Rainfall-Discharge modeling

KarstMod: a free tool proposed by the Karst National Observation Service (SNO Karst)

http://www.sokarst.org/index.asp?menu=karstmod
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KARSTMOD 2.0.19 - version Windows 4
KARSTMOD 2.0.19 - version Mac E4
KARSTMOD 2.0.19 - version Linux £4

Karstmod example input fle K4

25/06/2018 Service National

d‘Observation
rd .

Tutorial, proposed by Bruno Arfib & Naomi Mazzilli I ég

A\
See also the KarstMod user guide (Mazzilli & Bertin) o


http://www.sokarst.org/index.asp?menu=karstmod
https://www.cerege.fr/fr/users/bruno-arfib
http://univ-avignon.fr/mme-naomi-mazzilli--3184.kjsp
http://www.sokarst.org/index.asp?menu=karstmod
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J Dardennes_input_V2_PluielimateRecons.bxt - Bloc-notes E@Iﬂ
"| Eichier Edition Format Affichage 2 I ]
Idate [tring P et QpumpL QpumpM QpumpC QpumpS Qobs5 Piezo Input file for KarstMod
121014 00:00 1 5.63 1.1 0 0 0 0 NOINTERP 0 -
20121015 00:00 2 0.00 4.2 0 0 0 0 0.005 0 T
200121016 00:00 3 0.00 2.4 0 0 0 0 0.053 0
20121017 00:00 4 0.32 0.6 0 0 0 0 0.009 0
20021018 00:00 5 0.25 3.5 0 0 0 0 NOINTERP 0
20191019 00:00 6 0.00 4.2 0 0 0 0 NOINTERP 0
20121020 00:00 7 0.00 4.2 0 0 0 0 0.025 0
20121021 00:00 8 22.51 3 0 0 0 0 0.112
20121022 00:00 9 14.03 1.3 0 0 0 0 0.153 0
20121023 00:00 10 2.01 1.8 0 0 0 0 0.179 0
20121924 00:00 11 0.13 1.6 0 0 0 0 0.101 0
20121025 00:00 12 5.95 1.3 0 0 0 0 0.066 0
20121086 00:00 13 40.65 0.6 0 0 0 0 0.279 0
20121047 00:00 14 2.54 1.5 0 0 0 0 2.897 0
20121028 00:00 15 0.00 2.9 0 0 0 0 1.480 0 H H H
20121029 00:00 16 0.00 2.1 0 0 0 0 0.647 0 Missing data with
20121030\ 00:00 17 0.00 1 0 0 0 0 0.382 0
20121031\00:00 18 23.13 1.3 0 0 0 0 0.614 0 INTERP or NOINTERP
20121101 YO:00 19 457 1.1 0 0 0 0 1.858 0
20121102 Q0:00 20 0.57 1.3 0 0 0 0 1.236 0 =
b \
5.3.1 Input data

| :start row with

general information

(no data) by « I »

The input data file contains the rainfall, evapotranspiration, pumped discharge and observed discharge and hydraulie
head values. It is organized in 10 columns separated by tabs (See example in figure 4):

L]

L]

.

-

column 1 - date (either yyyyMMdd or yyyyMMdd HH:mm format).

columm 2 - not used by the model.

column 3 - rainfall P (mm/day for daily data, or mm/hour for hourly data),

column 4 - evapotranspiration ET (mm/day for daily data, or mm/hour for hourly data),

column 5 - discharge Q%,.,, pumped into compartment L (m?/s),

M

pump PUMped into compartment M {m?/s),

columm 6 - discharge ¢}
column 7 - discharge Q;;qmp pumped into compartment C (m® /5],
column 8 - discharge QF,,, pumped at the outlet (m*/s),
column 9 - discharge €)op. observed at the outlet (m? /8],

column 10 - hyraulic head Z.;. measurements {m) (not mandatory).

Missing values of the observed discharge at the outlet can be replaced by the “INTERP” or “NOINTERP"value, depending
on whether interpolation of the missing data is allowed (*INTERP") or not (“NOINTERP"). Decimals can be separated
by either points or commas. Exclamation marks are used for header lines.



Create the input data file for KarstMod : export in txt (Tab delimited)

Fichier
Y

%

Formules

Données

Révision

Affichage

Dardennes_input_V2_PluieLimateRecons.xlsx - Excel

Développeur

PDF Architect 6 Creator

QD

[l g X

Connexion &, Partager

Ty O

11

=
EEX

o)
0 B Calibri -1 ® - EPRenvoyer a la ligne automatiquement | |Standard = “J ‘,@‘ (E-Elm El =
Eo -
e G Is-|ii- == B ¢ G- 9 o | %8 g0 Miseenforme Mettre sous forme Styles de | Insérer Supprimer Format . Trier et Rechercher et
- ¥ - o o - " 7 conditionnelle*  detableau~  cellules~ = @ H = filtrer - sélectionner

Presse-papiers @ Police ™ Alignement m Nombre ™ Style Callules Edition ~

K7 - Je -~

A B C D E F G H 1 J K L M N o P

1 |Mdate string P et QpumpL QpumpM QpumpC Qpump$S QobsS Piezo

2| 20121014 1 5.63 11 0 0 0 0 NOINTERP  NOINTERP

3 20121015 2 0.00 4.2 0 0 0 0 0.005 NOINTERP

4| 20121016 3 0.00 2.4 0 0 0 0 0.053 NOINTERP

5 | 20121017 4 0.32 0.6 0 0 0 0 0.009 NOINTERP

6 | 20121018 5 0.25 35 0 0 0 0 NOINTERP  NOINTERP

7| 20121019 6 0.00 4.2 0 0 0 0 NOINTERP  NOINTERP |

8 20121020 7 0.00 4.2 0 0 0 0 0.025 101.64

9 20121021 8 22.51 3 0 0 0 0 0.112 101.72

10| 20121022 9 14.03 13 0 0 0 0 0.153 103.34

11| 20121023 10 2.01 1.8 0 0 0 0 0.179 103.11

12| 20121024 1 0.13 16 0 0 0 0 0.101 103.35

13| 20121025 12 5.95 13 0 0 0 0 0.066 103.54

14| 20121026 13 40.65 0.6 0 0 0 0 0.279 109.47

15| 20121027 14 2.540 15 0 0 0 0 2.897 114.18

16| 20121028 15 0.00 2.9 0 0 0 0 1.480 113.32 Excel Workbook I:*.}dﬂ{:]

17 20121029 16 0.00 21 0 0 0 0 0647 113.69 Excel Macro-Enabled Workbook (*.xlsm)
18| 20121030 17 0.00 1 0 0 0 0 0.382 113.97 .

19 20121031 18 24.01 13 0 0 0 0 0.614 114.68 Excel Binary Workbook (*.xlsh)

20| 20121101 19 0.00 11 0 0 0 0 1.858 118.00

| Excel 97-2003 Workbook (*.xls)

21| 20121102 20 0.11 13 0 0 0 0 1.236 117.76

22| 20121103 21 4.58 03 0 0 0 0 0.654 118.16 #ML Data |:*xr‘r1|:|

23| 20121104 22 13.20 0.6 0 0 0 0 0.520 118.73 . . x

24 20121105 23 0.00 2.7 0 0 0 0 1.901 121.04, Slngle File Web Page E*'mhtr -mhtml:]

*

25 20121106 24 0.00 2 0 0 0 0 1.772 121.78 Weh pEgE (™ htr*. htmil)

26| 20121107 25 0.00 2.2 0 0 0 0 0.917 122.27

= e oo . o n n - neasl  1men Excel Ternplate (*.xlt)

Dardennes_input | info | (&) ]
=R Excel Macro-Enabled Template (*.xltm)

Excel 97-2003 Template (*.xlt)

Text (Tab delimited]) (*.td)

Unicode Text (*.td)

XML Spreadsheet 2003 (*xml)
Microsoft Excel 5.0/95 Workbook (*.xls)
C5V (Comma delimited) (*.csv)
Formatted Text (Space delimited) (*.prn)
Text (Macintosh) (*.td)

Text (MS-DOE) (*.bd)

C5V (Macintosh] (*.csv)

CSV (MS-DOS) (F.csv)

DIF (Data Interchange Format) (*.dif)
SYLK (Symboelic Link) (*.slk)

Excel Add-In (*.xlam)

Excel 97-2003 Add-In (*xla)

PDF (*.pdf)

Create the input data file for KarstMof -
« Save as » Type : Text (Tab delimited)




Case study : Fontaine de Vaucluse (France)

T Deep phreatic karst systems
(relative depth reached by scuba diving)

—75/~100m -100/-150m >-150m

\-Q)‘ Messinian incision
..~ Messinian shoreline

~ Pliocene shoreline

- Rivers
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Case study : Fontaine de Vaucluse (France)

-z

Fontaine de

Vaucluse spring Boundaries of the

recharge area
Limestone outcrops

Other older or younger
geological formations

BV = 1100 km?

* Qnax = 150 m3/s

.« Q.. =3,0mds
Modeling papers :

Fleury et al. 2007
Mazzilli et al. 2017



Open KarstMod 7 sub-windows

y KarstMod 2.2.0.n

Data A P | oshitt_ 0 = Time step unit._(® Day Hour

Contact us for feedback

About KarstMod Model parameters

| E ? | Reservoir E Reservoir M

Classical config Reservoir L

Reservoir C Ry 0.0 to | 0.0 km’A

Model structure

Qs =|

Model parameters

Beginning of the warmup stage: 0 Dptimal param. set I P & disch. | P &internal disch. | P & internal water levels | Cumulative volumes | Mass balance | Qg vs Q. | Qg - Qg
Caliby < ﬂ Prob. plot | Corr P/Q | Corr Q op,s/Q 5 | Autocorr Qg & Qg || WOBJ vs param. | Obj1 vs Obj2 | WOBJ cal. vs val. | Sobol sensit. indexes |

[LEEEECFOOCCI

Validation stage:

wpParameters,’

WOBJ

min- 0.4 Param. to be calibrated: 0

Output dir: pel

Calibration results
Simulations satisfaying WOBJ = WOBJ
Calibration:
Validation:

Calibration
results

= open || [& save || € Reset || B Run

Command bar T

Graphs

discharge (m?s)
(ww) 13 ‘yeyurey




First model | | 1 : open Data file (.txt or .in)

- —
5 KarstMod 2.2.0.0 - DA\BArfibTestKarstMod\Vaucluse\T estKarstModV220VaucluseEurokarst properties =k
Model Data
Contact us for feedback | |J|DABArfibTestKarstMod\Waucluse\FontaineVaucluse 1994_2000 txt pel 10 shift m Data time step: da

About KarstMod | ““Model parameters i=:

E L'J Reservoir B Reservoir M -
- Data time step (day or hour) is automatically detected
- Rain,and Spring discharge are plotted
»
Qs -| as

Run parameters
Beginning of the warmup stage: | 1

Calibration stage: 365-730;
Validation stage: 731-2191;

Noyj: 5000 tmax: | 20 s
'WOBJ = NSE(Q) pel
WOBJ .0 08 Param. to be calibrated: 2

Cutput dir. | D:\BArfibTestKarstModWauclu | &

Calibration results
Simulations satisfying WOBJ = WOBJ .
Calibration:
Validation:

= Open Save || ¢ Reset | > Run

"Run" mode Cl = S|

Results and graphs
Optimal param. set | P & disch. P & internal disch. | P & internal water levels | Cumulative volumes | Mass balance | Qg vsQ . |Qg -Q
Prob. plot | Corr P/Q | Corr Q Q5 | Autocorr @, & Qg || WOBJ vs param. | Obj1 vs Obj2 | WOBJ cal. vs val. | Sobol sensit. indexes

Blm | 2] 2]x[Elaa 8=k = |o|
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time (day)




First model | | 1 : open Data file (.txt or .in)

Interpolate missing data in the input data file for KarstMod

EKarstMDd 2.2.0.0 - D\BArfibTestKarstMod\Durzon\TestKarstModV220DurzonEurokarst.propertis

Model Data
Contact us for feedback D\BArfibTestKarstMod\Durzon\TestChroniguelNTERP_input1.ixt £ 10 shift: | 0 : Data time step: day
About Karsthod Model parameters ===
. E IT'I Reservoir E Reservoir M
® Classical config Infinite Te Reservoir L
Ep 0D to | 00 i Piezometer Z
E min
Ry 0O to | 00 ki A
” [ Resenoic G n
& | Interpolate missing data l = ﬁ
Save as- | D\BArfibTestKarstMod\Durzonlinterpolated_TestChroniquelNTERP_input1.txt po

¥| Use new file

Order: | 2

Qg =
=8 ’/Qobs e interpolation gap size: | 14

%nca

In case of INTERP data in the Input file, KarstMod opens a pop-up window when loading the
input file.

A new input file can be automatically saved by KarstMod (named « interpolated_... ») with
the results of the interpolation utility (Lagrange polynomial interpolation)

5.2.3 Filling gaps in discharge or piezometric data

Gaps indicated with the “INTERP” value in the observed discharged or piezometric levels times series can be filled using
a Lagrange polynomial interpolation. The interpolation utility pops up when the input data file is loaded. The order of
the interpolation is defined by the user. The interpolation may be restricted to gaps shorter than a user-defined number
of steps.

Gaps indicated with the “NOINTERP” value and gaps indicated with an *INTERP” value but with a length greater
than the maximum gap interpolation lenght defined by the user are not filled.



First model | | 2 : Model structure and model parameters

t Karsthod Model parameters ==
; E L;l Reservoir E Reservoir M
® Classical config Infinite Tc Reservoir L
Eq 0O to | 00 mm Piezometer Z
E.

Nin

Ry 00 to | 0.0 km‘A

Resenvoir G

Model structure

Model parameters

) ) »
Qs ) Qs
Run parameters Result|
Beginning of the warmup stage: 1 Optimal
w24 Select the reservoirs, the paths, inflow (P) and
Validation stage: 601-23386; @
tmac: [0 s outflows (ET, loss, Pump, Spring) G
WOBJ = D.6NSE(Q) + 0.4BE(Q) pel
WOBJ 0 0.4 Param. to be calibrated: 0 18 38
Cutput dir: | D:\BArfibTestKarstMod\Durzor p
Calibration results ;@' 14 l ‘ | 76 5
Simulations satisfying WOBJ = WOBJ ;- E i.
Calibration: -ﬂ_; _:g
Validation: E 9 114 E
2 3
T 5 3

wmh

180
1 A R
= n Al Al Al
= Open ¢ Resel || B Run ¥ 10{)’130 o gt

15)6 ,LQQ

(=3
S
<o

“Run” mode || ClI = sl time (day)



First model | | 2 : Model structure and model parameters

You need a conceptual scheme of hydrogeological functionning of your karst hydrosystem :

Soil reservoir and reserve? @ KarstMod 2.2.9:1_:: - D:\BArﬁbTestKarstMc:dWaucIuse\TestKﬂrsNodV22WaucluseEumkﬂ:st.l
Model
Hysteretic law? I!' * Contact us for feedback
* EIT About Karsthod
0, 1, 2 or 3 lower reservoirs? r
+Q|nss 0 E LTI th
Pumping? e T /
Loss? Q pyec
* QEL A QEH Q
. L M Q
Interconnection between Qpump * qump puml-'l nEs
) Qs
lower reservoirs? ‘ L5 | | M l_c‘”‘: " c |
Qs QMS ch +
P L
Yvyi,
Qg

_ s
|Q5 =Qps *Qpyes * Q5 +*Ays * s ‘upump|

“Classical config” modeling



First model | | 2 : Model structure and model parameters

You need a conceptual scheme of hydrogeological functionning of your karst hydrosystem :

Soil reservoir and reserve?
Hysteretic law?

0, 1, 2 or 3 lower reservoirs?
Pumping?

Loss?

Interconnection between

lower reservoirs?

Your choice depends on :
- The functioning of the case study

- Your level of knowledge of the functioning of the
case study

- The goal(s) of the modeling

@ KarstMod 2.2.0.0 - D3

V220VaucluseEurokarst.




First model | | 2 : Model structure and model parameters

2 modeling configuration available for each reservoir

» Classical config. (Maillet’s law)

» Infinite characteristic time config.

IIQ KarstMod 2.2.0.0 - DABArfibTestKarstiMod\Vaucluse\TestKarstModV220VaucluseEurokarst

Model o Infinite Tc:
v moutkastios - Reservoir is partitionning into n sub-
reservoirs with linear discharge laws,
Sl all running in parallel = Q%

- When the water level Ei becomes
larger than hEmax, the ith sub-
reservoir is bypassed and the

to S

A corresponding overflow QFis routed
Yﬁé?mp directly to the spring (or to the
s reservoir C or to loss).

Qs =Qys *Qcs +Qfs -Qoump



First model 1| 2 : Model structure and model parameters

. : . . : A
Classical configuration. Linear discharge law.  Qap =kaz (L ;

@ KarstMod 2.2.0.0 - D:\BArfibTestKarstMod\Vaucluse\TestKarstModV220VaucluseEurokarst.properties

)a_.m A: height of water in reservoir A
a=1

Model Data
c D\BArfibTestKarstModiWaucluse\FontaineVaucluse 1994_2000.txt pel 10 shift: | 1 = Data time step- day

Model parameters ==
Resenvoir E (P, ET, Qe , Gyl /| Reservoir M (Q e )

® Classical config Infinite Tc ® Ciassical config Infinite Tc

Eg to| 2000  mm My |00 to| 1000 | mm

| Emin | -150.0 TENQLD mm Without bottom

| Qgy fgy | 10E4 | 1oNQD mmiday V| Qs tys 10ES g OO1 mm/day
D ey
ve= = 0o w0 Choose Classical config or Infinite Tc
Oeg
- for each reservoir
B ResenoinS (fos? R. | 10000 |pp| 12000 | ke
2 0 1
Qs =Qps +Qcs Qg ® ) Classical config Infinite Tc
c, (00 /2000 | mm

Without bottom

Model structure G res (000 L (30 |t Model parameters

Run parameters Results and graphs
Beginning of the warmup stage: | 1 Optimal param. set | P & disch. | P & internal disch. | P & internal water levels | Cumulative volumes | Mass balance | Qg vs Q . | Qg - Qe
Calibration stage 365-730; Prob. plot | Corr PIQ | Corr @, /Q < | Aulocorr Q . & Q. || WOBJ vs param. ‘WOBJ cal. vs val. | Sobol sensit. indexes

o

Validation stage: 731-2191;
Nogj | 5000 tmax: | 15

. .. Case study : Fontaine de Vaucluse ﬁﬁ
WOBJ = NSE(Q)

WOBJ 0 0.8 ' Param. to be calibrated: 9 I1 18
Qutput dir. | D\BAI

ha
w

Select the reservoirs, the paths, inflow (P) and outflows (ET, loss,

EEEEE:fsaﬁswingwomzwoa.Jm,n gégé % ) Pump’ Spring) o %
¢ .| [do not forget the rain (P) and Evapotranspiration (ET)] el

Give the range for each parameter —
Example with 9 parameters 7

[ "Run" mode [_| I B sl T Teny T

[=]

©
=
2.

= Open Save | € Resel | [ Run

%




First model 2| 2 : Model structure and model parameters

A

aan  A:height of water in reservoir A
) aFtl

Classical configuration. Non linear discharge law. @aB =Faz (me

@ KarstMod 2.2.0.0 - D:\BArfibTestKarstMod\Vaucluse\TestKarstModV220VaucluseEurokarst.properties

Model Data
L] * Contact us for I\BArfibTestkarstModiVaucluse\FontaineVaucluse1994_2000.1xt Pl 10 shift: | 1 : Data time step: day
About Karstiod Model parameters =i
ﬁ- Oec. Qen) /| Reservoir M (Q )
# Classical config Infinite Te @ Classical config Infinite Tc
. " o 2000 | mm My |00 to 1000 | mm
w| Emin | -150.0 |1 | D.0 mm Without bottom

V| Qey  Key | 1054 || 30 Kus | 10ES 1o 001 mmiday

V] Oey | 02 to| 4.0

M5 » c
V| Qe Kee | 0001 |30
v osc | 02 40

O’,‘.E 02 to 40

to
linked QEM, QEC

| Reservoir C (Qzg)

Q’ Ry 10000 |t | 12000 ke
|Qs =Qus +Qcs| S ® Classical config Infinite Tc
c, |00 ! 2000 mm
d I Without bottom
Moael structure Qs koo [0001 Juw[30 e Model parameters
v|cs 02 to | 4.0
Run parameters Caution! Configuration has been modified. Results are nat up-to-date.
Beginning of the warmup stage: | 1 Results and graphs
‘Optimal paf

Calibration stage: 365-730;

i | Case study : Fontaine de Vaucluse

Mg | 5000 tmax: | 30
150 0

WOBJ = NSE(Q

Elmmmw-l “Il Select the reservoirs, the paths, inflow (P) and outflows (ET, loss, N

e S o PUMP, Spring)
Validation: 0.864 _'E‘ . 5
2 » Give the range for each parameter e

°1 Example with 13 parameters

=
=5
7o)

= Open Save || ¢ Reset [ Run

A
@
pe
L>

"Run” mode || CI = 51 time (day)




First model 3| 2 : Model structure and model parameters

Infinite characteristic time config.

@ KarstMod 2.2.0.0 - D:A\BArfibTestKarstMod\Vaucluse\TestKarstModV220VaucluseEurokarst.properties

Model Data
g A Contact us for feedback || "\BArfibTestKarsthodiVaucluse\Fontainevaucluse1984_2000.tt £ | loshit 1 Data time step: day

About Karstvod Model parameters I

Reservoir E (P, ET /| Reservoir M (Q y,q )
Classical contl ® Classical config Infinite Te
Eq Mg | 0O to| 100.0  mm
oM to C f Eir 0.0 tp | 50.0 mm Without bottom
Noex | 00 to| 3000 mm V| Qus  kue | 10E5 |t 001 mmiday
g |1 0 day Gz
M c [1] to MS
L*J 0 0 L’J af |02 to| 08
Qs Qs QE toC (@ toM 0§ o
Q; toloss |0 C to 3
¢ l R, | 10000 |tp 12000 |km®
- | Reservoir C (Qzg)
__QS = QMS * QCSI QS ® Classical config Infinite Te
Cy |00 to| 2000  mm
t t Without bottom
Model structure e . CZN . ECEE |
o Foo (0001 Julss o Model parameters

Run parameters Results and graphs
Beginning of the warmup stage: | 1 ‘Optimal param set| P & disch. | P & internal disch. | P & internal water levels | Cumulative volumes | Mass balance | Qg vs Q| Qg - Q0
Calibration stage 365-720 bt : = :

s BE] Cage study : Fontaine de Vaucluse

Nop;’ | 5000 tmax: | 30 s 108 0
WOBJ = NSE(Q »

Output dir: | 0\ S . .

s «f Select the reservoirs, the paths, inflow (P) and outflows (ET, loss, w7
Simulations satisfying WOBJ = WOBJ . 1384 E. . DE_"
Calibration: 0.961 % 44 P u m p S p r| n g) a7 -
Validation 073 | B ’ g

8 . T
¢ = Give the range for each parameter i
oll .
’{ Example with 10 parameters
= Open Save || ¢ Reset [ Run \ggﬁ‘\

[ "Run" mode [ cI B sl time (day)




First model

3 : Run parameters

Run parameters

Beginning of the warmup stage: | 1

e The warm-up period corresponds to the time interval after which the initialization bias is deemed negligible. Sim-
ulation results from the warm-up period are not considered in the calibration. Therefore, discharge measurements
at the outlet are not required during this period.

e The calibration period corresponds to the time interval over which the calibration is performed, that is, model
performance during this time period is used to select the optimal parameter set.

e The validation period corresponds to the time interval over which the model performance is evaluated, but not used
for calibration purpose.

Index starts at O.

From day 2 to day 365 : warm-up
From day 366 to 731 : calibration
From day 732 to the end : validation

pti

Calibration stage: 365-730; Prog
Valication stage: 7312191; Possibility to use discontinuous validation and calibration periods
Mapj- 2000 tmax: | 20 5 1 I L T T
1 il i)
WOBJ = NSE(Q) Je)
WOBJ 0 0.8 Param. to be calibrated: 9 83
Output dir: | D:BArfibTestKarstMod\Vauclu | £
e ® 62
Calibration results "E
Simulations satisfying WOBJ = WOBJ ;1953 <
Calibration: 0.948 | D 41
Validation: 0.904 | F
]
5 211
U | " " L " | | " | " " | "
o A A A Ao 3 =y A A o A
Y - A s M) A O M 1 ) 1 WA
(=- Open Save || ¢ Reset || F Run “3’%& \%%c;i \gq,@- J\,;?"rgf::‘ \Q’g‘:"- \gq,@- \ng@' \a2 \g%@ *%g@- J\,?)r;.!,”i J\,?)r;z,,”i N\Q’gﬂ J\,?)r;.!,”i K
"Run" mode Cl B 5l . . . .
Warm-up calibration validation !

Different colors to see the 3 stages on the graph



First model | | 3 : Run parameters

e the number n.p; of simulations to conduct and requiring verification of the condition WOBJ > WOBJ,.;,, over the
calibration period (box grayed out in “run* mode),

in “run” mode),

RYn parameters
Beglning of the warmup stage: | 1

Calitiation stage: 365-730;
“alid¥ion stage: T31-2191;
Nopj- 5000 tmax.: | 20 5

WOBJ = NSE(Q)

WOBJ .0 08 | Param.to be calibra

fed:

e the threshold value WOBJ,,,;.

o

.
# | Objective function

)

WOBJ = w*OBJ1 + (1 - w)*0BJ2

e the maximum execution time t,,,, beyond which the simulation is stopped, even if the number of simulations that
have obtained an objective function value higher than the WOBJ,,,;,, value remains less than n.; (box grayed out

e the objective WOBJ function WOBJ, parametrizable via the adjoining button ﬂ,

Objective function from - to 1 : best performance = 1

Z{LTS — U-obs)g
Z (LTGE"S - {"Tobs :|2
Volumetric efficiency VE =1 _ 221Us — Uobs|
Z Uobs

. pe [[e — UG .
Modified balance error BE =1 — 2 %LZ b ‘
aobs

Nash-Sutcliffe efficiency NSE =1 —

Kling Gupta efficiency KGE=1-—+/(r—12+(a—1)2+ (8 —1)2

WOBJ = w.OBJ1 + (1-w).0BJ2



First model | | 3 : Run parameters

The directory where the output files are saved.

5.3.2 Output files

The KarstMod configuration (model structure, calibration parameters and optimal parameter set) can be saved and / or
loaded in a configuration file (*.cm.properties).
After each run, three output files are generated automatically:

e params_best.csv contains the parameter set that yields the highest value of the objective function over the calibration

period,
R e discharge_out.csv contains the simulated discharge time series for the parameter set that yields the highest value of
the objective function over the calibration period,
BYainnin .
cNprati e params_out.csv contains all parameter sets that verify WOBJ > WOB.J,,,;,, over the calibration period.
Vali
In run mode, the files are prefixed run’
Mok [1]] Tmax - [ 20 5 r
WOBJ ANSE(Q) P ‘
WOBJ )\ 0.8 Param. to be calibrated: 9 831
Output dir: | D-\BArfibTestKarstMod\Wauclu | &
—_
7] ]
Calibration results E e
Simulations satisfying WOBJ = WOBJ  © 1933 =
Calibration: 0.948 E 41
. — 1]
Validation: 0.904 c
B
= 211
0 1

\
= = o Q N N0 \ W
[Z- Open Save || © Reset = Run N%gkl‘ \%q,‘al’- \gq,‘;#- J\Q’!:;}f;‘:‘ \q’gﬁl’- \gq,‘;#- \%g@- W \g:ﬁ'- 3 ﬂ%gﬁ. \gqﬁ. <

Run' mode [ Cl T Warm-up calibration validation /




First model | | 4 : Command bar

To start the model fitting, click : Run

= Open Save | € Reset = Run G

= S

"Run" mod Cl
L'// un" mode L/Check box to add confidence interval plot on results

{ ©  Reset : sets all parameters to their defanlt value

B0

Save : save the configuration (model structure, parameter values, simulation parameters) into a text file
(CTRL+S) in the output directory specified in the “calibration results” area

Open : opens a previously saved configuration (CTRL+O)

Run : launches the model (CTRL+R) and:

- shows the results (resulting parameters, objective function and graphics)
- writes the output files

CI : launches the Confidence Interval plot on the “P & Disch.” graph (block Results and Graphs)
SI : calculates the Sohol Sensitivity Indexes and write the results in the *Sobol Sensit. Indexes” tab
(block Results and Graphs)

v I

LA special option : the « run mode » allows to run the model without fitting parameters. This
mode is usefull to test a specific set of parameters, or to test by trial-error the effect of one
parameter (usefull in classroom).
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5 : Results

Number of simulations according to
N,,; and tmax, for WOBJ>WOBJmin

Calibration results

Case study : Fontaine de Vaucluse

Classical configuration. Linear discharge law.

@ KarstMod 2.2.0.0 - D:\BArfibTestKarstMod\Vaucluse\TestKarstModV220VaucluseEurokarst.properties -

Model Data
B d A Contact us for feecback | D\BArfibTestarstModhvat
 J ElT About Karstiod — Model parameters £
Reservoir E (P, ET, Q
E &

c (| ® Classical config
in

E, | 929
Qem Qec | Epin | -113
+ + ¥ Qen  Kem
Oepy
M5 » c
. ¥ Qe Kec
I
Qus Qcs
linked QEM, Q
. | Reservoir C (Qce)
Qs=Qys+Q Qs
5§ = MmMs cs ® Classical config
Cy | 209
Without bottor
Qes L

Run parameters Results and graphs
Beginning of the warmup stage: | 1 Cptimal param. set | P & disch. | P & internal disch. | P & internal water levels | Cumul

Simulations satisfying WOBJ = WOBJ - 1953

Calibration stage: 365-730,
alidation stage: 731-2199
i n gk 5000 1 max_ 20 3
WOBJ = NSE(Q@) pel
WOBJ ;.0 08 Param_ to be calibrated: 0

Calibration: 0.948
Walidation: 0.904

Objective function for the
calibration and validation periods

Cutput dir: | D:\BArfibTestKarstModWauclu | S

Calibration results
Simulations satisfying WOBJ = WOBJ ;. 1953
Calibration: 0.948
Validation: 0.904

\ :
= = 9 & N
Fom|[Heecre v i@t Observed and P

simulated —
discharge




Classical configuration. Linear discharge law.

First model | | 5: Results and graphs Case study : Fontaine de Vaucluse

Observed and
simulated
discharge

Results and graphs
Optimal param. set | F &disch. | P & internal disch. | P & internal water levels | Cumulative volumes | Mass balance | Qg vs Q. | Qg - Q.
Prob. plot | Corr PG | Corr G /Q ¢ | Autocorr Q. & Qg | | WOBJ vs param. WORBJ cal. vs val. | Sobol sensit. indexes

ElENRRREEFIEREEE RN

“m L L s
mm | Obsarved dischamge
mm | Simulated dischange
120 4 = +29
|
|
== Rainfall
- 80 4 = ET + 58
E ‘
: I
>
E 60 + 87
o
A
=
304 + 116
0 } } + + } } + }
o ::N :f-* df'-" A S g oo A S @'ﬂ“’" i«eﬂ“ 0 e a%i“ RO a%i"’" «'B““ o @
o o8 28 o8 o8 28 a8 o1 o, 1 o 8 g8 08 9 8 e

time (day']

(ww) 13 ‘Nejurey



First model | | 5: Results and graphs Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

Observed and Parametric uncertainty of the simulation results KarstMod proposes to use the simulation results from all
parameter sets vielding WOBJ = WOBJ _,;,, for the evalnation of the uneertainty on the simulation results. The approach

simulated is derived from the Regional Sensitivity Analysis (RSA) [9] and the Generalized Likelihood Uncertainty Estimation
. (GLUE) [1]. Instead of selecting a unique parameter set as the outcome of the ealibration process, these methods
dlSCharge consider that all parameter sets yielding satisfactory results over the calibration period (behavioural parameter sets)

should be considered in the prediction process. The value of WOBJ over the ealibration period is used as a likelihood
measure for each behavioural parameter set. Based on this assumption, KarstMod proposes the following simulation

results:
Results and graphs ) . . . . . .
Optimal param.gse:] Pavsch P&I * Q{;””{::; is defined for a given time step (t) as the weighted sum of the simulated discharge Qs(f) with the ob-

N
. WOBJ,;, x iy (t)
Prob. plot | Corr PIQ | Corr Qgpe /0 g jective function WOBJ, over all behavioural parameter sets: Q% *°(t) — 2i=1 WOBJ (o) X Qous i (1

. where N is

N 17, R
BE | elexEead i1 WOBJg)

the number of behavioural parameter sets. Qg’"m (t) is an estimator of the most likely value of the simulated dis-

150 charge, considering the nser-defined objective funetion and the user-defined threshold value for the definition of the
hehavioural set.
”'H L | A I
mm Simulated dischamga
120 1 = 129
_— DD"DD
= Rainfall
— 90 == FT T 58
2 g
E :
:, o
E 60 - 187 E
: 3
s £
30 1 + 116
0 " " } " " } " " } " " " "
Qb ot et et g o AP ARV AL Qo Q?* Qo %“* o
O W %‘2" B @ @ WS e e g 05‘ e \'\‘ G P P A e !
Kia \g%“-“ SN LT cﬁ‘“ g%‘“ R R I L RSN N
time {day)
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5 : Results and graphs Case study : Fontaine de Vaucluse

Classical configuration. Linear discharge law.

Observed and
simulated
discharge

Parametric uncertainty of the simulation results

Qprob + Confidence interval plots

Results and graphs

Optimal param. set| P & disch. | P & internal disch. | P & internal water levels | Cumulative volumes | Mass balance | Q¢ vs O
Prob. plot | Carr PIQ: | Corr Q1

obs | =5 ~ Q obs

Qg | Autocorr @ .. & Qg || WOBJ vs param. WOBJ cal. vs val. | Sobol sensit. indexes

ElE-NEREEEEEIEEE Y

“v W)

=

= | Dhsgrved dischame
mm | Simulated dischanmge
91 == | Min simulated dischange 129
= | Max simulated discharge
_— DBPGS
== | Rainfall
- B8 = ET T 58
A
E
a
2
m 45 T 87
=
[T}
=
=]
231 1116
0
o
2 N

(ww) 13 ‘epurey



First model | | 5: Results and graphs Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

Rainfall and - Usefull to separate baseflow and quickflow
» - Check if all the reservoirs are used for flow

internal discharge

Resulis and graphs
Optimal param. set | P & disch. | P &internal disch. | P & internal water levels | Cumulative volumes | Mass balance | Qg vs Q
Prob. plot | Corr PIQ | Corr Q. /Q ¢ | Autocorr Q)

Qg -Ugps
obs & Qg || WOBJ vs param. WOBJ cal. vs val. | Sobol sensit. indexes

ElERRRFEEREEEEEENTY

obs

661 . . -0
||[ “ M | Wﬂ“ ” ‘ IIW |‘ W"M T
Oy
528 1 Q. L 2g
Qe
- O
— 3061 - L 58
n
- == Rainfall
E - T
% mm ET pgffective
® 2641 | L 87
£ ‘ \
w
° | | | \
132 | || | - | * ||||’ 116
e, i : l', l“ | l.'J | (h
LN M MJ\' Pdl 1
0 ; | ; ; : ; s ; A1)
o MITONNRTA o m&* m‘“ " oS q.«i“ T a'ﬂ S @S % @ @

(ww) 13 ‘jepuey



First model

5 : Results and graphs

»

Rainfall and
internal water
levels

Results and graphs

Optimal param. set | P & disch. | P & internal disch. | P& internal water levels | Cumulative volumes | Mass balance | Qg vs Q

Prob. plot | Corr PiQ | Corr Q /A ¢ | Autocorr Q- & Qg

EENERREEFIEREEEENTY

WOBJ vs param.

Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

To check if the model is not loosing or storing some
water in reservoirs
To check the effect of the warm-up period

To simulate water level 7 =zn+$

obs 05 - Qubs
WOBJ cal. vs val. | Sobol sensit. indexes

T T T ~ r 0
(L
381 == \Waterlevelin E 1249
Water levelin M
mm Water levelin C
mm  Rainfall
N ET
254 1 58 g
— o
E =
E T
g 127 lg7 m
£ =
J‘\ =
{] Jbi- L._L " I |IJI1;..J h*l - ; H & " J;\P“n-h— M_?_ ; h\"E —mm_
NV V\Wl l “\“""‘4' \M | YA |’J NNTY M umﬂ'\' 7118
\ ﬂr\"] w.l \v ’J \] \ r, ‘.I rd 'n‘{ﬁl
| III f | I|I I|I
) \ [ \ \
127 | L] \MIN NN P‘ 'lh N 1..-1 r.l 1|
A, A A, M A, A A, A A M A A,
@% Q;\@ @@ Qg,@ ,\\aﬁ o \© Qq,a% Q;\@ 6510 Qg,a% ,\«,i Qq,a @'ﬁ %g'n .3,1 @ Qq ,\g,a Q\tﬁ 6510 Qg,a%
& ﬁ;,;.;bi N%gc::'- \%:;_f:i ,\g%‘:h *\ggﬁl" \gg@ *\%g@' ﬁqﬁi ;,;;l\ gt \gg\ ot & Qb od 0} o D} %i 1‘;}(}



First model | | 5: Results and graphs Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

» - To check the balance error

Cumulative volumes

Results and graphs
Optimal param. set | P & disch. | P & internal disch. | P & internal water levels | Cumulafive volurmesY| Mass balance | Qg vs Q. | Qg - G,
Prob. plot | Corr P/Q | Corr @, /Q - | Autocorr @ . & Qg || WOB.J vs param. WORBJ cal. vs val. | Sobol sensit. indexes

El:NRREEEPEEREEIENT

mm Observed cumulative volume (days with obs. data)
mm Simulated cumulative wolume (days with obs. data)
2,100,000,000 1
E
ol
& 1,700,000,000 1
=]
=
o
£
+= 1,300,000,000 1
ol
m
Jui ]
E
5 900,000,000 1
-
1k}
=
L
g 500,000,000 1
E
=3
4}
100,000,000 1
o o o o a%“’ m db @a @%‘ pm aﬂﬁ o g8 g g e%““’ o @ @
T8 o8 98 8%, o8 o1 oot 0 08 ¥ 8 (P (T IV (T

time (days from the bagmnmg of the calibration / validation period)
Balance error : -1.71% (calbration period), -6.24% (validation period)
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5 : Results and graphs

» - To check for systematic drift

Resulis and graphs

Optimal param. set P & disch. P & internal disch. | P & internal water levels | Cumulaiive volumes | Mass balance ] Qg ve'l

Prob. plot | Corr P/Q) | Corr G fQ ¢ | Autocorr Q. & Qg | | WOBJ vs param. WOBJ cal. vs val.

Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

Qsimulated VS Qobserved

QS - ans

obs

Sobol sensit. indexes

BE|eexHaed v

106

141




First model | | 5: Results and graphs Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

» - To check for thresholds (input or output) in time series

Cumulative probability plot

Regults and graphs

Cptigel param. set | P & disch. | P & internal disch. | P & internal water levels | Cumulative volumes | Mass balance | Cig vs Q. | Qg - Qg
Prob. plot | Corr PIQ: | Corr Q@ /Q g | Autocorr @ .. & Qg || WOBJ vs param. WOBJ cal. vs val. | Sobol sensit. indexes
BmE |eelxEsE | | BjmE |2 exEa= | |
0-998 Calibration . 0-9998 Validation
0.995 ¢ .
0.89 ¢
0.908 {
0.08 ¢
0.995 ¢
0.99 ¢
0.85 ¢
g SR
g % £ ool
5] ia)
m m
g o8y s %9
o =
0.7t o0&l
0.7+
057
0.5¢
0.3¢
0.3¢
017 014
83 10 20 % 40 50 60 70 37 5 6780 20 30 40 50 6070

Q (m?/s) Q (m/s)




First model | | 5: Results and graphs Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

- Atool for karst hydrogram characterization and aquifer functionning rating
» - To compare observed and simulated discharge
- To check for time-lag between rain and discharge variation

Crgss correlogram Rain-Discharge oont:[1 S oata o st oy

Optimal p . set | P & disch. | P & internal disch. | P & internal water levels | Cumulative volumes | Mass balance | Qg v Q. | Qg - Q.
Prob. plot | orr PIQ | Corr Q@ /Q ¢ | Autocorr Q. & Qg | | WOBJ vs param. WOBJ cal. vs val. | Sobol sensit. indexes
ElE:NEEEEEI =TS ElENEE R EIEIERET
Calibration Validation
0.2

= Observed
mm Simulated

Xv
Xv

-0.1

-01

-0.2 I
-22 14 -7 -1 4813 20 26 33 39 46 52 58 65 72 78 85 91 100 -28 -20 12 -504 O 15 22 28 36 43 50 57 64 71 78 85 92 100

day day




First model | | 5: Results and graphs Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

» - To check for time-lag between rain and discharge variation : correction with
the 10 shift tool of KarstMod

IO shift: | O : Data time step: day

Crgss correlogram Rain-Discharge

Results afjd graphs

—

Optimal p _set | P &disch. | P & internal disch. | P & internal water levels | Cumulative volumes | Mass balance | Cig vsQ | Og -0
Prnb.plot| orr PIQ | Corr @ /Q ¢ | Autocorr Q. & Qg | | WOBJ vs param. WOBJ cal. vs val. | Sobol sensit. indexes
BE | fLxEHERE v BE | eexEHa . | e
02 alibration —Q‘:alidatiun
\
0.2
== Observed
0.1 r
|
0.1 1
% o+———{ Example with 10 shift = 0 day
=>» simulated discharge has a 1 day shift with the obserbed discharge
-0.1
Correction with 1 day 10 shift, and new Run to update results
02 l | | |
-22 19 16 13 <10 -7 -5-3-11 3 5 7 811 14 17 22 -28 -24 -20 16 12 -8 -5 -2 13579 121518 21 24 28

day day
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5 : Results and graphs

Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

A tool for karst hydrogram characterization and aquifer functionning rating
To compare observed and simulated discharge

Discharge correlogram

Results and graphs

Optimal param. set | P & disch. | P & internal dilich. | P & internal water levels | Cumulative volumes | Mass balance | Qg vs @
Prob. plot | Corr P/ | Corr @y Q¢ | Autacor

bs & Qg || WOBJ vs param.

al

ElENEEREEERY

v

1
0.9
0.8
0.7
0.6 1/
0.5
0.4
0.3
0.2
0.1

Calibration

0
-0.1
-0.2
-0.3
-0.4
-0.5

-33 -24 15 -8 -2 4 9 15 22 29 36 43 50 57 64 71 78 85 92 100

day

GS - Q‘DbE

obs

WOBJ cal. vs val. | Sobol sensit. indexes

ElENEEREEIERC
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Validation
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First model | | 6 : Equifinality analysis

Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

»

Obijective function VS parameter value

Results and graphs
Cptimal param. set | P & disch. | P & internal disch. | P & inter

| water levels | Curnulative volumes | Mass balance | Qg vs Q. | Qg -Q .

Prob. plot | Corr P/Q | Corr @ fQ ¢ | Autocorr Q. & Qg | WWOBJ vs param. WORBJ cal. vs val. | Sobol sensit. indexes
@ ||E] graph data: from parameter sets satisfying WOBJ = 1;"-.I'OEI.JI_|_|“_| over the calilbration period
En 1 62.971 mm Emin 1-1.364E2 mm kEM 1 2.095 mm/day "‘Ec :1.454 mmiday M p:93.111 mm =

WDBJ

ol o o o [
o 2 2 2 2 |
AR H: 5.\ L
;‘Iwﬁh -Im:-.\ﬂi'y* K LY "\ h - s l:J."' A |'§
0 50 100 15[] EDD -1580 -112 —?5 —38 0 1E-4 DDOE DDS 03 3 0.001 DD1 007 04 3 0 SD ?5 100
Eu (mm) Ernin (mm) EM (mm/day) Ec: (mm/day) Mu (mm)
k,, : 4.657E-3 mmiday C,:191.28 mm k.. :0.073 mmiday R, :1091.896 km®

3 3 | 2 1%
0. O 0 O [k
=t =z = = poiil
I‘*IH&I &' Slgt -'Ilil
s Bl and %é,.a,w_;.w,;fs.e
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¥
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First model | | 6 : Equifinality analysis Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

New example with more results (parameter sets satisfying WOBJ>WOBJmin)

At the end of the equifinality analysis, a new Run can be perform.
The range of the parameter KEM, KMS and KCS can be reduced.

The results of these graphs can be compared with the results of the
Sobol sensitivity index

Objective function VS parameter value

Run parameters Results and graphs
Beginning of the warmup stage: | 1 Cptimal param. set | P & disch. | P & internal disch. | P & inteR ater levels | Cumulative volumes | Mass balance | Qg vsQ | Qg -Q .
Calibration stage: /5730 Prob. plot | Corr PIQy | Corr Q1 /Q ¢ | Autocorr Q. & Qg || WOBJ vs param WOBJ cal. vs val. | Sobol sensit. indexes
@ |E] graph data: from parameter sets satisfying WOBJ = WOBJmin over the calibration period
“alidation stage: 731-2191;
o 6000 tmax- [ 60 - Eo: 198.741 mm Emin 1 -1.46E2 mm kEM: 1.284 mmiday REC 1 0.97 mm/day Mo :57.214 mm sl
obj -
NCOBJ = NSE(Q 2
.
VOBJ ;.| 0.8 Param. to be calibrated: 9
A
Output dir. | D:\BArfibTestkarstModiaucly | & a A a
Calibration results o o
Simulations satisfying WOBJ = WOBJ ;. © 5888 = . . =
Calibration: 0.952 -.'}‘:":ﬁ i
aination: pisa 0 50 100 150 200 | | -150 -112 -75 -38 O 1E-4 0.002 0.03 0.3 3 0.001 0.01 0.07 04 3 0 25 50 75 100
E, (mm) E nin (mm) kem (mm/day) ke (mm/day) M, (mm)
kMS : 3.268E-3 mm/day CD: 145.719 mm "‘cs : 0.056 mmiday RA : 1151.665 km?*
oL (@]
= =
iy o L Lip
= Open A ¢ Reset B Run 1E-5 6E-5 4E-4 0.01 0 50 100 150 200 0.001 0.01 0.7 04 3 1,000 1,100 1,200
2
. ks (mm/day) cl:l {(mm) keg (mm/day) R, (km?) |
Run" mode cl =] -




First model | | 6 : Equifinality analysis Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

»

Objective function calibration VS validation

Results and graphs
Optimal param. set | P & disch. | P & internal disch. | P & internal water levels | Cumulative volu

Prob. plot | Corr P/Q | Corr @, /Q ¢ | Autocorr Q. & Qg || WOBJ vs param. WOBJ cal. vs val. | Sobol sensit. indexes

@ | 2 £ x|E & | | w | =08450786688556361]=0.8, y=0.8950076588663164 (WOBJ cal. vs val)

Mass balance | Qg vs Q. | Qg -G

0.94 7 : . .:
'. k. g
?‘ .“:-
By
0.75 -
c [— WOR.J cal. vs val. ]
9 0.56
el
4
a
™
1]
E 0.38 -
o
=
0.19 -
{] "
0 0.4 0.9 1.3 1.7
WOBJ validation
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6 : Equifinality analysis

Run the « S| » tool

Run parameters
Beginning of the warmup stage: | 1

Calibration stage: 365-730;
“Yalidation stage: 731-2191;
Nopi- | 5000 tmax: | 20

WOBJ = NSE(Q)
WOBJ ;| 0.8

Output dir: | D\BArfibTestkarsthModivauclu

Calibration results
Simulations satisfying WOBJ = WOBJ .-
Calibration:
Validation:

= Open Save || © Reset

"Run" mode Cl

Param. to be calibrated: 9

s

o

o

12
0.9
0.8

[

Resulits and graphs

Optimal param. set | P & disch. | P & internal disch. | P & internal water levels | Cumulative volumes | Mass balance | Qg vs Q
Frob. plot | Corr PIQ | Corr @, /Q ¢ | Autocorr Q

s & Qg || WOBJ vs param.

Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

Sobol sensitivity index

Qs
WOBJ cal. vs val. | Sobol sensit. index

5

Sobol sensitivity indexes

Parameter |Firstorderi..| Total-effectindex «

Total effect

| B[E |[2l2x]EeE | @

Cortinuz

Japuo 15114
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6 : Equifinality analysis

Results and graphs

Optimal param. set | P & disch. | P & internal disch. | P & internal water levels | Cumulafive volumes | Mass balance | C Jge

Prob. plat | Corr PIQ | Corr Q . /Q ¢ | Autocorr Q . & Qg | | WOBJ vs param.

Case study : Fontaine de Vaucluse
Classical configuration. Linear discharge law.

Sobol sensitivity index

QS B ans
WOBJ cal. vs val. | Sobol sensit. indexes

obs

Sobol sensttivity indexes

BB e exEad e

JapJo 18414

Farameter | First-order index| Total-effect index - :
: -
i i
0122 0.734 : AR ol
Fos 0155 0723 ﬁlﬁﬁ R
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s 0.18 1 d
E vin 0.001 0.032
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5]
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™
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i o e
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First model | | 2 : Model structure and model parameters

You need a conceptual scheme of hydrogeological functionning of your karst hydrosystem :

Soil reservoir and reserve? Your choice depends on :

Hysteretic law? ‘i
Y - The functioning of the case study

1, 2 or 3 lower reservoirs?

- Your level of knowledge of the functioning of the

P ing?
Umping case study

Loss?
- The goal(s) of the modeling

Interconnection between

lower reservoirs?

Your first model is fine?

2

Start a new model or explore the output files




Supplementary material : Hysteretic function

Linear function between height of water and

I specific discharge (Qt: L/T)
Discharge = Q, . S, with S= Recharge area

ArfibTestKarstMod\Vaucluse\TestKarstModV220VaucluseEu rokarst.pmperﬁ_

Data

I!' * Contact us for feedback || D/\BArfibTestKarstMod\Vaucluse\FontaineVaucluse1994_2000.ixt
v EIT About KarstMod Model parameters I
Reservoir E(P, ET, Qi , Qryy, Q)
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Supplementary material :
Exchange function Q¢

9 — T
@ KarstMod 2.2.0.0 - DABArfibTestKarstMod\Vaucluse\TestKarstModV220VaucluseEurokars
Model

Contact us for feedback
About Karsihviod

i i
:Qs = Qg *ch._'_ Qs
Exchange function (Qamc) The Qare function is defined as follows:
M —C|™™°
Quc = kye xsgn(M — C') x Ty (5)

where kpre [L/T] is the specific discharge coefficient, and ajprc [-] is a positive exponent.

Warning Q¢ is defined as the algebraic flow from compartment M to compartment C. Negative Q3o values mean
that the current direction of flow is from C to M.

Warning When the inter-compartment flux Qyrc is activated, the M and C compartments must be either both bot-
tomless, or both with bottom. Qe activation also requires the classical configuration to be selected for both M and

C.



Few structures for conceptual models

A. Hartmann et al. /Journal of Hydrology 468-469 (2012) 130-138
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Fig. 3. The hydrological model ensemble: {a) simple model, (b) serial model, (c) combined model, (d) parallel model, and (e) exchange model.



