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Intro - Stochastic reserving?

e A Stochastic Model is any o s
mOdeI that |nCIUdeS a Coef of Yariation  31.56865
random error term

« Stochastic reserving is used
“to estimate the full
distribution of possible
outcomes...” *

not just the mean.

ath Percentile 1753073
Lower Quartile 2400388
Upper Quartile 3.542817
35th Percentile 4333333

- T T T T
$1.050 $1.950 $2.850 $3.750 $4.650 $5.550 $6.450 $7.350 $8.250 $9.150 $10.05
Range of rezerve outcomes (Lognormul]

* Source: England and Verrall (2002)



— Current Challenges and Future Opportunities

SYMPOISUMBNRORN.. .1 7 v s i oo e
Intro - The Reserving Continuum

Sensitivit Scenariof Stochastic
Deterministic ) y Stress Stochastic
Testing . Overlay
Testing

: Mid 1990s/

1970s + Early 1990s Hie Zeilts 2000s + 2001 +
Still used Introduction S:[c;gino Risk Margin Limited use
widely and is of PS300 in 0 enhar?ce discussions/ of stochastic
the basis of May 1994 : bootstrapping/ techniques

) understanding :
our education : supplementary but is on the
of uncertainty : :
system stochastic increase
analysis
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Intro - What are the Techniques?*

Techniques in common use...

« Generalised linear models

* Bootstrapping of deterministic models
e Top down risk quantification

Others...

e Bayesian or credibility models

« Kalman filter

» Wrights model

 Hoerl curve

* Sources: England and Verrall (2002), Taylor (2000), O'Dowd et al (2005)
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Case study — Weekly Comp PPAC GLM

What?
Weekly compensation for a large accident compensation scheme
Why?
1. Superimposed inflation? Is it evident? What is the level?
2. Better understand the uncertainties in the reserving?
3. What insights can we derive to build into the main valuation?
4. Estimation of risk margins

How?

E(Pmts;;) = Actives;  ; X E(ContRate,) x E(PPAC;), where i = devaqtr, ] = accqtr
GLM1 — ContRate;; = Actives;; / Actives;; ; = f(i, j, I+]) + error

GLM2 — PPAC,; = Pmts;; / Actives;; = (i, |, I+]) + error
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PPAC GLM Superimposed Full reserve
inflation distribution
Model Parameter Estimates - Short Term
. Model Predictor Formula Estimate Multiple

Fl tted G L M Intercept 0.0000
. Development Quarter = 1 (devqtr =1) -0.1154 89%
i S h Ort, med ium an d Development Quarter = 2 (devgtr = 2) -1.1367 32%
Development Quarter = 3 (devqtr = 3) -0.4618 63%
Iong te rm rates are Development Quarter (linear 4 to 7) min(max(devqtr-4,0),7-4) 0.0498 105%
m Od el I ed se p ara‘te Iy Development Quarter (linear 11 to 15) min(max(devqtr-11,0),15-11) 0.0089 101%
Development Quarter (linear from 15) max(devqtr-15,0) 0.0012 100%
° Ove r-d |S pe rsed Development Quarter (greater than 3) (devgtr ge 4) -0.2958 74%

. Experience Quarter (step to 30 June XX) (expgtrdate It '30junXX'd) 0.0233 102%
PO'SSO n / Log G L M on (Development Quarter = 1) and Exp Qtr (prior to 30 June XX) 0.2132 124%
A Ctlv ei J (Development Quarter = 2) and Exp Qtr (prior to 30 June XX) -0.0708 93%

« Offset - Log(Active,  ,) : :
1) Model Parameter Estimates - Medium Term
° Blnary and I|near Model Predictor Formula Estimate ~ Multiple
Intercept -0.0264
Seg me nt tran Sform S Development Quarter (after 44) (devqtr ge 44) 0.0128 101%

are used



3 gser-vigg-;fbg@gqeml Insurers

"SEMINAR

Instetuie of Actuaries of Austrmlin

6 CUMBERLAND ST, THE ROCKS, SYDMNEY

PPAC GLM Superimposed Full reserve
inflation distribution

Comparison tO GLM vs. Deterministic Model
deterministic model
« GLM fitted rates | SRS LR
compare well with the | R y
deterministic fitted % """""""""""""
rates p
« Confidence limits can % o oot
be calculated for the g
GLM fitted function | —
. Confidence limits
(this assumes no | indicate more
correlations in | cotimage et
estimates) 1A T 40 43 16 49 92 925 98 3y 3h 31 a0 A3 A6 a9
Development Quarter
GLM = = = =GLMLower Bound = = = =GLM Upper Bound Deterministic Model
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Superimposed Full reserve
inflation distribution
F| tted G LM Model Parameter Estimates
Model Predictor Formula Estimate Multiple
° Ove r-d |Spersed Intercept 10.4478
. Development Quarter = 0 (devqtr = 0) -0.9972 37%
PO ISSON / I—Og G I— M on Development Quarter = 1 (devqtr = 1) -0.5187 60%
F) mtS ) Development Quarter = 2 (devqtr = 2) -0.2301 79%
) Development Quarter = 3 (devqtr = 3) -0.0436 96%
° Offset - Log ( Actlve ) Development Quarter (linear 3 to 7) min(max(devatr-3,0),7-3) 0.0624 106%
L) Development Quarter (linear 7 to 11) min(max(devqtr-7,0),11-7) -0.0090 99%
e B | nary an d I |n ear Development Quarter (linear 11 to 15) min(max(devqtr-11,0),15-11) 0.0166 102%
Development Quarter (linear 15 to 27) min(max(devqtr-15,0),27-15) 0.0067 101%
Seg ment '[I’an SfO rms Development Quarter (linear 27 to 39) min(max(devqtr-27,0),39-27) 0.0006 100%

Experience Quarter (linear 30 Jun XX to 31 Dec XX) min(max(expqtr-93,0),30) 0.0036 100%
are used
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Comparison to
deterministic model

« Some differences in
the GLM for early
development qtrs

« Compare well after gtr
12

» Should we investigate

GLM vs. Deterministic Model

Payments Per Active Claim (PPAC) $'s

i GLM and main
Why there IS a vaIL!ation model
difference? deviate
A 5 9 12 A1 20 2% 29 33 31 AL AD A9

Development Quarter

—a—GLM - GLMLower Bound ~ ------- GLM Upper Bound ——=s—— Deterministic Model
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What is SI?

e Sl - increase in claims
costs across time
(payment quarter), after
controlling for all known
cost drivers (Devqtr and
Accqtr)

Deterministic estimation

e Choose matching
diagonals (or single
Devqtrs)

« Estimate the increases in
PPACs for the matched
diagonals

Continuance rates GLM PPAC GLM Full reserve
distribution

Accident Development quarter

quarter 1 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
1
2
3
4
5
6
: £
9 g
10 3 Average
11 S PPAC =
12 % $4,500
13 o
14 [=3
15 g Average
16 o PPAC =
17 $4,800
18
19
20 Average
21 PPAC =
22 $5,200
23
24
25 - .
26 %tchlng diggonals to control for development quarter /
27
28 N
29
30
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Deterministic -
Superimposed inflation
in PPACs

» Appears to be a flat period
followed by an upward
trend

Underlying superimposed inflation

» Log regression is used to
estimate the underlying
rates

* What R? is significant?

20 25
Payment Quarter
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Continuance rates GLM PPAC GLM Full reserve
distribution

GLM Superimposed
inflation in PPACs

Underlying Superimposed Inflation from PPAC GLM

» A linear segment is added 1 Tomm GLM
from the beginning of the 1| hypothesis ot
i test show no )
trend | | significant SI
4 (0%pa)

» Slope of the estimate :
indicates an underlying Sl .
of 2.8%pa

* Why might this be

B
_—
|

different? — Uses full 1 7Y \/\/\/

triangle and correct error i

diStribUtion ;IIIII o IBIIIII o IQIDI o I'II!IIIII o I1'IIDI o I'IZIEII o I'ISIIII
 But... what's the cause of Experience Quarter

the SI? —@- Predicted PPAC —@- Actual PPAC
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Continuance rates GLM PPAC GLM Superlm_posed
inflation

Ll
l

* Source: England and Verrall (2002)

l
-

Process - Simulate from the GLM
Parameters*

Step 1 - Generate a series of random sets of
parameters for each model (continuance
rates and PPAC). The distribution of the
GLM parameters is assumed to be
Multivariate Normal

Step 2 - Calculate the model predictions using
each of the sets of parameters

Step 3 - Generate a random observation from
the process distribution (i.e. Poisson,
Gamma)

Repeat for all future projection quarters, for
each accident quarter.
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Continuance rates GLM PPAC GLM Superlm_posed
inflation

Simulation of Active
Claim Numbers

» A selected accident
guarter’s projections are
shown

* 5 simulations are
displayed as well as the
mean and 5% and 95"
percentiles

 GLM simulated mean
compares well with the
valuation for this accident
period

Active #'s

a0 B0 70
devqgtr
— “aln_actives — Mean_actives —- pA_actives —- p95_actives — PastActives

— pred_actives! — pred_actives? — pred_actives3

pred_activesd

pred_activesh
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Continuance rates GLN>> PPAC GLM >>

Superimposed
inflation

Simulation of Active
Claim Numbers and
PPACs

 Simulated cash flows are
projected for the liability
as at the valuation date

* The mean and 5" and 95t
percentiles are calculated
to show the implied the
uncertainty

Projected Payments

2008 2010 2016 2020 2026 2030 0 2035 2040 2045 2080 205G
Payment Year

— Mean_Payments -- p&_Payments  —- p25 _Payments — pred_payments]
pred_payments? — pred_payments3 — pred_paymentsd — pred_payments5
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Continuance rates GLM PPAC GLM Superlm_posed
inflation

Central estimate . o F——

. Ceef of Waraoticn  16.94535
g W|” not equal non- Upper Guartile  1982.152
stochastic projection (must

M )
consider Jensen’s Fitted Lognormal fo
reserve distribution
arrives at P75 =
$2,024m

inequality*)
Distribution of reserves

 Close to Lognormal but
with a heavier tail (>99%)

« CoV and P75 can be
determined directly

1,300 1,500 1,700 1,900 2,100 2,300 2,500 2,700 2,900 3,100 3,300 3,500 3,700
* Source: Taylor and Mulquiney (2005) Ligbility in §M's
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Advantages of Stochastic Reserving

1.

Superimposed inflation and trends — statistical significance
can be used to determine if trends are “real”.

Hypothesis testing — impact of legislative changes, benefit
changes, or any other claims administration changes

Downside risk - through estimation of full distribution the
downside risk and hence risk margins can be estimated

Individual claims modelling — stochastic models are suitable
for individual claims modelling

Model update (control cycle) — testing recent experience
against the model we can determine if it needs to be updated
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Reserving

1. Less transparent — can be harder to explain to management

2. Reliable data — generally more reliable data is required to
construct a more sophisticated model

3. Incorporating judgement — more complex to overlay
judgment based adjustments

4. Costly and time consuming — can be difficult to articulate the
value

5. Seen as the fix all - If traditional methods fail then SR is
unlikely to succeed...it’'s not an automatic fix

6. Model variability NOT risk — the past may not be a guide to
the future
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Risk Framework

Empirical estimation of the claims distribution....

Workshop the key risk drivers

Use qualitative and quantitative methods to assess the range of
scenarios / outcomes due to a given risk driver.

Risk assessment phase likely to include stochastic analysis
Determine a distribution for each risk driver

Use stochastic simulation to combine the major sources of
uncertainty



Risk
Identification

Risk
Assessment

Risk
Quantification
(Simulation
Model)

Model specification risk questionnaire

Availability
& value of
claim
predictors

General
Modelling
Approach

Business
knowledge
utilisation

Ability to
remodel

Inadequate
Business
Knowledge

Mis-specified
Model

Detection
of trends

errors &
limitations claims

Systemic Risk / Qualitative Framework

Claims Claims Claim
i I?ate} Inflation Expense Severity
Limitations

Scored against best/worst case

eserving for General Insurers

SEMINAR

Independent Risk

Quantitative techniques

Hindsight
Modelling

Uy

S0Usp,,
Stwreyo

Other
Statistical
Techniques

Data Bootstrapp-
ing

reporting

Independent Risk / Quantitativel Framework

Parameter
Risk

Process
Risk

Economic

Social
Process
@ Change

Recovery

Model Specification
Risk Distribution

Data Limitations
Risk Distribution Risk

Independent Risk
Distribution

y -

Risk

Distribution Distribution

Stochastic simulation

Product Group [
Claim Distribution

L
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Summary

e Stochastic techniques are continuing to gain favour —
part of tool suite

 They are not the magic answer but an important
supplement / extension to current reserving practices

e Quantitative assessments should be combined with
gualitative assessments to capture all aspects of risk
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