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Input file for KarstMod

10

Missing data with
INTERP or NOINTERP

! :start row with
general information 
(no data) by « ! »



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

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



Case study : Fontaine de Vaucluse (France)



• BV ≈ 1100 km²

• Qmax ≈ 150 m3/s

• Qmin ≈ 3,0 m3/s

Modeling papers :
Fleury et al. 2007
Mazzilli et al. 2017

Case study : Fontaine de Vaucluse (France)



Open KarstMod 7 sub-windows

Model structure

Data

Model parameters

Run
parameters

Calibration 
results

Command bar

Graphs



First model

Graphs

1 : open Data file (.txt or .in)

- Data time step (day or hour) is automatically detected
- Rain and Spring discharge are plotted



Interpolate missing data in the input data file for KarstMod

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)

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



First model 2 : Model structure and model parameters

Model structure

Model parameters

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



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?

“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



First model 2 : Model structure and model parameters

2 modeling configuration available for each reservoir

Classical config.

Infinite characteristic time config.

(Maillet’s law)

Infinite Tc :
- Reservoir is partitionning into n sub-

reservoirs with linear discharge laws, 
all running in parallel QE

b

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

r is routed 
directly to the spring (or to the 
reservoir C or to loss).



First model 1 2 : Model structure and model parameters

Model structure Model parameters

Case study : Fontaine de Vaucluse

Select the reservoirs, the paths, inflow (P) and outflows (ET, loss, 
Pump, Spring) 
[do not forget the rain (P) and Evapotranspiration (ET)]
Give the range for each parameter
Example with 9 parameters

Classical configuration. Linear discharge law.
A: height of water in reservoir A
a = 1

Choose Classical config or Infinite Tc 
for each reservoir



First model 2 2 : Model structure and model parameters

Model structure Model parameters

Classical configuration. Non linear discharge law.

Case study : Fontaine de Vaucluse

Select the reservoirs, the paths, inflow (P) and outflows (ET, loss, 
Pump, Spring)
Give the range for each parameter
Example with 13 parameters

A: height of water in reservoir A
a ≠ 1



First model 3 2 : Model structure and model parameters

Model structure Model parameters

Infinite characteristic time config.

Case study : Fontaine de Vaucluse

Select the reservoirs, the paths, inflow (P) and outflows (ET, loss, 
Pump, Spring)
Give the range for each parameter
Example with 10 parameters



First model 3 : Run parameters

Warm-up calibration validation

Different colors to see the 3 stages on the graph

Index starts at 0. 
From day 2 to day 365 : warm-up
From day 366 to 731 : calibration
From day 732 to the end : validation
Possibility to use discontinuous validation and calibration periods



First model 3 : Run parameters

Objective function

Nash-Sutcliffe efficiency

Volumetric efficiency

Modified balance error

Kling Gupta efficiency

from -∞ to 1 : best performance = 1

WOBJ = w.OBJ1 + (1-w).OBJ2



First model 3 : Run parameters

Warm-up calibration validation

The directory where the output files are saved.



First model 4 : Command bar

To start the model fitting, click : Run

A 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).

Check box to add confidence interval plot on results



First model 5 : Results Case study : Fontaine de Vaucluse

Classical configuration. Linear discharge law.

Observed and 
simulated
discharge

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

Objective function for the 
calibration and validation periods



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

Observed and 
simulated
discharge



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

Observed and 
simulated
discharge

Qprob



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

Observed and 
simulated
discharge Qprob + Confidence interval plots

Parametric uncertainty of the simulation results



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

Rainfall and 
internal discharge

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



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

Rainfall and 
internal water 
levels

- 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



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

Cumulative volumes

- To check the balance error



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

Qsimulated VS Qobserved

- To check for systematic drift



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

Cumulative probability plot

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



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

Cross correlogram Rain-Discharge

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



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

Cross correlogram Rain-Discharge

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

Example with IO shift = 0 day
 simulated discharge has a 1 day shift with the obserbed discharge

Correction with 1 day IO shift, and new Run to update results



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

Discharge correlogram

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



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

Objective function VS parameter value



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

Objective function VS parameter value

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



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

Objective function calibration VS validation



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

Sobol sensitivity index

Run the « SI » tool



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

Sobol sensitivity index



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?

- 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

Your first model is fine?

Start a new model or explore the output files



Supplementary material : Hysteretic function

Linear function between height of water and 
specific discharge (Qt: L/T)

Non linear function
Qt = K . ha

Hysteretic function

Discharge = Qt . S , with S= Recharge area

lower
threshold

upper
threshold

Ehy

DEhy
E

Qhy

Qt = K . h

If DEhy=0 (also named DEhy), the 
hysteretic function simplifies to a 
threshold discharge function



Supplementary material : 
Exchange function QMC



Few structures for conceptual models


