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Sensitivity is the study of the influence of the inputs on the outputs.

Main problem: Under such a generic definition there may be many

different interpretations.

Output variable response to an increment in some of the inputs (non-
probabilistic interpretation).

Correlation between inputs and outputs
Monotonic relation between inputs and outputs
A more complex polynomial (or non-polynomial) relation

Specific relations between different regions of input parameters and output
variables

Output distribution changes as a result of input distribution changes
(distribution sensitivity techniques)

Fractional contribution to the output variance (variance based techniques)
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Any multivariate integrable function with support in the n-dimensional unit hypercube
admits a unique decomposition in orthogonal terms (Sobol's HDMR):

f(x)=f, +Z:‘ f (xi)+zi<j f, (xi,xj)+zi<j<k i (%, X, X )+t Fip 1 (X)

Institute for Energy

If our model has only two input parameters: F(x)=1,0x)+ T(x,)+ (X, X,)
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Screening methods

Target: Identify non-relevant input parameters from the | |
point of view of the functional relation between [ ——
inputs and outputs (only ranges of input |/ |

|
parameters are taken into account, pdf's are -3 0
ignored) = screen them out L . I_.
Methods: | ._I -
«  Factorial Designs (FD) L .9_1
Fractional Factorial Designs (FFD) -
»  Andres’ lterated FFD (IFFD) " /P

*  Morris’ one-at-a time designs
«  Sequential bifurcation
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x10° Scatter-plot, Level-E test case, raw values
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Scatter-plot, Level-E test case, decimal logarithm in both input axes

4 Scatter-plot, Level-E test case, decimal logarithm in both axes
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Conditional Cobweb plot, Level-E test case, Peak dose due to 29
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CONTRIBUTION TO THE SAMPLE MEAN PLOT -
CSM pIOt | : :Contribufion to the:sample n:'uean plot
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Regression based methods

The PA model is studied assuming that it may be correctly represented by the following generic model
(usually only up to main effects)

A A i:n A A
f(x) =B, +Zi:1ﬁixi +Zi’j LiXiX; + ...
This model is estimated using standard statistical estimation techniques

 The output variable and the input parameters are standardized ( subtract average and dividing by
standard deviation)
« Partial correlation coefficients (PCC)
« Standardized regression coefficients (SRC)
— RZis a measure of the quality of the results obtained

 Main problem: The assumed relation is too simple (no interactions, no higher order effects).
Possible solution =¥ transformation of inputs and output (log, ranks, etc.)

« Ifranks are used =» PRCC’s & SRRC’s
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Regression based methods

Dm versus time for each input variable and D
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Monte Carlo filtering

In some models there are neither clear
linear nor monotonic relations, but there
are threshold effects, discontinuities, ...

In those cases, some classical statistics
and graphic tools may be useful

* Mann-Whitney test,

+ Kolmogorov-Smirnov test, A
* Smirnov k-sample test
 Kruskal-Wallis test,

— Sg,® ||
_____ === Sgy(0)
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Variance based techniques

The objective of these techniques is to ascertain what part of the output variable
variance is due to each input parameter or interaction of parameters.
 Theoretical basis: Sobol's HDMR =» D= Zl D+ Dyt Dy
. Sensitivity indices B 5, , ==
 Techniques:
— Correlation ratios
— Does not need specific sampling techniques. Only main effects estimated
— Sobol’s sensitivity indices

— Very powerful, but needs specific sampling and huge sample sizes

— Fourier Amplitude Sensitivity Test (FAST)

— Powerful, but needs specific sampling and large sample sizes

— Difficulties to properly estimate sensitivity indices for discrete input parameters (GRS- Braunschweig)
— TU Clausthal is developing a new method to estimate SA indices using random samples
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Sensitivity Analysis (SA) activities under PAMINA (RTDC's 2 & 4)
1. Review of SA techniques

2. Benchmark of SA techniques (8 partners participating)

- Step 1: Study of 12 mathematical models
« Testand debug SA tools

Starting from rather simple models, introduce complexity progressively
— increase the number of parameters
— add non-linearities
—  consider non-monotonic models
— include periodicity
— consider continuous models whose derivative does not exist at some given points
— consider models with interactions
— check the different capability to estimate accurately large and small sensitivity indices

«  Study the effect of sample size on the convergence and accuracy of estimates



TU Clausthal

D

EUROPEAN COMMISSION

Institute for Energy

Luxembourg, October 20" — 22", 2008 — EURADWASTE’ 08.

Sensitivity Analysis (SA) activities under PAMINA (RTDC's 2 & 4)

—  Step 2: Application of SA
techniques to a simplified PA

Panner PA case PA model! N of iputpa- | SA methods SA software
mOdel (33 parameters’ 1 2 Of computational cost | rameters
. GRS-B/ Rock salt EMOS-LOPOS TSS b Regresson baged SimLab JRC-Tspra)
th em unce I'tal n) . 4 JEC-Pettens | dome 30 eninfrn Allinpws | (loar & rank based) | JRC.Pesten software
radionuclides ("%l and the TR, | oA
in 237 233 Tndurited clay | EMOS-CLAYFOS 10 Regeasonbased | SimLab JRO-Tipra)
gzegcay Chal N N p ’ U an d TSS Allispws | (loear & rask based) | JRC.Petten softwaee
Th ) . Strong | nte raCt|O ns. 30 muinfrun mdependent | FAST/EFAST
. Smirnow
3.  Development of SA studies for GESK  |Ironore mae | NAMNU-2D. Geo T30 |Regesmonbued | SUSA(GRS)

different PA models proposed by

sphere tydrology
(aaurated conditionm)

Deperdences

(Speteman)

ENRKESAS | Granste GoldSim TSS ~100 Soms sereening JRC.Peten softwace
pa rtn ers (7 pa rtne rS) JREC-Petter: 300-1000 ruedday [ndeperdent | Most glebal
_ i i Plastic clay | GoldSim TSS ~100 Soms sereening JRC-Peten software
Dlﬂ:e rent number Of IanIt 3001000 rur/day Indeperdent | Most global
parameters NEG | Sak EMOSECN ; Most glcbal TRC-Peten softwe
JECPetten A Baw secondsirun [ndsperdent
— Different com puta’uon al cost per Seft clay EMOS-ECN 6-8 Mozt global JRC-Petten sobtwice
A Bew secondsiyon Indeperdent
run Facil:a Grante KB5-3 (focused on ~100 All EIKOS
. . Mosphere)
- D Iﬁe re nt SA teCh N Iq ues ANDRA! | Indursted clay | Alliance olatform, T Regressaon baged Alliagee platfoem
JRC Petters 2D Deperdences | (linsar & rank based)
Several papers expected to be sent to Tndarsted clay | Allzance glaforms, A0 | Regessmnbased | Aliasce platteem
3.D Deperdences | (linear & rask bazed)

scientific peer reviewed journals

MCF (Smuney,,..)
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Conclusions

1. Different sensitivity analysis techniques are available. Each one provides
information about the input — output relations under a specific interpretation of
the concept ‘sensitivity’

2. The results provided by different techniques are complementary.

3. Ingeneral, most powerful techniques demand larger (in some cases
unaffordable) sample sizes. =¥ a lot of room for improvement.

4. Relevant achievements within PAMINA

—  Deeper understanding of SA techniques
— Real research in SA methods improving known methods

— High degree of group integration, applying SA techniques to real PA model of
interest to partners



