
CHAPTER 2

Risk Assessment Methodology

En"u"..-nlgi Ha:R'd is ,1>0 thr..t "",ontl.1 po..d to m.o 0' 0"0" byo..nt.
or'pnatin, io or t""","uN by tho OOlurol 0' builtoo";'on""'ot. Rid A..........m
i••o .ppraisal of both 'h. k,od. and d'i/'" of ,hI.. t pos<d by .n <ov'r<>nmmtal
h.zard. Such .W"..... in<lude' the "C<lIOit;"n ofa h..."d, th, musu"_ol of ill
lII"....nd UIlde"t.n,hnl ,1>0 social muoin, of .u,h _ ..""m.o"

A OOI"'OnioO! .t."ina pi"", fo' • typol"lJ' of ..........n' pra,tio;n i. th'
di"in<tion th.t Ot y "",k<. ,,~,,<liol Tis/< u,imllion .nd ."<.lloa'ion
(O'w.y, 1973). For Ot y. ,iu .,lim.tiQII is

. th< PfC<... of qu."tifyi~ .. far .. po..ibl•. 'h. risk. "",.."t.d by
,It< op<r'''O" of .....h<uIar f.<dity, .•n "P,.,.;on 01 'ho pmb­
.bth'y of. ,,,,dr., ou'com. o«u"';~ do. to ••""ific <.u.. . Risk
...loat.,n is ,h. compari"," of th...."im."d ,i"'•.,ith o'h 'isk'
.."'inJ '" "",i.ty in ,h. u,h' of ,h. ",<i.tal «"lio" '0 'h oth«
"'b, (O'~',y, 1973, p. JS.j

If _ ...k to .xp.nd ,h... no'ion, d... lup<d f,om tho n"du, and spaco
p"'1"' '0 .!>Compo.. tit< ranl" of human I><h• .;o"" and ,n";ronm<nW h..ard•.
""'" c ceptoal ,x'onlion i. n..d«l. fo' 0"', ,h. COOIX of tlJ. ri.u 1><"'1 .......d
may'" in doub,. h i• •c,,,.1ly flIt lh.t. 'p,n","ar f.cililY' i' brift, conoKl.,«I;
moro th,n truly. ,he ",U,O< of ,n...t i••n .n'iro on,",onment 'ua. .. th' I.....
compl<> polluti~ ",0'" ... ,i'y. 0' I m.oy..,,,.,,, p'OCOIi .uch .. hut
l"""ation. Joo..d. n m.y b•• m."" Id.ntifl< .d,-.no< to ...n identify. throat.
Th... tho,,;' no«l for. p"limin.ry practice of bu.rd id..,,,f,,,,ion bdOl. more
de'li!«l .ppraisal ,,~.. plac.

Th." is also t>«d fOl broad,nio, the """",p" of utim"ioIt Ind ."<.llu.hon. Th•
.,'lmlt<. of the lrhhh<>Od of ris~ m.y "lat< to.n , ..n', to ill """"qU<n,,,., 0'

both. Risk o"iml,;on m.y indt>d< qUllltif"d ..tim"" of prob'bili'y 0'

non.quanlifl.d .nd,'o, non.p,ob.bili.llc ."im".., lnd Ill ... m.y be "",oIod.
intLIitod, or extr.poIated from <>per;""",. Social .Vllu.at;on of ,isk m.y ...~ to
....d ""'" risles at .n COSlS (.ve,,;.... 'isk), b.allno< ",m. ".u with otho" (balanc<d
risk). 0< ~iJh 'ho ,iskl.n"ount<Itd with benofia obt1",«1 (I><n,fit·'isk) and with
otber oous (<o"-b<",fi'~ Th. 0«1""'''' of ope"r"'.... may b. 'ho ordored ratinnal
model of "lim"inn follow.d by ,.aloa'ion fo"..,o by Otw,y Ot qu'" diff,,,nt
..quen"" "l1eeti!tl othe' ,"I"iti.....nd .lleeti.... modes.

To .um, tlI.n, "":ani ido.'if""'io. i. tho ,oOOJl1ilion of. huard. 'ho .now<r '0
lIIo q""tiQII; ..il.. ,onll;,ut" I th,.. t' fa ""'thod' ar, the method. of '<>elich, of
",,"'ninl' of ""nitorinJ, .nd di.I1''''is.

RI'k ",im<ltloJl is ,he _,sure""n' of ,h. threat poten,i,l of th. haurd. In
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'''''0''' to the questions: how it." >t. 'h, con><qU<nc<'. how of'on do tho 01'<""
occur' I" melhoxl• .,. """hod. of knowing' ,,,e1alion. ;,,'uition >nd exlrlpolOlion
from "perien",

So<:iJzl ~Wlhlt1,.,n ;, Ih. me.nifli .",ibUled to tht mu,orement of ,h,.. ,
potent ..1. an an,weT 10 <he quo<tion; how important i. the ,"im"'d risk' h.
",",hod. ar. method. of <omp."""n '''''T~on. ,aline<. and bon.fi,""o<! .n.l,.~s.

The elemenu of ,i<k ......ment _ ident;flO"ion, ""mation '00 ••aluoti,,"­
... t>Q' dgidly ..pm" ""go';« of end"vouT. Th01 o",l>p ,,,,,,;doubly, both in
o,,"oop, 'nd proctic<. 11Ii. vi,,,, of lh. 'isk ...."ment p'",," i. show" i"phk.U~

io FigUf< l,t
Th. "l."onsltip O<,w..n 'i'k ..",,,,,nen'.nd ""ci."l <optn...';th .nvironmental

h.u,~ i. dtpictt<l in Fiiure 2..'. 1<1urnint 10 lh. model of COVmg in whio:;h
.n,ironmtnl .nd ""'i,ty in"r,,' 10 " .." .""nto .nd conseq""n"" with hOZMd
potential .od ,01ion, to oop< with th... " ...eil. While lh. >'1rio .. 'kmtnnof'i>k
..,..."...nl o..rl.p. they .1", center on d,fferent .k_n" of th. mod,l. HozOld
id.ntifioation '..,cit<, til. ,nlOfOO1"'" of .n,;'on.... nl .nd W<:iety fo' threue"'"i
eve"" and o"""'lu,no<1, R;,k ,"im>tion fo<u", on the hkelihood of , ..nto .nd
c""..qu,nce•• 10",hinl! on the ...n1-ien"ating mteh.ni"", of lh' ,n';"onmenl
.nd th. 'ffom of <oping .<tion. Soci.1 el':l!uolion se".. 10 ""illh oon..quen",•
•gain" coping 'Cl!on, .nd "",i".1 >'1i",,'.

I\'hiI. th.,. i' "'..... ovorlop,"oh of the ,i,. ......ment elem,n" is d~linetivo.

In lh;, <o<tion,"oh il explored In IUm: lh, prtvoiling method. ore "plain'" ,00
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<I..,m,d, II>< 'LIp""rll1\~ theory i. Iiu.d, ond lb. ou''''ndma Frobk.... or. n01Od.
E"1i 01"""'0' ,,,,,dud.. ~;th I co>< ...rnpl. f,om 'ho Ii'",,","

1, I H,o,zi\RIl IPE''TIFIC...110:-1

The ""n",,1 q""'i"" of h...rd id.ntlfi"""" IS_ -\Ill" con"i'Ule' 1 ,Ii,u'" 'n
,he int«1<,i"". hoN...n '"\'iro"mont and ootiolY. ""h" Jr. tile products.
pr=s.sn. p/l<no""''''' and 1""'''''' ,Ii.. ""","'uI< <n"'Qn"",ntal hllard •. posin.o
Iii,.., (0 nun and ."Uf.' In tho otq..nu of risk .... ..,.,.nt. ,h.. probably
<on"i'ut... the """, impo,,'"' but Ie." "OOi.d .I<",.nl.

2.1.1 Mflh",h: Reoea:rdl. ScretniIC. Monilorinl. Diaposil

For ""'" of hwn.n hj"ury> th< id.ntifie>lion "r .nvironIll<n<>J rill<. Oro" from
<Ii,,,,,, hunun """",.ct of '''''"" .n<! co""'!.."", 0' f,om tho applk"k>n of
ri'ua1 or mq.ic. Fo, tho 1.., hundrod 1''''', and for ,h. In'n". ,h. r«ognillon 01
huard. will d,pond. for tho moll p.rt. on ","'nc<. Tho m.JO' 10011 of h ,d
idon,ilk.lion will con,inu' to b< ",..,ch, ",,,,n",,. moni'orin,.nd d..."" .

R~<:h Fll/ld.rnont>1 ",,,nur,,, f ...ar"h. -po" ",,,,n«: no not pUlP_fully
di""tod 'onld "II< "',"'mont, "'imully i' <rn'" 1<Jlowlod!l' IOf knowl<dl",
..k< (.nd ,Itt ..k< 01 'h' kn""I<dI'-«<"")' 'Purrod by ,Itt hu""n 0«<1 to know
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ml """.'.....c1 ,1>0 .....ld. Tho tdtn,iflc..loIl of """ ~>Ulcl. by b..., ,....."" is
it....r b.plunrcl. Bu, KIODti......-hilt pu"""" theu 1~11J01l2I c1is<lplillary
""l.u±nes. ba>" " ..1)' for ..".,w 01 ...oiI_LlI par.... ,. Th"., eMIl lh<
nparltftual "" 'if'"o,""'y. lh< "'II< ,_arth a<ti"'Y of r....t-.w
sOala is l>oth • Mbluaual oDd ...~ry mitt 101 tho tb ........... I. II
imui/kiotll. hooo'<_....-, lilt ,:rotlS 0( lIodl ·...,....or ODd ,.,uar 0Clf1lCO

Raot<l II",} hao dn<:ril><d th< ..._ of'<""". sarn.. Of •• alhm ill

Iloo ltailtd Su,.. ..... ",lbtf ....i·',....-..tr CIIlod ,..bb.; in!<'''' ""_ f_
Hij>pd. IIId 1'naIac~ 19·.n ... _ ..or<!o:

.. 'boo ._,....."" or t",~ of -.rt- I.
tIM.., ._.u.. rnou"" of ,''' ~ _ q......y is do u pan of
pnctlcal pfOjOOCt> in..,..... ,lie c1..-y••",,!rId ,,.j ail"'.. of ,h.
e1ofr.tal """.. or d.I.",... la!Ix1o<1 OIl ....n .,.j ..., by .........y
leell""....y, 10110...«1 by 'be. p"b~. upowr< oftd ••mp for 'l>cir
....h''''.

TIl< ,,~ of .nq"~y i. Ia".,y ,",lie unl... it is followed up by
"PO'"" ""'P'.';"I. ,0<1 h,." ",,,,,,I ",i,o", IS i.....bl, ....
.....II.l1y poh"".I. Il. "110 of pohtla" "0' th>t of tho modern "'••
mo".m.nU Or ..on 'h" of 'p,."",, ,roup. "p""'.'uta. p.""ola,
cOnn I,",." >nth ,di<t,n<, .. , 01 ,nWuU. it " mort like 'he politiu
01 ,he hl""l""m<"'. "'h"e ••m.1I ",lnon'Y ao.. " ..on, "'Sumen, •
• r><! • ml"at< of poh"o,lta<t><a '0 ."'..... pabli< 00110'''" on mO"'"
on...... n"'.lf". ,11l."'..'.191I.pp .:. -':51

h "a ....,.., of b"co,i<aI jlJ<!&mtn, •• '0 ,... un.oq...,.... of 'm,ra1 ",....Qt'. "'.

bn, 01-. "poopIed ..,tb .:umpltt of ·cm ""ncr fram otll...- ye.n. 8...
.... """"n.! pooa' ....... euJy dtmtd. !l/.ach of C,,,,en' K«JIlU'_ of baurd
f,_ ............<fJI " ..tribntabl< In tho efron. of 0<:ntJ<:af OCt<n'"'' .... at_,
_ , ntal o.:itIlullc: ,toe",<11 "'" cn,IC.tI .......,. to ""!fl.""" for loautd
idcn~_ n.. .""..m'h""" last falll,. .,.........r or·lppittf _ for
.... -.:I<ntJl"lQl_ ofbuard ~ ..~ _IIIIO<1IlIOf b}d_

s.n.,.. _'0 .. _<1..,- The .......etIortI be,.. ..." I(~._ .

i>I& and <10.,-. Ire ""I ..-.u ",."Juhod. bOl , te2dI:Il ,f '«<Il' _ ,II<f-...., s..w.u.r to. prn<:dS of lllurd .,."urlC",.,O ....,"'>' I .WlCIlfdlNd

ptOCNU'" .. IppbfdCO d_l) prod""". pf'OCC$llt!. ph.......,.,," 0' PO"""" r", "'eit
tuontd poi""". Mom","", II • fC<W"'" p_ of nb......tiool. ,tcOfd 1Id
IrII/yod of p,och",... pro«soo•• ph""omeN ... po..."tl for h...tdOlll n" Or
conoeq""''''l. And d",JW»U;' ,n ........."", of 'hoi' .)mp'orm 0' ""' "".""..
in ,.I"ion '0 possiblo <>uleS,

Th. fortlOlnl me,hod' of hllard ,d... ,lfk.non ...m arrl~,d .IOllll di n n
of rtl." ...".pdon of hUlld ro'''''Ii.I. So,.."I"1 pto<tdu,.. Iond ,h •..,..I '0
I<"c/I p....,«Iu,...ki .. '0 ·r.s.h"\l ,.p.'ll'Io...: MO.. " ......1 fo, hUl,d••I ~.

",vol_ ..,.... ..illi,.. ."Pcio" of po'.n'iIl ,h,u'. fo' 'h, purpo.. of mo";'o,ml
ia '0 "",..u" "",u'ioII 'n mll..1 'ndlCll'o,. tho cum"Ia,.,n of • hw,doul
conditioln. or tilt fli""" of • p ,... d'''Qt. Otqnooia ttquirea ....... k_·ltd..
of .-11 '" _oeq.......,.... tho Jo..-..,,,,,, .• 'oolc:cY Of '''a''''''"' of"'bich Ia 1ft doubL

Good...... (1911» _ted nP 'b" ttlatiollobip III oeq .....ull_•
...t,..r.... nell ....chod ~, -W ".. - iIlIp«""&~ <cn"..WIlI.
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Fllur< 2.) S<qU<n« of h""d jd<n,ifi·
c.Uon .Iom••"

and dio«,ninK .,T,,,,, but in • ~Iff.r<nl !«lutn«, Tho "qum..".s ilhlS"al<d
in F'lu," :U.

A typic.1 ."..ninl pr<lIrom i$ 'hal p«p".d by ("mmi".. J7 of the
Envi'<>nIJ"o<ntol ~lu"l<n So<:iot,y (1975) fOT lh. rou,in. ",,.<nml of cll,micll!.
"n,.,in; lh...."'0"""0' for mu'agtnicily In 'h" provam tho .rtu",.." for
..,..nUlI or< based on ,he ..,iou...... of 'he <U"IO<l.OI1... of I<n,,;, defects .nd
lb. d,I""iQu""" 01 most mut.. ion•. Ino'....d h"I'h cor, h.. m.d••1turol
sol'ClIon I....ff.et;,.. ... faciO' or conlrol. By ,h. ,tme .uch rnu,><ion. boc<>m<
""n,f.". if II aU. bl rnon;'o'inl Or di>inosi., .. '..,. Itne,,,, dam,._ may hi"
"",,",,«I, ThIef",., • co.. is nude for ,he 'Qutin...,...n"'l for pOI,nlial
mUlIgrni'ity or ,n ch"lll"I, p'io' 10 th.i, "'id"p,.,d in"oduelion into w<i<ly_

Th<'" ""'Oioll ,),"m, ". 001 '''''pl<. no, or< lh.y wholly "'miliv< and
<omp"h.n>iV<. They involv< til< ,,'" of critiul biolOCic,1 orll,n;."". mudl
.uppl."",n'''y l:;no,,-Iedlle abou, lhe dlcmi"al ",u,,,,. ,po,,;,1 ...."'if'" .kUl •. and
<0<11 ""IIml f,om on. to l~-.nly.fi•• lhou"nd duUo" 1'<' .",uned .ub",.,," (",e
Tobie 2. I).

Anoth., ",,"nt .umpl. of sc,... inl procedurfl " lhe Slndy ,<port of lhe f'>n.l
"" Ass.nsinl Po"nt ..1O,..n Poll,,!>n" f"alio",1 A"d.my or SO .. n.... 1971). Th,
p-a",,1 lOUgh' to dOl-.lop ,n<! "SI • method fo' sc,..n"'1 o"..n poUutonts to
dtlCnnio. 'whelhe, lhey deorly po", 0 po""'''1 huard, ",herh., ,h.y.1C dudy
unimpo'l>n'. Or ,,-h..h.. lh,y f,11 into.n 'nt.rm.di.>" ""lOry and n«d fu,th.,
...3dy.' A "",'OOdoloIY ..-" d"'elopt<l ,rid ,pphed 10 , ""i" of cu. "ud,...

Th< propoi<d m"hod ;, in ,h,.. "".... 'Th< {nl. ,,1I.d " m,;1 ,n<! telephone
exercist: i. '0 SC"en m".... I. (Ir"", d,edll' .poil, <hemi",1 ","te. mine toiling<.
r.dioloci",1 or 1»oI0l\k.1 mo'mal.lto d...,mme whkh 0""' """it considerllio" On
the b,'" of quonmy. form. """"ene<. blOC,,",ul"ion ,nd ,oaicity_
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The o«ond ,tag< i, '" mIke ••tude ••tim". of 'he ,ra""""" or. m.,.rial into

th. ,,,,.In. The'" .""""'ei <.n ,h.n be l<Iir..d wi,h • rn ..·.n ,h"","
,,",""Temenl. lna ,h.n .omp.red ,,, .vtil.hl< a""""pon.. dlt•. If p'«lict«l 0'
1I\"1Iu,.d tOnc.nltlt;ons r.lI within. f.ctOf of 100 of"''''awll...l,,,; con«,n
• third "Il' i, required .....nliaH)I I r...."h 'ffor! to ,.fi"" th. tr•• '!'On
..tina I., p.!h...}~ ,<>,<1<0« timo••r><! to .011.", furth., dosc~.sponstdOl•.

In """. more and """'" «,.... inl .ff"m "'ill be propo«d (""ion.1 Ac>d.my of
Scion",.. ("<>mmi".. fOT ,h. Workin~ Conf.r<nce on 1'ri00ipl., of J'rol<xoIs.
1975.) C\I"OII1Iy. h""."er. mort IUtnlion" ["'"ltd On monltormg ,h••nvi,,,n­
menl. ).lonitor'nl i' not. 'oe,n'a<livily. Inf",m..",o n<twork' for w,,,h., .nd
clutla1. chonS'" ItoJoslC. .nd ocnnOJl.phic phen"""n> h.,.. lona existed, alon;
wilb ""tural r«ou"" .""..y., ,,<I.to"';<>1 ",ud'....nd public he.lth in.."ip'ioo.
'nd c,"TlroI. A dUe<1OI}' of ol1io..1.nd ,nt""",.,o.1 moni'o'iol .y...", • •"",.in,
infonnl1ioo on 33 ""'jo, io,o,01loo.1 Sy"oms.od ovc, ~,OOO o>tio""I'od I<g,onal
p'ng""" (Smith"",;"n In'';1u';',,0. 1970), 1" ""'0' .pJm (1975) 11m 700
indl"d ...l monltoTlog p"'lr>m. op<""nl 60.000 mon;10,;"g .it., in 78'''.OHie•.
Two ICSU/SCOPE "wi•• (SCon. 1971. \tuno, 1973) h, .. contributed to the
United Nation. Glob.1 Envi'on"",n,.1 Monit,,"ng SY'ltem, (GH1S) no'" being
implorneo'e<l (Jen..o, B,,,,,,n,.nd Mi"bi'o. 1975 ~ Some 18 p.,.I.l>nto h 0
lI00ped In oi&:ht priority d ..... for "",oi,orin.(,.. Table ~.~~ bu'."", ,h m.y
o..ted ,he g1ob.1 apaci'y '0 monitor (l\.,io",,1 Aademy of Scianeel, 1976).

TABLE 2,2 PriOIlt)' Poilu""" P'OVO>«! for 'h. Glob.l ~n,.i'oom.ntolMon;,orin.
Sy".m

(hd"or
priority P"U","o'

Solfu, dioxide plo'l\l..,.nde~ p.."""l.... Air
Rt<J;onu,hJ" Food

,

•
,
•,
•

O.on.
DDT, OfPo""hlonn< .ompound,

Cadmium and .ompound,
"11r"<I'o~ o;,ri'"
1'0 .od '0,

.'lorcu,l' .nd compoon~.

""Carbon d'o,ide

C.,bon mono.ide
Pmoleum h, d"",arbon.

flo"rid ..

A<b"to.
At..n;"

M)'c"'''\io'
M'<rollw con,.."in..".
Rucli'" h)'dr""..bon.

'"Bio,". m.n

Food. m.n. '"'.."
Dlin'lng ~,.t<r. food

'"Food, ~,"<,

AiT. food

""
'"••
'"D,;n'in. w"er

SoIIr«. J<o"'o. B,,,,,,". ,nd ""'''''0,5</<.0<'<. Vol.... '90 f '915), p. on
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0Ia&n0M. 1><1"'1 .... th ""''''''UOC>tl 01 ,h••b..........1- .. lh< <uo or ....d_.

ol>ser>"I'icoI of III ~lnao 01 dn<... StaDdard medoal pI...... , .... rOf c:olloct.. of
• paU<1lf, htJtO<y.... iIID<.. blS1"') .1Id focotd "ft)mpt""" 1Dd compl",," ••ft

ox_," II)' _.-IM i '_'.. bod'l ""'Pl<llDII pre.:iIt.aa.d ,.."ud
-\GO") aa/)'su 01 ..,q .>,>ty Tho .." 1 prxl~_ • ,he
Fel~d-''''..... p-. tho paunI'''' rOf f.n ~ luI)w
(.lIlIll "'.-Jot .,_, 1)"'1'_ rOf llnhh,- pt<fIOGi io oJ.:> .......\
Tboo , II '" _.d1 'Y"'P_ loi$tooy ... oboo~__ WI'" • d__• 10000&.
nioloclc lIId ualaW1ll /up ODd 0.-. 1963\ C....OtCf:u>alyOls iI ....-ctY
....ubI<. IIId tho ... of m'lOld~~ b.. _ .d'oocalOd (Ba""""D
and "'alfo. 1972\

Tho prm.:,pIo .pplial>lr 10 • '""SIt I"'".,n lI.bo .ppIi<ablt to pop"''''''' '"
'he work of tht opt.all'OOlosi>'- """'Unl,,,,'h _<pI< "".., d.....""'.n« of
mort.b'yaniJ morbo;luy lUPPl<.... Olod by r..k! i....."p"""., ,... "symp,,,,,,,'
, ... "" Itnlod ", locI». .,JO!<tY It>d ",>I"",", or p.....,;O". Tho" .. It. of •
pmump'lon of d....... h"", ..". an<! IJOII.. " ..!lIP .. j,h ""'''.'"1. monllollnl
.nd whot 'h, h.,lIh prof.,.,oll "II, """..111•• ,,' (Ilor" Ik,llh Orl.nl~to;>n.

1912\ Iod<.d. ,U monllor,d JalO n.ed .....smont. ",u,h of i1 di'gno"k. II'h......."
'«;OIni..,blo Iymptom. of e.,-i,onm,n"l oon",q_o<, oc'u, - h LIIl\In 0' bk>tlo
m.. dl.ot<. In ,nvl,on"",n"l media. or in".... ,n "Qoomio 0' toNI rom I
<J;qnooiI lkin '" th.1 0( til< phy"'.... is I f,eq,,"",ly "",d f"nn <>f hlUtd
H5tn,u,,"ioon,

2.1.1 n-,., $ci<eot.1Df......,.,. ,rod SDrdo

T1It thtory 0( lIounl H5tnlif.c>'_ " •••'IIDy III. lII«w)' of k-wtl&c,
",fer"", 'lld >afdIq. ",,~1<'2! IIoro<y Ind ,."to<! .,1>11.. .. 1M
.xpWor.ory Oil..,... 0(.~ _k 10 • .lJII- II>< ..~.........i<:IIr 1l>r
-. pneI' 0< _, ...... klr1luf...... bu.~_ lDIl llwr d ••_

(CIR,....~ 1961.~.. 1%6. "II..,..,.. 1<J71.\",~. 191!L "'''''"
""""'II ph"'-'lohy. ~.l«Jo. aM _.......,. 0( ..,.....,. .. ,,,,,,,,,~ f Ift<lIMly

tIIeo~"*""""',' "" III< ......"of" ml<rp... III< ""r>'" "'hd1 ~... is
o_,od """ dwrnu..,ed I""", 19~. Ita..... 19'1: _. 19~1. C_'S'
196'~

AlIDlht, body 0( ttIc-ory is ,..."d t" " ..",>tal inf..."'.... Hanrd ,d• .,"fk,uo.
is p."ly I 1'''''''' of o"'lo,iZl'ion (SoleI!. 191.1 or ro",,,,,lI! (I:olly. 19S5).
HlZlfd 01r>d,dI1" nord 10 l>< .11o".d. "' ,n 11>0 u,"",,, of rh. 0.... I'oll""n,,
f'IO<\, '0 ,110 "'''1'''''' of -"'fe}" ·..r.: Or •..quIlinl (""h., ""dy." Rei.led 10
""h .1I00"lon i' Ih. dl"'< lnfer.nco problem In dutrol with wo" <>f omillion
and Inol"",," (RI.lock. i961).•nd • ,.. ,y larl' body of th.ory .od mothOlll'now
.....II.ble 10 11011' mok. ,,,,,h I"fmno...

R.I.,ed 10 tho. ,n the 1<01< Ih., lboy <lie pfob.bili"", mo ..n.... tlllpr<:ll"m
<>f lII",,,.. "'" .,.... """ InfofllUlion .... ,,11. dot..,"," Ind "Jilin« (Mock..om.
1970~ <lCIl or lII;, lII«w)' ...., d<wloptd for In1h<a'l Ipplic.._ - 10 rIoo"",
""" I<"ch fo' >1Ibmlr1ll<l Of ......1\. "'t«t ""Kilo, or 0"''' _10. o' l><
Ilerl md "IJ.Io.ol'o _ -'1>10 ""'KIlO. pi""", "JIlII or ...."'m" In ....... llwr
hlur.! Idmlm.:a1Xlll tffon 111 Itmll fOf hlDl\I of hand. H""" to Itflmlf tilt
....... f.-III< bocl:J;r_ ....... f........1pnllliom.



2.U I'TobIoms; Tb.<o<y. R.lillbili'y. COlI'. Bia'

!.al:Kinll flom (OnC~11 of hmrd id.nl;fjwion i' I theory <>F hnlfd< .pplic.bk
t<> m<>rl rlun , ,ub..t <>f .nvi"",,,,,n!>1 h...rd,_ In lho o""linllld .b..n", <>f
OOvi<>.. rnooh11li"'" or g<n<rio prinoipk, th., kn efftcl o.n p",dict hozardou"'...
wit!><>o' Ii", "p"riondnl ..id"p,..d ""'I«ILlCn",. w. mUIt rlly "n ""th<>d·
010Jia thot lie li'hor onreliabk (.. r;"o, h1l.1rd, do n<>' go' identir"d). o"'!lY
("p""'ive d.1" link used Or of littk ... 're ,0Ue"'d). or bi.tiod (mi,l<.drn& in
.,,, ,omi'tent ....y).

R "h, """ ""'''gy for identifying !>ow .nd uM",,",,'n hnard>. i' I rllld"",
underllking in rOSp"'t '<> hlLlrd,. Fundlfll.n'o! ""arch i' no' n".....r;ly dir",.d
to.... rd ,,,iviti.. liklly to id.n'ify now Or unknown h'nrd~ Wh." it" dk""d, i'
in",lw" .1",,& wi'h ,,'''nin; 11ld moni'orin&. lOme e."linl p"lllmption " '0
poulbk thr.. '. In on< <>f the cit.d "lfIlpl<~ ,h. P.... I on A.......ng 0«,.
Pollu!>n" made hj:ll, of prH'rteninl' ooIlml 'ho idlntif.,oti<>n of .ub,"n,,", '<>
""en I 'mailllld tel.phone e.er"l<: Bo' ,hi. "ill I<em,. fo""idlbk til.. li..n
,h••noRMo' numb", of n.W .ublt.no.. 'I!>' en'" 'h, .n';",,,,,,,n'.ooh y"" To
whom '0 ....i...nd '0 ...·hom '0 tlkph"", sum ,on<tde",bl< probkm'. poe'iculllly
kn III kntet""'io,,,,1 '001'"

s..,..ni.. d"" '!'Pu, f..~hl. for I'oup. of m''''IOI. for which there i, .vid.n"
.. '0 the Ilk.lihood <>f human or bio,>: ,oxi,ily. Th. list of .och 'ublt.n",. will
,ro.. with ,he up'OIle in ",«ninl fo, drul'. pts1ioidts. ,""inOi.n~ etO_.
in,,,.unaJy • ,oo,i....n.1yUs in • nwnl:><r of ,ountr",. Her. the m.jor problem
may I:>< <;OIt; "en tho h••vily n""noed U,S. <ono" re..m,h POllrlfll i. hmi1<d '0
IOr«ni.. ,hou, sao .obmn,.. p"r yur for caroi<>OJ'n, (N.", YorK Timo., 1975).

~""i'OIin, i' pr<mil<d <>n 'ho "ill F<>l" puor knowledg< r<q,m.d for the
ob""""ion of ,""ool ind">lon. 'ho :unbien,lt..l of ,nvironm.n..1m<dur. 0' ,h.
thr<Sltoldo of pollo"n" .nd hna"'., It is I ,os,ly ", ..",rio< if ,h. mOMorinl
n<'W'Ork i. to I:>< u"d to di><over new huor<l" it" '" if OI\ly '0 .... 'ify 'uopt,"d
""... As to reliohitity. i' i' soberint '0 not< tbe <",,'inuing ""'cern, with ,It< .. fety
of United Statts d'inkin, "'",or, one 01 the moot do.. ly moni'or<d (ill th.ory, It

le.,,) <nvi'OI\m<n'ol '}~"'"' In ,h. ",orld (Morx. 1974).
Diol""'i, i, hio"d '" th< ",," thot lIln.., Or .hnormab,y i' pr..umed: 1110',

""" i, • p<>Uihilrty tho' the di'lJ""i....'iU I:>< mi,l..din" U.inl m.dici<>••, In
.,"",pl•• lhe,. hI' I:><.n 0<0""",,,,,1 'riticilm of ,It< d<oep'iw q,,",i'y of lb< iIln",
p,..wnpIiOl1. For ...mple. "",,,,..'ive diogno'" innoted the worry of tho....d.
ini'i.Uy ,uspe,ted of tub<"uJosis in ma.. cl,.It.X.ray 10"",101 on'~ the "runin,
devic. r....lly 'urtl<d 00"0 ht more ri.ky than tho d".... , Th. ""'..""'Ii.... hi.-.
(P,esuming ;lin...) leods '0 ,be ....,.; .. ,rid hltmful Ul< of m<d"'o! X''''Y'
(No""""1 Aoodemy of Sci",,,,,, 19n). "",,"'.... ,org'ry (U.S. Hou" of Ropre­
"n"Ii""•• 1975~ ond [,1" iden,mo";,,n of m,n'o! plt;,n" (Ro.ohln, 1973)_ The
...... ,ri'iq'" con ht .pplkd '0 the diqn<>si. of non-medieo! environ""n,,1 wo,",
The p'tsump'ion of "tiler nat"",1 "ability Ind or Inthrol'Ollenic dl1'urhon", le.d.
to mhltl1erpretation of n",u,o! flo<,,,,,tio,,., In dim". (StlOly of Man'. Imp"'t on
Clinu". 1971) .nd noll 0' ""JI'l>'i<>n popWo'ion, (HoUin,. 1973)_

DvoroJl. thor. 0PI""" '0 I:>< lillie cortKi<>u, in".,",,,,, of ..,r«,in,. monl'OIIo,
ond diqn<>si. """'iq"" .nd little .ffott to ,hoose ,,,""""'....y I:><,w«n them. To



ocr..n, monitor m di.gno", 'pp<m '0 b< mOre • m,"" of d,oc;plin,ry stylo 'hon
of 'Oloonol an'ly>i>' Bu' by f1l ,h. mo,. ",'iou. problem i.,~. unKnown bonrd. II
sumo UnliK.iy 'h" random r...."h thrum, und.,ftno",.d ,ri'ieol scion",. 01

ma";.. ocr.. nln~. monl'o,inl .nd di:lJfl0otic m.thod, ,,,n k«p p:l<' wi'~ ,h.
".,"on of .n,ironm<:ntal ,h,.ot

2. L4 C... Sludy: Str>tMjlhe'i< PolI"tion and the Earth', O,on.

In the ,u. study 'h" folio,"", ,onden..d from' repOll by AlI.n L H>mmond
.nd Thoma, H. M'"lIh II (1974), 1~' Iro,,'inl id.n,if'C1,ion of 'ho "'urU' of thr."
'0 ,h. o.nh·, "''''''ph."" own. loyer i> d.tailed. In <xplo'ina 'hi< <:U< study in
"",h d.t>it th. intention i' '0 focu, on l nomher of IOb"inl impb'>lion> for
b.u,d iden'iflC1tion u'ina 'hi' ,urr.nt. hiy,ly >iplifi,:ul' and "m "nfoldinl
exomple.

Th. thre" to the orono I.y" brina' to¥,th.t, 'h< lOthOr> note, di>par.",
"'hnolost<>. It i•• m.rt., of ,po,uloticn .. '0 whot kind of .nalyti<: "h.moto
miah' h,,~ pl'O>id<d euly ...l1ninl. It would n..... tok.n , truly unu,u.1 h>:lard
identm""on o,,",ei.. 10 link lh... diuimilor t"hnoleaiool .....nt. to 'he
con<tqutn,.. of "lU,mou, ull ,,,dnom.,, minor bu' <xtr.m.ly wid''P",d .kin
canu, .

In the .b..n« of 'och l hlurd id.n,ifl""tion <op.biloty. 'he initiol di1<o.... ,io.
'ook pi"" in th. <On"" of.o <mb"tled lechooloJY, the Sup.enoni' T'on.pmt
{SST~ An •.,Iy "i<otifl, ",itIC. hmet M<Do.ald, propooed • m«honiIDl fo' ozone
depl.uon (....w ..pour) and 'h. m.."". of ilS <onoequen,., in term'of skin <''''',,
inc"'... (M,Donald. 1970), Th, form" =m. moneou' and lhola"', remarkably
<I"'" to l><1t ,u,reot e>tirnl1... Shorlly after, 1"'0 Olh<r ,,;enlist, id<ntifled ,
,.,.,honiom of ozone depl<tion and prtdi<t.d i" m.V!itude (Crul«n, 1970:
JolIoo,on, 1971). And Sllbs<qu'ntly... the <n••tudy 001.,. nuel<or " ••poo.(NAS.
Worldwide Eff..,,, of Multiple Nud." I><'onatiooo Commlltee, 1975), 0<'0001
'puy> (Molina .nd Rowl.nd, 1974) and more recontl)' source. of bromin•.
""th...., .nd nIUOli'" t'rtUiw (Hammond, 1975) h.;~ .m<rgod " pot.nt"i
h".>,d•.

Fi,..,lIy, tho case .tucly illum,nat.. ""'" i,onie. 'nd hmit1tiolli of ""on"'l.
mooitorinl.nd di'If'OOi., M.ny of the minor spo<i.. of th, llmo.p/1... had n.ver
l>«n monilo,ed in the "'Oloq>here. b"omrnl 'linificanl only "'hen th.1f "tdyti<
,ole w.. p,edietod. Ind..d, fluorocarbon II. On' of th. poUutint1, app<'" on the
1973 list of indk.lOr< to l>< monotored by GB1S, not ••• th",al but .. a
'""n-m.d. p. 'hal i.a ""full"CO':

Own. ;,,,,If, whil, mom'ore<! In many pa'" of the wo,ld, h.. I 1111<
nolu,.1 n""t""1ion, .""h to ob"u", aU th. p'edkte<! ozon, d'pletion ,ff«t> to
dol< .00 to ""k< imp,ob.bl< d<t<",in~ them un,d 'u,h time .. 'hey m'sht <ou,",
ten, of thou..nda of additional ,kin Cln<o, , ..... Il i. thouiJt' pol<ibl< 'hot ",i'h
..telli" "",",""'tiona and a majO! ne", international moni,o,inl./fon. </""*" of
f,om on..hoIf to one po,e,"' miiJtt be infoned from a rm,ytllt ..n.. of
Ol".'....l;on. (Notional Acad.my of 5<;.n<:<" CIim.ti<; Imp...t A»<Slttl.m Commit·
t.. , 1975). At this w,itinl.""h an io'w,.tlO",,1 dforll. "iil only l propo..l.



STRATOSPHERIC POLLUTION: MULTIPLE THREATS TO EARTH'S OlOr>E
Allen L. H.mrno"~

and ThomliH. MIUJh, II

Sup<rlOoi< tra"'PO<'~ '...,101 .pran. loti "ud,u .....po". u, .11
,,,mpl,, of ,«hoolosi..1 .bUl'y CIl''''~ to u<flO. but tlley oWol 00'
"",.",.lIy b, '0".1<I,,,d i" tile lime "'otut. I' no" 'PP''''' bo """ ,hat
tb,y do h..... "'m<thinl in common - 'h,y ....n POt,o".1 "'~T<<< of
cotal)1ic q,"n 'hit p."."." the ... 'h·. IlTltOIPIle" .0<1 d,comp<»e ,h.
OlO'" "." "''''d. UVi"ll 'hiop f'om ,h. '""0'" of ,h. JUII'. ~"rJ.,,;oIe'
,acIia'.,o. Th. Full ",<>I, of ,be .n"","..,o,,1 huud ..lOciote<l ...lth 'bi<
ph."" no" .... ill u"",,,.in. d..pil< ........, y.... of in ip'io". But ~ is
in" in&!Y <"'or th" ...id. rona' of hum." ",,,-n.,, h ,h. "p.bilJtyor
disr~r<inI the d'li"''' pho'ocb'mi<l! h.,.o" on ..h.,h th, <o"h·. o<one
bulf....Dd p',b.p' hI< ~ .. II. d,pendL

Tile "''''yti, ..."n in qu,,,.,n ... oxid« 01 nil,",,'". "le_ i"'o the
upper .."",>pher. by tb' jot '''li"'' of .~pe'IOn", tran.poru (SST'S) ."d by
n",,'... upl_no••nd f,eo ohio'., •• d<flY<d phOloly'icolly lrom ohloro_
fl-"m<'Ito"« 'u,h .. 'ho>< ~O<d .. p"'I"II."" in ...0101 cono. R.II'i....ly,,,,,II .ntO~nn of th.....'"t< It••ulfi<i<n, to d,woy 11,., qu."'il'" of
0'0"'. i,,,lf .n «",m.ly u"ll.ble mole,ulo. Th, P01<,,'ial d'lIIer lrom
SST'. h•• be,,, d,b'1<d 10' at le..t 3 Y"'" 00.... bul 'he '''"I'''''' 'h,..,
fro", "u,k.,. ....,. ."d lh, ,hlOToflllOro",,,h..« hOI ooly ,..,otly beo"
'«<lI"ized .Dd " ,,111 1.,..1)- unq",nlifl<d. Th, moll .11,.", ... of th."
'hr.... iI prob.bly '110' rrom ,1>0 ,hlorofluorom<th."" "'".U" it no'"
,pp..rI 'hat ,ioili..hon m.y .lr..d~ h... pt<>du«d '''''Uf;h of 'b'"
halom..h.... '0 cou..." ."otuol 'oduotion in 'h' con«,,""ion of OtoO"
in 'h. "ntO,ph"•. Tbi, re<luetion. in t~,n. m.y ",.11 b. ,uFfi,",n' '0 pmdu"
'"'"~ u"pl....n' biololi<<I.fl..t>,

Th. dilfu.. lIye, of oro". that ,""10,,, the ..nh ",,<n. ou' mo" 'h.n
~ pe'«"t of "'lor "dia,.,n at .....lenath. shon.. ,han no n.""met.,.,
Hiah inlen"'i<. of 'h" ultr.riolet ,adial.,n are h"mfol '0 n,..ly .1110,,", 01
lif<o .Dd ""''' .CKO' .... ereo th.l .url.« ill. 0" ,h••orth did 00' ,,,,Iv<
un'~ .It.. 'h" o'one layer .... fo,m.d. But tbe .lleCl' of.m.lI in"'..... in
the int."Ii'y of ~I"..iol" "dWio" i<IlUI 'h••~bj.<t of much ,«..roh.nd
debal..

The ..I"io" he,......" 0<0... d,pletion .nd IOcr..... i" ul".,,;ok, "dia,.,n
..,;,...i,h lI,i,ud,. ,im. 01 y''' ...d c",.in o'her 10<10" On ,he .ve"".
th<>UJh. ,h. p<r«"'.' i"".... in nd,,'io" m.y b. 1Ok.n '0 b,.bout ' ..i«
the dee..... i" Oto" ro"r:<ntrat",", tl10t i., • 5 por,ent d."'.... in oton<
",,~Id prod~ce. 10 pe'''nt i.,...., in "diotion. Thi< in'..... could produce
nunf elf«'"

Th' "",II .larmllll .rt«t milb' b••" iner.." in tho iocicl.n"" 01 okin
"'....... A 1913 '<poIt from 'he Nat",".l A<.d.my 01 S<i<"<.. '\111",,«1 lh"
• 5 per«n' 01 depl<'ion of o<o"e miIh' produ..." .ddit.,n.180C10 ..... pe'
yu' IntOna tho ...hi" popullt.," io 'ho Uni'ed Sta"L Thlli< prob.bly ""'1'
con"""live.

A mo" " ..nt ,,,im"e by F,..deri,k Urbach 01 the T,mp\< U"i..ni'y
Sohool 01 )ofediein., Philadelphia that the p',,,n...e in....... in the
in<k!..« of .kin <In.......ould p l!<! 'ho In,..... in the Int.nlity of
",diatio". But <01'l'<rtlnl thi< "'i""" into numbm ill diffieula, be"'u,",..,imo,.. 01 ,he 'MUal "umb.. 01 ,kIn co"cer victim. in ,he U"n«l Sta,..
"'1' f'om 200.0CI0 to 600,000. A I p',een' o<o"e d,pletio" (10 percent
in,..... In "dia'ion) ml&ht thus cou nY""h".I,om 20,000 '0 60,000 co...
pe' y ..' i" the U"I,od Stat Fonuna,ely. 90 '0 91 p',,,n' ol.u~
.,....... or' ...,.bk



"
The ,w., ""'01 ,,,,,.mo. halo_than... u< era, .nd er,c,. Th. Fonner

i> used prim,rily ... 9<o»<llon, ;,. ••",10) 'Pm)' cans. 'he latter ...
,orriconn'. Thoy Of. h,.JIly ..,1,,;I<.,.,l .....'iaill' in..' to <hemical ...ction,
.,ope"'id ,II>, unl'itt 'he ne""'POncntill I",...'h in 'h.~ production
du",,* tll< lUI 10 yun. 1<..riy 10' kilot;torn. of the ''0'" ...Iom.' ...... will
1>< produced in 'h. world 'hi' yur, .n~ .!>out I " 10' ki\of;tom, h.", " ..udy
been produwl - most or ... hie!l hO, ol,.udy b<e. «1<...<1 in,o 'lle at"", ..
pbe,e.

Tb< hol""""h,ne> "",.. I.nenlly b«n ....m... '0 1>< horm ..... TheY do
no' ,eact ..I,h ",he, romponcn1l of ,he .."",."hore, ...n pholO<hemitol
"om.", they If< tola'i••ly inlO>l"hlo in ..,1.,- on<! oPPl1rn,l, de no' ..,C,
with on, cb<rni<aI> in ,he ocun; and ,h.re ore "" known meell,n;om. f'"
hio!olicol <lev.dohon involvinl them. Some ""'''sPheri, ""It."." ho.,
__"'ed, in bet, 'hat th.~ in..'n... would mok. tllem i~..1up f", ,,,einl
,h. moho" of lafP'.ir nI......

Bu' ..,lier ,hi, YU', F. S, Ro",I,"~ ,r><! 101.,.., I. MoUno of 'h. U.;><";'y
of e.~fo,ni, at Irvine roported 'hOI ,he holo",.,h'n<t <.n b. ollolOlyh<.lly
diuo<ia'ed " ",...Io".,h' (190 '0 110 n.nom<"") o,,,.n, only in ,h.
"ra,o.ph.... Th. product. of 'hi' ~",,,,c.. ,ion.,, ,h. ex, radical (..h." X
i••i'h<r chlorin< 0' Iluorin.) ,.d f,.. clIlorin••'OIM.

Lare 10" Y.", ironi",lly. 'h,.. niff...., J.IOupa - Ihlph J. O«rone .nd
R,,:llanl 5. 5'olar>lli " ,h. UOI"mily of Mich.,n. Ann ArboJ; 5,.,... e.
lI·of.y 'nd Micha.1 B. McElroy at H",arn Uni..ni,y. e.mbM••;.nd P,ul
eNlu. " the National e.n'" fo' A'mo>phe,i< R.....ch. Bould., - had
in'·..' ....d 'h. o.,..n'iol role of f,.. elIio,,,,. in 'he ""'o'llh"'. Th.y
inde.,.ndcnt1y con,lud«/ 'h" ,maU ,mounll or ohio,,,,. could 'at.lytt 'h.
d<",,,,"o. or Ia". ,,,,,,,un,, of otO... but ,I", 'hot 'helT fin~ina' "e" nO'
impe".n' l>«.u.. 'hor< ar. no mojo, ""u,c." of chlor",. in 'h...'oto'llh... ,
The "'uh' of Ro.. I.r><! .nd .\lohno indi",'" 'hOI 'her. i••ud!.. ""u,,,,.nd
'hO! ,lie ,hr..' '0 orone ,,,••1.

Th... or. r.", "", ..",.m.n" of tho con",n".lion,or VaricWl 'P.""" in 'he
",,',,"ph.,., .lthoo.ch Lovol""k found h.l<><:arbon con"n"alio", or 10 pp'
" 32.000 r.., (9,6 kilom.'.,,) 0"" E"I!..d,.nd i' i. no' 'lear ho'" much
holom«h... i. ,I...dy the....\1"" ''''.n'io'', how<..,. 'h"'k 'hal only.
r.la'i"1y .mall 'mount i. in 'h. '''''o,~h... be",u,", of 'hc 10" '"ne - on
'h. o'd" of • f.", yu.. - '«IUl1ed fo, diffu,;"n of htlomcthon.. '0 'h.
,1,;,0<1. of po,k pho,olyh< .ffi<i<ncy.•hou' 1l '0 lS Hom.It.. Thio
.moun' io ",froci<.'. ".,hop.,!<, p,odu,". I p<t"<tm ,«I",''''. Il'> o<on< _.
'oully undct.",b1< elI.,.e Th. mojo, qU<Olion, 'h.n.;' who' w~1 happ<n
..hen .11 ,he hOOm..hon« in 'he """"ph.,. a".in .q uillb,ium b......n 'h.
'ropoaph"••nd 'ht "ra'""pher<. ,no! whal ...~I h,p.,.n if mo,e ". prodUO<d.
11>< varicu, poup' h.,,< ,11 oal<ullled 'h. posoiblo df'el' on ,h. o<on. I.y"
.nd 'Itoif ".ull, 'ny,hi~ bu, , ....orin•.

Th. p,«I;"., of Wofoy 'nd M,Elroy or•• p.,hap~ 'ypic>!. Th.y find
'hal t\',," if 'h. manuf.ClU" of h.lotn.'hanes "'<I' '0 b. ~alted imm.diately.
,h. d.pl«ion of 'h. 0<00< iay" would , ..ch l P""""' by 1990. If
prod""'ion w",. '0 oon,inu' "'l'h 'n 'nnual inc..... of 10 per",,"'. 'h.
0<00< laye, would ....... a 14 '0 II p<,,,,,n, d.p1<, ..n by Ih. y.ar 2000, And
if produc'ion ...... '0 eon''""' '0 ;"c....e It the Curr.n' ,nn"'" rate of .bou'
11 p<t"""n'. ,10< 01<'''' layer ..'ould l>< d.ple'ed 1 .,.,con' by 1984.no:l )0
po,con' by 199'. eNIl.n·, ..Icu!>'.,.. _e-" 1<.. d.plo,.,n of o<on. bu' a
p .. re, "'if! in oon"n'ra'ion' ..i,h;n ,h. ",ato'Ph"., H. ~redi"" 1<..
bio101;011 <ff"" ,no! mo,e <lLm"'c off",..

Th.,. ore many unmtainti•• in Ih... c>!cula'io ..... The m",,' import an' is
thot 'hey O'e 'Ii booed on laboratory ,eoN..", ~'h... oo<urr.no. ;n 'h.
IlmoSllbcr, bll n,ra b«n oonlirmcd. They arc also ba"'d on onc­
d"""n,;"nal mod.l, 'ha' only app,o«ma« condition, in 'h. """""Ph.,.



"
no« .'< u"""u,.,;o. "' til< in,,,.l conotntT"., •• Of 'h. 'ooctonl', 'h. "I••
" wbi,h 'her aT< If.nSpOn<d IhfOUJ~ lh, "moll'h,,<, ""~ ,h• .- lif....... in
'he "P!><' "!'nO.pIlOT'

The" lillY, lI>Jrro'"tT, be otber relet!>'! eomponrna of the SlrllOSflh...
• !>II oth., "ac,ion, - "I"',iolly tbo.. <>c,ulTi~ on th' w,foco of POI'
Hew.... _ of "bi'b '" art u""....... And, ('!\OUy, n.'"tll ."io",,,,. in 'he
OlOnn <0""0\11'''" "",k. it unl;k<ly tbat ... would ~".'" any p,«I"".d
d<9'"ion '<sult,n, r,..,m h,lome'h.,,, un,il tho, d,pl.-r,," "''' of the Qrd.-r
of 5 to to 1><'0<0'

E..n .."". W1oo".io ITO the <11«" of mill)' """'.. , bomb exploSlOn.on
the "",o.ph"•• n<! ,II< ow,", I'~<T :-;,,<loar ..-ar " to "",oy 1'<""'''' an
Utllhrill<.obl<, 'Otol <,'no, b....... hi<b th' 10.. of "M"' ...."" r.... ,I••,.
r<l"i••ly triviol. n" moy Or m.y no' ~< t,", (."~ ,,,,,.,Iy the PT~M<T'''o"

of those "'..paM ,,,... the bkeJibood of , ..io",,1 or '«hc.l u"), but 'bero
no'" 'pp<ar '0 b< odd,,,o,,.' « •..,.. '0 r~"d ""0 Iim".d nu<k" "'ar ...
""'<nl"lIy Jlob'l <,,,"tOph.

Th",,,,o,,,,,1<,, <,plo,,,o, b." 'h. ,u"oundi1ll.it '0 ""ry hWh '<mj><r'­
lUI", diuod""" "'n.n ,od nilroc.o 'od produ<"" taTl< qu.n';' ..' of
oiU.,."o o.id.. (SO,!, R.pid <ooli"l of 11,< cloud .. ,I>< fit<boll fad ..
•"bm.... ,I>< SO, D<pend,,,,, on 'he Ia'''ud, .od ,....,n, clouol' from
••pl""".. in 'tl< ""1< of huodred' of kilo'on' '0 m<ptoo, (n•.,. .qu;..l<o,)
"iU d<posn TOOot of 'hm KO, in 'he Io",,, ..d "';dul< ",,,o>ph,,., wh,,,
'h. ozoo. <on«otT."oo is hish.lI, What h.ppen, ,h.o " ,h. "'bit'" of
""o"'d.rabl. '1'<""'''''0, bu' , ..... is htll< doub' ,." 'h. NO, ..w<.toll"<
'h. d..,,,,,,,;"n of ,ubot,n".1 .moun" of o'on< I><fol< il i, i'"lf d."royed
or «moved f,om ,h. ,,,,,o'Ph'l<. A' is,u. or. bow m"<h 0"'0' d<p1<'"n
,od whdb.., ",h" m«b,oi,m, _ ou<h a, 'h< proou<hoo of .ddi'"",1 SO,
by ..d",;"o from Ii"",o proo""" h.pped in 'he ",,,oophtt. _ ..m <M.n«
,•• elf,,,,.

Tb. ooly IOu'" of whot .mo",," '0 "reMmenUI d'" i' 'h' his,o,.,. of
atmo.ph..,;, ..Olinl 01 nu<l.>I W"POO, - <>p.c"Uy 'h. ",'iod of b..vy
..Iliul by tl>< UO"ed Sta,.. ,n<! tho So";'" t:nion durinl 1961.0<1 1962,ju<t
bel",. ,I>< bon On """"Phu. !Om ,,'on' '"'0 ,If,,,,. 10 'h. I'''''' 'hat
follo".d 'hu.....,. '''.n""" m..... r.m.o" 01 'h. rtdio'<ltv< ,oo'op<
"'boo_14 io 'h< """''Ph.,._ Sio« "uolu, bomb. PrOOu", 1'0"0, In

prop",';"o '0 ,arbon·14, 'h. m....."m.o" ,iI" iou if.el ••ld<o« of tb. 1'0"0,
from the bomb <loUd' .n<! hence • me.o, of <>k"lotio, "bat 0'00< d<p"'",o
, ... bomb' obould h,.. ",uoed. H'rold John"oo of 'b. UnlV<'oity of
C.lifornla at B"k.l.y. who ,lone wi'h CM"O n", ""in"d 0"' 'h. po"oli.1
<ff.a, of oj"",., 0.0;:1 .. 00 'h. 0"'0' l.y<,. ""m"ed , ) '0 ~ re'«o'
,eduelioo of 0100. in 'h. Korth"n Hemi<ph'" from ,h. It" ",I<. On 'h.
_ of • <liff."n', llm<--d'l"'ndrnl model of ,I>< ."..",plltt<. J. S, 01,", "f
'h. A'omic Eo..,y Co"""""oo·. law",,, l,""""'''' l.bo",ory fouod 'hot
'tl< m,,;mum O'on' ,«IU<l"'O ..... 4 p<t",n, 'rnl 'hot H p,ob.bly 'ook 2.S
l"'or. for ,he o'on. '<c<n,,'ti"' m"h,.iom' to ""Ott b,lf of 'b. loot

Th. ob..,..«1 nOct ...,,,o. of "'00< I<od '0 ",pport 'tl< mod.1 "'~

<U!otion,. bu' no' un,mbiCuouoly. Th< ,m,,"n' of o",n. p""n' io 'b.
"'''",ph.,. YO"" "'""~<f.bly (by .. mucll " JO "''''0' from d.y '0 d,y
.nil by .. much .. 10 p<"'o, 0,." ptriod.ol ,.m) in. w.y 'bll I, "rolliif'
""upled wi,. ,be ll-n" ,""_, oyol<. O,,,n. ",o«n""ioo, ",>l:ed ttl

19'1 'nd opin '0 19S1, bu' foiled '0 do "'" "p<Oled io 196J,.ft<t 'h<
<Xl.O';"" '''''/II. n"..ft<r OW"" i<"b ,ot< ITluually 'h",,,,hou' m,,<t of
lh. 1960'~

Ttl< ""n,,,,v.,,,,l .\'>d<n" ;, 'h... th.. ,b. 19~ I_I %l bomb ,<It, ,,'tol'ed '"
• moo.,,' •. ,,,,n,,,or '<duction of OlO"', <no",b ,,, ' ...'" ,~ot ou,l.ar Wll
..."uld "'u" v..t1y 1'''''' "duelio"" V,,,,,,lIy 'h< "nly <tudy of "'h" 'tl< '01>1
dloel ...,,"ld be I" ",.."h <lfot' hud.d by ~loh.<1 ~.<C"ckto.nd ChUl' a,



Li...mor<. In ",OON with 'h' AEe. pench.", r", "'<leC\' 'he ",udy .....
orlcln'lly <I....f..d lIhe ,lo"in",ioo ,uidebneo h,,~ .in« been <h,o,ed.
OOwe ), .ltho"'" 'he OIOd<bn. '<chnXiud 'M the mech."~m' b<In,
in"" "d .r< no'. On. difli'ull\i is thot "mo.ph"i' models d...I0""d 10
demib< ,'''' .null """"rb,,.,n. of 'he 0"''''' Layer ~'h;ch • 11<'" of ssr. m"h1
CO""'".. 00' .d"l""el0 d",,";be tho mo" "l<n~v<, lim.<l<p.ndenl ,h.o."
• ...,',It.d with "ude" "'ar. I<"d"r ..pbsion. io th< .Ir"o.ph.re. for ,,,mple,
d",troy lOme OlOn, ,n th. imm.d,.,. Yi"ni'y of th. bomb. bot the 010"
important o<on< ,«I",tioo i' d.Lay.d, 'o<",dh\. to ~",('ucken, wilh lhe
muim"m effect ,omlnl ",m. mon,h. ,h.,. lh, e,ploMo. By 'hal lime lbe
.pt..d of NO, 'hro",h 'h< "mooph"e en,u,,' '"" 'h. imp." will be
hemi,ph"ic,.rid "Itlmately,lobal.

n, o,,,in of 'h. oonc"n 0'" 'hloronuoro"""h'''''' and "",Ie". ..pIMioo­
.rid lh, lOurCO of mu,b of ,h. modeli"4: ;oforma'ion .bo", 'he .lroto",l><"
"sed 10 m.ke ''''''''''''Ol,of thu. ".",rd. - ..·•• lh. deb". o"r NO, emilSion.
from ssr~ Th" d.b.I< ,pa"'n.d 'he Oima,« Impa" A"""""en' !'tolrom
(ClAP) of ,I>< Departm<n, of Tr>n""''''''''n. i" "'lu' h •• 'ut"ed ou' 10 be '"
"nu,,,,1 ,,,mpi, of '" OIe",y .uppor'u,. re....ch 10" has "nd.d '0 '."<rely
re"'I,,' one of ill owo 10OJ"oerish<d projeC1~ A' 1<..1 .i"" diff"en'
in.",."o" 01 ..-oup' 0"" oo~· modeled 'h. o"'ne ch,OJ" duo to ssr. and
llleit , ..ul" ... in 'e>IO",bly lood 01'«0'1<0'. A ~O peT«n' in",.." '0 1<0,.
the 'o"kO.U' ""01' '0 indicate. wo"ld deCtUk olon. 1.",1> by bet....n 1 'nd
I, per,en"

Mos' 01 ,ne'" o""",ri"l mod.l...sum, 'hot 1";l"dill.1 .00 IoIlli1udmol
.... ria'''n' of 0'0"" .00 other ,n"o.phen, sP«'" <00 b. n<J!e<ted. and 'h.y
d"",rib. 'he ...ti,,1 dl.1tihutioo of 'he.. Q ",otil'<I .od 'Ome of '"ou chem,cal
inte..ction<. E.en ,n 'he ''''';011 dim.oooo • number of .,mplifyinl .!SUmp'ion.
oro m.de _;" p."icul>r. 'h' .",ti<ol '"nopon 01 <r"e oo"",tuen" b~

"",11·",.1e t"lhul.o' mol ion. (inh<reotl~ , 'hT<o-<!im.n""",i pro",,") ~

,ppro<I"""ed witll fo,mul...",IOIou. '0 tllo.. 'h>l d""'ibe dilfu,""o. Ir 'h"-,,,
,ppro,i"""ioo, or. iooon<". 'he c.""bled O>One eff"" oo"id b. either La'lOl
0' .m,ll" 'h'" tn< m.>d.I.lndic>t.

The mod.l< "led to pledi<t ozone depl<lion ,110 oontain many of the
chemlc,I .otiable<. The dl"'ibutioo of ~O" for ".mple. i' of"o .pocifi«l hy
'he ,n""iI>lOT nther th'o "lcul."d by the model. 'od ob"''''>lioo, of 'his
'1"'''''' in 'h< ",,,o.ph,,e ... ""wed ,00 roSlibly unreliabl•.

D..pito tho unce".in,i". 'he D<P"'meo, of T"n'ro">tioo h....ken 'he
pr.hmi",r~ modol r",ull> ""'"Ily "no'4lh 10 pl>o for "It" limillot"n. on
ni&!l' patll•• rid ."hod"I...nd '0 oooo"rOle "''''''<h on 'OJine ...,dil,c.lIon.
'">l milht cut down on '>0, 'm,..ion~ Ironklllly ho"·e"r. 'h. ClAP i'",lf
f.«•• ,ed"ct"'. in fund' '"" .. 'h< full ....o' of ,". til"... to ",,'osphe,i,
0'00' ... !>eoominl 'PP,«nL 10 odd;'",o to SST"" bomb., and ,hloronuoro­
melh.o". for e,,"'pl<. 11>< ,p."" <hunt< ",iU in,.", .m.li but nonn<Jlilil>le
"""uo" of chlorin. mtO 'h, ,,,",ospll,,< from 'h< .mmonium pOlchlor... u..d
...n o'idizilll Olen' in <t, rocket 'llJ'ne~ 11 '«0'1' obOO ... that' ",..<h fOI
.dditio...1"wo,photic pollutan" oUJb' '0 b. con'ioued. The diICOY<'y of th...
p",iou,ly uo'u,pe,,"d lOurco. of «!>Iytlc 'I.n" ,n 3 y.." of ""'.reh do"
indeed I..d 00" 10 ..It •• , M,Elroy P"1O It. 'Wh>t 'he 0.11 .1.. h.. ,lIp""d by?'
(~,p"n'ed ,rid condensed hom S,',,",",. Volum< 1&6. II Octoher 1914, pp
335_338. COpy".", 19'4 ny 'h, Am,,;<o. A.IO<;"ioo fo' the A<I..nce"",ot of
Soi"n",.)

The ",..,h for the muit;pl. lh,w, to lhe •."Il', ozone l.yOl contin"" .nd
i"~<t<I in"n"n". H.l'in~ identifi.d 'he "uln",biiity of 'h' 0'0'" I.)·" ...'..rell _
f~ndilffiemill. crillcal an~ pTlctk~l- (~ml 10 more predll' ~ltimllion of Ihe rilt
.nd Iho .v,lu.<;,," of ,omP<tinl oI'un' of beo.f" .nd ",k



2,2 RISK ESTlJotATIO\,

If h 'd id.nntk'''011 .,k> Wbat i' a 'h ..u", ';u '>1",,"lon "'" '''''bat i. its
"'...u RIsk Ulirn.,ion ...10 to "'....... tll, IibliIJood of.n .""nt (of ""'"
" ..td "'"VUtuod.) o<,urr"'l and ,he Iik,lihood .nd n"." of 'he consequ",,,,. th.,
foil""".

2.2.1 M"hod~ R.",I.,ion. lnIUi' ...... hlrapobtion

R,....IoIi(>n ~nd Intuilion All 'i'.' ...m to b. "'ima"d by on, of th,.. m,tllod"
,,,,,,I.,ion. intuition or "tfllpobtion. Ro""lation of til< Iik'lihood of .",nn Or lh,ir
<OII"'I""n= by di"n. or "'p',nat"",1 in",i",tion i. II old and ..cmf a, tll,
I'f0phol., rol'pou. "p'",n"" or" oommon and p,of.n, II th, .."ology wlumn
in 'h" o"""".p" (hho<!a. 1971). Th, risk, so ,"im...d "OJ" from ,he .pocllyp..
to 'h"" ",count.,td in >arne ...,-yd.y .clivity, Th. "I"" of " ..Iatioo d..,.,..d' On
one', oX".. of belief...-I..,h" in the divine or ,n tll, hor<>s<ope-c,,",. The d."....
or.""" boli.f If. """sid<abl....d th. b.lie""" a" m.oy.

R.""I"ion provid... ....y of "an><:end"'! upo,,,n,,, which othe, m"hod. of
,isk • .,im..;"'n conoOt. A f,w cullu,,1 00"''''''' h... h"d 10 focus .. ,ioou.
att"'tion 011 ,a,.",ophic ,,,,,,I"ion, panicul"ly 'h, «",,'in, tli'"" of doom
p,tdietion for tbe I..t third of th. t...n""h «ntu!y. tn tho.. for.COi" tll... ;,
,mph..is on natu,oI "",lysm (ThomPiOn, 19?2. W'b" and U ... 1914) lOtll"
thao lb. ",hnoIOl!lCaI.popubtion."",u,,,, '''''pobtioon. of more .d"ntlfi"lIy
orienttd futuri'" (M..do..,•••t .1.• 1912, """"0";, .od Peslel. 1974. H,Ubro"".
1914~

lntuilion is.kin to ",..I."en .",,'pt it "i",,,,n.1 to th. P"oon. All p.,...," tli•
•limty to ","h Judl.men" of th, likelihood .nd CO"""l""o",. of ,isk ""d
f,equontly do so. of1<n m.kin, .uch jud~",,.n,, qu",k1y, On 'o:Il<crion. tll." i.
difficul'y uplaining to ..If Of to 011><" j t h"", tho'" .ppraisai, ... " mad•. In
.uch cue,. these judVrn'"'' Ii.", been rons ,.d 'ntu"ion.

W..tcon (1968), ..ho.. 0"",,11 ,mo... of intuitioon io lb. "'0", ,,«n1 on'.
condud•• tll" intuitIOn i. ·,..cliing • cooclusioo on th, basi' of 10 .. oxpUcit
inf",,,,"tioon thon i. o,din."ly ,equi'o:d to ",,,,,h th" conclusion: The sou,c,," of
Ihi' implicit info'mation lIIll~ he txt"""ly di,..,..

th. info'mation ia not .oailable to "'"" l'f'Ople. not ily
he""u"" it is "'" information. liut he""u"" mo" people nable to
uo< .verytbin, '0 "'hlch they "'".Uy b". ac",... The obounty of th.
000'«••nd "".hal" 'b. , ,n of tb. added inform"",n. lend th.
ap""...n« th" th. oolotioo provided of whole clo'h, "",hap> .",n
•• • my",<flOu, """lot",n, (""""'''. 1963. pp. 201_203)

The" 'r< many \,.,,~. of "'U'''. of intuilton oth., than Ihi. 'Olion,l, inf."ntial
""". But p,""",dl", "'itli it. ""'" ",uetu,,1 ""tliod. h.,.. b",n d.",loped th"
'''''''''''I'' al'ld .id in m.king Hplic" th. impllC;'. Th... in"",l,.. f'",,1Ion"in,
judg<rrenu and .}~"'m"iClIIy comp.ri". tllom "'ith pwbahWt", onne"", .""nra_
Th... ha'" b",n u,..j ..."h som••ucc... in .I.,,,in, probabili';., of "re ..on"
(SeI";d... 19n)



"
&'~Ii(m Other thin ....llllofl Of in'''';UOIl, molt oth., morn"'" ....., 10
,ely on lilt Uttlpoll'''''' of ..d";d .... Of IIIar«l njlt""'''''' .....apo"uon 'I'"
rnlJht be deKribed m<tap/lorlCl!ly as f_~'d, blck d. 01 ..,jn'ayi. F"" d
n...,olalion - n'<2pola""l h~.lihood of rUt"'" " from pas! U ,·

..... _ iI til< mas, r.... Iaa' """'. It <OOIID'IOOI ox " is ........,q lb,
__of I nood. (of. "."d ,.,""""'"'" I" " pia.;< aIoql ,.....
bqm I .",11 .... up<ntDced IIlWl Ioopefuly r«Oldedllmlory of""" flood
~tL _ RICIl hJAooy t .. bot ••Ulpobl<ll .. .-IIIIIy_.

n.. ""Ulric .~.,.. be II ........ of ...... cyclo<aI p "'. 1..:1

lilt ••uapcb.- ....n b< • _ ,e<.."_ of lilt past. I, RICIl Ihocl.. lilt

\IutorX 600d .......~ iot'n:d 111'_ "'~nbIDlI"o(""flml'"
ns.L Or" ....y'"' IlWtI III prub...,.....~ ""',..-of.-.ud uct
....... of .. ..-, .- '" pr~ ..- Or .....xpo "" be
"..llIpW_ in _ £do... "'-""""1 lhac 'Ilth_ roo;onl .. 1>111. r ' of
• _u. p.u.. II lOr'" of flood .-,.. $odI. IIOr.fftlC< I..ds" I 10 ......
Of bobof .. '0 ,_ of <ha' IatJrr ..' PO'OO1ftd. or --... as r..-.
10 • dIJuilIclioll of _ •..,....4 08)' ........dmDolJally. It .....

I ....' .... 'estiC '0 RICIl bobtfl .1Id ru.-. l.at;.~. aDd ExtteftW YahIn
dislribu.•.,. -.I fOf <:Ufl.poI.".. l1ood r,oqlRlIC... ."d _,...... rIOOIl Ih<
nood .<COId (Benson. 1962l

I. IS ...., pouibI<. I>oIh kJs!'""" p..ct to _" ,t!< """"'CUr.....'" of p..
...... ,. intO tho r",,,,.. Thu ~. be be",... , re«>rd II .....·od ,.otI..m,..""lly
f'u1ry 0< ..""",pI<t<, cllmo.. 0< cir'."""__ ""'y 1»... chan$od, '" so '"'1'"
folk .~pla...'io<I ;, ""p.'.'; '0 'h. pal' (11:.'...196:), ..,,,, , , me,hoel
.mploy.';, ..n~"l be'.....n 111, ~mple coun'lnl of ,,!.Ill" f nc'.. '0 ,,,,"pl..
cu"" r"'inp Or an,lysis n' phys,,:al.ysltm., indjy;.ju~l.nd ,,,U.c"" "po",n", "
."rapol.t<d fnr....rd in 10m, fUh",n,

In ,PI< absence of .uch ,;,,"', .xpo, .."". ;, i' pOSliblc '0 .'''.poL>l< b."kw.,dl.
f,om u""no"'. bu' ,m'ii.,d O..n" and ,onseq ... '«' 'n known ,,,,.IS ,nd
'01\~...nee•. Thi. rod"".. ,ho i",U,dou, ...n" '0. ~..nco of conlributory Or
ini""ina 'ven" fo' "blell "" h... upo'len"" In 'he 'lood ex_plo, by ••elI
me,hoel., the lil«lihood of • nood in"nl"~ fOf "'11",11 th.,. i••0 ._rdod
expc.;,..,ee can be lnf.nod from 'lemon" of the hydroiotic cyclo for whidl
..por;""", it ,nibble, •.,.. pro"",,,",,,, Tho """",,",,'n prooabih,~ of a fIuod
,""" can be 'urmiood from 'ho be, .., kno..... poobabililj of ,ho 'dOSlln "arm'
p<""pol.l'ioo .uffsei.." 10 a a I100d (of I'''''' "'"IlU'udelaf'.r alJoo<>",. for tho
f\IfIOff etur""..,...... of the d eo COItSifk,.d. n,.. ....thodolr>v n """la,
'0 ,be faul'-,... a.wyois of ,be ..k of failu.. of complox .",.....rirI& ."'OCI"'''
(SecfJOll U~ Suds ,,""', If. rod...;ed 10 ltw" nt port. (01 ...·""'10 ltwro
If' .. tho••>.pcr1ClKlOd II <If fad.... 00 "-'" pIIr-a1 lO ICI:OIIIII' foo failu..

FiIlaIly, ....uphcn::oIIy 'PCabnI-" II.....-;Jhlo '" ..,,,polo,,, fidCWlY': __

poecioeIy by onoloI ...,j "'" ,~I.. rlll <If .1P"_ ''''''' a ddT.,....' bout-w
place. "'.._00 -.. Th " II : )II '" pool dI. IImned!lDod •.,..,.._or
0 ..-' <If~ .,...loa 'o__ thoe ......of!lDodnm"o<'o~..
, vel)' Jar.. K_. _<I<od .f,... _ ..,...........t """'",,,....... ltw nYU __

-. ..udy.

Mor. ancI l'IlOI'~ l"Ill1UltOII 01 nst latl"l pUa III lilt rollICll (1/ ... lllll
;' x I)........ ...,j _~y -.:111)"_ <..ob_ ......... uuapol;alO4



f,om m.ny d,ff."n' k>U'<O' olld in many difte"n' ....ys. Some dato ""'y be
·f'oquenli.t: - Counto of obser~d ,~nto or '''''sequencoo ·.nd o,hor d.",
cled ...ti~ - iMOHo<! f100l cau..1 IIlQdel. bosed on kn<>l'lo physical ""'Iolllhip•.
Some e.t"polot;on m.y be by .ubjte'"," judg.menl, o'he, by reproducible
t..hniq..... Thus. in I..g' ,i,·" b.un "udie., drolJih' .nd ffood m.y be e.. ;,o.,ed
in .ilJtiflCan'ly differen' ....Y' d<p<ndirll on "~il.bdi'y of d.",. d.~lopment

pu,poses,.nd the bk" In ,h. r«,...' "ud", of .HlIosph<ric poOulion by the SST.
ni .. diff""" mod,l. '.." employed,.nd in ...... 0 .... 'he" resull ..... ,. ...,.ed
(N01;on.l ACadom}" of Xience., Climatic Impac' '\S'''omen' Comm"'.. , 1975~ tn
the "ndy of 'Oe nud,., "'"y of lilh, "'.'er re.ct"". ,he faul..,,,••nd o<<rd'nl
..queoce••r< 00 m.ny .nd 00 van.d that n"", of'he «i'"" 000 ""'''''IOh.. been
.ble 10 ,oolyse ,hem .y'mm"ie.lly (Sie", Cluh-t:CS. 1974. Ame,ican Physical
S<xi<ty, 19H).

No,",,,,,I-{Juan'iratl ... r"m'joTmat.m. R<JI"dlt" of wu"e, 'h. mo01 desired
.."m".. of ,iok ore 'hoo< cap.ble of b,m! quantlfied on lO",v.l or ...tio "' ....,
.Ithough ",ale. of ""..... romen' ('.s,. nominal. O,dUl.n .uffk. for m.ny purpose•.
Method, , .. " fo' ro"""inl qu.litotiv. jool'mento or comp .... 'i... rankin,. '0
quan",.,i.....,on"eL for exampl" ,'" ",""n' "udy of the Climat", Impac,
Committ.. (""inool A,iW.my of xienot., 19'5) on ,Ii. en";,,,,,,,,,nl>.l pollution
or ,h. ",..",phe" lOUgh' '0 menu,. ,he d'I'" of UnotflJinty in k.y p....me''''
realtd '0 ,be nlt"'o' o.id.·,,><o.. d.pl"ion...in c.ncer oho'n of '",nto .nd
ronl<quences. M.mbers of ,he COOllni".. v,<t, "k.d to make k<y iudgom'n"
""'iell could be qu.ntlf"d by 'he ""'hod of f..""I Th. m.lhod "k> •
"'I""'dent, in l~is ca...n expe" ""mbe, of ,h. Commi" to choo... m.d;'n
val... r", th, p........ ,,, to he "'imated 'ud1 that 'you 'hink it 'qually lik.,y th ..
1be truo ...lue of the un.",.in qu",,"'y lie, .bo", 0' b.lo.. ,~io valu.: The"" fo'
o. h""'" ""dian i. Ind,O'"",.. In "'h,,h'T the tr .......1... i••110... 0' below ,h.
,~I... ,.I",,"d. indiffe""ce .vid",ced by the ...ilhngne.. to ~'onoth" ch""" fo'
you. With 'h, ,ubj<et", p,ob.blll'y ",:see partltlon.d in h.lf. 'lie «pe," .pin
""".ul, ,"'i, Jud,,""nt '0 01'001< ...1 of 'h, po,,"'...r h.lf....y .bo.... nd b.lo...
the ""di.n ''''h ,h., ,hey .re indlff ,hu' .."blilhinl the H'h .nd 15,h
percen'il< of l,.olihood, Th, p"""'" c.n ,h.n b< ron'mU<d. bu' in th" <as< only
''"'' othor poin" "'er. qu.nnfted, the '" .nd W,h pe,cen'iIe~ Th.... r< donned"
val",• •"'h. tho' if ",I",. 1<" ,h•• '>r 1"0'" 'hon o<"urred. i' "'ould c'u" Ire"
.u,-plil< '0 tOe expert, ,\, ..mpl. 1<, of 'Il< ""u.l jUdge",e,," for ,he effect of an
i""re'l< ;n ul'''''ol'' ..di.tion ofokin conce' " .ho...n ;n T.bl< 2.3

.\.l",~ offo" h" lone Into the quantif"'''",n of ,ubi«"~ judgement (Rarff.
1968~ ".,re ,han ."0 ,'" OO~,.. ,~••1""ocI"inn of ,h••ub"c".. qual""'"
""anini of quan'ifted prob.bili1ies- Tho mos, ,,;dell' dis..min.ted quon"rltd ,ill<
"'imot.. 'r< the 12 '0 :4 hou, fo'''''.''' of ,h. p,ob.bility of precip""ion. Thi'
p'actice by 'he Nation.1 W.ather St,.;", (Um"d Sta".) is no' well undmt<;><>d by
the I'n<r" pub Ii<:, Leu ,h.n h.,f of ,~. publi, in On' study ond ,...o·,~ird.of m.
publi' in .oo,he, study unde"tood llie p,ob.bilistic upreosion (Bi,kert. from
Adamo, 1911: Adamo. 1971), and th.y "'e" un.blt 10 ".nd.,. i' consi".n,ly
(wi,hin broad <'''Ior;'') to .n o,d,n.1 ",'ord ,,"'ale 0' "ce·.."'" (... T.ble 1.4).

At ,tit opp<>$l" end of ,he .peet,,,," of qua. ,ito"" ..".polotiyn lie. the
ocen.no. one of Ihe mo" f.mo", of "ilkh i, Eh'lich', (1969) ,croun' of on



TABLE 2.3 Qu.ntify". bP<'t Judl.",.nt 00 LonK b<t~'"n locre... io lflt"v.,l.,
Radia"",,.nd S"'" C.n"" Indd.nee

THE QUESTION GIVEN TO co~gIlITEE MEMBERS

A..... the <on".nl" in th, 10110""& ,quotion rd.hna 1,,";0011 ,h'na' in
""i&ht«l uv r>d ..,ion to I ..,,,"nll chlltlF;" 'K;" 'Iltl"r in,i~,""" (11\, ..'"&JIlin,
<>f 'h' uv ..~i.tiOll is. lilty.filty mi"u" 01 that .ppmp,;'" for wnburn Iltld th.t
ll'prOl'n".lor DNA. ~orn ..,.)

~C. C. -" • lluvjuv

Unurity"
Self·R.till& 100" (0 10) [0 - flO "no..l<dl< b,,·on~. Llym.n',1

ESTIMATES OBTAINED FRO,\! CO\!MJTTEE MEMBERS

P",b,bili'y Uv.11 ""R"pon_ 1t"ln,
~'ot " '" ,~ '" .» I"d"

,
"' ••• , , ,, • ., ,

'" •• • , , ,
'" •• .., ••• , U , ,

• ... " ),2 • .. •
A~'Pl,," from' N""",II A<><l,my 0' S<~""'" £..,_"".,"1_" oj sr,,,o,pIo_ flqlo"
19'1, "", JJl, JoIl

·eco.''''stroph.: Wrttten in 1969. it begin., 'Th, .nd of tho IKun '"'''''' 11" in th,
,ummOf of 1979, .nd it <:1m. ,V<n mOre rapidly th", 'ho b,olollr>.,had exp",,.d:
A, in mony >«n.,io" Ehrlich', intent"'" i. f"nl:ly p",pog.n<!i>tic. '0 .1", otho" '0
whit i, p',,,,i,,,,d by the .uthor u. I",iell .xtension or hkely pos<ibJijty oh"",.
"". or oOu"," of ,",ioity, 1n this , .... i' i. tho continued UIO of",onl'r I""idd"
in th, foe< of world populotion .ro,",·lh onJ food s!lorlli'"

Outoid. of ,hoi, P'OP>Il.n<I. ,'IIn<. =n>rio. con b. ulOd to ,"pli",,, po><ible
ohmce. by pr..onlinll ...ries of liton"li.. oo,"""i<>. (Fo,d Foundation En....y
Policy Project, 1974). 10 explo,e ,,,,,,plox combination. of e.~n" 'nd con·
""'I""n,,,., both p'" 100 fUlu", fo' which preoi>< fun".,,..llinkll" 'Ie unknown
(Dur.nd. 1972; Eric""'n, 1975; Hu" et III .. 1975) or to "reICh the im,sin".,n for
.....>ifli ,j.b of low prob.bili'y (R••I Paper. 1974). Fo, lh.1O purpo.... they m,y
be iOund1y bu.d on re,l dl1. 'nd " ..fully .nd 1000kl!l}' 'onn«1<d.little i> known
of th.i, imp"'. ho,",""" Fo, .""mpl., ",,,,,rio< c:m help ...... mult;-<!un,""onll
o"""'luen,e•••"etoh,ng the im,gtnOlion for lhe ·m,,:.imum erodible .vent.' The
SlImo =n..io, howev.,. "'h;ch m.y be in" ,oncei""bly p"";bl. for tho .......,'.
nuy .ppear .. hillhly prob.ble to mhe,,; tho pre..nce of fictional d""~ ore".. In
o>.".n pbusibility th.. beli .. tho ,,,u,1 thtn Ohlin of ,upp"'ihon. Somo Iimi,.d
~xpelimenUl dati IVI! thtt luoh '!tctions my b~ common (Slo.;~. et lL.
1976~



TA8lE 2,. In",pro.."o", of P",babillSlic T.,m,noqy r.,.. O.ily 'II'."h01'
Forocuu 01 h.cipn."on

Quonhlahve fO"'CUl Prob.biliti" A"""lalN with the T«m, 'Likely' and
·Possibl.' by R••;den" of 5, loui.."d Sa" F"nci/;<o (U .5.A,)

Quoli"" ... Prob,bilny

Quan".." ... 'Lik.ly' 'P"";lil.'
P'oblbihll' ~ 01 Ampl, "of Ampl.

, , • "" " " '"20-29 • "~ "
, ,

40_49 • "" " .. "60-69 " •
70-19 " •
" "

, ,
~ .. • ,
'00 , ,
Doo', kno.... , ,
ToIII" '00 '00,

~ .~

$..,,,, """"', f,,,," A....'.'~ll ,.3.

Q....];!.,;..o D"<"~IO" of liktl;hoool of D.y 8''''1 R.ioy "uoxi/;t<d ,..i,h~ .od
oil» Fo"''''''«1 OUro"" of R.io

P"""i,«Il,ik,hhood of D.y 8""11 R.lioy

'Aim",,' -Small
"",.in· eh.o«·
or ·....Y 0' 'no,

Fore"''' likely' ·Uk.ly' 'Aclun"'" Iiktly' To1&I" ,
""clI."""
ofn';n " " .. " '00 '"...
~."
of ..in " '" " " '" '"
Sow« Ada'","ll.p.'3/;

2.2.2 Th..,'Y' Thinki.., 5'..i"ic..llnr....n""

Urderlyi"J ......I""'n. in,w'ion. Inti <xu.pola''''n "' ,hw,ie. of 'hin~in•. In
o<Id;11on 10 lh_ ,h., wnk,u,," '0 upi.m.n the psycholosic:ol .nd nour<>1oP:aI
pIle"""",nl ,soociat<d "'lth 'hinkin•• "",tlin lh«>ri<. r""us on spec"l dSf't<"
"Ia'i", to ,iD: ..,im""n_ Ilih;1< ..rious "'o<k in PIr1lpsytholosY (\\'0<10, 107l),
intuib"" (8u.... 196~; "'.. ,e01l, 1968), h,uris,ic. (N......11 Ind Simon. 1912) .nd



"
..... di"",,,,,i.... to the h.m"ph.,i, 'l'<,ializolion of ,h. broin (Dimond and
8<lumont, 1974) all rlist possibili'ieI for und.nlJnd'nl Ind po,.ibly "l~"ini

in'\lIl'''' p'C>cfl'" in htlpful ....~... o'ho, 'b..,"'" of inform.,,,," (Ed_rd., 1964,
Gilbort, 1966) and inf"rm..»" P,,,,,"";0l. of cOJ'liU'. bll< (Slone," .J.. 1974.
1976, T..,<l<y and Kalm.m.n. 19,4). and 'usni';.. d,""o.ne< (F."to!". 19S7)
"",I;< '" <00'00"' of th, lim".tion. of cogni".. p'<>e'''''

The metOOdol"lY of n'''p'''''"'" i< 'Upporltd by lhrory ,d",.d ,n .,..isu,al
inference. Theorin of p",t,.billty Jr, rouahly di,;~ble into frequency 'hronn.od
d."......f.b<litr th<orit< (R.. rr.. 1968~ II II,.," body of lh.or)' dOll> with lh•
....ys 10 0_"'00>< rh. Iimi''''''n, of ,b. (o",,.t. le...o for 'h, I,lt.,. Th<orie. of
cyclic" ,\'to" (M.od.lbro' .nd 11',111., 1968. 1969) of distrib",,,,," of utr.mt
...1.... (Gornb.I, 19'4). and of "u'''' and sp.till- co"tl.lIoo rOiff. ., .1.. 1915)
ll<lp to extend with Veal ing<nui'y ,I>< limi" of .xp<'''n«. I'Jychomotrk th«>ry
(St"'m', 1975) h.lps on. '0 und.mand the lr.n,formltion ofup<""""e to belief.
A' ,I>< ..me time, tll<.. ,hoo,ie, "i.. fund.men,,1 qu."ion, .. '0 th. m.,n",g,of
"ndomn..., .. to tho ind<p<nd<n" of .vont...nd th< 11m;" of Inf<r<n"" .••a101
and 'lI1\ul"ion.

l.l.l !'roblem" Umit<d Exp<den"" OiSlorted A..umptioo•. COInlti>'< Con .....ln"

Th<.. or< ."""""'. ptobl<m. of ;.,f.t.n"" ;., riok «"ma'IOII. So"" majo, .,.••
h>.. boo. described by lowT.n« ·R.I";"I <ffoe," to ,hoi, ..u.... Doddmg
""'etho' ,xp<ri""n"l find",1' or••iloif""nt, h,,"polalinl f'om animal. '0 man.
Sorting OUt .yn..gi.1ic and ,ntlloni"i< .ff..". Pinniog do",n .ubtl< 10",·1.",1
ph.no""n• .' (low"nc., 1976. p. 56)

A' 10." th,.. fund ""en," q>i"emolopcal p,oblem. 'ompti""'h, '=pUl"""
and imp,o..m.n' of ,hi. rI.k ."imatioo l11<thoo01OS} th. limi.. of hllIl'llJ1
..1"';...... th. di"orlion of I ..ump'ion. und"lyin.l common m.thod., Ind ,he
<""'tr.inu of OOIni"'" p,""....,.

There or. funda""ntallimi" to hum,...p<,ioo", humankind i... risk from
th,.... I'''''' th.n 0' d,ffe"nt th.. ". individ 0' rolkm.. up<""o",. No
molt« ,,'hal ;"I'nuity i••xp<nded, tll<", limi con",i",d ••• 'prioon of
exI"'ion",,: cannot be fully lr.nlCondod, In .""h. p"son. tho '",,11.' I"''''p<!oldal
in ahap<. b.inl ....., and I'.. t<l .. th tim. th.. tho ".~'y they could
<on'ain. TI>< p<,cei..d up<,....'" of huard i , ,hln ,!It ,eality: humin reco,d
is biased ", tht ,«cnt Ind id.n,ifled. human m.mol}" is b....d to tll< ..",nt and
imp,ouion,bl., """,ilion i. bi...d 10 th. o,do,edlod d.tormin.1<. It i.11so 1'....,
th.n the ,••lity: i' i' p",~bl. '0 sh'" in tho m<mol}" of oth,,,, to exp..i.""" by
emp..hy. myth .nd .ymbol. Bu' the d;"ortio"", ",b.th.. they nmo", 0' ,nla,g'
'ho p<"l"ctl.. of ,x,,",;'"«, do not ,,"Uy provide in ......it\iful ....y••ub"i'u'..
fo' "p<'i<lI<e. Th. b,,,, be ,!It)' rigid 0' flexible. conlin and limi'.

To ...k to ....p< ,bi. pri"," witll i"it"uity, m.thod••,. d...1oped fo, using
and combini"g''''''y bit of ...il.ble ;nformttloo. indud"'l .ynthuizod d.Ul. In 'h.
cou,.. of tIIi. proce.., ,1\0 puri'y of th, '''''''''pllOn. lliat 'upport "",thod._
...umption. of inlO'l\tllogic. oonsioltnt d,," "'U'CO', ""i.tical inf<ren"" ••nd the
like _ If< diluted. It ;, .ot un"'..... to fmd 'id: ..tim,... bl..d on th. mo" d""'"
da1l. elT1llloyinj: Illlhree t}'J)eS of U1l1ll01l1ion, miilnilly upr<»ed in diffuinl
""uuro....nt ...les ••nd th.n ,U combin.d tOll"h" In'o • "ngle numb... Such



.....""'n" nuy ,,111 b< u..ltIl ~u, d.fy critkol .v:I!.,.t"'n: th.y are mOf< .noloco..
'0 oIch.my thm cII.mi"'y,

Finolly, bo,h Kien,im .00 Ioyp<opl< 'uff.. from tho oon'tr.in" of cosnlti",
plOCtsSeS. From Itud~ of on. widoly oxpe,itnud ,n'<ifo"",,,nul hUlfd, tho rid<
fl"'" ",,'ure. i' i' ~n"",'n 'hat it i. u""""""",,n to fmd people ....ho or. toWly
url1....'''. or igno"nt of ri.k from n.,unl h:u.ord. p,.".len' in ,h.i, Iooat",n
(Burton, KOlOS .00 \\1\"., lorthcOOlinl~At tho ,am< tim•• the ~""wlodll' of .",n"
is oh.n ........n 'N ....t oci<n,ino r..,ord. E...n" mo", '''''nt or. """er ~n"","

than 'bose fU"Nr removed in 'ime. Fr<quen",,,,n,, ar, better 'Wroiood 'h.n ,ho..
thll or. no1. Ev.n" ..j,h direc' imp"" on ''''ryd.y hi••nd h""iihood or. mOl<
'"urot<ly .....>«1 th.n th"" with "iYUl Ou'''''''''' All of'his, up '0. poon: ,1.1""

people c"""", .~t<lld th.u rm."""lon !><yond tho commonly nperioon"'d. m.ny
... "'dec in "ndom ",'<fl,,:.nd ""me or. bli.. fully igno"n'.

No' only.,. """,i'i,.. pr"""..' in:ul«j..t<. hu' ou, cosni'i'" commitmen' c>n
Ie.d US ..troy 11. Ad.ms (1971) .pplred ""C""i'" dissonlfl'" 'h<ory '0.
common ri,~ """nr . ,h. lik.lihood ofroin on. d.y in which. beaoh trip ......
plumed. TI><" .re "'ikin, obifa in ,h••.....,.,.n' of ,imil.......,her mforma,;,on
d.pendr", on wh<tNr ,h. q<...,.,n of in'<rp'<tinl ",. dOla ..'., .sked 1rI th,
ron,.~t of. oommirrn<:nr to 10 to ,I>< h.><;h 0' in a g ,.1 inlom"'",n" oontext.

Y.t in COlI""" ~.......n ,he """ ,d.ntln, ."un of th, m.gui'ud. and
prob.l>ibty of .~,,_ there" I.., of. pp ""' .....n '1>01«1 oh..""" .nd reDd.n"
of h.....dou' ar.a, 'han rno" ,,,,,,,i... and greater limit"Oon. on botb th, form.lly
.n<! infOlnully trainer! tlun moot reah". StudIO' of co,ni""" hio. (S1o"k. <t .1..
1974, T.."ky and I<ahn""an. 1974. Siovio. '" .1.. 1976) thow ,u~'" and
silflifi",nt 1>1...-. in ,h. app"'iul of probahUrty O"n ~y .Wlod and upo,..nctd
",i<l1'io,~ Mazur (197,) h•• <"<fully d..aile<l .",h bi.... by .xper" in in",pr"'onl
"clutioal aort>igu;'i.. "h,n ,h,y oriot rn poloti"d "'k """"",nt d"p""•. Th' b...
1rI tilt 0... "f probabili,y ,"rmate, by th, ".ined i••,,,,.. time. more co"""oIed
'lun 'hat "f lilt untrain.d: it i••1", more d.ngerou, ""ca"", It Iud' '0 tbe most
..,i"",,,fall probierno 01 riok ..tim..ion _ 'ha' of .. If..;l.«p''''''.

2.2.4 eu. StlJCly' Ili.k f.om N....... in I.-ond"o. Ont.,,,,, C.".a

There Of. no ploCfl on urth for wh;oh all "f ,I>< .nv"oronen,,1 haz.rd, h.", hod
tlltir rio~, ."im.ted. In one pi"". I.ondoo. On","" Canad•. ,b. maj<:.t ,is~, fmm
na,ure h.... been ,"im"ed hy a O<lOntific ".m and compu.d ith 'he perceived
..,imat" of. "nd"", ..mplo of townsreoplo and ..rth ,ho frtq ~ of,ho m.jor
dIwt<r ..."" of hwnon oflJln, 'Tho mtthod' ,mploy.d hy ,h. Kieo,ilio ,um u..
oil fOf"" of .x"apoh'"'o d'Klibed' th, method' of the '""nopeople are unkn"",'n
ond can oniy be loferred. Th. '<oul", .xcerpted from Burton. K.,...oo Whit.
(for""'"",i",) ill ..t"''' ,he major probl"'" <>f ."un.,iou' tho limi"''''n' "f
hiotoricll! uperituc<. ,ho m1••d ..,ump'ion, omplo)'.d. lnd tho oasni';" COn·
",oin" of bo'h Kion,im and lay poopie.

I.-on""n. On'OIio "a <rW of 200.000 ;"luhi"n" loo-o1<d on 'h< TIu"'''
Ri"'" in Sou'h..."ern OntuOo. Th. ,i"er h.. periodic flood ...hi<h "n be
oa"..'cd by i<e-;oms m. city;, 1o<..ed on 'be l'IIIlI' 01 'IJ< ""I' ofb..vy
mowfall tlu' Iio", to ,h..... 01 lok, Ho"'n. Th, ..int" hazard' or.



""mplio,"d by th, tb,.. , of $1"""0'''' H""'icooo< from the Gulf of
Mexioo In<! ,t1, troPIOa! Atlon'I' ,." "."h lh' "';"0 ,. llt< ,"mmer .nd
,u'umn, ,,,"'m. in hOIVY "in,. '['hOlllh the J.I. ".. ",J, h• .., 'uh,;J«1 in tho
p..... aero.. the U.s,A. H.il>,omu 00"'" ,.1&"..ly oft.n .,.i droUlht "<IY
rar,ly, and '001. PO" ,lit.." "",inly '" 'l'icultl1T'. So• .,., con,-W.,,,,,1
"orm.", common io .umm<r ,od 'ontado.. OXC", ",frequently,

On the b.... of In ,.,Iy,l. of hi>'o'ical record. of c,'currence (Hewitt ond
Burton, 1970) it i. ,,';ml1«1 'hal ov<, the n,xt fifty yUT> in the
",uth...",'.rn On'ario ''SlOn th... will \>< 39 torno<lo"" lS h.~..o,m,. 16
floo<ls, 10 sJu."orm" 8 hUHi"n••, I ...,,,. ,"ow >lo'm'. 2 .... ,. w",d
Slo,m, .nd 1 ,hOUlh,. Thi' «9"""00 0' "J"n.l 'nd lh, "p oS <onOHl".bl<
b.,,,'«n the "'''''ical ""ourftn" of utr,me e''',"'' .nd the '""" 'h';'p"'. to an iTKIividual. For ,,,mpl•. ", moit common o""o<y of "'e""
.1< 'orOld"". 'Iu' .f< <XpW,d to "cur aoo"' "ety I 3 y.an wilh,. the
, ..ion. Y<l i. '.,.m. of , ,]><,di, urb'" a". ,he '",Ufl<nce probabill,y ,.
.uirnote<J " 401} y..".rId in torm, 01 ••p.cific hou", .ia, I." thon on« in
2,000 y.u~

Th. <umuloti" th,," po"'d to .n ind,vidu.1 ho""'hoJd d.]><nd, on th,
ex]>«ted I,nl'h of ten"re. An ."" •• y'outil hou"'hokl miltht "a",n.My
<>]>«t to .nrounte,,, i..it on, Ireat snowito'm. on, hurtican•. p.,h.", two
nOO<l, .nd 'h,,, 0' more '''''~f< 11I,,,'orm,. Th. "mot< pO<1iMity .Iio
,xi'" of bei"l hit by • tornado 0' ,,]><''''n'i''l' 'uITicO"' st.l1<d 0"" 'he
Th.m.. b.M. 00-' II'HM,m follo~',d by. m./O, 'no~·f.11 -.il ,,,,n" with
t><"ent,,1 100- crell,,,. • cot .."oph<. In .w...,e it i. d .., 'hot .ueh ",n" in
."ure do not th,,,t,n th, ,",.bi"n"ol London. On'"io v'ry much,

H""d' 01 m.n_made o,,&,n '" london 'r< on .w", 'h, "m. 1<..1 of
poanh.1 ""ITI,tud,,, n"",,1 b""d•. At moO!, "X d ...."ou. n.."rol ,,,,nto
h." o"urt.d d"n", ", p'" 100 ,"ro. Thi!l comp"" quit, clo.d, '0 Ihe
"'ord 01 m'M"de fif<, «Pl",ion .nd .ccolen'. Aoo comp"i>on with >om,
57 o,h.,. Xorth Ameri<lo ott«. of 'imil" .il< ",""" 'hot 'h. london
"porience i< re."ort.bly typical of '<o<th "me ric. _ .m.lI. multtple prob.
•bm,;.. of 'ilk for 'h. ;ndi,idu.l. community di,,,w f,om n"u'e.nd mOn
o«urri"l .Imo" equaliy .ICh ,0 y••t!; 'nd c""'mphe «cnITInl ."rel" bu'
u""xpoot<dly. "'",e...her. 00 ,h. 'ont.,ent...ch and e''Or)' )'U',

from 'h' ]><'<1'''';''0 of 'ho whol< community of london. 'h, ""I,,-'ed
O1ooy of .11 th, h.",d, pro,iJe•• b.si, fo' d"idinl wh., ""ion••re
'PP'opn'« <i'hor to off", 'he imp.'" or '0 p"'p>r' for .m"l,n,ie•. Th.
"lim"e' ,m. howe..,. on 'h• ...ump'ion to" his'orical "]><,ien,,, i,.
luid. '0 !I" lutore, Ye', i' i. known thlt 'h. pot..,n of h"..d ch'rl&" with
lime, 'V," if 'he totol h.",do""".. 01 • pl.", "m.in, ""n".n'.

In 'he "ud, of 'h' h...,do",""" of London. OnUM.•n effort ...., m.de
'0 <omp'" fOf th' Em tim. in •• j ....matic ....y 'i.", .pp"i,.!J with more
'obi"''''- .....'m.n" «'0" a "rl&' of hazard'. Expe".,ion. of f,equ.ncy
of b.ut<! "',n" w,re ;n,"01\1"od by .sl:in1 ,,,pond.n" ho'" oflen. Ji"n
,,·,nt ""old 1>< "".,ct.d '0 00<"' in 'h' next fift; y."'. R"pon....f<
piotte<J in F\I""e 1,4 '<>eelh" w,'h 'h, obj,,!i"e "1;m'le~

Even" W'r< d..cribod .. more hk,ly '0 oc""r 5 10. 15 or 10 tun" in 50
j',"" roth" th.n 'b. ndd ..I"" 01 '. 7, 9, or 11. 14 or 16 .nd so on. A
prof.ren" fo' round numh'" i. '0 be u]><".d Th. distribuhon. of
r..t><'"''' lor tornad"". burticln...nd 1100<1•.•ll ,ho~ • p.ttetn hilhly
ok.....d to tb. filM. Thi' coindd" w,ll with oh"'rved I'equ.ncie•.

While .11 'h,,'" h"Otd' "e ,ho,,*M 01 •• fOr, ..eo", 'om.do<s 'P]><" '0
poso: 'h< V",,,, 'h,ut til 'h< ""nd. of london ..~dent~ ThIS m.y be
bec..... of ,h. d"",,'ic ,If«" of 'o,nod"". 'hot >c. Ir"l".ntiy f<t><',ad in
'h< midw"" of ,", Unit«l S..,,, i""ud,nl .n".;n ",u'h",n ~icJ>\I.n

cont"uo~. 10 lOu,h,m Or-mio, Th., 1~0 VCQ~lo "o"~d'r lh.l no flOOl!. wUi
OC'Uf In Ih. ,"" 50 y'''.'' v"y hktly du, 10 Ih" h\lh d'lr« of conMen",
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pla<<d in lhe fln,h..... Da., which ~oe, «due. flood pesks, Most '4n;{~'"
.bou' 'of""doe', hUfTOconu .nd flood" hov>'...". " Ih' fw 'hot 'h'
",bie"j,.. ..,jm.l.. of f'«I ...n,y OOOl<Od< '" c\o$<ly with obie"i.., .......
"",n'~

Tn, ..peetO'lOn' of f'«Iu,<oY of ;« "Ofm•• rod b...at~,.r< qua, ,I<atly
in • differen' <""Ory. Bo,h h h;U'lo)d.1 d;'Uihu'.", w;'h marbd p,ata
'o",..d. es,h ..",0'1,. 1« "Ofm «pe««1 '0 o,<u, hot ...«n 1 an~ I
,;m.. ;n SO y,m by 86 "",pl<.,d h"~'e<" 46 .n<l SO hOD.. by 61peopl<.
S,milatly bti,Uf~'''. <Xp''''d '0 <><'Uf ~ "m" 0' le••n \0 yes'" by 148
peopl., whilt \9 olh<f. <Xp<" hhu.r<h 10 <>«U, 46 lL""" 0' mof. "' \0
yO, .... Tn;, ' 10 a ...jot d;'".p.aney In d,f;";'lOn of i« stonn••nd
bUuards. .'.I"" d 'k.lly;n 'h, cue 01 bti d., people tond '0 se. 'h.m
., common .....,y<I.y ...nto O<CWTq .1"",,, ry y.ar 0' ., ,are ..."to
O<WTITIl only a It-.. ,im.. ,n ~O y...... In n.i,her ca.. ~o ,h. p<ak' 01
,ubJ."i.. 1'«I••n,y 'OIncld. "'nh obje,,,....li...,., baoed on ,h. ob.....d
'ecord. In 10". 'h. ""'s< is "u'. and ,he objc"'" lreque"ey tond, to Ion in
.n u'" 01 ""'y 1_ •.wie«;" «p«lO,;"n (Moon. 19111. Tn< 'i&n;{;can« "f
th... "b.....'io'" i' 'hot 'h<y ""'naly ....p< tho prop<os;'y of indi.iduah '"
"""odlold. '0 ad"p' odju"m<"" ,,, .p<cifk hanro. "'h<" 'h. p<lOt,,,,,d
f'''Iuen,y ;a I"". Difftfl11& COOotpto "f ...hat a ha..rd '4n,fie, may al", aff.«
'h. tt«p'i>ity of popul"io". '0 ",a",;np 0' o'h" ad";'" about adiu"m.,,'.
(Bur',,", K.t<, and Wh,'•• fonheomina.l

Tne di...".e"o<s bel"'"'' ,he .."m.,e. of ,i•• by lay peopl< a"~ scitnlim 0'

bet""'en 'hoae of scien'"" may be "",11 or I...~e ~.pen~"'. on 'he oalur< of the
I\ua,d. Bu',,,,h dll'<l••n,,,, may 'ppe" inl',,,Lably .maU compmd to th, po..nti,1
d,fftreJI<"", _iaI ...i ...,ion

:1.3 SOCIALEV~LUATlO"

If ,1.. totim.tion i. ,h. me"urt of .....na on~ ,on"quonco., tho .oci>l
.val ...lion of ,j•• i. ito rneaniI\i A. m••om., lh....I...,ion of rio'< i• .ariablt ond
"I."..." .xp,..ted "' .ymbol. ",Iue ."d .lTw A••",h. i' i. diff"ult '0 d~'i01u;,h

all bu' "" fIO,,,,,,'i.. "",hod•. )" ,io'< ...l ...hon 1. pr'<llted by .U, On. dj..won
be, ...." me,hod. i. 10 foc"" on 'he kind. 01 comp"""o ..eminily made­
oompori",n. "Ia"~ ",t.l,. '0 ,he ,i.k in q.."io", '0 othor ,i.k5, '0 ",,," of
al'Oi~an<t 00<1 '0 be".,,,,,

1.3.1 M<1bod" Aveniw. eolan<td, Btoefil.Riol, COOl Ikn""
A_<ion ~...,r1i.. "'. me'~od. are lh"'" of a.oid.ne< or minimi..'ion, ...i,h
li"I, ,,,,,.ideralloo '0 <empanoon with o'hor ,;ok< .nd benefito, The.. m.thod. or.
deeply 'mbedd'd in <ul'ur< .. lOboo. jn _io'y .. mndard. ao<l rtlulo'ion•• and in
a pe"on .. amid'ne< al'od "',olon.

All <IlIlUrfl <OII,ain !>boo<, bo'h ..ere<!.0<1 prolan< Th. mo", un;""nal ..boo.
,ela.. '0 ,he moO! elomenlary need" life, ..x, food. The ,mpero,;"" 'Eat No'Tnis
FI<>h' (Simoono, 1961) i. h..~.d by mO'I, bu, no, .iI. wi'h Ij,,1< refer""e 10
othor risks or b.nef" •. It is a p,im. ",mpl. of ....r,;... " ••

Taboo< are .uily rerOi1\lud u stICh in SO-l:llled 'primlll'll' lOdetiel, fil(ioll1lin~
when po" of the """I~'••ru, rtlilion< (.. 10.., by adlle"oU), aod ll"""'~ wh,n



"
.~d<d 10 d..-ply on on.', n.lI'o'< culture.s "" <"n"au« habit Or !.1w, Thu'
"primiti"" .If,,,a '" lVojd 'Il< ri'k of defilement Of< 1.!><ll<d .. 1'1>0<>, but "mil..
erro," to aloid the d'k of Ji......... "lied p""~n"," medicin•. Or. in m>ny
eounln.. whe,. killrn( ",he" «'pital puni"'me... ~,,) i. countenanced. tlJ.
,u",Ode taboo i. ,"'",",,«1 not IS ..boo bUI .. I.~ it". crime '0 lOb on.',,,.,,.
lif<. or to Itlemp, 10 do "'.

Soc;"...... ""II .. p<flOn' m,k....."" .• 'i'k judge""'n" w;th 1I"1t or no
..rtrenee to other ,,"', or benefit•. Much I<IlW1tory .oth'lty fo' uf<ty Or public
...1<11 i. intended '0 O1l<our. mnim"m .'.r~on, All ,ero ''''''''nc< .und.,d. fo'
poilu""" or 'mpuot 11 .. "'00.,,11 II the IUpposcd do«..:onlt<j""oe<
'h,..Oold, or< <umpleo uf .""iV< 'nk .....1...'.",. Such ".ndord. may ho.... ulint.
or 1... into,,,,1 IOSi' th.. the p,;miti", taboo 00' ion. ,hOI ar. oflen ,h.",.,.,iz«l ..
;"..ion,1. In til< United 5,,, ... for example, corcmog.n' or, b,nn,d in food,. but
not in ,.,,,,,, or, ,xdod'd from in'''lin... bot no, f,om lo"p, By ..h"ev<' nom<.
!he IoIk b"'ind ",~"0011 " diW"ult to info<," in .... foll""'"'1 '''0 ...>I.ly
diff.ril\& .nmpl.. .... ,bomin.a'ion. of u,ili".. 'r>d th. p,.",:r,p'ion, of
..'thqU1k< hUild,"lI w:t",

For Doual .. (1966), th. d" .. ry ,ul.. of tl>< Old T"tom,nt ,I<, m.t'ph", of
h<>lin<S,. 'tb. un,')'. ;n"il,ity. ""f<ction of th. ind"id ....1 .r>d of tb, kind.' Sh,....

""hy "'O>lld 'h' c."",I. th. hor. 'nd 'he 'o,k b.d." b, on<l..n'Woy
"'O>lld 10m. 10,",,,. but not ,n, b. uno.,.n' Why Iboold th, ff¢l b,
<1,," 'nd th' mo"...... bipl'OpoUmu, >1nd..n' Wh.t h..< ,b.me!·
<on', ""k« , ... ,.-oeo<!i"'lot i. <ommo.' (00"11... 19M, p, H)

He, ,n.we, " • mi. of prqm.a,io d.osif",.1ion. b.ginninl ...i,h do"n-h""fed,
"ud-cl>e...inl ungul,t.. " the , ...nt ..l food of tbep"tofOli" ,,,.J furtb" "Iot'd to
!he tbre,fold d,,,,fie>tion of G"n,"" cre'tion di.id,d h.t..... n 'b, 'artb.... ,.d
....y, The pn.,-,pl. obo <U, in .ll of thi. " • "mpl. On., (loon Inlntol' fully oonform
to Ill••roNt)-pt' of Ih.ir du" c!o"n-h""f«l rumin,nn, fou'~'a«I.nimolsof
..,th th.t bop. jomp Or ...Ik; "",Iy frsh of ,h. sr. ,hot ....." ... itb fmo; and
......1<1&«1 fo...l. th.. ny ..,tth ...inl', Those '1'<'''''''' unelu. ,,'hi.eh.r< Imp-<'f<et
nltmbers of 'hei, 01... 0' "'ho.. cl... ;1..lf';ol"o< ,he -",,,,,,;c ,y"'rt\.tlk',

Tho" "', of coo,.. ' .I<.,..ti" «pll..tlon, fo' tb, .I>oml.otion•. 10m. of
whioh Ole di"'uosod under to.o,.... of lOb"", Bu, compare DO\lil..' orderly
prineipl.. f", !he Jud.;c .."Un.. Mill thiS urrul., .",rnp' by an ..nhquak.
'.1''''''' to f"hom rlI. pm",p", urldtrlyinl ,.nhquok. Ood" of 14 notio ..

It b«o"'.. 'pp"'01, upoo • b"ef tn.pectinn, thlt con"d".bi<
",;"lon .."" he''''",n ,he m'ny cod«, AltbOLl&h o.t"" 'od th' .."',
01 pby"", do not ..ry I><t",<,. c""n";", b.;),dinl «><I. d."loper.
Iu", di...._ on th. int<,pf<tot.,. of ..riou' 1.000'to in 'b... cod..
• ud!he ''''1>0'''0« ..<:rib<d to tb.m

),IOSl of ,b. diffi,ulty Of...... ,I\< l<.u1l of (I )d,ffl<ulty in ....IIi..
th. s<i'rni<tty of I ,.,""., (1) th, h.terolen.;ty of th' IOO!olY 1M 10M
0 ....hio~ .1Iuotu""re local"", (lj the b.t'f¢I.o.;ty of ",uet.,,'
.,~t.m.' heh• .,o", under .,b,,"oo.l 1o&d., Ind (4) • lock ofo .~ilOble

"tion.ol. for .<tt!tlltol<r.ble 'M', In 'omm.ry, only fo~, cod.. (L'"



"
c.""..... Fra.",. lot .."., 1M Ro......> "OOInlZ< ••Ino<,ural i",Porl'
'n", (ooIM, no" .,,,",,"' for "I\>cl.n.l lifo. "",..I "OOP"< tII,t
d."'il,'y """,hf.....nllq ...1u 1."••Rt1; ."", ....... 'lut .""',....al
penod " ,,,,,,,no'" tD -..llfy <UttIq ...k< ,o«",;'y' bot .Oll< tllo..,
fOf • ..,. dep<acl...", 1>< Iloo latei'll! rom: .,.:1 <>rt!><IILak.......
,..,:!. (..... ""ft ol>Mrn'''. ,sui" probo.~1y ("".. til< fm ,hOI
<v1&bility '" lIOI .......,••1\. &ad f"'aIly. ,....~ _1>0 U1.
1IIIpOlU_ at _ad 1_ .c........Jedp thOl rn......... d_.
_.r.........Ilq..al:.'n'......y. ('&"_.. 19'], p. 91'

"ba'", tIIor d.......'" ,..,In '" ......-. I.. ""'1'........'" .. llI»q\lil-. !<loot
pccJIIt. --r<o'hn•.Pl'~'_' -k""J__I.,. and rob"....r~
01 mks 10 b< nooded. V., _ • '*""'" ....y be 011.' 'rmDkly reblCd '0 III.
~~oI~u._~'.oI __

ODe lIudy (Golom _ a.._. I~J ..1yoc4 rb.al p..f....,..,._1tt
~r~lSro.tbt'..... i h_ofl~ _'o,tp........ ..,....
......nt)' 01 .Ilural. phraoo/ IdlfKt "J.,. to pc ~ ud IO<iaIlpsydroic:.-.oI
dIJuaol buat<b.- The I If ......,.. ulN""""'" ..III tM k...d .. __04 ",m
prtfor,od ri<k -"'cc .. 1""10 ,J, "',lb the unpOO1l of auto KClI1nI 'bf
I<ast uponrn<>ed.re ,he _ fn,od " yd<lllO ID AUltna f_ ..
.-4alIo: .~p<....-d f<>< p/I~"" <h,••, "' ""'0"" lh,.., compoted 10 d><
C...dw.l~y.C1lL.1'l'H

11>< dqr« of ...,_ r", Wnt. k.. bftn I'M'I} ""'.... rm by tbt ...no....
...-..........,,10. A ..., of 1:6 dtM k.. bf<ft "..Jed by 11<>'" pa".." and
doc'ors •• 10 the IOIlOUSn<SI of ,h. d ~h a r>nk ,orr.l,lion or .9S b.'.... n
both POUI'" (Wylor, M,lI>d. at>d Hoi 1%8, 19701. V<t, il,omporod ..i,h ,he
.., ..I rill< of de"h, l>o<k p" .... ,••t>d cI<><:'o'" PO'''P'''''' of ..rlOu"". I. poor,

TABLE 2-S H.onrd R.nkl .... by R"rond.n"· A""ill.ne< Pr.f",n...od
Expoti<rt<.

A""id·

•• A",MI."", hp.",.", b ...","".... .... .. , ~U, ....
, Auto ,,«:ill.", '" 71.1 ,~1 61.1 •, "Uooked _ Ilobl>e<l '" 61.6 " U ", ..- ". ,,.

" 9.~ "• f.,..... fd'< '" '" " '" •, -_. ,~ '" " 0.1 •• f ........ _ .. Jol> '" ~. 33.0 ,, - " ~, ,~ • ,
• ~-

~ ll.' IS: "
,

• ~ " lU " IlJ "" -_. " '"
, 5:.' ,

" ao-. ImIiI:od by So.,_
y_Ad...... " ll.O ~ '" •

" ~ " l6.1 " 6:.1 ,-e-,........... ,..... •



TABLE 2.6 Ili<..r<~y or RISk C""oNlU''''''' .00 So.... IIlu,... h.. Stale. of "'••,,,romc,,'

'''''''",0''' c.n.." ...,

r,im". ,..".... r,;m,,~ 1..,,'>'-1

""""0" I...,.
",._ "10<,, ._. 1>1<..,,,,, ,.1", ".11 J A..'.....'. .. ..... 1.-- ('..,,. "".,'..

(A"o.I'''''~) ._- "ow ...«".... ,..,... p.. - r.., '" ...,. ""","'u.h.
'm_""d"," '"._ ,lie" hi ,,,... No. of ~..'", ......~I"'" 'loIlo" ...... 00' "",,~
T.... ~'''''............'h ..""'~". ",,'m,",~ 00' , ... ........ f'" ."" ..,od).
S"''''i<oll,~_.,... ........... • f, ",,, C....... ~..,~-,.

, III..." .. 1l,,,,";I,,. M"id._ ......,•. AM...... r.M "'"",.... N..... ",,.,,.., l '.,,,, ,.""",,,,,,,
(r_ ....rr",,,,. lo'''''C po'." ..U"..... Am'. rd. r.. ,.m.'.... ,,,,.,Ot,. C,,,, ... ,.,...".. l "",t<.
",..... h.'."",l I_~,,,"'. l .... l ...'..., .....' I"''', ..."""l< ,,,,,,, "'" ....11. un
"".., "1"0.'" wh.~ ,..". ,.......... ~;," ,.. ,~'";"'" f~,",.

..., ". our "'" .... ...... m'"'"''' Sox.., .",,,i,i<, I ...........
to ...... ,

, So"",,11 ""'co, M ..._rof~~'."""', ~,.."...., A"'~~'.""'t<,.•",. Coo, ,,' odeq",. "",.;,.-.,
.. , ...f"" A.. '....' ....... _.

f..·,..~
L~...,j,.. ""'OM' """;.,,, .. """""" f", 110. .1. "" "ith i...l"l"'" Coo, of •.-li", ""r",",,,·...",...." ~~'....h"••'c ,i<~

"""",_ ..iI< ,,",. ",,'<I<.,~ ,,,. R,...It••, "I ...,,~ .. "".'h
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Dis..," sucll "leukem.. ,anc«.•nd muhiple 1t1<r"'i1. are 'II p<".ived .. more
ser;ous tMt tho more freq...n' cou,"ofd•• th _ s"o'-<s.nd hurt .,lach.

Ano,ber impor"nl form of , .. r""n may b. iIld'p<nd.n' of specifIc hll"~s;

rumely,.n ...rsion to risk i,..lf, Th. a.. ,';on '0 'i1k is d.fin.ditllmJly in tern'lS
of 'ho will;nr;n.1I10 "<op' In. Coin Or '0 p.y mo,. fo' a red""'ion of 'ill<. Risk
" .."iOll pra"i«l are "'id.sprud and provide , .... b.h.,-iou,.1 bas;, fur insu"n« and
o'her rill< sh'rinC """vi"...

&"""~ risb A'-mi.. 'ill< pra<1ic<', if th.y invol...ny "","por!lons at ,D.
would ...m 10 iIl",I," 'omp'risonswi'h a hiihOl f'O"'OI. imp<rll!i'.. Or p""ul.,•.
B.alanced 'isk me'hoo., on ,h. o'her hand. !Uk to comP're and equali..
eo",equene... Consequeu,es need '0 be ce",,,li.ed in "'"'" fonn for companIOn•.
and Ro.... h.. worked ou, a se, of Hamples of how 10 "ole eon..quene.. in order
'0 compor. ,h.m (Table 2.61. H...... the wo..., of ""go,;", (based on .\1.<10..')
•• in T'ble I .2••nd sua"" for each ,ypo of eonstqu.nce lOme prim.ry. or di,." .
•ub)."i.. me..ur...nd lOll\< d"i..d. indi,." .nd inrerp,.tative meaSur'"

111< mOil common form of rill< b.I,neina is 10 complr' f,.quenci.. of
mortali,y> morbidi'y or dom.ge in o'dor 10 encourage 'ome desired ,,'ion 0' ,....1
IOtn< incoraU"ncy (I'ochin. 1974, 1975). RJ>l expo.ure, ""'y I>< qui" uneven
I><'....en lO<:ie'ifl. within' 1O<:;,,'y, within. singl' Iifetim•. 'nd e..n wrthin • d.y
111< chance of dyina in ,n '"Iomobile ,rash in E.., Alrie' is SO 'imesC""" th.n
In Nor'h Americo. To be ,n ,i,Hn. pilo'. eo,o1 min.r. 'iViculturol worker. Or' ...e1
h.ndl". is '0 court. risk 10 'imes v.".r th.n 'he '''''g' worker in
manuf."unn. (Gre.n. 1975~ In the Uni"d Su,.. , lh. leading c.use of do.th for
child,.,., and yOu.. 'dullS i' accident~ for middle<lced ,nd old.r po'lOns. h••11
di..... (U.s. Depar'm.n' of Hul'h. Educ"ion and W.lf.,•• 1914), Wi'hin .lIri'isJI
work,,', d,y his ri'k e.posu« may vary by a facto' of600 (see Figure 2.5~

Na1.'....le... som' b.lonce <an be "',o:;k. An ex:unple of ,,,,,h. ","'bodoloEl' i,
the "udy for 'ho ..nhqual<. ,ode of the City of Lona Be,ch (Willins, 1912) wh",h
IOUlJtt '0 provide a TO'" of KCeP'oble ,isk' '0 ,he communily. ,llI<s b'sed on
compari"", with those 'ci'izens .neOunler .very day in tbe .... of au'omob;le, It
work. in pubUe a«ivi'leS and "home: Th... ,islc•. of couno. diff". and the study
offered .."hq""ke <od. ".nd.rd. 'hot could le.d to d..,h 'nk ,"poIure of 10·s,
10.0 or 10-' PO' p'''lOn y'''. d'pend,.. on ,h. risk ... r';..ne.. or 'he
corNnuni'y.

F dom.n'al'o. eo'ion of bol.... i, that 'here ar...«ptable or uunoid.ble
_seq nc.. - som. Ie,-.I of risk vuter than "rO 101".",•. Storr (1912) MS
"""gil' 10 discover ,be acceptable Cllfl'"'l"'""'S embedded in brood socieral be·
hoviout. By compari.. riob of d...h from mndard unmofUpoIure.M ...minil'la
these over 'ime, be find. (.. no"d in s..etkln l) wblt .... beU._ '0 I>< " ••dy
pl",r... ''''''ltd c.".in common levels of risk mbihlY, II'hil.s""h ,isks "nd '0
".bih.. " lOme I><oof" 10><1. , .... bounda'ies of "oep"ble ri.k 1e..1s ar.
''''turt!· - the uppot limi' ;s se, by .nn""l PO' capita Ilin....nd d...... risk, of
obou' 10·' and ,he 1""., Ie",l by rill<s from n..u,,1 huard of 10--<.

alii £ffecrloen... of Rid, RevUC'ion In'"med,.,. b.'ween <ompuUon of rill.
with o'he, ,i,.. and ,omp.rilOn ofrisks 'nd ben.ftto is Ibe comparison of ti<kund
the ""OItS 0< "",,, of pre..n'ina them. als<> known II eoo'-effecli..n... "udies.
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Monl.!i,)' riala at tho I.v<l of 10·' PO' po,son/y.ar lY. still
eorWd"O<l by society. Moth.... w.rn th.u- <lIdd,eo .bou' ""''' of th...
""..rd. (ploY'''lI ""i'h nr., dr""'ni"ll, fir.,rm., poison.), .nd onm.
poopl. ","pI a dqne of inton",ni.nce, luth II nOll1lvelliJ\i by lir,
to • ..,kI th.m. Sofely oloI."" fo' th,.. ,iJk.h.". p..""utio..ry rin"
's.v.....im .10n.; 'N, .., POLOt • ,un at ."",'h.. PO""o: 'I: ..p
m.dicin.. 0"' of ,hildr",·. !<och:

A"id••" ""i'h • prob.b;h'y of .bout 10-' pe' penonly.ar are no'
o! IYO" eon"",n '0 tho 'ree po_n. H. m.y bo .,.. o! 'h.m. bu'
'" f..11 'h" th.y ""ill n r h,ppen '0 hI'''. Phr "''''"It.d ..i'h
th... o<ou",n,.. h... on ,1. mont of "oiIn"",n, 'Lilhtninl neve,
mik.. 'h...nto plo« ,"".,,: 'M ,<1 of God' (O"".y, 1~10. pp.
366_367)

W;thln .ny On. "lOllory mor< "fL""d ...1)'''' "n be "nd"'."'n. Sindair
(1972) h.. 'pccifL<&lly e""l"",t<! I'" """ .. ffoc"",n of p....n';,.. <os" in
indumial .. r..y in Ih, lnitt<! Kin(dom, He .'1 ,h",,,ti.,.Uy fo, CO"
minimiUI;on of the .um of '<dden' 'nd prevention tom 'nd ,xamines empirk.Uy
the differences in 'hr« indu"t"" ",kLIllu", ,,«I. 'nd ph"m'''''Ulic&l,. B.sed on
th< risk .nd tho cos" of p....n'ion. he «kw"...n imph.d lif. """l"""'n.
implicil ;n ,h. pro"n'i" ,<"vily. ""hi,h "",io' botw«n IhoLUOnd. 'nd million. of
doUoro(... ToNe 2.n

A> S"",I." nol... if .n .b«>Iul. vol... could bo pu' 0" tho bo""fLI of. lifo..
e"""'nlional e""-bootHr .n.IY>;' of ,i.k rodue,ion .nd proven'ion couid b.
,mploy.d (so<, ...n exampl•. Inlo,n"lon&l Commi",ou on Rodiol"lie:oJ Pro·,."lon, 197J~ U,;t11 "'00"' ..lim".. of ,h. ""Iuo of • hum.n hf. b.oed on

TABLE 2,7 Comp",,;.. R,,~,. Sof<,y OUllon ,nd Implici' Lif' V,h,.hon. in
1lIf'o< Un;lt<! Krn,dom lnd"mi<>

Ann",1 '''~ PO' 1,000 Mm" Q.t1.y V,l",,'ion
,,·o"mo! I{ ...·o,h,) ,

Serious
Sooto, 1"J"ry "'Ju,y ll<&1h D,..h

"""eul'.,< )5. " 4,40' 0.191' J 0966 .., 11.000

SI«I h.o>dhYII 1;.7' ~.~1· 0.1I6' 10 (l~69) 130,000
61.S4'

Phum"euI;"!> 25,0' 2.42' 0,010' 110(196~) 10,100.000
36.W·--')lon,,", of ....,,<.1'" Fi....".. orld h,o., I"" 65 "."...

'AM"" R<p-or' of Od 'n••,,"" of ,..."one.. ''l69
.Oopo"....,of H..,r;, "'" SoaoI So<u<i" D,.o" of S"""o« AII,I,.,inI ("""''''''''' of
h".poci'y. ''l61
• Ann"" R<p-or' of .... 0...- I".",,,, of F.,;!",jo,. 1'l6', , ... Dow,rm,n' of " ...1" '""
S<><iol Se<",ity """'1, 1'l6"

Sao,,,,. SiD«.;" 1911.~. '0



",.urmco ,..:lu,,,, jury owmll in ilabrlL'y c..... Or p,.moru,. J..,h .,lim"•• of lh.
combined ''''' "f medieal expe..... lim human prod"",i\i'y aod p.ychic d~"...
h,,'t b«n "kul.,.d (Unne'""w, 1975~ Such ",.nur" p'ne",lIy .pply "oly 10
developed """o'ries, bu' 'h< «onomi, w"nh "f p,,,,,,ntrnl d,.w., drff",o' ....
has be'n cal,,,I.,,d f'" d...loprn!; ro"n'rie, (bile aod B,,,,,,,. 1912),

1Ic".r., ..alu.,i,," for ,ovi,onm.n,.l darnar" ('h, darn.... provenltd arc 'he
ben.lI" of benefiH"" ""dres) has proceed.d '0 ,h. poin' of "ondard anoly••,,,
handbook "f ,nvi,onmen,,1 d.",oge (u",,'ion cokulallOn. has b«n "'lltIl by 'he
O",,,,"'''on f", EronomJo Coopero'ion ond oe..l0l"".n, (OECD) (Mille, and
WYlga, 1976).

a_fl,-Rld A""Iy#s S,iU a""'h<r rompa,;"", i. 'hor of benefil-<i.k "udie. th.,
,om""re ",.. of 'isk 10 ,h. ben.filS arioin. from 'h, a"'i';'y. In ,h~ ..nanl of
bendi'''''''' .nal)'ll', ,nk i•••u"opt< for sociai root. [s,im.,.. of 'i>k of d.aw in
per"'n!hour of exposure f", 0 ..,ie'y of activi'ie. compar.d '0 ben.filS h.1'< be.n
cakul.,.d b}' Sta", lh... art caJeuJ".d minim.lly in "'m' , as ~mply .q"a1 '0

the expendi'"re, for ,he oc'i"ioy ond in o,he, co.., xpendilure. plu. "'''''
additional bener" (r"r ".mplt. Hme ..Y<d in IPttd,., '"niPOrt~ Starr', no..­
w.li·k""wn "i"ioruhip, "hOI' 'i,k in,"II><' .pp,oxrm.t<ly by ,h. cube of
b.nd'", i, .hown in Frl"" c.6a. Thi' hold' "", fo' bo'h 'ol"nrary ond
in",IILlll"ry ri,k"

T.... " ar. oome di>..,Il. to S",,·. ;ntt'prtlltron, druents 'h" quo",1 both wi'h
,.... .,IIun1ary.in,ol"nrory d"trnchon .nd ,h. "I"ionshrp be',,·..n ben<fl" ond
ri.k, La,. (Ion) ''1''.' th" i' i' 'he 'public ~'not"" of'h, r"k (oil art mad•
..r., by an inerta .. in .. f.,yl 1O'lI.:r tlun ,be "",I"n""'-invol"n",y notu" 'hot
le.d. t" " •.,.. ,xpeodi'u" and 101<'" le...11 of ,is>:. Thu,. "rI,~ and commercial
"iatiou ar< .. f., 'ban p'n"al ";at;,,n 0' pri'..,. 0""'" be"o.. m>rlinll
•• pend""r.. of ,iok rodue'",n l><n,n, moro pe,"'n•. Ro~. (lo7S) ""'. 0 rliff'rent
di"in"'ion bet ...«n voiunw,' and in"",lunt.,y 'is>: .....p'inll .. voluntary all ,io~.

"1"" th... i. dilt" b,,,,,'" ,,, tho ,,,k·tak,, and wh." ",form,,"," on ,h. ,is>: i.
"", "i,hh.id. USUlI a mort eOn"'''n' dato ba.. ond 'hio d,rm;';"n, Row. r",d, ,h.
diff.,."". btlw••n ,'OI"nlOry Iud 'o,,,,lunrary 'ilk a .il"""'"o, On. but .maller thIn
that of S'arr. O'''·.y ond Coh.n (1971) ,,~ thot • ",k-!><n.fl, "ponon'iai
relation.hip (shown in Fliure ::,6••• R - B') may no' b. w."anl<d from Storr'.
dara On W<I,k.f "iori" ond r"okul.,. lb. ,.i"ionsh'p os sho"" rn Fill''' 1.6b.
And tho ab..net of b.n.fi" ""ibu,.d '" nOl.,al dr,.",,, linort, ,b. findUlI' of
'he "ia"oruhip I><,w••n ben.fleial location 'nd n"o,,1 h...,d ",In.nbil"y
(Burton, K"" and "'bi,.. fo"hoominl),

Th... di,..n" modify b'" do not n."....ril}, ''IU< .gail'" ,h. implic"",n. fo'
_raJ policy d... ribed by Stan (and ••""rolLud rn Fill"" ~,7)o.

" Rat, of d.Olh from d""a .. ;. on uppe' luirl. in d.wm;"inl lh.
oc..ptabrlity of ,;ok oom.",hl! I.., 'han' in 100 y.'"

l Natu,"' di....." ('"'' of Goo') «nd ,,, ., a b... lUirl' fOf
,m _ oom.~·h., mOf< 'han I in • milbon I'"'' _..milar '0 lh.
in,m".c 'nor..' 1,,-.1 <>f pbyoiaJ 'W.m•. Man_mod< rISk. at thi> lev.l
can b' wn»d..ed .J_ ""J,l~ibl., 'oJ COn "n.inly I>< n.."<I.d if
'h,y'r< ""...1 m'l"i'ud.. I,...
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J. A. WQu)d t>< "ptot"', $Ocie,ol .c«puncc of lil.k io"u.....~h ,h.
bendi" to b. ~eri.<d from On .<livity. Th. rolohon"';p .ppear, '0
be non·l;nu" with 'hIS otud~ ,_,,,inl thal t~< .=ptoble Ie..l of
risk i. on .xponential fun<hon of tho ben.hlS (<<ol.nd iml&inlry).

4. Th. p~bli< 'PI"'&" willi". to ><<<pt v<>l~""ry risk. ro.,.hly 1.000
tim« ."'..... 'ban inTOI~"\ary "POW" ,isI: •. __ (Stan, 1912, pp.
38,41)
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"""TO "I..HIV'V.,U'
Fill"" l,7 Benefit-n•• p"'ern; involunu,y ","'Ow,", SoUlCO Sun. 1912. p. 41.

A m<>te "';00' prob1<m wilh hi"o'i' w",.,,1 prof",""." in their .gf<8't1on
of ben,r,,, .nd ,iu,.0<1 'h,i, con"ulm,n' of the conod".b., In'qui'it, found in
,he distribution of both bend,,, .nd risks. In pro01iOO, much <onflict in social
O\·.I....,ioo ..i",. f,um .""h diff<r.tl<O<. Both 'he b.n,f;ll ,nd ,i'k' may b. dlff".. or
coo,en".,.d "' '",e<. 'un< and "",i.1 d .... m>l:inl 'qui..bl< comp.rison difficult,
In .pact, the ,ommoo co'" ore tho.. in "'hi<h ben,filS or. con«n".ted and risk.
". difl.,.., ,,;n the u.. of p"<liCid" by r"m,,,.•nd the """',diffu,", ben.ro"
.nd ooncentrated 'i>ko... In e<rl1m ",,"'p1tionll huord•. [n 'un,. ,h. conunon
caw i. un_date b.nero".nd dol'red ri<ko,,, in lh. Imo' .ff.", of ch,mi,a".
ahhough th' "",.. i' p<>s.i"~ .....,u. In social d ... I commOn cOSO i< for
,ooc.o""o<1 ",n,fi" Or ,i.... 10 spo,;,1 J,r0up., .. in li"", ...';n. fOT SST-flyinl
execu,i"". 0' iocr....d .iT pollo'ion .xposu" 10 ,h••Ium dw,ll«, For 'll such
c.... il is po",ibl< '0 d.,;.. mothod. for prol'idin~ componsa'ion, Or ledi."ibutina
tho in<quily. In pr.lctico .nch ""choni_ or. liltl. ""d .od difficult '0 '01".

Tile S"rr work on ",ndil-ri.k ,naly'i< h.. so"llh' 10 dm" soc;,,,1 p"f".nce•
.. 10 ••n.n" ond ri.k, 0"'" ,im. in ,h. hi"OIlc "«Jrd of' .inil' nOlion. Eqnolly
,oy..,," " '0 diff.,.n,iol no. plOf.,.nce. tT. ""'10,,,,1 diff'"n,''' Two "ample.,
ch'mical, in th. wOI.pl." 'nd 'h,rspeu'k dr"", Ol. " ..i1.bl. for comparison.



Oooup.''''''''1 h1Z.rd. m m<><I"n rndu>lrilol "',.. include m.ny oh.mr<:oI•.•rod in
som< nalion. maxrmum pc,mi>.1ible oon"n".lIon 1.\tl'C) Or threshold Inn" valu..
(TlY) hal'l been .., for .. 'er:ol burodrod of ,h." common ind""rilol huorr1s. On
(!Ie mndndl hll of both ,he U.s.•nd tllt L;'s's.R.•,. so"", 169 common
d><mi",I..' ""rod"d. for rruny of wlJich or< .1", "I by the Fede,.1 R.ptlbl;o of
C.rmlny (FRG). ,h. Germ.n o.n",c,.'i, Rcpubbc (GDR). S....d.n.•nd
CZ«hosl""••i•. (S'lII<llrd< rn Ar,,,'''',. G,," Bri"in. l'o,w.y.•nd Peru Or< the
WI>< .. in tilt Un".d Su,,,.) BlOOd on data rn A",/"o (Roy.1 Sw.dosh Ac2d<my of
Scien=. 1975) Tobie :.S h.. been c"",,,,ltd .h""""lJ the ..liability m n"irsn.1
",,><lord•• emplOyr"l the r"irs of the n2l"'n.1 s"ndard< '0 t,," 10",.. , <l.ndlord of
.ny of the ~. n"'ion<. Th. diff."n""...em con',,"nt. ,.•., ,bet. i•• Iltl' number
of clltmic:ol. fot which 'he "'nd"d' ore hipler or 10..., thon oth., n"ion••
'UU'>linJ • n.1lon.1 p"f."nc< i", ,I>< .1I0u .ble ri"'. In the cast ..udy rn Sootirsn
3.2.3. t..o So,;o, "'''nti''' '''U''' from 'hoif pcrspeclil'l tho b.... for ,h...
diffo,onco•.

In .."ins ocoup2HOn.1 hulth "'ndard' for ,h...or.pl.o<. UrulOd SlI'"
""rod.1"<I. appear '0 .ooopl V"'O, rilo. 'han otil.. n.lion.·. I" a«eptinl risk from
drop. h_....r. the "I'lr.. m.y be 'ro<. Rnk "'im"irsn in 'ho"'p<U'r< drop i. of
panrtul..- in,ere... for 'here 2f' prooably f.... on<erpri,,, which b... mort 'l>"cifo:
n«<l '" OOfI'inuou.~ .....Iu... un",,,.in b.n.fi" .nd ,ilk. th.n tho th.rapeutic
druvnoke" .r>d rqul2lon. Somo app"'''t risk " in""I,.d with ...ry n,'"
tho"pcutic dfUJ.

R."""t in1<fll2l1o",,1 oornp.n.o.. indie",. >Om< m.jor diif'''n<;<' in ,h. ""thod
of rruklns such .",,"isal•. Approxima ..ly four ,nn" " m.ny drup h... be.n
relo.sod fOT p/ly.krani u" in tho Unitod KinJdom .. in tho Unit<d St".. o"" tho
10" d«"', (W"doll. 197J). Th... n"irsn.1 drff."n«. rn bon.fiH"k ......""nt in
the poI,.th:olidom,d, <T' ,,"" '0 rei'" in p.n '0 diffe"n"" in 1t""I'" of "sk
......I"'n'. in pan '0 .."krn,. differen' b.lanee b....·..n b,n.fits.nd risk.'r>d in
p.art 10 the n..nro of tho g,oup proc<", M"h<>d. of ti" ...."""nt in the United
SlOt" f",,,, ••"n,i," .nim.1 "tid"••nd pro."I" .. <Iinical ,,;"Is. tho" of the
Unltod Kinrdom f.vour m"" limited .or"",1 studio••nd dOl< .u""illon", .nd
monitorirlJ; of ,..ullinl 'heU]IOUIi< U". with rapid e<>rreeti\'O otl",n ""I><ro ,oxic Or
..,ious sido ,ff«" ,r, indicated, Th. dilli""tion. 'hen. i' p."ty m<thodo!osical ­
ko.. l«u,.t,l~ ",n fi.ks be ....,sod in hUfOln. 'hrough .nirn.1 stud".' It i•• I",.
coos<rv.u.... bi.. in til, Uoited St"'.. CD< '0 minim"e ri'ks .(,Ii. co" of d.I'YIOJ
....iu! "'"api... And for ,I>< United SUt... i' i.also. bia, 'o....rd r'Jlllat ..n .. tIl.
OOUrc<. ""',, ,han rOiulation in p"'''ic<, .. i. charlClOri.b< of til< Uni"d
Kinrdom.

HiSlO,ic ,.c",d, .nd n"ion.1 drff",nce. ,,, on. m<tkod of re",alinJ ""'io121
p'ef"on", in ""Iua'ltlg bon<filS .r>d risk•. DIrect inquiry of indrvidual< nf
ropr<>enll1r_ of lrouPS i•• Iso possible. One difnculty. h....\'Or, in e~<i'inJ .udl
jodl'"",nts i. '0 comp.ro tlltir "",.ninl. To <omp.ro irtdi.-iduol prof"'n= fo'
diff.ront thinp or that ofm.ny indi>idll2ls for ,h...me tlilOJ ,,,",m 'h, "',d for
• common "",I<. ror oom< r..,,;O,e<! preferen«., mon<t.ry ,,,I,,,, .pp,o.im." SIIch
• ",01<. But more often. "",10 of .,ilrty is used ... m""'r< ofprole,enc<, In w.y.
simil"" to the f,ot,ile ""'thod of e.lim.linl ,i" (Sot'",n 2.2.1), 'ocliniqu" exi" for
<on...."inl jr<dg<m<n" of u'ilrty in,o qu.nun,d ,stnnat.. Or to «Ill. fisk' .nd
b<",fi" dir<ClI~ by ps~ohom",ic l<dlniq\lO (FilChoff....1.. 1976).
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A" OIl'"'''' f",o" of ouch judl.""n"l "",hod. i. ,h.i, ",,, in .....oinJ lh.
val", of mollip\< .Wl"U'''. Bcndi" .nd nsh from. '<chnoIOlY 0" huordoU$
loc.tion ore ..Idom .imple .nd h.~ m.ny ch""re""k.. And "ot ,he I...t of ouch
llllibule.1 II uncemimy illtlf. CU![~"tly Inere il much i~ttf<lt in tho ,ppUe>tio" 01
such ""th<K!., ,>11«1 by .ome "'ohlpl, "'nb"" u,ilily (MAUl method •. to •

vari<ty of huo'd probl.",. iG,,,,. 1<J7S. ",i,. 1<J74. Gord'"'' 'r>d Ed"'"d•. I<J7S).
I" then """. ","':lu"d .ppkltiou .u,h m.th<>d. '" tools of d«ision .n,1y~.

(R,iff., 1968, K..nor 'nd R"ffa. 1976).

2.3.1 T1>eor).c Symbol•• 0<1 Norms, Admi"i'l,,,ion p"r...n", ao<l Ul~ily

Diff.,.nt ,heo,.ti,>1 .." ><em to und.,li, npl",.,tion. of ,i>l< ",,,.io,, by
cuI'u", >od.'y .0<1 p<"o". ,Ithough th.,. u ,'On"d."ht. o"',lop. Th"",;.. of tho
,01. of "boo "' a cwto" or< , .ob.., of ."thropologro.l.nd ><>eioloJirol ,h.o,i....
'0 the n""r< of rolli'o,,', ,i'o,1 ,"d m} t111"1 'ymboliom, 'ud of l.pI ,ud
tIOrTn..l~ bell,vio",_ Th,« di.tinCl in,,,prot"io,,. are f'«luen,1y pot rorth '0
."p1.", ""h !><hOlt"o" th' flat simply ",,<pro ,h. boh"too, on ia O"'n ... ,.d
I".... lh• ...,OIld .... "''''' di,oct function.1 porpooe ,el>r.d 10 life ", lr",lihood,
,,,d tho 'hlrd find, I.", di,." bu' "ill fon,tion.1 wei,l porpose ..I.t.d 10 the
rnal'lten'n« of' soci<'y· Thu., or>< "n ....n t111t myth. '-0' ..'mpt.. is ,..11)1
hiuory (Thompoon, I<J~:). 'Ib<i'" tim.. ",,,,,,"'-hal di"Of,td in ,he ",.llinl. 0'

thOl ,,«..,I,d tru,h Lt "f"'" d,re<, fonction or, b,o,d., ""'ill purpo.. (EIi.d.,
1960~ Th... ,h.orl" 'pplied '0 'Il< .... of 1.<,;",,,, ",ould conoid" lh•
•bum;"""o", ei,h" IS a !,"uin< ,.vel.tion, Of ,he hyprUo ,ut.. of ,h. avoil.ble
<th"""'ionco. or Indl,."t Jul<...,';nJ .och ,..,i<d purp"",. a. to .mrm <rh"'al
impo"li..... di"ingui.h J,,,,, ftorn Illt:i' "'ighb"urs. '" btlng 0,<1<, ;"to a chao,l,
"",rid by c!oui!i"",., ,ud '''''gory {Do"l!a•. 19661

To ."pl'" h""" "",ie,a! averoion. 0' <Oncern' become <oded in ".ndlld••nd
"gul";on. i. an oim of mod.rn ><Imi";,,,..i'. ,h.ory, T"'0 btii, ,heo,.,k,1 mod.1>
..I": Ih. "'ionIl 'nd tho hUf<'''''''U' mod.b. Jn ,h. "tion.1 mod.1. the common
""'1Ilp'ion' .re .. foil""", n..,••xi" ~"""'lt a"d >lured objec"~' 0' ":Ii... _ fo'
.umpl•.• 1",,1 '0 p,o"« the health 01 'h, P<"PIe. Gi'u ""h 0 .,.1,
d<cirion·TIl.I~'" h"c " .. af ,lte'","" PO;;'i<.- fat ..ampl<. ,mbi.nt .iI
pollu"on "",dlld•. '«lui''''',"'' fOf ..11 h<1t, in '0'00. or <ohform<ounl
tl"<>holrll for I"rTn,""hle <wimm'''I- Fo' <lch .ltern",... th... i....' ofknOl\'l\
or iufe"od conoeque"o<'. Th. 'hoio<, theu, of ",-h,oh .I«m,"'. '0 codify i••
<ltoioo of "''hich .010 10 m>Ximi.. ,h. objeeri....om'lime, .objecl '0 """,e
.p<ciflo<i <,.,,,,.int~ Thi. modol, of <0""'. i' ",,1)1 found in pr1.c'i<e, bu'
el,bou" norm,,,.. th<ory "i'" fo' i"'pplit:,,,on (I,bn</l'k, I<JSO~

In <OIl"a" '0 'h' r"ion'l model, ,he bure'oc,"", mod.1 ..Oom•• for.
bu",.""r1.cy a Ufe of ," ""n, 0'" not "..,....rily ,el>red '0 i" fouc'iou_ h ;, ,h.
orpniz"io",1 '«lui,.""n" fo' .urvi",,1 0' va",lh "th" 'han i" function ,h.t
dictat.. It. policy. Th.,. "' TIl.Iny ,";,n" of 'Ilt: mod.l. bu' in """t "f lh.m,
doci.;,.,...... f,om COIll1i<1 or pow", .it""tion. "'ilh bure'ocrJlk: "'''''iI''', ,i..,1<
md ,m.. (Do""". 1%7). I".uch ,""t..t, ""die. af b"..,o<",,, u"'d..d.... tt"'l
hI'" ."he, f""u..d on how ,he 'OSUI...d ,on,,0I1he "1,,1>l0f' (K0II1""'e,, 196'1);
on h"'" lh< interaction to~" pi.". be,wun ,.. ,..d in1<,est. (Chicke". I<J7S), 0' On
emph..izirli ponicul.. p""'....., modiflcot;on. af ,he "'ionoJ mod.l (Simon.



1955): inc"'.........1dcci>wom1l:iog (mu<!dlinl'h,ouc'>l (l..mdblom. 19S9): 0' cmu
""POlIO< (IUrt, 19S1).

H.az.old .nd ,isk ••orsinn ar. ,pe,w,'ro i.._ of ,h. l.nor1l qo«'..n of
like-dlSlik., ,h. 'heOtY of which 'ob'om... good Nt ofth••0d.l.nd bd,..;ouuJ
Kiene«, To .xpl.in ,h. o,derinc of hke••nd d;,l,k« <.m" ,",.no< to ,h. fronti."
of ,.... uneooKiou••nd b<l'ond. P",f.,rno< Iu,.nd u'ili'y th.ory pull b1Ck f,om
111" <hum .nd uk no, why do indlYid lik. d,s1ik•. but "'h' .'" 1II.if
p,er.,oncn. how coo they b< ".lued.•nd how c.o ,h... b. ul«l in [1lion1l 'rWy1<'
oriIinally inteod'd fo' u'" ..',th monetary ..I"", A 'iob .nd '.""p'ed tb.ory ha•
•"''''ted dc,,*""d '0 allow fo' • ,,'ld. "Ol' of ;ntIJvidual .nd croup pref.",,,,,•. '0
make ,...... mote p,"".....nd '0 'om '0 trnploy ,h.m in "hoo.1 mod.. of
d.cloion-analy.i••nd choice (R"ff., 19(8).

1.J.J Problems: AU••t,D.t•. llia.

A..,..'~·ri.k """hod> ." d..ply ,,,,,'ed in ,b. POll. in ,lie ,i,ual and h1bi'ual.
Uld io ,he Un<;<lOKK>u1. Th.y tap ."0 ff"""," .mohon. in ....y. Iinl.
und""ood. Th,,,, .dvm,ap i.,h..... of Iysis .ni1 ,he .ff."iftoe.. of d""",on.
Bu, p,«:i..ly bec.... ,h. "",,, of ''''';00 .'" SO d«p. «Iyinl 00 i' '0 .val..,.
"'..' 'M n,wly.di""",,,od <OVl,oom,ntal h....,d' i. limllOd. onlt. 'h... hurd'
CUI be ••lily ...n or .ymboliU<l .. a .... ri.n' of.n 'ld",n8 'i'k.

BaLmcinl or comparinl con..~".n<.. r<qu,,,,, • ""nd,,d dOl. b....., y.'
1n,,,,,,,,,o",,lIy una,~il.ble. E"", ""'rtali'y d.lI. ,h. Ie." >mbil""o. of all
COO",,!""O""'••'" dcr",..nt. p..u<ularly for .valuatinl ,i';;. io th, cort'nt of
d...lop,.... ",un,o••. For .xample. 5,..,. (1969-19-;:) ·n.,or.1' b.... the .nn....
pet c>pita mo,tality ,isle from ",,'o,s! h...«Is. i. Ii"on by him .. 10", Bo' ther, is
IIOthinl n.c....rily 'n",ural' ..out it. for it i•• ra" .ppr<>prill, only fo'
indo,trioliU<l nllioon,. <'M..Il. fo, I.... world whole. th, nllurol h.ur<! "t< i, ..
I.." 10", .od for Bloi!'dcsh ,peciflc.lly 10 .

Fo' mo,bidi'y the d". b... i....n Ie.. S1lisf..,'o,y a, in ,h~ '''''''pie fo'
"""id,n' d". in th, Unittd K.~8dom

Cnmpo_o of 'h, '0'" "omb," of oocld,o" "poo,d '0 th, FsCIOrY
In.pectoro", at><! 'hoo< r<ported '0 th, ll<po"m.nt of H..lth ...d
So<ial S"uri'y in ""nnec';oo ..ilb 1aJ);. indo", ..1 injory b,,,<fit fo'
.ny ,,""icol'" indu>l'y lit"". 1>fI' variation...itb ,h. O.p1ftm.nt of
H..Hh ...d Soc;,,1 Securi'y ofteo «"",dinl coo.lder.bly '''1'' to,.!s.
N.it"" ". th' popo1l'",n1" 'isk do" in '0111, no, do<' th' ruio
bet..... o diff""n' ri'" POpulatio.. in th. tWO .." .... inl1;" • co."••t
"ljo from ,nd01tl)l '0 Llldollry. (Sind.if, 19)). p, 13)

Needleu '0 "Y. 111, F.,,",)' InlP""".I. i' >"1\I1.,ory ageocy, and It is ..,Im.,.d
th" It Ie.., 0 fourth of ,h. Kc,d""" ar. no' reported '0 it. Con""'''''ly. the
ll<p1l1""'n' of He.lth 000 Soc..1 SecuoW I< • ben.n, 'S,ney which p,"""....
el.;"" fo' lid"'....nd injury b.nn".

Simil.. mli,tical probl.ms oro ,oported fo' '<OllOmk 10..... fo' ."""ple.
JI.I'u,IJllIurd dam.,•. Thi' i. lru<: to.~ In .~tt"t 'h., in COt"tru'lin~ \l1mq<
function. for flood hua'd••ynth.,1C d.lI, unr.1I bUl mod.led co""<t.otly, wer,



found to bo mof. r.pr...."'i.. of tho df«,. of llood th.n th. "oII."ted
ob..,."tion. of flood d.m.ges ('o\'hi1•• 1%4. K"••. 19651.

Wh.n oom",ri"",. >I, mid. bot.....n bonef"••nd 'iok. Or bonefi" .nd CO"I.

funMr bu~ It! tnltoou<ed. \\'1101< d ..... of benefin Ot com of ri1ko '''. by
definitron.nd p""tr"". mOl< un""".in.nd mOt. difficult to estimate. mUI,,,e Or
.ven &",ribe ()<Iotio""i Aoodemy of Sd.noel. Committee on Princrples of De"i,;on
.....~n! for Regul"ing Chemi",10 in th. Enmonrnent. \97S~ Thi. I.ck of
'J"IlII'Otl)' "nd. to br" .n.oI';1i' '0 the inun.dill<. the definite. the e""nomIC.•nd
Ihe & ....lopmenul, Aitou""y (1\163). fOf exomple. <bowed how rn 100 ""n·
....tional U.S. benefi,..,,,,, .n.ly.., of ..."" IUPPIy proj<cu. th. bor>efi" ..~re
COll'ist.n,ly ove'eltim"ed .nd the "",,, ""d""tim"ed. Th. l><nefi" of m.ny
«onomie d.velopment prOI«" 1pp<1I defmi" .nd rmmedi"e, the ri>kl Ipp..t
in&fmtt., futty and .morphOUI. On th. other hllnd. l><t..·..n om.nity .nd
dlsmlenrty. ,h." il • hi.. to the di..meni'y, Con..noul ,lin l>< mOre ..~Iy
ma"".iled .. '0 ,h. ugly. d.ni'ro", Of objocrionoble - ,ath" 'hlln tho l><.o,ifol,
the .. fe or de~fed (1(...., 1966~

lowron« (1976) h.. de"'ril><d ....hole 'nly of eom,d.",ion. inn"'nein!
..fely judll"".n" includin" th. v<>Iun'ary. Occup,l"'n.1. Of ....nli.l qu,II,;" of
"PO'UfO to the ha..,d. and the unc<rt.in,y, ''''''''y. ",..'oibil"y.and ..lectiloity
of irs eon",!",n",.

Indiloidu.l .nd JIoup ",i,ude. 1<, Un"",,.inry I••d '0 orher hi..... M..k "gu"
for • eon......'i.. hill "illng from ',he ru" of except"",..' a d<Yioe fo' disclo"ng
ile"" ..ilich make exeou'i\u' mi".k.. more ,....ble ,h.n th", .uc"".... (Mock.
1971 ~ Arguing the oontrary, I "'!)' lar,••nd in,onclu~", p>yohoJoP;al ~«"ture
explores ,h. 'riiky .!\in: n.mely. ,h., group. m.k. fiikier decision. thlln
individLJ>.l. (])jon. "01.. 1970. Villolmr, 1971. Pm"'. 1971. allk. 1971), And J.nl.
'ua"" that th, in'ern,1 dyn>mi'" of. I'oup <.n hI" i' to","d 100<1 Or bod
<!ocision.mak"" O,ni>. 1''-"1,

2.3 .• C... S'udy: ClIoice of WOlft So",,,,, in Eos' Africa

Th. ,,,",,,ted d"tin"K>n' bot..... n ""'ial e,·.lu"ion merhO'h lie d~tinOli"n.

e.sily bluffed in the ,eal ,,'orld. In ,he ,..l·..'o,ld ",,,in! of fiik ....""'.n' .nd
choi,., .",,,1,,,. h.l.nced 'nd benefit·ri.k mod.. m.y .il be employ.d "' ,h. lim<
for ,he ..me dooi"". In ,h. foil_in, e'" ex,mp., ,oou' choice 010 ....at" lOWce
('o\"il<, Brodl.y.nd 1I'h"•. 197:).•n O'&fed or le:<iooV'phic ohoic. process i.
""'d along with .i.m.n" of.lI three type. of "'.lu.,,on. In Fllure ".8. ,h. hll-ic
type of ....IySi> i. <b""'" for "no f.nuly .•nd thIS" follo"'ed hy an ex"",pt from
the study desofibing the 0",,,11 u.. of "",..I .,..Iu."on m<fhodology for diffmnt
... ,,, "'" 'yStern. in I(eny•. T,n,ani. ond U..nd •. Th. d«ISion-m••e" in 'his CII<
are mainly women, from 330 hou..holds; ,h. <i'k .......d is rho h..lld of impu"
..'ater,' ,iik oomp.red '0 ",he, ben.fi" ,nd 00'" The "... ifudy ..·.11 illum....
lh" fi>k ...."""n' i. I po" of e"',d.y life. not ~mply on oU'llro..·th of
technologic" d....lopmen'. In both <levelop"'l and indU<lrialized CO"",,,...
soph"tic"ed .""lySeS may be routm.ly m.rIe.
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lbe m"hod of ord<r<'d cboice c.n b< illu>t,,,.d by 'he .....y p<op~

po,,,,,j,,,, 'hei' choi"". of .,.1tr "'"",•• in one household in. humid ..chon of
G.ndo ,mitory no,th of L.ke Victori.a (IJ.,nd.). The hmily h., within ...y
....lki". dill'"'''' 'ix "'",,"' ..'h". w.t" mish! be d"wn. Sour« , ;S •
borehole whet. pU", min"a!iLOd "'>t,,, m.y be h.d for the ~umoinl.Sour« ,
;, lh< if<>" roof 01 th, mud and ~'11l1, oou"", " p"h I<.~, to ••pr",. " 4, •
•mall "'•• m <nl<'1JllI I .~-.mp " I.•nd .noth., ""POI' It 6, Som.... h>!
noam thon 4 .nd .Ionl' ,Id. path i> .oother .p,,,,." J.

An i"tomew with 'h. worn." of 'h. hou.. ~ol~ ,ho~" ,~" >II. a '" of
,~. bofehol. but do<. 00' 10 to it b,couw olI. OoeM," thu th' "',
judlinl from , ..te .n~ 'h' colot It Ii'" te•. would be Injutiou. 10 h"
chjl~"., .T>:! <l1e ~i>tTu," ,h. "te,m " ~ ......ll. Sh, .1", f•• Ii'" .h. could
<>1:< ...0l<T from 'h. roof if ,h". "'<T' ••ui"ble IU"", dfain pip,.•nd
h.ml. hu, i' i. 'oo "'Po"",·,. Sou''''' J file' "II" on quallly, .... of
obtai"i ... "'alcr••"d dn,,",", It. hO..·...f. "qUIT" 10~ "ro.. the I.nd of
.., irritabl••••"'bouf. and thu. <It'lo<' to', ohOO'linl ,t in ~,.f.,..nce '0 ,h.
fU"h'" SOU"," 6.

Th••tmpl.., choLe. sl'''''lOn in. fu,,1 ",'tin, _ ",ny Hobson', ohoi,<­
would b. on, wb'r< 'h' hou«hold h.. only On, SOur" from ...hl<o to d"....
.. in .n >Tid ..eo w~,re th' «cond n",,<1 "'''"ool<" b')'ond 'h. re.ch of.
d.y'. tound ttip, Ko .uob .i'u,h"n "'u found in the E." Arri,.., "udie"
.1'hoQ£o c.... ore repo",~ in no,'h...,,, Keny. i" t"e L.k, Rudolph "lion
an<l in much of the nonh,..1. In <"",y hou«hoLd '""'''11''«1 'h." ......
,h.of<l,c.1 choice of at I..., '~'O "'u",. Jnd«J, th, th'oteti,,1 "TIl< ~ so
&r..t I".il bu'. f,w imtanceo that it i,diffi,ult '0 deocribe 'hem all.

T&l:e. [Of exampl., ,h. Ho,y', Btidl' ,""I .". il:I'nJ&). Of 'hirty
houwhold' "ad'rd, lourt,en volunt<,,,d 'h" '~e>' ,onoid.,<d only on"



100'« in drawill£ ....",. Th......<te mod f'om low '0 perfe'" in len<t.l
ell...",,,,. bu' .11 •.<t. ' ....r<lod .. yi••Hnlpotabi.....". In 1110 o'b", w;'..n
h""",hold,. nil>< 100'<0' ".'f< n..,1y ..jo<',d .. onw;tabl<: foo, bo<.u. of
.... t... qoollty. lh,.. be"ule of (ReilY COttl, and nn. <lOh be"u.. of
,,""n;<l1 d,lli,ol".. or uri"''''1 «1a'ion"';P'! ... ith o,b., 0 Amona 'b ..
ho....hold•. ,..,I... IOU'''''', al'bOUlih po,«iood a....bl< <te no' d
1><""•• of pr<f"""",,, fo' q""hty (1). ,.d,nololY (1).•n,'1Y 00'" (J), 'nd
<ombi..,io.. of '<000"" .nd «onomi<. (~) Or 'tchnololy.nd ,oo,,"m;<o
(ll. In OM «>< 'be U'''' "''' will'r11 '0 .octtf,« .n.'1~ ror b..,,, quali,y.;n
'nol11o' c..e, the oppo.", h.Id,

A' AI."" (l:land.). 00' of 'hmy bo."hokh in ,h. north"n por' of ,h•
.... only fi.. fo~ '0 pe,eti.. mo,. 'b.n On< lOor",. Of 'he o'hm, ,...,1..
roj....1'"..,;.., I><"u.. of "'''.r qo.t,ty and ,h~".n r<jeer 'h,m I>«.u..
of ,n.'1Y 00". In «P""'"-I pf<for.n",,' .rno... 'h. r."",in'" oou"'... fi..
• rt f,.ou,ed I>«.u. of <00', 'hree boca... of quali'~. a"d 'b,« bo.",.. of
in...po'oonallmh...... On••kr m.y rtj«' .....1oou=~ lio"'-.la diff,«"'
"uon fo< each.

0 ....11, ,h. 'wo moot f,equen' ,u,.,n. fo' rtj«'mla ,"0,,,,, ... '" ,to 0011
ond it. qoahty. E,onomi...",1idt..."",...... mentionod "a 'u"'" fo' no'
0""''' 1<.., one "'''''''' ," ,U oil'" (Tabl. ~.91. Wom.n Aid tlul' 'h' pa'h .....
'<><> 101\1. "" 'be 'hmb '0<> ot«P. 0' the ,Iu".<o by "'''or carti.e" ,0<> bilh.
11'"" q.ahty .... men'ion<d ,imil..t~ i" .11 'i'" bot ~,ui. Q""hty ",a,
judled ..,;ouoly' <>ily .ppe...."". 'urll;d;'y. 01,"...1 ,• .",.nd colo, ......
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"
IIlC1Ihonool ofl... ""bo~, ""'". aliI< '0 _If1 .nl' of tho bul.l> <011" ,lie
_ ...... ,"" "'elI .. hl:<ly to h... "ro.. l ".bou, wlu••_ .......
of .'"'' .. Iood f.. I><f flUllJl}- Solt. _ <'tn!)' d;.-..l«l kl_•• ,,,-
...ll<r••_, or _<>< ou <be 60_ 000 for r';'ctID&,.,IIrCCO.1OIl
,_ __ ~><><o<Y 1>", fOf til< _,. of
.."'fI .., , lold. n,;'ono'" .- lor <cooo""" ream.. T ...
O<>lao "II of "'1 ;""P"'U_. hOll d ~~ __ .
_', ...biMy to _ • all...... dll • ....., -dE. ......._ of
""""Kl _ OCM poop/< I,.w«l cIoarty ;. oaIy t.", "' -.

............ w.....,...,. for pm.....__ ,__<a _ • .,.cced•
...._ ' w ..~oo,_. oIr....1'<) 'Iu.a oll.,~q_y.
•Iloo tWO _ .. tI>< IaIsftI 0_ of ...
lKbok1lJ' Ilod on __ mit. no! IIak_ took 00 _,or ,.pen....
U-. 1<>.... _ ..h to ..y wby.hey .......w DO' _ th••
,,, uplo... why" -as pm owr '''''lkr. F.... pref _ .
rttt<ho......... up...-.!. and -" 'b•• .00 1><'';'''' of til< pm _
co..l>l...., tWO wapi".,;.",., 0",,1> ..._or« q.wrty ,Del .<000";'
.ffiOerloy, 01l... ,b. f1ok! of ,1>0;<0" nO"""'" to 11>_ ""ot<.. ' ....dod ..
...1>10. ,ho ."ic"II,ed ,..",•• 1><<0'" MOf< ...b.o"....

To.!Ie .."., "U, hOu><bokb pe",..ved "nl)' " •• """r....nd "". u!\Obl<
'0 I'" "'I<>n' for oxdl>d",. o,h.. ""ur.... 0' rould not or'i,ul". ,n...
p"f...n«. " w.. ,mpo.~bl. '0 ,,<oun' for.U <hoi". in. >tOOy .fI., .n'
'hI lOl.l. 01 'q«t;on••nd p"I"..."" ""own i. hbl' 1.9 do no',dd up 10
'h< numbe' of "'.fO<O nt<nt;ooW A,( MUlwo!. fOf ...mpl<, m.n, ....,,1I1d
'hll 'ho, conSld"ed only 'h, ntaTtly lip <It ..·.Il•• nd could not d"""min."
.""'''' o,h.. pOssibiluleL Til< , ..ul',", ."....", tbu. ""_. ,he r.. ..,""
p.on bu, .""rft tI•• u_k... judl ,,",

0 y of .......in& '1M pIKed o. "-"or qUIIIJ'y is to .~.
,~_ Ilcrc • __III "",'10 , _ .......... Il>Uf'" '0 0_ wh. It

' 1M" ,....~ _ .....pOl_. foood ..-I><r. ,II< "-hold
-01)' iDfor_bu, KCO<"ubl< e< b.",,,", of til•• , ) of

canytIIf. -... 41st."", ...., 0..-' _ _ ...ce<ptobll 1II..
-", ,.cL I. n of tII<'" I ,W, ,. -. pn(=od. to 10 ..
...."'" I........., '...- .. bet... ..-....

I... c.-'" _pi< DDr<OI tkyl«lared '01>< do.." --..bll ..q_,. 0I""'-P 001~ ,., 10__ lk ....."'" '0' ......It
-. n.., ... -,. ...." __.. -.... ,kat 'p_ '0 "". 10 1I<_1t
..,.__ •• frulooo '0 0.' oil ,Ilt • .u.w. -.ua•• DOt~ ....,
II .............. _II III K::p p _, _ be to "'u,..<It. TIl.... _,-.
P"dllIulI '0 'M ....,.. "'wry ..pm. ", 'h• .u..... 01
_boWs '" '0 ,be rtlo~" p... p_ ...ppl) onl) "b.. 'My rqor' C...
I!Ialloot ....lls o. poU"'ed

W"bin 011 ,10< 1fUdy Ii'.. 111<.. ""'" .0<1 wld••p,..d .."""" 101 quollf)' of
....,..., obo<1Y<d in o:oIow, tu,bldity. CO"•••0<1 odour. S_h... did '" find
.od"prca' ,...",1 or indiff"..." ...h.....'" of ..." .. SOur«>. Mos' u.'" nOd
,..I..,1ve Judl nt~ .nd o>o>t w". In",..,., 1II w.y. of im"",.",. ,n...
•uppl , If Chor ." red to ,,' "",'my '0 'h. ,u<!&<m.ot 01 on ox"',,, """
foo 10'" co.,.ln<inI '0 th.m Th. 1'1' be'w". Ch. two jodl.mon" 'oe••0C
".m 10 '1M r",m look of ,"0""'''''' '0 I,in h..IIMol .opp...; i' <00l" from
difl..,noel In Inform.,.,n .nd ," ......m..' (6 ...6 on WhiCe, 6,ildl<y, 1<><1
'1.'"",,1972, pp. nO_1J9. COPY'ilbl 1972 by Th. l:n;."";,y oICIII<"o-,
4Jcol, ,be p.lII. I<>ohot: 10 .. lin. '''''ryrby <*1_.. Of< .... in • -JIr

onlet-od IlOd 1<11OUt ....y, ....p, bn>ttll$ *"" ..,. bu. reodlitl, 01



varianco .,;1lI1l10 judeomen' of nptn•. S""i1..ly. ,h.ro is V'" varioty rn Ill••ntl,•
....".n« of risk aueosmen' prootrce.

,,4 RISK ASSESS.I-lE>;T PRACTICE

Tho <lo""n" of 'iok ....""'.nt - hl.llrd idon"f"."on. riok .";m.lion and
"",i.1 ",'0111111011 - o...rl.p" not<d in both ronC'll1 'cd pr""ke. Mor. imporron,.
Ill. o••"n p"",o.. i. nor noceo..rily.n ordered "quen« of ....""'.nt InYOlvrn1
"'O"lni'",n of h.."d. m...urom••, of thre... comp."'i" ""••ini: of th.
""Uo,,""n". RIlh." .11 po,.;bte oombin.tion. of .I.m••ts oxist rn p"otio•.
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A 'ypol"CJI or .uch seq""nc" II V.phicolly lit"..'. In FiC.'" 2.9, Exompl.. of ,11
sequ.nce. con be found for diff.rent h.zard,. people, .nd plac.~ h i' nOI ••sy '0
• ..,nbe "li"""lity to som. sequence. bUI not 10 oth.,.. If we conoid" ,h. lim,,, of
knowledl<, the p..f."nc<s of oult" ... the ron"n,"" on 'OSOurceo .nd efTort. then
i' don not follow tlro, th." lSI clearly heller seq,..n«. Rat~., ,her. m.y he n..d
foo- ",,'chlnl d ..... of ....." .ro! oooOO'l",n"", .. nh oequene<1 of .nalyD'.
Dependl.. on the nature of hu.rd. kno"'ledie a.d hum'n f«hnC, ono Or another
..quen« miprt bt "sed or dtsirN,


