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G R A C I E L A

C H I C H I L N I S K Y

YOU CAN' T USE

COMPLEXI TY THEORY TO

PREDI CT HURRI CANES OR

OTHER CLI MATI C EVENTS, BUT

I F YOU' RE SMART YOU CAN USE I T

TO HEDGE YOUR BETS ON THE FUTURE .
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ompl exi t y t heor y i s desi gned t o br i ng or der out of a r ough- and-
t umbl e wor l d, somet hi ng cl ose t o ever y i nsur ance pr of essi on-
al ' s or act uar y' s hear t . Whet her appl i ed i n t he l abor at or y or as
par t of a mat hemat i cal model , i t can do wonder f ul t hi ngs . But
i n t he r eal wor l d i t ' s j ust what i t s name says- a t heor y . I t may
hel p us under st and why t hi ngs go one way or anot her , but i t
can' t f or et el l t hose t hi ngs wi t h such cer t ai nt y t hat an i nsur ance
company coul d, say, set i t s r at es based on t he knowl edge t hat
onl y one hur r i cane wi l l st r i ke Fl or i da dur i ng t he comi ng year .
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Yet I see a connect i on bet ween compl exi t y t heor y and r i sk management , whi ch i s t he essence of i nsur ance . I n par t i cul ar ,

I ' ve f ocused on t he r i sk management of compl ex syst ems .

Admi t t edl y, t he pr edi ct i on of compl ex syst ems i s i nher ent l y di f f i cul t , even i mpossi bl e, accor di ng t o some pr omi nent

wr i t er s ( see si debar on p . 30) . But I want t o t ake a posi t i on cl oser t o anal yst s who say t hat , i f you' r e smar t enough, you

can somet i mes di scer n pat t er ns, even i n chaos . Ther e ar e si t uat i ons when you can act ual l y make pr edi ct i ons, pr ovi d-

i ng you have t he r i ght i nst r ument s . So what ' s needed f or bet t er r i sk management i s somet hi ng i n t he nat ur e of a gest al t

shi f t and, i n par t i cul ar , f i nanci al i nnovat i on .

I n shor t , what ' s needed i s a newmet hod of pr edi ct i ng . And her e t he f unct i on i s not t o knowt he f ut ur e ( t hough

peopl e may t el l you i t i s) . I n f i nance, anal yst s ar e not t r yi ng t o pr edi ct t he f ut ur e ( nobody can r eal l y do t hat ) ; i n-

st ead, t hey hedge agai nst t he r i sk of a downsi de f ut ur e event . Whet her we can pr edi ct t he f ut ur e i s besi de t he

poi nt - i t ' s a mi sunder st andi ng of t he t r ue nat ur e of t he pr obl em. The r eal chal l enge i s knowi ng how t o hedge

ef f ect i vel y agai nst an adver se event . Af t er al l , i f t he f ut ur e wer e pr edi ct abl e, t her e' d be no need f or i nsur ance i n

t he f i r st pl ace . Al l t hat woul d be r equi r ed i s a st eady accumul at i on of f unds suf f i ci ent t o pay t he r esul t i ng l oss-

es when a pr edi ct ed event occur r ed .

Gi ven t hat we can' t pr edi ct event s, we must r el y on f i nanci al i nnovat i on . I n par t i cul ar , we must f ocus on

compl ex syst ems . They' r e t he most di f f i cul t , but t hey' r e f r equent l y t he best r epr esent at i on of how t he wor l d

wor ks t oday. Wi t h a bi t mor e sophi st i cat i on and f i nanci al i nnovat i on, we can deal wi t h t hese syst ems f ai r l y eas

i l y. The scheme suggest ed her e won' t do a per f ect j ob- not hi ng can- but i t pr ovi des a new way of managi ng

and account i ng f or r i sk, and of deal i ng wi t h appar ent chaos .

Or der f r omChaos

The key obser vat i on behi nd al l my wor k comes f r ommat hemat i cs and chaot i c syst ems : Most chaot i c syst ems

exhi bi t or der , and t hat or der i s gi ven by what ar e cal l ed " chaot i c at t r act or s . " Thi s means even syst ems t hat ar e

di f f i cul t t o make pr edi ct i ons about , and di f f i cul t t o obser ve, wi l l event ual l y set t l e i nt o pat t er ns .

Thi nk, f or i nst ance, about t he weat her . Per haps you' ve been t ol d t hat , as a r esul t of t he chaot i c at t r act or s,

t her e ar e t wo possi bl e pat t er ns i nt o whi ch t he weat her may set t l e . I n one, t her e wi l l be a hi gh pr obabi l i t y of 10 i n-

t ense and dest r uct i ve t or nadoes . Conver sel y, i n t he ot her pat t er n, t her e ar e cl ear ski es and an absence of i nt ense

st or ms .

I n essence, t her e ar e t wo cor r espondi ng act uar i al t abl es f or

cat ast r ophi c st or ms, one wi t h 10 such event s and anot her wi t h

one . You' r e not pr edi ct i ng whi ch wi l l come t o pass, onl y t hat

one of t wo wi l l happen, and t hat t hey' r e equal l y l i kel y .

Gi ven t hat you don' t ' know whi ch pat t er n wi l l occur , t he

st andar d pr i nci pl es of i nsur ance ar en' t r eal l y of any hel p i n de-

ci di ng what st eps t o t ake, based on t he act uar i al t abl es f or t he

t wo scenar i os . I n one case, you deci de t o be ver y caut i ous and

assume t hat 10 st or ms wi l l occur . Then you have t o consi der

how much capi t al you' l l need t o r eser ve gi ven t hat assump-

t i on. I f each of t he event s event ual l y cost s $1 bi l l i on, t hen you

knowyou' l l need $10 bi l l i on. Of cour se, i f t her e' s onl y one cat -

ast r ophi c event , t he cost of car r yi ng t hat col l at er al has been

enor mous, si nce you' ve been car r yi ng 10 t i mes t he amount

you needed and t he oppor t uni t y cost of t hat capi t al i s not i n-

consequent i al .

On t he ot her hand, i f you deci de t her e wi l l be onl y one

st or m, you' l l be under pr ot ect ed . I n t hat si t uat i on, t he r i sk you

f ace i s f i nanci al cat ast r ophe .

What do i nsur er s do i n t hi s case? They have sever al opt i ons ;

al l , however , have accompanyi ng downsi des . One i s t o set t l e

on somet hi ng bet ween t he ext r emes of $1 bi l l i on and $10 bi l -

l i on . I f bot h pat t er ns ar e equal l y l i kel y, i t coul d seemper f ect -

l y l ogi cal t o di vi de t he di f f er ence and choose $5 . 5 bi l l i on as

t he t ar get . But by doi ng t hat you' r e guar ant eed t o be wr ong

100 per cent of t he t i me- 50 per cent of t he t i me you' l l be over -

i nsur ed and 50 per cent of t he t i me you' l l be under - i nsur ed, by

sever al bi l l i on dol l ar s i n bot h cases . I f you' r e t oo l ow, and i n-

sur i ng your sel f , you' r e maki ng your sel f l i abl e f or r i sks you can' t

cover . But i f you set t he t ar get t oo hi gh, you' r e f or ced t o set

unat t r act i vel y hi gh r at es . You' l l l i kel y end up l osi ng your cus-

t omer s . I n many i nst ances, t hat ' s happeni ng r i ght now.

I f you want t o i nsur e pr oper t y i n t he Car i bbean, f or exam-

pl e, you must pay a pr emi umt hat ' s r oughl y 33 per cent of t he
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val ue of t he pr oper t y. You knowt her e i sn' t r eal l y a one- i n- t hr ee

chance of a cat ast r ophi c event . But because t he possi bi l i t y may,

i n f act , be one i n 10, or one i n t wo, i nsur er s have t o t ake some-

t hi ng l i ke an aver age . So we end up wi t h 33 per cent . As a r e-

sul t , most of t he pr oper t i es i n t he Car i bbean ar e uni nsur ed .

Anot her opt i on i s sel f - i nsur ance . St anf or d Uni ver si t y, f or

exampl e, pur chases no ear t hquake i nsur ance . For many year s,

t he uni ver si t y cover ed i t sel f . Some may t hi nk of t hat as a so-

l ut i on, but i t i sn' t . I n t he end, r egul at or s st i l l l ook at St anf or d

and say, " Okay- you' r e sel l i ng i nsur ance t o your sel f . So al l t he

usual st at e r egul at i ons about i nsur ance appl y t o t he uni ver si -

t y. " St anf or d, as a r esul t , has t he same bur den of accumul at i ng

dat a, r ecor d- keepi ng, and r eser ves as any i nsur ance company.

Back t o t he Weat her

Let ' s t hi nk agai n about t hose t wo weat her pat t er ns . What do

t hey r eal l y mean? They qual i f y as chaot i c at t r act or s- compl ex

syst ems . As compl ex as t hey ar e, most of t hemt end t o set t l e

i nt o pat t er ns . The pr obl em i s t hat , usi ng t he exampl e I gave,

t he chaot i c behavi or coul d set t l e i nt o t wo pat t er ns . One i s as-

soci at ed wi t h a cer t ai n t ype of weat her ; t he ot her i s associ at ed

wi t h anot her t ype . St i l l , t her e' s a l ot of uncer t ai nt y wi t h t hese

t wo pat t er ns ; you can' t make exact pr edi ct i ons- we' r e t al ki ng

about aver ages her e . One pat t er n i s associ at ed wi t h j ust one

cat ast r ophi c st or m, and t he ot her wi t h 10 st or ms .

Wi t h chaot i c syst ems, al t hough you' ve i dent i f i ed t he at -

t r act or s, you can' t pr edi ct whet her you' r e goi ng i n one di r ec-

t i on or anot her . So i n some sense, al t hough chaot i c syst ems

ar e not as chaot i c as t hey appear t o be- t her e' s a met hod i n

t hei r madness- you don' t know i n whi ch di r ect i on t hey' l l go .

The sol ut i on i s t o change our way of l ooki ng at t hem.

The Secur i t i es Component

The secur i t i es i ndust r y has a di f f er ent appr oach t o t hi s di l em-

ma t han t he i nsur ance i ndust r y. The i nsur ance i ndust r y knows

t hat you can' t pr edi ct when and wher e a speci f i c event wi l l hi t ,

so i t r el i es i nst ead on act uar i al t abl es t o pr ovi de br oader ( st a-

t i st i cal l y based) pr edi ct i ons i nher ent i n t he l aw of l ar ge num-

ber s . Thi s i s t he pr i nci pl e behi nd i nsur ance- saf et y i n num-

ber s . You can' t pr edi ct pr eci sel y who wi l l be hi t , but you can

pr edi ct howmany peopl e, over al l , wi l l be hi t .

Even i f a gi ven syst emi s chaot i c, you st i l l have enough i n-

f or mat i on t o al l ow you t o say somet hi ng about i t . What you

say t akes t he f or mof one, t wo, or t hr ee possi bl e scenar i os and,

wi t h t hem, one, t wo, or t hr ee act uar i al t abl es . Sel ect i ng f r om

among t hemi s t he pr obl em.

The r emedy i s t o use pr i nci pl es f r omsecur i t i es mar ket s .

These mar ket s don' t r el y on t he sor t of st at i st i cal l y based i n-

f or mat i on t he i nsur ance i ndust r y uses . What t hey do i s hedge .

They oper at e by seeki ng pat t er ns and, ar med wi t h t hat , hedge

agai nst pr obabl e downsi de r i sks . They hedge, f or i nst ance, when

t hey use bonds and equi t i es t o pr ovi de a cushi on agai nst i n-

t er est - r at e changes- wi t hout l ooki ng f or t he st at i st i cal saf et y i n

number s t hat char act er i zes i nsur ance pr ocedur es . They sear ch

f or f act or s t hat ar e cor r el at ed . Secur i t i es houses, t hen, hedge

agai nst cor r el at ed event s, not by usi ng t he l aw of l ar ge num-

ber s or i nsur ance pr i nci pl es, but by usi ng i nver se cor r el at i on.

The obvi ous quest i on ar i ses : " What I ' ve got i sn' t st ocks and

bonds ; i t ' s t wo equal l y pr obabl e act uar i al t abl es . What amI sup-

posed t o use as a hedge?" The answer i s- use t he same pr i nci -

pl es t hat have pr oved so successf ul i n t he secur i t i es mar ket s .

You have t o hedge t he r i sks i n one of your act uar i al t abl es

ALTHOUGH CHAOTI C SYSTEMS ARE NOT AS CHAOTI C

AS THEY APPEAR TO BE- THERE` S A METHOD I N THEI R

MADNESS- YOU DON' T KNOWI N WHI CH DI RECTI ON

THEY' LL GO. THE SOLUTI ON I S TO CHANGE OURWAY

OF LOOKI NG AT THEM.

agai nst t he r i sks i n t he ot her . You need t o l ook at t he r i sk not

as somet hi ng you' r e t r yi ng t o pr edi ct st at i st i cal l y, but as t he de-

vel opment of di f f er ent scenar i os . Then you have t o, i n ef f ect ,

i nsur e your sel f by usi ng i nsur ance pol i ci es wi t hi n each of t he

scenar i os . I n each case you assume t he scenar i o t hat ' s goi ng t o

occur . I nsur ance goes as f ar as possi bl e- because i t ' s a ver y ef -

f i ci ent met hod- i n deal i ng wi t h one of t he scenar i os . But when

deal i ng wi t h mul t i pl e scenar i os, wher e you have no way of de-

ci di ng bet ween t hem, you have t o use a di f f er ent f i nanci al i n-

st r ument . Thi s i nst r ument i s a secur i t y cont r act , one t hat ' s con-

t i ngent not on i nt er est r at es but on act uar i al t abl es i nst ead.

I n r i sk management , t he key i s t o t hi nk of t he f ut ur e as a

combi nat i on of t wo f act or s . The f i r st i s a st at i st i cal f act or , whi ch

i s what you' r e f ami l i ar wi t h- t he act uar i al t abl e . But i f you' r e

i nsecur e, as you shoul d be, about what t r i gger s i nsur abl e event s,

your onl y opt i on i s t o bet j ust l i ke i n a casi no . I f t her e' s one

sor t of out come, and you' r e pr ot ect ed f or t hat , you' l l have a

shor t f al l , and i f t he ot her scenar i o happens, and you' r e pr o-

t ect ed f or t hat , you' l l have t oo much i nsur ance and t he car r y-

i ng cost wi l l be t oo hi gh . So what you do i s buy secur i t i es t hat

pay mor e i n one weat her pat t er n and l ess i n anot her . Thus, by

t r ansf er r i ng money bet ween t he t wo possi bl e st at es, you' r e pr o-

t ect ed . I n mor e concr et e t enns, i t ' s a combi nat i on of a modi f i ed

r ei nsur ance package, whi ch di ver si f i es t he r i sk and pr ot ect s t he

i nsur er agai nst unknown f i nanci al r i sks, and a secur i t y, whi ch

capt ur es cor r el at ed r i sks t hat can' t be di ver si f i ed i n any way .

So t he f act t hat you can' t make pr edi ct i ons becomes i r r el e-

vant - as l ong as you have chaot i c at t r act or s, whi ch gi ve r i se
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t o pat t er ns . Whi l e t he pat t er ns ar e not pr edi ct abl e, i f you can

di st i ngui sh a f i ni t e number of pat t er ns you' r e posi t i oned t o

t ake ef f ect i ve act i on and hedge t he r i sk i nher ent i n each pat -

t er n by r ever se cor r el at i on .

So chaot i c syst ems can be used f or pr act i cal pur poses . We

l i ve i n a wor l d wher e we need t o knowwhat coul d happen, hav-

i ng used a r at i onal appr oach t o cl assi f yi ng r i sks . And t he r i sk

may wel l t ake t he f or mof one of sever al pat t er ns, wi t h cor r e-

spondi ngl y di f f er ent act uar i al t abl es . Once you' ve under st ood

t hat r i sk, t ake act i on . Take out a hedge agai nst t he r i sk .

Some Pi eces i n Pl ace

Whi l e t hi s concept has yet t o be i mpl ement ed t ot al l y, some

pi eces of i t , i nt er est i ngl y enough, have been comi ng ont o t he

mar ket . The Chi cago Boar d of Tr ade i s nowsel l i ng cat ast r ophe

f ut ur es, f or exampl e . They' r e a pi ece of t he t ot al puzzl e I ' ve de-

scr i bed her e, si nce t hey hel p you pr ot ect agai nst di f f er ent ac-

t uar i al t abl es gover ni ng a gi ven segment of t i me . But t he mar -

ket f or t hese i nst r ument s t o dat e has been ver y t hi n, because

t he same peopl e who buy t hem- i nsur er s- ar e t he peopl e who

r epor t how much a gi ven i nst r ument shoul d pay, t hus pot en-

t i al l y cr eat i ng a conf l i ct of i nt er est .

Meanwhi l e, dur i ng t he summer of 1996, Mer r i l l Lynch and

Mor gan St anl ey f l oat ed newi nst r ument s, such as envi r onment al

bonds, wi t h exact l y t he same st r uct ur e . Thi s i s a bond wi t h a

coupon t hat , i n addi t i on t o t he st andar d t er ms, i ncl udes a f ac-

t or t hat pays di f f er ent l y dependi ng on t he f r equency of cat a-

st r ophi c event s .

I n addi t i on, t her e have been at t empt s t o adapt t he f unda-

ment al s of secur i t i es t o f i t t he i nsur ance i ndust r y- i n a wor d,

secur i t i zat i on . Ther e ar e compani es t hat car r y i nsur ance con-

t r act s as t hei r mai n asset ( but of cour se, t her e ar e al so l i abi l i -

t i es) ; t hey sel l shar es i n t he company, t her eby accessi ng t he

capi t al mar ket . Much l i ke Gi nni e Mae, you t ake a l ar ge num-

ber of r i sks, pool t hem, cut t he pool i nt o smal l por t i ons ( shar es)

t hat ar e put on t he mar ket , and l et peopl e i nvest i n t he com-

pany . Thi s pr ocedur e l et s compani es access capi t al mar ket s

f r oman i nsur ance base, and t hat ' s good, gi ven t he pot ent i al f or

l osses f r oma maj or cat ast r ophe . I t ' s near l y i mpossi bl e t o put

asi de enough r eser ves f or a " Bi g One, " and t he associ at ed cost

of doi ng so i s t r emendous .

So di f f er ent pi eces of t he t heor y I ' ve advanced her e have

been i mpl ement ed, but not t he whol e t hi ng . The bot t oml i ne,

t hen : You can' t pr edi ct one par t i cul ar out come usi ng com-

pl exi t y t heor y, but you can l ook f or t he r el evant chaot i c at -

t r act or s . Then, i f t her e t ur ns out t o be mor e t han one of t hese,

you can use secur i t i es as hedges bet ween t hem. The act ual f i -

nanci al i nst r ument has been cr eat ed and devel oped at t he Pr o-

gr am on I nf or mat i on and Resour ces at Col umbi a Uni ver si t y,

and i s i n t he pr ocess of bei ng i mpl ement ed . I t pr ot ect s agai nst

f i nanci al as wel l as nat ur al cat ast r ophes i n t he most cost - ef f i -

ci ent way.


