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Outline of Presentation N
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e Technical Provisions in Solvency Il

— As described in the EU Framework Directive
« American NAIC Schedule P Loss Triangles
e How to use data in Schedule P

— Calculate best estimate

— ldentify systematic deviation between subsequent
loss experience and best estimate

— Calculate risk margin (Market Value Margin)
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 Solvency Il adopted by European Parliaments
— Effective October 31, 2012
 Objectives include:

— Increased focus on effective risk management,
control and governance

— Market consistent valuation of assets & liabilities
— Increased disclosure and transparency
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Focus of Presentation
Technical Provisions
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Available capital

MCR

Assets covering
technical provisions
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Conceptually in line with IFRS

Solvency Capital Requirement

Risk margin
for non-hedgeable risks
Best estimate

Technical Provisions

Market consistent valuation
for hedgeable risks




Directive

Principles Underlying Technical Provisions S
Described in Articles 76-83 of EU Framework /\/———\,\

i
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EUROPEAN UNION

THE EUROPEAN PARLIANENT

L

g ®

THE COUNCIL

2007/0143 (COD)

LEGISLATIVE ACTS AND OTHER INSTRUMENTS

Erussels, 19 October 2009
{OR. en)

PE-CONS 3643/1/09
REV1

SURE 15
ECOFIN 349
CODEC 693

Subject: DIRECTIVE OF THE EUROPEAN PARTIAMENT AND OF
THE COUNCIL on the taking-up and pursuit of the business
of Insurance and Remsurance (Solvency IT) (recast)
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Clip from Article 77 sl

Calculation of technical provisions” =~ ™
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1. The value of technical provisions shall be equal to the sum of a best estumate and a risk

margin as set out in paragraphs 2 and 3.

L2

The best estimate shall correspond to the probability-weighted average of future
cash-flows, taking account of the time value of money (expected present value of future

cash-flows). using the relevant risk-free interest rate term structure.

The best estimate shall be calculated gross. without deduction of the amounts recoverable
from remsurance contracts and special purpose vehicles. Those amounts shall be calculated
separately, in accordance with Article 81.
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Clip from Article 77

Calculation of technical prowsmns/‘/"_\f\
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4 Insurance and reinsurance undertakings shall value the best estimate and the risk margin
separately.
5. Where insurance and remnsurance undertakings value the best estimate and the risk margin

separately, the risk margin shall be calculated by determining the cost of providing an
amount of eligible own funds equal to the Solvency Capital Requirement necessary to

support the insurance and reinsurance obligations over the lifetime thereof
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Clip from Article 80

Segmentation iCA2ete Ci

Insurance and reinsurance undertakings shall segment their insurance and remsurance obligations
into homogeneous risk groups, and as a mimimum by lines of business. when calculating their

technical provisions.
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Clip from Article 83 faspn o
Comparisons against experience c,....c.,

Insurance and reinsurance undertakings shall have processes and procedures i place to ensure that
best estimates, and the assumptions underlving the calculation of best estimates, are regularly

compared against experience.

Where the comparison identifies systematic deviation between experience and the best estimate
calculations of msurance or reinsurance undertakings, the undertaking concerned shall make
appropriate adjustments to the actuarial methods being used and/or the assumptions bemg made.
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 Part of American NAIC Annual Statement
— All American insurers must submit to regulators

— Data is available to the public
» At a price (academic discounts available)
e http://www.naic.org/store financial home.htm

— Multiples lines of business
— Paid and incurred loss triangles
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Lines of Business — From Catalogue NG

N
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UNDERWRITING AND INVESTMENT EXHIBIT
PART 1 - PREMIUMS EARNED

1

2

1l

Uneamed Uneamed
Met Premiums Dee. 31 Premmums Dec. 31 Prenmiums
Premmms Prior Year- Curent Year- Eamed
Wintten per per Col. 3, per Col 5 Dwing Year
Line of Business Column 6, Part 1B Last Year's Part | Part 14 (Cols= 1+2-3)

Farmsowmers rmltiple peril
Homeowners multiple penl.
Commercial nI.llnple penl

O 000 O laf W

Ea.nhqualne
13. Cnmaccidmandhaahh

------ For Ralicrance Onily

181 ¥ .
18.2  Products habilitv—claims-made ...
19.1,192 Pm.'atepa::znga':umhzhlrtv

33. Rgmnmc&"[mpmpuﬂlmal
Assumed Financial Lines
34 Agzresate wnte-ins for o‘r.hal ].LEI.E
of business .
35, TOTALS

INTERNATIONAL CONGRESS OF ACTUARIES | 7-12MARCH 2010 | CAPE TOWHN




Earned Premium — From Catalogue :
e Partl NTTANTNAL
* Lines of Business A-T ICA2el0:Ci4

ANNUAL STATEMENT FOR THE YEAR 2008 OF THE

SCHEDULE P - PART 1A - HOMEOWNERS/FARMOWNERS
{3000 OMITTED)

Premumns Eamed Loas and Loss Expense Payinents 12
1 2 3 Diefense and Cost Adpusting and Other 10 11
Laoss Pavignts Containment Payments Paymients
4 5 & 7 3 L Number of
Years in Which Salvage Claims Reported
Premuums Were Direct Direct Direct Drirect and Total et Paid Direct
Eamed and Losses anel et ame amd anad Subrogation (Cols. 4 =5+ amcd
Were Incurred Assnmed Ceded (Cals. 1-2) Assumed Ceded Assamed Ceded Assanmed Ceded Received G-T+8-9) Assumed
1 Prior ..o, NN R | T | NN | RO | (NN | [T | [T | U | — P ——— XXX
2 1999 oo || acoen
3 2000,
' 2001 ..
5 2002 .
6 2003 ..
7 20604 .
8 2005
9 2006,
10 2007 ..
11 2008
2 Tout o | e | o RER
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Loss Triangles — From Catalogue
e Part 2 —Incurred Net Losses
e Part 3 - Cumulative Paid Losses

NP\ N\
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SCHEDULE P - PART 2A - HOMEOWNERS/FARMOWNERS

MWCURRED NET LOSSES AND DEFENSE AND COST CONTATWMENT EXPENSES REPORTED AT YEAR END (5000 OMITTED) DEVELOPMENT

1 2 i 4 5 6 T 2 ] 10 11 12
Years m Which One Twa

Losses Were Incuned 1999 2000 2001 2002 2003 2004 2005 2006 2007 20008 Year Yea

s b

Pror....coveeereenn

.11 ) S XXX I [ e
2008 .o XX X o0 X
2005.......ccovmien XXX XX XX XHX
2007 o XX X o poo o
2008 X XX X XNX

T D O 1 O th e i

12. Totals

SCHEDULE P — PART 2B - PRIVATE PASSENGER AUTO LIABILITY/MEDICAL

PrAct.....ccccce. | e
[ b T

e 18

233
E.n:
7
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From Data Reported in Schedule P
Assemble a Triangle of Incremental
Paid Losses

i

NP\ N\
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Premium
48,844
52,622
53,507
56,949
58,611
61,692
66,755
81,119
98,632
91,311

@ooxlovcn.booMHE

[HEN
o

Lag 1
5,886
5,632
6,419
7,300
8,249
8,074
8,747
10,258
15,540
14,289

Lag 2
6,128
7,487
4,697
8,939
11,302
9,454
10,542
15,376
23,594

Lag 3
4,739
6,630
10,567
9,495
9,038
7,913
11,235
11,697

e Include Earned Premium
e This data is for areal insurer
« Commercial Auto Liability

Lag 4
5,442
5,195
5,715
6,966
5,687
3,455
4,356

Lag 5
1,741
2,465
2,280
3,960
3,452
3,485

Lag 6
1,183
1,149
2,031

787
1,483

Lag 7 Lag 8 lag9 Lag1l0

678 158 303
459 372 184
191 296

1,060

Amounts in Thousands
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Using Schedule P Data
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We of course have the reported earned premium and
Incremental paid loss

But we also have similar data for every American
Insurer for each line of business

— A great source of “prior information” that can be
used in a Bayesian analysis

— Use Schedule P data to create 5000 “benchmark
scenarios” for each line of insurance

 Will describe how to do this below
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The Benchmark Scenarios - _
Distribution of (conditional) N

Expected Loss iCA2070 Cig

« Parameters determining the expected loss
— {ELR} = Expected Loss Ratio by accident year
— {Dev} = Paid loss incremental development factors

y

EglLoss § =Premium,, " ELR,, " Dev

AY Lag Lag

e Benchmark models include 5000 scenarios

e 100 scenarios that are “close” to the maximum
likelihood estimates for 50 largest insurers

— “Close” defined by likelihood ratio
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First 10 of 5000 Scenarios

i

NP\ N\
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elrl
0.64238
0.55981
0.74129
0.86351
0.49830
0.41553
0.63947
0.72711
0.87818
0.59965

devl

0.26065
0.18221
0.19116
0.20829
0.21311
0.24295
0.14528
0.19997
0.17924
0.24456

elr2
0.51981
0.60917
0.80828
0.66209
0.55237
0.57165
0.62849
0.61534
0.82552
0.59008

dev2

0.27554
0.27828
0.24405
0.25630
0.27703
0.23668
0.21675
0.25765
0.23408
0.27650

elr3
0.51953
0.70393
0.79765
0.80791
0.77189
0.47195
0.78387
0.81855
0.62798
0.66362

dev3

0.19793
0.22338
0.22792
0.21802
0.22048
0.21317
0.21128
0.20300
0.22115
0.21135

elr4
0.63213
0.95286
0.84994
0.77055
0.77043
0.59233
0.84099
0.69928
0.70623
0.62165

dev4

0.13306
0.14106
0.14219
0.15399
0.12817
0.13694
0.15596
0.13895
0.15868
0.13281

elr5
0.67768
0.58794
1.04280
0.82531
0.70321
0.69693
0.73037
0.67066
0.69164
0.60918

devs

0.06310
0.07270
0.08522
0.07876
0.07705
0.08393
0.10748
0.09342
0.08765
0.06064
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elr6
0.67399
0.82253
0.87760
0.85447
0.69503
0.43060
0.65107
0.72449
0.69997
0.67158

dev6

0.03381
0.05640
0.04176
0.04478
0.02758
0.05420
0.06433
0.02764
0.04008
0.03184

elr7
0.86061
0.68061
0.65143
0.86690
0.77223
0.54119
0.76595
0.58961
0.69734
0.67992

dev7

0.01743
0.02265
0.02254
0.02079
0.03724
0.01981
0.04220
0.05433
0.01691
0.01715

elr8
0.68820
0.44846
1.02369
0.56974
0.80198
0.75860
1.05825
0.70398
0.73586
0.74368

dev8

0.00622
0.00788
0.01541
0.00642
0.00651
0.00414
0.01958
0.00847
0.02150
0.00849

elr9 elr10
1.02861 1.06770
0.70584 0.58142
0.76180 0.70327
0.79379  0.85215
0.91289 0.98609
0.65576  0.72832
1.18335 1.07327
0.87130 0.86999
0.86176 0.61927
0.90779 0.86630

dev9 dev10

0.00616 0.00610
0.00777 0.00767
0.01505 0.01470
0.00635 0.00629
0.00645 0.00639
0.00411 0.00408
0.01889 0.01825
0.00835 0.00823
0.02072  0.02000
0.00838 0.00827
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Distribution of Outcomes /\/*ﬂ,\
Given the Expected Loss iC42070 Cig

*» Tweedie’s Compound Poisson distribution
» For each settlement lag

1. Select random claim count, Npy 5, from a
Poisson distribution.

2. Select random claim sizes, Z,y | 54, fOr
I=1,...,Nay | og from @ gamma distribution

N
O
=1

« Otherwise set X,y 4 = 0.
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Likelihood{Data Triangle|{ELR},{Dev}} MW\
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 Useinsurer premium and benchmark scenarios to get
expected losses by AY and Lag

V-4

Ay Dev

EgLoss,, ., i =Premium,, ~ELR Lag

 Likelihood calculated by Tweedie’s compound Poisson

model
10 11:AY

Likelihood= (O O dtweedie(lossAY,Iag |ELRAY,DevLag)

AY =1 Lag-=1
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Posterior{{ELR},{Dev}|Data Triangle}

« Use Bayes’ theorem on likelihood
e Prior probability of each scenario = 1/5000

Posterior {{ELR},{Dev}}

LL
Likelihood {DataTriangIe | {ELR},{Dev}} X Pr{{ELR},{Dev}}
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{ELR} Paths with 99.5% of NG

Posterior Probability /C\:;Il’ﬂ\

ELR Paths
— Posterior
[ ] .
o Priar
|
o
m
o
@ o
o — ]
|
BQ
0
2
[ ]
S

Accident Year
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{Dev} Paths with 99.5% of S

Posterior Probability VAN
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Development Paths

— Posterior
Prior
o
g
o
o o]
[ [ ]
w
w
o
|
EQ
=
[ ]
2
T T T T T
2 4 6 8 10
Settlement Lag
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Calculating the Best Estimate Tt
From Article 77 — Framework Directive INANAL
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2. The best estimate shall correspond to the probability-weighted average of future
cash-flows. taking account of the time value of money (expected present value of future

cash-flows),. using the relevant risk-free interest rate term structure.

e Best Estimate

5000 10 10
O [ o) . _ .
=aa a Premum, xELR ,, xDev, . v "7 xPosterior,

n=1 AY =2Lag=12-AY
= 134,904 discounted at 4%
= 145,335 discounted at 0%
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Comparisons Against Experience/\/ﬁ'ﬂ,'\
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Calculate predictive distribution of losses on the next
payment year (below diagonal) with FFT or by simulation.

Distribution of & X, 4, | SCenario
AY +Lag=12

Mixed by posterior probability of the scenario
AY  Premium lag 1 Lag 2 Lag 3 Lag 4 Lag 5 Lag 6 Lag 7 Lag 8 lag9 Lag10
48,844 5886 6,128 4,739 5442 1,741 1,183 678 158 303
52,622 5632 7487 6,630 5195 2465 1,149 459 372 184 X210
53,507 6,419 4,697 10567 5715 2,280 2,031 191 296 X39 X310
56,949 7,300 8,939 9495 6,966 3,960 787 1,060 Xag Xag X410
58,611 8,249 11,302 9,038 5687 3452 1483  Xs;  Xss  Xss  Xsio
61,692 8,074 9454 7913 3455 3485  Xgs  Xev  Xes  Xes  Xeuio
66,755 8,747 10,542 11,235 4356  X75 X716  X77  X7s X790 X710
81,119 10258 15376 11,697  Xsa  Xss  Xos  Xs7  Xss  Xss  Xsio
98,632 15540 23594  Xos  Xoa  Xos  Xos  Xe7  Xos  Xes  Xeio
10 91311 14289  Xi02 X103 X104 X105 X106 X107 X108 X109 X100

© 00 N O O b W DN -
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Confidence Bands for Losses AR St

in Next Payment Year b s
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Predictive Distribution for Next Payment Year

Predictive Probability Density
4e-05 Be-05 Be-05
l

2e-05

Oe+00
I

T T T T
40000 50000 60000 70000

Mean = 53,729 Standard Deviation = 4,799
5th Percentile = 45,870  95th Percentile = 61,630
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Technical Provisions and the IAA A~ —
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* International Association of Insurance Supervisors
(IA1S) requested help from the International Actuarial
Association (IAA) to work on the issues of risk based
capital and risk margins for loss reserves.

 Available on IIA Website

http://Iwww.actuaries.org/LIBRARY/Papers/IAA Measurement of Liabilities 2009-
public.pdf

 Refer to risk margin as Market Value Margin (MVM)
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IAIS — Properties of Risk Margins =~ .«
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1. Theless that is known about the current estimate and
Its trend; the higher the risk margins should be.

2. Risks with low frequency and high severity will have
higher risk margins than risks with high frequency
and low severity.

3. For similar risks, contracts that persist over a longer
timeframe will have higher risk margins than those of
shorter duration.

4. Risks with a wide probability distribution will have
higher risk margins than those risks with a narrower
distribution.

5. To the extent that emerging experience reduces
uncertainty, risk margins will decrease, and vice
versa.

INTERNATIONAL CONGRESS OF ACTUARIES | 7-12MARCH 2010 | CAPE TOWHN




Possibilities R
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Undiscounted reserves

— Only satisfy Property 3

Percentile method

— Does not satisfy Property 3

Cost of Capital Method

— Satisfies all properties

So — What is the Cost of Capital Method?
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What is Capital? ate, <r aeeyes
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o Sufficient for time horizon of one year
o Capital = TVaR@99% — Expected Loss

— Calculate for each future payment year
 |.e. sub diagonal

e FFT methods on Tweedie distributions allow for
reliable calculation of TVaR
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Version 1 — Capital Cash Flow (CCF) /\/*ﬂ,\
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 C,=required capital at time t for one year.

— TVaR@99% - Expected Loss

| =risk-free rate of return

 r =risky rate of return due to insurer’s investors
e MVMc = C, — PV(Released Capital @ rate r)

MVM,, =C, _éct*(“')‘c

CCF

t+1

%4
MVM, = (r-i)r & C, After some

o (1+r)""  algebra
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Versions 2 and 3 N
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« Capital Cash Flow . C
MVM_.. =(r -i)xQ T
(CCF) CCF ( ) - (1+ r)t 1

(01,

 Swiss Solvency Test ¥ C
(SST) MVM, = (r -ijra-—
— Starts att = 1. Ignores t=1 (1+ I)

capital raised in first
year.

— Discounts at rate |
Instead of rate r.

¥
« Solvency Il/QIS4 (SII) MVM, = (r -i)rQ

t

t+1

C

t

Sl

— Startsatt=0 t=0 (1+ i)t+1
All three versions satisfy the IAIS criteria.
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Rationale Behind MVMgq; N TARNAL
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MVMgsr = (r - i)xg = t+1
t=1 (1+ i)

“The risk margin can be expressed as the expected
present value of the cost of capital necessary to buffer
the nonhedgeable risk of insurance liabilities during the
entire lifetime of the insurance liabilities.”
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Rationale Behind MVMg, N TARNAL
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¥
N & C
MVM., = (r -i) t
an = )g(m)m

Both Solvency Il and SST require capital to cover risk
over a one year time horizon. SST says that you don’t
need a risk margin to cover the first year. Solvency Il

says you do.
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Sample MVM Calculations -
N N\AL
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I = 4.0% r = 10.0% r-i=6.0%

One Year Nominal Current One Year Capital

t E[Loss]  Liabilty Estimate TVaR; C. MVM MVM%

1 53,729 145,335 134,904 66,555 12,825 CCF

2 38,046 91,606 85,507 49,432 11,387 2,660 2.0%

3 23,283 53,561 50,128 32,424 9,141

4 13,356 30,277 28,389 20,768 7,412 SST

5 7,342 16,921 15,903 13,134 5,792 2,422 1.8%

6 4,097 9,579 9,052 9,048 4,951

4 2,652 5,482 5,236 6,972 4,319 QIS4

8 1,923 2,830 2,741 5,504 3,580 3,218 2.4%

9 906 906 889 3,384 2,478
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Summary /\/* tor
e
iICA2el0 CiA

e Used Schedule P data to calculate 5000 scenarios
for {ELR} and {Dev} factors based on large insurers.

« Used Bayesian analysis and likelihood of a triangle
of data based on the Tweedie model to calculate
posterior probabilities of scenarios

 Used posterior probability of scenarios to calculate
— Current Estimate
— Confidence bands for future payments
— Risk margin
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