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ummary

This paper looks a dedrable propeties for dams devdopment curves. A number of
different clams curves are then tested againg these properties. The paper looks to see
what ae the factors tha impact the “best” curve to useThe paper examines the
paameters needed in these curves.  Are more or less parameters needed? Which
paameters vay by dass of budness and which by individud risk? How much of a
difference does risk attaching and loss occurring make?
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“Standard Schadensverlaufskurven fir allgemeine Rickverscherungs
vertrage mit kurzem Schadenverlauf”
Tony Jffery
Irdland

Zusammenfassung

Diee Abhandung untersucht die gewinschten Mekmde  fir  Schadens-
abwicklungskurven. Verschiedene Schadenskurven werden dann gegen diese Merkmde
getestet. Das Dokument prift, welches die Faktoren snd, die die zu benutzende , beste’
Kurve beainflussen.

Das Dokument untersucht die fir diese Kurven bendtigten Parameter. Werden mehr oder
weniger  Parameter  gebraucht? Weche Paameter unterscheiden  dch nach
Rickverscherungklasse und weche unterscheiden dch nech  individudlem Rigko?
Welchen Unterschied macht eine Risks Attaching bzw. Losses Occurring Police?
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1. The Problem

Our employer was a newly established A& H reinsurer transacting mostly single year
fecultative treaties. We had no higtorical data on its business other than occasiond
higtorica experience supplied a time of underwriting.

We needed to moded how the daims might be expected to develop.

Wewere avare that the“ S’ shgped curve is adepiction of how claims or loss ratios may
deveop for London market business.

It may be described (assuming thet development isto unity) by the formula: -
Development(t) = 1 — exp{ -(/b)"\c]

This curveisknown in actuarid literature (see gppendix) as Craighead' s or asaWaelbull
digribution in Satigica terms.

This paper describes both our theoreticd consderation of how such acurve might arise
for London market A& H business and our practica adaptation for use in connection with
credibility messures for reserving on this business

2. How such a curvemight evolve.

Wefdt it was necessary that we establish atheoretica derivation of how such acurve
might develop.

Therefore we consdered two possihilities of how the premiums under asingle tresty may
be earned. Firgly asmpleloss occurring (“LO”) treaty in which the exposureis even
over the contract period (for smplicity taken as 1 year). Secondly arisk ataching (“RA”)
treaty in which the risks attach evenly over the treaty year and themsdlves last for ayear.
The earning pattern of the risk is shown grgphicdly as: -

Risk Attaching

Losses Occuring
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We can then hypothesise that daims might follow from the earning of premiumsin the
following ways-

@ A smpledday

(b) A draight line of period n
(© A geometric decay

(d) A triangle

©)] A normd didribution

Obvioudy more complicated forms could be consdered, but given thet thisisonly a
modd of redity, such complexity might be spurious.

SmpleDeay

This merdy shifts the premium-earning pattern in time. Thiswould be agraight line for
the lass occurring pattern and gpparently produce an S’ shaped curve for therisk
ataching. We say “apparently” asthe curveis actudly the joining of two quadratic
curves. Thefirg quadrdic is the formulafor triangular summation i.e. 0.5*n* (n+1); the
second isitsinverse.

Straight Linewith Period n.

If nis 12 then for the LO case we have the same curve for smple delay for the RA. By
experimentation we found that the S shape is produced provided the period is between
about 8 and 20 months.

For RA we found that any n below about 20 gave an S shape.

Geometric Decay

We could suppose that claims follow the earnings pettern in a geometric decay where the
clamspaid in each period in repect of a given period’s earnings reduces by a congtant
percentage each period.

For LO we found that to give an “S’ shaped curve the decay rate had to be between 10%
and 20%.

For RA we found that reduction rates above 10% give reasonable “ S’ shaped curves.
Below thisthe curve hastoo long atall.

Triangular Claims
This dternative supposes that daims build up for each period of exposure linearly to a
maximum and then fal away at the same rate.

For LO we found that provided the period to the maximum of the trianglewas & least 5
we obtained an “S’ shaped curve

For RA dl periods of thetriangle gave an “S’ shaped curve.
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Normal Digribution
For this we assumed that the digtribution of the dlaims payment from the earnings period

is normally distributed.

We found thet for both LO and RA an“S’ shgped curve was produced provided the ratio
of Mean chosen to slandard deviation chasen was not much above 3.

These experiments convinced us that there was sufficient judtification for selecting “S’
shaped curves as our basic pattern.

3. Mathematical Consider ations.

In the pure form, f(t) = 1 — ex -(t/b)"c], when t=b f(t) amplifiesto :exp(-1) or
aoproximately 63%.

However by inserting an additiond congtant agiving
f(t) = 1 —exp[-a(t/b)"c]
we may choose the vaue of development & which t=b.

From discussons with our underwriters we came to the conclusion thet if an underwriter
sad that arisk would be fully developed in X months this actudly meant that about 95%
would be developed by month X.

Thisled usto avaue of 3 for g and the formula

f(t) = 1 — exp[-3(t/b)"c] will pass through the 95% completion point at t=h. We were thus
able to use underwriters estimates to set parameter b for each individud risk.

To amplify the formula we then expressed time as a proportion of this 95% point i.e.
substituted a new variable r=t/b and the formula becomes
f(r)=1—exp[-3r\q|

We then congdered anumber of possible ways of setting the second parameter c. It is
obvious that with only one parameter |eft to choose we could derive this from one (and
only one) criterion.

(@) Inflection.
One possihility isto condgder the point of inflection.
f(r) =1—exp[-3r'\c]|
df(r)/ar = exp[-3rc](3cr™(c-1)
d2f(r)/dr2 = exp[-3rc](-3cr(c-1))(3cr(c-1)) + exp[-3r\c] (Sc(c-D)r\(¢-2))

at the point of inflection thisis zero S0 after dividing by exp[ -3rc](-3cr’\(c-2)) we get :

e =(cl)
rc  =(c¢1)/(3c)
logr  =(log((c-1)/(3c)))/c)
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Thisthen gives us the vaues of ¢ which will produce the point of inflection a any

required fraction of the 95% point.
r c
0.1 122
0.2 143
0.3 1.67
04 1.97
0.5 2.37
0.6 295
0.7 391
0.8 S.77
0.9 11.28

By visud ingpection it is clear that we would like the inflection some where between
25% and 75% which suggests thet ¢ should bein the range 1.5t0 4.5. It isaso worth
observing thet a low vaues of ¢ the curveisno longer “S’ shaped.

(b) Gradient at 50%

If we congder that the curve has three parts, adow start, an dmost linear middle then a
tall, then the dope of the linear part might be regarded as indication of the speed of

developmertt.
f(r =1-—exp[-3r'c]
o (ry/ar = exp[-3rc](3cr™(c-1)
if we denote z asthe vaue of r that setsf(r) to 0.5
05 =1-exp[-3Z'q]
05 = exp[-32'q]
0.693 =3z'c (taking log of both Sdes)
0.231 =7
z =0.231Y(1/c)
therefore at this point gradient (G)
= exp[-32\c](3cZ\(c-D)
=05%(3cz\(c-1)
=15c* Z\c-1)

=15c* 0.231Y(c-1/c)
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Thistable gives the vaues of the gradient for the values of ¢ we found acceptable above.

C gradient
1k 133
2.C 144
2.5 156
3.C 169
3E 1834
4.C 200
4t 216

In practice we found this to be of little vdue in setting ¢. It does demondtrate thet the
higher the vaue of ¢ the steeper the quasi-linear part but the insengtivity of the result to
large changes in ¢ gave us comfort that it might not maiter too much in the certre of the
curveif we could not set ¢ accuratdly.

(c) Tail Congderations

We conddered that amgor item of importance was the length of thetall. In the early
period of development the shape of the curve was not terribly important as we were using
credibility method (very amilar to Bornhuetter-Ferguson) so the expected net lossratio
pre-dominated. We have shown above that the centrd period was not very sendtive to the
valueof c.
It was a the tail thet the curve was most critical.
We could dearly determine the curve by sdlecting avaduey a which the curve had to be
Y % developed (remembering that v is set in terms of multiples of the 95% term).

LeY =1-—exp[-3y"c]
re-expressing thisin terms of the amount yet to be developed T (=1-Y)

logT =-3y'c

yc  =(logTi3)

dogy =og(-logT/3)

c =log(-logT/3)/logy

It seemed that a suitable points to take might be the 99% and 99.9% deve opments.
9%

y C
11 450
1z 235
1z 163
14 127
1t 106
1€ 091

1.7 081
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99.9%

Yy Cc
11 8.75
1z 457
1z 318
14 248
(s 206
1€ 177
1.7 157

Thisdlowed usto set our second parameter in terms of the tail run off but lead to more
issues. Firgtly we had no evidence to the length of the tail. We suspected (and practice
has confirmed) that the structure of different markets and practice of different
counterparties would cause great variation in tails. We wondered whether we should be
fitting different talls to different parts of the curve.

In practice when the time came, we found it preferable to modd thetall by eyeas
seasond patterns varied so much by market to make aformula approach invdid.

(d) Aesthetics

That il left us with the problem of fixing ¢. From (8) we knew that it had to be between
1.5 and 4.5, which suggested a number around 3. At this point we smply could not resst
the aesthetic pleasure of usng the vaue of pi!

This then gave us devel opment vaues for the tail of

9% 1.15* 95% point
0% 1.30* 95% point
90.9% 1.43* 95% point

The dope a the 50% point becomes 1.74.
Theinflection point becomes 0.62.
All of these we found acceptable and so we stayed with pi.

4. Practice

Wefound the*S’ shaped curves a suitable tool when we had no other data. Astime has
developed we have accumulated more experience and can now use this experience for
triangulation. We now use both methods.

Areas where have found “S’ shaped curves to bresk down in practice are where thereis
strong seasondity or where thereisamixture of clam types or risk types.

Wefound the pi vduefor “c” is suitable for our A&H business. This may not be the case
for longer tail classes. Now that we have entered the tal of our business we can use more

traditiond tal moddling methods.
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