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GW borehole distribution in France

1765 unconfined boreholes 
(purple dots)

~3200 boreholes

~4000 boreholes

Keep GRACE period
Remove bad timeseries
Remove domestic data
Remove outliers (iqr)

Keep unconfined aquifers

Seine

Rhone

Loire

Garonne

(data obtained from ADES, France: https://ades.eaufrance.fr/)

Pre-processing of in-situ data:
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Converting GW level to water storage

GW head variation [𝑚𝑚] * Porosity [unitless] =

Mean of 
timeseries
GW head

* 1000 [𝑘𝑘𝑘𝑘/𝑚𝑚3] [𝑘𝑘𝑘𝑘/𝑚𝑚2]

height of 1 𝑘𝑘𝑘𝑘 water on 1 𝑚𝑚2

area is 1 𝑚𝑚𝑚𝑚, so called 
equivalent water height (EWH)

EWH= 1mm 

WaterGAP unitGW borehole unit Water density

Gleeson et. al (2014)
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Calibration Concept: POC (Pareto-optimal calibration)

Climate input data
Time series of, e.g.,
- Precipitation
- Temperature…

Model output
Time series of, e.g.,
River discharge
Water storage
Groundwater recharge

Objective functions F1, F2, 
…, Fn

Model equations
representing water fluxes

and storage processes

Modify (Pareto-optimal 
calibration )

Stop if
acceptable

Observed data
- river discharge
- water storage

Determined by
Sensitiveity analysis

Model parameters
- describing, e.g., topography, vegetation, 

soil characteristics
- conceptual parameters
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POC setup 

Sensitivity analysis

Black boxes: Sensitive 
to Q (runoff), TWSA 
(total water storage) 
and GWSA 
(groundwater)

Combined: 
Selected 
parameters for 
calibration

List of WGHM parameters
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WGHM
scaled

in-situ WGHM calibrated
scaled

Results: Groundwater storage

Correlation WGHM

Original 0.94

Residuals 0.86

Original Signal

Residuals (climatology removed) = scaled WGHM GW storage

Garonne basin average
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WGHM
scaled

in-situ WGHM calibrated
scaled

Results: Groundwater storage

Correlation WGHM

Original 0.94

Residuals 0.86

Original Signal

Residuals (climatology removed) = scaled WGHM GW storage

Very good correlation between model an in-situ data
• Both in the original time series…
• …and in the residuals (after removing climatology).

But larger variability in in-situ GW data!
=> Very good fit after applying scaling factor

Possible reasons for larger variability
of in-situ data
• using porosity to convert from level to

storage over-estimates storage
• spatial distribution of boreholes in 

productive aquifers
• spatial extent of aquifers not 

considered for basin averaging

Garonne basin average
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WGHM in-situ WGHM calibrated

Results: Groundwater storage

Correlation WGHM

Original 0.94

Residuals 0.86

Correlation WGHM

Original 0.38

Residuals 0.14

Original Signal
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Original Signal
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scaled scaled Seine basin averageGaronne basin average
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WGHM in-situ WGHM calibrated

Results: Groundwater storage

Correlation WGHM

Original 0.94

Residuals 0.86

Correlation WGHM

Original 0.38

Residuals 0.14

Negative trend in WGHM
=> over-estimation of
human GW abstraction?

Original Signal

Residuals (climatology removed)

Original Signal

Residuals (climatology removed)

scaled scaled Seine basin averageGaronne basin average

Low 
correlation
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Results: Groundwater storage

Original Signal

Residuals (climatology removed)

Original Signal

Residuals (climatology removed)

WGHM

Correlation WGHM calibrated

Original 0.94 0.94

Residuals 0.86 0.89

Correlation WGHM calibrated

Original 0.38 0.89

Residuals 0.14 0.89

scaled
in-situ WGHM calibrated

scaled Seine basin averageGaronne basin average
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Results: Groundwater storage

Original Signal

Residuals (climatology removed)

Original Signal

Residuals (climatology removed)

WGHM

Correlation WGHM calibrated

Original 0.94 0.94

Residuals 0.86 0.89

Correlation WGHM calibrated

Original 0.38 0.89

Residuals 0.14 0.89

scaled
in-situ WGHM calibrated

scaled Seine basin averageGaronne basin average

Spurious trend removed
by calibration
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Take home messages

• We present in-situ data groundwater storage in France used for the validation of WGHM 
model output before and after model calibration.

• Sensitivity analysis reveals most sensitive paramters with respect to river discharge, total 
water storage and groundwater

• Multi-criterial calibration of WGHM using GRACE total water storage anomalies and river 
discharge carried out for Garonne and Seine river basins.

• Calibration removes spurious groundwater trend in the Seine basin, which was likely due 
to overestimated groundwater use in the standard version.

• Higher groundwater storage amplitudes of in-situ data might be due to
• using porosity to convert from level to storage over-estimates storage
• spatial distribution of boreholes in productive aquifers
• spatial extent of aquifers not considered for basin averaging

=> To be further investigated.
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