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SIJMMARY

The dew el o pmen  t a n d  u t i l i z a t i o n  o f  r i s k  a n a l y s i s c o n c e p t s
a n d  m e t h o d o l o g i e s  h a s  t h e  p o t e n t i a l  t o  s i g n i f i c a n t l y  i m p r o v e
the env i ronmenta l  impact  assessment  in Canada. Current ly
r i s k a n a l y s i s  i s not a common t o o l  o f environmental
deci si onmakers and g r e a t e r  e f f o r t  i s  r e q u i r e d  t o m a k e  i t
more a c c e s s i b l e . However 7 t h e  s u c c e s s f u l  i n t e g r a t i o n s  o f
these two p r o c e s s e s  w i l l  r e q u i r e  a  c o n c e r t e d  e f f o r t  i n  a
number of  a r e a s . T h e  p u r p o s e  o f  t h i s  r e p o r t  i s  t o  i d e n t i f y
s o m e  o f  t h e  h i g h e r  p r i o r i t y  r e s e a r c h  n e e d s .

O n e  o f the major a r e a s r e q u i r i n g r e s e a r c h  ‘ i s  i n the
d e v e l o p m e n t  o f p r o t o c o l s  f o r  t h e  u s e  o f  r i s k a n a l y s i s  i n
env i ronmenta l impact a s s e s s m e n t  a n d  t h e  i n t e r p r e t a t i o n  o f
t h e  r e s u l t s . The  methodo log i es  deve l oped  must  be  utilizable
or at l e a s t u n d e r s t o o d  b y p e r s o n s not e x p e r i e n c e d  i n
q u a n t i t a t i v e  r i s k  a n a l y s i s .

P e r c e p t i o n  o f r i s k  b y  t h e  p u b l i c  a n d  e x p e r t s  i s  a major
f a c t o r  i n  R A . S t u d y  i s needed  in to the b e s t way to
communicate r i s k s i n  g e n e r a l . R e s e a r c h  a l s o  i s  n e e d e d  o n
the c o g n i t i v e p r o c e s s e s o f  bo th  groups  t o  ensure that a
proper t r e a t m e n t  o f p e r c e i v e d r i s k o c c u r s  i n the RA
p r o c e d u r e .

T h e  way in which risk is communicated to  the public  can be a
signif icant f a c t o r  i n the way in which the r i s k  i s
p e r c e i v e d . R e s e a r c h  i s  n e e d e d  t o  t r a n s f o r m  t h e  r e s u l t s  o f
t e c h n i c a l  Rk into  a  f o r rn  which  can  be  unders tood  by n 0 n -
e x p e r t s . S t U dy i s a l s o n ceded i n t o the b e s t way to
communicate  r i sks  in  genera l .

Fractical c o n s i d e r a t i o n s f o r t he i n c o r p o r a t i o n  o f r i sk
a n a l y s i s and env i ronmenta l impact assessment c o u l d  b e
examined through c a s e  s t u d i e s . T h e s e  studi es L..Jould also,
s e r v e t o  d e m o n s t r a t e  t h e  r e l e v a n c e  a n d  u s e f u l n e s s  o f t h i s
approach .

TI echn i ques f o r t h e  m i t i g a t i o n  o f  r i s k an d r e s o l u t i o n  o f
c o n f l i c t s ar i s ing  f rorn  env i ronmenta l  d i sputes  need f u r t h e r
study t o  a s s e s s  t h e i r  u t i l i t y  i n  p r a c t i c a l  a p p l i c a t i o n s .



S i n c e  a  m u l t i - d i s c i p l i n a r y  a p p r o a c h  i s  r e q u i r e d  for  both  E I A
a n d  RA, T r a i n i n g and education is  n e e d e d  to ensure that
e x p e r t s f ram v a r i o u s  d i s c i p l i n e s  c a n  work t o g e t h e r  i n the
m u l t i - d i s c i p l i n a r y approach  requ i red  in  bo th  r i sk analysi 5
and env i ronmenta l impact assesSmen t . T h i s  i s particulary
true  for RA, which  has  no t  had  great  exposure  f o r persons
work ing o u t s i d e  o f e n g i n e e r i n g and o t h e r t echn i cal 0 r
m a t h e m a t i c a l  d i s c i p l i n e s .



INTRODUCTION

E n v i r o n m e n t a l  i m p a c t  a s s e s s m e n t  (EM) i s  increas ing ly bei rig
c o n s i d e r e d  a 5  a major  c omponent  o f  the p l a n n i n g proces5
whi ch take5 a c c o u n t  o f the e c o l o g i c a l and s o c i a l
impl i ca t i ons  o f  p roposed  deue lopment  ac t iu i  t i e s . Al though
EIA or ig inated  a5  a  narrowly - f o cused , p r o c e d u r a l  s t e p  i n  t h e
approual o f  s p e c i f i c  p r o j e c t s , i t  h a 5  s i n c e  g r o w n  i n t o  a n
i n t e g r a l p a r t of a more comprehensive management p r o c e s s .
I n  g e n e r a l , i  t  has dealt  with impact5 or  consequences that
a r e  d e t e r m i n i s t i c  o r  c e r t a i n , al though s o m e  EIAs have dealt
w i t h  u n c e r t a i n  i m p a c t s  a s  w e l l .

It  ha5 been suggested (Maclaren  and Whi tney, 1985)  that EIA
i s c u r r e n t l y i n  a  c r u c i a l  s t a g e  o f  i t s deuelopment. On e
d i r e c t i o n that  i t  may  take  i s  f o r  the  EIA p r o c e d u r e s  t o  b e
c o n t i n u e d to  be  u i ewed  as  a  se t  o f  r egu la tory  hurd les that
proponents h a v e  t o  ouercome  in  o rder  t o o b t a i n permi ssi on
f o r  t h e  i m p l e m e n t a t i o n  o f  a  p r o j e c t . This  approach does not
i n c l u d e a n y  f o l l o w - u p  t o  e u a l u a t e  t h e  E I A  p r e d i c t i o n s . An
al ternat i ue d i r e c t i o n i s  f o r  EIA t o  a d h e r e  f i r m l y  t o the
s c i e n t i f i c methodology p a t h  o f problem an d hypo the5i  s
f o r m u l a t i o n , h y p o t h e s i s  t e s t i n g  a n d  t h e  a n a l y s i s  o f  r e s u l t s ,
and m o d i f i c a t i o n o r r e f o r m u l a t i o n  o f the o r i g i n a l
h y p o t h e s i s .

The Canadian Enuironmental Assessment Research Counci 1
(CEARC) was f o u n d e d  t o “aduise o n  w a y 5  t o improve the
s c i e n t i f i c , t echn i cal and p r o c e d u r a l has i 5 for EIA”.
Research on improvement5 in t h e  c o n c e p t  a n d  p r a c t i c e  o f  EIA
can take many fOYKlS, but “ s h o u l d  b e d i r e c t e d towards
i n c r e a s i n g  o u r  u n d e r s t a n d i n g  o f  t h e  enuironmental  and  soc ia l
con seq u en ces 0 f development , and towards improving our
a b i l i t y  t o f o r e c a s t  a n d  m a n a g e  e f f e c t s  o f d e v e l o p m e n t  t o
m e e t  t h e  s t a t e d  s o c i a l  g o a l s ” .

O n e  o f t h e  m a j o r  a r e a s  i d e n t i f i e d  b y  CEARC  b y which EIA
c o u l d b e  iK!prOlJed and to  meet t h e  a b o v e  o b j e c t i v e s  i s  t o  b e
found in  r i sk  ana lys i s  and  the  management  o f
A l t h o u g h  s i m i l a r  t o  EM,

u n c e r t a i n t y .
r i s k  a n a l y s i s  (RA) d i f f e r s  i n  t h a t

i t deal 5 w i t h irrrpacts that c o n t a i n u n c e r t a i n t y . T h i s
u n c e r t a i n t y rflay b e  a b o u t  w h e t h e r  t h e  i m p a c t s  w i l l  o c c u r  o r
n o t ;  o r i f  t h e y  d o  o c c u r , t h e  u n c e r t a i n t y  c o n c e r n s t h e i r
s p a t i a l  a n d  t e m p o r a l  o c c u r r e n c e , and to  who or  what wil l  be
impacted.

A  genera l  summary  and  perspec t ive  on  RA and EIA is found in
t h e  C E A R C - s p o n s o r e d  s t u d y  b y  Grima et al.  (1986).- - This work
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I-Id-S i d e n t i f i e d s o m e  h i g h - p r i o r i t y r e s e a r c h needs . CEARC
sponsored t h e  c u r r e n t  s t u d y  to d e v e l o p  a  s p e c i f i c r e s e a r c h
a g e n d a  p e r t a i n i n g  to the  ro l e  ctf RA in E I A .

In t h i s  r e p o r t  t h e  r e s e a r c h  n e e d s  a r e  categorized  in seven
broad  areas :

- P r o c e d u r e s

-Data

- R i s k  P e r c e p t i o n

-Risk communication

-Case  Stud ies

- M i t i g a t i o n  o f  R i s k

- T r a i n i n g

Thi s s tudy w a s  c o n d u c t e d  b y  a  s u r v e y  o f the l i t e r a t u r e ,
CEARC-sponsered work, a n d  b y a  rev i ew  o f the p e r c e i v e d
r e s e a r c h needs by a number of f a c u l t y m e m b e r s  of the
I n s t i t u t e for R isk  Research  a t  the  Univers i ty  o f Naterloo.
Persons  par t i c ipat ing  in  the  s tudy  were  M . E . Haight ( Urban
and Reg iona l P l a n n i n g )  I K . W . Hipe l (Systems Design
E n g i n e e r i n g ) ,  S . C . Lerner (Environment and Resource
S t u d i e s )  9 N.C. Lind ( C i v i l E n g i n e e r i n g ) ,  R . Ke i th
(Env ironment  and  Resource  Stud ies ) ,  and  R .C .  Suf f l ing  (Urban
and  Reg iona l  P lanning ) .



1. PROCEDURES

The i n c o r p o r a t i o n o f  RA i n t o  t h e  EIA procle5s r e q u i r e 5  a
n u m b e r  o f r e s e a r c h e f f o r t 5 d e s i g n e d  t o deuelap n e w  RA
m e t h o d o l o g i e s , t o  a i d  i n  t h e  i n t e r p r e t a t i o n  o f  t h e r e s u l t 5
of RA, a n d  to i n t e g r a t e  t h e  t w o  p r o c e s s e s . These  research
n e e d s  i n c l u d e :

1.1 Risk assessmen t , while  purport ing  to  inc lude  a s p e c t s  r e l a t e d
to t h e  i m p l e m e n t a t i o n  p h a s e s  r a r e l y  i f  ever e x t e n d s beyond
the p r e - d e c i s i o n / d e c i s i o n  p h a s e s . Thus r e s e a r c h e f f o r t s
n e e d  t o b e  i n i t i a t e d ’  t h a t  w o u l d  a l l o w  f o r  t h e p r o c e s s  t o
ex tend to the very i m p o r t a n t  p h a s e s  crf project development
( implementat i on ) a n d  t h e n  p r o j e c t  o p e r a t i o n . T h e s e  e f f o r t s
wou ld  se rve  t o :

a> s u b s t a n t i a t e the p r e d i c t i o n s and assump t i ens made
i n i t i a l l y

b) d e t e r m i n e  i f  t h e  r i s k s shi ft  to  a m o r e  o r  l e s s hi gher
l e v e l  o r  r e m a i n  a s  p r e d i c t e d

1 3a&L T r a d i t i o n a l l y , EIA  has  t ended  to  emphas i ze  the  impac ts  on
e c o s y s t e m s , w h i l e Rk has emphasi zed human heal th e f f e c t s .
T h i s  d i f f e r e n c e  i n  t a r g e t  e f f e c t s  h a s  n o  b a s i s  i n  a n a l y t i c a l
m e t h o d o l o g i e s , but r e f l e c t 5 the a d m i n i s t r a t i v e o r
s c i e n t i f i c / p r o f e s s i o n a l c o m m u n i t i e s  a s s o c i a t e d w i t h each .
T h e r e f o r e both EJA and RA would be improved by e l i m i n a t i n g
s u c h  d i f f e r e n c e s , e s p e c i a l l y  b y  u t i l i z a t i o n  o f  R A  t o  p r e d i c t
e n v i r o n m e n t a l  c o n s e q u e n c e s  ( s e e  s e c t i o n  1 . 4 ) .

1=. 4 There i s  a  need  to d e v e l o p  g u i d e l i n e s  for t h e  a c c e p t a b i l i t y
o f r i s k  i.e, at  what point s h o u l d  t h e  p r o b a b i l i t y  o f  a n
adverse  event  be  cons idered  t o  be  unacceptab le ? For example
Beanlands (1986) found that  a  r e v i e w  o f  E A R P  p a n e l  r e p o r t s
s u g g e s t s that t h e i r a d v i c e  t o d e c i s i o n m a k e r s  i s more
i n f l u e n c e d  b y t h e i r  p e r c e p t i o n  o f  t h e  c o n s e q u e n c e s  o f the
event r a t h e r  t h a n  t h e  p r o b a b i l i t y . T h i s  t h e r e f o r e  s u g g e s t s
that beyond s o m e  l e v e l  o f  p r o b a b i l i t y  t h e arguments over
p r o b a b i l i t y  a r e  m a i n l y  a c a d e m i c .

1 . 4  A  g r e a t e r  i n t e g r a t i o n  o f  e c o l o g y  i n t o  t h e  EIA .process and
the n e e d  t o  improue t h e  c a p a b i l i t y  o f  p r e d i c t i n g  e c o l o g i c a l
change was  ident i f i ed  by  Beanlands  and  Duinker (1983 ) and
Beanlands (1985). Logi tally , i t  f o l l o w s  t h a t  t h e r e  i s  a  n e e d
to a d a p t  RA f o r  u s e  i n  a n  e c o l o g i c a l  c o n t e x t . Suter e t  a l .
(1986;) s u g g e s t s  t h a t  m o s t  o f  t h e  o p e r a t i o n a l  r i s k - Yanalys.15
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m e t h o d o l o g i e s a l r e a d y  e x i s t  ( e . g . a i r / w a t e r  q u a l i t y  m o d e l s ,
e c o l o g i c a l e f f e c t s mode l s , t o x i c o l o g i c a l  d a t a  b a s e s ) an d
that the o n l y  c o n s t r a i n t s  o n  t h e u s e f u l n e s s  o f e x i s t i n g
mode l s  and  data  are  that :

a) the models must  be  mod i f i ed  such  that  the  resu l t s  can  be
e x p r e s s e d  i n  p r o b a b i l i s t i c  t e r m s

W e r r o r v a r i a n c e s  i n e x p e r i m e n t a l  s t u d i e s  a n d  i n data
e x t r a p o l a t i o n 5 m u s t  b e repor t e d  s o that parameter
u n c e r t a i n t i e s  c a n  b e  q u a n t i f i e d

E c o l o g i c a l r i s k assessment  has  evo lved  t o  the p o i n t that
Barnthouse a n d  Suter (1986) haue a s s e m b l e d  a  “ U s e r ’ s  M a n u a l
for E c o l o g i c a l Risk Assessmen t ” . Al though t h e i r r i s k
a-ssessmen  t concepts  were  in tended  t o  be  used f o r synf uels
t e c h n o l o g i e s , t h e y  d i d  i d e n t i f y  f o u r  i t e m s  o f  r e s e a r c h  t h a t
are  needed:

a) b e t t e r u n d e r s t a n d i n g  o f  t h e  c h r o n i c  e f f e c t s  o f t o x i c
c h e m i c a l s

W more i n f orma
invertebr a t e s

t i o n

s tan dar d i z a t i o n  o f
t e r r e s t r i a l  p l a n t s

0 n t h e  e f f e c t s

t o x i c i t y t e x t systems for aquat i c  and

o f contaminants 0 n

d:, v a l i d a t i o n  o f  e c o l o g i c a l  r i s k  m o d e l s .

1 . 5  P e r s o n s faced  wi th  incorporat ing  RA in to  EIA  need  access  t o
commonly a c c e p t e d  p r o t o c o l s  w h i c h  n e e d  t o  b e s u f f i c i e n t l y
g e n e r i c  t o  b e  a p p l i c a b l e  t o  a  r a n g e  o f  p r o j e c t s  a n d  s p e c i f i c
e n o u g h  t o  p r o v i d e  s u b s t a n t i a l  g u i d a n c e . C u r r e n t l y , EIA is
conduc ted b y  p e o p l e  w i t h  l i t t l e  p r a c t i c a l  k n o w l e d g e  o f  R A ,
an d hence F l i t t l e p e r c e p t i o n  o f how t h e  p r o c e s s  c o u l d  b e
i n c o r p o r a t e d .

1.5 The  s t rengths  and  l imi ta t i ons  o f  RA n e e d  t o  b e  d o c u m e n t e d  t o
p r o v i d e i n f o r m a t i o n  f o r  p e r s o n s  i n t e r p r e t i n g the re5ult-s.
As o u t l i n e d  i n s e c t i o n  1 . 5 , t h e s e persons a r e of ten
unfami lar  w i th  the  quant i ta t ive  methodo logy  o f  RA.



1.7 R e s e a r c h is  r e q u i r e d  t o  a s s e s s  t h e  p o t e n t i a l  c a p a b i l i t y  o f
b o t h RA and EIA to p r e d i c t c u m u l a t i v e e f f e c t s in an
environment whi 4-1 i s  r e c e i v i n g  a  n u m b e r  o f p e r t u r b a t i o n s
f r o m  a  v a r i e t y  o f  s o u r c e s . A l t h o u g h  t h i s  p a t t e r n  o c c u r s  i n
most enuironments, c u m u l a t i v e e f f e c t s have r a r e l y been
examined (Vlachos,  1985; CEARC and NRC, 1986;>,

1 .8  Dooley  ( 1 9 8 5 )  s u g g e s t e d  t h a t  t h e  a p p r o p r i a t e  b a s e l i n e  for  R A
i s the  r i sk  pro f i l e  f o r  the  s e g m e n t  a t  r i s k  a n d  f o r  s o c i e t y
as a  whole . T h e r e f o r e , t h e  i m p a c t  o f  a  s p e c i f i c  r i s k  c a n  b e
e v a l u a t e d by examining the net  impact  on the r isk p r o f i l e .
However b e f o r e  a n  a d e q u a t e  r i s k  p r o f i l e  c a n  b e d e v e l o p e d ,
two  ma jor  in fo rmat ion  gaps  must  be  f i l l ed :

a) the deuelopment  o f  a p p r o p r i a t e  m e a s u r e m e n t s  o f  r i s k  s o
that  comparisons can be made

bl the d e v e l o p m e n t  o f  a n adequate r i s k c l a s s i f i c a t i o n
sys tem so  that  proper  ac count ing  o f  r i sks  can  be  made

1.9 The need t o  i n v e s t i g a t e  t h e  a p p r o p r i a t e n e s s  o f i ncludi ng
economic r i s k s and benef i ts o f  p roposed  pro j e c t s  in  the  EIA
p r o c e s s in a more comparatiue  and  in tegrat iue  way  than ha5
been conducted i n  t h e  p a s t  bJas d i s c u s s e d  b y  Grima e t  a l .
( 1 9 8 6 ) . T h e  p r o p o n e n t  i s  l i k e l y  t o  b e  c a p a b l e  o f  ex%nGg
the economic r i s k s  a n d  b e n e f i t s  o f  a n y p r o p o s e d p r o j e c t .
The economic r i s k imposed on any p o t e n t i a l l y a d v e r s e l y
a f f e c t e d commun i t i es s h o u l d  a l s o  b e  s t u d i e d i n t e r m 5  o f
m i t i g a t i n g measures , compensat i on and i n s u r a n c e . The
p r o b l e m s  o f compar ing  e conomic  r i sk  wi th  o ther r i s k s ,  i n
p a r t i c u l a r  h e a l t h  r i s k ,  n e e d s  t o  b e  s t u d i e d .

1 .lO The importance of s c e n a r i o  b u i l d i n g  ( p a r t i c u l a r l y  w o r s t - c a s e
a n a l y s i s )  a s a  m e t h o d  o f  p r e d i c t i o n  n e e d s  t o  b e examined
f u r t h e r . Research i n t o the r i s k s  a n d i m p a c t s  o f low-
p r o b a b i l t y  h i g h - c o n s e q u e n c e  e v e n t s  i s  p a r t i c u l a r l y releuan t
to E I A . R i s k  a n a l y s i s  o f t e n  d e a l s  w i t h  w o r s t - c a s e  a n a l y s i s ,
which may or may not  be  a n  w a s t e  o f valuble time and
r e s o u r c e s . A  m o r e  p r a c t i c a l  a l t e r n a t i v e  m a y  b e  a “bJorSt-
p l a u s i b l e - c a s e a n a l y s i s , which would  f o cus a t t e n t i o n  o n
s e r i o u s a r e a s o f  c o n c e r n . T h i s  k i n d  o f  s c e n a r i o b u i l d i n g
would be  an  exce l l ent  w a y  t o  enab le  the  pub l i c  t o u s e f u l l y
express  i  ts concern  about  fu ture  impacts . R e s e a r c h  i n  t h i s
a r e a  s h o u l d  i n c l u d e  w o r s t - c a s e  a n a l y s i s  a n d  worst-plausible-
c a s e ana lys i s  in  t e rms  o f  min imum requ i rements  o f  t e chn i ca l
i n f o r m a t i o n , unders tand ing by n o n - s p e c i a l i s t s and the
p o t e n t i a l c o n t r i b u t i o n o f  t h e  i n t e r e s t e d  p u b l i c  (Grima e t

1 9 8 6 ) .



1 .ll A protocctl  or m e t h o d o l o g y  f o r s c e n a r i o c o n s t r u c t i o n  i s
r e q u i r e d  i f s c e n a r i o - b u i l d i n g  i s to  be a  useful  component af
RA and EIA. The  techn iques  ava i lab le  l eave  wide  r o o m f o r
exper t judgement a n d  i n t u i t i o n , and  s ince there a r e  no
r i g o r o u s c r i t e r i a f o r the q u a l i t y  of s c e n a r i o s , t h e ,
c o g n i t i v e p r o c e s s e s i n v o l v e d o p e r a t e under marked
u n c e r t a i n t y  (Jungerman,  1 9 8 5 ) .

1 .12  Mode l l ing and s i m u l a t i o n  a r e  o f t e n  u s e d  in  EIA and  are  o f
use in RA i n  w e l l . However  as  d i s cussed  by  de B r o i s s i a
(1986) the c r e d i b i l i t y  of m o d e l s  i n g e n e r a l must be
i n c r e a s e d  t o i n c r e a s e u t i l i t y . T h i s  c o u l d  b e d o n e  b y
v a l i d a t i o n o f  i m p a c t s p r e d i c t e d  b y  p a s t s t u d i e s  a n d  follow-
u p  o f  t h e  p r o j e c t s  w i t h  m o n i t o r i n g  e f f e c t s , organization  o f
comparisons between physical  and mathematical  models ,  and by
c o m p a r i s o n s  o f  d i f f e r e n t  m o d e l s  u s e d  f o r  s i m i l a r  p u r p o s e s .
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2. OATA

Any  mode l l ing  process  i s  on ly  as r e l i a b l e  a s  t h e  i n p u t  d a t a .
The development of  RA in par titular has been hampered by a
p a u c i t y  o f adequate data b a s e s and i n f o r m a t i o n . The
deve lopment  o f  these  da ta  bases  has , in  turn , been  h indered
bY a l a c k  o f  c l e a r  i n s i g h t  a s  t o  t h e  e x a c t  n a t u r e  o f the
i n f o r m a t i o n  r e q u i r e d .

Research n e e d s  f o r  t h e  d e v e l o p m e n t  a n d  u t i l i z a t i o n  o f d a t a
i n c l u d e :

2.1 A major c h a l l e n g e  f o r  t h e  s u c c e s s f u l  i n c o r p o r a t i o n  o f  RA
i n t o t h e  EIA process  is  t h e  t r e a t m e n t  o f s u b j e c t i v e d a t a .
Thi s d a t a , whet her g e n e r a t e d by  exper t s  o r the p u b l i c ,
r e f l e c t 5  a  s t a t e m e n t  o f  c o n c e r n , p r e f e r e n c e , judgement lI or
o p i n i o n . Al though c u r r e n t E I A  p r o c e d u r e s  d o hay e Some
c a p a c i t y  t o d e a l  w i t h  s u b j e c t i v e  d a t a ,  n o such c a p a c i t y
e x i s t s  i n r i s k  a n a l y s i s . T h e r e f o r e  a  r e s e a r c h  e f f o r t  i s
needed t o  d e v e l o p  p r o t o c o l s  f o r  t h e  i n c l u s i o n  o f  s u c h data
in RA.

2 . 2 Data a r e n e e d e d  i n a form that can s e r v e  a s b a s e l i n e
r e f e r e n c e for a p r o j e c t s r i s k . T h i s r e q u i r e s a
class.ification o f  h a z a r d s  a n d  r i s k s ,  s u i t a b l e  o r g a n i z e d  i n  a
data b a s e , with d i s a g g r e g a t i o n  a c c o r d i n g  t o o c c u p a t i o n ,
s o c i a l  c l a s s , geographi c  reg ions  o f  Canada , e t c . The data
s t r u c t u r e has t o  m a t c h  t h e  classifiction  o f  events  in the
RA. T h e  m e a n s  t o  e s t a b l i s h  t h i s  c o m p a t i b i l i t y s h o u l d  b e
inuestigated.

2 . 3 A c c e p t a b l e  p r o t o c o l s  a r e  n e e d e d  f o r  deueloping s p e c i f i c  d a t a
C needed i n the a n a l y s i s  o f  a  p r o j e c t  f r o m g e n e r i c k i n d s
(e.g. wor ldwide s t a t i s t i c s ) .

2 . 4  D o o l e y  (1986) s t a t e d  t h a t  a n  i d e a l  s y s t e m  f o r  R A  w o u l d have
the  suppor t  o f  a  number  o f  in f o rmat ion  sys tems . A  b a s e l i n e
data sys tem f o r impac ts a n d  a  r i s k  p r o f i l e  s y s t e m  f o r  r i s k s
a r e two o f  these  needed . These are needed so that the
various actors can have access to a common base against
w h i c h  t o  c o m p a r e  p r o j e c t s ,  p r o g r a m s  a n d  a c t i v i t i e s .
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2 CI.%. G u i d e l i n e s for  RA in  EIA  need  to  inc lude  pro toco l s a n the
assessment o f  the  adequacey o f  t h e  d a t a  a n d  t h e s c i e n t i f i c
unders tand ing . RA is of ten compromised  by in format ion
g e n e r a t e d  f o r  o t h e r  p u r p o s e s , d i f f e r e n c e s  i n  a v a i l a b l e  d a t a ,
and the need  t o  ex t rapo la te  beyond  the  range  o f a v a i l a b l e
d a t a . Research i n t o  t h i s  a r e a  i s  n e e d e d  t o examine c a s e
s t u d i e s , p r o v i d e examples , and to e x p l o r e f u r t h e r the
p r o b l e m s  o f  i n f o r m a t i o n  q u a l i t y  (Grima e t  a l . ,  1986 ) .



3. RISK PERCEPTION

The r i s i n g c o n c e r n  o f t he p u b l i c about heal t h and
env i ronmenta l r i s k s  h a s led to the p r o d u c t i o n  o f  a
s u b s t a n t i a l body o f  knowledge  on  pub l i c r i s k p e r c e p t i o n .
T h i s  d a t a , g e n e r a t e d  p r i m a r i l y  i n t h e  s o c i a l  a n d  behavioral
s c i e n c e s , can p l a y  a  v i t a l  r o l e  i n  e n v i r o n m e n t a l  a n d r i s k
dec i s i on  processes  (Covello, 1985). To date  however ,  th i s
data has had few practical applications and as outlined b y
C o v e l l o , “ i f  progress  is  to  be  made toward the common go al
o f b e t t e r u n d e r s t a n d i n g , b e t t e r p o l i c y , and b e t t e r
p r o t e c t i o n  o f  p u b l i c  h e a l t h  a n d  s a f e t y , a l l  p a r t i e s  n e e d  t o
make a  s e r i o u s  e f f o r t  t o  i n c o r p o r a t e  s o c i a l  a n d behav i or al
r e s e a r c h o n  r i s k  i n  p o l i c y  f o r m u l a t i o n  a n d  r i s k management
d e c i s i o n m a k i n g ” .

R e s e a r c h needs t o  i n c o r p o r a t e  p u b l i c  p e r c e p t i o n  i n  t h e  R A
and  EIA  process  inc lude :

3 . 1  T h e d i f f e r e n c e be tween  the  dec i s i onmakers  r i sk ( r e s u l t i n g
f r o m  RA) and  r i sks  as p e r c e i v e d  b y  t h e  p u b l i c  h a s important
consequences  f o r  env i ronmenta l  dec i s i onmaking .  Research  must
be c o n d u c t e d  t o d e v e l o p p r o c e d u r e s  s o that the r i s k s
p e r c e i v e d by  the  pub l i c  a re  incorporated  in to  RA. I n s t e a d
o f m e r e l y  t h e  e x p e r t s  b e i n g  i n v o l v e d , t h e  p r o c e s s  m u s t  b e
“humanized” s o  t h a t  t h e  t e c h n i c a l  c o m p l e x i t y  i s  r e d u c e d f o r
the p u b l i c  t o  u n d e r s t a n d . The  process must  be  modif ied so
t h a t  t h e  p u b l i c  c a n  b e  i n t e g r a t e d  d i r e c t l y  i n t o  t h e  p r o c e s s .

3.2 In applying risk assessment  p r o c e d u r e s , i t  i s comma  n f o r
p u b l i c p a r t i c i p a t i o n  t o occur a f t e r the e x p e r t s have
i d e n t i f i e d  t h e  p o t e n t i a l  h a z a r d s  a n d  d e t e r m i n e d  t h e  p o s s i b l e
r i s k s , E x p a n s i  ens of t h e  p a r t i c i p a t o r y e l e m e n t s  a s i=
commonly applied in EIA, may need to  be included throughout
the entire  p r o c e s s . T h i s w o u l d  i n c l u d e  t h e  i n i t i a l  s t e p s  o f
s c o p i n g out  the  a reas  t o  be  analyzed, a s  w e l l  a s  a s s i s t i n g
wi th analyses, d e c i s i o n  m a k i n g , and  implementat i on  s tages .
I t  may  be  fur ther  des i rab le  t o  deve lop  an  RA procedure  which
c o u l d  b e  u s e d  t o  p r e d i c t  p e r c e i v e d  r i s k . This  may fol low an
o u t l i n e  b y Covello (1935) o f  t h e  f a c t o r s  inUolUed  i n the
p u b l i c  p e r c e p t i o n  o f  r i s k .

3 . 3  R e s e a r c h  i s needed i n t o the p r e s e n t a t i o n  o f t e c h n i c a l
i n f o r m a t i o n  o n r i s k s t o  n o n - e x p e r t s O n e  o f the more
s i g n i f i c a n t  l i m i t a t i o n s  o f  i n c o r p o r a t i n g  R A  t e c h n i q u e s i n t o
RA i s  t h e  m a t h e m a t i c a l  n a t u r e  o f  m u c h  o f  r i s k  a n a l y s i s .  A s
o u t l i n e d  b y  B e a n l a n d s  ( 1 9 8 6 )  Rk qu i ck ly  becomes  a  t op i c f o r



di scussi on a m o n g  r i s k  e x p e r t s  w i t h  l i t t l e  o r  n o  i n p u t from
t h e  p u b l i c , due  t o  the  complex i ty  o f  the  procedure . However
the p r e s e n t a t i o n  o f t h e  r e s u l t s  o f  RA t o the p u b l i c  i s
c r i t i c a l  i n  d e v e l o p i n g  p u b l i c  u n d e r s t a n d i n g  o f  t h e  s t r e n g t h s
and l i m i t a t i o n s o f  a n a l y t i c a l  t e c h n i q u e s  o f  R A .

3 . 4  Grima e t  a l . (1986) s u g g e s t e d  t h a t  t h e  n e x t  f u l l  s c a l e  E I A
s h o u l d have a s s o c i a t e d  w i t h  i t  a  s o c i a l  r e s e a r c h component
which would document the u a r i o u s e x p r e s s i o n s  o f r i s k
s t r a t e g i e s  o n t h e  p a r t  o f e x p e r t s , s c i e n t i s t s , p r o j e c t
proponents , a n d  t h e  p u b l i c . Owing to  the complex nature of
r i s k  p e r c e p t i o n , i t  i s  v i t a l  s o c i a l  s c i e n c e  b e  i n c o r p o r a t e d
i n t o  t h e  r i s k  a s s e s s m e n t  p r o c e s s .

3 . 5 Genera l ly pub1 i c-percei ued r i sk  f o c u s e s  o n  t h e  w o r s t c a s e
s c e n a r i o  r e g a r d l e s s  o f  i t s  l i k e l i h o o d . S c i e n t i s t s  o r  o t h e r
exper t s  however , o f t e n  f o c u s  o n  t h e  perceiued  l i k e l i h o o d  o f
aduerse  efffects  a s  b e i n g  v e r y  s m a l l , and  thus  d i s regard  the
consequences . R e s e a r c h  i  s n e e d e d  o n h o w s u c h a n
orientiation can be normal i zed  so that a r a t i o n a l and
d e f e n s i b l e  e n v i r o n m e n t a l  d e c i s i o n  p r o c e s s  w i l l  r e s u l t .

3.6 In t h e i r di scussi on o n  t h e  s t r u c t u r e  o f exper t and 1 ay
p e r c e p t i o n  o f r i s k , S l o u i c  e t  a l .- - (1985) s t a t e d that
al though i t i s assumed that the pub1 i c has d i f f i c u l t y  i n
j u d g i n g r i s k s a c c u r a t e l y , there is no assurance that
e x p e r t s ’ judgements a r e immune to  biases once
f o r c e d  t o

they a r e
go  beyond  the i r  prec i se  knowledge  and  re ly

t h e i r
upon

j udqemen  t . R e s e a r c h  i s n e e d e d  t o de termine t - row

p e r c e i v e d  r i s k  o f  e x p e r t s  a f f e c t s  t h e  RA a n d  E I A  p r o c e s s .

3 . 7 Vlek et al- -’ (1955) o u t l i n e d  t h e  n e e d  f o r p s y c h o l o g i c a l
reseach  o n the  percept i on  o f  judqement and r i sks. T h i s
would serve  t o  document  the  re la t i onsh ip  be tween
r i s k  a n d  i t s  c o n n e c t i o n  w i t h  e x p e c t e d  v a l u e .

p e r c e i v e d



4, R I S K  COMMlNICATIU’l

The w a y i n  w h i c h  t h e  p u b l i c  p e r c e i v e s  a  r i s k  i s s t r o n g l y
inf luenced by the manner in which the r isk was communicated.

Research  requ i rements  f o r  the  improved  communcation of r i s k
i n c l u d e :

4 .1 .  One reason for the gap b e t w e e n  a n a l y z e d  a n d  p e r c e i v e d r i s k
i s  that  the  ana lyzed  r i sk  has  no t  been  we l l  c ommunica ted  t o
the p u b l i c . R e s e a r c h  i s  n e e d e d  t o  d e v e l o p  b e l i e v a b l e and
unders tandab le s c i e n t i f i c  p r o c e d u r e s  t o  c o m p a r e  r i s k s from
d i f f e r e n t  a l t e r n a t i v e s .

4 . 2  A  p o s s i b l e means  to  a id  communicat i on  o f  env i ronmenta l  o r
heal t h r i s k s t o  t h e  p u b l i c  w o u l d  b e  t h e  d e v e l o p m e n t  o f  a
r i s k s c a l e  s i m i l a r  t o  a  “Mercalli S c a l e ”  o r  “Mobs Hardness
Scale*’ which w o u l d  r e l a t e  t h e  p r o j e c t s  r i s k s  t o  a set of
s t a n d a r d  r e f e r e n c e  r i s k s .

4 . 3  Earle a n d  C v e t o v i c h  (1985) s ta ted  the  need  f o r  s tud ies f o r
the c l a r i f i c a t i o n  o f the r o l e  o f s c i e n t i f i c hazard
i n f o r m a t i o n in  the  deve lopment  in  the  deve lopment  o f  pub l i c
and  exper t  r i sk  judgements . T h i s i n c l u d e s t h e  r o l e  o f the
media, s c i e n t i f i c w r i t e r s , etc. in c h a r a c t e r i z i n q and
d e t a i l i n g  t h i s  i n f o r m a t i o n .

4 . 4  D e s p i t e  a h igh  concern  by  the  pub l i c  about  the  r i sks from
the  impac ts o f  t e c h n o l o g i c a l  d e v e l o p m e n t s , l i t t l e p r o g r e s s
has been made towards  prov id ing  the p u b l i c w i t h u s a b l e
i n f o r m a t i o n about such r i s k s . I n  p a r t  t h i s  i s due to
d i f f e r i n g  s c i e n t i f i c  o p i n i o n s  a b o u t  t h e  n a t u r e  a n d  m a g n i t u d e
o f t h e  r i s k s . As outl ined by Hammond et  al . (19851, the
j udgemen t an d characterization o f  r i s k - & y - s c i e n t i s t s and
e x p e r t s could be improved by the use of  judgement a n a l y s i s
b e c a u s e  i  t d e s c r i b e s s.ci en t i sts’ and e x p e r t s ’
a c t i v i t y  r a t h e r  t h a n  t h e i r  m o t i v e s ,  externalizes

c o g n i t i v e

o f
parameters

t h e i r  judqement p r o c e s s that  o therwise  remain
and a s s i s t s  i n

o b s c u r e ,
the  deve l opment  o f e x p l i c i t r a t h e r than

imp1  i ci t , t h e o r i e s that a r e o p e n  t o c r i t i c i s m an d
mod i f i ca t i ons  based  on  t h e s c i e n t i f i c  l i t e r a t u r e .

1 4



5. CASE STUD1 ES

Case s t u d i e s are a u s e f u l tool by wh i ch p r a c t i c a l
c o n s i d e r a t i o n s  f o r  t h e  i n c o r p o r a t i o n  o f  R A  a n d  EIA c o u l d  b e
examined. These s t u d i e s  w o u l d  a l s o  s e r v e  t o  g i v e g r e a t e r
c r e d i b i l i t y  f o r  R A  p r o c e d u r e s .

F u r t h e r  s t u d y  i n v o l v i n g  c a s e  s t u d i e s  c o u l d  inuolue:

5 . 1  M u c h o f  t h e  a v a i l a b l e  i n f o r m a t i o n  o n  r i s k  i s  o f t e n a r c a n e ,
c o n c e p t u a l a n d  t h e o r e t i c a l . There  i s  a  need  t o  use  ac tua l
c a s e s t u d i e s  t o e v a l u a t e  t h e v a r i o u s a p p r o a c h e s  t o  R A
m e t h o d o l o g i e s  a s they apply to  EIA. This  research  cou ld  be
o f g r e a t  u s e  i n  t h e  f u t u r e  d e v e l o p m e n t  of p r o t o c o l 5  f o r  t h e
use  o f  RA i n  E I A .

5 . 2  A  p r a c t i c a l  w a y  t o  m e e t t h i s  o b j e c t i v e  w o u l d  b e  t o i d e n t i f y
the  current  uses  of RA in EIA. As shown by Paradine (1385)
a n d  ljrima et  a l . I1985),

rnzn= i n  EIA.
r i sk  has  a l ready  been  app l i ed  in  a

l i m i t e d 1 t would be b e n e f i c i a l  t o  i d e n t i f y
when  r i sk  ana lys i s  was  used , and if the use of R A  m a d e the
E I A  more comprehensiue, r e l e u a n t  a n d  o f  g r e a t e r  u5e to  the
env i ronmenta l  dec i s i onmakers .

5.3 The u t i l i t y o f  m u l t i c r i t e r i a  eualuaticvl  m e t h o d s  i n  b o t h  R A
and Elk s h o u l d  b e  s t u d i e d  u s i n g  ca5e s t u d i e s ( s e e s e c t i o n
6 ) .



6 . MITIGATION OF RISK

One o f the p r i m a r y  objectiues of EJA i s  t o  p r e d i c t in a
s y s t e m a t i c manner  the  consequences  o f  a  proposed p r o j e c t s .
Because p l a n n e d  p r o j e c t s and  subsequent  r i sks a f f e c t m a n y
d i f f e r e n t g r o u p s  w i t h d i f f e r i n g  i n t e r e s t s and c o n c e r n s ,
c o n f l i c t s  w i l l  a r i s e . T h e s e  c o n f l i c t s  c a n  b e  d i f f i c u l t  t o
r e s o l v e  i n  a  f a i r , equ i tab le  manner . As i d e n t i f i e d  b y  V l e k
e t  a l .  (1985))
judgEmen t

“some wise  combi nat i on of expert prof essi onal
and e x p l i c i t d e c i s i o n a n a l y s i s seem5 most

a c c e p t a b l e  f o r  d e a l i n g  w i t h  c o m p l e x  d e c i s i o n  p r o b l e m s . .  .When
s o c i o t e c h n i c a l sys tems a r e d e s i g n e d  t o s e r v e , and
p o t e n t i a l l y harm, euer- l a r g e r s e g m e n t s  o f  a coun try5
p o p u l a t i o n , the development of  pleur i st i c soci al deci si on
schemes  becomes  a l l  the  more  urgent ” .

The treatment of  alternatiues i s  a  c o m p l e x  p r o c e s s and a
d e t a i l e d  d i s c u s s i o n  o f  i t s  r o l e  i n  E I A  a n d  RA i s  b e y o n d the
s c o p e i  t  this  paper , The advan t ages and di saduan t ages o f
serueral m u l t i - c r i t e r i a e u a l u a t i o n  m e t h o d s  w h i c h  c o u l d  b e
used t o  e x a m i n e  a l t e r n a t i v e s  i n  a n  E l k  a r e  d i s c u s s e d  i n  a
paper bY Mac laren  (19861, al though no s p e c i f i c r e s e a r c h
n e e d s  f o r  t h e i r  u t i l i z a t i o n  w e r e  g i u e n .

Genera l  r esearch  needs  in t h i s a r e a  a r e :

6 . 1  T h e d i f f e r e n c e b e t w e e n  a n a l y z e d  a n d  p e r c e i u e d  r i s k  i s  a t
the core  of  many e n v i r o n m e n t a l  d i s p u t e s . Research  i s  needed
i n t o p r a c t i c a l  m e a n s t o  r e s o l v e  d i f f e r e n c e s  o f p r e f e r e n c e 5
t h a t  a r i s e  f r o m  d i f f e r e n c e s  i n  a n a l y z e d  a n d  p e r c e i v e d r i s k .
T h i s i n v o l v e s r e s e a r c h  o f the n e g o t i a t i o n type that
K u n r e u t h e r  a t Whar ton School and conf 1 i et a n a l y s i s that
H i p e l , F r a s e r , and  Ki lgour  a t  Univers i ty  o f  Water l oo hau e
begun.

6 c,#L R i s k  i s u s u a l l y  perceiued  d i f f e r e n t l y  b y  d i f f e r e n t  p e o p l e  o r
groups o f  p e o p l e . Hypergames  ( e . g .  Fraser  and  Hipe l ,  1984 )
can b e  u s e d  t o  f o r m a l l y  s t r u c t u r e  t h e  d i f f e r i n g  p e r c e p t i o n s
among the  ac tors  in  an  env i ronmenta l  d i spute . k s u i t a b l e
t o p i c f o r f u r t h e r  s t u d i e s  i s  t o de termine h o w d i f f e r i n g
p e r c e p t i o n s  o f r i s k c o u l d  b e effectiuely s t u d i e d u s i n g
hypergames and conf 1 i ct analysi s.

6 384 T o  r e a c h  a  s e t t l e m e n t  t o  r e d u c e  t h e  r i s k  inuolved  in a given
p r o j e c t ,  a n e g o t i a t e d s e t t l e m e n t  i s of ten r e q u i r e d .
R e s e a r c h  i s n e e d e d  t o  a s c e r t a i n  t h e l i n k among c o n f l i c t
analysi 5, b a r g a i n i n g  a n d  n e g o t i a t i o n ,  a n d  r i s k ,



6.4 T o c l e a r l y demonst ra te the u t i l i t y an d e f f i c i e n c y  o f
e m p l o y e d  c o n f l i c t  a n a l y s i s  i n  E I A  a n d  FW, a number of c a s e
s t u d i e s shou ld  be  analyzed.



7. T R A I N I N G

7 . 1 For RA to be used s u c c e s s f u l l y  a s  a  t o o l  f o r env i ronmenta l
dec i s i onmaking , research  i s  r equ i red  t o  de termine  how bAdely
d i f f e r i n g  d i s c i p l i n e s  s u c h  a s  e n g i n e e r i n g ,  p s y c h o l o g i c a l  a n d
p o l i t i c a l s c i e n c e s c a n  b e  b e t t e r  i n t e g r a t e d  t o  w o r k  i n  a
convergent , r a t h e r  t h a n  p a r a l l e l  o r  e v e n  d i v e r g e n t  f a s h i o n
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