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Status Quo
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What

Investigate an innovative solution to support large-scale parameter estimation for 

groundwater flow models

Clients

LHM (National Model NL, RWS) and Zeeland Model (Regional Model Prov. Zeeland)

Context

Spatial Calibration of the transient LHM- and Zeeland Model (SeaWAT).

Status

Currently available as prototype in iMOD v5.6

Applicability

Regional models might be able to be calibrated more efficiently

Information

iMOD Manual; PPTX of Modflow-and-More conference; paper (Groundwater) in prep.

… in highlights some results …
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Challenge
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Optimize

• 3D Groundwater Flow model

− Transient Model (171 stresses)

− 12.5 millions nodes

• Totally 2,050 parameters

− REGIS units in aquifers and aquitards

− GeoTOP lithology in “deklaag”

− Drainage- and river conductance

− Infiltration factor rivers

− Storage coefficients

• Observations

− 0.5 million time-variant observations

− 60,000 artificial observations GxG

Groundwater Level

Observations
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LMA Optimization Method
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LMA Optimization Method
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LMA Optimization Method
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LMA Optimization Method
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LMA Optimization Method
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LMA Optimization Method
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LMA Optimization Method
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Efficiency of LMA Optimization Method
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Totally 10 cycles ~0.5 year

It never goes right the first, second, third time …
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Submodel Model Optimization Method (SMOM)
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Questions:

• Effects groundwater in 

Groningen that of Twente, 

Utrecht of Brabant?

• Can sensitivities be 

approximated by smaller 

models?

• Why compute Groningen 

for parameters that do not 

extent in that region?
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Submodel Model Optimization Method (SMOM)
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Run

Global Model

Lateral

Fluxes

Sensitivities

Submodel 1

Sensitivities 

Submodel 2

Sensitivities 

Submodel 3

Sensitivities 

Submodel 4

Aggregate

Sensitivities

Parameters

Zones /

Pilot Points

Final

Parameters

No Reduction Global Obj. F.

Update 

Parameters

outer cycle

Submodel Model Optimization Method (SMOM)

a

a

iM
O

D
 G

e
b
ru

ik
e
rs

d
a
g
 j
u
n
i 
2
0
2
3



416 submodels

test-area
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Submodel Model Optimization Method (SMOM)
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Submodel Model Optimization Method (SMOM)
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Submodel Model Optimization Method (SMOM)
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Submodel Model Optimization Method (SMOM)
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Submodel Model Optimization Method (SMOM)
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Submodel Model Optimization Method (SMOM)
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SMOM – Q-EDGE
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SMOM – Q-EDGE
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SMOM – GHB-EDGE
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Submodel Model Optimization Method (SMOM)

submodelstruth
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SMOM – GHB-EDGE
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SMOM – GHB-EDGE
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SMOM – RESULTS
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a b

RESULTS kd2 submodel kd2 globalmodel
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Synthetic Example
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BNDSUBMODEL=3 iM
O

D
 G

e
b
ru

ik
e
rs

d
a
g
 j
u
n
i 
2
0
2
3



Synthetic Example
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Performance
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Performance
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Performance
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Performance
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Synthetic Example
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Conclusies

• Met half overlappende submodellen wordt voldoende gevoeligheid per parameter verkregen om 
parameters op globale schaal aan te passen. Het effect wordt dan, gezien vanuit het meetpunt, 
door het gehele model gebied door gegeven;

• Het noodzakelijkerwijs opschalen van het model voor de kalibratie wordt hiermee voorkomen;

• Het verspreiden van submodellen over verschillende computers vergroot de efficientie;

• Grotere spreidingslengte dwingen grotere buffers af rondom submodellen maar doordat 
submodellen elkaar allemaal overlappen wordt dit verholpen;

• Met 15 computers en 416 submodellen is het LHM niet-stationair gekalibreerd op basis van de 
GxG binnen 1-2 weken. 
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Contact

www.deltares.nl

info@deltares.nl

@deltares

@deltares

linkedin.com/company/deltares

facebook.com/deltaresNL
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