




Peter Vermeulen

Gijs Janssen

Timo Kroon

Efficient Model Calibration 
using Sub-models

N
a
a
m 
A

New development within iPESTP of iMOD



Status Quo
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 v5.5

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

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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iPESTP (iMOD)
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LMA Optimization Method
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LMA Optimization Method
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Effectiveness is caused significantly by λ, try multiple λ’s 
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LMA Optimization Method
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LMA Optimization Method
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LMA Optimization Method

LMA

Org. Model

Parameters

Zones /

Pilot Points

Final

Parameters

No Reduction Global Obj. F.

Effectiveness is caused significantly by λ 

p1

p2

p0

p1
p2

s1

s2

Cycle 3

iPESTP (iMOD)

10

5

1

iM
O

D
 I

n
te

rn
a
ti
o
n
a
l 
U

s
e
r 

D
a
y
 2

0
2
2



LMA Optimization Method
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Runtimes of Models
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Nodes (millions)

12.5

>100 minutes

Days 20 CPU

Sensitivity 2050 141 8 days

Lambda 3 0.25 2 minutes

Totally 3 cycles 24 days

It never goes right the first, second, third time …

so finally multiple set of 24 days to complete
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Submodel Model Optimization Method (SMOM)

Org. Model

Parameters

Zones /

Pilot Points

Final

Parameters

No Reduction Global Obj. F.

Questions:

• Effects groundwater in 

Groningen that of Twente, 

Utrecht of Brabant?

• Why compute Groningen 

for parameters that do not 

extent in that region?

• Can sensitivities be 

approximated by smaller 

models?

iPESTP (iMOD)
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Submodel Model Optimization Method (SMOM)

Org. Model
Lateral

Fluxes
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time

FHB boundary condition per modellayer 

with fluxes from original model

inactive area

inflow

outflow

Submodel Model Optimization Method (SMOM)
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Submodel Model Optimization Method (SMOM)
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Synthetic Example

Observations

RiverComputed Head / Observations
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Synthetic Example

Observations

Submodels / River / MeasurementsComputed Head / Observations

Submodel 1

Submodel 2

Submodel 3
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Synthetic Example

FUNCTION=RUNFILE 

PRJFILE_IN=D:\MODELS\TEST.PRJ

NAMFILE_OUT=D:\MODELS\TEST.NAM

IPESTP=1 

NCPU=6 

ISOLVE=1 

MODFLOW=D:\IMODFLOW.EXE

NCYCLE=3 

SEPMODELS=D:\MODELS\SBM.IDF

OUTERUPDATE=1                                        

SKIPMODEL=0 iM
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Synthetic Example

Original Model

Submodels

PEST information 

after aggregation

BND for Submodels

Original Modelinput
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Synthetic Example

Original Model

Submodels

PEST information 

after aggregation

BND for Submodels

Original Modelinput

Global Objective Function

Local Objective Functions

cycle1 cycle2 cycle3

Sub models
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Synthetic Example

Original Model

Submodels

PEST information 

after aggregation

BND for Submodels

Original Modelinput

Original Model

Sub models
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Performance
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Performance
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N𝑐𝑝𝑢 =
𝑡𝑖𝑡𝑒𝑟
𝑡𝑖𝑜

If Ncpu is too high 

performance drops 

significantly

NCPU=12
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Performance
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Performance
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Conclusions

• Applying submodels in optimization 
yields high efficiencies from the 
beginning

• Optimization process is able to focus and 
restart on particular areas (submodels)

• Insight in parameter adjustments per 
submodel
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115 days

60%

4502

99%
efficiency

• Two or three outer 

cycles are often enough
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Contact

www.deltares.nl

info@deltares.nl

@deltares

@deltares

linkedin.com/company/deltares

facebook.com/deltaresNL
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