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Na tu r a l Hazards a n d Engine e ~ ing Insuranc e

Ea r t h qu a ke, win ds t o r m, flood and frost - these a r e some of t he

most i mp o rt a nt man ifestat ions of the nat~ ral hazard s t o wh i ch hu­

man beings are e xpo s e d everywhere in ~he world . The drama t i c

po tential inheren t in t h es e hazar d s becomes particula r l y e vide n t

when we cons i der t he fre quency a n d s everity of the los s es they

cause .

At t he IMIA meeting in 1986 we ; d i s cu s se d the sub j e c t o f Natural

Ha zards a n d Eng i n e e r i ng In s uranc e on the bas i s of a po rtfo lio of

2,200 i nd iv idually re c o r d e d maj or losses , refe ren c e nu mb e r

10- 13(86 )D . In t he me a n t ime the l oss por~foli o usab le as a bas i s

f or e valuation ( 19 8 2- 9 2 ) has grown t o e ncompass 5, 60 0 l arg e

l osses with a t o tal l o s s a moun t of r ough l y $ 8 billi on.

Let u s f irst recall the c onc lus ions we drew in 198 6 :

- Na t ural hazards are a maj or cause o f l os s in the enginee r i ng

c lasses o f insurance, accounting for 18% o f t he total l o s s

amount incurred.

- CAR is the class of bu s i ne s s mos t seriously a ffected , 47 % of

losse s be i ng c a u s e d by natu ral haza rds , fo l lowed by EAR in­

s u rance wi t h appro x . 1 2% o f total lo sses , and M/MLo P insurance,

where the se l osses st i l l amount t o a s mu ch as 8%.

- The a verage fre quency o f l osse s caused by natural hazards is

no t iceably lower than that of o th e r typ e s of l o s s , whereas the

ave rage loss amount i s considerably h ighe r .

An analysis based on t h e e xtended l oss p e r i od 19 8 2- 92 con fi r ms
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by and l a r g e the o b s e r v at io n s made in 19 86. Specifical ly :

- The proportion of engineering ins u rance lo s se s r e s u lt i n g from

natural h a z a r ds has increas e d to 21% ( a s co mpa r ed , i th 18% in

198 6).

I n M/MLo P i ns u r a n ce , eh is percen t a ge has r is e n s Ubst a n t ially ,

name ly fro m 8% t o 22%, "he reas i n CAR i t has d e c r e a s e d fr om 47%

( i n 1986 ) t o 3 5%, and in EAR from 12 % to 10% .

An anal y sis of t h e indiv idual caus es of l o s s prov i de s t h e f ollow­

ing pi cture:

CAR EAR M/MLoP

Win dstorm 39% 35 % 93%

F l o od 48% 30 % 3%

Eart h qu ake 0 1 6% 0

Frost et c . 13% 19 % 4%

As far as M/MLoP i s con cern e d, th i s p i ceure mat che s that of

worldwide e xper ienc e i n the proper t y insurance c l as s es as a

who le, whe reas in CAR/ EAR it doe s noe.

Curio u sly enough , it was th e very year f oll o" i n g our fir s t i nves ­

t igat ion , n amely 198 7 , tha t marked the beginning o f a pe r i od of

not ic e ab l y inc r eas ing c l aims bu rden s f o r propert y insure r s in

gene r al .

- 1 9 8 7 : wi n dstorms in Bri t a in a n d F r a nce ( o v e r a l l economi c l o s s

approx. $ 3.7 bil l ion, insure d l o s s a pp ro x . $ 3 b i l li o n )

1989 : Hurri can e Hugo (ove r al l ec onomic l o s s app ro x . $ 9 bil ­

li on , insure d l oss approx . $ 4. 5 bil l i on)

199 0: win t er gale s i n Europe ( ove r al l e c ono mic lo s s ap prox . $

15 billion , insu r e d lo s s approx . $ 10 b i lli on )
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W r4-t, l,rt e; I{,.
- 1991: Ty phoon Mi r ei l l e in Japan ( ov e r a l l e c ono mi c lo s s a p p rox.

/
$ 6 ~i l l i o n , ins ure d l os s app ro x . $ 5 b ill i on )

- 1992 : Hur r icane And r ew i n oh e USA ( o v e r a l l e c o no mi c l oss a p­

prox . $ 3 0 bill ion , i ns ure d loss app rox . $ 20 bill i on )

- Summer 1993: wee k-l ong fl oods in t he Americ an Mi dd l e Wes t

(ov e r a l l e c o no mi c l oss a p p r ox. $ 12 b illi on, ins u r e d loss a p­

prox. $ 1 billion )

- Jan uary 199 4: ear thquake in Los Ange l es ( ov e ral l e conomi c l oss

a pp r o x . $ 20 bi l l i on, i n s u r e d l oss approx. $ 7 b i l l i on)

Taking toge t h er a ll the l o s s e s o f the past seven year s that h ave

r e s ul t e d fr om na tural h az a r d s, 'we ca n see a worry ing i n c r e a s e no t

on ly in frequ enc y bu t a lso i n si ze .

Th e obv ious question is: d id t he p ropert y i n s u r a n c e c l a s ses

general ly have a much lower exposure i n the y e a rs pr ior to 1987,

or could it even b e thal: t he climate has change d si gnific an t l y

since then?

In the language o f t h e a c tua r i e s : was t here a d iscon t i n u ity at

t h e e n d o f 198 6 in ~ither e xpo s u r e o r c l i mati c co nd i t i o ns?

The a n s we r has to be a defin i te no .

There was, o f course , n o s udden increase in ex p o s ure for i nsu r e rs

and reinsu rers in 1987; the ir exposure has t end e d t o i n c r e a s e

more o r less c ontinu ous ly o v e r the ye a r s i n a ccordance wi t h

economic growth and grea ter i n s u ran c e densi ty . Nor d id any

dramat ic change i n c limat ic conditions s u dd e n l y oc cu r in 1987.

What does h appen is that the intens ity a n d frequen cy of in­

div idual we a ther phenomena fluctuat e , stal:i st i c a l l y speaking,

around a me d i an wh i ch can c hange s l oNl y an d cont i nuously

(c limat e) while t h e i n d i v i d u a l v a lues may b e s Ub ject to strong

f luc t u a t i on s ( wea the r). The c onc en tra t ion o f wind s t o r m even ts
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betwee n 19 87 and 1992 i s t he ~e fo re pre s uma bl y fortu itous, as was

the ir rela t ively l ow fr e q u e n c y i n the yea~s before.

We cons ider it to be t he task of the insu~ance industry , and par­

ticularly of the reinsure ~ s , t o help even out the economic ef­

fects of these r a n dom fluctua tions by spreading the burden of the

resulting losses. For purposes of pre mi um c a l cu l a t i on , however ,

thi s presupposes tha t the "r isk of random fluct u a t i on s " can b e

quanti fied to some extent and t h a t al lowa~ce is ma de in a dd i t i on

for a possible "ri s k o f change " (i n our context , f o r examp l e , a

change in climate) . If underwriters a re in a p o s ition to project

this for the future with a ce~ta i n deg re e of accuracy , they will

not be surprised by the occurrence of even ts fall ing wi t h i n a

statistical range already expected and take n i n to acco un t ; t h e y

will be able to react calmly a~d wil l n o t need t o make a ny major

rating adjustments, provided tha t his exposu~e h as bee n correct l y

assessed, prospectively, in advance .

The actual extent of the natural hazard exposure that h as built

up over the l a s t f e w decades has become gradual l y clear to the

property insurers from the experience in the yea r s s i nce 1987,

CUlminating i n the Los Angeles earthquake of January 199 4 and ­

to take a rather more localized e xample - the fl oo ds in Sax on y

and Thuringia this April . In most cases the exposure had n o t been

correctly assessed in advance and did not become evident un t i l

losses had actually occurred, with sometimes drastic conse qu e n c e s

as regards rating and acceptance capacity .

We are convinced that the situation in the engineering classes of

business is no different. This means that in engineer ing in ­

surance too, in our opinion, the natural hazard exposure is con­

siderable, a nd this exposu re is probably increasing continuously

with t h e emerging change in climate. By chance, however, this has

not been reflected in the actual loss figu res of recent years to

the extent that might have been expected statistically.
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Some e xamp l e s :

1. When t h e Rhe in fl oode d its banks i n Dec e mbe r 1993, t he f act

that the badly damaged SchQrmann Building in Bonn was n o t in ­

sured - or at least insure d onl y inadequately - s ave d the

German CAR i nsurance indus try fro m a l o s s in the regio n o f

DM 3 00 mi l li on .

Th i s l oss demons trate s particularl y dramatical l y h ow a cla s s

of i nsu r a n ce l ike CAR i n German y, whi c h has fun c t i on ed up t o

now on the basis of r e t r os p e c t i v e s t a t is t i c s geared to bu r n ­

i n g co s t , pa r t ial l y ign o r es the ac t ual e xposure of the

p o r tfol i o . Th e damag e to the SchQ rmann Build ing - if i t h a d

b e e n fully an d c ompre he nsive l y in sured - would have cost the

German CAR ins u re r s more ~han th e i r e n t i r e premium in come f or

t h e year .

The marke t r esul t s i n t h i s clas s of i ns u r a n c e have in any

event do n e no more t h a n break even for years , so that the CAR

insure r s have bee n unable to accumulate sufficien t premium

r eserves to cove r th e i r a c tua l f o r e s e e a ble exposure and henc e

the i r expec te d l o s ses .

I f th e n et annua l premi um inc ome of the German CAR in s u r e r s

i s estimate d at aroun d DM 20 0 mi l l i on , e v e n the as sump t i on

t h a t a floo d l oss o f the kin d in qu e s ti on o c cu r s only on ce i n

3 0 ye a r s woul d al on e n e ces si t a t e a precauti on a r y l oad i ng on

a l l p r e mi ums of 5 % p .a . . And t h i s as sume s , f o r s i mpli c i t y ' s

s a ke , tha t the positive effec ts of i n t ere s t i n come on t he

amoun t of the g radu a lly accumulat ing rese rve s and the n e ga ­

t i ve effe c t s of t a x ex pe nd i t ure wou l d cancel each o t h e r out.

Bu t how many mo re e xposures a r e the re t o pot en t ial ly very

large l oss es of o the r kinds that the German CAR i n s urers

ou ght t o b e taking i n t o a c coun t ?

A method o f pric ing bas e d on the c al cu l a ti on o f "proba bl e ex-
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pected claims values" - o ften referred to the se day s as

"prospe ct i ve underwriting " - wou ld h a ve sh o wn long ago h ow

i n ad e qu at e the price b a s i s f or t he ra tes cha rge d re ally wa s .

Prospect ive un derwr it i n g , howe v e r , requi r es a prec ise estima­

t io n o f the exposure o f a portfolio , whic h is then co mp a r e d

with t h e a c tual l oss experience o f past r isk pe r i o d s .

2. Hur r i cane "And r ew" i n Flor i da caused , a mon g o t h e r things ,

damage wort h a pp r o x . $ 30 0 million to t h e techn i c a l e qu i pme n t

be longing to a p ower c omp any, mainly ove r h e a d t r a n s mission

lines. Exper ience has shown t h a t F l o r i d a is h i t o n c e i n every

30 ye a rs on averag e by an e xtreme l y severe hurri c ane . The

r esult ing mean f r equency, wh e n comb ined with the expec t e d

los s amo u nt , yie lds the a nnual premium in c o me a ctual l y re ­

quired to cover this exp os u re from the underwr i t i n g stand­

poin t .

Th e l o s s in question wa s paid under an i n du s t r i a l all risks

policy which exp re ss ly i n clude d the machinery risk . The cov­

erage of machinery a nd te ch n i c a l ins tallation s a ga i n s t wi nd­

storm ris ks is quite leg i t imate, even unde r mach inery

poli c i es, and i s offe r ed in many Eu ropean c o un t r i e s. What

needs to be crit i ciz ed f rom th e point o f view o f e xpo s u r e ,

however, is the p remium Whi ch , being calculated o n the basis

of the limi t of l i a b i l i t y f o r all the risks t og e t h e r, is

equivalent to a g ro s s rate on line of 2 . 4 % a n d i s t hu s in­

sUff icient to cove r the wi n d s t orm r is k alone , not to mention

the other r isks un de r an all r i sks po licy th a t includ e s

machinery .

As regards Flo r ida i n g e nera l , it should be no ted t hat befo r e

Andrew, as a lre ady men ti one d , t he r a te s tha t wou ld h ave been

n e c es s ary for e xposu re r e ason s were no t charged, whe reas

af t e r Andrew often no cov e rage at a ll was ava i l a ble e v en

where the premiums were a dequate. It is there f ore no wo nde r

tha t t h e insure r s h av e been a c cu se d by the i r cli ent s a nd t he

au thori ti es ali ke of a ppro ach ing the i mportan t economic task
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o f providing hurri cane insurance in a~ unprofessional way .

Th i s criticism is ju s t i f i e d , f or if t~e un derwriting

per formed before Andrew had been sUffic iently careful a s

r e g a r ds policy wording , p r e mium r a t e s , d educc ibles and ac ­

cumulat ion c on t r o l , the se r ious shortage of cover that a r o s e

after t h e event need ne v e r have occurred ; loc a l res i dents had

l ong been aware o f the extent of t he exposu r e. The suscep­

t i b i l i t y of ove r he ad power lines, mob ile home s , mo de r n sup e r­

ma r kets a nd sch o ols to winds t o r m damage a n d the o f t e n low

standard of c ons truc tion were o bv i o u s bu t we r e nevert he l e s s

la r gely ign o red .

3. Th e fac t t ha t the Pau l Ge t t y Museum, a maj or CAR ris k

si tuated in t h e hills betwee n Los Angel e s and No r t h r i dge

whi ch is i n sured for $ 500;million, su rvi v ed t h e earth quake

of 17 t h J a nu a r y 1994 v irtual ly unscathed d oes not mean that

n o signif i c a n t e arthquake exp o s ure is p res e n t .

Admit t e dly, whe re the ear t h qu a ke h a za r d is c oncerned t hings

a re r a t h e r diff e r e n t t han with hu r r icane . Whereas wi th t h e

wi n d s t o r m r isk a maj o r l o ss event c a n be expected t o take

pl ac e o n a ve rage once i n eve r y 1 0 t o 20 years in s o me

c oun tr ies , severe e a rthqu a ke s occu r qu i te r a r e l y even in

h ighly exp o sed a r e as . As a c ons eque n ce, t he a s s ump t i on s made

wi t h regard to the effects o f a major e arthqu a ke on

- a bui lding or a mach ine ,

- a r i s k portfoli o and

- a n ins ura n ce o r re insuranc e mar ket

are tested on l y ve ry seldom.

No on e kn ows whe the r to day , at the e n d of t h e 20th c e ntu ry , a

ma j or e arthqu ake h itt ing a modern met ropo l is wou l d g i v e r i se

t o a c onfl agra t ion o f the kind e xpe r i enc ed i n San F r an c i s c o

i n 19 06 o r To ky o in 1923 . No on e kn ows h ow t h e pet r ochemic a l

installations, t h e underground railway lines r unn i n g beneath

stretches of ocean, t h e dams, the sky s c rapers or the p ower

stations would stand up t o a severe qu a ke . The big test has
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not yet taken place.

The PML ass umptions, at leas " in many CAR / EAR pol ic i e s , c a n

b e s afely ca l cul a ted on c he bas i s ~ f limi ts o f li a bili ty. 3ut

wha t a bout the premium r a t e s ? Is i" sensible bu s i n e s s prac ­

t i ce to calculate a r ate of , say , %0 p .a. on the limi t of

liabil ity c n t he g r oun ds t hat t he s e ismolog i s t s have e s ­

t ima t ed a ~eturn pe r i od o f 1000 years for the b ig e a r t h qu a ke

e v e n t ? I~ the case o f a l i mi t of l iability equ iva l ent to 10%

o f t he s um i n s u re d , this woul d me a~ an extra pre mium of 0. 1%0

p .a . on the total s um insured o r , exp r e s s e d d i f f e r e nt ly , a

lo a ding of pe rhap s 5% on the to tal pre mi u m. Th i s may e ven be

co r re c t f r c m th e scienti fi c po i nt of v iew, bu t i s it comme r ­

cially jus"ifiable ?

For purposes of retrosp ective rati~g, t h e r e a re s c a r c ely any

earthquake l oss e s i nc l ud ed in the enginee r i n g portfolio be ing

considered he r e. The Get ty Museum alre a d y r efe r r e d tc, and

the undergroun d r ai lwa y c onstructi on sites i n Los Angeles

we re bare l y affected . We est ima t e , however , that the

po rtfolio i n roughly te n s e para te ear t h qu a ke z on e s has an e x ­

po sur e o f several hun d r e d million dol lars. So what a r e we to

do with t h e statemen t that ou r porc f ol i o will p robab l y be

affec t ed by majo r e ar t h qu a ke s t en t imes in t h e next thousand

years ? And how does t h i s statement tally with t he ins t i n c t i v e

fe el ing of e ve n the most r a ti on a l pe ople who e xpe c t at least

on e eart h qu a ke catas t rophe t o o c c u ~ dur ing the ne xt 50 y e a r s

i n Japan and Ca l ifo rn ia alone ?

As a lre ady ind i cated , t he bur~ ing-cost approach in en g i n e e r­

i n g i nsura n c e s eems to b e even l ess su itable f o r t h e e arth­

quake risk than f or t he wi nds to rm r i s k , a n d e ven e xposure

rating on the basis of t he cu r r en tly ava i l a ble ge ophyiscal

da t a regularly produces premi um rates t ha t a pp e a r to be i n­

adequate fr om t h e commercial standpoint in view o f the encr­

mous "risk of error" whi ch the earthquake phenomenon c on ­

fronts us wit h fr om time to :ime. The few s eve r e ea r t h qu a ke s
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that have o c c u r r e d du r i n g t he past 3 0 y ea r s i n c iv il i z ed

p a r ts o f t h e world an d h a v e been studi e d i n deta i l h a v e given

u s so me c ons ide r a b l e surpris e s , bo th f r o m the s e ismolog ic a l

poin t o f view and a s regards t heir impact o n h uman arti facts ,

n o t ab ly bu ild i n g s and ma c h i n e r y . Th e mos t r ec en t earthquake

i n Los An g e l es is no excep tion .

It is therefore not o n l y t he ris k o f random fl u c t u a t i ons , as

in the c as e of winds to rm, a nd by no means the risk o f ch a n g e,

as with the c l i ma t e , t h a t creates such d ifficul t i e s fo r e n­

g ineering underwrite rs concerned wit h the ear t h qu a ke risk ­

insofa r as this is covered at all - b ut the r isk of error .

The Newcast le qua ke i n Aus tralia demo ns t r ated that s eve re

earthquakes can oc cu r e ve0 in p laces ~here the y are scarcely

e xpected, and the recent Lo s Angeles earthqua ke p roduced

vertical acce le rat ions of up to 2 g . On the other hand, the

dam at whose crest t h e s e 2 g Were measu red Seems to have

withstood t h i s acceleration a stoundingly wel l . In view of

such uncertainties one fee ls tempted to offe r the "scarce

commod ity" which is e a rthqu ake coverage for sale only at a

minimum price of 1% of t he agreed l i mi t of li a b i l i t y and to

l e t science be science .

The l a s t resor t would be t o e xclude natural h a z a rd s e n t i r ely

from all machine r y, CAR and EAR po li cie s or t o i s sue separate

covers for these perils , wh i c h wou l d of cou r Se ent a i l a

change i n the al l-ris ks concept on whic h che s e pOl i c i e s have

been based up to now.

Final ly, just a f e w r emarks concerning the impo rtance o f co o pera­

tion betwee n insurers a nd re insu r e r s i n f Ulfi lling the r ol e t he y

have to pl a y within t he national ec onomy, wh i c h is to provide in­

suranCe protection a s fa r as t h e y are ab l e fo r losses resulting

from natural hazard s a s we l l .

Regu l a r c o l lection of the mos t a c cura te d a ta p o ss i bl e on ac ­

c umu lation s of l iabili t i e s unde r oblig ato ry a nd faculta tive
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a g r e e me n t s i n CAR and in all other classes o f engineering busi ­

ness covering natura l hazards is e s s e n t ia l i n order to draw rel i ­

able con c l u s io ns about the e xtent o f gross a n d net liabilit ies

pe r e vent and zon e and to de t e rm ine wha t measu r e s need to be

t ake n . This a pplies no t on ly t o r e i nsurers but a lso to d i r ect i n ­

surers who want to p rote ct the ir retentions against the conse ­

quence s of catastrophe s but are no t p r e p a r e d to pay more t han

nec e ssary.

General ly speaking, direc t insurers are bound t o be greatly in­

terested in re cord ing the ir ac cumul a tio n d a t a c a r e f u l l y and

cooperating close l y wi th t he ir rei n s ure r s , s ince a re i n s urer who

does n o t r e c e i v e SUffic ient informat i on i n t h i s respe c t will t en d

to o ffer only limited amounts of c a pacity t o h i s ced e n t s and wi l l

deman d a n e xtra safe ty load i ng 'on the re insurance p r emi u m. I n the

eve n t of a c atastroph e t he d i r ec t ins u rer may eve n find hi mse l f

without a dequa te reinsu ranc e protection.

The s evere claims s tra in result ing f r om r e c ent na tu ral disaste r s

h a s shown that the r e are limits to t he e xte nt t o Wh ich covers

based on conventional re insu r anc e concepts are financially v i ­

ab le. On t h e one han d t h e f r e quency o f na tural disaste rs has - by

chance - risen; on t h e othe r han d , h owever, t he ef f e ct s o f the

risk of change, in particula r the growi ng c oncentrat ion o f

values, have resul ted in a s t r o n g i n cre a se in t he catastroph e

claims burden . Howe v e r financ ially powerful t he insurance and

re insurance industry may be , i n the long t e r m i t can on l y bear

t h e st rains res u l ting f rom events i nvo lving insured l os s e s o f

bi l l io n s of US do l lars , wh i ch may oc cur seve ral t i me s i n one

yea r , if the y can be balance d in the me d i um t e rm by means of an

adequate premium income. Asi de from this, h o we v e r , reinsurers

will stil l have no cho ice bu t t o r e s t r i c t their c a tast r ophe

liabilities even u nder propo rti onal treati es . In prac tice t he y

wil l calcu late t h e i r own limits, on the b a s i s of premium volume,

lia bili t i e s per zon e and na t ura l haza rd e xp o s ure, up to whi ch

t he y are p r e p ared to provide cat a stroph e c ov e r age . I f these

limit s a r e ex c e e de d , the i r liab i l i t i es can be limi t e d i n t he f ol-
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l owing way s :

- by i mplementing per-even, limits un de r proportional t r e a t i e s ,

possibly in con j un c c io n ~ ith a separat e c e d e n t ' s retention ;

by int roducing cessi on limi ts, with the re i nsurer having t h e

o p t i on o r p r ov i ding ro r the appl i cation or a n ave r a ge c l ause in

t h e eve n t that t he c e s s i o n limit is exceede d ;

by ex clud i n g natural hazards rro m pro port i on a l COVe r s an d re in­

suring them under separa te XL covers .

Ea ch or these methods has a dvantages a n d disadvantages whi ch c an

perhaps be deal t wi th rur t her in the cours e o r ou r discu s s i on . As

a practical consideration, it lshould be borne i n min d , ho weve r,

that the s ize or the catas ,rophe liabil ities a re i nsure r can as­

sume depends very s i gn i f i c an t l y on the price c harge d for the c ov­

erag e of natural haza rd s und e r t he polici e s conce r ne d . The bet t e r

the rating c on r o r ms to t h e severity of t h e ris k, the greater the

vo l ume or liabi li t y t han can be a s s umed .
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