Machine learning and
supervision

Developing tools for supervision
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Background

* Supervision of the
Insurance market

- Cover all companies
- Riskbased

- Quantitative vs.
gualitative information

DG Reform




Qualitative data

* Three qualitative reports

SFCR 432 45 1

- Solvency and Financial Condition onsy I
Report (SFCR) SFCREORSA 0 1 1
RSH & OHSA 0 13 l

SFCR & RSR & ORSA 1] T 0

- Regular Supervisory Report (RSR)

- Own Risk Self-Assessment
(ORSA)

e Format PDF

Table 1: Number of companies with submitted reports from each corresponding vear and report
tvpe(s).



The relation belvwesn pages and ssclions in 125 SFCRS from 2018 ookt
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Converting PDF to text

* Relation between number of
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Figure 2: The relation between the number of peges and section in SFCHs. Each dot represents & single
SFCR.



Classification

REK TOTAL SOLO

2023 (2022) Category

* Risk matrix T —

Orange

Yellow

* Classifier
- Predefined classes — true label = SR

- Classifier output: Known risk
Cate g O ry Name Number of Classes Classes

Original 4 Groen | Yellow | Orange | Red
Tornary 3 GreenYellow Orange | Red
Binary 2 GroonYellow OrangeRed

Table 2: IMustration of the eategorization schemes (Original, Ternary, and Binary).



Experiments

* Text classification model
TF-IDF for numerical vector
- Dummy
- Logistic regression

- Multinomial Naive Bayes
classifier

- Complement; different version
of Multinomial Naive Bayes

- Linear Support Vector classifier




Gold standard SFCR - clustering of complete decuments

A 056 056 053 034 054 034 056 055 0533 055 056 054 055 -

Result clustering PDF
 Overall clustering of SFCR

* Also clustered per mandatory
section

 Distance between different | R —
reports — 0, 038 041 042 042 D39 038 04 042 |

041 042 041 038 O

Figure 6: A cluster map indicating illustrating the pairwise distances between the SFCRs in the gold
standard data set.



Results

* Modelling effects
- Limited SFCR
- One-hot encoded

Dtaset Grouping Size Classifler
Dummy Logistic  Multinomial Complement 5VM
OREBA Liv T 714 GB4TEIES G4.7£18.3 60.9+2309 G0.4+23.5
Skade o 556 SR1+189 47.2419.0 47.1+£19.2 51.1+10.1
RER Liv o 667 GG.720.0 G3.1£15.0 51.3+235 58.09420.7
Skade 11 545 S550%157 50.3£175 66.2+18.3 G2.5+10.8
SFCR Liv T 520 STEEITT 50.5£15.3 60.3+1609 G7.7+10.0
Skade 25 600 647205 G0.5+4.0 T3.4+12.5 85.7+10.3
SFCR & RSR  Liv T 571 466172 16.6£17.9 45.4+30.1 41.1+24.8
Skade [ 1000 N/A N/A MN/A N/A

Table 10: Classification results (mean accuracy and standard deviation) of different classifiers
on the three different tvpes of reports, as well as the combination of SFCR and RSR. when split
over company domain (Liv & Skade). Bold highlights the average accuracy that lies outside one
standard deviation from the accuracy of the Dummy classifier. The N/A symbol means that no
results were obtained.
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| essons learned...
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