29" International Congress of Actuaries - ICA 2010 1
Cape Town — March 7-12010

A COLLECTIVE RISK MODEL FOR CLAIMSRESERVE
DISTRIBUTION.

SAVELLI Nino CLEMENTE Gian Paolo
Catholic University of Milan Catholic University of Milan
Largo Gemelli, 1 — 20123 Milano Largo Gemelli, 1 — 20123 Milano
Email: nino.savelli@unicatt.it Email: gianpaolo.clemente @unicatt.it

ICA Reference Number: 176
Track B — Non Life Insurance

Abstract

Stochastic models for outstanding claims valuation have been lyedeneloped with the
aim to obtain a variability coefficient or the probability disition of the reserve, useful for
the assessment of the Reserve Risk capital requiremerierddif methodologies, like
Bootstrapping or Bayesian methods, allow to obtain the prediction anwrthe claims
reserve distribution under some assumptions based on the data foguiredthe run-off
triangle. The International Actuarial Association (IA4roposed a different way to analyse
outstanding claim reserve, focused on a paper by Meyers, Klinkeradodde wherein the
overall reserve of a single LoB (without any distinction amdiifigrent accident years) is
assumed to be a compound mixed poisson process, by a similar apprahtir aggregate
amount of claims when premium risk is to be estimated. In themreaper we propose an
extension of this approach based on the assumption that each singletleellower part of
the run-off triangle can be described by a Compound Poisson Process (either Pisezlpr M
This assumption leads, under independence constraint, to obtain quite teasixact
moments of the reserve distribution only through the knowledge of thacthastics of the
two main random variables (hnumber and claim size of futureneais). Furthermore, Monte
Carlo methods allow to simulate outstanding claims distributionedoh accident year, for
both the overall reserve until complete run-off and the nexhdateyear only (in case of a
one-year time horizon as prescribed in Solvency ll).

Model's parameters are calibrated from observed data and thralggeraninistic model (in
the present paper an average cost method is used, namely Fisbembathod) based on the
separate estimate of number of claims to be paid and futurggaveosts for each cell of the
lower triangle to be estimated.

Finally, we analyze the one-year reserve risk in the perspeadopted by Solvency Il. In
particular a simulation approach, now usually called “re-resgtyis here applied with the
target to estimate the variability of claims developmesult and the percentiles, in order to
guantify the capital requirement for the reserve risk. Mainlt®svill be compared using
different stochastic reserving models, analyzing the effiedioth capital requirement for only
reserve risk and risk margin.

Keywords: stochastic models for claims reserve, capital requiremestgrve risk,
collective risk model, average cost methods.



I ntroduction

The estimate of claims reserve plays a key role to determsurance liabilities and
many algorithmic methods have been developed in the past, in order ito abstimated
value of claims reserve. Stochastic models for outstandinghlaaluation have been
recently developed with the aim to obtain at least a vataliiefficient related to the point
estimate of the reserve (i.e. central/best estimate).

Maclé proposed a first approximate way to know the standard error of thie-Cidder
method as a measure of uncertainty enclosed in the data (Proce¥sid produced by the
parameters estimation of the selected model (Estimation Error).

Different papers, published by various institutions, paid an expditténtion to the
appropriate modelling of outstanding loss liability uncertainty.

At this regard the probability distribution of claims reservastrbe specified to obtain the
capital requirement forReserve Risk with an Internal Model under the Solvency Il
frameworR or the same distribution would be necessary in order to quantifisthenargin
by a quantile approa&hdistributional assumptions (e.g. assuming a LogNormal distribution
with mean and standard deviation equal respectively to the &tesate of the reserve and
the Mack prediction error) or some stochastic models allow tovederiaims reserve
distribution too.

A first way to obtain both the prediction error and the distributioclaim reserve is the use
of bootstrapping method, described for instance by England and ¥errall

Bootstrapping is a powerful tool to obtain information from a singpleple of data which
would be usually determined using analytic techniques. This methodob@gped on
sampling with replacement of observed adjusted Pearson residualbe cgery simple to
simulate.

However this technique and some distribution models, applied to paneimantal losses
obtained by bootstrappifigare based on Chain-Ladder assumptions giving a best estimate
clos€ to the classic version of this deterministic method.

Other methodologies, like GLM or Bayesian methods, allow to obtaimprdiction error
and the claims reserve distribution under some other conditions.

At this regard another deterministic method (Bornhuetter-Ferguson) can leenempéd with

a stochastic structure based on a Bayesian apfraachmeasures of precision of reserve
estimates have been obtained for this method too

Finally, the International Actuarial Association (IAR)proposed a different way to analyse
outstanding claim reserve with the aim to obtain the capital requirdaoreRéserve Risk.

The approach, based on a paper of Meyers, Klinker and Lafofodeised on premium risk,
describes the overall reserve of a single line of busined3) (&s a compound mixed poisson
process with the assumptions that the total number of clairas/eglsis Negative Binomial
distributed and the severity of outstanding claims has mean and variabiffigieaeknown.

In the present paper we propose an extension of this approach asthahiegch single cell
of the lower run-off triangle can be described by a Compound PoisscgsBi@ither Pure or
Mixed).

Under some assumptions, it is possible to obtain quite easily the exact montbatsegkrve
distribution only through the knowledge of the characteristics oftwee main random
variables (number and claim size of future payments). Furtheritmete Carlo methods
allow to simulate outstanding claims distributions for each actiglear, for the overall
reserve and for the next calendar year (in case of a ondhyeahorizon as prescribed in
Solvency ).

Model's parameters are calibrated from observed data and thralegleraninistic model (in
the paper an average cost method is used, but different algerithethods could be



assumed) based on the separate estimate of number of claimgaadband future average
costs for each cell of the triangle to be estimated.

Furthermore, following the development of the Solvency Il projecs, naised the need not
only to evaluate the best estimate of claim reserve anaiisbility estimate, but also the
reserve risk on a one-year time horizon for capital requirement purposes.

In the last years the actuarial literature started to foouthis one-year approach in order to
be able to evaluate the capital requirement under Solvency Il

Some closed formulas have been proptfsadl of them based uniquely on Bootstrap-CL
method and in force for without tail triangles only.

This approach has been implemented by also simulative algorittems€Bootstrapping
models and Bayesian methods, by the so called “re-reserving” approach

In the present paper, we analyze the one-year reserve rislke iperspective adopted by
Solvency Il applying the “re-reserving” with the targetestimate the variability of claims
development result and the percentiles, in order to quantify thealcagufuirement for the
reserve risk. Main results will be compared using differenthsistoc reserving models,
analyzing the effect on both capital requirement for only reserve risk andargikm

1. Collective Risk Model (CRM)

The purpose of this model is to obtain a distribution of future elapaid in each
development and accident years, i.e. in each cell of the triabgs®sd on concepts of
Collective Risk Theory.

The collective risk models, typically used to evaluate premisk) describe the aggregate
claims amount as the sum of a random number of claims, each one kasdtented by a
claim-size distribution.

Some papeté proved how to obtain the exact characteristics of aggregaimschmount
under some assumptions and different methoddiow to determine an approximate
distribution too.

Applying this context in order to evaluate the claims resdistibution, we can regard a
generic triangle for a single LoB with dimension (K)Mhere rows (i=1,...,N) represent the
claims accident years and columns (with j=1,.%) Are development years for payments. It is
to be emphasized that frequently columns are not equal to rows, becaysayafents tail in
the triangle (in this case’SN+1).

It's assumed that )Xdenotes payments in development period j for claims with accyeent

i (incremental payments) while cumulative paymentg for accident year i after j
development years are given by:

i
G, = Z Xih

h=1

The observations are available in the upper triangle
{Xi,j with i+ < N+1L1<j<N+1if N= N*} (see white cells in Figure 1) with the cell
(1,N") known too if the triangle has a tail.



Figure 1. The triangle structure
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Furthermore we assume thatis the observed number of paid claims in develogmeriod

j and for accident year i, anth ; = % is the average cost of claims generated in
i

accident year i and paid after j years.

Different deterministic methods, for example Fist@nge (see next sectidf) allow to
determine values of;nand m; for the lower part of the triangle too and to haveoint
reserve estimate. Finally, we could obtain fromenbsd data the variability coefficient of
claim size paid for each development year j: CoV

In order to build up a stochastic model based Gompound Poisson Process we assume that
in each cell of the lower part of the triangle, theremental paid claim cost will be equal to
the aggregate claim amount:
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where:

- IZ”. is a random variable that describes the numbelaohs of accident year i and that will
be effectively paid in a future development yearThis variable could be Poisson
distributed with parameter;n(if we assume a pure Poisson Process) or it coeld b
described by a mixed Poisson Process in order nsider the uncertainty linked to the
parameter estimation through a multiplicative sutes variableg). In the next, we will
assume that the structure variable is distribute@d &amma with equal parameters with

mean 1 and standard deviation equaddo
- Z, ; is the random amount of th& blaim paid after j years and originated in theideat

year i. The distribution of the severity could ieetl on the observed data, however we can
determine the exact moments of the aggregate clameunt without making any
assumption on the severity probability distributigks made for claim count, we can
introduce for the single claim cost a parameteretamty by a multiplicative structure
variable having an impact on the variability cog#fnt ¢;. In particular this uncertainty is
described by the multiplicative random variablerr the next assumed as well Gamma
distributed with the same parameters) having meandlstandard deviatian (in the next
assumed equal for each development year).



Once both the independence assumption between daimt and claim costs and i.i.d.
assumption for the single claim costs (in eachafdibwer run-off triangle to be estimated) are
fulfilled, it is possible to obtain the exact monteand cumulants in each cell of the triangle.

In particular, ignoring the parameters uncertaititg, main characteristics of paid incremental
claims could be obtained as:

E(;(-i,j) =N mﬂ,j
Jz(xi,j) =N ; @2,;,]

1 E Az,

X, )=
y( I,J) \/FJ (az,zm)slz

wherea, , = E(Zi*jj )is the i moment about zero of the claim-size distributiod an; is
the average cost {irFay zi)).

As well known, the standard deviation of the clamount )Zi’j in each cell is rising up

according to the square root of the expected nummbelaims of the year. The skewness is
both positive and affected by a ratio dependinghensecond and third-order moments of the

claim size distributionzilj. Furthermore the magnitude is reducing only adogid the

number of claims. In the special case a two pammdébgnormal distribution is assumed for
the claim size, that ratio is only depending ondbefficient of variation g (being ¢;= 0z
/ mi;), always equal t@i+ 021)3/2 17

Assuming that the deterministic parameter of thesddm distribution for the number of
claims will turn to be a stochastic parameter [ (whereq is a random structure variable

having its own probability distribution with an eegied value equal to 1), the same
characteristics could be obtained.

Furthermore, in the following relations, structwagiables are assumed i.i.d. in each cell of
the lower part of the triangle.

E(;(-i,j) =n; ; [,

Uz(ii,j) =n; @y, +n; O Loy

n, @, +307 00, &, W+ &, by,
(N, @By +n7; O, [org) *”

V(ii,j)=

The structure variable obviously affects standadiation of paid claims. As well known,
parameter uncertainty appears as a non-poolingthisk could not be reduced with larger



number of claims. Finally a positive skewed disttibn for the structure variable leads to an
increase of the skewness of X too.

Under the assumption of a multiplicative structwegiable r assumed as well Gamma
distributed with the same parameters and havingngact on the variability coefficient;¢
the next relations describe the first two cumulanitthe distribution of future paid claims in
accident year i and development year j:

E(Xi,j) =n; m,
Jz(ii,j) =N @2,;,] N wzj Fop +ni2,j mﬁ E[Ts

Standard deviation is now affected by three comptmethe first one derives by the
stochastic error related to claim count and claire,sthe others describe the variability
connected to the estimation of claim size varigbdoefficient and of expected claim count.
How expected, the variability coefficient of theciemental payments for each cell is
decreasing for larger number of claims. It coulddiserved how it is obtained a finite
convergence level equal to only the standard dewatf the structure variable g, while the
standard deviation of random variable r is reduéondarger number of claims too.
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~ a(X. 1+c: ¢ o
V(X)) = (~I’J) = SR +0;
E(le) r]i,j ni,j
lim CV(X, ) = o,
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Furthermore, assuming independence between thkibot@mental paid amounts of the
different cells, it is possible to determine theaexcumulants of the total claim reserve
(mean, variance and skewness in particular).

For the independence assumption between all inereineayments in each cell of the same
accident year, the moments of the claim resepadkconsequently derived for each accident
year:

E(R)= D E(Xiy)

h=N-i+2

o*(R)= 2.0%(Xis)
_ _NZ__U3(>Zi,h)D/()Zi,h)
y(R) = 7 R)




Extending the above mentioned independence assumtptall cells of the triangle (not only
for development year but also for accident yeas,can as well to get the moments of the
overall claim reserve distribution R:
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2. Parameter estimate by the Fisher-Lange M ethod

As above mentioned, for the proposed Collectivek Ritbdel we firstly need the
expected number of paid claims for each cell afifeitriangle as well as the expected claim
cost.

At this regard we can use any of numerous averagemnsethods, and among these we here
describe the Fisher-Lange Method, very popularacgcal valuations in Italian market.

To estimate expected number of claims to be pajil the Fisher-Lange method applies to
the number of claims reserved at the valuation @ajewo coefficients (aliq and):

M = Nhin-ia @“qj' v

i 0]

—  the percentage of claims at reserve having a whatgayment in the future years
(aligy): in other words, that is the estimate of the iparof claims at reserve at the
valuation date having effectively a payment infilterre, regarding implicitly either nil
and reopened claims. Throughout these percentagesf@¢r each duration), estimated
on the basis of past data and applied to the numiberserved claims (f.i+1), it is
obtained the estimate of number of claims to bd pathe future for each accident year
l;

—  settlement speeds(): representing the timing of the claims count pagta estimated
to have effectively a payment in the future. Ingbie we need an estimate concerning
the timing of the paid claims count in the futuoe éach separate accident year. This
can be obtained by the number of claims effectiyelid in the last calendar year for
different development years (j=2, 3 ..... N;)Nbut where the origin of different
accident years has to be made homogenous (by arpomality rule based on the
number of reported claims). Moreover, the averdgdelast three calendar years can



be taken into account with the aim to assure a msgbility of the estimate (in the
forthcoming the latter choice will be adopted im aumerical examples).

Finally we have to estimate the expected average q@asts (ny) for each cell of future

triangle, including future inflation. These figurase obtained according four progressive

steps:

—  to adjust the historic payments (set in the upget of run-off triangle) at the current
value of the last calendar year available, by ahatfactive economic inflation rates
(i.e. endogenous inflation is not taken into ac¢pun

—  to compute the average paid claims for each celefadjusted” historical triangle;

—  to select for each development year the average (0o as a simple average (or

alternatively as a weighted average, having the baunof effective paid claims as
weights) of all/part of available average costs floe same duration (average by
column)®. The simple average will be adopted in our nuraéegamples;

—  toinflate the chosen average cost of each colaeugrding to the future assumed total
claim inflation (either endogenous and exogenous):

i+j—(N+1)

m; =m0 H(1+ih)

In this way we get for each cell of the future igée both needed figures: expected number
of paid claims () and average cost (n

3. Case Studies

The analysis considers claim experience data oroMidtird Party Liability (MTPL)
from two Italian insurance companies, accordingdocounting years from 1993 to 2004.
Clearly the real data has been partially modifieddve the confidentiality of the data. The
main information used were data regarding numbeyaod and reserved claims, number of
closed and reopened claims, number of reportechsland finally incremental costs of paid
claims and reserved claims.
Next figures show only the historical cost of imoental paid amounts for the two companies
analyzed. In particular the triangler& is referred to a small-medium company whereas the
triangle AMASES has as a reference a company roughly 10 timesrtarg
Data shows how the complete run-off period is lorthan 12 development year and a tail
must be added. In these triangles the tails ardetved of statutory reserve fixed by the
companies.



Figure 2: Triangle SIFA (Historical cost of incremental paid amounts, thousarfd&iro)

AY/DY 1 2 3 4 5 6 7 8 9 10 11 12 12+
1 28,446 29,251 12,464 5,144 2,727 2,359 1,334 1,238 941 860 282 727 1,068
2 31,963 36,106 13,441 5,868 2,882 2,422 918 1,076 734 458 456
3 37,775 40,125 12,951 6,034 3,010 1,264 1,250 1,135 904 559
4 40,418 44,499 15,370 5,594 2,616 1,984 2,137 1,184 873
5 44,116 45,490 15,339 5,478 2,541 2,906 1,294 1,124
6 50,294 48,040 17,843 7,035 3,934 2,726 2,267
7 49,620 49,991 19,570 10,047 5,750 3,313
8 46,410 49,694 20,881 8,202 4,714
9 48,295 49,354 18,304 8,833
10 52,590 50,606 18,604
11 58,599 53,743
12 60,361

Figure 3: TriangleAMASES (Historical cost of incremental paid amounts, thousaifdiro)

AY/DY 1 2 3 4 5 6 7 8 9 10 11 12 12+
1 193,474 172,618 87,200 45,798 29,768 19,795 19,782 17,315 13,372 12,552 8,831 8,053 19,889
2 199,854 168,966 80,543 40,656 29,053 21,121 19,964 14,249 10,720 13,684 6,008
3 225,578 186,764 93,349 47,609 30,971 26,291 17,621 18,410 14,662 7,591
4 256,398 236,678 105,616 51,172 37,338 24,085 20,754 12,082 14,137
5 282,956 263,196 120,383 63,689 37,220 29,239 23,120 15,509
6 292,428 284,401 141,400 56,390 40,195 27,955 29,987
7 312,350 285,506 131,687 75,252 46,549 38,731
8 327,673 307,992 161,516 77,965 52,696
9 339,899 326,280 185,911 101,273
10 371,275 385,847 193,006
11 388,025 390,737
12 398,686

The portion of claims reserve having effectivelypa@yment in future has been obtained,
through the Fisher-Lange method described in pusveection, using the estimated rate of
claims at reserve of each development year;Jamual to the average of the percentage of
claims of all accident years.

The number of claims {}), effectively paid in each future development aoedident year,
has been determined through the portion of clagesmve and the settlement speed, based on
the average of last three calendar years with threta assure a major stability to the
estimate.

This number represents the mean of the Negativenlial obtained as a mixture of a
Poisson with mean jand a structure variable described by the randamhle q distributed
according to a Gamma having mean 1 and standardtidevequal to 10%.

The costs of single claims are distributed as a i@amwith mean equal to the average cost
m;;, estimated by Fisher-Lange method and dependinth@raverage of all average costs
available in the upper part of the triangle expedsat current values and projected by the
future claim inflation structure, here used as Biistic.
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Variability of claim cost is described by the next obtainable from the Claim DataBase of
the company different for each development yeardapending on both the analysed line of
business and the company portfolio characteristics.

It's not considered, at the moment, the uncertapasameter on the claim size variability
coefficient.

However, in the next section, it will be carried warious analyses according to different
assumptions on the standard deviation of parameitecsrtainty §, and o;) and on the
distribution of claim cost.

Table 1: Variability coefficient of claim cost for each devpioent year for both companies

Development Years 1 2 3 4 5 6 7 8 9 10 11 12 12"
Czj 0.50 0.75 1.00 1.50 2.00 3.00 4.00 5.00 6.00 7.00 8.00 10.00

The stochastic model, here proposed, has beenedpjly MonteCarlo simulations to the
MTPL triangles. The next table shows the comparib@tween simulated and exact
characteristics of the claim reserve distributifios each accident year and overall) foFAS
Insurer, evaluated, at the moment, on undiscourdsts.

It is to be emphasized that results of 100,000 kitiuns are fairly consistent with the exact
value for mean and standard deviation, for whichhaee a deviation of 0.001 per cent from
the exact value for the mean values and of 0.1Zeet for the standard deviation. On the
other hand, as expected, notwithstanding the retemaimber of simulations, simulated
skewness is still a little far from the exact valwéh a deviation of 3.9 per cent from the exact
value. Indeed, it is worth remembering that a lamgember of simulations is needed when
higher order moments have to be estimated accur#@ei/how we regard as negligible these
differences in the next variability and capitaluggment estimates.

Table 2: Simulated and exact characteristics of the clairervesdistribution forfSIFA Insurer (undiscounted
values — 100,000 Simulations)

Simulated characteristics

year (Thotﬂse;nnds ) (Thiﬁsgﬁ\é's | < Skewness
1 1,406 2,354 | 167.46% 3.33
2 1,767 2,516 | 142.41% 2.96
3 1,942 2,516 | 129.55% 2.84
4 2,375 2,646 | 111.41% 2.66
5 4,082 3,269 80.07% 2.07
6 5,664 3,594 63.45% 1.93
7 11,002 4,421 40.18% 1.53
8 19,880 5,107 25.69% 1.30
9 24,880 4,926 19.80% 1.33
10 34,884 4,965 14.23% 1.31
11 49,557 4,949 9.99% 1.04
Previous 157,440 12,947 8.22% 0.51
Current 91,881 6,653 7.24% 0.51
Total 249,320 14,549 5.84% 0.39




Exact characteristics

Year (Thotﬂssnnds e (Thibs?i%'s | < Skewness
1 1,406 2,354 | 167.48% 3.33
2 1,765 2,499 | 141.61% 2.93
3 1,930 2,519 130.54% 2.89
4 2,376 2,641 111.18% 2.69
5 4,078 3,269 80.16% 2.11
6 5,664 3,587 63.33% 1.90
7 11,010 4,425 40.19% 1.53
8 19,879 5,100 25.65% 1.32
9 24,900 4,962 19.93% 1.35
10 34,882 4,945 14.18% 1.29
11 49,566 4,968 10.02% 1.09
Previous 157,455 12,962 8.23% 0.51
Current 91,869 6,646 7.23% 0.51
Total 249,324 14,567 5.84% 0.41
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The CRM model leads fori@\ Insurer to a best estimate of roughly 250 milliah<€uro,
equal, as expected for the assumptions, to theeiFlsinge deterministic method claims
reserve estimate. Furthermore it is obtained akbdity coefficient equal to 5.84% and a not
negligible skewness (+0.4).

Finally it could be observed how claims reservesaily accident years have very high
variability coefficient and skewness because ofhigh impact of the estimate on the last
development years.

Obviously the prominent weight of current genematiand the aggregation under
independence assumption, lead to a lower skewoe#isef overall claims reserve.

The next Table 3 shows the comparison betweertbecompanies (A and AVMASES) of
mean, variability coefficient and skewness using ordy the CRM, with parameters based
on Fisher-Lange assumption, but also the well-knBwaatstrapping model, based on Chain-
Ladder method, and developed using adjusted Peaesiduals with a constant scale
paramete'® for different development years and through Logh@irsimulations.

The analysis has been carried on considering the saangles without the tail too.

Table 3: Comparison between CRM and Bootstrap LogNormal for bosurers (100,000 simulations —
undiscounted values)

Mean (Thousands €) Ccv Skewness
Bootstra Bootstra Bootstra
CRM (LOgN)p CRM (LOgN)p CRM (LogN)p
SIFA 249,320 246,383 5.84% 4.95% 0.39 0.08 |
SIFA No Tail 235,764 226,875 4.60% 4.49% \ 0.24 0.08 \
AMASES 2,666,204 2,834,635 2.89% 4.00% 0.10 0.07
AMASES No Tail 2,445,833 2,463,840 2.57% 3.57% 0.07 0.07

Firstly it is to be noted a difference between ages, clearly due to the different
assumptions implicitly included in the two deterisiit methods (Fisher-Lange and Chain-
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Ladder) underlying the stochastic models. Howeaeerages are not so far for these insurers
and CRM leads to higher Best Estimate fiea&nd a lower for MASES.

Secondly it is to be emphasized how the differemtedsions and development patterns of
two triangles are affecting on the different vailip provided by the stochastic methods
leading to a lower variability for the bigger Insur

It should also be noted that there is not a prexaleof one model on the othermMASES
Insurer has variability equal to 2.9% with the CRdWer than 4% obtained by Bootstrap,
while the sampling with replacement methodologyehtower variability (4.9%) than CRM
(5.8%) for A Company.

Finally, the skewness is not affected so much wherBootstrap method is used both in case
of different triangle dimensions and of differemblpabilistic assumptions (LogNormal, ODP,
Normal, Negative Binomial, etc.)

Results of 100,000 simulation (not reported in gager) based on different probabilistic
assumptions (LogNormal, ODP, Normal and NegativeoBiial) applied to Bootstrap
samples show a skewness from 0.56 to 0.8 fes $surer and from 0.78 to 0.85 for
AMASES.

Instead CRM returns a larger skewness for bothrémswith a lower value for the bigger
company because of the larger number of claims paid

Considering two hypothetical companies similar taa8Es and $A, but with the first
accident year completely closed, it could be oleivow the lack of the tail decreases the
variability.

The reduction appears more significant for the éiggpmpany with the bootstrap method for
the higher tail factor (the last development facsoequal to 1.031 for MASES against 1.012
for SFA).

While CRM shows a larger reduction far&because of a very high variability coefficient in
the development T2iue to the small number of claims.

Furthermore the prediction error, obtained by treckiformula for the No-Tail triangles, is
lower than both models foriid (3.6%) and it lies between CRM and Bootstrap fog t
AMASES (3.3%).

Finally skewness differences between models deemakout the tail effect.

The overall claim reserve is obtained as the sutheofliscounted future paid losses too.

The discount factors are determined by the terocsire of risk-free interest rates, given by
CEIOPS for QIS4 valuation, assuming a mid-yearalist.

The discounted reserve shows reduced CV obtaindxityapproaches because of the lower
weight of last development years. It could be olesgra larger CV reduction for triangles
with tail (see Table 4).

Table 4: Comparison between CRM and Bootstrap LogNormal for btirers (100,000 simulations)

Mean (Thousands €) Ccv Skewness
CRM Model
Undiscounted Discounted Undiscounted Discounted Undiscounted Discounted
SIFA 249,320 225,182 ‘ 5.84% 5.22% 0.39 0.32 ‘
SIFA No Tail 235,764 216,430 4.60% 4.34% 0.24 0.19
AMASES 2,666,205 2,350,061 2.89% 2.74% 0.10 0.08

AMASES No Talil 2,445,833 2,205,802 2.57% 2.56% 0.07 0.05
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Bootstrap Mean (Thousands €) Cv Skewness
(LogNormal) Undiscounted Discounted Undiscounted Discounted Undiscounted Discounted
SIFA 246,383 222,501 4.95% 4.60% 0.08 0.07
SIFA No Tail 226,875 207,924 4.49% 4.29% 0.08 0.07
AMASES 2,834,635 2,475,346 4.00% 3.70% 0.07 0.08
AMASES No Tail 2,463,840 2,201,294 3.57% 3.38% 0.07 0.07

4. Some sensitivities

The risk of assessing inappropriate parametersahasdevant importance on claims
reserve estimate. At this regard some exact claistits of claims reserve distribution and
some results of the simulation model, illustrategrevious sections, are reported, in order to
explain the effect on claims reserve variabilityabflanges in variability of either structure
variables (measuring the impactafando;) or claim size (through the variability coefficten
Cz).

Figure 4 shows the variability coefficient of Ovkr@laims Reserve (Cy) for different
values of variability coefficient of claim size;j of each development year, obtained by

applying to each single;the same multiplierk(wherec, =c, Ck, 00j)™.

Higher ¢; for all development years leads obviously to ahhigriability of the claims
reserve.

It is to be emphasized how the lower numbers ofmdgroduce a higher effect of increasing
claim size variability for the smaller company.féct, it could be observed that whereR,
variability coefficient of total reserve is almodbubled for $A Insurer, while AMASES
undergoes an increase of roughly 64%.

Finally, very high values ofqroduce a negligible impact of the parameter uag@st on
number of claims.

Figure 4: Variability of Overall Claims Reserve of both Insureascording to different variability coefficient of
claim size (gj)
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Skewness has a similar behaviour than variabititpeding to an increase of variability
coefficients of claim size of each development year

It could be observed how, for high values gftbe aggregation leads to lower values of
skewness when parameter uncertainty is greaterzevan despite of in each single cell the
relation is reversed.

Figure 5: Skewness of Overall Claims Reserve of both Insuessprding to different variability coefficient of
claim size (gj)

SIFA Insurer AMASES Insurer
1.2 1.2

. /-.
L 2
0.6 ¢
0.4 . .
/’ MM:
0.2 o* 0.2 \ set?

Skew(R)

0 0.5 1 1.5 2 0 0.5 1 15 2
¢ sigma(q)=10% —a— sigma(q)=0 k, ‘ + sigma(g)=10% +sigma(q):o‘ k;

Table 5 shows how the greater effect on the; @#ttern is strictly linked to the increase of
the ¢ in the last development year.

In fact considering a double value of claim sizealaility coefficient on the tail only (j=13,
the CV of Total Reserve increase to a value (9.0886%0 far from that obtained considering
double ¢ for all development years (10.77%).

Nevertheless the distribution has a fat tail too.

Table 5: Variability and Skewness of Overall Claims Reserv&ipA Insurer, according to different variability
coefficient of claim size (g)

Cz assumptions Ccv Skewness

Standard 5.84% 0.41
Reduced by 50% 3.69% 0.14
Doubled 10.77% 1.00
Doubled only tail (cz3,.) 9.09% 1.34

Small numbers of claims lead to similar effect tuencreasingyy between two insurers and
a lower impact than highy¢see Figure 6).

Furthermore the reserve variability appears moresibe to claim count parameter
uncertainty ¢,) than to claim size parameter uncertairdy.(In Figure 6it is showed that
the claim size parameter uncertainty contributea imited way to the overall variability:
introducing a structure variable r with standardialéon equal to 20%, CV of total reserve
increases from 5.84% to 5.93% for&and from 4.74% to 4.81% fornsES.
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Figure 6: Variability of Overall Claims Reserve for both Insweaccording to different standard deviation of
structure variables g and r

SIFA Insurer

AMASES Insurer

st. dev. (q) 00 st. dev. () st. dev. (q) 0o st. dev. ()

Also the choice of the claim-size distribution miagve relevant impacts on the reserve
distribution and then on the capital requirement.

Skewness of claim reserve is an important elermespgect to Bootstrap when the simulation
is carried on through different claim-size disttibn family. The distribution family has,
obviously, a negligible impact on variability buiarge effect on skewness (see the case of
LogNormal distribution):

Table 6: Variability and Skewness of Overall Claims Reserve ating to different claim size distributions
(SIFA Insurer - 100,000 simulations)

Distribution CcVv Skewness

Gamma 5.84% 0.43
LogNormal 5.85% 8.62
Weibull 5.86% 1.76

5. One-Year Approach and Main Results

In this section, we analyze the one-year reseiske in the perspective adopted by
Solvency Il applying the “re-reserving” approachthwihe aim to estimate the variability of
claims development result and the percentilesyderoto quantify the capital requirement for
the reserve risk. Main results will be comparech@<tRM and Bootstrap Model.

The capital requirement for reserve risk ataheonfidence level (RBY has been obtained as
the difference between the percentile of the distion of the insurer obligations at end of
next accounting yean[ ), opportunely discounted at time zero with th&-free discount
factor v, and the current exit value of the technical m@imn at time 0 (V):

RBC? =v, VaR“(V, )-V,
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The value of claims reserve d\shall correspond to the current amount that srste and
reinsurance undertakings would have to pay if theye to transfer their insurance and
reinsurance obligations immediately to anotherriaisce or reinsurance undertakihg

The value of technical provisions shall be equah® sum of a best estimate (R) and a risk
margin (RM).

The best estimate shall correspond to the probalikighted average of future cash-flows,
taking account of the time value of money (expegiegsent value of future cash-flows),
using the relevant risk-free interest rate termcstire.

The risk margin shall be calculated by determinihg cost of providing an amount of
eligible own funds equal to the Solvency Capitalgiieement necessary to support the
insurance and reinsurance obligations over thé&nife thereof. For Solvency purpose only
certain types of risks are considered for Risk Maegsessment (underwriting risk including
premium risk for existing business and reserve, &fault risk with respect to reinsurance
and operational risk in QI1$3.

In general the risk margin in QIS4 is calculatedresssum of the cost (at a CoC rate of 6%)
of discounted (using risk-free curve) future cdpigguirements (RBE as follows:

.
RM, = > CoC [RBC*** [,

t=0

The distribution of the insurer obligation at entl following year ;") is determined

assuming that two variability sources will comefance during the year. These variability
sources are described by two random variables sept@g respectively the payments
occurred in year 1 (i.e. the elements located em#xt diagonal of the triangle) and the new
claims reserve (best estimate plus risk marginjinaséd at time 1 conditionally to additional
information available during the year.

With the aim to solve the circularity between tlssesssment of RBC and Risk Margin, due to
the fact that the latter is obtained as a functbithe capital requirement at time 0 and the
former is function of the fair value of the reserwemprising risk margin too, the YEE
approximatiof® has been used under both simplifications thatatie of the SCR to the best
estimate technical provisions is assumed to betaonhthroughout the whole run-off period of
the insurance obligations and only capital requaetfor reserve risk affects the evaluation of
risk margin.

Tables 7 show the RBC for reserve risk obtainedBbgtstrap and CRM for both Insurers
according to three different confidence levels seghrding the 99.5%, adopted by Solvency Il
Directive, as our benchmark.

It could be observed how both models have for radlurers capital ratio (between capital
requirement and best estimate) lower than thataateally requested by QIS4 standard
formula for MTPL line (roughly 3 times for a volkity factor equal to 12%).

How expected, the smaller insurer has a higher R&© due to the more variable and
skewed claim reserve distribution.

Considering similar insurers with the first accitgear closed, the lack of tail leads clearly to
lower requirements.
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Table 7: Ratio between RBC for reserve risk and Best Estnoéitained by CRM and Bootstrap according to
three different confidence levels (100,000 simulations)

CRM Model RBCo/BE,
99.00%  99.50%  99.97%
SIFA 12.95%  14.46%  21.10%
SIFA No Tail 10.43%  11.57%  16.14%
AMASES 9.01%  10.23%  14.14%
AMASES No Tail 6.08% 6.91%  10.08%

Bootstrap RBC,/BE,
(LogNormal) 99.00%  99.50%  99.97%
SIFA 10.59% 11.96%  16.76%
SIFA No Tail 7.99% 8.93%  12.19%
AMASES 8.45% 9.51%  13.04%
AMASES No Tail 5.82% 6.48% 8.74%

Furthermore it is to be emphasized how the insunerse a different pattern of the ratio

between the capital requirement and the Best Esimttime O (see Figures 7). The slow
settlement speed of the bigger insurer, confirmed bigher tail development factor, leads in
the next years to greater ratio tharaSfrom year 2 with Bootstrap and from year 5 with

CRM).

Considering the two triangles without tail, the salpehaviour could be seen in final calendar
years before the run-off:

Figure 7: Ratio between RBgg s, for reserve risk and Initial Best Estimate until theat Run-Off

RBC./BEg RBC(/BEg
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012 3456 7 8 91011 012 3 45 6 7 8 91011
o Sifa E Amases @ Sifa m Amases
O Sifa No Tail O Amases No Tail O Sifa No Tail 0O Amases No Tail

Despite $A has a higher RBC ratio tharmMASES, higher $A development factors in first
years lead for a stochastic model based on Chaiddraassumption to similar ratio between
Risk Margin and Best Estimate for both insurersilev@RM confirms a higher ratio for the
small insurer.
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Table 8: Ratio between Risk Margin (considering only reservi¢) risd Best Estimate obtained by CRM and
Bootstrap (100,000 simulations)

RMo/BEq CRM Bootstrap
SIFA 2.19% 1.80%
SIFA No Tall 1.55% 1.20%
AMASES 1.84% 1.81%
AMASES No Tail 1.07% 1.07%

Finally, the slow claims settlement process of bigger Insurer shows a higher cost of
capital allocated in the years. Both models, wittlifeerent behaviour, emphasize a greater
ratio between Risk Margin and initial best estinfareAMASES in future years.

Similar trend could be observed in last calendaryéor triangles without tail too.

Figure 9: Ratio between Risk Margin (considering only reservk) risd Initial Best Estimate until the total
Run-Off
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Conclusions

The paper proposes a different way to analyse andsig claim reserve based on a
Collective Risk Theory approach.

According to us the CRM model seems to represeatid stochastic model to be added to
models suggested at the moment by the actuagedtitre.

Parameters of the models may be easily estimaténh udaims DataBase and the
deterministic model “Fisher-Lange”, method rathepuylar in Italy based on the estimate of
separate number of claims to be paid and futureageecosts.

The same model could be used also with deterngnmgthods other than Fisher-Lange,
providing separate estimates for either numbeutfré payments and average claim costs.
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Furthermore the sensitivity analyses, here repppetin evidence the relevance of a reliable
parameter calibration and the strict link betwearameter uncertainty and the variability of
the overall claim reserve.

Finally the One-Year approach is representing a &gyroach to be fully investigated in
order to perform evaluations consistent with Sotyeil in order to obtain both capital
requirement for reserve risk and risk margin.
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EndNotes
1 See IAA (2004), Appendix B: Non-Life (P&C) Insurance Casedy
2 See T. Mack (1993)
% See Directive 2009/138/EC of the European Parliament atie éfouncil of 25 November 2009 (Solvency ||
Directive in the next) and QIS Technical Specifications
“ Solvency Il Quantitative Impact Studies (QIS3-QIS4) ande3wmy |l Directive imposed that the Risk Margin
will be obtained with a Cost of Capital Approach. Heerein QIS2 and in other framework, a quantile
approach, based on 75% percentile, had been proposed.
®> See for example England & Verrall (2002)
® For example it's possible to simulate future paid logs®Es an Over Dispersed Poisson (ODP) model (see at
this regard England & Verrall (2002) or De Felice & Moric(2003)). Other models are based on LogNormal
or Normal distributions.
" Bootstrapping gives usually a best estimate not fullpaident with the “true mean” (obtained with chain-
ladder) because adjusted Pearson residuals have not quesdihoezero.
8 See England & Verrall (2002)
° See Mack (2008)
10 See IAA (2004)
' See Meyers, Klinker, Lalonde (2003)
12 See Merz & Wiithrich (2008) and Buhlmann, De Felice, Gisariconi, Wiithrich (2009))
13 See Ohlsonn & Lauzenings (2008) and Diers (2009)
14 See Daykin, Pentikainen, Pesonen (1994) and Havning & SEA@05)
15 Normal Approximations, Recursive Panjer Formula, Fasti€oTirasform, etc.
16 See Fisher & Lange (1973)
Y In case of a two-parameter lognormal distribution, skewness of the claim size is simply given by
c,(3+¢,°).
18 As regard to the methodology of average cost assessme are implicitly assuming that settlement of
artial claims payment is consistent over time.

° See England & Verrall (2002) and England (2002) for Bootstnapel. See Pinheiro et al. (2003) and
England & Verrall (2006) for different types of residuals #od different scale parametexg for each
development year.
20 |n standard scenario ks equal to 1 (*=cz). In the other cases;t is obtained applying to reported in
Table 1 for bothnsurers, different values (with a range 0-2) gf{the same for each development year j). For
example, the highest value;&2) could be obtained for the last development ye*f"l[: =c, [k, =102=20

2L see Article 76 of Solvency Il Directive

22 Consultation Paper 42, published by CEIOPS, analyzeArtiwe 85 of the Directive on the calculation of
risk margin. It's provided the possibility to include othenckiof risk in the risk margin valuation as the
unavoidable market risk.

2 See De Felice & Moriconi (2006)



