Load the packages

Transterring expertise on Global Sensitivity Analysis to CG U e
Insurance practitioners using workflows
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ary(ggplot2)

Define input factors subject to SA

The distribution of the inputs DistrFun and their range DistrIn can be chosen by expert judgement, available data (e.g. portfolio or market data)
or literature.

DistrFun <- "unif" # Inputs distribution

DistrIn <- list( c(®, 1), c(@, 1), c(0, 1), c(@, 1)) # Range of each inpu
x_labels <- c("Frequency trend","Severity trend","Exposure trend", "Develo
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SampStrategy <- "lhs" # Here the sampling strategy for ALL At the Time (AAT) sampling 1is

t
pment pattern") # Name of inputs

# Latin hypercube (another option is random uniform)
N <- 500 # Sample size

([ J
3 3 M <- length(DistrIn) # Number of inputs
X <- AAT_sampling(SampStrategy, M, DistrFun, DistrIn, N) # Sample inputs space
, colnames (X) <- x_labels # Set columns names
Run the model
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Check model behaviour by visualising input/output samples

scatter_plots(X, Y, prnam = x_labels) + ylab("Losses (in million £)") +
xlab("Input value") + theme(text = element_text(size=sz_tx))

Background on losses from natural disasters and insurance
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« Lack of standardised regulatory guidelines for model validation. e s e
[ ) () Frequency trend Severity trend Exposure trend Development pattern
What is Global Sensitivity Analysis? b ette r a tt rl b u te u I I C e rta I I I ty — s
GSA is a set of statistical analysis techniques to investigate the complex "l — — ; = o
behaviour of mathematical models in a structured, transparent and T= ] —] -
ComprehenSive Way [3]. - 0.00_0_'00 025 050 075 100000 025 050 075 InL?J(:S:I?Je 025 050 075 100 00 02 04 06 08
o B : : . . User,S Chulces Question: From the CDF plots, which input factor would you say is most influential? Why?
SenSItIVIty analySIS answers the queStlon: hOW mUCh does Varylng eaCh Tt T Arethese-resuitsconsister,:twilihthevisuZIanaIysisofth;scatt;/rplots? . g
. . . ope : Choose the input factors subjectto SA P
input factor contribute to the variability of the model output? p J Plot the sensitivity indices
INPUT FACTORS SETUP i Define other model inputs not subject to SA boxplotl(mvd, prnam = x_labels) + ylab("Sensitivity index") + ylim(e, 1)
: r / INPUT FACTORS subjectto GSA N%qugglﬁsgm OUTPUTS Define the scalar model output(s < 1,00
PrOJECt S goal . historical claim data) /'  se——— O oo put(s) - —
. . . . . . oute (e 0 SA steps Choose the SA method(s) < -
To improve decision-making under uncertainty by transferring state- N e [ -— ;
X X X Trend Factor) | ACTUARIAL | | 5 < Define the input variability space (ranges/PDFs/ ._.) —_ 2
of-the-art methods for GSA, tools (SAFE software toolbox) [4,5] and T T aue SIS VAN /\i | - 1+ INPUT R— i - te;[ d ’ — Fonl
. ] . || Mh.. | ) distribution (e.g. osc:;guor - O:SZEUO, . . ] cmrii e sampling stra random uniform, latin 2 ®
workflows to the (re)insurance sector and catastrophe community. e eaeneyefiosses GrocanessT)  Sibuaness? SAMPLING R ——————
=) T <] number of input factors) = .
. . . o o . MODEL
By better capturing uncertainty, we aim to make decision-making NPUT SAVPLING b evavamon | P — h N
more rObUSt, as the Chance Of unexpected Surorlses IS reduced, and (*) Inpuls may be exported: 1 output1 1 OUtPUt2 EVALUATION Recnmmende{j prac.tlce Question:AretheserTsiti\;ityindicesconsistentwiththevisualinspectionoftheCDFpIots?
. . , . . ﬁﬁr?;rlz ﬁgg{;‘f;au"é”ggg“ma? be done) to Excel > eck mode viour Are these results credible |
increase the transparency of an insurer’s risk profile e o cosbe ) Srp b E | 0§ B -~ I it Assess robustness by bootstrapping
'. Eﬁ(}%ﬁ;ggﬁd Gbéf\umaypbe dc;ne) from Excel (where N E £ ) I ; I I 3 POST —~| Assessrobustness I:Er'ld pDSSibW EDFI‘-IEFQE!FICE:I In order to assess the robustness of the sensitivity indices bootstrapping in performed (here Nboot = 1608 ).
I . I I I " - modelinputs:  x1 x2 x3 x4 x1 x2 x3 x4 - = Nboot <- 180 # Number of resamples used for bootstrapping
[1] MunICh Re (2018) httpS.//WWW.munIChre.Com/tOpICS-On|Ine/en/2018/01/2017-yeaI‘—In— AN Sensitivity analysis ’/ PROCESS'NG | Visualize results rsatgriee <- R?A_in(?ict-?-i_gr‘oups(xi Y, n_]gcroupsf, fllag, Nboot = Nboot, alfa = ©.05) # By adding the extra argument ~Nboot to
figures (GSA) ~— e etimmtd by botetramping
[2] EC (2009) Directive 2009/138/EC The taking-up and pursuit of the business of Insurance 7| Assess credibilty of SA A

idxb_Nb <- rsatgriee$idxb
mvd_1b <- rsatgrlee$stat lb
mvd_ub <- rsatgrilee$stat_ub

and Reinsurance (Solvency II).
3] Saltelli et al. (2008) Global Sensitivity Analysis. The Primer. Wiley
4] Pianosi et al. (2015) An open-source Matlab Toolbox for GSA. Env. Mod. & Soft.

5] www.safetoolbox.info

Here the sensitivity indices with their 95% confidence intervals are plotted.

boxplotl(mu = mvd Nb, 1b = mvd lb, ub = mvd ub, prnam = x_labels) + ylim(®, 1) + ylab("Sensitivity index")
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Sensitivity index
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The results show that the Severity Trend factor is the most influential input, followed by the Frequency and Exposure Trend factors.

Question: Are the sensitivity indices adequately estimated? Is the sample size large enough?



