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• Many models contain uncertain parameters, 
often related to friction, boundary conditions or 
sub-soil material properties 

• Model output can be validated against 
observations. 
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Optimization of a costfunction

• calibration is defined as an optimization problem
• elaborate background in statistics, e.g. log-likelihood function

• measure distance or misfit of model to observations
• depends on uncertainty of observations and representativeness

• for independent observation errors

• may be ill posed!



 

Background terms

• often regularization is needed to obtain a well-posed problem
• a background error (Bayesian prior) solves this formally (and 

sometimes/often also practically)

• this denotes a distance to the prior estimate, e.g. for independent 
errors for the parameters

• can also be used as a constraint on smoothness
• there is a mathematical theorem relating smoothness of the 

solution to the covariance of the errors 



 

Reduction of number of parameters

• there is a limit to what can be extracted from observations
• remember : number of parameters < independent observations
• useful: common sense, knowledge about the application



 

Optimization algorithms

• Dud

• Efficient for nearly linear models
• Sparse Dud

• More efficient than Dud when one parameter influences only 
few observations

• Simplex

• Robust generic method
• Powell

• Can be efficient for finding last decimals of solution
• Gridded Full Search

• Useful for testing 
• GLUE, SCE

• Can handle local optima
• Conjugate gradient
• LBFGS
• SPSA (under construction)



 

Does not Use Derivatives (DUD)
• Start running first guess and modifying each 

parameter
• Linearize the model around these values
• Solve linear problem
• IF

 this is an improvement update linearization 
with new point (remove worst estimate from the 
list)

• ELSE
 do a line-search (only until there is 
improvement)

DUD algorithm



 

DUD input file

• Outer iterations can stop on various criteria
• WeakParameterConstraint adds term for difference to initial pars
• LineSearch starts when linear fit fails (look at output!)
• Use documentation or xml-editor that supports xml-schemas for 
assistance 



 

Simplex
• try mirror point 

with largest 
value

• try to extend
• ... 

Optimization methods



 

Simplex input

•Simplex has only outer iterations
•Standard stopCriteria test for changes to cost value



 

Powell
• one line-

search per 
parameter 
each outer 
iteration

• update seach 
directions

Optimization methods



 

Powell input

• Powell performs a series of line-searches
• Each line-search:
• Bracket one lower cost between two larger ones
• Followed by a series of parabolic fits
• Initial line-searches change one parameter
• Later line-searches use an estimate of the Hessian (Quadratic fit)



 

Gridded Full Search

• Test all combinations of parameters on a regular pattern
• Value with lowest cost is returned
• Parameters are in same order as in StochModel 



 

DUD Output

Estimated parameters from linear fit

Try full model with these pars

Results of full run



 

DUD output

• Estimated errors (from accuracies in input and linear fit)
• Summary of calibration



 

SWAN: 3rd generation wave model

Wave breaking and interaction over a bar

totS

0.4

0.3

0.2

0.1

0

0.5m

X

Z
0

1:20

10

1:10

20 30m

WAVES

STATIONS01 02 0403 0705 06 08

=wind input+ non-linear interactions (quadruplets &/+triads)+
 whitecapping + bottom friction+ depth induced wave breaking 



 

SWAN calibration : costfunction

Local optimum: Powell does not converge here
Weak constraint helps here: larger cost values



 

SWAN calibration : parameter estimates

Weak constraint: closer to initial parameters



 

Options

• Restarts

• After a crash, when you need more iterations
• Parallel computing and scheduling

• Modify blackbox wrapper
• Data selection

• Obervations are truncated in time based on simulation interval 
and options in StochObserver 



 

Restart

  Create restart files

<?xml version="1.0" encoding="UTF-8"?>

<openDaApplication>

<stochObserver className="org.openda.utils.CsvStochObserver">

<workingDirectory>./stochobserver</workingDirectory>

<configFile>observations_oscillator_generated_for_calibration.csv</configFile>

</stochObserver>

<restartOutFilePrefix>restart_</restartOutFilePrefix>

<stochModelFactory 
className="org.openda.models.oscillator.OscillatorStochModelFactory">

…

  Use restart file

<restartInFile>restart_1.xml</restartInFile>



 

Parallel computing/schedule runs

Input file of Model wrapper:
                <!-- computation actions -->

                <!-- define actions relative to working dir. -->

                <computeActions>

                      <action workingDirectory="%instanceDir%"  linuxExe="%OPENDADIR%/delftFlowRunQsub.sh" >

                            <arg>%runid%</arg>

                            <arg>%runid%_%instanceNumber%</arg>

                        </action>

                </computeActions>

                <additionalComputeActions>

                      <action workingDirectory="%instanceDir%"  linuxExe="%OPENDADIR%/delftFlowRunWait.sh" >

                            <arg>%runid%</arg>

                            <arg>%runid%_%instanceNumber%</arg>

                        </action>

                </additionalComputeActions>

Use scripts to start and wait for runs.



 

Time selection of observations

• Eg to exclude spin-up of model

Blackbox model config file:
   <timeInfo start="2009-01-01T00:00:00" end="2009-04-01T00:00:00"/>

Noos StochObserver:
<timeSeries status="validate" minDateTime="200901040000"

 MaxDateTime="200904010000" minValue="-3.0" maxValue="3.0" >

    aberdeen_waterlevel_astro.noos

 </timeSeries>



 

Final remarks

• Calibration tools only try to minimize the cost function. You have 
to provide the problem such that the results are meaningful.

• Look carefully at output files. Many things can go different than 
expected.
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