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An introduction to variance
based methods



Plotting the output as a function of two
different input factors

Which factor 1s more important?



~1,000 blue

points

Divide them
in 20 bins of

~ 50 points

Compute the
bin's average
(pink dots)




€ Output variable

MR Input variable x;

Each pink point 1s ~ EX | Y|XI
~I



€ Output variable

. _ Input variable x;

Taking the variance

of the pink points one VX (EX~i (Y‘Xi ))

obtains a sensitivity !
measure



€ Output variable

Which factor
has the highest

Vi (Ex, (Y]X,))?




V(B vIx,)
' V (Y)

['he partial variance divided by the

total variance 1s the so—called
sensitivity index of the first order




[s this factor non—important?
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For cases where 5. 1s zero but

the variable 1s still 1

need -

0 compute

mportant we

total effect’

sensitivity indices



The measures and their ‘settings’
= when to use them




Plenty of code available in R, MATLAB, and Phyton

https://cran.r—project.org/web/packages/sensitivitv/sensitivitv.pdf

https://cran.rstudio.com/web/packages/sensobol/index. html

https://www.uglab.com/ (in MatLab, by Bruno Sudret and his team)

---but there 1s more,

such as Sensobol in R,
SALib in Phython ---

SALib https://salib.readthedocs.io/en/latest/




Advantages with variance based methods:

 goraphic interpretation scatterplots
e statistical interpretation
e expressed plain English
e working with sets
 relation to settings such as

factor fixing and factor prioritization
 g1ve the effective dimension

Chapter 1 its
exercises



.-+ but there are other methods that can be used for different
settings, e.g. moment independents methods, Shapley coefficients,

reduced spaces, VARS -
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Don't use One factor At a
Time (OAT)

A geometric proof



Environmental Modelling & Software 25 (2010) 1508—1517

Contents lists available at ScienceDirect

Environmental Modelling & Software

journal homepage: www.elsevier.com/locate/envsoft

How to avoid a perfunctory sensitivity analysis

Andrea Saltelli*, Paola Annoni

Joint Research Center, Institute for the Protection and Security of the Citizen, via E.Fermi, 2749, Ispra VA 21027, Italy



OA'T 1n 2 dimensions

> / ared

Directions spannad
' by OAT methods t

= ~ square =?

i
p
L]
' )
e TN
.. N
] &
e l:.
! s el
u W . o
e e
= n,
o e
.-‘ . x x
3 te SN .,
" o e e
o e ] P ", n, ),
y ', oy ", Ul gt ", e e ", ", oy i
s e o e, e,
LN LA, LN L LN LN LN N . LAY LN L LN LN LN LN




OA'T 1n 3 dimensions

-,_/‘
/)

/I Volume sphere /
' volume cube =7

~1/2
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OA'T 1n 10 dimensions; Volume

hypersphere / volume ten dimensional
hypercube =7 ~0.0025




yvolurmne of n—ball inscnbed in the vnitary hy percube
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OA'T does not capture interactions

=» The resulting analysis 1s non
conservative



Quasi random sequences
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E3), Cornell University

arXiv.org > stat > arXiv:1505.02350

Search...

Statistics > Applications

[Submitted on 10 May 2015]

Exploring multi-dimensional spaces: a Comparison of Latin Hypercube and Quasi Monte
Carlo Sampling Techniques

Sergei Kucherenko, Daniel Albrecht, Andrea Saltelli
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Sobol’ LP-TAU
are used in high
frequency trading

Source: https://www.youtube.com/watch?v=z4nCTdQIH8w
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Root mean square error with different designs.



Don’t run the model just once

There 1s much to learn by running the model
a few times, especially during model building



[Lubarsky's Law of Cybernetic Entomology:
there 1s always one more bug!




Model routinely used to produce point
estimates may becomes non

conservative when the uncertainty is
plugged 1n




Current Models Underestimate Future Irrigated Areas

Geophysical Research Letters

A. Puy X, S. Lo Piano, A. Saltelli

Citation:

Puy, A., Lo Piano, S., & Saltelli, A.
(2020). Current models underestimate
future irrigated areas. Geophysical
Research Letters, 47, €2020G1L.087360.
https://doi.org/10.1029/2020GL087360
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Solution”? Modelling of
the modelling process by

taking ‘all paths in the
garden’



Don’'t sample just
parameters and boundary
conditions

Explore thoroughly the space of the
assumptions



An engineer’s vision of UA, SA

Resolution levels model structures

Simulation

uncertainty analysis

output sensitivity analysis

feedbacks on input data and model factors
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One can sample more than just factors:
« modelling assumptions,

* alternative data sets,

* resolution levels,

* scenarios -
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More material at www.andreasaltelli.eu
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