
21.50
21.00

£2050

g

£20.00
19.50
19.00
18.50

18.00

= I R T R R L R = I o B B4
S0 Q0 Cc 00 S0 00 A-=H~

Ar
83.788_1

n @
o, =
r

a

)
-

r~
-

~
-

73.811 4

o
]

@9
-

@
-

o
N

=
B

o~
N

m
~

=+
&

n
N

@
=

~
[

0
~

@
o

=}
A

1990-2018

J | —1s81-2010
| 2orao
E - Obs. data

1990-2018
—1981-2010
/—2071-2100

'\") - Obs. data

—2071-2100
Obs. data

1950-2018

1981-2010
—2071-2100

Obs. data

RC

P 8.5medianclimate model

RCP 8.5dry climate model

RCP4.5 HIRHAM

o0 73.811_4 oo 73.811 4 o0 73.811_4
5.00 M NV 5.00 / 5.00
/ |;f i f It |‘/’ fr
4.00 \ f || ‘ | 4.00 f 400
I . | .
“ | | —1390-2018 | < | —19902018 | < 1989-2018
33.00 | 5 3.00 3 3.00
( | 19812010 | £ —1981-2010 | £ 1981-2010
. ~| | —2071-2100 200 —2o7L2100 |, 2041-2070
' | - Obs.data : - Obs. data ' Obs. data
1.00 . 1.00 1.00
0.00 0.00 0.00
Ssssggé’g%%a:;‘::mﬁ:ﬂaan:mzmﬁzmﬁ% BREIR 8888388Bggﬁﬁﬂﬂiﬂﬂﬁh?ﬂﬂﬁﬁmmﬁﬂﬁhﬁﬂﬁ
r r
_ 83.788_1 1000 1000 82,788 1
18.50 18.50 | 18.50 e
A" A,
18.00 1800 1 } . 1800 I N }
= . : \ 19902018 | £ ’ W 19902018 < ¢ . | 1989-2018
£ \ 19812010 | £ " 19812010 £ . / {l[p " —1981-2010
o M %%wwg%“‘wf Wi v‘“%"’yf«’ ;@m WJ 2oz | 1750 N g V“ pomann T ALY T Nﬁw w WVW“M«"“‘“ *V’% \ﬁ‘-d\f\ﬁ g 020
) A A
'U' b Jf H .\‘ ;- Obs. data u\"‘” ‘»,Mtfit Obs. data W P p"‘ 6 ff [FAYS W “-"wl ,fl \,ﬁ m - Obs. data
17.00 17.00 ki 17.00 ¥
16.50 16.50 16.50
%SS33“c?8'6%%‘QiﬁﬂzﬂAﬁiﬁﬂgﬁﬁm.ﬁﬁﬁﬁﬁm% SSSSE5‘3'8g%ﬂ:ﬁﬂiﬂAﬁbﬂﬂﬁﬁﬂﬂﬁﬂﬁmﬁE% 888SSSEnggiﬁﬂiﬂAfﬁﬁﬂﬁﬁﬁmﬁﬂﬁRﬂ%
r r r
- 103.1653_2 1250 103.1653_2 50 103.1653_2
22.00 22.00 22.00
21.50 21.50 2150
21.00 21.00 | 21.00
<050 1902018 £ Y M Al L |y s <050 | 1989-2018
£ (—19812000 | g7 LN A‘)’ﬁr.‘ i ,F‘ |\ M'J\ (AN N} f S §ossL00 £ —1981-2010
20.00 J—zmumo 20.00 ‘w'*‘\ YA rﬁ IIW‘«\“ i M’ i [ M p«‘-‘ij ,‘T‘",‘v | ' .\‘\,;Jf\f | om0 2000 2041-2070
: AL J Ui i il J.% ‘jﬂw A Ly
19.50 0 Obs. data 19.50 | ) L\‘ ‘kle " w "ﬁ""\}\“ y B i ! i i ]f A “, ‘y Obs. data 19.50 |’ i ‘, s. data
I ¥ h : : I
19.00 19.00 ¥ h 19.00
18.50 18.50 18.50
[=] Qo Q = oM oS W9 O ™ NM SN o0 0O ™ N MS N WS g Q
(=] k=] OQDDDQQDDDF‘HHHHHArHHHFlNNNNNNNNNNM
2250 2250 2250
22.00 22.00 2200
21.50 21,50 21.50
21.00 21.00 21.00
<2050 If“‘ﬂ E —1830-2018 | £20.50 ) A“‘H o —19902018 | 52050 .N‘H 1989-2018
£20.00 }‘\j@\h \ —1981-2010 | €20.00 N\N’l —1981-2010 | £20.00 f\m 1881-2010
—2071-2100 2071 20412070
19.50 19.50 WTLA00 | g5
- Obs. data - Obs. data Obs, data
19.00 19,00 19.00
1850 18.50 1850
18.00 : 18.00 18.00
85883385%%3:um:aﬁ:ﬂﬂa:mmzmﬁmﬁﬂa B2E883885882-0d2382023RANRNIARANRRARR 8588338'6%%Biﬁ'ﬂiﬂ‘aﬁiﬁﬂﬁﬁmﬂﬁﬂﬁﬁ%ﬂ%
r Ar r

FigureA4-2 : The graphs shows the simulated and observed hyldrduead in the well¥3.811 (filter 4), 83.788(filter 1), 103.1653(filtera2)d 103.1653 (filter 1jor the Ringkgbingatchment in a 3§ear period.The grey line represent the historicabarel run in the period19892018,whereas the grey
points repregnt the observed hydraulic head in the same peridte blue line represent the simulated hydraulic head the four climate mod#ie jperiod1981-2010 whereas the orange line represent the simulated hydraulic head for the four climate models in the 3f1-210QRCP 8.5)/2041

2070(RCP 4.5)
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A5. Plot of 30 years daily discharge values for selected monitoring discharge stations

De nedenstdendgraferviser desimulerede og observerede afstramning i udvalgte afstreemningsstationer for bade
oplandet for Ringkabing Fjord og opland&lidtsjeelland for en 3€rig periode. De 3@rige perioder for Bde

reference korslefl981-2010)og fremtidige kerséP071-2100/20422070) for de fire klimamodellesr plottet i
graferne.Desuden seafstramningen foden historiske kars€19892018) ide udvalgteafstramningsstastioner,

samt det obseredafstrgmningfor selvsamme periode.
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FigureA5-1: The graphs shows the simulated and observed discharge at the monitoring discharge stations Q520068(Langevad &), Qe2007&) TRE30028kensved Band Q570056(Susd) in Midealand catchment ia 30year period. The grey line represehgthistorical model run in the period 198

2018, whereas the grey points represent the observed discharge in the same period. The blue line represent the simiiatgd &sche four climate models in the ped 19812010, whereas the orange line represent the simulated discharge for the four climate models in the perigilQ0{RCP
8.5)/2041:2070(RCP 4.5).
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