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First part – 28 Nov
9:30- 10.00 Round table with participants 
10:00 -10:30 Welcome, introduction, the use of evidence in the Better Regulation context, models, models in impact 
assessment (Paul) 
10:30 – 11:10 Models, uncertainty and model quality assurance (Andrea, 40m) 
11:10-11:45 Uncertainty analysis & Sensitivity analysis concept and brief history, Basics of statistics, Monte Carlo 
method (Stefano) 
11.45-12 (break 15 mins)
12:00-12:30 Uncertainty and sensitivity analysis in impact assessment (Andrea 30m: stress on OAT vs GSA) 
12:30-13:15 Steps of a sensitivity analysis I part (Rossana: OAT example/scatterplot/introduction to SI) 
Closure All
Second part – 29 Nov am
9:15-9:45 Steps of a sensitivity analysis II part: variance-based and Sobol’ method (Stefano) 
9:45-10:20 Use of Siml@b tool for global sensitivity analysis (Rossana) 
10:20-10:50 Examples of sensitivity analysis results (Andrea 30m) 
10:50-11.05 (break 15 mins)
11.05 11.30 Examples of sensitivity analysis results (Stefano)
11:30 -12:30  Sensitivity Auditing (Andrea 60m) 
Conclusions (with Paul) 12:30 – 12:45



Where to find this talk:

www.andreasaltelli.eu
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“Anyone turning to a model for insight should 
demand that such analyses be conducted, and their 
results be described adequately and made 
accessible”



A short trip through sensitivity analysis 
borrowing N. N. Taleb’s via negativa 



Don’t use just any method
Use the method appropriate to context and purpose



An introduction to variance 
based methods  





http://www.andreasaltelli.eu

Available for free at 
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Plotting the output as a function of two 
different input factors 

Which factor is more important? 

Output variable Output variable

Input variable xi Input variable xj
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~1,000 blue 
points 

Divide them 
in 20 bins of 
~ 50 points

Compute the 
bin’s average 
(pink dots)   

Output variable

Output variable

Input variable xi

Input variable xj



 iXYE
i~X

Each pink point is ~  
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Output variable

Input variable xi



  iX XYEV
ii ~X

Take the variance of 
the pink points one 
obtains a sensitivity 

measure  
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Output variable

Input variable xi
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Which factor 
has the highest

?  iX XYEV
ii ~X

Output variable

Output variable

Input variable xj

Input variable xi



More on scatterplots and 
variance based next 



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



First order effect Factor 
prioritization 
(orienting 
research)

Total effect Factor fixing 
(model 
simplification)  

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



Computing the 
indices 

efficiently 







Model’s effective dimension 



The difficulty of a function/model is not in its number of 
dimensions but in the number of effective dimensions, 
either in the truncation or superposition sense 

truncation sense = how many factors are important? 
superposition sense=how high is the highest interaction?   



Or you can compute the mean dimension directly 



Why using variance-based 
sensitivity analysis methods



Advantages with variance based methods:

• graphic interpretation scatterplots
• statistical interpretation   
• expressed plain English 
• working with sets
• relation to settings such as 

factor fixing and factor prioritization
• give the effective dimension  

Chapter 1 its 
exercises 



… anyone developing a 
new method tests it against 𝑆𝑖 , 𝑇𝑖



can be used to do a sensitivity 
analysis of a sensitivity analysis…
𝑆𝑖 , 𝑇𝑖



… but there are other methods that can be used for different 
settings, e.g. moment independents methods, Shapley coefficients, 
reduced spaces, VARS …  



Don’t use One factor At a 
Time (OAT)

A geometric proof 





OAT in 2 dimensions

Area circle 
/ area 

square =? 

~ 3/4



OAT in 3 dimensions

Volume sphere / 
volume cube  =?   

~ 1/2   

http://images.google.it/imgres?imgurl=http://yaroslavvb.com/research/reports/curse-of-dim/pics/sphere.gif&imgrefurl=http://yaroslavvb.blogspot.com/2006/05/curse-of-dimensionality-and-intuition.html&h=287&w=265&sz=11&hl=it&start=3&um=1&tbnid=WwtgUyNpRPBdwM:&tbnh=115&tbnw=106&prev=/images?q%3Dcurse%2Bdimensionality%26um%3D1%26hl%3Dit%26rls%3DGGLD,GGLD:2004-34,GGLD:it%26sa%3DN
http://images.google.it/imgres?imgurl=http://yaroslavvb.com/research/reports/curse-of-dim/pics/sphere.gif&imgrefurl=http://yaroslavvb.blogspot.com/2006/05/curse-of-dimensionality-and-intuition.html&h=287&w=265&sz=11&hl=it&start=3&um=1&tbnid=WwtgUyNpRPBdwM:&tbnh=115&tbnw=106&prev=/images?q%3Dcurse%2Bdimensionality%26um%3D1%26hl%3Dit%26rls%3DGGLD,GGLD:2004-34,GGLD:it%26sa%3DN


~ 0.0025

OAT in 10 dimensions; Volume 
hypersphere / volume ten dimensional 
hypercube =?    



OAT in k dimensions

K=2

K=3

K=10



OAT does not capture interactions

 The resulting analysis is non 
conservative 



How to shake coupled 
ladders 

How coupled ladders are 
shaken in most of available 
literature  

How would you test the scaffolding? 





Don’t use method that are 
not model-independent 
(such as PCC, PRCC)

Use model-free methods 



Why not using correlation-regression based techniques?
PCC, PRCC, SRC, SRRC 

They assume linearity (PCC) or monotonicity 
(PRCC), which is difficult to know ex-ante



Don’t use either LHS or 
optimized LHS 

Quasi-random sequences perform better 



Quasi random sequences 

Ilya M. Sobol’   



Sobol’ LP-TAU 
are used in high 
frequency trading 

Source: https://www.youtube.com/watch?v=z4nCTdQlH8w



Root mean square error with different designs. 
Work in progress with Arnald Puy (U. Birmingham)



Don’t run the model just once

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



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



Model routinely used to produce point 
estimates may becomes non 

conservative when the uncertainty is 
plugged in 







Sustainable Development Goals (SDGs), from Zero 
Hunger (SDG 2) to Water Stress (SDG 6), will be poorly 
assessed if irrigation water withdrawal convey an 
illusion of accuracy



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
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An engineer’s vision of UA, SA



One can sample more than just factors: 

• modelling assumptions,

• alternative data sets, 

• resolution levels, 

• scenarios …



Assumption Alternatives 

Number of indicators  all six indicators included or   

one-at-time excluded  (6 options) 

Weighting method  original set of weights,  

 factor analysis,  

 equal weighting,  

 data envelopment analysis  

Aggregation rule  additive,  

 multiplicative,  

 Borda multi-criterion 

 



Space of alternatives

Including/
excluding variables

Normalisation

Missing dataWeights

Aggregation

Country 1

10

20

30

40

50

60

Country 2 Country 3

Sensitivity analysis 

Pillars



Don’t go public 
with your results 
without having 
seen your SA

Find SA before SA finds you



NEVER vary all factors 
of the same amount 

Be it 5%, 10%, or 20%





Speculative scenario in which ten 
uncertain input probabilities are 
increased by an arbitrary 10% — as if 
they were truly equally uncertain — with 
no theoretical or empirical basis for such 
a choice



In a numerical experiment relating to a real-
life application the range of uncertainty of each 
input is crucial input to the analysis, and often 

the most expensive to get 

… beside uncertainty can be used 
instrumentally 



… beside uncertainty can be used instrumentally; 
inflated by private interests, deflated by regulators  



The End


