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Aim of my KE Fellowship (Nov 2017 — Oct 2020)

Goal
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Improving decision-making under uncertainty by transferring state-of-the-art methods
for Global Sensitivity Analysis (GSA), tools (SAFE software toolbox) and expertise to
the (re)insurance sector and catastrophe community.

Objectives

Understand major sources of uncertainty in
the insurance modelling process

Demonstrate benefits of using
Global Sensitivity Analysis
(through case studies)

Transfer knowledge and engage wider
insurance sector

(through workshops, training material,

embedding SAFE on OASIS platform, ...)
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Deliverables

» Developed pilot case study with actuarial team at
AXA XL

Developed training material for actuaries

YV VYV

Delivered tutorials on GSA/SAFE use for actuaries
at AXA XL and Bristol Actuarial Society

Actuarial community

YV VYV

Developed pilot case studies with JBA Risk
Modelling, OASIS and AXA XL on cat models

Developed training material for cat community

Delivered presentations/workshops on
GSA/SAFE use at OASIS conference and at 3
major re/insurance companies

Embedding SAFE on the OASIS platform

Catastrophe community

Training material available at: www.safe-insurance.uk/Outputs.html
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http://www.safe-insurance.uk/Outputs.html

Outline

What is Global Sensitivity Analysis (GSA)?

How does GSA work?

What are the main benefits of using GSA?

Examples of GSA applications from insurance and beyond

V.V V V V

Brief tutorial on how to use the SAFE toolbox
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What is Sensitivity Analysis and how does it compare to Uncertainty

Analysis?

UA focuses on quantifying the uncertainty in a model output.

SA focuses on attributing output uncertainty to the different sources of uncertainty.

[1] Characterize
uncertainty of input

[2] Forward
propagate

uncertainty

[3] Estimate output [4] Estimate
sensitivity indices

factors uncertainty
INPUT CAT MODEL POST
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How does it work?

[1] Characterize 2] Forward
uncertainty of input propagate
factors uncertainty
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[3] Estimate output

uncertainty

[4] Estimate
sensitivity indices
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[5] Open up model
and revise it
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Currently, most SA applications in re/insurance consider variations of the

inputs One-At-a-Time (OAT)

With OAT SA, the input factors are varied, one at a
time, by a prescribed amount (perturbation) while all
others are held constant at their baseline values.
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Currently, most SA applications in re/insurance consider variations of the
inputs One-At-a-Time (OAT)

With OAT SA, the input factors are varied, one at a
time, by a prescribed amount (perturbation) while all
others are held constant at their baseline values.
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SA methods using All-At-a-Time (AAT) investigate model response
independently of baselines

With OAT SA, the input factors are varied, one at a AAT SA investigates the effects of variation of
time, by a prescribed amount (perturbation) while all uncertain inputs across their entire Variability Space)
others are held constant at their baseline values. by varying all the input factors simultaneously.
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SA methods using All-At-a-Time (AAT) investigate model response
independently of baselines

With OAT SA, the input factors are varied, one at a AAT SA investigates the effects of variation of
time, by a prescribed amount (perturbation) while all uncertain inputs across their entire Variability Space)
others are held constant at their baseline values. by varying all the input factors simultaneously.
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What are the main benefits of using GSA?

» Allows to identify most influential input factors:
— Where is the acquisition of new data going to be most useful?
— Which parameters should be the focus of a more detailed calibration?
— What is the impact of different modelling choices?

» Supports model validation
— How does the model behave when run beyond the default set-up?
— Do the outputs respond to input variations as expected and physically reasonable?

Pianosi et al 2016, Environmental Modeling & Software (open access)
Wagener and Pianosi, 2019, Earth-Science Reviews (open access)
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Application to JBA’s Global Flood Model

Input factors considered:
» Vulnerability function
> Buffer size

» Number of disaggregation points
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Application to JBA’s Global Flood Model
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Application to JBA’s Global Flood Model

| GSA allows to increase
our understanding of the
model beyond default

They used predefined distributions to inform uncertainty.
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Application to JBA’s Global Flood Model
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Application to JBA’s Global Flood Model
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Application to JBA’s Global Flood Model

Vuln. Func. Buffer Disagg. Points
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Application to JBA’s Global Flood Model

GSA allows to automatically estimate the most
influential inputs.
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Application with AXA XL on a 3™ party wind peril model
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Application to a flood inundation model

Savage et al. 2016 Water Resources Research

Input factors

[0 Forcing Hydrograph }  Input datasets,
[ Channel friction
[J Floodplain friction
B Spatial resolution
[0 DEM

valentina.noacco@bristol.ac.uk

. parameters and

Both continuous and discrete

modelling choices
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Application to a flood inundation model

Savage et al. 2016 Water Resources Research

A\.}erage Maximum Water Depth
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Application to a flood inundation model

Savage et al. 2016 Water Resources Research

Input factors
[0 Forcing Hydrograph
[ Channel friction
[ Floodplain friction
B Spatial resolution
[0 DEM
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}  Input datasets,

parameters and

modelling choices
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The SAFE toolbox

»  Developed in 2014 by Pianosi et al.
»  Over 2000 users in academia in 50+ countries
»  Python, R and Matlab versions available

»  Easy to use, flexible, modular structure, easy to integrate with models running
outside Python, R or Matlab

»  Open access and open source
»  Variety of case studies available
»  Many visualisation functions

»  Lots of commented code and workflows
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The modular structure of SAFE enables easy coupling to stand-alone

models
< GSA steps folders in SAFE Toolbox
. 1 Samp"ng AAT Sampling.m
InpUt D OAT sampling.m
samples _ lhcube.m
_ lhcube shrink.m
_ lhcube extend.m
N
1
propagate « Model execution can be done outside SAFE
output  *
samples 2 cpp | EEI-indices.m
<U Elementary Effects Test ’ ; EET plot.m
W EET convergence.
N i Regional Sensitivi RSA
gional Sensitivity
1 .. P _ W Analysis
_ VBSA indices.m
S - J Variance-Based VBSA | VBSA convergence.m
e W Sensitivity Analysis VBSA resampling.m
sensitivity
indices <H ﬁ
12 .M
19 NERC |« University of
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Resources available

» Inside SAFE toolbox (no manual, documentation
embedded in scripts as comments, workflow
scripts guide you through the steps to perform
GSA)

» SAFE Toolbox website www.safetoolbox.info
(FAQ page contains explanations, references
and code to answer common questions)

» My website www.safe-insurance.uk (Outputs
page contains re/insurance case studies + code)

20 . . .
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Outputs

These are some of the outputs of my KE Fellowship:

Training material

* Workflow to guide in the application of Global Sensitivity Analysis to a pricing model in R or Excel, and interpretation of the results

(This workflow was produced with Rmarkdown s

nsitivity Ar
howing how to use the SAFE R version;

« Workflow to guide in the application of Global Sensitivity Analysis to a Catastrophe model (JBA's Global Fload Model) (This workflow
was produced with Rmarkdown showing how to use the SAFE R version)
o a Catastrophe model (OASIS Piwind t

* Workflow to guide in the application of Global Sensitivity As

interpretation of the results (This workflow was f

Analysis to a
produced with Jupyter

0y M
Notebook showing how to use the SAFE

niversity of

2. RISTOL
python version)
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GSA allows to achieve different objectives

Ranking

Which input factors have more influence on the

model’s response?

Model inputs

$
X1 x2 x3 x4 x5
2> X3 > X5 > Xy > X > X,

(]

gl

Sensitivity
Index

Mapping

Screening

Is there any input factor that has negligible
influence on the model’s response?

Model inputs

Then possible SA methods:

» Regional Sensitivity Analysis
» Elementary Effects

» Variance Based

[}

(]

Are there subranges of the input factors that map
into “significant” (e.g. extreme) output values?

Input factors

X, -
X; | — —
Xg | —
Xg |~ -
Xs |

-> specific subranges of the inputs give a flood depth above a threshold

valentina.noacco@bristol.ac.uk

Model output

—

Output (e.g. flood depth)
above a threshold

g

Sensitivity
Index

<
X1 X2 x3 x4 x5
- X, non influential

Then possible SA methods:

» Elementary Effects
» Variance Based

Then possible SA methods:
» Regional Sensitivity Analysis
» Classification and Regression Trees
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Classification of
GSA methods

M: number ofk

=
)
=
X
o
o
o
;
(72)
c
.0
-—
5
=) =
o
> 3
o 1)
L A
o
£
G
o
} -
©
0
£
=)
Z
=
X
(@]
o
o
A

)
SA purpose OQQ
X 5
&
Screening Ranking Mapping g K
A <
Ve 2\
Perturbation & g GE’
derivatives e =
N\ J o —
- B £
EET =0
Multiple-starts < =
perturbation DELSA :c;
- J
p
Monte-Carlo
filterin RSA
L 9
CC,PCC,
Correlation & SRCC, CART — o
Regression PRCC,CCA g <
Analysis 9 <
(0]
N LR (SRC) Q) £
l—
4 A e
<
eFAST , FAST p
<
Variance- =
based entropy-based, <
& O-sensitivity,
Density- FAWN
based
VBSA

input factors

valentina.noacco@bristol.ac.uk

w: safe-insurance.uk

NERC

Hn

i

kg University of
il BRISTOL



